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PREFACE 

This document is provided by McDonnell Douglas Astro
nautics Company (MDAC} in accordance with Department 
of Energy Contract Number DE-AC03-79SF10499, Reports 
and Deliverables List (RADL Item 7-8). 

The Plant Support Subsystem Final Design Calculations 
(RADL Item 7-8} are arranged in a twenty-six book 
volume as shown on the master Table of Contents. 

Book 26 of this document is provided as a supplement 
to the Stearn-Roger calculations. These calculations 
prepared by MDAC include general design analysis and 
background data utilized to arrive at the plant design. 

Questions concerning this report should be directed to 
R.J. Perkins at (714} 896-3073. 
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MEMORANDUM 

A3-255-EP-RES-641 
July 23, 1979 

Subject: CONDENSER DUTY - NORMAL AND CONDENSER DUMP OPERATION 

To: J, E. Raetz, A3-228; R. G. Riedesel, A3-202 

From: R. E. Snyder, A3-255 

Copies to: K. R. Knox, R. J. Perkins, E. J. Riel, E. J. Tomei 

The purpose of this memo is to: 

• Document the condenser duty during normal operation for the worst case 
operating modes. 

• Present the results of an analysis showing the condenser duty during 
condenser dumps with the corresponding condenser pressure and temperature 
with no relief/valve flow for the worst case operating modes. 

• Present the resulting receiver relief valve flow required to meet the 
maximum allowable condenser pressure of 5 in. Hg for the critical modes 
analyzed. 

In general, turbine manufactures prescribe a maximum limit on turbine back
pressure (condenser pressure) of 5 in. Hg. The curve shown in Figure 2 
su11111arizes the effect of condenser heat load on the condenser pressure. 
As the load increases so does the pressure. Both the maximum and design 
pressure and heat load are noted on the curve. This analysis uses the 
5 in. Hg limitation and when this limit is exceeded any additional flow 
(or load) is vented overboard through the receiver relief valves. As 
soon as the back pressure requirements of the actual turbine to be pur
chased is known any changes will be incorporated in this study. 

All data used in this analysis was obtained from the following report 
titled, 10 MWE Solar Thennal Central Receiver Pilot Plant Solar Facilities 
Design Integration Heat and Mass Balance Design Data, MDC 67842 dated 
April 1979. Run numbers referenced i"n this memo are identified in the 
above document. Operating modes are identified in Figure 1. 

Condenser duty was analysed for worst case normal and condenser dump 
operation as follows: 
• Mode 1 maximum flow case (Run 104-1) as a baseline. (TABLE I). 

Condenser pressure during normal operation was below design (2.5 in. Hg) 
and was below the .maximum allowable during condenser dump. 

• Mode 2 was not presented as condenser duty would be less than Mode 1 
for nonnal operation and the same for condenser dump. 
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• Mode 3 (Run 304-5) was analysed to ensure that in its worst case limit 
it approached Mode 1 operation, (TSS flow goes to zero) see Table II. 

• Mode 4 (Run 408-6) approaches the condenser design pressure during 
normal operation· and potentially exceeds the maximum allowable pressure 
by more than 1 in. Hg (6.18 in. Hg), TABLE III. However, the condenser 
dump pressure control valve limits the condenser pressure to 5 in. Hg 
so that the upstream pressure will rise opening the receiver relief 
valves. The relief valve flow will be 23689 #/Hr. 

• Mode 5 is not critical and was. not included. 
• Mode 6 is not critical and was not included. 
• Mode 7 (Run 701-7) has the highest condenser duty during normal operation 

and potentially the highest during condenser dump, TABLE IV 40710.7 LB/HR 
relief valve flow is required to limit the condenser pressure to 5 in. Hg. 

Figure 2 is a plot showing condenser pressure as a function of heat load. 
The control valve on the condenser will limit operation at or below the 
maximum condenser pressure line. Figure 3 shows receiver relief valve 
flow versus condenser load. The worst case condenser duty during a condenser 
dump is shown for the various modes. The Mode 1 and Mode 3 points are 
identical because in the worst case ·Mode 3 degrades to a Mode 1 case as 
the admission flow approaches zero. 

i~onnatfon contact the undersigned on Extention 3220. 

Ray Snyder 
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TABLE I 

MODE 1 (RUN 104-1) 
• 

ENTHALPY (h) WEIGHTFLOW (w) LOAD (Q) CONDTEMP CONDPRESS 
LB/HR BTU/LB M-BTU/HR OF IN-HG 

NORMAL OPERATION 

THROTTLE STEAM 115000 

ADMISSION STEAM 0 

THERMAL STORAGE CHARGING 0 
FLOW 
CONDENSER DUTY 

TURBINE 83950.5 1006. 1 78.024 
(,) 
(,) 

No4 FEED HTR DRN 8102. 7 86.9 .083 

LP END PKNGS 650 1444.3 .889 

FROM RESERVOIR 1179. 3 1444.3 1.613• 

TOTAL 80.609 l 05. l 2 .251 

RECEIVER TRIP 

CONDENSER DUTY 
CONDENSER DUMP 115000 1465.4 159.7 124. 9 3.938 
CONDENSER MAX. ALLOW. 
RELIEF VALVE FLOW 0 

........ ,.,.v""" 
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TABLE II 

MODE 3 (RUN 304-5} 
• 

WEIGHTFLOW (w} ENTHALPY (h} LOAD (Q) CONDTEMP CONDPRESS 
LB/HR BTU/LB M-BTU/HR OF IN-HG 

NORMAL OPERATION 

THROTTLE STEAM 90000 
ADMISSION STEAM 25000 
TS CHARGING FLOW 0 
CONOENSER DUTY 
TURBINE 86950.3 998.6 80.136 
No4 FEEDHTR DRN 8599.8 86.9 .087 

w 
.i:- LP END PKNGS 650 1434.8 .883 

FROM RESERVOIR 1208.3 1434.8 .1641 
TOTAL 82.747 105. 6 2.286 

RECEIVER TRIP 

CONDENSER DUTY 
CONDENSER DUMP 90009 1465.4 124.983 
TURBINE 23801 1024.4 22.556 
No4 FEEDHTR ORN 896.7 86.8 .009 
LP END PKNGS 650 1263.2 • 771 
TOTAL 148.319 122.0 3.643 

CONOENSER MAX. ALLOW 195.211 133.7 5 
RELIEF VALVE FLOW 0 

• ........ - .. .. ----1.- - --- ... - _._ -
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TABLE I II 

MODE 4 (RUN 408-6) 

• 
WEIGHTFLOW (w) ENTHALPY (h) COND. LOAD CONDTEMP COND.PRESS 

LB/HR BTU/LB /QCond M-BTU/HR OF IN-HG 

NORMAL OPERATION 

THROTTLE STEAM 0 
ADMISSION STEAM 1086.25 
TS CHARGING FLOW 130000 
CONDENSER DUTY 
TURBINE 70706.4 964.7 62.787 
No4 FEEDHTR ORN 15892.6 86.9 .162 

w LP END PKNGS 650 1263.2 • 771 
U'I 

TS CHG DRNS,WATER 117513.6 330.8 29.86 
TOTAL 93.58 108.4 2.474 
RECEIVER TRIP 

CONDENSER DUTY 
CONDENSER DUMP 103932 1465.4 144.331 
TURBINE 91960.3 966.1 81.793 
No4 FEEDHTR DRN 9458.9 86.9 .096 
LP END PKNGS 650 1263.2 • 771 
FROM RESERVOIR 941.3 1263.2 1. 117 
TOTAL (NO RELIEF VALUE FLOW) 228.108 141. 9 6.180 
CONDENSER MAX ALLOW 195.211 133.7 5. 
RELIEF VALUE FLOW 23689 195.211 133. 7 5 • 

.. ~,,r:·,,:.-""~ 
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TABLE IV 

MODE 7 (RUN 701-7) . 
WEIGHTFLOW (w) ENTHALPY LOAD ( Q) COND TEMP COND PRESS 

LB/HR BTU/LB M-BTU/HR Of IN-HG 

NORMAL OPERATION 

THROTTLE STEAM 30000 
ADMISSION STEAM 85000 
TS CHARGING FLOW 130000 
CONOENSER DUTY 
TURBINE 75831.1 981.2 68.593 
No4 FEED HTR DRN 15568.8 86.9 .158 
LP END PKNGS 650 1425.9 .877 

w en FROM RESERVOIR 1223.9 1425.'9 1. 651 
TOTAL 96.039 109.0 2.519 

RECEIVER TRIP 

CONDENSER DUTY 
CONDENSER DUMP 133784.3 1465.4 185.786 
TURBINE 72103 971.1 64.489 
No4 FEEDHTR DRN 6036.3 86.9 .062 
LP END PKNGS 650 1263.2 • 771 
FROM RESERVOIR 537.6 1263.2 .638 

TOTAL (NO RELIEF VALUE FLOW) 251.746 147.8 7 .172 
CONDENSER MAX ALLOW 195.211 133. 7 5 

RELIEF VALVE FLOW 40710.7 133. 7 5 

• • • -........ - .. .. - ... .. .. - - .. .. .. - - - .. -
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MEMORANDUM 

A3-228-JER-EP-465 
June 4, 1979 

Subject: CONDENSER DUMP PERFORMANCE, OPERATING, AND SIZING REQUIREMENTS 

To: R. G. Riedesel 

From: J. E. Raetz 

Copies to: C. B. Boehmer, P. I. Kawano, K. R. Knox, R. J. Perkins, 
E. J. Riel, R. E. Snyder 

The purpose of this memorandum is to document the preliminary top level 
operating and sizing requirements for the condenser dump line and to in
dicate potential impacts on the condenser. These preliminary requirements 
shall be used as the basis of the preliminary design analysis and may be 
revised on the basis of results developed during that analysis. 

The principal elements of the condenser dump line which are shown in Figure 
1 include a turbine bypass line, pressµre control valve, and desuperheating 
equipment as well as the indicated temperature and pressure sensing equipment. 
The condenser dump line would connect to the main steam line upstream of 
the turbine line isolation valve to allow for the dumping of either turbine 
main steam or thennal storage charging steam flows. The control valve reduces 
the steam pressure to a condition acceptable to the condenser. The de
superheater is required to reduce the steam to a saturated condition which 
can then be accomodated by the condenser. Condensate supply to the desuper
heater is currently being taken from the outlet of the hotwell pump. This 
design for the condensate circuitry is tentative pending a more detailed 
analysis of the entire condenser dump line.· If it is found that the local 
steam pressure at the desuperheater exceeds the condensate pressure available 
at the outlet of the hotwell pump, an additional higher head pump may be 
added for desuperheater operation or the required condensate may be supplied 
from the outlet of the receiver feed pump. 

Perfonnance and Operating Requirements 

The condenser dump line shall be designed to satisfy the following perfonnance 
and operating requirements: 

1) Control and ramp the receiver steam back pressure* from 380 psia to 1465 -
psia during receiver startup at a total steam flow rate of 30,000 - 60,000 
lb/hr. (steam enthalpy range of 1336 - 1461 BTU/LB}. - Max duration 20 min, 
minimum duration 5 min. 

* Measured by the condenser dump line pressure sensor 
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2) Control and ramp the receiver steam back pressure* downward from 1465 ~, to 380 psia during receiver shutdown at a total steam flow rate of 30,0~ to 60.000 lb/hr. (steam enthalpy range 1461-1336 BTU/lb) - max duration 

1 20 min. minimum duration 2 min. 

3) Maintain receiver back pressure* at 1465 + 200 - 100 psia during a turbine trip at a steam flow rate of 30,000 - 115,000 lb/hr. (nominal steam I conditions: 1465 psia. 950°F. 1461 BTU/LB) - max duration 20 min. minimum _ duration 2 min. 

4) Maintain receiver back pressure* at 1465 + 200 - 100 psia during a trip ofl thermal storage charging equipment for nominal steam conditions of: 
• rated steam 

950°F. 1465 psia, 105,000 - 30,000 lb/hr 
• derated steam 

650°F, 1465 psia, 130,000 - 30,000 lb/hr 
- max duration 20 min, minimum duration 2 min 

5) Control receiver back pressure* during stand alone receiver operation with steam conditions of: · 
• rated steam TB:O 

~ 

950°F. 1465 psia, Jo.ooo - tts.eee lb/hr 
• derated steam T 8J:))J. 

650°F, 1465 psia. 30.000 - 138,999 lb/hr 
max duration 8 hr 

Estimated Condenser Impacts 

The potential impacts of the first four requirements on condenser duty and 

I 
I 
I 
I ., 
I condenser -pressure have been-defi-ned on-a preliminary basis to wssess~he- . effects of the dump line flow on condenser/turbine design and operation. I Figure 2 illustrates the maximum duty and pressure anticipated during condition defined-by-Requirements- 1 and 2 above for-steam ·flow-rates of 30,000 and 60,000 lb/hr. The data contained in the figure assumes that the dump line flows are I sµperimposed on the condenser duty experienced during a maximum flow Mode 6 operation - 83.8X106BTU/HR - which could be occuring during a receiver startup or shutdown. It is seen that for a 60,000 lb/hr dump flow, a maximum condenser pressure of 4.1 in Hg would exis·t. The corresponding pressure for a 30,000 I lb/hr dump is 3.05 in HG. 

Figure 3 illustrates the maximum impact of the trip conditions defined by· Requirements 3 and 4 above on the condenser duty and pressure. For these conditions which could be produced during Modes 1, 2, and 5, the condenser pressure would be maintained in the range of 3.5 to 4.0 in Hg. Trip conditions 

1
-of this type which occured during Mode 4 or 7 operation could result in excessive condenser pressures under the worst case conditions and should be disallowed in the trip logic network. Durin9 Mode 4 operation for example where both the TS charge rate and turbine flow (from admission steam) are at theig J maximum levels. a total heat rejection duty requirement in excess of 230X10. BTU/HR could be realized by a trip of the TS charging flow. This would resu in a condenser pressure in excess of 6 in Hg and may cause other trip actions I to be initiated. As a result, during Mode 4 or Mode 7 operation, the use of 

I 

the condenser dump line should be limited by limitations on the condenser 
pressure which w111 be established by condHe~sAe

7
r •,~"--~·;uc.rTb--i~.:e s-~~~~< ~. ~e-,.~· I .JtltNo'T Tc:, 8£ S-::.z-ZN':r DR:YE'~ Fo~ THe ... /"\~-- ,.,, ,, _ _ '! 
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(3) 

A3-228-JER-EP-465 
June 4, 1979 

The ;mpact on the condenser of us;ng the condenser dump 1;ne for extended 
stand alone rece;ver operat;on {Requ;rement 5 above) was not estimated 
because extended periods of operation in that manner would cause an in
crease in the circulating water return temperature which can significantly 
influence condenser performance •. The temperature rise and the rate at 
wh;ch it occurs depend on the cooling tower capacity and the total volume 
of water in the circulating water system. 

J. E. Raetz 
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MEMORANDUM 

A3-234-EP-JAG-75 
22 January 1980 

To: E. J. Riel 

Subject: CONDENSER DUMP VALVE ACTUATION REQUIREMENTS 

Copies to: 1R. M. Berry, R. G-. Riedesel, J. E. Raetz, G. C. Coleman, 
M. L. Joy, A. B. Smee, MOAC; R. Bicknell, Stearns-Rogers; File 

This memorandum presents the analysis of the Condenser Dump Valve response re
quirements. The goal is to determine the necessary valve response to prevent 
steam header pressure from exceeding 1715 psi which is 50 psi below vent 
valve actuation pressure. 

The Receiver Subsystem Digital Simulation was used in this analysis, and was 
modified to eliminate unnecessary thermodynamics • . 
SUMMARY OF RESULTS 

The results of the analysis are summarized as a sensitivity plot of Maximum Steam 
Header Pressure versus Valve Time Constants (Figure I)._ The plot shows a 
vent valve relief limit of 1765 psi with a 50 psi margin as the criteria for 
valve selection. 

Pressure transient histories for a 0.8* second valve, with both proportional 
and proportion plus integral controllers are shown in Figure II and III respec
tively. 

Based on the results in Figure I, it can be seen that a "faster" valve will 
minimize the magnitude of the pressure overshoot. Also, a proportional plus 
integral controller will provide the desireable characteristic of returning 
the pressure to the setpoint value. 

RECOMMENDATIONS 

From the sensitivity plot and the pressure transient histories of Figures I 
through III, it was determined that a 0.8* second valve with proportional 

* Response time to 90% of valve stroke. 
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plus integral control will provide acceptable pressure control in the event 
of a turbine trip. 

ANALYSIS AND SUPPORTING DATA 

I 

•• I 
I 

A pictorial description of the system configuration is shown in Figure IV. Flow I 
from 18 boiler panels (WID) enters the steam header and is compared with the 
downcomer flow (WOO) in a compressibility algorithm which yields specific volume. 
Pressure in the steam header (P3) is a function of specific volume and enthalpy. 
Flow in the downcomer is the sum of flow through the Turbine Inlet Valve (WDTV) 
and flow through the Condenser Dump Valve (WDCDV). Pressure at the condenser 
dump valve is 87 psi lower than the steam header pressure for approximately 
rated flow and a 450 ft. Barstow downcomer. For the purpose of this analysis, 
the turbine inlet valve and the condenser dump valve are considered to be side 
by side and see the same pressure, PDS. 

In the simulation, the turbine inlet valve flow was held constant until 10 
seconds and then ramped down to 0.0 lb/sec in 0.1 seconds, simulating a turbine 
trip. The condenser dump valve actuation was delayed until 0.2 seconds after 
PDS reached the setpoint (1565 psi) to simulate worst case digital sampling. 
A pictorial description of a typical turbine trip scenario is shown in Figure V. 

Two condenser dump valve controller configurationswere compared. The proportional 
controller is shown in Figure VI, and the Proportional plus Integral controller 
is shown in Figure VII. For each controller, four different valves were used 
with 90% time constants of 0.5, 0.8, 1.0 and 2.0 seconds. Additional runs were 
made with the proportional plus integral controller and 90% valve time con-
stants of 1.472 and 2.76 seconds. A typical flow history showing the 0.2 
second delay is included as Figure VIII. 

Additional supporting data in terms of the pressure transient histories for 
various dump valve actuation times are shown in the attachment. 

Please direct any questions or conments to Bob Berry at X3220 or John Gaidelis 

X3220.~ / // ~ 
d c/4~ ·· a. A. Ga1del 1s 
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ATTACHMENT 
1-

SUPPORTING DATA I 
FIGURE 1 PRESSURE HISTORY VALVE ACTUATION TIME 0.5 I 
FIGURE 2 PRESSURE HISTORY VALVE ACTUATION TIME 1.0 

FIGURE 3 PRESSURE HISTORY VALVE ACTUATION TIME 1.472 I 
FIGURE 4 PRESSURE HISTORY VALVE ACTUATION TIME 2.0 

FIGURE 5 PRESSURE HISTORY VALVE ACTUATION TIME 2.76 I 
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I yJ') ,-~i2t.0:!. :_::. G :: ~ 
F1.~J!.J~I s f1 IF I I~? 
[_J_L_.1..-~-.L----;--------E_n_o_l n_e_e _r_l n_Q __ s_,_o_n_c_o_r_d _______ -:--:-:-----:~-------1 
l -,bbany !ISSUED 
r . cmITROL V.!J...7:. n::s:c:: SE.:.IT REVISED ,. 

cusTmfER: 
SPRAY WAT£~ Ccl'ITROL 
VALVE F<':2 C.cwDE.NSE.R 

TAG UO.: DuMP t>.ESUPE,R.ll£ATE 

PROJECT NO. : 

l?ROJECT: 

----- SERVICE: CoND£NSE.~ ::Du Mt:_ 

FLUID: CoNDENSATE 

REV. NO. 

DATE 

i,y 

J 

t.:J./J 6 

~£~
(MOA<. 

r· I 
I I 

I FLUID Co•~,,-,7;-••::: ;_-;" 1•.:_T,'""":' ,'"°7":"~ •~••,<r-::': ,y,-.!.7'.f . .:_-:;:,~r,•\.• .,v.1...- -- ... ' - --- • -- • - --•--• : "~• ~ ~ "'"" w -• . •- - ;'\.I,.,!. • 

PRESS. : -Z.2·:::?. :,:::::3 ~~ ; VI.SC., i I BICTI0:1 i D:::S::?..:::1 c----~--------_,., j Iii/FT_, : c or ; 6? 1 LOSS : C 
_FLOW\Jf!:J· GP~!, SC:.·! : . PSIA . o"'C' lS.V. 1:"T /!:; s~u ! ?SI I ?SI ·v-

1~~0 I I ·.xnn.JM J'-/0 L ~ J .oJG-:,.J 

DESIGN J J..j 0 I/:,_ I , 0 I' ~I ~~o I I 
/70 14 O 1, 0 ~ .oJ6IG I I '" 0 (t,/07,£ 

' J I I 
.-!ax. Design Te:!:p.: l3S (l'lorE-< °F, Max. Design Press.: I 60 (Nc•rE 3) PSIA 
Max. Shut-Off Press.: l.::J....Q (N<!Te-" PSI 
Valve Service: O.?EN/Ci.OSE O ~ODULATIO~ ~ 

Is Flashing Expected in V.tlve? n:s D 
!Pipe Size and Schedule: 

I~~CH:ES Approx. Valve Body Size: -------Body Type: 

Valve Characteristic: Li~ear 0 
Quick Opening D 

Is Tight Shut-Off Require<l? YES D 

i l 

, 

NO ID 

Pipe Material: 

Equal Percentage [Xl 
Other: 

NO 

tfs Handjack or H3~t~~eel ~0Gui~ed? 
!Special Stea~ Packing Considerations: I . . --------
l v a ~v c Action On Loss of. i>o·~·.:r: Locks in Pos.;__J Opens J)(J Closes ••n v~ Action On Less or P0~~r ~~r,cr s~ns1nb'· r1uid , v O 

- Opcns[2Cl Closes 
{Form ?~o. Datc:7 J ~ /1 ( / 7? 

- ..J 

CJ 

I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

•' I 
I 
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SPRAV 

DESU PER HEATER 

( D£.SICrN NoT1=:.s) 

lo AP-=- J40ps1 Is 8AS£l::> ON A Jl·lOps1i:} UPSTREAM 

.Q. 

3o 

,f • 

PRESS URE Af'lt> Cor/DEMSER PR.ES£ URE rv Ops; ia Otv 

THE DowNSTRE~M S-:r.oE. THr.s IerNORE.s ANY STEAM 

PRESSC)Ri:. D1<.o p THRov&H TH£ D£.SUPERHEATER. OR CoNZ>ENSER. 

Ir,iJ...E:T MAN"l:FOJ....D Wwr.cH \NovL..D BE SMAJ..l AT Lo 1.\./ 

STEAM FLow. 

BA 5£1:> ON AN Assumer:, s IN Hj MA11. CoNDE.NSER PRESSURE 

( 135 ""F SATURAT.c.l:> 'WATEI?.) 

MA 1-.. D.e S-:£(,.fv PRESt;.URE 8.A.SED ON AN AssuME.D /60 pSld 

MA~ H0Tws1...i... PuMP OuTLeT PRESSURE 

BASEb ON IL/ o ps1ii UpsTl?EAM PRcSSU£E 'wxTrl CoNDE.N.sER. 

DowN'.sTREAM PR~SSvRE ("'Ops ,a) 
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~-I _.,,,ISSUED 
CO!ITROL V.!J.."7:. D:.S!C~; SP.:.IT REVISED 

r- ----------l.-------------------r-:::::--~--;::.-:-::-:-:--~~ ,_· v---i.J.2 MA-riv' 5T£A1"'1 f To Aux. STEAM -I cusro~IER: 'IAG NO.: PBES.s l?EDU crNc:r 

r PROJECT ~o.: SERVICE: Aux STE Arr\ -----
'PROJECT: FLUID: STEAM 

PJ;V. NO. r-

DATE 

BY 

l'l/16 

I FLUID co::::n:-rc::s _:._7 ~:.!2.,.-=. ::;-:..::::: 
PRESS.: I2·:?.,D::::~I:-I :vrsc., 

VAL'::;; 1 SYS72·1 , • .:..??:\.OX. 
; =rc-ro·· ·1 n----'---1 r:,.,,. J.. •" I .:.::,~:~ • .J '----~-------....... , j lu/FT3 ic~ or 

-- FLOW ~ GP!-!, SC:":·! , . 'PSIA . 0 : lS. V. TI /::; ssu 
/). '? I LOSS : C --------~v---?SI I ?SI 

... ,..u~n1135S4 "_ /. l,..;,s/ l'SO/ 1-3~9-1/ I: 
. ;JU.l"•Ui."~ /q~io. /J'/,S: 1 9so /.5339 l3'10 I I 

-DE_S_I_GN __ S_£_£_N_o T_E_/__,......., l'-1,s 19.S o , • 5 33 'j I 
l13qa I I 

HINn __ ·_WM_S_E_E_N_o_T_z=._J__...I I '-/6 S I '15 O I .5 3 S "/ I jmo I I 
Max. Desi~ Te!!:p.: / 0 / O · °F, 
Max. Shut-Off Press.: t!:1.1.SJ. (No Tl'. .3)PSI 

Max. Design ?ress.: ( SE£" _j 
J 78a tJcT£ .;i PSL\ 

Valve Service: O.?EN/CLOS::: 0 
, Is Flashing E..--<:pected in V.1lve? n:s D 

Pipe Size and Schedule: 
Approx. Valve Body Size: L\jCHES ------Body Type: 

Valve Characteristic: Li~car 0 
Quick Opening 0 

Is Tight Shut-Off Required? n:s D 
:1o~abl~ Lea~.J~e: 

Is Handj .:lck or H.J:::;:·..:~ccl :-. .:?<;u::..:-'":i? 'i::.} U 

' 

:M0DULATI0~ ~ 

NO lX7 

Pipe Material: 

Equal Percentage D 
Other: Jv!o D it'.1g D {'41(£8{1/,,ic~ 

Special Stca::i Packing Con~icer.:lticns: ____________________ _ 
. 

,'nlvc Action On Loss of. Po·~·~r: .Locks in Pos.;.__! . Valve Act1on Un Loss or t~~~r a1r,cr s~ns1n~. r1u1d 

Form ?:o. : D~tc: •~/l{,/7 

Opens LJ 
0 pens c::::J 

Closes !""K 
Closes c.@ 
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I 1-;;./ lb/7C, 
::r ER .- -. 

3 .::..' j !~ 2--' 

•• I REcE:zvEt 
STE.AM Ul'E-4-~~-~1-fr-J...-i 

I 
I 

;;r."' -r£ ~F'A c.E To F£E.owAT£R. 

1--~~ O£SuPHTR: I 
I 
I 

CTI 

HEATE~s, D£A£l• -

AToe, ANI> TuRB:tNE 

SEALS 

I 
I 
I 

ADM:ZS.S :oN 

I 
I 
I STEAM .4-~-.-0l::::1--,---'--_.__...f---

1.."ZNE -- _L 

'IN 'TE 2F"AC.~ 
(v-~3) 

- -- -- -(Si') 

I ,. 
I 
I 
I 
.I 
I 
I 

•• I 
I 

F££7>'N'ATE R. 
L.~NE 
'ZNTER.Ff.,:.~ 

V-11 NoTE.S 

I. DvR:rti<i- NoRMAJ... PL.AH·r 0PERATr.oN (T:tME.5. 

STAND AJ...ONE) 
) 

VAi..vE lv-11) (A"'o tv-~ 3)] OPEN 

0 rJ i. y A s 1< £ Q u .:r REX> 
0 

3'-IS F 

CoN'D'I:.TXoN,S DowNSTREAM OF TH£ DESUPERHEATEI?, TrJ£1{E.FcREJ 

THE. MA'J"oR"I.T'( OF THE DuT'( Fo~ (V•-il) [At1t> ('l-~3)] 

'NXJ...L BE Ar OR NEAR ZERO FLoWc. Aw ATTEMPT 

5HouJ...D BE !'JADE To MAxrM:r..z.E THe. TuRNDoWN CAPAJ3IL'l:Ty 

01=" (v-11) [ Atvo THE DEsuP£RH£ATL:R AND (V-~3)] To 

ENHANC.£. CoNT~OL. R~tl/CrE CAPA8~LITY SLJB'J"ECT To CoST AND 

£.NG-I.NEERINCr JuoG-Ef'7ENT, 1<£LATED To A Szflo-L£ CoN·rtc.oL. 

VALVE. 

:Jo MAX DE.SI CrN PRES s VRE .5.er 8r R£cEIV£ R (SEE INTERFACE -

C..otlD4TrON.S 

3 ~ .... MAx. 5Hu,OFF P1<E..ssuR£. .:;: UpsrREA,..,., OPERATrNv PRE..ssf.lR£ -

Mr"' Aux NETWoRJ<. PRE.s.suRE _ )465-5'5-= ltf/ops1 
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i~~vY_'f_f-1.j-_su_H...Ll_/ __ r.,L~ ~_:;_J~l ______ E_~-5~~-:-~i_:--:~[~;~~-·-r_n_-:_~-?~'·_·~-1-_,_·_-:_--_:_-~_;_~_d_-·_···_-_··_·_··_·· _-_···•·_·-_-_•·_-·t-1~_-:_·~--!-··=-·~=--_-·_"~_. __ ; _j_·-:_-~~- ~ I 
~ -,h'-any ISSUED I ,.,1.,; pv 100:;; f CONTROL V.!J..V:. D:.SIG:; SP.:::ET REVISED 
' v- Ar, tr1 :x..ss 'ION 
; STEAM To Aux I 1 casrm-rER: TAG NO.: s TE AM 

sERvrcE: Aux STEAM I 
FLUID: 5 TEAfYJ 

PROJECT !-10. : -----
'PROJECT: 

F~. NO. 

DATE 

p,y 

I 
1:l./1, 

r-

I 

I 
I 
I 

'FLUID Co,-.-,T;-7,~•·::: :.7' t••T<:-7 T•,::-7 •t·•••r:-: -:y-:-.1.=---f •::;:i..,,..,.\.· I ... ,L.J.1.. __ ..,.,_ ~•- •~---"._. _..,,,,_,__..,, ~ W:,.J.,.,w.w ~ w ~ -• : .. ~ .. ~\... • 

PRESS. : I2·:?. : ::::::;3~?: ; VISC., i ! FRICTio:; i D:::s:~:'J ,----~--------, I jU/FT.J O : c er ; D? , LOSS : C I .now~ GP~!, SCF.·! , · PSV. . 0 : is.v. -=-T ;::: s~u i ?SI , ?SI v-__ 

_ ----~_ru_™_3_7_6_s __ ~l_3_i_s·_l~s_~~--~'~gs_9 __ 1 ___ 13_~_o~l--~'----•1 
1-DE_s_rGN_~_s_e_.E_· _N_o_r_E_'--... 3 s s- I s~s I I, 3 'l I I 3 .:;w I I I 
,___n_IDM_S_E_E_Ni_o_T 1:_J __,_ 3 i S I s~s I , . S 'l I I 3~ O I I 
4-1.ax. Design Tee:;,.: 5'i:IO (Nor.E ~) °r, 

• Shut-Off Press.: 330 (Nc,r£ ,3)PSI 
Max. Design Press.: '-1{,S (Ne TE~) PSIA 

Valve Service: O?EN/CLOSZ: 0 

rs Flashing E..xpected in V.ilve'? YES D 
iPipe Size and Schedule: 
Approx. Valve Body Size: IXC,ES -------Body Type: ___________ _ 

Valve Characteristic: LiJcar 0 
Quick Opening D 

Is Tight Shut-Off Required? YES D 
:lo~~ble Le3~3~c: 

f Ls Handj .:ick or :i3~::-~·:1ed : . .:Cjui.:-.:::i? Y::3 LJ 

110DU1-fi.TIO~ ~ 

NO ID 

Pipe Material: 

Equal Percentage~ 
Other: 

I Sp_cclal Stc.a:n Packing Cons icer,lticns: ---:----==--------------------:= 
1\'alvc Action On Loss of. Po·~·.::r: _!.eeks in Pos.;__! . Closes ~x-~Valv<! Acc1.on un Less o.c t~•-cr J1r1c::- S.!nS1.n6. tJ.u1.d Clozcs 00 
(Form ?;o. Date: 

I 
I 
I 
I 
-

I 

•• I 
I 



I 

•• 
l~/lf,/7C, 

::r.ER 
' - .., 

._"'') ---- ., 

I REcE:tV.Ef 
STEAM l.:r.P1£-4-..:..-,---ix.......,-~ 

I 
I 
I 
I 
I 
I ,. 
I 
I 

.I 
I 
I 
I 

•• I 
I 

ADM:r:.sszoN 

S-rEAM 
L:rNE 

IN 'TE f!F'AC.~ 

( Y-i ~) NoTE..S 

I • Du~rN'<r 

DEMAND 

/'10.sT 

rs De.SIRA8J..E 

(v-~3) ............ ,.

- -- -- -@ 
F'££1>'N'ATE I< 

L.:tNE 
°ZNTEJ;!.F~':.~ 

I 
I 
I 

- - -1 

I 
I 
I 

CD 

To F£E.t:,WATt:R. 

H£ATETeS, D£A£t-
ATo e, ANl> TuRBrN 

SEALS 

0-- INTERFACE 

PERr..oo.s OF OPERAT'I.0tv, THE I~ u;. SrEAM 

BE Ar Ot< IVEAf< Z£1<.0, THE.R£FoRE, XT 

To HAVE (v-1=>.) TuRNuOWN BE.. As H'I6-r/ 

As 'PRA c. Tr c.AL SuB "J"EC T To LI Ml: TATrotJ.5 OF 
I ,-IE" DES VP£R-

HEATER , ( V' - ~ 3) J A No T t-1 £. . CA? A 8 -r LT T Y OF A SIN frL f:. 

VALV£ I 

MAx DEsi::G-N TEf"1P Arvt::, PRESSURE CoNDXTrorv E.srABJ..rsHED 

BY THERMAL SToRA6-£ STEAM GENERAroR MA-,. DEsXG-1'1 VAL.VES 

(Si=E INrERFAc.£.s ~, ~J./IJ Awo 'B'S-I ) 

3 MAx SHvToFF PR£5.SURE ::::. MAx 0p£J!ATI>J6· PREssuRE - MxN 

Aux N.£TWOIZJ.!. PRESSURE -= 3~S -!>-S ps1a = 3 3ops1 
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··~ ·, <..,t"\.-...-.-•-,-. '.f,...,,,_ ....... 
P...,J~'_::_!.2, :_ _·_)• : ·_ - ·- :.::. EJ41.4 5.:1 .;) F 

Pase 2 -------· -- 'r--c. o • • O • • • · - -

En~lneerlnQ S1onccrd 

CONTROL v.~vr. 'DES!G~! SP.:::E1' 

'

ISSUED 

REVISED 

CUSTO~IER: 

PROJECT NO.: --------------------
PROJECT: ___________________ _ 

L V 7'-/ .D IS FL.ASH 

l'.AG NO.: TANI< To Co,o::,£/V' SLR 

SERVICE: TS FLASH TtH'fl< 

FLUID: Co1-1DENSAT£ 

PJ:V. NO. I r-

16S 
DESIGN I !7}5"00 SE.I: 

Nore I ------------
~IDM 

133 u; !>-

(As Low As PKAc.n 
SEE 
Nor£ J 

.. 
DATE 

BY (MDAC 

'.-tax. Desi~ Te!!:p.: 3 c; 0 °F, Max. Design :'ress.: / 9 S ( No TE 3) PS'IA 
~. Shut-Off Press.: I {,S (Ho7£ 4) PSI 

, \Talve Service: O.?EN/CL0S~ 0 '.MODULA.TIO~ ~ 

ts Flashing E..-<:pected in V.ilve? n:s [Zl 

! Pipe Size and Schedule: 
~pprox. Valve Body Size: 
Body Type: 

r 

-------
• r:.;CHES 

Valve Characteristic: li~car D 
Quick Opening 0 

[s Tight Shut-Off Required? 
:10~3bl~ Lea~a~c: 

n:s D 
Cs Handjack or Ha~~~~ccl ~~Gui=~~? 
ipccial Stca:n Packing Consiceraticns: 

. 
,'.:ilvc Action On t.oss of Po._.~r: .T.oc:ks in Pos.;.__l 
V~v~ Acc10n On Loss oi t~~~r air,cr s~ns1n,.11uid 

NOD 

Pipe Material: -------

Equal Percentage_§ 
Other: 

Closes :X:
Closcs 00 

D~t: 

Opens I I 
OpcnsCJ 

I~/ 15" /7 <j 

I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
-

I 

•• I 
I 



I 

•• I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

.. 
I 
I 

TS 

-----.....i FL.ASH 

(11%) - - - -- TANJ<. 

- ---@ 

L'v 7~.B 

To No.=? HT£. - - -- --m 
p'I 63& 

To D£A.C~AiOf 

LY 7'-1 D NorES 

R-1 
1~/1'-{/79 

:I"£R 
~1 or 5-3 

0- IHTERFACE. 

NuMBEfl 

l LV 7"'1/ 
'--

To Cor,r:::,ENSEt.. 

P'V'6"10 

To CoNOENSE.R.. 

lo TS FLl"-SH TANI; PRcSSURE c,~-ops1.:i)-+ Pl,1 MP HEAD Rrs£ (15'ps.i~) • T111= 

5PE<--r.FrED VALUi= (J(;.5"ps,~) N£<:s1..ec,s FL.or..,,, F~-:r.c:..rr:oNAi.. Loss 

AriD G-RAV"XT'( HEAD R-s:s.£ ("r,=- At1<t) 8£.Tw£EN THE T..$ Col'IDENSAT6 

Po,-,p A,n:) LY7J.JD. 

~o PRES5VR£ DowNS.TR£A/Y1 OF LY 71-/D WrL.J.. ''BE Col'ID£.NS£R 

PR.Es s VRE + Co NO £.N 5,E'R T tv'LE. T 'P;zi;s s v/l.£ L-r. NE L O s SE" 
5 • IF 

A DowNSTR.EAM OR:rF::ccE Is USED A H·r<,.t-l£iZ 'BACk PI?£s~uR£ 
} 

WouLr> '13£ E.-,..P£RI£NC.EC> £S.P£CT.ALLY Dvr.zrrtCr H:r::&H F1..cw. 
J 

: 3. r1At. DES::Z:G-N PR£.SSUl?E:: MAX D£.S-Z:G-/V FLP,SM TANI< PRE.S51Jtzc- + 

PvMp HeAn R-xs£ -:J60·-,.15=J9Sps1d 

(DrFFEREN<-E.S IN G-izAv.xry HEAt, ARE IG-NcR.e.D -IF A,....,,) 
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I 

PROJECT NO.: -----
'PROJECT: -------

[ .. ' ' 
!, 

P..EV. NO. 

DATE 

~y 

SERVICE: f?S FLASH TAN'i._ 

'FLUID: CONDENSATE 

I ,.. 

SYSI:::-1 , A??3.0X • I '1:'TUID co•.....,"T-r-,..•·- · - ~- · T ,- T'- -- • ,. • T ,..- u .. 11JJ•-!.1,.; •• ~ ..... ! •-•-·•.:.. _.,!....:.._. : w .. ~.,:. 

PRESS. : I2·.:?. : D~:;~ := ; VISC., ; FRI CT Io:; j DESI~J 

FLOW @ GP~!. SC:":·1 

-----------........ , I Iii/FT~ i c~ or ; _D.._? __ L_o_s_s ___ :_c 
. PSIA · 0 : 1s.v. TI /!: ssu ! ?Sl ?SI v---

·;.XnruM LfoJooo 

---"""""""--"7"-------~ Is.~. "°'£14'7 1°- 0 ' 9 i I· 1~vE I ------------+ 
DESIGN JfoJ'69 1;;:;E I. I 46 7 lo.o 19'6 I It;~£ I 
----------+l;t"!-.,. I 43'/ jo.ol9~c.-l --,t--j_J_c _____ , ____ __, MINIMUM L/000 

Max. Design Te~p.: J.J~b °r, Max. Design :'ress.: SE:E NoTE '-I 
Max. Shut-Off Press.: SE.€ J,lc,u S PSI 
Valve Service: O?EN/CLOS~ 0 1IODULATIO~ ~ 

Is Flashing E..""Cpected in V.ilve? 

Pipe Size and Schedule: 
~pprox. Valve Body Size: 
Body Type: 

r 

-------

NOD 

' Pipe Material: 
I.:~CHE:S 

PSIA 

Valve Characteristic: Li~car D 
Quick Opening 0 

Equal Percentage D 
Other: Moo~F'J:.1;:,> PAgA80L".fC 

Is Tight Shut-Off Required? 
:10~abl~ Lej~3~c: 

YES D 
£s H3ndjack or ~3~~~~ecl ~~Gui:cd? 
Special Stca:n Packing Consiceraticns: 

•'alvc Action On toss of Pci-.:.:?r: l.ocks in Pos.;__l Valv~ Action Un ~~ss of i~~~r airier s~ns1n~. tLuid 

NOD 

~:'.) D 

Opens LJ 
OpcnsCJ 

::-oni r:o. : D~t : l ~/ J'i /11 

Closes vC 
Closes 00 

I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



I 
I 
I 
I 
I 
I ,. 
I 
I 
I 

.. 
I 
I 

0-IHTERFA<:.E. 

NUMBER 

To No.-::2 
HEATER 

LY 7Lf G NOTES 

(RI!) - - - --

@)- - -

L'/7~A 

---<D 

To 
DE.AEllATof:. 

Cow 

PY .;.oo ~ 
(RFSPCV) 

-----@ 

i~ 
To , '- ~ Cot10ENS£f. 

( 
LV7'1C~ 

~-_--,, 

(v-s). 

,. PRESSIIR£ AT Ii'l'TER!=ACE l<I'6 +(GRAV:c,y H£AD FROM FLASH TANk.) 

- ( FRIC.TX:ON Loss) ::. soc p.5Ji] + ( H) - ( Fa Loss) 

c':l. MzN PREs.suR£ AT Tt1,ERFAcE R :I: 'ES -t- (G-RAVXT'( HEAD FRoM FLASH 

•ANk)-(F"Low FR:rcTroHA.L Lo.ss)-= 380p5J<;> +-(1-1)- (F.,Lc.ss) 

3. VAL'VE DowlVSTREA,r,, PRESSVRE EQvAL.S CoND£NSER IN'.t...E:r MANzF01-D 

PRESSURl:., f'7Ay WAivr Te PLACE AN 0RrFI<-£ Dow,vs,R.t::An, OF 

VALVE To MrN"J:M rz.E FLA SM :tN<r. 

'-lo 1NTERFAG£. Rx3 
11

D£SXGN" PRE.S.SURE. + G-RAv:rry HEAD = boo-ps~~ + (H) 

S • nAx 5HuroFF PRE.s.s. -= S'oo ps1a + ( H) - ~ Y~ 11 Hj 

~ CoNO&NSER PRESS URE 
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-----------------------, 

1::~~-15J ____ 1PO_-~_J· 1,_s_~J~_:_/-1. ~-i-PJ...;i _______ E_-~:~:....~-i_r,-~~r_~-;:~-~-l_t-·~...:..~---.~=-'_.~_::,-·_~=·n_~_~, ~_~_:_:~_-_-_--._--_-_-··_··_-_--·_---_· _· ·_-_··-;--~-::-J:-:a:-~-!-=·-=;:---'-_t_' --~·_;_:_,.._~""1--~ I 
,-:.:· ·•-1--any ISS u ED I • ';i,...1-

, cmrrP.oL V.!J..'r;?. DESIG~; Si:EE1' REVISED 
r~, ----------L-------------------------------~~--;::;----:=-~ 

LV 7~ A -T?.s FL.ASH I 
TANI< To No, d HTR 

I 
! 
;: CUSTO~rER: TAG NO.: 

J PROJECT NO.: _________________ _ 

PROJECT: ___________________ _ 

REV. NO. 

DATE 

BY 

--------
SERVI CE: I? s FL. As H TAN ls.. 

FLUID: CotvDE.NSAT£ 

r- l 
IJ.jJJ./ ' 

I 
I 
I 
I 
I I nurn co:;nE:r:c::s x: l:_:.2:.'?:. r:~:::r : VAL':E: 1 sYsI:::-r , A??;\.ox. 

PRESS. : 72·:::?. , :;::::31:-I ; vrsc., i j FRICTro:; ( DE:s:~:) '------------~, I l~/FT~ o : c., or ; _6._-_? __ 1_1._o_s_s ___ : _cv I 
: . PSL.\ · O,:, iS.V. 1:°T j::· ssu ! ?SI 1 ::::.:.. .---"--'-~--------FLOW ~GP,f SC:":·! ~ .. _ ..... , 

-------~1~ _:_~_E_i_~ _~_,_7_1_0·_0_'_9_i~ ___ l!_i_;_-______ I ___ __.;1 •• 
1i,~~ ,.1 '167 jo.o,9i 1~~£ I 

'XIMUM a3,Sil 

DESIGN ~3)~11 
l--------------+-

~::,, ~. 'i 39 lo,(), 9~S I ~fe I I .,__ ___________ ..... IlruM l-/000 

iax. Design Te~p.: '-/ 'c 6 · °F, Max. Design Press.: SEE No-rE. 'j .. PSIA 
• Shut-Off Press.: SEE NoTE S PSI 

Valve Service: O?EN/CLOSE O ~ODULATIO~ ~ 

Is Flashing Expected in v.~lve? 

!Pipe Size and Schedule: 
Approx. Valve Body Size: r:-;ca::s -------Body Ty-pe: 

Valve Characteristic: Li~car 0 
Quick Opening 0 

ts Tight S~ut-Off ~equired? 
:10~3bl~ Le3~3~e: 

YES D 
1rs Handjack or H3~i~hccl ~~Gui=~d? Ll 

D 
Pipe Material: 

Equal Percentage D 
Other: fr}c DrEIEO PARAEuLI C. 

NO 

!Special Stc.:i::i Packing Considerations: _____________________ _ I . . 
{\'alvc f\ction On Loss of. l'o-:.·c:r: _T.ocks in Pos.~ Valvt! t\CC1on un Less or _tl1.,-...t!r airier St!nSinb. tJ.uid I 
1!F ,. • : orm .,o. . D;itc: J;;,./1J.J /7CJ 

Opens L.J 
OpensCJ 

Closes :)C 
Closes (XJ 

I 
I 
I 
I 
I 
I 

.. 
I 
I 



I 
11. 
I 
I 
I 

·1 
I 
I 
I ,. 
I 
I 
I 
I 

11 
ii 
1. 
I 
I 

PY .;.oo ~ 
(RFSPcv) 

-- ---@ 

@:!) - - -- --
0-1.HTERFAC-E. 

Nur1BER 

@)-- - -
~,,,,,,-~ Cow ,--...,.,-.------.a.=~~ ........ "--=----, 
\ 

To No • .::2 
HE.ATER 

, ___ _ 
""' LV 7.lfA ) ---

------© 

To 
DE.AEll ATo le. 

L V 71.f A NoT£S 

R-1 
J:), / IJ.I / 7 'f 

:rER. 
t.j..J 6/: 5J' 

~ L'i71fC 
To 

C.oNoEN.SEf. 

(v-s) 

I. PRES.SURE AT INTERFACE RI 3 + 6RAYITY He.Al) FRo/l"J FL.A.Sft 

TANK - FL.ow FRzc·rx.o/tlAJ.. Lo.s .s = soo psia +(H)-(F.J...o.ss)· 

do f'1:rN PRE.SSURE AT IwT£1?FAC£ R.:r ~ +G-RAVrT'{ HEAi:> - FJ..ow FRi:.cT"CMAL 

Los.s = 3cgopsui+(H)-(F.Loss) 

So DowNSTl?EA/Y'J PRESSURE CAN VAR'i 0v£R TM£ RANG-E OF 

~o - J3S ps,a D£PENDrNG- ON TH£ STArus 01= °THE 

P.1..ANT TIUR"IN(r f<.5 FL.ASH TANJ< OPE'RAT"ION 

4. TtvTEl:FACE RI. <o ''o.£.src;,.N,, PRE..S.SURE + GRAVIT"( H£AO 

= ~oo ps_,a + ( H) 
5., MAx SHUTOFF PR£s.s. = 500 ps1o> + (H) - ~Ops1a 

't-. L.o1.1.1.ES r DowNSTR£AM PJ?E.S.S l 
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;;;(?\Ci\:~:,;c,G,1 :~~?~~"~?_.:~_._.l~_';:::: ~~~! •~ Lj 1/. 0/;: _J5, 
=]_..1-~-~_j_-~ ______ E_n_~_1_n_e_e_r_l_n_Q __ s_1_c_n_c_o_r_d _______ 

1 

... ~s~s~u~E~o==--------i 
--,.b't:any 

CUSTO~l::ER: 

PROJECT NO. : -----

CO!i'IROL V.!J.. -r:::. m:s ! c:; S P.:::IT REVIS E 0 

LY 7"1B TS FLASH 
TANI<. To tt~ HrR 

l'.AG NO.: 

PROJECT: ___________________ _ 

SERVICE: T 5 FLASH TANk 

FLUID: CowDE.NSATE 

REV. NO. 

DATE 

BY 

r-

I FLUID co::'DI'!Ic::s _.:._7 ~.-_!.!,V'::'. !:~:...~! ; \".-U':E: 1 SYS-:r::::-1 , .;??:\.OX. 
--------------.- PRESS. : 72·:?. ,:;:::::.3i~ ; vrsc., i I n1c1ro:q o:::s:22~ 

t I jC/FI.J : c., er i D. ? • LOSS : Cv----
. PSIA . 0 : 1s.v. TI /::· ssu ! ?SI , ?SI 

I 
I 
I 
I 
I 
I 
I 
I -- FLOW ~ GP~!. sc::-r 

";.XIMUM , , 7 J so 0 I~;; . I 3s& l-ol'ts0'1 I· 1·7-l~;E I 1· 

NoTE J· .=>. ., ---~------------·----------
)ESI~ /17,Soo ll~f.,

1 
13si l-otS 0 9 I ,~~£ I I 

.mmlllH St,;, 79 I ~!f f'/or, 35 'o I• o / ?;o q I --, 5-{-~ ~--L_I ____ I ___ -----t 1 
I 

-tax. Design Te!!:p.: 360 °F, Max. Design Press.: _l'l5 (No,;:~.} PSL\ we. Shut-Off Press.: L't5 (Skc 3.) PSI 
!alve Service: O.?EN/CLOSE O 110DULA.TIO~ f2J 
~s Flashing E..-<pected in V.1lve? n:s ~ 

L~CHES 

>ipe Size and Schedule: 
~pprox. Valve Body Size: 
~ody Type: -------

Valve Characteristic: Li~car D 
Quick Opening D 

:s Tight Shut-Off ~equired? 
:10~3ble Lea~a~c: 

n:s D 

• 

NOD 

Pipe Material: 

Equal Percentage~ 
Other: 

NOD 

~:'l D s H3ndj~ck or Ha~i....-~ccl ~~Gui=~~? 
:pccial Stc3.:ll Packin& Ccnsideraticns: ----------------------
'ulvc J\ction On toss of. Po....-er: _l.ocks in Pos.;__! . /~v~ nct1on Un ~ass ot t~~~r ~~r,cr s~ns1n,.11u1d 

D.1t£: J -:i../15-j7 4 

Opens LJ 
OpcnsCJ 

Closes 0C
Closcs (XJ 

I 
I 
I 
I 

•• I 
I 



I 

•• I 
I 
I 

~' II 

I 
I ,. 
I 

-I 
I 
I 
I 
I 

•• I 
I 

TS 

----- F J... AS,., 0- IHTERFAC.E. 

(1%Z) -- - -- TANJ<. NuMBE~ 

GD- -

l~~ LV 7"/D 

To No.~ HTS! - - ---ill 

P'I 636 

To D £A£R.ATOf. 

LV 7'18 

/ .. TS F1..AsH TANK PREssuR•E (1so 1~s1;y) + Pu;v,p HEAD R-xsE (1sps1c1), 

THE SPECIFIED VALUE (JG5ps,d) N£G-LE.CT.S FLow FR-rc.TI 0 NAL 

Loss AND G-RAV"IT'( R:r:s.c BETWEEN TH£ TS C.oNDENSATE 

PuMP AND LY 7'/B .. 

~ . p R £ 5 s u R E DO w"' s T ~EA f'YJ OF L V 7 '7 B CAN R .EA (, H /3 s ? 5 I J Du R. "XN c,. 

H ~ (r H CON D £ N s A "TE FL. 0 v..J p ER 1: (; DS ( AT ' 3 s p 5 I ,:J J A p RE .s s V R £ 

C..oNTl4oL O•,£R./i?."rOE. ON l...Y7'-JB FoRc.E.s THE. VALii£ CLOsc.D) 

Law FLov.1 PEJZ-rons J DoUJN.STR.E.AM PRESSUl<E 

A!:. Low As ~Ops,a (Mr.,v °DEAE/<AToR- 'Pl<E.SSUl<L),-

3. MA)( 5Hu·r°FF Pi?E5SUR£ = f"?Ax 0PEl?ATXN& PKES.SUR.t; _ f?J:.N £HELL 

PRESSU~E ( MI:H D- P. )" . 
· .t:.A.E..F!ATo~ RESSUR,£ -= ,,s--.:io -= 141.S ps I;;) 

l-/ • MAx DEsr&1v PREssuRE :: MA x DEsr.erN FLAs 11 TAN k PJ?£ssuRe 
+ Punp HEAD R:x.sE .. =- JSO'+JS ::J'JS psi;), 

(DrFFE~.ENCE.S IN G-t<AV-:CT'r' HEAD- ARE Ic:,.NoREP) 
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------------------------, 

; GiVi-s1ot1 ~s:~~:J 
:-:;!ijPP?jsHI Fl i~?' 

~ ..... ~ ...... <'-1 ~~ ..... 7 Jt ...,. ,- -L..J~--:...!.2.!:.,_"_)':·.-·- ;..:: ------·--'>-c.o••O••··--· 

EJ41.4 
Page 2 :: 5.1 

I ]_--_-J.-_..1-_1.._.L_-t---______ E_n_:Q_l _n _e_e_r_l n_Q..:.__S_t_c_n_c_a_r_d ___ -:-----:.--it--=~-=--::---------½ 
~ -,bl::a::i.y T\/··/001/ ISSUED 

t. , 

GUSTO}fER: 

PROJECT NO. : t -----
' 

l 
PROJECT: 

i 
I 

CO!ITROL v.~v::. iES!G:: SP."::ET 

P..EV. NO. 

DATE 

BY 

DES UPERHEIHe. 
C..oHDEHS ATE CoHTRo 

TAG NO.: VALV£ 

SERVICE: Aux STEAM 

FLUID: CotvDENSATE:. 

., r-

jE,Z-

I 
I 
I 
I 
I 
I 

I FLUID Co,.....,T.,..7,~,·::: ;."7' 1'.!,T~'"-:' 7'""7-:""7' •\"'T~Y";": -:y-:--:--.f . :.::.:>..,,..,,.\.- I ~- I-~~:-~-~';_::=-~=-•--,;:~::· : .-u_ • ._, ! ~ ..1J.:-4. ,.:-:-_:~~•-· 

,-------------.,, P.:-.:..SS •. 

1
- ~=--~ .

1
~/~~J\~~ ; :~~~~,; ,6? ! ~!~iI0.1 \ u:.~~~=--=-~ __ 

now @) GP~!.· sc:.·! · PSIA . 0 'C' is.v. €-i-3;,)ssu 1 ?SI , :::sr I 
.X'DITJM ao1q~ (NoTE I)) 1_,_' s_.:;_1_,_~_, __ ._o_,_,_~_, ___ l· __ l·(S_!;>..a.... _____ 1 __ · ___ __,1·., '+-3 O ( WoTe ~ (HoT£ '+) NcTE s) 

1-D_E_sr_GN_ .. _s_E_E __ N_o_T_E._3_,c'~~ r" ) O'f • o / 61 6 I __ k_~..,;..;=-'=-~J._. ___ _,I,__ __ -----

us I I ~, o d .___IDM __ 5_£_E._N_o_T_£_._3__.,(N c'iT)£ _ I OC/ 0 o / 6 / b SE£ · ~ _ _ Ncre S 

.-!ax. Design Te::p.: l3S (NClTG G °F, Max. Design Press.: } 60 (SE~ { 07,PSIA 
Max. Shut-Off Press.: ,o (NoTeS PSI 
Valve Service: O?.EN/CLOSZ: 0 }IQDOL.\TIO!{ ~ 

11s Flashing E.'<:pected in V.ilve? 

!Pipe Size and Schedule: 

n:s D 

Approx. Valve Body Size: rnCHES -------Body Type: 

Valve Characteristic: Linear 0 
Quick Opening D 

Is Tight Shut-Off Required? 
:1o~able Le3~3~c: 

YES D 
ILS 1-1 ...... dJ"..,c'!.- or :.: ....... ~ •. ;..,,.,..,l: ,-u"-"..;' 6 ..:i .. , U {\a, .,.J ... :_ ...... 1t.:t.::: .... t..:½ ...... t.: ..... • 

NO~ 

Pipe Material: 

Equal Pe_rcen tage ~ 
Other: L,4-/c {}£ /C//f /v' Pt?kt'/V 

ISp_ccial Stc.a=:i Packing Ccn~icer.:iticns: ____________________ _ 

1\'alvc Action On Loss of. Pc,•-·cr: _Locks in Pos.;__! . Opens~ Closes • , ~ V.alvl! Accion On J..c:;s oc :t->0•-<!r <!!.r; er S<!n:;1.nb. u.u1.d Opcnsra:J Closes Ll 
!FormNo. D.1tc: J:J./16/79 

I 
I 
I 
I 
I 
I 

•• I 
I 



I 

.. 
I REcE:tvEt 

STE.AM l.:I.NE-4-~~--0li:~.-.....L..""1 

I 
'Z."' "TE. 'R.FA c.E To F£E.DwAre:R 

H£ATEies, DEA£S:• -

Ai'O f', ANl> TuRB:tHf 

SEALS 

1----a,..... O£ScJP HTR! 

::- - -, 
I 

t 
I 
I 

CD I 
11 APM%S.S ::oN 

I 
I 
I S 'TE AM +~--,---D~-,r-~.L---"lllll!f-::::= 

L~rlE _j_ 

I 
I 

XN Te ~F"AC.£ 

I ,. 
I 
I 
I 

F£E1:>~ATER 
L.:~NE 
I.NT £RF; i:.E 

0-- 1.NTERFACE 

10 MAx. FL.ow DuRINCr REc.ErYER STAIVD A,1...010~ W'·.1: CH 'REcE:r.VE/'2. 

PR.oouc.rNu- 9Go°F STEAr-1. 

;i.., MAx. FL01.v Dui:zrtv&- REC.Erv.ER .STA1v·o At.ONE W-:r:TH REc.ErvElc 

PR.oDUc.-XN(r ,(,o°F STEAl'J. 

3 .. SrHcE TH£ Aux SrEAM Sy.STEM Wo1v<.s
11

0rv DEMAND
11

) Tr5HAJ..L 

HAv£ A Croon Gotv,R.OL CAPAJ3:CLITY AT Low (NEAfl Z,2.0 fLow), 

THEREFcRE.J (V-~3) SHALL HAVE. A HIG-H TuR.rU:,owrv CAPAE·r1...rrt.r 

.Svs J'£c. T To L.::r/YJ:r T.S 01=" Tu RN DowN 01'1 (v-, ,) , ( v- ,~) J At<D Trt£ 

I 
D£svP£RHE.A'T £ £. A TuRNDOwl(- ro LE.S5 THAI( So '-8/ HR Is DESI/CABLE~ 

I 
I 

•• I 
I 

Lio A H:x6-HER Pr?£.SSI/R£ (L:..H,Ops,a • Esr:rMATED HoTwELJ... Pur1p MAA. 

PRESSURE AT MTN FL.ow) MAy E;IST Ar 5°ME" PERr.oD5 DuRrN(i

Low ToTAL FE.El:>WAT£R. FLow, 

s4 BASED Qr{ 8Spsu;, DowNSTR£AM 

TwRouG-H THE D£SUPERH£ATER AwD A tl5"psii3 WAT1::-R INLET 

T.t"TERFAc..E PRESSURE.. 

BASE/:.> ON AN As.svr•?J~D S Itv H5 fVJAx CoffDi:NSER PRESSVR£ 
(l3S°F SA•URATen WATE/2.) 

7. /(,o ps,a AssunED MAX HoTw~LL Pv,.,.,p OvTLEr 'PRE.ssu~E 

i. 
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Enolnearlnq Stcndord 
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Page 2 

ISSUED 

CONTROL V.!J..7:. DESIG:: SP.~==T REVISED . ,~-------1-----------------,.,( ----::).:--A~--__; V-~'::J D1'7:SSXor< 
S 'i£A/Y1 •o AU >C cusTmrER: 

PROJECT NO. : -----
PROJECT: 

fil:V. NO. 

DATE 

TAG NO.: s rEAM ·pE.sup{!_HEA 

SERVICE: Avx Sr£An 

FLUID: STEAi".] 

t 

I 

I 
I 
I 

I FLUID co:;:r!.~I-:::s _.:._-z- ~.-_:..! .. :.::. !::-:..-=:T 
PRESS.: I:::-.:=> •. ::~:;.3¾:-I ;\.."ISC., 1--------------.. j I iJ /FT.J : c., or 

__ n.ow@GP!-r, sc2-r , PSIA . 0 -c- is.v. IT /::' ssu 

VAJ-7E ! SYS'I:::-1 , _.;??~OX. I I I n.rcTro~; ! D.::s:~~) 
/\ ? I LOSS '. cv---, I 
?SI I .:- :: .lo 

l.1,;,_· l•j/;o 1~.:l'i/S 
r------------. 17~ '-1(,o I <g .• us-____________ 

I 

,XI}flJM 

DESIGN 3 7,~-

DrtJM 

"°iTG I I 
"'",-r-E I I 
-- I I 

-!ax. Design Te:::.p.: $360 (Ne-re.~, Max. Design Press.: CJO- (N'c.Te.3) PSIA Max. Shut-Off Press.: _2S PSI 
Valve Service: O?EN/CLOS::: IX) }IQDULATIO:{ Q 

1rs Flashing E..s,;:pected in V.?.lve? 

!Pipe Size and Schedule: 

YES D 

L'-:CnE.S Approx. Valve Body Size: ------Body Type: 

Valve Characteristic: Li~car D 
Quick Opening 0 

Is Tight S~ut-Off Require<l? 
:10~3blc Le3~3~e: 

YES D 

NO 00 

Pipe Material: ------

Equal Percentage D 
Other: 

NOD 

~:i:> D 

---------
!Is Handjack or H~~~~~ccl ~~Gu~rei? 
!Special Stc.:ui Packing Ccnsiceraticns: ,. . ---------
1.\'alvc .f\ction On Loss of. P0·~·er: J.oc!-cs in Pos.~ Vlllvc .-\cc1on On Less or t1 . .-:..~r .Jlr;cr s<!ns1nb. r.t.uid I 

jFonn ?,o. : Date: I /J1 /%0 

Opens LJ 
Opcnsc::J 

Closes iX., 
Closes ~ 

I 
I 
I 
I 
I 

•• I 
I 



I 

•• 
5 TE:AM 

JI I '-I l'iO 
::r ER 
i 7J - L-.-,:./ t-7 /~ :;:7._: 

I I 

I REcEivEt 
STE.AM L:r.,.,E~--e.,.-----.---IX 

I z.,.,-rE.11.rAc.E To F£E.t>wAre:R 

HEATERS, D.e:AEI:· -
AToe, AtU> TuRBrN 

SEALS !1 ;- --. 
I 

I 
I 
I m 

I ADM:r:.ss::roN 

STEAM 
L-:triE (v-~3) 

I 
I 
I 

-1 

'I :IN TE e.FAC.£ 
- -- -- -(Si') 

I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I 

\/- ~i-/ NoTE.5 

F£E't)W'ATE ~ 
L":NE 
z,-,,-ERF/. ~E: 

0--INTE_RFACE 

• VA.1..v£ (V-~4) IVJu.sr BE Sx.z.£1:> Tc Acc.o,'Y)o;;,Ar£ fYJ~u.rnvM 

Ou·rLET Coworrxo/1/.!. fR"M VALVE (V-1;;:J) 

• -DuRr,v<,.. OPERA·rr.oN OF TH£ Aux. STEAM Jv'Erwo1<.1< (V-;).4) 

Awo tv-~~-) IYJus T Bz INTEl?LOC.i<E:D So THA·r ON..i..'f Ori£ 

CAN 'B£ OPEfl Ar A Tx n.1:-. WttE.11 THE~nAL SroR.A6-£ STIEAh 

G-£M£R.ATO~) AR£ 0/'£1<AT'~""" (AT 0E>I<,.W OR BLANl<ie r .STE"AM PRJiSSUKE) > 
lV--24) I.s. OPEN. WHEN TH.c- TS STEAM 6-ENE.P./ffORS ARE 'P(<C)DUc..rri~-

1'1 c S rEAM PR1:s.su1<£ AND 131-AMi<E.T:r.Nc- OF Tri£ 5TEAn G~NER.AToR.S 

ARE D.ESXli!E.D, {Y-~5) Is 0P£H, 

I. Pu,_i- FLow VAL.VJ£ Pf?E.sstJR£ DRoP 5Hol/L'b BE A..s Low A5 

PR Ac rrc.A L Co NS I. 5 TJ=.N T Wr. ,H NoRMAi.. I...soLATION' VA/.. YE 

SELEG r:r:oN PRA c TrG£S ( AP~ '""'.;;) p s I Esri=MATED VAL.uE) 

::, .. £, 6 0 °F BASED ON EXPAND r. f((r MArrl' Sr£A~ FRor-> ,.., (d,'ps Jc} J cu>-,/;::-

Tc S.',PSl.l ( Po.s.sr8L£ Cow1>ITI0H Ot< Dow,.s·r1<£AM Sr,:,£ OF (V-~0.) 
- .. . . - - - - - -- - ... 

3 ~ Aux NErwoRI< SAFETY VA, vE Sc: TT'IW<r 
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En~lneerlnQ Stcndcrd 

EJ41.4 
Pase 2 

!ISSUED 

, CONTROL V.!J.'!:. m:src:: SP-'::ET REVIS ED . ~.-: _______ __.__ ____________________ --:l~-=-.-:--'A~-5:::---....l 1 v-~s.., vl( -r.eAM f C.::,1>1,v.£<.r:roN To CUSTO!·IER: '!AG NO.: '8J..Alll<£T TS 

PROJECT NO. : -----
PROJECT: -------

REV. NO. 

DATE 

BY 

SERVICE: A vx STEAC'.J _ 

FLUID: STEA/VJ 

r· 

j'£R. 
MC>AC. 

1 SYSI::2·1 A??~OX. I FLUID 
PRESS. 

@GP~!, 

____ 
7

_:-:-_-~_. 

1
. ;;~;r--· i ~IS~;,! /\ ? ! ~!~TI0:1 DE~I:.Z'.) 

. ~ ---------v---FLOW SC:":·! ?SIA O";" i S. V. 1:"T / f: · S SU 1 ? SI , ? 5 I 

·.xnruM '-i 00 I 75" 13.i/ 5- S,4o I 
DESIGN Io o I 75 13'15" I s, '-lo 

7S I 3-1s- I S,'-1 o I-
. I Ht!Ti:'-

Aax. Design Te~p. : 4 6 ~F, 
Max. Shut-Off Pr-ess.: 7 ~ ?SI 
Valve Service: -O?EN/CLOSE lX] 

Max. Design Press.: _ CJO . (NeTc 3) PSIA 

}IODULATIO~ Q 
1rs Flashing E.'{pected in V.1lve? 

fPipe Size and Schedule: 

YES D 
, 

NO IXJ 

Pipe Material: 
Approx. Valve Body Size: l);CH.£S -------Body Type: 

Valve Characteristic: Li~ear 0 
Quick Opening 0 

Is Tight Shut-Off Required? YES D 
:1o~able Leaka~e: 

LJ tLs Handjack or Ha~i~jeel ~~Gui=cj? 
15r.ccial Ste_a:n Packing Ccnsicer.:iticns: 

l\':ilvc Action On loss of. 1'0•..:cr: _Locks in Pos. ;__! . Valve Action On Loss or ?~~~r Jlr1cr s~ns1n~.r1u1d 
' 

Equal Percentage D 
Other: 

NOD 

Opens LJ 
Opensc=J 

Closes :X: 
Closes (XJ 

f Fonn No. Date: 1/J't /go 

I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
s TE.AM NETWOR~ 

I/ IJ.// 80 
:I.ER 

SJ t1f .5.5 

STEAM L::t14E I 'I.N-r£'R.FAc.E To F£E.1:>wAre;R 

HEA,TER.S J D,AE,
Aao·e, ANl> TuRBI:HE 

SEALS II (v-~'1) ,- -, 

I 
I 
I 

I ADM:::s.s :roN, 
S "TEAM 4--&----,r--v-... 

(v-,~ I 
I 
I 

CD 

I L-=r1E 
:rN -re t!rAc.E 

...l 

I 
I 
1• 
I 
I 
I 
I 
I 
I 

•• I 
I 

\f-~S° /VOT£.5 

F£Et,'N'ATE ~ 
L":NE 

:tN"T ER.Ft-~~ 

• DuRrN.;. OPERA-i--r.oN OF TrlE Aux SrEAM N£rwc,J?><., (V-::t'I) A tv.D 

lv-~~-.) Mvs-r BE INTERL.oc.J<ED So THAT ON.1...y 0/11£ CAN' B£ 

OFEJI AT A Trn£., WHEN •HE.RMAJ... STofi!.A&E STEAi? G-€NERATcR{s) 

AR£ OPERATrN(r (AT De~rG-N OR BLANk.GT STEAM PR1:ss.u1Z.£)J (V"'=>.~) 

'Is OPEN. 'w'HE..N Trte. TS STEAn GENeRAToR..s ARE PRot>uc..rNfr 

No s-rE.An -PRE~;suRE AND T .S BLArtJ<E.TIN,;- Is V£.srRED,; 

tV-~5') Is OPE.fl. 

) • VAi..vE P~ES.SURE DRoP AT F"u'-L FLow SH0U1...D Bi:: A..s Low 

A.s. PRAC.T:rC.A.L CoN.s-:c.s r£tv-r W-.:r. TH NoRMAJ.. Iso.t..f.\T:CON" 

VAL.Vt:.- 5.ELEc..-rxo,v "PRACT".CC.E s ( £sTrMAT.E.D VALVE! b,P,v/ p~)_ 
"' .. , 5 ( ,,,, ,~) w H I.C.1-/ W:r1..L -< • ,, o Rn AL TEAM TE..n PE RATuRE L£Av-rNc.- " -

Be PRESENT DowNs·rRE.An CF (v-~s-) . 
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MM -p PP IS"il Ft 1:.P' 

CUSTmIER: 

EnQlneerlnQ Ston~ord 

CONTROL VAL 1?:': DES IC:: SEEn" 

--------------------
PROJECT NO. : -----
PROJECT: ___________________ _ 

'REV. NO. 

DATE 

BY 

: EJ41.4 
Pase 2 

ISSUED ,_ 

REVIS ED 

TBD 

'!AG NO.: ( Fo ~ l"1£R L i;1 

SERVICE: Av x S TEAIVJ 

FLUID: CoND.ENSAT£ 
I 
I 
I 
I 

I FLUID Co ..... ,.T-:-•·::: :. -:- ~~.:. T ~!'"':' T·~ -=-:- • v. T ,r":' : SYS•="'·' _ • -:::>~0-.-

1

, PRESS · ··:;::-~·-·:_:::_.:.::- • -. ~-::::c-· : ~-- I =Tc ... TI·o·· ·, ~_::_::: 1-----------.... . • , J. =-•;_ • -- ~ . .;. : v .1.:::, • , i I r ~ .~ D.c.::, ~:..:..) ~ I iJ/FI.J, O!t : c., or ; ~ P • LOSS ; Cv I __ no_1_:: __ 'Z:!_ji0r-c_t_R_~ ___ G_P~_1 __ • _s_c_F_.-r_ · P SIA . 0 : , • • n 3 / r:; s su ! ? s r , ::: s r . --, 

_-..xnruM_._Y_i_~ _a _j , ~~-1 ;i% I I 5/. 9 I I~~ I I I 
I ;;i ~ I .:i ~ i I s-9 • '-i I I< ~ I I DESI~ 

SrlUT 

0 ·OFF 

---.--------...---1 
170 I n I I s 7. 1 I I - I I 

61,£ • 
• Design Te'!?:.p.: cz. '3S · °F, 
• Shut-Off Press. :S:<a5 (J./ou.;.1}PSI 

Max. Design ?ress.: SEE NcT£ PSll 

Valve Service: O?EN/CL0SE lXJ 
Is Flashing E.."<:pec:ted in v.1lve? n:s D 

I I/ 3 Pipe Size and Schedule: SEE NorE 
Approx. Valve Body Size: _______ L~CHES 
Body Type: 

Valve Characteristic:: Li~car D 
Quick Opening D 

Is Tight Shut-Off Required? YES D 
:loY~bl~ Leak3~c: 

1-l 

• 

~ODULATIO~ Q 
NO 5?:! 

Pipe Material: _____ _ 

Equal Percentage D 
Other: ---------

Special Stca:n Packing Consiceraticns: ____________________ _ 
I

Is H3ndjack or H3n~~hccl ~~Gui~~ci? 

l\'alvc Action On Loss of. Pci·..:~r: .Locks in Pos.~ . Valve Acc1on Un ~o~s ot t~~~r a1r1cr s~ns1n~.11u1d 

iForm ?lo. : l>a tc: '-/ / ;;J. J.J 

Opens I l 
Opcnsc:::J 

iO 

Closes i')C 
Closes (Kl 

£R. (MD~.cJ 

I 
I 
I 
I 
I 
I 
I 
I 



"' I 

.. 
I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I 

Co/llDE:HSAT.E 

FKor? 
DE.AE..RATOlt. 

To A,.;x 
BoJ:.i.ER 

A1Jx Bo:r.1..£R / 
'THERMAL S rail.A<,£ 

f E.ED'W'ATt. R 

PwnP 

, ·-C- -vr-2-- -
\ /VIO'f' 

~ - J 
' / 

Ttt£RMA.L SToRAG-E 

F£EPwATER 'Pu,VJP 

I 
L. Y-1 

- • To TS 
SrEAM 
G-Etvi:R.~TOR,.S 

NoTE5 ON 'VALVE LV-1 

f • fvJ A-X D.E:s:r G-N' PRE .sst1R E. =· GI 5 p s; a 

IHE 

lo TH£ DEAERAT<'J/?. A;.;D THE CHE<.K. VAL.VE DowiVSTR.t:·A~ 

OF LV-/ L£AK-S .. 

..:l. MAX SHcrrofF PRES.S.,.iRE Oc.cvtis DuR-i:NCi· H'.l:6-H D<.twNSrREA,,.., 

3 .. 

TS t££n Pw,.,,r Is 0PERAT!.NG- Ar1P CHECK VAL.vE LEAKS • 

Af:; { MAX DcwNsT~£A1"1 ). _ ( fY)rN DA\ -( VpsrreEAM C-P.AVXT'/) 
Q \ PRES.5 PRESSi)RE) HEAD 1=~0/f'I DA -

PER A G-REE1'7£NT W-x.-rH S ( £ ( '-1 /~'1/fio) ) THE EN·-r-zRE 

LINE:. CcNTAINTNCr T11:rs. VA.LVE \NJ:L..i.. fsE I "IN AND 

CcM PL~ 'vv-r TH s CE P It 'D J/ 
IPE 5?£C r\ • 
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I 
I 
I 
I 
I 
I 
Ir 
• I 

I 

V') 

z 
0 ...... 
I
CC 
...I 
:::> 
u 
...I cc u 
::.: 
L&J 
I
V') 

> 
V') 

CJ 
:::> 
V') 

0:: 
1M 
> ...... 
L&J 
u 
L&J 
er 
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.. 
I 
I 
I 
I 
I 
I 
I 
le 
I 
I 
I 
I 
I 

!I 

•• I 
I 

- . -- ---~--- ---- - ·- - - --- -- "'-. -

b / s/ ?o 

I tJr /5 

• Arra.oACrl 

1) DEFrtlE ZcN'£S CF F-:rELD AND IMPACT 

CP EACH Ze:t..JE ON REC£:CVEi2 F'L1.,;"f,. 

~) BR.EAJ(T)ot...'/'i Zc:N'E C,cnpcN£NTS. Lr.re 

HoR.~z..c.N·rAL ArvD Y£R.T-rcAL £LcME.rv-rS 

~~ PRcTECr CcMf'<1N£NTS Tc HoR.rzcl"'rAL 

PL AN£ Arsvv E. Trl£ °R£C.eI"'/ ER 

J-i) si.'?1£R'InPcS£ 'VER.rrcAL C-cMP<n•fENTS 

TH Ar S ·r'T<:t: K~ SAM 1=.- Zc N'E 0N 

HcR.1:zcrv·rAc PLANE 

C'· F V r I? "'-/ 

THAT Ts APfP..cPr~:r.ATIE Tc lHE Ho,~:t"Z.c,JfAL 

z,~ "'£ I ti Q UES rrc- t..J 
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I 

... 
I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I 

• DAT-A SAS.&' £;,<.P~E.S.SE.D Fo~ 

VE.'/2.TI.G,AL SvlZFA<..£ 

p ,,. :_ = c:. ~ . p 
V_, ~ V,. 

I' 

BAc/.l. To 

Pv~ 
C0s~.;,, 

C~ > I 

z:.c.~ ~ I 

C .i., Pv' 
Co..s ~..:., 

Pv ..... 
C.os « ,;_ 

Pv..;. = c~ Pv TArv C\.~ 

PRo<.rRAIY1 LABEL FvNGTroNJ 

0 

L8L A c:f.-.-=. 
i 

IS. ?i 
STo 0/ 

LBL B PARA.MET££ ~ ,el..~-= ;)...S. 
0 

LB '- C. 

L8l... D 

LBL_ E:. 

STo 0 :2. 

0(3 = 35" 0 

STo 03 

- o(i = '-14.3° 
.sro 

C.o £ F=' F-: c:z £. t-r~ .S 
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O"f 

c, = o. ,s~ 
STo 0 S" 

C:::>. ~ O. ;l.i 7 

STo 06 

C 3 .::. o .. ~~6 
Sio 07 

c~ : o-~6~ 
S,o 0 '3 



b/S/'60 j 
t .()r / 

" " Pv, $TO O 'f Pv3 STo J / .. " " PV:J.. STo , () p v' '1- STo ,~ 

LBL I A.' 
Pv,-. LBL. p V3 ~ LBL ·RcL 

I -A C 0 

:.* ~ 9 
Re L. Rc.L -t 

I 0 0 RGL 
I 3 I 

TAN -rAN 0 

I ,:*··· * 
,.. 

R<.. '- RcL R <..l... 
0 0 J I ~ 7 I 

- = + -
STo Sio I< ( .I... I 0 r I 

~ I ~ 

HLT HLT ":: I HLT 

P'l:1....~ LB L. Pv~ ~ Ll3L ., 
B :0 LBL 

* * £ 
RC..L RCJ.. 0 I 
0 0 sro 

:2. .i.-1 0 

TAN TAt·I q I 
~ * STo 

Q. C1- RC.L I 

I 0 0 0 

G i STo - = I - I .STo s;o I 
I I S To 
C -=< J 

I 1-f LT HLT ~ 

HJ... T 

I 

•• I 
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I 6/S/io 

/ dr /5 

•• f'o~EE!. fo:::r-1T Sd ...,..,.,,p.f?'f ( Ho~ZZo1'fT'~L SvR.F~c,e.) 

KW/....,,"l., 

I 
(a) I • l-f ;>. (-/o FT) 

lb) s. 7 ~ KW/~ '"I- (-f.SFT) 

I (c..) I .:? • 3 KW}_,). (3. S FT) 

I \d) ~o. 3 I<"-'/..,.."). ( ~-~- FT) 

( e.) 

I (~) l ~ .o i KW/ ...... ~ (11.s fr) 

I (~ 

I 
0,) 

l_;__) I '8 • .:27 KW/ ...... ~ ( I 3. S Fr) 

I (i) I 7. '6 G t<WJ-. ~ ( I '7. 5" FT) 

,. (!) I 7. ~ I KW/,.,_,~ ( l~,S" FT) 

~) 16-. ~ '- ~ w/-. :i. (I~ FT) 

I (rv,) \3.~s- J<v.1/,-..., "'"i (:2~i=-r) 

I (h) 9. I 3 Kw/,.....~ (~6 F'T) 

I 
I 
I 
I 

•• I 
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{;./s-/io I 
fer ;5 

•• 
LBL A " ,o/.. -::. .;). '-6 • 5 c,--.1,~ I 

STo o I .Sio Q~ 

I 
LB'- B 

0 °"-: 36,5 
STo o .:l. 

C =- -= . 33' 

I $'T;) 0~ 

L.13L. c.. C,3 = .. 3 ~' I 
ST.) 0 ~ 

I 
Po wE F. 'Po :t N ,- .SUMMARY ( HoRrZ.ow,A.L SuR.F'AC.S.) 

(o) 3.o 4 '/,/.. w Irv-.-:. (l. s FT) I 
( F') 7. I {, KW/.....,:l. (J.f fT) 

(Q) 11.7 KW/t'"t":i. { ~ FT) 
I 

(R) I I • '-t I<. ""'/ i--. "'),. (7 FT) ., 
ls) I o. '1 l<i.v/ ... ,..... (~ FT) I 
(-r:) la. i K'-'/ ""- ( 1, .sFr) ,.,... 

( \J..) '0 . lf K'1'...,.. ~ (1 '·LS-Fr) I 
( v) JO•~ K.. 'i t-r, ""L. (IS.S FT) I 
(w) '10 7 KW/,-.,.,"). (11.s,=--r) 

(',() ~ a '1 1<'1 h-°'::,. (1 q Fr) I 
\j) 7. <o Ky,.,._-,.. (.~1.S F,:) I 
(z) 5, G ( :2. 6 FTJ I 

•• I 
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Recommended Receiver Flash Tank Design Criteria 

• Tank Diameter - 26 In (ID) 

• Max Steam Pressure~ 600 psig 

• Max Steam Temperature - 950°F (limited by interlock function) 

• Design Basis - ASME Section Sec VIII Division l 

• Corrosion Allowance - 0* 

• Material - Alloy Steel SA-335 P22 (2 1/4 Cr - l Mo) 

* Tank wall thickness shall be minimized subject to the above 

design criteria to minimize thermal shock operating limitations. 
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Receiver Flash Tank Design and Operating Constraints 

1. During receiver operation (steam flowing to the main steam downcomer) 

when the flash tank is out of service, the flash tank shall be maintained 

at a temperature of 465-675°F to permit an instantaneous flow switch over. 
With the atcve temperature conditioning constraint, any fluid condition 

from 300°F feedwater to 950°F steam could be introduced into the flash 

tank. 

2. If bypass orifices are used to thermally condition the flash tank, the 
orifice isolation valve RFSOV must be configured with a remote actuator 
which will be closed during receiver startup to prevent the startup 

nitrogen charge from flowing to the condenser. The valve shall be inter
locked to flash tank pressure in a manner in which it is co111Tianded open 
when PT 2906A or B ·(select function) signal is greater than 500 psia • 

3. If bypass orifices are used, the orifice isolation valve RFSIS must have 

a remote actuator to prevent GN2 back flow into the receiver during 

initial flow circulation through PV-2002 (RWBV). 

4. A 400 psig nitrogen line must be routed directly to the flash tank for 

tank pressurization during initial flow circulation. 
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MEMORANDUM 

A3-233-EP-RES-l106 
11 December 1979 

To: J. E. Raetz 

Subject: DOWNCOMER START-UP RAMP RATE RECOMMENDATION 

From: R. E. Snyder 

Copies to: R. G. Riedesel, E. J. Riel, G. C. Coleman, R. J. Perkins 

The purpose of this memo is to determine the maximum allowable temperature ramp 
rate of the downcomer during plant start-up • 

Standard practice for a 600 MW plant allows a ramp rate of 15°F/minute. This 
temperature is measured by a thermocouple welded to the outside of the pipe. 
The following analysis tracks the outside temperature of the 660 MW main steam 
line for several start-up weight flows representing different Biot numbers (Bi) 
in order to bracket the 15°F/minute case. The Biot number measures the influence 
of the film coefficient to conduction of the heat transfer process. Conduction 
controls at high numbers and the film coefficient controls at low Biot numbers. 

Three equivalent cases were analysed for the downcomer and the results were 
correlated to the 660 MW steam line case. It was assumed that both the downcomer 
and the 660 MW steam line operated under the same conditions i.e., initial temp
erature 200°F (auxiliary steam blanket) and 500 psia steam condensing on the 

. walls (467°F saturation temperature). 

As a result of the analysis it is recommended that the start-up weight flow be 
limited to 11300 #/Hr for start-up, corresponding to a Biot number of 5. This 
results in a maximum stress of approximately 70% of that (-25061 #/in2) developed 
in the 660 MW steam line (-35381 #/in2). 

The method used (Reference 1) is sunmarized as follows: 

At T = 0 the steam line is assumed to be at uniform temperature (200°F). 
When steam is introduced into the pipe it condenses on the wall at saturation 
temperature which is assumed to be constant during warm up, i.e., the pres
sure is held constant (500 psia, 467°F). The external pipe surface is 
assumed to be perfectly insulated and heating of the insulation is disre
garded. 

The differential equation for heat conduction is of the form El= a[dt
2
+~~ 

dT Ldr ( l) 
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The initial and boundary conditions are: 

T(r,O) = To 

dt(rn,T) = - ~ (Ts-T) 

dt(rex'T) = 0 
dr 

A3-233-EP-RES,106 
11 December 1979 

(2) 

( 3) 

The general solution in terms of dimensionless quantities and parameters is as 
follows: 

µn = roots of the characteristic equation are 
obtained from the boundary condition (3) 

(5) 

Where Jo & Yo= Bessel functions of the first and second kind of zero order. 

J1 & Y1 = Bessel functions of the first and second kind of the first order. 
Bi= Biot number= hrin 

K 

ao = rex/rin 

r = radius of pipe-ft 

T = time from initial shock-sec. 
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A3-233-EP-RES-ll06 
11 December 1979 

k = thermal conductivity of steel - BTU/FT HR °F 

h = heat transfer coeffiecent - BTU/FT2 °F 

a = L PC 

Fo = Fourier number = aT/r 2 
n 

p = Density of steel - #/FT3 

c = Specific heat of steel - BTU/# °F 

T = temperature -°F 

e = T steam - Tr 
8

0 
T steam - Tr

0 

The downcomer is 6 5/8 in. OD with a .864 in wall. Typical 660 MW power plant 
main steam line is 26 5/8 in. OD with a 4 3/16 in. wall. 

It was assumed that So for the downcomer was 1.4 {actual So= 1.353) this was 
conservative as the stress rises as So increases. 

Roots (µn) were determined for So= 1.4 and Bi= 5, 10 & 20 for the downcorner, 
and So= 1.459 and Bi= 10, 20, 40, 60, & 80 for the 600 MW main steam line, 
Table I. 

Equation {4) converges so rapidly that only 3 roots per case were required for· 
high accuracy. 

Outside wall temperatures were determined by evaluating equation (4) for each 
of the above cases for various times from initial shock. The 660 MW main steam 
line was evaluated from Oto 1800 sec. (.5 Hrs.) and the downcomer was evaluated 
from Oto 120 sec. (2 min.) so that both pipes were evaluated over the same 
range of Fourier numbers {dimensionless time). Due to the difference in inside 
radius the equivalent time for the mair. steam line is 13~9 times that of the 
downcomer. 

The results of this evaluation is shown in Figures 1 & 2. 

Figure 3 shows curves of nondimensional stress {oT) versus Fourier number from 
reference 1 for various combinations of Bi and so. 

The absolute stress o = E{f~-T)) a T -v T 

Where e = Coefficient of expansion - in/u°F 

E = Modulus of elasticity - #/in2 

V = Poissons,Ratio 
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The resulting maximum targential stress is shown in Figures 1 & 2 for the 
two pipes in question. 

For any given pipe configuration the Biot number defines the required heat 
transfer coefficient (h} to satisfy that condition. Film wise condensation 
is defined by reference 2. 

1/2 
h = 0.65 (D-F f} (NPR}-l/2 C -W 

20-G p A 

Where: 
.046 

f = "'{W2rn}. 2 

A~ 

h = Bi K 
rin 

Substituting and rearranging 

· tr~n Bi (NPR) l/w ] l 
W = A .046 D- /2 • g 

.065 Cp 2D-G (2rin)· 2 

11 
The weight flow and heat tranfer coefficient for each case of interest was com-

. puted and tabulated in Table II. 

Table III tabulates corresponding equivalent times from beginning of shock for 
the downcomer compared to 660 MW main steam line times. 

The maximum tangential stress, as a function of time for the downcomer was cal
culated at a Biot number of 5 and its maximum stress is always below that of the 
660 MW main steam line calculated at a Biot number of 10. It should be noted 
that the peak maximum stress for the downcomer is approximately 70% of the 
660 MW steam line (corresponding roughly to a temperature ramp of 15°/minute). 
It shoudl also be noted that the maximum stress in the 660 MW line occurs (Bi 
= 10) at approximat~ly a Fourier number of .025 corresponding to 102 seconds 
after the initial shock and reduces to approximately half the maximum value 
in about 10 minutes. On the other hand the downcomer reaches its maximum 
stress (Bi= 5) at a Fourier number of approximately .025 corresponding to 
7.3 seconds after the initial shock and reduces to one half its maximum value 
in about 48 seconds. It is also interesting to note that a 15°F/minute ramp 
rate in the 660 MW pipe is equivalent to a ramp rate of 208°F/minute in the 
downcomer. 

Therefore to be conservative it is reconmended that during initial start-up of 
the 10 MW plant a Biot number of 5 be maintained (essentially reducing the 
maximum stress to about 70% of that occuring in the 660 MW main steam pipe 
operating at a Biot number of 10). In addition it is recommended that the ramp 
rate during start up be limited to 200°F/minute for conservatism. The reconmended 
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Biot number of 5 for the downcomer corresponds to a weight flow of approximately 
11300 #/hr of steam. 

References= 1 Teploenergetika, 1971 18 (2) 78 - 12 
· 2 GE Heat Transfer and Fluid Flow Data Book, April 1979 

For further information contact the undersigned. 

I / i.tv•~ 
R. E. Snyder 

RES: 1 p 

Attachments as noted 
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5307 BolsaA11enue. Huntington Beach. CA 92647 (774} 896-3311 

~7 

Mr. R. N. Schweinberg, Director 
Solar Ten Megawatt Project Office 
Department of Energy 
9550 Flair Drive, Suite 210 
El Monte, Califomia 91731 

Subject: Contract No. DE-AC03-79SF10499 
Solar Facilities Desi n Inte ration 

References: ( 1) MDAC Letter AJ-226-EP-MLJ-1027, dated 14 November 1979, 

Dear Dick: 

R. W. Hallet, to R. N. Schweinberg, "Conference Record 
Report, Receiver Stress Analysis Meeting, 7 November 197911 

(2) Code Case N-47-14, Cases of ASME Boiler and Pressure 
Vessel Code, Meeting of 5 May 1978, Approved by Council 
10 July 1978 

(3) Ten Megawatt Solar Thermal Central Receiver Pilot Plant, 
Solar Facilities Design Integration, System Data Book, 
MOC 68211, initial issue - September 1979 

In response to Action Item (1), assigned at the subject Receiver Stress Analysis 
Meeting of 7 November 1979, a copy of the MOAC Downcomer/Valve Stress Analysis 
Report is being forwarded for review. 

It is noted that the report has been updated since the Stress Analysis Meeting 
to incorporate a conservative but realistic "cloud transient" analysis. As 
suggested by Mr. A. Ludwig of ETEC, at the meeting, the creep-fatigue analysis 
procedure was also revised to properly reflect the boiler and pressure vessel 
code procedure delineated in Reference (2). The conclusions of the analysis 
presented at the meeting will remain valid when the results of the enclosed, 
updated, analysis are considered. 

In response to Action Item (2) from the meeting, a "Typical-day" Pilot Plant 
Receiver Steam Downcomer load histogram was constructed based on the best data 
currently available, and is also enclosed, together with a copy of the Receiver 
operational sequence extracted from the System Data Book (Reference 3) • 

MCDONNELL OOUGg / 
CUA a ........ 
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AJ-228-EP-MLJ-1057 
27 November 1979 

- 2 -

Please feel free to contact G. C. Coleman at (714) 896-4097 for any further 
information. 

Very truly yours, 

'ORIG1NAL SIGNED BY 

R. W. Hallet, Jr. 
Program Manager 
Solar Facilities Design Integration 

MLJ:bj 

Attachments: (1) "Downcomer Pipe and Inlet Valve, 10 MWe Solar Pilot Plant, 
Structural Analysis," draft MDAC Report, dated 2 October 1979 

(2) Steam Downcomer Load History {Histogram) 
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Tablt ACS-I SECTION VIII - DIVISION 2 

•• TABLE ACS-1 (CONT'D) 
(~~r- \ ) 

DESIGN STRESS INTENSITY VALUES, S_ IN TENSION FOR CARBON AND LOW-ALLOY STEELS, 
IN KIPS/SQ IN. 

I 
(Multiply by 1000 to Obtain psi) 

' 
~ 

SpKified Specified ;;. 
Nominal p. Gr.- Product Specification Minimum Minimu,n 

,., 

I " Compositioa No. No. Form Number Grade Not.es Yield Tensile -4: -~-,.-
-Low Alloy Steel (Cont"d) "'· -· 

I 
.... 

2¼ Cr·l Mo ·.5 1 Plate SA-387 22,Cll (7) 

] 
., 
-:-

2¼ Cr·l Mo s 1 Smls. Tb. SA•2ll T2Z ?!!:!!_ 60.0 
.. 
i:.t 

2¼ Cr-1 Mo ..!.... _!_ .J.!!l.ls. Pp. SA-33.5 ...w_ - .::. 
2¼ Cr•l Mo 5 1 FB Pp. SA-369 FP22 .. 

I 2¼ Cr-1 Mo .5 1 Forg. SA-336 F22a "" ·1 
1 Cast. SA-217 ·' 2¼ Cr·l Mo .5 WC9 (2) 40.0 70.0 ".i 

I 2¼ Cr-1 Mo s 1 Plate SA-387 22. CI.Z (2) J 2¼ Cr-1 Mo s 1 Forg. SA-336 F2Z 4.5.0 75.0 .. 
41!. 

2¼ Cr-1 Mo s 1 Forg. SA-182. F22 40.0 70.0 
·, 
·• 

I. :-. 
Cast. 

.. 
ztA er-1 Mo .5 2 SA-487 IN (2) .5.5.0 85.0 ·: ... 

c! 
3 Cr-1 Mo s 1 Smls. Tb. SA-199 TU 25.0 &0.0 f;. 

I ,: -

} 
• 3 Cr-1 Mo s 1 Plate SA-387 21, cu (7) ... 
:; 

3 Cr·l Mo s 1 Smls. Tb. SA-213 T21 ~ ... 
3 Cr·l Mo 5 1 Smls. Pp. SA-33S P21 30.G &0.0 ,J: ... ,. 3 Cr•l Mo s 1 FOf'9. SA-336 F21a :: -3 Cr-1 Mo .5 1 FB Pp. SA-369 FP21 t· 

.;;; 

3 Cr•l Mo .5 1 Forg. SA-182 F21 J 1~ 
I 3 Cr•l Mo 5 1 Forg. SA-336 F21N -;; 

3 Cr·l Mo 5 1 Plate SA-387 -- - 21, CLZ. (2) 45.~ 75.0 !'c. .., .. 
5 Cr-½ Mo s 2 Smls. ~ _ SA-199 ~ TS 25.0 &O.O --- ... . . _.,, 

I 1 .. ·-· -5 Cr-½ Mo s 2 Plate ,. SA-387 -:._-:: - 5 CU .• !!- -
S Cr-½ Mo s 2 Smls. Tb. SA-213. TS . 

•.;. 
5 Cr-½ Mo s 2 Smls. Pp. SA-335 PS ,- . 

I S Cr•½ Mo s 2 Smls. Pp. SA-3fa9 FPS :·.~·. 
.5 Cr·½ Mo-st s 2 Smls. Tb. SA-21J TSb .. 

30.0 &0.0 ·• ·-:+ 5 Cr-½ Mo-SI. ___ . s 2 Smls. Pp.. __ .SA-335 P5b --~--
• ·lC 

.5 Cr-½ Mo-Ti 5 2 Smls. Tb. SA·21J TSc 

\1 I 
S Cr-½ Mo-Tl 5 .·2 Smls. Pp. SA·33S PSc 

S Cr·½ Mo 5 2 FOf'9. SA-182 FS 40.0 70.0 ii -~ 
~-i: 

I 
S Cr·½ Mo s 2 FOf'9. SA-336 F.5 36.0 60.0 .if '~I 5 Cr·½ Mo s 2 Plate SA-387 5 Cl.2 415.0 75.0 ~. -· 
S Cr-½ Mo 5 2 Forg. SA-336 F5a S0.0 80.0 ~ 

I 
.. 

S Cr-½ Mo s 2 Cast. SA-217 cs (2) &0.0 J- ti ·-S Cr-½ Mo 5 2 Forg. SA-182 FSa faS.0 90.0 ;}. .. 
f-. l 

•• 
~ 

7 Cr-½ Mo .5 2 Smls.Tb.. SA-199 T7 2S.0 &0.0 ~~ ~ ;,s 
~I -.~ 

I 
)·: 

58 
:.:. ~-.,.. 

-_::,.. .. 

I 217 
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APPENDIX A ~') I 

f::.~--=========··=· ==·=--=·=·•·============~--=:;:....c.~~• 
•'. J&&aimum Allowable Suess Values In Tension In Thouunds of Pounds Per Square Inch 

I 
~~·. Fa, Me1al Temperature Nol E.ceeding Deg. F lb) 121 

;_._ ... _:-a_. 
s . 

~ 

pecif,calion 

·;•.· ~ 500 600 650 700 750 800 ISO 900 950 1000 1050 1100 11 SO 1200 (al Gr.de 

ii . LOW AND INTER~~~:TP~p~~~~~uS.!!EL . I 
·:-;,., u.o IS.n IS.n I s.o IS.O 14.7 14.0 12.S IO.O 6.:! 4.2 ?.7 1.7 1.2 A 199 TJb 

·.~1,5.0 14.S 14.0 13.7 13.4 13.1 12.8 12.0 10.J 7.6 S.6 4.1 3.0 2.0 1.l Al99 TS I 
.:~µ.o 14.S 14.0 13.7 IJ.4 13.1 12.S ll.S 9.S 7.0 s.o ).S 2.S 1.8 1.2 Al99 TI 

a.1"> 14.S H.O 13.7 13.4 ll.1 12.8 12.S 12.0 10.8 8.S S.S 3.3 2.2 I.S Al99 T9 

.. u.o IS.O IS.O IS.n IS.O IS.O IS.O 14.4 13.1 11.n 7.8 s.s 4.0 2.5 1.2 Al99 TII 

!;~~-. 
----·u.o IS.0 IS.O IS.O 14.8 14.S 13.9 13.2 12.0 9.0 7.0 s.s 4.0 2.7 1.5 Al99 n1 I 
'.-)1.0 IS.O IS.O IS.0 IS.O IS.O IS.O 14.4 13.1 11.11 7.8 S.8 4.2 l.O 1.6 Al99 T22 

,.:·J.5.D IS.O IS.O JS.O IS.O JS.O 14.4 13.7 12.S 10.0 6.2 A213 n 

·.-.JU IS.0 IS.O IS.O IS.O IS.n 14.7 14.0 12.S 10.0 6.2 4.2 2.7 Alll T31t 

~-1!.0 14.S 14.0 13.7 13.4 13.1 12.8 12.0 10.J 7.6 S.6 4.1 3.0 2.0 l.l Alll TJ 

--t· :y;1~-. 14.S 14.0 13.7 13.4 13.1 12.8 12.0 10.3 7.6 S.6 . 4.l 3.0 2.0 1.l A213 

-~tJ.O. 14.S 14.0 13.7 13.4 13.1 12.8 12.0 10.l 7.6 S.6 4.1 3.0 2.0 1.l AU3 

:.·~u,o 14.S 14.0 13.7 13.4 13.1 12.5 11.S 9.S 7.0 S.O 3.S 2.S I.I 1.2 Altl 

:::'·)U 14.S 14.0 13.7 13.4 13.1 12.& 12.S 12.0 10.8 LS S.S 3.l 2.2 I . .S AZll 

~·)s.D IS.O lS.O 15.0 JS.O IS.O IS.O 14.4 I 3.1 11.0. 6.S 4.0 3.0 A213 

,'"!.·1· .;_ -
·:,u• 15.0 IS.O IS.O IS.O IS.O 14.7 14.2 13.1 11.0 6.S 4.0 2.1 A213 

;:i,.o IS.O IS.O IS.O 14.8 14.S 13.9 13.2 12.0 9.0 7.0 S.S 4.0 A213 

;: t1I 15.0 IS.O IS.O IS.O IS.O IS.O 14.4 13.1 11.0 7.8 S.8 4.2 A213 

~"t.i.l,16.2 16.2 16.2 ••• 
A333 

·.; 11.,. 1.5.0 IS.O IS.O 
A333 

~~:;.;. .. 
· j .• tµ_ 16.2 16.2 16.2 

A33l 

-~_:ij} j3.··7 

A333 

13.7 13.7 13.7 13.7 13.7 13.4 A3JS 

,· IJJ 13.7 13.7 13.7 13.7 13.7 13.4 13.1 12.5 10.0 6.2 AJJS 

:!~-
1

1.4..5 14.0 13:7 13.4 13.1 12.8 12.0 10.3 7.6 5.6 4.1 3.0 2.0 l.l A33S 

;.:: U.D 14.S 14.0 13.7 IM 13.1 12.1 12.0 10.J 7.6 S.6 4.1 3.0 2.0 l.l. 

___ u.o 14.S 14.o. ll.7 13.4 u.1. 12.1 12.0 10.J 1;6 s.6 4.1 3.o 2:.0- 1:1 

-. 1!.D 14.S-14.0 13.7 13.4 13.1- 12.S 11.S 9.S 7.0 S.0 3.S- 2.5 I.I 1.2 

· UJl 14.S 14.0 13. 7 I 3.4 13. l 12.8 12.S 12.0 I 0.8 8.5 s.s 3.3 2.2 1..5 

· .)~ 1.5.i) IS.O I S.0 I S.0 IS.O I S.0 14.4. 13.l 11.0 6.S 4.0 3.0 
•.: .. 

-:~~ ts.o 15.n is.o 15.o 15.0 14.7 14.2 13.1 11.0 6.S 4.0 2.8 

lt!J IS.O I S.0 I S.O 14.I 14.S I l.9 13.2 11.0 9.0 7 .0 S.S 4.0 

I IS.O IS.O IS.O IS.O IS.O IS.O 14.4 ll.l 11.0 7.8 s.a 4.2 

----1~ 13.7 ll.7 13.7 13.7 J.3.7 13.7 13.4 

•~·-,_ 13.7 13.7 13.7 13. 7 13.7 I J.4 I 3.1 12.5 10.0 6.2 

····"'-· ... 
~ ·u! ::1 15.0 IS.O IS.O 15.0 14.7 14.0 12.S 10.0 6.2 

, ~ ISJ> 
14

.S 14.0 13.7 13.4 13.1 i 2.8 12.0 10.3 7.6 5.6 

... l!.o 
14

.S 
1
14.0 13.7 1 l.4 I J.l 12.S 11.S 9.S 7.0 5.0 

~ 4.0 I 3.7 13.4 13.1 12.8 12.S 12.0 I 0.1 8.S 

__ \;_._,, ~s.o IS.O IS.O IS.O IS.O IS.O 14.4 13.1 11.0 6.S 

.t1u··•· 
.:_;1!.a·. :~-~ 15.0 IS.O IS.O IS.O 14.7 14.2 13.1 lt.O 6.S 

·•.Ito · IS.O IS.O 14.8 14.S ll.9 13.2 12.0 9.0 7.0 

;,;;-'.·.:;.; ~s.o 1.5.0 IS.O IS.O IS.O IS.O 14.4 13.1 11.0 7.8 

··:-'.,~~~---
.•a. -r.·L·-••· 
~'.~ .... 

. • :-e::'1·•·· ... .:.:~~.,,, 
t-;·;t 

...... 

89 

218 

4.2 
4.1 
).S 
s.s 
4.0 

4.0 
s.s 
S.8 

2.7 
3.0 
2.S 
l.3 
3.0 

2.8 
4.0 
4.2 

2.0 
I.I 
2.2 

1.l 
1.2 
I.S 

A33S 
A3JS 

- A33S 
A3JS 
A3JS 

A33S 
A33S 
AJlS 
A369 
A369 

A369 
A369 
Al69 
A369 
A369 

Al69 
A369 
AJ69 

> 

TSb 
T.SC 
T7 
T9-
TU 

Tl2 
n1 
T22 
3 
4 

7 
9 
Pl 
Pl 
PS 

PSb 
PSc 
Pl 
r9· 
Pll: 

Pll 

I 
I 
I ., 
I 
I 

Pll ~---
P22 -
FPI I 
FP2 

FPlb 
FPS 
FF7 
FP9 
FPII 

FP12 
FP2I 
FP22 

I 
I 
. 

I 
I • I 

f 

I 
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APPENOIXC 

MODULI OF ELASTICITY FOR FERROUS MATERIAL\ 
• . I 

Table C-1 

I E • Modulua or E111tlcl1r, pll (Mulllplr tabulated V1luca by 101 ) 

I\) ... -w 
co w 

I 

T1mpw11ure, D19 P : 

M111rlll -32& -200 -100 10• aoo 300 400 &00 800 700 

Cubon Steels wilh Carbon Content 
0.J~o,1111 ... -~. (! 

29,0 27.9 27.1 21.4 21.0 26.4 2$.7 24.8 
' '"'' 

Carbon Steels wilh Carbon Content : 

Above 0.30" .... .. , 30,4 29.9 . 29J 29.0 ia., 21.4 26.1 25.4 

Carbon-Nol)' Steel,. ... .. . 30.4 211.9 29.S 29.0 21.6 21.0 21.4 26.6 
' 

Low Cr-Moly Stccl1-Throu&h 3 Cr ·-- - ... , I I 30.4 2U 29.S 29.0 21.6 21.0 21.4 26.6 

Intermediate Cr•Moly Steele '' 

(5 Cr-9 Cr) ·' 28.1 21.4 21.1 26.1 26.4 26.0 2$.4 24.t ... ... 
Auatcnitic Stainleu Steels: 

Type 304-18 Cr-8 Ni ... ··: ... 21.3 27.9 21.1 26.6 26.0 2U 24,1 

Type 309-23 Cr•l 2 NI ... ... ... 28.l . .. ... . .. . .. . .. . .. 
Type 310-25 Cr-20 Ni ... ... .. . 29.0 21.2 2U 26.8 2U 2S.S 24.9 

Type 316-16 Cr-ll Ni•2 Mo ... ••• . .. 28.3 ·21.l 21J 26.t 26.3 2U 24.t 

'J'.ypc 321-18 Cr•l0 Ni-Ti ... • • • . .. 28.9 28.0 21.3 26.S is., 2S.3 24.S 
Type 347-18 Cr•l0 Ni-cb ... j •• ... 28.9 21.2 21.S 26.I 26.1 U.4 24.1 . 

Straight Chromlwn Stainleu Stula 
(12 Cr, 17Cr, 27 Cr) ... .. , 29.8 2U 28,7 lU 27.'1 27.0 26,0 14.8 

Gray C.at Iron ... ... . .. 13.4 13.2 12.t •~-' 12.2 11.7 11,0 

I. Theae d,111r1 ror lnlorm,llon 1nd It 11 not 10 b• Implied 1h11 m11arllll ,,. 1111t1blt for aU Iha t1111p.,1111r11an111 ahown. 

2, Vllu111hown fo, au111nlllc 111lnl1111tHl1 In 1h11 col11mn 111 al 'U F, · 

I j: 

: I 

800 800 

23.4 ... 
23.1 ... 
2U 24.S 

25.1 24J 

24.2 2U 

24,l 23.2 
23.l . .. 
24.2 23.6 
24.2 23J 
23.1 23.2 
24.l 23.4 

23.l 21.1 

10.2 ... 

1000 1100 

. .. . .. 

... . .. 

. .. . .. 
23.0 20.4 

22.8 21.9 

22.S 21.1 
22.6 . .. 
23.0 22.4 
22.8 22.2 
22.S 21.9 
22.8 22.0 

18.6 15.6 

... . .. 

1200 

. .. 

. .. 

. .. 
U.6 

20.1 

21.l 
21.1 
21.8 
21.5 
21.2 . 
21.4 

ll.l 

. .. 

r-.... 
ro 
~1 
r 

._,,,. 
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I .. . • ' • • I ' • • . , • ' ••• ;. I' ~ THERMAL EXPANSION DATA 

Me111 Coofficlenl ol Thonnal Exp1111lon • tia (ln./ln./F) l ! In c:;oan, from 70 P Co lndlc1led T1mpcr1ture 

w -

Linear Thermal Exp1111lon • B (In,/ I 00 rl) { 

Coef, · 'I I T1mper1tur1 R•nea 70 F to 
M111rl• I flcl1nt -326 -1&0 -&o 70 200 300 400 600 800 700 800 

Carbon ateel; C11bon•moly neel A 5,00 5.50 5.80 6.07 6.38 6.60 6,U 7.01 '1,ll 7.44 7.65 
low-chrome 11eeb (lhrou&h 3, Cr) B,,. 2.37 1.45 0.84 0 0.,9 1.82 2,70 3.62 4.60 5.63 6,70 

Intermediate alloy steels; A 4,70 .S.20 s.o ~-73 6.04 6.19 6.34 uo 6.66 6.80 6.96 
(.S Cr•Mo through 9 Cr•Mo) B 2.22 1.37 0.79 0 0.94 l,71 2 . .so 3.lS 4.24 5.14 6.10 

Auatenitlc atainleu 1teel1 A •• I~ 1.60 8.90 9.11 9.34 9.47 9.59 9.70 9.82 9.92 10.0.s 
B 1.as 2.27 ... 0 1.46 2.61 uo s.01 6.24 1.so 8.80 

Straight chromium atainlcss atcela; · ..c·: 4.30 4,70 s.oo S.24 S.50 $.66 Ul s.96 6.ll 6.26 6.39 
(12 Cr, l7 Cr, ind 27 Cr) B 2:0 .. 1.24 0.71 0 0.86 1.56 2.30 3.01 3.90 4,73 uo 

25 Cr- 20 Ni A ·6.35 6.85 7.20 7.41 7.76 7.92 8.08 8,22 8.38 U2 8.68 
B 3.0Q I.Bl 0.98 0 1.21 2.18 3.20 4.24 S.ll 6.44 7.60 

Monel A ,5.5~ 6.75 7.1.S 7.48 7.84 a.o~ 8.20 1,40 8.58 a.11 8.96 
(67 NI - 30 Cu) B 2.~2 1.79 ... 0 1.22 i.21 3.25 4,l) 5.46 6.64 1.85 

Monel -1· ·.s.3$ 6.45 6.80 7.12 7.48 7,68 7.90 1.4)9 8.30 a.so 8.70 
(66 Ni - 29 Cu•AI) " i.53 

I 
l.70 0.98 0 1.17 2.12 3.13 4.17 5,21 6,.43 7.62 

Aluminum ,4· ·uo lo.90 11.60 lUS ll.9S 13.28 13.60 13.90 14.20 
B 4.61 2.81 1.67 0 2.00 J.66 Ut 7.17 9.03 

Gray cut Iron ...... •ti,,: s.75 5.93 6.10 6.11 6.47 6.65 6.83 
a· i. I 0 0.90 1.64 2.42 ).24 4.11 S,03 5.98 

Bronze A ·a.4o 8.7S 9.lS 9.57 10.03 10.11 10.u 10,32 10.44 10.s2 10.61 
a. 3.98 2.31 1,32 0 1.56 2,79 4.0S $.33 6.64 us 9.30 

Brus A ·8.20 a.so us 9.34 9.76 10.00 10.23 10.47 10.69 10,92 11.16 
B 3.88 2.24 1.29 0 1.52 l.76 4.QS 5.40 6.10 8,26 9,78 

Wrought iron A 5,70 6.30 6.6S 6.97 7.32 ).48 7.61 7.73 7 .•• 8.01 8.13 
B 2.70 1.67 0.96 0 1.14 2.06 ).01 U9 S,0l 6.06 7.12 

Copper-Nickel A 6.65 7.40 7,80 8.16 8.54 Ul 8,90 
(70 Cu - 30 Ni) B us 1.9.S l,ll 0 1.3) 2.40 l,U 

Th111 d1111re ror 1nrorm11ion ind 1111 not to b1 lmpi11d 1h11 m11er111, 1ra aull1bl1 for all th• 11mP1r1111r1 ran1•• abo-. 
: Ii 

I, .,,.,., 

900 1000 1100 

, .. , 7'.97 8.12 
7.81 1.89 l0.04 

7.10 7.22 7.32 
7.07 8.06 ,.os 

10.16 l0.29 l0.39 
10.12 ll.48 12.84 

6 • .S2 6.6) 6.72 
6.49 7.40 8.31 

8.81 8.92 9.00 
8.18 9.95 11.12 

9.16 9.34 9.52 
9.12 10,42 11.11 

8.90 9.10 9.30 
1.86 10.16 11.so 

7.00 7.19 
6.97 8.01 

10.12 10.10 10.90 
10.68 12.0s ll.47 

ll,40 11,63 u.as 
11.3S 12.98 14.65 

1,29 1.39 
1.26 9.36 

• . 

1200 1300 

8.19 1.28 
ll.l0 12.22 

1.41 7.49 
10.00 11.06 

10.48 10.54 
14.20 1S.S6 

6.78 6.IS 
,.20 10.11 

9.08 9.12 
12.31 ll.46 

9.70 9.88 
u.u 14.58 

,.so 9.70 
u.oo 14.32 

ll.00 
14.92 

12.09 
16.39 

.- ' ... 
.-w:,:;-~: ·,.'-'} ~--

1400 

8,)6 
13.)4 

7.SS 
12.0S 

10.60 
16.92 

6.90 
11.01 

9.18 
14.65 

10.04 
16.02 

9.89 
U,78 

~ 

-;;.1 
(\) ,, 

• z 
~ 

C -~ 
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m 
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Fi,. 4-130.J 

s ..... 
Cote11•'1 

Description 
(For es• 
ample-. 
see 
Table 
.f·J20.l) 

Symbol 
(:'iOII' 4) 

Combinati
of suess 
componena 
and all
able liiairs 
0£ sucss 
intensities. 

SECTIO:--: vm - DIVISION 2 

General Memb,one 

Average primary 
stress across 
solid sectioa. 
Excludes discoa
liauiaiea aad 
coacentra&ioaa. 
Produced only by 
mechanical loads. 

Primo 
L ocol Membron1 

Average suesa 
across aay 
solid aec&ioa. 
Considers dis
coa&iaahiea 
ba& ao& coa
ceaua&ioaa. 
Produced only 
by mechanical 
loads. 

Bending 

Compoaeat of 
primary stress 
proportional 
to disaaace 
from centroid 
or solid 
section. £a• 
eludes discon
tinuities and 
coaceauatioas 
Produced oaly 
by mecba11ical 
loads. 

- -41 
I 
I 

' 

Secondo'l' 
Membrane 

plus Bending 

Self•equilibratiag 
stress necessary 
to saaisfy con
tinuity of SlrUCIDr 
Occurs al struc
tural discontinai
ties. Can be 
caa1,ed by mechaa• 
ical load or by 
differential ther• 
mal expansion. 
Ellcludes local 
stress concenlra-
t iona. 

Q 

Peok 

(I) Increment added 
to primary or second
ary stress by a coa
ce nuaai on (norcb). 

(2) Certain thermal 
stresses wbicb may 
cause faaigue bat 
not distortioa ol 
vessel shape. 

F 

• I -~._ __ .Jc ' t I 
t 
I 
I 

I I 
I I 
t I 

PL+ p• L - - - - - -+,- - - _ j 
Use design loads 

Us~ openung loads 

I 
I 

NOTE.1 -This.limitation applies to the range of stress intensity. When the secondary stress is due to a temperatur9 
ucursion at the point at which the stresses are being analyzed. the value of Sm shall be taken as the average of the Sm values 
tabulated in Pan AM for the highl'fl and the lo-st temperature of the metal during the transient. When part or all of the 
secor.cfary stress is due to mechanical load. the value of Sm shall be taken as the Sm valU6 for the_ highest temperature of the 
metal during the transient. 

NOTE 2 - The stresses in-Category O are those parts of the total stress which are produced by thermal gradients. structurill 
discontinuities. etc.. and do not include primary stresses which may also exist at the same poinL It should be noted. however. 
that a detailed stress .•analysis frequently gives the combination of primary and. ~econdary stresses directly and. when 
ap;>ropriate. this calculated value represents the total of Pm (or PLI + Pb + 0 and not O alone. Similarly. if the stress in 
C.tegory F is produced by a stress concentration, the quantity F is the additional stress produced by the notch. over and 
above the nominal stress. For example. if a plate has a nominal stress intensity. S, and has a notch with a stress concentration 
factor. K. then Pm• s. Pb• O. 0 • O. F • Pm IK-11 and the peak stress intensity equals Pm+ Pm IK-11 • KP,;.. 

NOTE 3 -Sa is obtained from the fatigue curves. Figs. 5-110.1, 5-110.2 and 5-110.3. The allowable stress intensity for the 
{«iii range of fluctuation is 2 Sr 

/ NOTE 4 - The symbols Pm- PL• Pt,. a. and F do not represent single quantities. but rather sets of six quantities 
/ representing the six stress components a1• a,. a,. Trb T/r, and Tn• 

f NOTE 5 -The k factors are given in Table A0-150.1. 
_: 
' i 

FIG. 4-130.1 STRESS CATEGORJES AND LIMITS OF STRESS INTENSITY 
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TABLE AD-150.l · ~i._~ ff 
STRESS INTENSITY k FACTORS FOR VARIOUS LOAD COMBINATIONS -;~ g 

Table AD-150.l-
Table AD-155.J 

SECTION VIII - DIVISION 2 

Load Combination Calculated Stress~- · 
Condition (See AD-110) k Factors Umlt Basis -~~ -
-------------------------.:.:_!·~" 
Design 

Operation 

Test 

A The design pressure. the dead 1.0 Baud on the corroded~: ii 
lad of the vessel. the contents thickness at dHlgn ~ , 
of the vessel. the Imposed lad metal temperawr. . . i,:. ~..'!\ 

of the mechanical equipment, and flac."? 

external attachment IO&ds ' ~ 
B Condition A above plus wind L2 Based on the Corroded -J~ 

load thlclcness at design :~ -sf: 
metal temperatu,w •-o;i~ • 

C CondlUon A above plus eartb
qualce load 

(NOTE: The condition of -

structural instability or 
buckltng must be considered) 

A The actual operating- loading 
conditions. This Is the basis 
of fatigue life evalu.tiolt 

L2 Baud on the corroded --~ • 
thickness at design •• ~ 
metal temperatu,w • ~ -~:.-:: 

.-:~ 
~ 
·-.:.1··· ·. . . . 
. i ::; 

See AD-160 Based on corroded ·~ .. 
and Appernb 5----:· - thlclcness. at operau .. ':.-•~ · 

pressure and metal ~ r 

operating temperat...., -'~ 
.. dr· 

A The required test pressure. the 1.25 for hydrostatic Based on actal · ~ 
dead load of the vessel. the test and 1.15 for design values at :'.~ 
contents of the vessel. the Im- pneumatic: test. See test temperature --~ ,;.":. 
posed load of the mechanical AD-151 for special _ :r,¢. 
equipment, and external attach- limits. .• :, _ 
men\ loads . - l. 

---------------------------·~ .. -=•~ 
TABLE AD-155.1 

MINIMUM PERMISSIBLE VESSEL METAL TEMPERATURES FOR FERROUS 
METALS OTHER THAN AUSTENmc IN RELATION TO IMPACT TEST TEMPERATURE• 

-~- i -~,, 
:~--

-~ ---------------------------------------------~~~-Service . . -. Pressure Test... Startup . -~ ~ 
Type of Vessel Temperatin Temperature' Temperature- :--:~'!' ~ 

--------------------------------------------~-
Base Vessel 

As-welded 
PWHT 

Lethal 
As-welded 
PWHT 

Refrigerated 
Service {Note 4) 
As-welded 
PWHT 

Same 
Same 

(Note S) 

Same {Note 3) 
Same 

30 F higher 
Same 

Not permitted 
(Note S) 

30 F higher 
Same 

(Note 2) 
(Note 2) 

(Note 2) 

(Note 2) 
(Note 2) 

.... f 
:7,,":.. : 
-"::.i; 

. ·:=t~ f 

~: . ·!S-c :' 
i..;;. ~ 
~ ::~. 

"·I":' -c.. ... ~ 
,~ » 

,i-i'-~ 
•l..fy. 

~ 
i.~ ,;_ ~ 

··~--------------------------------------------------ti .~--.. 
NOTES: . ..u~ · 
(1) When impact t!sts are not performed because Fig. AM-218.1 ls used, the minimum permissible temperature from Fig. AM-218.1 shal :'!~ -

be considered the impact test temperature for applying this table. ~ . 
(2) If pressure is applied at a metal temperature below the minimum permissible temp.erature, It shan not exceed 20% of the required test •· -~ ~ 

pressure. · · ·~ :· 
(3) Only when nozzle welds and other areas of high localized stress are post weld heat treated, except in the case of 9% nickel steel up ta .:: ~- ;_ 

and including 2 in. thickness; otherwise, .30 F higher. :S- · 
(4) Refrigerated service for purposes of this table is defined as service below 32 F where the temperature is controlled in the process rather ~ :f: ~ 

than being caused by atmospheric conditions. :~·-

(5) 20 F ,.,,,,,_ fM '"" ,dOOUooal ind, ol -,...i thkknH• o, •:on th"'°' fo, thkkM" """ 1 lo. bot not to "'"d 60 F hlohu. . t I: f 

s=- ~ ~ 
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:'\B-.,::1-1 SITTIO!\ JJI - !\B · RfQl'IREM~!\T~ FOR Cl ASS I CO\ll'0:-.1:~TS 

Suess 
Category 

Description IF or 
examples, see Table 
NB-3217·1 

Symbol 
INote 1l 

Combination of 
stress Componeno 
and Allowable 
Limits.of Stresa 
lntensitieL 

General Membrane 

Aver9 primary 
stren across solid 
section. Excludes 
discontinuities and 
conceniratio.._ 
Produced only by 
rne~nical loads. 

Primary 

Local Membrane Bending 

Average stress across Coffll)Onent of 
any solid section. primary stress 
Conside~ discon- proportional to 
tinuities but not distance from 
mncentratio.._ centroid of solid 
Produced only by section. Excludes 
mechanical loads. discontinuities and 

concentrat ionL 
Produced only by 
n,echanical loads. 
!Note 2J 

----- Ustt OttSi!lfl Loads 

NOTE I: Tht- ,ymbols Pm, PL, 3nd Pb do not r.:rrc~nt ~ini;le quantities. but r;,ther ~ets of six 
qu~ntities reprr-.:ntini; the si,c ,uess ,omponents o1, 01. a,. 'Ir· 'Ir· ~11d ,,,. 

~OTE 2: Bo:ndin; comron.:nt of primary stresi ror pirins sh30 be the ~trc~s rrorortional to the 
distance from ,·t-ntrc,id or pipe cross-srction. 

FIG. l\:B-3221-1 STRESS CATEGORIES AND LIMITS OF STRESS INTENSITY FOR DESIGN CONDITIONS 
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l'h" ll~n,1,1111 
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I 

1• ... , .. 

I n,., ........ ,,. llnr 
r• ,1111111r, ,,,r T nhln 
N8•3:Z17·11 

--·· ·•--1---------1-------·--· 
Av1•,n~tP. 11r11n.u y 

•Urn ucrou M1hd 
Sl!Chon. E 10clud1'S 
P.lfecis ol discontinul• 
1,rs ond concr.nlrR• 
lion,. Produced by 
pressure and m• 
chanic:al loads. 

Aver11<111 strns acrou 
any solid aectlon, 
Considers affecta of 
discontinuities but 
not concontratlon1. 
Producod by prmure 
and mechanical loads, 
including lnerll1 
earthqu1k1 1ffeet1. 

Component ol 1m• 
mory 11,111 pro1mr, 
tlonol to dislnnce 
from centroid of solid 
soc lion, Excludes 
affocll of disconllnul• 
ties end co_ncenlr1• 
lions. Produced by 
pressure and ma• 
chanicel loads, includ
ing lnenle earthquake 
effects. INote 61 

- ·--- ---------•-----·- - -• ---•-···--·-·••··------1 
SUIISSl!I vvhich r1!1Ull 
from the con11,.int of 
"free end displace• 
menl'' and the efleat 
ol anchor point 
motions rnul1l1111 
from earthqu1k11. 
Con1ldera 1!lf1c11 of 
discontinuities but 
not local stress con
centration. lnot 
1ppliqbl1 to veuelsl 

Sr.II ·•11uihh1 Rlifl\l 
stress necessnry to 
satl1lv continuity of 
structure. Occurs 01 
structural disconlinul
lles. Can be causnd by 
pr111ur1, mechanical 
loads, or by dilferen
tial th1rmal 111pan• 
1ion. Excludes local 
atreu conc1nlratlans. 

Ill lncrrmenl 11dded 
10 primary or ncond• 
1rv siren by I con• 
centration lnolchl. 
121 Certain thermal 
11ressos which may 
cause f11lgu1 but not 
distortion. 

Symbol 
INolll 41 

Combination ol 
stress compononll 
and allowabll limlll 
of 1tres1 inlln1i1ia 

Legend 

0 Allowabll Value 

c:J Calculated Value 

1'.1 

I j I 
I 

II 

., I . ,. 

Pm. PL Pb Pa Q F 

--------------~-------

NOTI I NOTt I 

•--• Oporat,ng Loads ITCJl'AL ITIIIHI 

Nole I. When lhc ~comlary slrcss is due ta a· 1cmpcralure transient at lhe point al which lhe stresses ,re belna analyzed or lo restrain! or r,ec end dcnrction, 1hr 

value or Sm shall be taken III lhe avcr~c or the tabulated Sm values Cor the highest and lhc lqwcsl temperatures qf the melal during the tronsienl. When par& or all or 

lhe aecond;iry slreu is due to mechanical load, lhe value of Sm shall not eaceed the value for the highest temperature or metal during lhe lr•nsienl. 

Nole 2. The stresses in calcgory Q arc U1ose parts ·br the total Uren that arc produced by thennal aradicnt1, sl111ctural cliscontinuitic., ctr., and they do nol 

include prinmry slreucs lhat may also uisl al lhc same point. However, It should be noted th111 1 detailed 1trc1111naly1ls frequently gives the combination or primary 

11ml secondary 11resse1 direelly and, when appropriate, tho calculated value rcprcsenls lhc lolal or I'm + Pb + Q end not Q alone. Similarly, iC lite siren In ralriinl'}· I' i• 

11roducrd by • 11rcu conccntralion, Ille 11uanli1y 11 is thc·additk>nal stress produced by the nolch over and above U1c nominal stress. 1:or example, if a puint ha, a 

nominal slrcRS inlenslly, Pm, and h;11 a notcli with a streas concentration faclor, K, then Pm < Sm, rb • Q. Q • 0, F • Pm(K - l ), and the peak stress lnlcn,Hy equal, 

1'111 + I' 1110, - I)" KP m' llowever. l'i. I• the lotat membrane atress that results from methnnic•l loads, lncludln1 discontinuity effects, rather titan a sues., lncrcmcnl. 

Therefore, the l'L vnlue always include• lhc 1'111 conlributlon, '' · ' 

Nole 3, S11 is oblnined from lht l"atia.:ur curve1, l'igs. 1•9.0. The allowable stress Intensity ror the full range or Ruct11allon1 is 2Sa, 

Nole 4. The aymbola I'm, PL, Pb, l18 , Q, and F do not represent single quanlilics hut sets or 1ht qu,ntltle, rcprescntlna the six stren components a1, a,. o,, ,,., ,,., 

'Ir• and 'rl• 
Nole S, S11ecial rnles for exrer.:ing 3Sm arc provided in J".18·3228.3. 

Note 6. Bending component ol" 11rimary stress for t>ipi'ni lhall be the stress pro1>0rlional to the dlat,nce from centroid of pipe cross-section. 

FIG. NB-3222-1 

STRESS CATEGORIES AND LIMITS, Of STRESS INTENSITY FOR NORMAL AND UPSET OPERATING CONDITIONS 
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Table 1-14.60 

2l4 C,,1 Mo - E11pec:1ed Minimum SIHll'lo•Rup&ure Valu11, kli 

Temp., •F 10 hr 30 hr 101 hr 3 X 101 hr 101 hr 3>< 10• hr 104 hr 3X 104 hr 101 hr 

700 S9.0 59.0 59.0 59.0 59.0 59,0 I 59.0 59.0 54,0 
750 511.0 57.0 5(1.0 5-1.6 53.0 51.2 411.0 43.3 37.5 
1100 5(1.0 55.5 5-1.11 48.5 43.0 37.5 3-1.5 30.5 21.0! 
1150 5:?.0 511.5 46.0 -10.5 35.0 :u.o 27.5 24.U 21.0 

900 46.0 •ll.O 3(1.0 32.0 211.11 25.11 21.6 19.0 16.4 
950 •IO.O 35.0 !:I0.11 26.0 22.2 19.5 17.0 14.6 12.6 

101111 31.5 27.5 2-1.0 21.11 17.9 15.2 13.1 11.0 u 
11150 26.0 22.5 19.0 )6.5 14.11 12.11 ID.II 0.3 7.0 
1100 21.11 18.0 I 5.1 13.0 10.8 9.1 7.5 6.2 5.0 
1150 17.0 JU 11.0 9.0 0.0 6.7 5.4 u 3.5 

1200 13.5 l 1.1 9.2 7.6 6.2 5.0 4.11 3.2 2.5 

100,----,------,--..----..--,----.--.---------. 
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111~0~---1.-~~.--.,;.:_J..1·&-___ J__+.-:---.J-~=--.:..._l_:__J 
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Fig. I-14.6D 2l4 Cr/1 Mo:-, 100 percen&of lh• minimum 11re11-10-rup1ure • 
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Attachment 3 Section No 
Release 
Release Date 
Page 

ASSUMPTIONS FOR PLANT STARTUP 

1. Circulating water is available. 

2. Cooling tcwer fan is on {one). 

3. Bearing cooling water is available. 

4. Air ccmpressors are on {service and instrument). 

5. Condensate storage water makeup system is active. 

2.7 
Initial 

9-14-79 

2, 7-2 

6. 11 train active for seal steam. blanket steam and DA pegging steam 

{on auxiliary pump)_ 

7. Vacu111 is on condenser. 

8. Hotwell pump is on-line and recirc to condenser is active. 

9. Deaerator pegging steam. is {ZO) psia from TSSG. 

10. Deaerator water temperature is {2Z8)°F. 

11. Do\«lcaner is •bottled up• and on blanket steam. 

12. Receiver has been drained and pressurized with ~ 2• 

13. TSCH has been on blanket steam overnight with inlet valve (TDSIV) closed. 

Drawings used RS P&ID. C060479. A Change 

TSS PlID •. C061179. A Change 
Solar Flow Diagram. SlOMW-PP. R4 Revision 
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7-f 
I Section No 2.7 _:.:,.: ____ _ 

Release Initial 
Release Date 9-14-79 
Page 2.7-3 

RS FEEDPUMP STARTUP 
The RS feedpump is started in a recirculating configuration prior to 
supplying feedwater to the system. 

1. Check valve lineup (visual check) 
(a) RS feedpump discharge valve closed, and bypass closed. 
(b) Bearing cooling water valve open. 
(c) Bearing lube oil available. 

2. Start pump and ramp speed to minimum flow (~ #/hr) and verify 
(a) Recirculate valve open 
(b) Motor current correct 
(c) Vibration_ (TBD) 
(d) Bearing cooling water ok 
{e) Bearing lube oil ok 

CONDENSATE CLEANUP 
Prior to RS startup the condensate water chemistry must be within certain 
specifications. This is accomplished by circulating the condensate through 
the demineralizers and increasingly larger loops of the system until 
the total system contains clean condensate. 

1. Line up valves for inital condensate cleanup from the dea~rator 
to the RS feedwater pump through tower riser bypass loop (TRBL) 
to condenserand back through the condenser hotwell, demineralizers, 
low pressure heater (#4) to the deaerator. 
{a) Preheat panel inlet (RWISK) and receiver panel bypass {RWBV} 

closed 
(b) Verify (or set) receiver feedwater pump flow at (28800) lb/hr 

on recirculation 
{c} Open TRBL valve into condenser 
{d) Open TRBL valve at bottom of tower riser 
{e) Open receiver feedwater pump discharge bypass valve to fill 

and pressurize line. Monitor downstream pressure. 
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Section No 2.7 , ______ _ 
Rel ease Initial 
Release Date 9-14-79 
Page 2. 7-4 

(f) Open receiver feedwater pump discharge valve when pressure 
across valve is_ 1§.Ql psia. Close bypass valve. 

(g) Circulate condensate in this configuration until water 
chemistry is 11.Ql PPB, etc. 

2. Line up valves forcmdensate cleanup through receiver panel bypass 
loop. 
(a) Flash tank inlet closed (RFSIV) 
(b) Receiver accumulator outlet closed (RAWDV) 

3. Activate Flash Tank drain controllers to maintain a water level 
which is below the steam outlet to RFSPCV. Flash tank drain to 
condenser controller - manual closed loop, setpoint = ill ft. 
Flash tank drain to #2 heater closed loop - valve closed (0%) 
controller - manual. 

4. Activate flash tank pressure control.ler, RFSPCV (setpoints, manual 
closed loop). This valve should remain closed until steam is being 
generated by the receiver. 
(a) Verify flash tank water level ..fil feet {if too high, drain 

to desired level before activating this controller). 
(b) Verify flash tank pressure (500) psia. . 
(c) Make pressure setpoint = 500 psia. 

5. Open RWBV valve to receiver flash tank. 
6. Ramp TRBL valve into condenser closed. 
7. Verify flash tank pressure 500 psia and water level .Jll feet. 

and pump flow is (28800) #/hr. (adjust pump speed to maintain 
the above). 

8. Close TRBL valve at bottom of tower riser. 
9. Circulate condensate in this configuration until water chemistry 

is .ilQl PPB, etc. 

RECEIVEF,STARTUP 
Since it was assumed that the receiver had been drained and pressurized 
it is necessary to vent the GN2 out of the receiver panels, as the panels 
are filled with condensate. After filling the condensate is circulated 
through the panels until the water chemistry is correct. The receiver 
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2,7 Section No 
Release Initial 
Release Date 9-14-79 
Page 2. 7-5 

is then started through the RS flash tank. When (100)°F of superheat 

is available the downcomer is conditioned through the turbine inlet by-

pass loop. Finally pressure control is handed off to the turbine inlet 

bypass controller. the RS flash tank is shut down and the receiver 

brought to the desired pressure and temperature for turbine start and/or 

TS charging. 

1. Shutoff GN2 supply to receiver (if required) 
2. Line up valves for startup 

Downcomer stop valve - closed (RDSIV) 
Flash tank inlet valve - closed (RFSIV) 

3. Activate the panel temperature controllers in manual - open loop 

and set the 18 valve positions to (50)% open. Load the closed 

loop set points - (585)°F. 

Note: It may be necessary to have an intennediate boiler outlet 

temperature setpoint during initial activation of heliostats 

to prevent thennal shock of the pan~ls, etc. If this is re

quired the above set point would be (400)°F and changed to 

(585)°F after step 7 below. 

4. Open preheat panel inlet valve (RWISK) 
5. Close receiver panel bypass valve (RWBV) to (90}% to start 

condensate flow slowly up into panels (to prevent thennal shock}. 

Open the two main receiver vent valves (to atmosphere) to vent 

GN2 (RPWVV, RMSVV). Close each valve as soon as condensate 

starts flowing. After both vents are closed open the flash 

tank inlet valve (RFSIV). 
6. Monitor all panel temperature (RBSOT-XX). Compare these 

temperatures with feedwater inlet temperature (RWIT). When all 

panel temperatures are within 80% of the feedwater temperature, 

ramp receiver panel bypass valve (RWBV) closed while monitoring 

flash tank pressure and panel flow. Adjust the pump speed, if 

required, to maintain the (28,800) #/hr flow and circulate the 

condensate in this configuration until the water chemistry is 
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Section No 2.7 ----------
Release Initial 
Release Date 9-14-79 
Page 2.7-6 

(10) PPB, etc. (during this period the flash tank pressure should be 
below 500 psia and the condensate level at (3) ft). 

7. Activate flash tank drain to #2 heater controller - manual - closed 
loop, set point= ill feet. {This controller has a 135 psia limit 
override, i.e. the valve closes when the pressure> 135 psia:) 
Close flash tank drain to condenser and reconfigure this controller 
to manual - closed loop to operate if the RS flash tank high - high 
level (TBD ft) transducer is activated. 

8. Activate the RS panel temperature controllers in manual - closed 
loop (set point previously loaded at (585)°F). Verify (TBD) #/hr 
flow (minimum) through each panel. 

9. Activate RS feedwater pump controller to manual closed loop, setpoint 
= 550 psia. This controller maintains preheat panel inlet pressure 
(RWIP) at this valve. 

10. Activate (TBD) segments of heliostats in incremental steps up to an 
insolation power level of approximately JJm. MW (per CS startup. 
procedure) • 

11. Monitor receiver temperature rise to 585°F {RMSOT) and: 
(a) Verify flash tank pressure (RFSOP) control ok at 500 psia and 

water level (RFWL) .J11. feet. 
(b) Verify all panel temperature are rising {BSOTl-18) 

·cc) Add or subtract, CS segments if required 
(d} Verify total flow_ 40000 #/hr 

12. Activate receiver accumulator {RA) drain valve (RAWDV) controller 
in manual - closed loop with level setpoint = ill foot. 

13. Setup turbine inlet bypass line: 
(a) Close main steam line blanket steam valve (steam from/to blanket 

- seal steam network). 
(b) Open turbine inlet bypass valve to (50)% with controller in 

manual - open loop. 
(c) Actuate desuperheater temperature controllers - (300)°F setpoint • 
(d) Verify condenser vacuum (2.5) in Hg. 

14. Condition downcomer: 
(a) Verify stable receiver operation - {RSOT)°F, (RSOP psia 
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Page _ __2_._7_-_7 ___ _ 

(b) Open downcomer valve (RDSIV) (5)% (7) GPM, (~:, ft/sec flow 
velocity 

(c) Open main steam lines low point drains (if required) 
(d) Monitor turbine inlet bypass line temperature and pressure 
(e). Adjust flow using RDSIV such that temperature is rising at 

(10)°F /min. 
15. Switch from flash tank to bypass control: 

(a) Verify stable operation of receiver and bypass line temperature 
is (585)°F. 

(b) Activate turbine inlet bypass valve controller - manual - closed 
loop. Put in setpoint of (20 psia less than pressure at this 
valve) psia - manual - closed loop. 

(c) Ramp downcomer stop valve (RDSIV) open. 

(d) Verify RS flash tank pressure control valve (RFSPCV) closed 

and flash tank pressure_ 500 psia (leave this controller 

active). 

(e) Close flash tank inlet stop valve (RFSIV) 

(f) Close main steam line low point drains, (if they were opened 

by the operator). 

(g) Reactivate main steam line blanket and seal steam controller 

(blanket and seal steam should now be supplied from main steam). 

(h) Monitor flash tank pressure to assure it is_ 500 psia. 

Note: Receiver steam is now available for turbine roll or.TS charging. 

TURBINE STARTUP 

(Receiver Steam) 

1. Increase pressure/temperature to turbine roll conditions (if other 

than a cold start) 

(a) Ramp temperature setpoint to (TBD)°F at (TBD)°F/min (if required 

18 setpoi nts) • 

246 

7f. 

•• I 
I 
I 

' I 
I 
I ., 
I 
I 
t 
I ., 
I 

•• I 
• 



I 

•• . , 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I 

GF<.AD"I'EtvT 

t) No12..MAL Po\.\.'£ R V'ARTATTCNS Ex.PER"XE.NcED 

ON SuMMER. SoLST"Cc.£; /=~UrtvcX.J 

A,.ro v./-:r. NTE R So .L. s T t:cE 

;,.) C.,1.cvl) PA5SAC.£ As DEF'I'NED B'r' ,, 
A S1:r.2-:r1:.s OF ''SNAP SHoTS A-s 
THE CJ-ovD PASs.£'S Ov£R °TH£ 

. F:r;. £. L D . 

247 



~ 

' ~ 
'X 

,:: 
w. 
:; ,: 
-~ ;-i 

x~ 
_;,-
01'1 

b; 
I- g} 
J:fU 
~;:l 

"' n,,., 
!""!a 
S· 
f- ~ 

ig 
,.., -
f- ': 
~~ a:. 

:;; 
X 
,·,1 

--
;;;: 

4 
(t) -ru -i,., 

I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
i 
I 
I 

f 

248 i 



I 

I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
-, 

4 
ro 

•• I 
I 



I-
I 

I 
I X 

~1 
-, 

I c,., 

:~ 
~~ ,_ 
i)<I 
I-;::; 

I Iru ..,.~ 
"' n,-, 

-"'lo s;. 
t:~ 
~ -;; 

I 
,,,_ 
f--: 
rT'!,'\:. ~-
.,; 
x'. 
.,, 

I r,.; 

r, 
:E 

I 
·I 
I 

4 
<O 
..... I l'U ..... 
I,," 

I 
I 
I 
I 
I 

f • 

f 



I 

I 
I -A 

·I 

I 
~~ 

;~ 
,< -2 

I 
I 
I ,. ,. 
I 
I 
I 

I 
I 

4 
/0 .... 
ru .... 
i,., 

•• I 
I 251 



,SEI a~ c:JH~~
1
u 

0
:, t.: l:>:J;;1J.,t\ ~r.Jg~~~J3°1 :I<>)i 

'1 orlt/ 

~ 

-•·~·-' - -; - .. , __ / .. -
--- .... ! ... - - - .. 



I ~ 

' •• ~ ~ t::-.... 

I 
I 
I --~.,:~ 

:';?:I 

I "';! 

""" ..... ;-r-
::.~ .'T'! 

>--, 
0~ 

I t- ~ 
I·'\.J r.,,...., 

"' l"'n 

~o 
f- ~ 

I 
ig 
1'1-' ~ ,..~ 
!Tl(\,/ 
0: ~ 

0 

.I 
,< 

"' ,u 

n 
;;;: ,. 

I 
I 

4 

I 
(0 

.... 
ru -I/ 

'I 
I 
I 

•• I 
I 253 



... .. .. -

,41 :/f? " 
K"E 

-\ 
' ' .. ... 

KEnH--Er '.{ F2i?[H CO' ~vnr 1)1 n 2 'i 

JO X JO .10 lHE Cf.1,1.llWE.lE~ 

.. - ... .. '. - - ,(_ 

;:! 
N 

10 \f. S? ( lN ve 12n 



I 

.. 
I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
·1 
I 
I 

•• I 
I 

Dr-r: "·:, . 

TE.ST (.AS£ ~ 

Ro"-'~ ~ ~ ; ~ 9 l ~ 3 ° O u T 

C :r f<C. L£..S 

255 

-)9a7 -

- ':, ., :.,," -I • ~ ,,, 



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

-- ---

WORKSHEET 
/t:1 tJr /I 

FORM 30·103·1 (REV. 10-67) 

-
p_Af1_ E 1.. 13 GR ADI£ N rs 

- .... , - - . • - I , ~· IN'TP/l Scu ... s -rxc..,£) 

T:r.,VJE PwR SuN& GRAD T:rME PwR St1N £L GRAD 
-(:,. ~ ~ 

o.79~ 
-s,8.r 

(s: 13) -.1/oS (~:o'JJ J.~76 -·. o;).7o 
- 5-:l 3 

{c;, :1i) l .. 636 -,0911 
-3-~0 
(i :"/8) I. 8 86 -.o30S 

- 't. I ~ -~-5-, 
(7 :'/9) ~. I b9 -.o<i313 ('1 :~,) ~,36S -.0'336 

3,,,., -7,'1~ 

('6=-'>~) ~-~'1{, -.OS7'-/ (1 o: 05] ~,710 -.o ~'63 
- ~-0 'l - ,.~ '6 

(9:51) ~- {;3£s -.0356 (1o~•J3) ~.9J.Ji -.0/76 

- I. 0 S -0.(if 

(la :sJ) ~-817 --015'6 (11 ;-<.:V 3.oGo -. ooS'-J 
0 0 

1

/ ~: co) ;J.9/~ .ooca' -,~ :o0 3.J/S .00'-/.3 

1.os o.G"I 
(I :03) ~-S'lo .031/ •~=38) 3.09/ .oJ"l-'-1 

~.c,<) ,.~ '6 

~ ~o<,) ::/ . ., (,~ .OS-J'f ,, :17) 3.0/S- .o~,~-
3-i't I, 9.:1 

(3 :o&) :i.,,s .o7:JS (1 ~ss) ;;,. YI 33 .0378 
..., 
m 

,_,. I 'a .::l,:.>-, 

(.1-f:,L) :J.3(,lj .o'if'--1 (::):,3'1) .:J,"IS'l .OLJSS 

s.:.u 3.~o 
(.!,-~ 11) ,. 797 .}03S (3.'l:V I. </'IS -03«38 

(,.~ 'iS 
.J/Lj/ 

3. ~s 
(<o".17) o.~i I (s:s,) l.~97 .ol'-1-< 

. 

.. 



11 ~r /~ 

I 

.. F:,: G-ll R£ ;p.. 

I CTf~ ~~ ~ M ~ ~~· ~ ~ 

.• ½ 3 ~ ~~~-"'I'~~ 

• I .~ ~ ,½ -µ__,_ U °'6 H ~ DCA ~/ ~ 
~ ~ ~ ~ Q_ ~ ~ ~ 

I ~ ~ . ~ ~ --»-r ,;._._ r~..a. """ 
I ~ J 3 o--.J. I-'-/ .o,-u,. ~ ~ fr-
I ~~ ~ <-~ ~r). ~~ 
I ~.t--~~~1~ 

•• • ~ ~ o-J, ~ ~ 

I ~\I . 
. o.U ,-_300,000 ~ ~ ~ 

I 
I 
·1 
.1 
I 

•• ·1 ~, 

• ~ ~ ~k~JA~~ 
~ ~ ·~ . 

6'~ ~ ~'.:¼ ~~OA-1. 

~~ ~o-J.~~ 

~ 
- o.,JJ ,..._,l7~0Jooo j,_ ~ ~ 

-~rf'.~~~~ 

~ ~~~~ ~ ~ , 
257 



I .._ 
0 C) ~ ~-- -:r- ,-.... ,0 ·- I:) 

" "" ,....._ ,.... 
" ½ Vj 0 <:) l' 

\Y' 0 0 -rt (:p t:P l)O l)O ('rJ - (JO . 
• . . • • . • 

"" I (l 
. 

-:t-- ".:t- ry ':J"- '>" ,.,, 
~ I " 

,..._ '° C)O 'l"' 
rl ,.... 

'° "'> '° ,..... 0 0 0 ~ 
,.... 

0 ~ 0 0 -("I a-,. ("f 0 :r 0 . . - • . 0 - - - - • . • • • -
"'1 I '-.D - M rv -- I 

:r-- ~ ..... - 0-- ..... 0--
0 ...., '-.a 0 (\") ~ 

0-- ,.,, 
rl V) '-' 00 '-,0, 

I ...., '-0 ...... 0 0 0 r, - \..o . - 0 . . . . . - - - - • -- . • - -
0-

\J) I -- 0--. -
\')-, G""' ..... N ~ ~ - Q-- I t:P ,.... ~ "'1 

<,- 'J - f" 10 0 \o N rt - 0-- a .._ - ry - ~ 0 :i--. . NJ ::r- . -. l . 
C) (Y (( - (1 (Y • - • • . -

lr, I)---

" ~ ", - i' I . -er . 
N ""I ~ -:a- VJ ½~ rt, P-;c ' - rl (") :r-- :r- ~ '-0 ~ ~ - I '° 0--

~ (V> 0 ~ - 00 '-J> 0 0 0 -· -.. ~ r:--- - () () .. ::t"- -- a - ~ .. .. - ("( r1 n (Y - . . • . - r-,; (Y . 

I.I) I -
I t..,, '° :t- 0 

ry - 0--- 0 ::t- -:r '-.:> - ~ 00 - ~ 0 ,..... rt - ...... 
........ -O ~ - -- - - - M (t' - C\'i I l"J rr 0 ('( M r,; - • • • 

~ 0-.. ~ 

oO (1'-- <:F) '1) ..... ,..,, () ¥1 ?7"" c,o 

I l'1 0 ½ M M 0 0 "t.)o l'1 ~ 0 0 0 . - . - • (Y 0 -
"" ~ C"1 ('t - {Y M - ~ . --·-

I- •• ~ l'v) VJ " 0-- - "'I I ½ ~ ()- - (i r1 I.ii - ' l"'l - - - - -
> f 

L!.1 i-

258 I 



I 
I 
I 

., 

I 
I 
I ,. 
I 
I 

4 

I 
<'O 
.... 
l'l.J .... 
v -, 

rl 

I 

'• I 
I 259 



I 

I 
I -.A, 

0 
M 
~A. 

I '--':•, 
x;:::i ,,. _,,. 
Cf11 ~.., 
0<11 
I-~ 

I Ir\J 

"'"' "' n,., 
~o 
~~ 

i~ 

I "' -.. s 

~~ 
0: < 

•n 

I 

I 
I 
I 
I 
I 
I 

260 I 



I 

.. 
I 
I 
I 
I 
I 
I 
I 
1• 
I 
I 

, I 
1·1 
I 

I 
I 

'• I 
I 

SrNc.~ BorH Mu.sr SupPL.'1' TH£ SAME Powe.R.J 

A, (~77.~/) ::: A~ (7I.S.'-/3) 

A ( 7JS,'f3) A 
I : ,-,7,~1 ~ : J,0S6 A:l.. G-L.A.s s A.eEA ScAI..-ZH(r 

FA~ToR.. 

8EsT DA 't No oN 

P, -: ?,33.3/ A, P~ = 7 9 9' 9 0 A 4 

=(i 3 s.31) ( 1. os,) A~ 

P, = 'b 7CJ. j ~ A~ 

P, -: ~ 7 9, '1 8 ( 1 9~ ~q O ) : I , / 0 o P ~ 

AsstJM£. SAM£ RELAT-X.VE Cx~c..ur1F'El!.£N,XAL.. DxsTR:tB, 

IF 

L, :. /. Joo L ~ ( REc.£.IYER L£t1v-TH) 
(Assv,.,.e: Aoo:rrtoNAJ.. ?ow£R I'.s APPJ.ZED AT AvERA&E 

FLV-J. LEVE.J..) 

A L -::. Io ~o ( fi 7 ) = 7, '& 7 ~ o 

L,-:. /. oi ·J.. ~ --+ 
. 261 



- .. - - - - - - - •.. - ..... - - ·- .. ~ -• • - . 

THERMAL STORAGE SUBSYSTEMS CALCULATIONS 



I QUADRILLE= WORK SHEET 

ANALYs1s T.S FEcbWAT.E.12 PAGE _ _,/C-><..:?..:....Y:__,_lc....1c...
4

_ 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST 

/ 

MCDONNELL DOUGL~ -~ 

.. 

PREPARED BY JE R 
DATE '-/ / :2,. / / ~ 0 

MODEL _____ _ 

REPORT NO. ____ _ 

CORPORATION 

PLANT --'~ ... S1.::.o:e..:'-~P...:..::•R,.___..---'-,, ... '..__ ______ _ 

I DA cl:.K AG E -~ u, hf" AJ ..., 

I IT1- I S' P'A , .. k' AG ~}:" -1).i= J:' j ""I'{ ~ (' .. -
I , . /Y) ':I N~ ... I"". () ,-!} F ',=-J: I t-i , 'fo/ A lri ,,.~ ·b.c; I J:' , "•a ~R :- A·-- T~ E 

I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I-

..::; . 

3D 

! 

25-S-6 (23 SEP 70) 

tr .. L 

5; J".?' 

JV, IA• 

T, .. J:" 

1: 12.!. 

A: .. L.. 

C UT --n 

i='T IT ... 7 
~<;' 

.... 
I,-,- Ml N'i I £_ 

,: '~l i,,-, "'- i 
":: I ,-.['I - ... ~' 

-,-

F Lo• 'w F RE 

L. f ( h r:- -T 

--- Ir- cl\,.. H 

I 

11-1 ,t' "'"'. .. ~ < T, ~~ /Yj r; El VE ~A ,. :; ,I, 

,1i_,- 00 r:: ._., ,.:--
I 

l='7"i w l:.T ~1? ·P~ };'~ ,, I k' ,:: Tc l ' UH trc. H 

ti.tr~ FL O'-'i, i·J... IE,"' ;:- I .... N') I $"':" 
,,_ 

I .;lt: 

~I I - i, s I ~i t / ) t 
I 

u,/'(::' r. ·IRo 1P-' Bi: "r1 -... 
lS..S ~/;" £1' H, ... 

.. Ht FF IE"! •pL MD A,-.,h 7 NJ.. IE i 
r=-A IM (., -~ t-1,:: ~J. .ITC IP < K_kr \ 

, 

I I 

263 



~- -- ---~---~~=--===-------~---
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- Hl'EST 

QUADRILLE WORK SHEET / 

ANALYs1s THERMAJ .. SToRA(,.-£ FEE.PWATE.WcDoNNEu DouGL~ 1d PAGE /4; _ _!r 
CORPORATION 

PRE PARED BY -"'~'-'£=-..,...'J<.:,__ _____ _ MODEL ____ ~ __ 

DA TE 4 / :l.·I / ~ 0 PLANT __,S..,_o=L.=A=--'i?~--I-.,,,_ _______________ _ REPORT NO ----,j 

• 

-
•• 

i'Jr _ } ~ .S < U rl'1 P T' .:C o N . 5' : 

( ,::i' TLS F~E1"'1'vilA'"£J~ 'ful'-'.P 
SC= 

11- ) 
... ..., .. 

- ~ :!I C 'Dli'r"I I · 3 7 F"h-
' I 

• 

I 

( FRoM -5 C.E I 
' ~ , I 'tS / f6o , 

• 
I 

i---+---+--t----+----,i---+---+--t----+----,i---+---+--t----+----,'----+---+---+---+----+-+---+---+---+---+-+---+----1 

1---------+-I --+--'<"-l-'b I) f',~,~.E ) A To > 

1 H£ ,-~A1U,-.t; 

C'A,r (')pi;tR-lTJ: '.Awvv!JH-Rl:. 

I=' ~ 0 '- ls ~ P _<; I ,~ i 

I 
• 

f---+---+---"--, -=G/L._I J--+-l"--'-+-"'S"--+---'--Fl""'-~=+'£1D.__\iv' A iT £, R 'ET Fh= +<Io v r :! f-1 r.. /. ~ .S .£ H ~ w N O ~ I 
ANA"--Y-•I< f.s~METJ•-rc P )3--5i) -- '·H:>P3olosl13=201/ I 
Nd1e: Fo1c r:ioN =~NS:tb.E: SP1~5 NoTI AI~1

M Du£ -I 
I I I 

i i 

i I .. bri:~--+---';;;~.:u;;;. 11n;;;!:P~=O~u~T;;;;;:P~! u~!aa;;=r=i;;;.i P.!.' Rt~· F~..1£_~-~"-~R"= s:_i---t--, --,! --+---t~-i---+-+---+, --+-----i-t-----

1 I i I i I : I I 
r---t--+--(-+-l --+--"-,t--+-+1 --+l_--+-1-+----1+-+---+---+----+---+----+-I --+I --+--+-e-----+--+---+----+--+-- I 

ld, :I:INJ J:T -CN7-:.'X1rICN.5 i I 
~ -

\/ eR ~. a oLiu,.. f'( 

~ Jo t·T r, ;w. ) , 

I 
I -I I 

~Olo<J~ 
, ( I i's,,, ... s, :i...,_ 
i Cl ul-,., 'l 7 • ~ IJ" 1 
1 ' - I -

I ' I i 
I J1~.'flc.S1b 

' 

• r---t----+--t--+----,'---.-+---+--f--+----,-+---+-----+---+------!.---+---+---+---+--+-t---+--+----+---+-!----i----1 

r, TolTAI INLE.- l'R.t·.ss =~~.'-fcs,~ ,~.ObPS/1 
25-S-6 (23 SEP 70) " 264 



I 

.. 
I 
I 
I --• 
I 

M 
-,:; o., 
x:i ,,. _ ,.. 
o .. ... , 

I 
Q'II 

~ij 
s:i1 ~., 
-o 
... ~ 

I 
x,. 
;i _, ,.. 
:JC 
;;; 
;o 

I ,. 
I 
I 4 

l'0 .... 

I w 
"" i.,,-

I 
I 
I 

•• I 
I 

t--+-·~--·->--- ---0 

r/1 °' ........ I-,>-- ~- --· T" 

:: hi---~--·-t-··--
., - :i::==::::: ' 

- f-· -.=--,· 

r 

~ 
~~-- l: -~ 

-~'-- -~-...--..:' -

:Gt:::t:7' 
' . :-,tt::~:.1--

-----1-;-. '-! ... L_ 

--e...__,.~.,. 
-~- ~--A+· 

:=-- - -::r::·. -M=-~~ 

1< ~.,'.?t~:-l~~~-
Q(i. ,----~--- ,_, __ -~-

:) ~ ·_....::1::,_ ·------,--,-

L) ! : • 

0 ···-' 
I 

'X':°. -1- :1 . I · 

~= 
~ 
CIC. 
o-

-i-

t-e- -:+--r-:Vl . ,-- :r.. 

t==•=•;-==-·=+:!:,·::::: ·• 
f- ----~ 

·-->--

_,_ 

-- -~ 
----·::r.: ~- --+ 

1·--~=.: 

265 

·-. ---. . 

·r--- -

-:- - t:: 

·--.....-.--:-·----'-· . 

. .__ 

+---
•--'--'-
-+ ' 

..5 tJF l'l 

·-

--

--
__ ...,,___ _ 

. .....,....__ 

--

--

lJ-~= __ __.,._. ---



----- ----

QUADRILLE WORK SHEET 

ANALYSIS TS f EE!> WA j s R. 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST 

/ 

MCDONNELL DOUGL~ 

~ 
PAGi. __ ~_Jr ;~I 

PREPARED BY ~ E R 
CORPORATION 

-MODEL 

DATE Jj_ L;,.. l L ~o PLANT .SoL.~8, :I REPORT NO. 

I -I 

i( b ') r u 'T L.;. T ( o, ,o tr rl:ro "'~ I 

DE At-~ IR t. TC R F~Rl ·s..s u~ s ~ 0 P.S/ ~ 51 :, f: ~s, I 
i 
I 
I 

I ,'co I I 0, ) o C 
J.. s;.., 

To1TAL FLo R. .., 
H :: A 7) 1<.x 5£ " 5.I:, FT I I 30 F, 

I 4 ,76' (; :,51 l) ( i./S '-/. ? '?.S _, 

-

+ "I NL. i:-r r !RE:. .s - ~- ~ =:is,~ c., ' K,O Go 
I I 

I 

To nu 1 Sia 9i o !s:os S-1 , • .s 4 I TAL TLJ r o) bP~ 

I 
i (a'l 0 

L. Bj,. 'R lTo ,i F1-I ' ~\V 3iS"., I I I 

F1T H 1.E At:, lR~ (~ 13 75 
I 

( sj1;7li::,, , '.) ) I ,S, I q I I I 
I j~ 05/~ 

I 
~ 

I 
+ tN P~ ! ..3 ~. L.J~ 1~.b~ J.. £ii 1,: t: <: I 1 SI l )( J .... 

i I i I I I 
I I I 

I 

ls~9 '-1.flG I Tc T~ L 0 'TL £7 4 ""'"' .:, bl r> <;.J 

i 
I 

I I 

i-

Q ~ \0 · 00 
L. B/>-1e i'ro 

. I 
p Al FL01.1', I 

H Rr~E 
I 

I 
I I I I 

~AD I J~f1ciFt l~~R f T 
i I i I I ts~ .!3 dq;i) : I "" I I ! I ~11. I i I S15.!S'i I 

I I I 

I 
i I I i 

I I ! I 

+ ±NL £T 'F 'i<E ~ I 3b.H 0 ~ I :J ~~-io(;, II 
D<t 

I 
I 

I i 

tofr-A ._ ~Ef I l '-I I i 

I I 

a uT i S ,, 7 PS ..:? 5;71.5 I PS 
I I I 

I I 
I I I I 

I 
! 

I I 
I I 
I I 

I I 
25•S-6 (23 SEP 70) 266 I 



I QUADRILLE WORK SHEET 

ANALYSIS TS FEE};)WAIETZ. 

MCDONNELL DOUGLAS ASTRONAUTICS CONIPANV- INEST 

/ 

NICDONNELL DOUG~g PAGE .5 ,1._,f" IL 

.. 

PREPARED BY ~ £ 8 
DATE Lf /~I/ ?, 0 

CORPORATION 

PLANT SoL.AR 

MODEL ____ _ 

REPORT NO. ___ _ 

I 

I TT,'. TlS L o~ .s 

I (, A L c. u LA Tr o" s f:i cc o ,..~PL I< H ~ D T" T v.' o S 1 E F s : 

I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 

•• I 
I 

I • '\ 

l LI) 

( 7 ' :r. -~ "i 7 tr ' 

To SPLIT; , 

V fl.L''E-): 

I I 

,.. p, 7 ,_. l_,!i.,, uL1~7 :r:ot-J.S , 1J~P o i>PL:r"T 

L- ,, s- H L1 D I ·r--. O 
IL , L.J"'NE · JRof, • 

( I 

E L~ow.S : 

25°S-6 (23 SEP 70) 267 

' I • 

i ' 

0 ' I ct> 
: I 
i i 

4 i J., 
! 

. ' 

I 
I 

.. 



TABLE 38 
FLOW OF WATER IN SCHEDULE 40 PIPE 

PRESSURE DROP PER 100 FT. OF SCHEDULE 40 PIPE AT VARIOUS FLUID VELOCITIES• 

Gallam SIZE PIPE INrure - •t. ¾ 'lz "" 
1 l¼ 11/z 2 

Minute y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P 

1 3.1 6.54 l.7 1.25 1.1 .39 - - - - - - - - - -
2 6.2 26.2 3.4 5.00 2.1 1.56 1.2 .34 - - - - - - - -
3 9.3 58.9 5.0 11.3 3.2 3.52 1.8 .77 - - - - - - - -
4 12.3 104.6 6.7 20.0 4.2 6.26 2.4 1.36 1.5 .39 - - - - - -
5 - - 8.4 31.3 5.3 9.78 3.0 2.13 1.9 .61 1.1 .15 - - - -

10 - - - - 10.6 39.1 6.0 8.52 3.7 2.44 2.2 .59 1.6 .25 - -
15 - - - - - - 9.0 19.2 5.6 5.49 3.2 1.33 2.4 .56 - -
20 - - - - - - 12.0 34.1 7.4 9.76 4.3 2.37 3.2 1.0 1.9 .27 
25 - - - - - - - - 9.3 15.3 5.4 3.70 3.9 1.56 2.4 .42 
30 - - - - - - - - 11.0 22.0 6.4 5.33 4.7 2.24 2.9 .61 
35 - - - - - - - - - - 7.5 7.25 5.5 3.05 3.4 .83 
40 - - - - - - - - - - 8.6 9.47 6.3 3.98 3.8 1.09 
45 - - - - - - - - - - 9.7 12.0 7.1 5.04 4.3 1.37 
50 - - - - - - - - - - 10.7 14.8 7.9 6.23 4.4 1.70 
70 - - - - - - - - - - - - 11.1 12.20 6.7 3.33 
90 - - - - - - - - - - - - 14.2 20.17 8.6 5.50 

100 - - - - - - - - - - - - - - 9.6 6.79 

120 - - - - - - - - - - - - - - 11.5 9.78 

140 - - - - - - - - - - 13.4 13.31 

Gallom .,,..., -·-· ,u--- z•1z 3 4 :I 6 I 10 12 
Minute y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P y 6.P 

15 1.0 .059 - - - - - - - - - - - - - -
20 1.3 ,11 - - - - - - - - - - - - - -
25 1.7 .17 1.1 .053 - - - - - - - - - - - -
30 2.0 .24 1.3 .076 - - - - - - - - - - - -
35 2.4 .32 1.5 .10 - - - - - - - - - - - -
40 2.7 .42 1.7 .13 1.0 .033 - - - - - - - - - -
45 3.0 .53 2.0 .17 I.I .041 - - - - - - - - - -
50 3.4 .66 2.2 .21 1.3 .051 - - - - - - - - - -
70 4.7 1.29 3.0 .41 1.8 .100 1.1 .030 - - - - - - - -

100 6.7 2.64 4.3 .84 2.5 .204 1.6 .062 1.1 .025 - - - - - -
125 8.4 4.13 5.4 1.32 3.2 .319 2.0 .096 1.4 .038 - - - - - -
150 10.0 5.94 6.5 1.90 3.8 .46 2.4 .14 1.7 .055 - - - - - -
175 11.7 8.08 7.6 2.58 4.4 .62 2.8 .19 1.9 .075 - - - - - -
200 13.4 10.6 8.7 3.37 5.0 .82 3.2 .25 2.2 .098 - - - - - -
225 15.l 13.4 9.8 4.27 5.7 1.03 3.6 .31 2.5 .12 1.4 .029 - - - -
250 - - 10.9 5.27 6.3 1.28 4.0 .39 2.8 .15 1.6 .036 - - - -
275 - - 11.9 6.38 6.9 1.54 4.4 .47 3.1 .19 1.8 .044 - - - -
300 -:- - 13.0 7.59 7.6 1.84 4.8 .56 3.3 .22 1.9 .052 - - - ~ -
350 - - - - 8.8 2.50 5.6 .76 3.9 .30 2.2 .071 - - - -
400 - - - - 10.1 3.26 6.4 .99 4.4 .39 2.6 .093 - - - -
450 - - - - 11.3 4.13 7.2 1.25 5.0 .50 2.9 .12 - - - -
475 - - - - 12.0 4.60 7.6 1.39 5.3 .56 3.0 .13 - - - -
500 - - - - 12.6 5.10 8.0 1.54 5.6 .62 3.2 .15 2.0 .044 - -
550 - - - - 13.9 6.17 8.8 1.87 6.1 .74 3.5 .18 2.2 .053 - -
600 - - - - 15.l 7.34 9.6 2.22 6.7 .89 3.9 .21 2.4 .063 - -
650 - - - - - - 10.4 2.61 7.2 1.04 4.2 .25 2.6 .074 - -
700 - - - - - - 11.2 3.02 7.8 1.21 4.5 .29 2.9 .085 2.0 .035 

750 - - - - - - 12.0 3.47 8.3 1.38 4.8 .33 3.1 .098 2.2 .041 

800 - - - - - - 12.8 3.95 8.9 1.57 5.1 .37 3.3 .11 2.3 .046 

850 - - - - - - 13.6 4.46 9.4 1.78 5.5 .42 3.5 .13 2.4 .052 

900 - - - - - - 14.4 5.00 10.0 1.99 5.8 .47 3.7 .14 2.6 .059 

950 - - - - - - - - 10.6 2.22 6.1 .53 3.9 .16 2.7 .065 

1000 - - - - - - - - 11.1 2.46 6.4 .58 4.1 .17 2.9 .072 

1100 - - - - - - - - 12.2 2.98 7 .I .71 4.5 .21 3.2 .087 

1200 - - - - - - - - - - 7.7 .84 4.9 .25 3.4 .10 

1500 - - - - - - - - - - 9.6 1.31 6.1 .39 4.3 .16 

2000 - - - - - - - - - - 12.8 2.33 8.1 .70 5.7 .29 

2500 - - - - - - - - - - 16.0 3;54 10.2 1.09 7.2 .45 

3000 - - - - - - - - - - - - 12.2 1.57 8.6 .65 

3500 - - - - - - - - - - - - 14.2 2.13 10.0 .89 

4000 - - - - - - - - - - - - - - 11.5 1.16 
4500 - - - - - - - - - - - - - - 12.9 1.46 

"Above table for water at 60°F flowing in clean commercial steel or wrought iron pipe. V = Velocity in feet per second. 6.P = Pressure drop in PSI. 

To determine the pressure drop for pipe lengths other than 100 feet, multiply the pressure drop from the above table by the 
following ratio: 

R = 
1
~
0 

, where L is length of pipe in feet for which the pressure drop is required. 

To determine the pressure drop for a pipe other than Schedule 40, multiply the value from the above table by the value for the 
appropriate pipe size and schedule below. 

Pipe Siu, Inc,,_ '/4 ¾ 1/z '/4 1 l¼ 11/, 2 2½ 3 4 5 6 I 10 12 

SCHEDULE 80 2.55 2.15 1.92 1.69 1.58 1.47 ·l.42 1.38 1.36 1.33 1.29 1.27 1.29 1.26 1.26 

SCHEDULE 160 4.23 4.35 3.53 2.38 2.52 2.74 2.12 2.18 2.20 2.19 2.18 2.21 2.28 

DOUBLE EXTRA 93.1 24.7 16.5 8.67 6.72 4.92 5.27 4.22 3.40 2.96 2.91 2.11 
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APPENDIX 3 

PRESSURE VESSEL AND TANK SCHEDULE 

C-21700 
40M7009S 
6/30/80 

The following vessels and tanks shall be insulated and jacketed as specified 
in Construction Package No. 12 and in accordance with the following insulation 
thicknesses: 

Item 

1) Desuperheater 
(DS-301) 

2) TSS Flash 
Tank (V-304) 

3) Thermal Storage 
Condenser {E-302) 

4) Thermal Storage 
Conaenser {E-301) 

5) Thermal Storage 
Subcooler {E-311) 

6) Thermal Storage 
Subcooler (E-312) 

7) Thermal Storage 
Heater Drain 
Tank {V-305) 

8) Thermal Storage 
Heater Drain 
Tank {V-306) 

Operating 
Temperature, 

985° 

650° 

675° 

675° 

675° 

675° 

610° 

610° 

Minimum 
Insulation 

F Thickness* 

5" 

411 

411 

411 

411 

411 

411 

4" 

* Single layer insulation unless otherwise specified. 

Location 
Indoors/ 
Outdoors** 

Outdoors 

Outdoors 

Outdoors 

Outooors 

Outdoors 

Outdoors 

Outdoors 

Outdoors 

**Vessels ano tanks located outdoors will be heat traced by others. 

A3-l 
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APPENDIX 3 

7 ,t)j.:::' {? 
C-21700 
40M7009S 
6/30/80 

PRESSURE VESSEL AND TANK SCHEDULE (CONTD) 

Minimum Location 
Operating Insulation Indoors/ 

Item Temeerature, F Thickness* Outdoors** 

9) Superheater (E-307) 600° 411 Outdoors 

10) Superheater (E-308) 600° 411 Outdoors 

11) Boil er (E-305) 600° 411 Outdoors 

12) Boiler (E-306) 600° 411 Outdoors 

13} Preheater (E-303) 600° 411 Outdoors 

14) Pre heater (E304) 600° 411 Outdoors 

15) Thermal Storage 
Surge Tank (V-309) 675° 411 Outdoors 

16) Therma 1 Storage 
Surge Tank (V-310) 675° . 211 Outdoors 

17) Thermal Storage 
Slowdown Tank , 

(V-308) 225° 211 Outdoors 

* Single layer insulation unless otherwise specified. 

**Vessels and tanks located outdoors will be heat traced by others. 

A3-2 
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AJ-255-EP-RES-543 
21 June 1979 

MEMORANDUM 

Subject: TSSG AND TS CHARGIHG HEATER PERFORMANCE REQUIREMENTS 

To: 
~-

R. G. Riedesel/ J.E. Raetz 

From: R. E. Snyder, AJ-255 

Copies to: G. C. Coleman; M. H. Lobell; E. J. Riel 

This memorandum documents the results of an analysis of off-design 
perfonnance of both the Thennal Storage Steam Generator and the T. S. 
Charging Heater, heat exchanger trains. 

The procedure followed in this study is as follows: 

• Size the units in both trains to meet the design 
point requirements. 

• Operate at constant maximum steam flDw rate for both trains 
65,000 #/hr. for the Charging Heater and 55,000 #/hr. for 
the TSSG. 

• Using these units, explore the off-design performance of the 
TSSG and TS Charging Heater throughout their operating regimes. 

• Impose the appropriate system constraints to the results and 
and determine any additional constraints caused by the imposed 
limits, including constraints on one train caused by the other. 

• Present these data in a manner that defines the operating 
envelope of both trains fron which design requirements can be 
generated. 

The above was accomplished and the results are shown in figures 1 through 4; 
figures 5 and 6 show the design points of the TSSG and TS Charging Heater, 
respectively. 
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The syster:1 constraints used are: 

TSSG 

Maximum oil temperature 
Maxir:1um oil flow 
Steam pressure 

Steam temperature 

TS CHARGING HEATER 

Maximum oil temperature 
Maximum oil flow 
Maximum steam pressure 
Stearn temperature 

A3-255-EP-RES-543 
Page -2-

590°F 
110% design flow 
400 + 20 psia 

-0 

530.:. 5° °F 

590°F 
110% design flow 
1500 psia 
650 + 30 °F 

- 50 

Imposing the oil flow.limit of 110% of design for the TSSG, as shown in 
figure l, when coupled with the minimum outlet steam temperature of 530°F 
and maximum steam pressure of 420 psia, sets the minimum oil inlet temper
ature of 568°F. In other words, if the steam pressure is controlling at 
420 psia, and the pump is operating at maximum flow, a minimum inlet oil 
temperature of 568°F is required to ensure a 530°F outlet oil temperature. 

The maximum oil flow requirement of 110% of design limits the minimum 
operating stear:1 pressure of the TS Charging Heater train to 1335 psia, as 
shown in figure 3. The operating envelope shown in figure 4 is bounded 
by the maximum and minimum steam pressures, outlet oil temperatures and 
inlet steam temperatures imposed on the TS Charging Heater train. 

Hote that the minimum oil inlet temperature (out of storage) of 568°F 
required for the TSSG is imposed on the TS Charging Heater as the minimum 
oil outlet temperature into storage. 

294 

•• 
I 
I 
I 
I 
I 
I 
I 

•1 
I 
I 
I 
I 
I 
I 

•• I 
I 



I 

•• I 
I 
I 
I 

, I 

I 
I 
1• 
I 

,I 
I 
I 
I 
I 

•• I 
I 

.5 c)/~ 7 

A3-255-EP-RES-543 
Page -3-

In su111Tiary, figures 1 and 2 describe the allowable operating range of 
the TSSG, and figures 3 and 4 show the same for the TS Charging Heater. 

Figures 5 and 6 are schematics showing the design point performance of 
the TSSG and TS Charging Heater, respectively, and is included for 
infonnation only. 

For further infonnation, contact the undersigned. 

M-
R. E. SNYDER 

RES:ss 
Attachments: (as noted) 
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3-60 PHYSICAL, CHEMICAL, AND MECHANICAL PROPERTIES 

Table 3-26. Thermodynamic Properties of Mercury* 

Specific volume, m1/kg Enthalpy, kJ/kg 
Temp., Pressure, 

K bars! 
Liquid Vapor Liquid Vapor 

------
250 2.212. -8 7.325.-5 5.56.+6 39.81 347.49 
260 6.926. -8 7.339. -5 1.80.+6 41.22 348. 53 
270 I. 990. -7 7.352.-5 6 11 +5 42.63 349. 57 
280 4. 956. -7 U65.-5 2.44 +5 44.03 350.60 
290 1.237. -6 7.378. -5 1.00 +5 45.43 351.64 

300 2,903. -6 7.392.-5 4.38.+4 46.83 352.67 
310 6.438, -6 7.405. -5 2.03.+4 48.22 353. 71 
320 1.357. -s 7.418. -s 9880 49.61 354.75 
330 2.732.-5 7.432. -S 5030 50.99 355.78 
340 U16.-5 7.445. -5 2679 52.38 356.82 

350 1.022. -4 7.459. -5 1480 53.75 357 .86 
360 1.829. -4 7.472. -5 847 55.13 358 89 
370 3.169. -4 7.486. -S 500 56.50 359. 93 
380 5.334. -4 74q9 __ 5 304 57 .87 360. 96 
390 8.733. -4 7.513.-5 185 59.24 362.00 

400 1.394.-3 7.526. -5 120 60.61 363.04 
450 1.051.-2 7.595. -5 18.0 67.41 368.21 
500 5.261. -2 7.664. -5 3.98 74.19 373.38 
551 0.1917 7.735.-5 1.18 80.95 378. 53 
600 0.5695 7.807. -5 0.432 87.72 383.64 

650 1.6836 7.881.-5 0.187 94.51 388.68 
700 3. 1527 7.957.-5 0.092 101.34 392.62 
750 6.197 8.036. -5 0 049 108.24 398.41 
800 11.18 8. 118. -5 0.029 115.23 403.04 
850 18.82 8.203. -s 0.018 122. 31 407 .44 

900 

I 
29.88 8.292. -5 0.012 129.53 411.61 

950 45.23 8.385. -5 0.008 136.89 415.49 
1000 65.74 8.482. -5 0 006 144.•2 419.08 

• The notation 5.293.-7; 2.44. +5: etc. sigoifies 5.293 X 10-•: 2.44. X 10'; etc. 
t To convert to pascals (newtons per square meter) multiply by Ill'. 

• /- - .. .. - .. 

Entropy, kJ /kg · K 

Liquid Vapor 

--- ---
0.3544 1.5943 
0 3597 1.5453 
0.3649 1.5028 
0,3699 1.4651 
03748 1.4309 

0. 3795 1.3993 
0.3841 1.3698 
0. 3885 1.3423 
0.3928 1.3165 
o. 3969 1.2925 

0.4009 1.2699 
0.4048 1.2487 
0.4085 1.2287 
0.4122 1.2099 
0.4157 1.1921 

0.4192 1.1754 
0.4354 1.1037 
0. 4495 1.0479 
0 4624 1.0035 
0.4741 0 9698 

0.4850 0.9376 
0.4949 0.9127 
0.5046 0.8915 
0. 5136 0. 8733 
0.5221 0.8576 

0 5302 C.84}7 
0.5381 0.8313 
0.5456 0.8203 

.. ,_ 

b ft::iVtt:tt·':"titt: ' ,..,.._,,...,2.,.. , ,~--n , JJ J ~--• , • ., , F J 

THERMODYNAMIC PROPERTIES 3-61 

·--·- - -·. --- -----~'" 
f 5. 

-
Specific v~lume, m'/k~ Enthalpy, kJ/kg Entropy, kJ/kg · K 

Temp., Pressure, 
K bars! 

Liquid Y,por Liquid \"apor Liquid Var,or 

--- ---
500 5003 2.853 I• .703 

VA r,,, 
U :s[u~ 

380 

400 

-),t~ 
2.631. -10 1.C81.-3 

1.385. -9 1.086. -3 
4.S94.-8 1.100.-3 
7.523.-7 1.114.-3 

5.222.+9 

I 044.+9 m 5020 2.924 14.156 
3537.+7 5~5 5062 3.064 13 OIO 
2 395.+6 6f2 5101 3.225 12102 

• 

• .. 

550 7.377. -6 1.129. -3 2.67q_+5 728 5137 3.351 II. 366 
;a,600 4. 926. -5 1.145.-3 4359.+4 793 5168 3.464 10.756 

650 2.448. -4 1.160. -3 9452 858 5196 3.567 10. 242 
700 9.649. -4 1.177.-3 2566 922 mo 3.662 9.603 

~750 3.160. -3 1.194.-3 833.2 985 5241 3.749 ~. 424 
800 8.904 -3 1.211.-3 312.8 1048 5260 3 831 9.095 
650 2.217. -2 1.229. -3 132 3 1111 5277 3.907 6.808 

900 4. 980. -2 1.247. -3 61.78 1174 5292 3 979 6. 555 
950 0.1025 1.271.-3 31 36 1237 5307 4 046 6. 3~1 

l000 0.1963 1.266. -3 17.08 1299 5322 4.111 8.1.!4 
1100 0.6002 1.327.-3 6.021 1426 5352 4.231 7.801 
1200 1.5037 1.372. -3 2.572 1554 5386 4.343 7. 536 

1300 3. 2454 l.•19. -3 1.264 1665 5420 4.446 7. 321 
1400 6. 2538 1.469. -3 0.691 1820 5453 4. 548 7.142 
1500 11.014 1.523.-3 0 409 In9 5461 4.644 6.991 
1600 16.02 1.581.-3 0 259 2104 5504 4.737 6.862 
1700 27. 76 1.643. -3 0. 171 2255 5524 4.828 6. 751 

1800 40.~I 1.713.-3 0.118 '2410 5540 4.916 6.654 
1qoo 57.97 1.792. -3 U5.-2 2570 5m 5.000 6 570 
2000 79.49 1.684. -3 6.09. -2 2734 5558 5.063 6.495 
2100 106.0 1.993.-3 4.54. -2 2qo5 ~556 5.164 b.427 

2200 137.9 2.123. -3 3.44. -2 3085 5550 5. 244 6. J6S 

2300 175.6 2.285. -3 2.64. -2 3275 5531 5.m 6.306 
2400 219. 5 2.493. -3 2.04. -2 3480 5497 5.407 6.248 
2500 269.8 2.781.-3 1.57.-2 3708 5441 5.495 6.188 
2600 327.0 3.230 -3 1.19. -2 3977 5342 5. 594 6.119 
2700 390.9 4.201.-3 8.33.-3 4369 5122 5.733 6.012 

27Bt 413.6 5.501.-3 5.50. -3 4773 4773 

Reproduced and converted from A. Padilla, Argonne National Laboratory Report ANL809S. 1974 and private 
communication, Augu~t 1974. 

• The notation 2.631.-10, S.222.+9, etc. •i~nifies 2.631 X 10-1°, 5,222 X 10' etc. 
t To coovert to pascal• (newtoos per square meter) multiply by IO•. 
t Critical temperature. 
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Collector Interface Workshop 

Action Item No 1 

MDAC will document the historical changes in assumptions which resulted 
in the need for increasing the number of heliostats from the PDR quantity 
to the current quantity. 

Answer: 

~/1/"'J'i 
I oF,.,t 

Table 1 contains a tabular surmnary of the power requirements and receiver/ 
collector field performance factors which have been developed during previous 
and current design analyses to reflect changes in the design point {winter 
2PM vs surmner 8AM), insolation, and parasitic power requirements. The data 
contained in the table starts with the design point and the electrical 
power requirement. The appropriate performance factors are listed and 
applied to the electrical power requirement to determine the "ideal power 
requirement" which is the amount of incoming sun light which would strike 
the heliostats assuming all heliostats are oriented normal to the sun. 
Table 1 then defines the total number of (STMPO) heliostats required to 
satisfy the "ideal power requirement" at the specified insolation leve)s. 

Data contained in Table 2 shows the conversion in required number of heliostats 
when the STI~PO heliostat is replaced with Martin or MDAC heliostat. In 
either case, the conversion is made by modifying the •equivalent STMPO 
heliostat" quantity by the appropriate blocking and shadowing factor and 
the area of the particular heliostat of interest. An "outage factor" of 
32 is then added to the calculated heliostat quantity to determine the 
required "total hel iostat" quantity. 
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TABLE 1 Historical Evolution of Pilot Plant Heliostat Quantity Requirements 

Design Point 

Design Point Electrical 
Power (10 MWe Net) 

Absorbed Thermal Power 

Receiver Thermal Losses 

Average Receiver 
Absorptance 

Receiver Incident Power 

Receiver Interception 
Factor 

Atmospheric Attenuation 
Factor 

PDR 
(Oct, 1977) 

Winter 2PM 

11.2 MWe 

32.6 MWt 

4.2 MWt 

(0.95) 

38.7 MWt 

(. 977) 

(. 98) 

Sensor Post Blocking and (.98) 
Shadowing Factor 

Field Cosine 

Blocking and Shadowing 

Average Heliostat Re
flectivity 

Ideal Power Requirement 

(.801) 

(.952) 

( .88) 

61.4 MWt(3) 

(l) Based on individual heliostat analysis 

• -J- - - - - -

Initial Project 
Review (May 2, 1979) 

Su111T1er 8AM 

11.6 MWe 

33.8 MWt 

4.8 MWt 

(0.93) 

41. 5 MWt 

(. 976) 

(. 978) 

{.749) 

(.958)(2) 

( .86) 
\ 

70.9 MWt( 3) 

• - - -

Scaled Analysis 
(May 18, 1979) 

Winter 2PM 

11.8 MWe 

-

34.4 MWt 

4.7 MWt 

(0.93) 

42.04 MWt 

(.976) 

(. 978) 

(. 794) 

(. 902) (2) 

( .86) 

71.5 MWt(3) 

- - -

Preliminary (1) 
Desiqn Review 
(July 301 1979) 

Winter 2PM 

11.8 MWe 

34.4 MWt 

4.7 MWt 

(0.93) 

42.04 MWt 

(.976) 

(.978) 

(.792) 

( .898) (2) 

( .86) 

72.0 MWt(3) 

- _._ 
~ 

~ 
~ 

-
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TABLE l Historical Evolution of Pilot Plant Heliostat Quantity Requirements (Continued) 

~ -

PDR 
(Oct, 1977) 

Assumed Direct Insolation 950w/m2 

Required Glass Area 695,400 ft2 

Heliostat Reflector Area 408 ft2 

Equivalent Heliostats 1703 

Contingency Heliostats 57(4) 

Total Heliostats 1760 

(2) STMPO - defined 450 ft2 heliostat 

(3) Rounded off values 

Initial Project Scaled Analysis 
Review (May 2, 1979) (May 18, 1979) 

898w/m2 917w/m2 

850,137 ft 2 839,700 ft2 

450 ft2<2) 450 ft{ 2) 

1890(2) 1866(2) 

32 32 

1922<2) 1898(2) 

(4) Includes non ideal effects not contained in the sizing calculations 

Preliminary (1) 
Design Review 
{Julx 301 1979) 

917w/m2 

845,100 ft2 

450 ft2<2) 

1878(2) 

32 

1910<2) 

¼ 
·~ 

~ 

~ 



TABLE 2 Conversion from STMPO to Martin and MDAC Heliostat Ouantities 

Initial Project Sealed Analysis 
Review (May 181 1979) 
(May 2, 1979) 

Equivalent STMPO Heliostats 1890 (1922-32) 1866 (1898-32) 

2 
Martin Heliostats (43o ft) 

Blocking and Shadowing Factor .972 • 915 

Equivalent Martin Heliostats 1950 1924 

Outage Factor 32 32 

Total Heliostats 1982 1956 
~ 2 N 

MDAC Heliostats (479 ft) 

Blocking and Shadowing Factor .945 .889 

Equivalent MDAC Heliostats 1800 1778 

Outage Factor 32 32 

Total Heliostats 1832 1810 

• • - -4- - ---------

Preliminary 
nesign Review 
(July 30, 1979) 

1878 (1910-32) 

• 911 

1936 

32 

1968 

.887 

1790 

32 

1822 

• 
--t 
~ 
~ 

~ 

------
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MEMORANDUM 

A3-204-SJS-EP-484 
June 7, 1979 

Subject: OFF DESIGN TURBINE STEAM CONDITIONS 

To: ~nd J. E. Raietz 

From: S. J. Scotti 

Copies to: G. C. Coleman, P. I. Kawano, M. H. Lobell, D. W. Pearson 
J.E. Riel, W. P. Olson 

This memorandum documents a modification of the "MDAC Solar Thermal Heat 
and Mass Balance Program" to analyze the 10 MW Solar Pilot Plant for 
cases in which the thermodynamic states at the turbine throttle valve and admission port are not the nominal design states. Also, data is presented to indicate the dependence of output power on several of these "off design" 
steam conditions for various combinations of throttle and admission flow 
rate. Several general results follow: 

1) Power output increases fairly linearly with temperature (either throttle or admission). 

2) Pressure variations have a minor effect on output power.-

3) Throttle temperature has the greatest effect on output power with a 
coefficient of about .116 watt/°F-lbm. 

-- - -· -- --
-- ~ ·-- -~ -- - ·--- .:......-= -------- ---- -4) Admission temperature..__bas::.::.a.-:--lesser·.effec.t:-_on outpttt--::power with..-.as.::..D99- ___ _ 

watt/°F-lbm coefficient. -- , -- --- --- -- ---- --- -
··-- . -·- - - - . 

I 
f 

• 
! 
t 

A description of the program -modifications- and the --1:ase.....csurrmary data shee.t5-...:. ________ _ are included in an attachment to this memorandum. 

-✓f _bt:, 
S. J. Scotti 
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Attachment to: 
A3-204-SJS-EP-484 
June 7, 1979 

Modification of Program for "Off Design" Steam Conditions 

The Heat and Mass Balance program has been modified by adding a block of code 
which corrects the turbine expansion line end point for "off design" steam 
conditions at the throttle and admission ports. Both high and low pressure 
section end points are corrected. Also, a density dependent correction is 
applied to the windage loss term that is ~resent when operating with admission 
flow only. The details of the modifications are treated in General Electric 
corrmunication LTSD4159C-14, "Approximate Performance Corrections for Variant 
Steam Conditions". 

Results of "Off Design" Cases 

Tables 1 to 4 list output power as a function of flow rates for "off desiqn" 
throttle temperature, throttle pressure, admission temperature, admission 
pressure, respectively. Included in these tables are the nominal outout 
power and the output power for steam conditions below and above nominal 
conditions. 

In sunmary, the temperature dependence of the output power (in watts) can 
be approximately expressed as the linear combination. 

DPT= WTHR {TTHR-950.0) .116 
+ WADM {TADM-525.0) .099 

where the throttle and admission flow rates (WTHR and WADM) are in lbm/hr, 
and the throttle and admission temperatures {TTHR and TADM) are in °F. ~ 
Table 5 gives an indication of the accuracy of this expression. 

The pressure dependences are smaller but more difficult to model. For a 
throttle pressure varying+ 100 psi from nominal, the output power varies 
less than+ .03 MW with the lower pressures giving the higher output power. 
For an adml"ssion pressure varying+ 50 psi from nominal, the output power 
varies less than+ .09 MW with lower pressures giving higher output power 
only when the total flowrate {admission plus throttle) was less than about 
100000 lbm/hr. 

The three cases listed in Table 1 for throttle flow only are plotted in 
Figure 1. These curves give an illustration of the magnitude of the change 
in output power that can result from "off design" tem~eratures. 
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TABLE 1 

VARIATIOH OF OUTPUT POWER WITH "OFF-DESIGN" THROTTLE TB-1PERATURE 

WTHR(lb/hr) WADM{lb/hr) P-(MWe) 

114635 0 11.21 
102000 0 9.99 

90000 0 8.81 
60000 0 5.58 
30000 0 2.32 

90000 5000 9.19 
90000 15000 9.90 
90000 25000 10.64 
60000 5000 6.18 
60000 20000 
60000 40000 8.79 
60000 54000 9.85 
30000 5000 2.78 
30000 20000 4.09 
30000 40000 5.84 
30000 60000 
30000 85000 9.27 

Notes: 

1) P Computed for aesign conditions 
Throttle Temperature= 950°F 
Throttle Pressure= 1465°psia 
Admission Temperature= 525°F 
Admission Pressure= 384.7 psia 

2) P- Computed for same conditions as 1) 
except Throttle Temperature= 850°F 

3) P+ Computed for same conditions as 1) 
except Throttle Temperature= 1050°F 

425 

P(MWe) P+{MWe) 

12.52 13.82 
11.18 12.35 
9.87 10.89 
6.31 Z.01 
2.69 3.04 

10.21 11.25 
10.95 11.98 
11.67 12. 71 
6.90 7 .61 
7.96 8.68 
9.50 10.20 

10.54 11.24 
3.16 3.51 
4.45 4.82 
6.21 6.56 
7.68 8.03~ 
9.63 9.97 

I 
f 

; 

' t 
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TABLE 2 ~ 
VARIATION OF OUTPUT POWER WITH "OFF-DESIGN" THROTTLE PRESSURE i 
WTHR{lb/hr) WADM(lb/hr) P-(MWe) P(MWe) P+{MWe) 

I 114635 0 12.52 12.52 12.51 
102000 0 11.19 11.18 11.16 
90000 0 9.90 9.87 9.84 I 
60000 0 6.34 6. 31 6.28 
30000 0 2.71 2.69 2.67 I 
90000 5000 10.23 10.21 l O. 18 I 90000 15000 10.96 10.95 10.92 
90000 25000 11.69 11.67 11.64 

I 60000 5000 6.92 6.90 6.87 
60000 20000 7.96 
60000 40000 9.52 9.50 9.48 I 60000 54000 10.55 l 0.54 10.52 
30000 5000 3.18 3 .16 3.14 •1 30000 20000 4.47 4.45 4.43 
30000 40000 6.22 6.21 6 .19 

I 30000 60000 7.69 7.68 7.66 
30000 85000 9.65 9.63 9.62 

I 
Notes: I 
l) p Computed for design conditions 

I 2) P- Computed for same conditions as 1) 
except Throttle Pressure= 1365 psia 

3) P+ Computed for same conditions as 1) I except Throttle Pressure= 1565 psia 

I 

•• I 
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TABLE 3 

VARIATION OF OUTPUT POWER WITH "OFF-DESIGN" ADMISSION TEMPERATURE 

WTHR(lb/hr) WADM(lb/hr) P-(MWe) 

0 30000 1.47 
0 45000 2.75 
0 60000 4.03 
0 90000 
0 110000 7.84 

90000 5000 10.18 
90000 15000 10.87 
90000 25000 11.54 
60000 5000 6.90 
60000 20000 
60000 40000 9.31 
60000· 54000 10.30 
30000 5000 3.14 
30000 20000 4.38 
30000 40000 6.04 
30000 60000 
30000 85000 9.22 

Notes: 

1) P Computed for design conditions 

2) P- Computed for same conditions as 1) 
except Admission Temperature= 475°F 

3) p+ Computed for same conditions as 1) 
except Admission Temperature= 575°F 

427 

P(MWe) P+(MWe) 

1.62 l.76 
2.99 3.20 
4.36 4.65 
6.74 7 .19 
8.39 8.90 

10.21 10.23 
10.95 11 .01 
11.67 11.79 
6.90 6.95 
7.96 
9.50 9.69 

10.54 10.80 
3.16 3 .19 
4.45 4.57 
6.21 6.42 
7.68 7.96 
9.63 9.99 

I 
f 

' i 



-. TABLE 4 -~ VARIATION OF OUTPUT POWER WITH 11 0FF-DESIGN 11 ADMISSION PRESSURE i 

I 
WTHR (lb/hr) WADM(lb/hr) P-(MWe) P(MWe) P+(MWe) 

0 30000 1.69 1.62 1.56 I 
0 45000 3.06 2.99 2.92 

I 0 60000 4.42 4.36 4.30 
0 90000 6.78 6.74 6.70 
0 110000 8.37 8.39 8.37 I 

90000 5000 10.24 10.21 10.17 I 90000 15000 10.95 10.95 10.92 
90000 25000 11.61 11.67 11.67 

I 60000 5000 6.99 6.90 6.86 
60000 20000 7.96 
60000 40000 ·9.50 9.50 9.49 - I 60000 54000 10.47 10.54 10.56 
30000 5000 3.24 3.16 3.11 ., 30000 20000 4.54 4.45 4.41 
30000 40000 6.29 6.21 6.19 

I 30000 60000 - 7 .69 7.68 7.66 
30000 85000 9.59 9.63 9.65 

---- -- I Notes: 

1) p Computed for design conditions I 
2) P- Computed for same conditions as 1) 

except Admission Pressure= 334.7 psia I 
3) P+ Computed for same conditions as 1) 

except Admission Pressure= 434.7 psia I 
I 

•• I 
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TABLE 5 

CHECK CASES FOR EQUATION (1) 

WTHR{l b/hr) WADM(l b/hr) DPTE(MWe} DPT(MWe} %ERROR 

90000 5000 1.06 1.07 0.9 
90000 15000 1.10 1.12 1.8 
90000 25000 1.16 1.17 0.9 
60000 5000 .76 • 72 5.3 
60000 20000 .82 .80 2.5 
60000 40000 .89 .89 o.o 
60000 54000 .97 .96 1.0 
30000 5000 .38 .37 2.6 
30000 20000 .49 .45 8.2 
30000 40000 .57 .55 3.5 
30000 60000 .63 .65 3.2 
30000 85000 .72 .77 6.9 

Notes: 

1) The off design conditions--us-ed were Throttle Temperature = 1050°F 

Admissiori Temperature= 575°F 
Pressures were design condition 
pressures 

2) "D Pr were computed "exactly" using the Heat and Mass Balance Program 
E and are equal to off design output power minus design output power. 

3) DPT were computed using equation (l) 
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HEriORANDUM 

AJ-228-JER-EP-249 
April 3, 1979 

Subject: SYSTEM BLANKETING AND SEALING STEAM REQUIREMENTS 

To: R.G. Riedesel 

From: J.E. Raetz 

Copies to: G.C. Coleman, H.H. Eby, C.M. Finch, K.R. Knox, 1!1...H. Lobell. 
R.J. Perkins 

The blanketing and sealing steam requirements influence the design and 
component selection of both the thennal storage subsystem and the auxiliary 
electric boiler. The steam conditions which must be produced from either of these two sources must match the temperature, pressure (saturated steam), and flow-rate requirements as established by the conditioned components. 
These include (1) the receiver during subfreezing periods, (2) turbine 
steam seals during non operating periods, (3) the deaerator and high pressure feedwater heaters, and (4) other steam pipes, components, and heat exchangers located throughout the system. 

The maximum blanketing steam pressure (and temperature) is established on 
the basis of heat exchanger blanketing requirements for the thennal storage 
heat exchangers (both charging and discharging}. During non operating 
periods, it is desirable to maintain a high pressure on the water/steam side of the heat exchangers to minimize the potential for oil leakage into the 
feedwater circuit. Estimates carried out during the PDR indicated that 
pressure differentials of 2-3 atmospheres would be sufficient to minimize the potential for such leakage. 

The PDR design assumed that this differential pressure would be provided on a nightly basis by a source of GN2• An option which is reconmended 
for the pilot plant design is to provide this pressure from the blanketing steam which would be available on an as required basis throughout the night. Since no GN2 would.be introduced into the system, the daily problem of 
removing the GN1 by a combination of local venting and vacuum removal from the condenser would be eliminated. The GN2 pressurization option would 
still be used for prolong periods of shutdown when condenser vacuum is 
broken and the balance of the system is changed with GN2• 

431 
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A3-228-JER-EP-249 
April 3. 1979 

The blanketing steam pressure requirement must be sufficient to provide 
the 2-3 atmosphere pressure differential over the Caloria side pressure 
which is set by the sum of the ullage and hydrostatic pressures in the 
thennal storage tank (TSU). Since a combined ullage and hydrostatic 
pressure of 30-35 psia is anticipated. a blanketing steam pressure of 
75 psia is·reconmended. 

The potential impact of using 75 psia blanketing steam pressure on 
other components was reviewed with Al McKenzie of Stearns Roger. Al 
indicated that the turbine seals and deaerator nonnally require 5 psig 
steam. Since these pressures are controlled by inlet pressure regulating 
stations. there is no problem operating with a 75 psia upstream inlet 
pressure. He pointed out that during startup. the blanketing and sealing 
steam pressure is supplied from the receiver or thennal storage at a 
substantially higher upstream pressure than the 75 psia value. Al also 
pointed out that no problem exists in matching an auxiliary electric 
boiler to the 75 psia steam condition. Other high pressure hardware 
(H.P. heaters, douncomers, etc.) will have no problem accepting the 
75 psia blanketing steam since they nonnally experience higher pressure 
during operation. The 75 psia steam should also enhance system startup 
because of the higher component temperature maintained during nightime 
periods in comparison to the level produced by the more conventional 
5 psig blanketing steam. · 

The detailed blanketing steam generation process is shown in figure 1 
(pinch point diagram). The figure shows the steam generation line,and 
indicates the high temperature and low temperature (range of values) 
extremes for-the Caloria. The exact low temperature condition must be 
defined by Rocketdyne during their detailed design since it will influence 
the location of the intennediate extraction manifold, the Caloria flowrate, 
and the minimum Caloria temperature which will subsequently enter the 
charging heat exchanger when charging operation first resumes. 

Preliminary estimates of blanketing and sealing steam quantity requirements 
are contained in the following tabulation. 

I 

.. 
I 
I 
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I 
I 

,. 
Receiver freeze protection 

Turbine seal steam 

2.3Xl06 BTU/HR (1) X ?J H<. = J'is.'-/'"10"' I 
I 
I 

1.ox106 BTU/HR (2) 

15x103 BTU/HR (3) Deaerator and HP heater 

Other-pipes, components, and 
heat exchangers 50X103 BTU/HR (4) 
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A3-228-JER-EP-249 
April 3, 1979 

These values are currently being reevaluated to reflect the latest 
design and operating infonnation. Due to the conservative assumptions 
regarding receiver freeze protection, the necessary thennal power 
shall be provided for an 8 hour period. The last three items in the 
tabulation shall be provided for an assumed 16 hour thennal conditioning 
period. 

(1) Scaled from PDR receiver-9°F ambient temp, 40 mph wind 
(2) PDR value (mcO' be substantially less if other than GE turbine 

selected) 
(3) PDR value 
(4) Assumed value-currently being evaluated 

~[6<~ 
JE Raetz 

... 
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Department of Energy 
San Francisco Operations Office 
1333 Broadway 
Oakland, California 94612 

Mr. Robert L. Gervais 
Solar One Project Office 
McDonnell Douglas Astronautics Corp. 
P.O. Box 366 
Daggett, CA 92327 

Reply To: DOE Solar One Project Office 
P.O. Box 366 
Daggett, CA 92327 

OGT 19 1984 

Subject: Contractor Clearance of Contract DE-AC03-79SF10499 
Solar One Reports for DOE/TIC Inclusion. 

Dear Bob: 

Enclosed are copies of covers and title pages of nine reports prepared by 
McDonnell Douglas Astronautics Corporation for the Solar One Project under the 
above referenced contract. In preparation for delivery of these documents to 
DOE/TIC, I have prepared a SAN form 70 "Request for Patent Clearance" and a DOE 
form RA-426 "Recommendations for Announcement and Distribution of Documents" for 
each document • 

Please have the appropriate MDAC personnel complete and sign these forms. As 
agreed, SAN form 70 should be forwarded to SAN/OPC by your office with copies of 
the completed SAN form 70 and the transmittal letter being sent to me. The 
completed DOE form RA-426 should be sent directly back to me. 

The documents covered by this letter are: 

Primary Document No. Secondary No. Brief Title 

DOE/SF/10499-TlOB STMPO 193 PSS Final Design Calculations 
(Book 18 of 26) 

OOE/SF/10499-Tl09 STMPO 194 PSS Final Oesi}n Calculations 
(Book 19 of 26 

DOE/SF/10499-TllO STMPO 195 PSS Final Design Calculations 
(Book 20 of 26) 

' 
OOE/SF/10499-Tlll STMPO 196 PSS Final Design Calculations 

(Book 21 of 26) 

DOE/SF/10499-Tl12 STMPO 197 PSS Final Design Calculations 
(Book 22 of 26) 



• 

• 

• 

OOE/SF/10499-TllJ 

OOE/SF/10499-Tll4 

DOE/SF/10499-Tll5 

~DOE/SF/10499-Tl16 
'---": 

STMPO 198 

STMPO 199 

STMPO 200 

PSS Final Design Calculations 
(Book 23 of 26} 

PSS Final Design Calculations 
(Book 24 of 26) 

PSS Final Desi~n Calculations 
(Book 25 of 26} 

STMPO 201 PSS Final Oesign Calculations~ 
...........,._ --=JBQQk 26 of 26) • . ~ 

Page 2 

If you should have any questions or concerns please do not hesitate to contact 
me by telephone at, (619) 254-2672. 

Sincerely, 

' /. 
S.D. Elliott, Jr., Director 
DOE Solar One Project Office 

SDE/aks 
Project File: CCC010.RNO(SA3:) 

Encl: Nine Document Covers W/forms 70 and RA-426 

cc: Roger Gaither, SAN/OPC 
W.D. Matheny, DOE/TIC 
Mike Lopez, DOE/SAN (FGS) 
Mary Soderstrum, B&McD 
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