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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 
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APPENDIX A-1 

HOURLY TEMPERATURES 

( R e f .  S e c t i o n  2 . 1 )  
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APPENDIX A-2 

DISPLACEMENT 

( R e f .  Sec t ion  2.2) 



APPENDIX AT).. 

DISPLACEMENT 

Displacements were ca lcu la ted f o r  a number o f  o ther  co l  l e c t o r / f i e l  d options. 

-The methodology f o r  ca lcu la t ing  the displacement was b a s i c a l l y  the same as t h a t  

described f o r  the basel ine system i n  Section 2.2 o f  t h i s  report .  Figures ~ 2 - 1  

through A2-5f present f i e l d  performance data f o r  several combinations o f  co l -  

l e c t o r s  and f i e l d  o r ien ta t ions  and spacing. These f igu res  compare the i n i t i a l  

c o l l e c t o r / f i e l d  options which were 1 i m i  t ed  t o  two types o f  co l lec to rs :  parabol i c 

trough and l i n e a r  f resne l  lens. F i e l d  performance was determined f o r  several 

d i f f e r e n t  parabol ic  c o l l e c t o r  or ienta t ions (North-South and East-West hor izonta l  

and North-South ti 1 t e d  a t  1 a t i  tude) and two d i f f e r e n t  packing fac to rs  (ground 

cover r a t i o  - GCR) f o r  the North-South t i l t e d  and the f resnel .  A l l  o f  these 
2 c o l l e c t o r / f i e l d  opt ions were l i m i t e d  t o  17,199 m (4.25 acres) f i e l d  size, as 

2 compared t o  the  14,694 m (3.631 acm) f i e l d  i n  the baseline. 

The f a c i l i t y  demand was based on an i n i t i a l  est imate o f  demand as shown , i n  

Table A2-1 This demand d i f f e r s  someihat from the basel ine demand i n  t h a t  

i t  does no t  u t i l i z e  an economizer cyc le  dur ing the spring, f a 1  1 and w in te r  

seasons f o r  reduct ion o f  a i r  condi t ioning load. Also, ,shown i n  t h i s  tab le  are 

the pe r t i nen t  power conversion system parameters. This data a1 so d i f f e r s  from 

the basel ine i n  t h a t  the  basel ine power conversion meets a l l  o f  the e l e c t r i c a l  

demand by re je 'ct ing a po r t i on  o f  the cyc le  heat i n  an a i r  cooled condenser 

wh i le  the i n i t i a l  system r e l i e d  e n t i r e l y  on the process heat and absorption 

coo l ing as a condenser load. Thus, less than 1OO'percent o f  the e l e c t r i c  load 

was produced as no ted  i n  the table. For t h i s  reason, the ca l cu la t i on  o f  

f a c i l i t y  demand used i n  determining displacement d i f f e r e d  s l i g h t l y  f o r  the 

base1 i n e  case as fo l lows: 

Base1 i n e  

demand = Power conversion load x 16 h rs  

I n i  ti a1 

demand = Power conversion load x 16 hrs  + nonproduced 

e l e c t r i c i t y  . f o r  16 hrs  













FACILITY 

ELECTRICAL 

NIGHT HEATING 

AIR CONDITIONING 

is 
I 
u 

PROCESS STEAM 

JULY - 
383.4 KW 

0 

TABLE 82-1 

INITIAL 

SIZING LOADS 

OCT-APRIL 

383.4 KW 

Y,,.' . -  

I-' ,.,'+. - . ,  
L., -.. :,,?. 4- ... 

:2,,. 
. . , .  

DEC - 
383.4 KW 

31.21 KW 97.55 KW 

(1 06,500 BTU/HR) (332,900 BTU/HR) 

220.05 TONS 213 TONS 65.57 TONS 

0,2772 KG/SEC @ 786,000 PA (2,200 LB/HR @ 114 PSIA)  

I POWER CONVERSION 

I 

DAILY LOADS - GIGA JOULES 125.92 

( lo6  BTU) (119.36) 

AVERAGE COLLECTOR 

TEMPERATURE O C /  (O F) 

PERCENT ELECTRICAL 

DEMAND FURNISHED 



where nonproduced e l e c t r i c i t y  equals 

(1 - percent e l e c t r i c i t y  produced) x ELECTRICITY required 

i n  consistent energy un i ts  

The seasonal and annual displacement f o r  each o f  the i n i  ti a1 co l  l e c t i o n / f i e l d  

options i s  shown I n  Figures A2-6 :through A2-11. The e l e c t r i c a l  and process- 

absorption heating displacements d i f f e r  numerically f r o m  the overal l  seasonal 

displacements because o f  the power conversion sys tern's varying e l  e c t r i  ca1 
output (always less than f a c i l i t y  e l e c t r i c a l  demand). As i n  the baseline, 

the annual displacement i s  the numerical average o f  the seasonal displace- 

ments. The displacement, along w i th  the required fue l  o i  1 energy and pur- 
chased e l e c t r i c i t y  t o  br ing the t o t a l  output up t o  the f a c i l i t y  demand, i s  
s m a r i z e d  i n  Table A2-2. On the basis o f  t h i s  i n i t i a l  comparison, the 

N-S hor izontal  parabol ic trough was selected as the base1 i ne col  lec to r /  

f i e l d  system. 

Two addt t i ona l  co l lectors (the SLATS and the tresnel ro ta ry  array) were 

analyzed. The SLATS performance was determined using two d f f f e ren t  op t ica l  
efficiencies. The ro ta ry  array was analyzed a t  two d i f f e r e n t  ground cover 

r a t i o s  (GCR). The performance o f  these c o l l e c t o r / f i e l d  options i s  shown i n  
Figures A2-12- through A2-16. . A1 so shown, f o r  comparison, i s  the perfonn- 

ance of the baseline co l l ec to r  f i e l d  (N-S ho r i  zontal parabolic trough GCR - 
0.464). The displacement f o r  these col  l e c t o r / f i e l d  options are sumnarized 
i n  Table A2-3 along w i th  the f o s s i l  fue l  energy and purchased e l e c t r i c i t y .  

These displacements are also based on the i n i t i a l  estimates o f  f a c i l i t y  

demand and the power conversion system parameters shown i n  Table A271 . 
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TABLE A2-2 

INITIAL 

S O L A R  D I S P L A C E M E N T  S U M M A R Y  

I (PERCENT OF FACILITY DEMAND) I 
COLLECTOR 

FIELD 

1. E-W HORIZONTAL PARABOLIC 

TROUGH GCR = 0.464 

2. N-S HORIZONTAL PARABOLIC 

TROUGH GCR = 0.464 

3. N-S POLAR PARABOLIC 

TROUGH GCR = 0.463 

4. N-S POLAR PARABOLIC 

TROUGH GCR = 0.31 3 

5. TWO AXIS NORTH-SOUTH 

FRESNEL GCR = 0.463 

6. TWO A X I S  NORTH-SOUTH 

FRESNEL GCR = 0.31 3 

ANNUAL SEASONAL DISPLACEMENT 

DISPLACEMENT WINTER SPRING SUMMER FALL - 

I Foss i l  fue l  energy i n  giga Joules (80% heater e f f i c i ency )  1 IIBL #2 fuel o i l  contains 6.145 glga Joules 

'purchased e l e c t r i  c i  t y  (MW-HR) 

'solar d i  sp l  acernent 













0 0 • 8 

( 
TABLk A2-3 

ALTERNATE COLLECTORS 

SOLAR DISPLACEMENT SUMMARY 
(4.25 ACRE FIELD) 

I 
PERCENT OF FACILITY DEMAND 

I 

COLLECTOR. FIELD 

2. Rotat ing Array GCR = 0.313 1 ' 3 8 * 8  

ANNUAL; 
DISPLACEMENT 

1. N-S Hor izonta l  T.rough GCR = 
0.464 

3. Rotat ing Array GCR = .353 
E 
N - 
-. 

4i.5 

20,178~ 234' 

1 4. SLATS Reduced Opt. Factor  1 42.9, 
GCR = 0.464 

1 (5. SLATS Sheldahl Pred ic t ions  1 55.1. 
GCR = 0.464) 

1 SEASONAL DISPLACEMENT 

Purchased f o s s i  1 f u e l  and e l e c t r i c i t y  t o  .meet p o r t i o n  o f  f a c i  1 i ty demand n o t  suppl ied by so lar .  

1. Foss$l f u e l  i n  g iga  Joules (assumes 80 percent heater  0) lBBL #2 f u e l  o i l  contains 6.145 g iga Joules 

2. E l e c t r i c i t y  i n  MW-hr 

1 WINTER 

~ 13.9 

5,157 193 

FALL 

29.9 

7,133 14 

34.8 

6,632 14. 

37.6 

6,336 14 

40.7 

6,086 .I4 

51.8 

4,882' 14 

SPRING 

62.3 

3,800 14 

SUMMER 

59.7 

4,088 13 





UTILITY RATES 

( R e f .  S e c t i o n  2 .2 )  



I -  *, , , .  

GEORGIA POYER COHPANY 

kVh Range 

0 - 25 
26 - 100 

101 - 1500 
. . 1501 - 10000 

10001 - 200000 
200001 Over 

Correction Fzctor 

.OO#j plus F.A. 
7.0 6,  plus F.A. 
5.18#, plus F.A. 
4.33#, plus F.A. 
3.0 6,  plus F.A. 
2.5 6, plus F.A. 

.. . 

I Add Sales T u . a n d  Excess Reactive Charge of $0.20/RKYA '?hen Applicable 

' . Over 200 Hours Use 
. . 

k\Y Range Correction Factor 

5 - 7  $. 3.12 . + 
8 - 5.0 15.67 + 

51 - 1000 148.87 + 
1001 - Over 1148.87 +. 

$5.64 + .80#, p l u s  F.A. 
6.94 + .66+, plus F. A. 
4.28 . + '.863!, plus F.X. 
3.28 + .865i!, p l u s .  F.A. 

Add Sales Tax and Excess Reactive .Charge of $3.20/RiVA ':?'en E-pplicable 

I Over 400 Hours Use 

kl!J Range - Correction Factor . $/kl<Y' 

5 - 7 $ 3.12 + $9.00 + .62$, plus F.A ,  
8 - 50 15.67 + 7.90 + .62C, plus F.X. 

51 - l C O C  148.67 - + 5.24 + .62,R, p l u s  F.A. 
1001 - Over 1148.67 + 4.24 . . + .62$, p lu s  F,A.. 

Add Sales Tax and Excess ReactTve Cherse of $0.2O/R:-?JA !'.'hen. ~ . p ? l i c a b l e  

I Minimaq Eill: $3.05 per k;'l of bi l l ing  iiem&c? l e s s  $12,.20 pf:ls fuel 2t?jiL:tct?nt 



GEORGIA POWER COMPANY 

Schedule o f  Fuel Adjustment Rates (FA-1 ) 

(Cents Per KWH) 

I Sales Month , 

January 1977 

February 1 977 

March 1977 

April 1977 
. . 

May 1 97 7 

June 1977 

July. 1977 ' . -  

August 1977 . . 

September 1977 

October 1977 

November 1977 

December 1977 

Fuel Adjustment date 

1.113 

E.T.H. 
8/3/77 



ATLANTA GAS LIGHT COMPANY 

N-2 SHORTCUT 
APPENDIX A-3c 

TA = AIR COND THERMS To = OTHER THERMS T = TA + To = TOTAL THERMA 

I. GAS A I R  COND. CUSTOMERS 

A. . I F  TOTAL THERMS = 50 USE SCHEDULE 11. 

B. OCTOBER - APRIL (INCLUSIVE): 

c o r r  
. RANGE (T) FACTOR - $/T - AD J - ST 

0-4 2.50 + 0 + ADJ + ST 
4-20 1.916 + . I46 + ADJ + ST 

20-600 2.736 + . I05 + &DJ + ST 
OVER 600 13.536 + .087 + ADJ + ST 

CORR 
RANGE(T0) FACTOR !$/& f1(50-T,) $/(T-50) 'SITA ADJ IT 

0- 50 2.736 + . I05  + . I 05  + .076 + . 0 ADJ + ST 
50-600 2.736 + ..lo5 + 0 + 0 + ' . 0 7 6  + A D J +  ST 

OVER 600 13.536 + .087 + .  0 .-+ . 0 + .076 +ADJ + 'ST 

I I. NON GAS A1 R COND' CUSTOMERS 

CORR 
RANGE (T  ) FACTOR - $/T ADJ - ST 

0-4 2.50 + 0' + ADJ' + ST 
4-20 1.916 + . I46  + ADJ + ST 

20-600 2.736 + . I 05  + .ADJ + ST 
OVER-600 13.536 + .087 + ADJ + ST 

GAS USED FOR SPACE HEATING ONLY SHALL NOT AVERAGE .LESS THAN $0.13 PER THERM PLUS GAS 
ADJUSTMENT PLUS SALES TAX. 





APPENDIX B1 ' 

DRAWINGS (SHADOW STUDIES) . 

( R e f .  Section 3.1) 
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APPENDIX B2 

POWER CONVERSION SYSTEM SEASONAL DESIGN LOAD SUMMARY 

The fol lowing i s  the analysis resu l t ing  i n  the loads used t o  s i ze  the power 

conversion system. The resul ts  o f  t h i s  analyses were used i n  Sec t ion  3.2.3 

o f  the report .  

















APPENDIX B 3  

AVERAGE COLLECTOR TEMPERATURE OPTIMIZATION STUDY 

0 The fol lowing i s  the analysis used i n  a study t o  determine optimum flow r a t e  

r a t i o s  across the Theminol  66 t o  toluene heat exchanger t o  minimize the 

average co l lec tor  temperature. The resul ts  o f  t h i s  analysis are  presented 

i n  Section 3.2.3. 
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APPENDIX B4 

SYSTEM OPERATING TEMPERATURE OPTIMIZATION STUDY 

The fo l low ing  i s  the analysis, from the power conversion system side, used i n  

conjunction w i t h  a s i m i l a r  study f o r  the s o l a r  co l l ec to r  system t o  determine the 

optimum temperature f o r  operating the co l  1 ector/power conversion system t o  

maximize t o t a l  system perfonance. 

The resu l t s  . o f  t h i s  study are discussed i n  Section 3.2.3. 
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APPENDIX B5 . 
' . 

POWER .CONVERSION SYSTEM SEASONAL PERFORMANCE 

Attached i s  the analysis . fo r  the f ina l  conceptual design f o r  the power con- 

version system. The resul ts  o f  t h i s  analysis are  discussed i n  Section 3.2.3 

of the  report .  





















- 
THERMAL .STORAGE/FLUID LOOP . I 

This appendix discusses the base1 ine concepts f o r  the ullage and f lu id  main- 

tenance units. A detailed description of the other major components of the 

TLermal Storage System (TSS) appears i n  Section 3.2.4 of this report. 

The basic requirement of t h i s  uni t  is  t o  provfde a controlled-pressure, i ne r t  I 
gas atmosphere above the f lu id  i n  the thermal s toragg system. I t  i s  necessary 

to  have an ine r t  gas above the heat t ransfer  f lu id  surface to '  prevent f i r e  
hazards and long-term oxidation of the f luid.  The ullage pressure must be 

controlled within a moderately narrow band t o  avoid underpressurizing or  over- 
pressurizing the tank. When the heat t ransfer  f lu id  .i-s heated over the opera- 
t ing temperature range, the volume expands by about s i x  percent. I f  the i n e r t  

gas i n  the ullage in the reservoir tank were not released, t h e  pressure would 
r i s e  above, the a1 lowable upper 1 imi t. The gas released must be. rep1 aced o r  

-b stored and returned t o  the ullage space during the cooling cycle since an I 

equal amount of gas i s  required t o  prevent the pressure from going' below the I 
I 

allowable lower l imi t  as the f lu id  cools and contracts. 

These. functions must be accomplished i n  as simple a manner as possible \ v i  t h  

min imum capi tal  , maintenance, and operating costs. The design a1 so must pemi t 

r e l i ab le  operational control and have the f lexlbi  1 i ty  and measurement caeabi'l i t i e s  

needed .for the STES. 

The major spec i f ic  requirements on the ul l  age maintenance u n i t  are  as follows: 

A. .The gas i n  the ullage space must not react \vi t h  the f luid.  Therefore, 

0,xygen and a i r  must be excluded from the en t i r e  system and an iner t  gas 

'such as nitrogen or  carbon dioxide must be substi tuted. 
I 



B.. A con t ro l  system w i t h  s u i t a b l e  backups must be provided t o  ensure t ha t  

L t h e  pressure i n .  the u l l age  space w i  11 remain w i  t h i n  the proper gage 

I = pressure range. A pressure below t h i s  range i s  n o t  t o l e rab le  since t h i s  

might  permi t  col lapse o f  the tank. ~ 
Since the emerging gases w i l l  be h o t  and w i  11 c a r p  w i t h  them vapors 

glven o f f  by the f lu id ,  they must be cooled and the condensate must be 

returned t o  the tank. Cooling the gas i s  required t o  accommodate storaqe 

of .the gas i n  one form o r  another. Those gases which do no t  condense 

when cooled t o  near ambient temperature w i  11 be considered undesirable 

and w i l l  be removed from the i n e r t  gas, while. the l a t t e r  wi.11 be stored 

and used t o  r e f i l l  the u l l age  space dur ing the coo l ing cycle. 

Several types o f  u l l age  maintenance u n i t s  have been i d e n t i f i e d  , in previous 

MDAC studies. The f o l  lowing a1 t e rna t i ves  have been examined and evaluated 

during these studies : 

A. Nonrecovered gas systems 

o Using GN2 

o Using C o y ,  

B. Condensible Vapor Systems 

o Using water 

o Using a' hydrocarbon such as heptane o r  hexane 

o Using o ther  compounds 

C. Recovered gas systems 

o .  Storage a t  TSU pressure (gas ho lder )  

o Storage o f  compressed gas 

As a r e s u l t  o f  these studies, a recovered gas ( N p )  system u t i l i z i n g  storage 

of compressed gas has been se lected f o r  analysis i n  t h i s  study. 

The u l l  age maintenance u n i t  i s  shown i n  conceptual form i n  Figure 86-1.. The 

u n i t  con t ro ls  the pressure and vapor qua1 i t y  i n  the u l l a g e  space o f  the tan!:. 

A i r  i s  excluded since i t  w i l l  accelerate the heat t r a n s f e r  f l u i d  degradation . 

rate,  and could i n  .extreme instances create  a hazardous condi t ion.  An i n e r t  

u l l age  gas i s  added and vented as the f l u i d  i n  thc system expands and contracts 



FIGURE B6-1 CONCEPTUAL SCHEMATIC OF 
BASELINE ULLAGE MAINTENANCE SUBSYSTEM 
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during thermal cycling. Nitrogen was selected as the ul1 age gas f o r  i t s  

economy and ready avai lab i l i ty .  . 

The base1 ine ullage control u n i t  has the following features:  

A. Ullage pressure automatically maintained a t  a few centimeters of water 

above ambient atmospheric pressure. 
d 

B. Low boiling condensable gases removed from expelled ullage gas so tha t  

the gas can be reused f o r  subsequent repressurization; simultaneously 

the u n i t  provides a low-boiler stripping operation f o r  the f luid.  

C. A redundant system of emergency pressure and vacuum r e l i e f  valves t o  
protect the . tank  i n  case the pressure control system i s  unable- t o  hand.le 

the necessary reduction or  increase i n  gas flow in to  the '  ullage space. 

D. A l iquid alarm (which a lso  shuts off the compressor used t o  remove ullage 
gas) i n  case the l iquid should overflow t o  the top of the tank. 

E. Nitrogen storage a t  a working pressure of 1 ~ ~ g / m '  (150 psig) and with a 
3 3 

a, nitrogen volume of approximately 45.5 m (1,605 f t  ) a t  O°C and 1 atm, 
which i s  su f f i c i en t  gas to  provide one complete f i l l i n g  .of the. reservoir 

tank. 

F. Measurement of i n e r t  gas flow into the tank f o r  monitor and record of 

proper system opera t ion;  tank pressure and i iqu id  level are also measured 

and recorded. 

6. An explo'sive mixture detector/i  ndi cator and a1 a n  w i t h  i t s  sensor located 
. i n  the upper ullage space t o  guard against  the poss ib i l i ty  tha t  accumula- 

t ions of noncondensable gases such as hydrogen do not reach a dangerous 
level should a sudden expulsion to  ,the atmosphere occur. ( I f  such gases 

accumulate over a period of time, they can be vented t o  the atmosphere o r  

mixed with natural gas and torched. Make-up gas will automatically come 

i n  from the reserve w i t h  nitrogen storage providing the required i n e r t  

gas dflution.)  



FLUID MAINTENANCE UNIT 
- 

The general requirement imposed on the f l u i d  maintenance u n i t  i s  t h a t  i t  main- 

t a i n  the. heat t r a n s f e r  f l u i d  i n  sa t i s f ac to r y  cond i t i on  f o r  cont inua l  operat ion 

of the Thermal Storage Subsystem. Some o f  the de ta i l ed  requirements t o  be met 

by t h e  u n i t  r e l a t e d  t o  f l u i d  s tab i  1 i ty, degradation products, and degradation 

- ra tes are as fo l lows. 

The f l u i d  maintenance u n i t  w i  11 be required to :  

A. ~ a ' i n t a i n  the l e v e l  o f  h igh-bo i lers  (polymerized mate r ia l s )  below a given 

, .@ value. There are i nd i ca t i ons  t h a t  20 t o  40 percent i s  acceptable; 20 

percent was used as a requirement on t h i s  design. 

B. Remove suspended s o l i d s  from the c i r c u l a t i n g  f l u i d ,  both dur ing normal 

operations and dur ing i n i  ti a1 sta'rt-up w i t h  an unconditioned rock bed 

i n  the thermal storage un i t .  . .. 

C. , Provide f resh  heat  t r a n s f e r  f l u i d  t o  make up f o r  mate r ia l s '  removed from 

the c i r c u l a t i n g  f l u i d .  
L 

D. Provide v i r t u a l l y  automatic operation using a simple d i r e c t  method which 
. . . . 

requires re1 a t i  ve l y  inexpensive equipment . 
!@ E. Use e x i s t i n g  s ta te-o f - the-ar t  technology and, as far as prac ' t i  cable, use 

ex1 s t i  ng comrnerci a1 components. 

F; Use on ly  a modest quan t i t y  o f  p a r a s i t i c  e l e c t r i c a l  power and thermal . 

energy . 
. . 

The analysis and design o f  the f l u i d ,  maintenance'unit  depends c r i t i c a l l y  on 

the 'thermal s t a b i l  i ty  cha rac te r i s t i c s  o f  the heat t r ans fe r  f l u i d .  Discussions 

were held w i t h  supp l ie rs  and users o f  the basel ine heat t r ans fe r  f l u i d s  i n  

order t o  obta in  in fo rmat ion  about the charac te r i s t i cs  of the f l u ids .  

Cominercial experience w i t h .  l u b r i c a t i n g  o i l s  shows t h a t  rou t ine  cleanup pro- 

cedures w i l l  pe rm i t  reuse o f  the o i l  almost i n d e f i n i t e l y .  Experience w i t h  

r e h a b i l i t a t i o n  and cleanup o f  l u b r i c a t i n g  o i l s  and f ue l s  u t i l i z e d  i n  l a rge  

commercial and j e t '  engines f a c i l i t i e s  i s  d i r e c t l y  appl i cab le  t o  the cleanup 



of t he  thermal storage f l u i d .  These processes 'use d i s t i l l a t i o n  t o  remove low- 

b o i  l i ng -po in t  f r ac t i ons  in.  combination w i t h  f i  1 t r a t i o n  t o  remove so l ids .  The 

l u b r i  c a t l  on-oi 1 recla iming indust ry  recen t l y  developed several new processes 

which u t i l i z e  so lvent  ex t rac t i on  t o  ex t rac t  various add i t ives and metals. 

Another new method adds recycled naphtha combined w i t h  a m i l d  caus t i c  (sodium 

carbonate) t o  the o i l ,  causing the carbonaceous mate r ia l  t o  separate. A f t e r  

cen t r i fuga t ion ,  the o i  1 i s  vacuum f r a c t i o n  d i s t i l l e d .  

From the standpoint  o f  the f l u i d  maintenance u n i t ,  increasing the al lowable 

concentrat ion o f  h igh b o i l e r s  which can be t o l e ra ted  decreases the s ize  o f  the 

clean-up l i m i t .  However, the  fo l low ing  considerat ions a f f e c t  the upper value 

o f  t he  concentration: 

A. The v i scos i t y  increase a t  working temperatures requ i  res  greater pumpi ng 

power. 

B. ' I f  system shutdown and cool ing. are required, the room temperature 

v i scos i t y  should no t  be so g rea t  as t o  make a r e s t a r t  impossible. 
. . 

C. High concentrat ion may increase o r  decrease the degradation rate;  

however, the e f f e c t  o f .  h igh'  b o i l e r  concent ra t ion on' decomposi t i o n  i s  

unknown. 

The basel'ine f l u i d  maintenance u n i t  f o r  the STES TSS i s  shown schematical ly i n  

F igure ~ 6 - 2 .  It performs three funct ions t o  maintain f l u i d  s tab ly  w i t h i n  i t s  

operat ing range: f i l t r a t i o n  t o  remove suspended so l  ids,  d i s t i  1 l a t i o n  o f  a s ide  

stream t o  remove high bo i  1 i ng compounds, and addi t i  on o f  f resh make-up f l  u i  d t o  

replace the mater ia l  removed. The u n i t  i s  designed t o  use ex i s t i ng  commercial 

components., 

A screen o f  about 20-mesh i s  provided a t  the entrance t o  each pump. This 

removes t rash and la rge  p a r t i c l e s  which are preva lent  p r i m a r i l y  a t  s ta r tup  

o r  immediately a f t e r  repa i rs  have .been made. Once the system has been cycled 

a number o f  times, the l i k e l i h o o d  o f  la rge p a r t i c l e s  being car r ied  along i s  

very h i gh l y  reduced. The TSS bed acts as an e f f e c t i v e  f i l t r a t i o n  bed, and 

on l y  the smal lest  p a r t i c l e s  can be picked up by the f l u i d  because i t s  v e l o c i t y  ' 

i s  extremely low. ' ~ t  t y p i c a l  f l u i d  design ve loc i t i es .  p a r t i c l e s  o f  spher ical  

shape and of the same dens i ty  as rock w i l l  g radual ly  s e t t l e  back down t o  the 
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. . bed i f  the diameter of .the par t ic le  i s  greater  than 16 micron' (0.0016 crn); 

only part ic les  smaller than this could be' carried along w i t h  t h e  f luid.  T h i i  

b- .  part icle  s ize is  so small ,. however, tha t  as  long as the i r  concentration i s  low 
they will n o t  .harm the system. Nevertheless, f i l t r a t i o n  equipment capable of 
removing part ic les  down t o  10-mi cmn diameter i s  being provided f o r  the 

401 1 owing reasons : 

A. The material collected by several f i l t e r s  haveing d i f ferent  pore s izes  i s  
valuable fo r  determining the extent and source of system .contamination 
and will be of great value i n  system design s'cale-up. 8 .  

. . 

B, The sol id material found in the f lu id  may be' a product..of polymerization . ' 

and carburization of the f luid i t s e l f ,  and i s  therefore expected t o  have 

a density close t o  that  of the f luid.  Hence, i t  wi1.l not . s e t t l e  out byq. 

gravity in  the TSS as i s  the case fo r  relat ively dense par t ic les  of sand 

o r  rock.   his l igh t  materig1 may prove t o  be detrimental from a chemical 
standpoint i n  that  i t  may be  found t o  catalyze polymerization of the fluid 
producing even more h i g h  boilers. T h u s ,  i t s  removal is  considered 

desirable unt i l  fur ther  confirmation i s  available,. . . 
.,- 
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APPENDIX B7 . . 

.. j 
SYSTEM INTEGRATION 

The system operating temperature t rade study was discussed i n  Section 3.2.5 

o f  t h i s  repor t  using the basel ine c o l l e c t o r / f i e l d  option. The trade study was 

a lso perfonned using the  performance o f  several o ther  cot l e c t o r / f i e l  d options. 

The. candldate c o l l e c t o r  f i e l d s  used i n  the t rade are l i s t e d  i n  Table C-2-1. 

The season c o l l e c t o r  performances fop the f i v e  o ther  candldate f i e l d s  are 

shown i n  Figures C-2-1 through C-2-5. Thei r  performances, along w i t h  the 

basel ine c o l l e c t o r  f i e l d ,  are summarized i n  Table C-2-2,. ' . 
. . 

System e f f i  ciencies were calculated, using the methodology discussed i n  Section 

3.2.5 f o r  a l l  o f  the ca l  l e c t o r  f i e l d  options using both organic ,rankine and' 

- steam power conversion cycles. This data i s  i n '  Figures C-2-6 through 

C-2-7. The resu l t s  o f  the t rade study and i t s  conclusions are discussed . i n  

Sections 1.4.1 and'3.2.5 o f  the main report.  . . 
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TA 1::. .6: [- 2 c/ 
C A N D  I D A T E  C O L L E C T O R  F I E L D S .  

1. EAST WEST HORIZONTAL PARABOLIC TROUGH GCR* = 0.464 

2.. NORTH SOUTH HORIZOMTAL PARABOLIC TROUGH GCR = 0 . 4 6 4  

3. NORTH SOUTH POLAR PARABOLIC TROUGH GCR = 0 . 4 6 3  

4. NORTH SOUTH POLAR PARABOLIC TROUGH 

5. TWO A X I S  NORTH SOUTH FRESNEL 

6. TWO A X I S  NORTH SOUTH FRESNEL 

GCR = 0.313 

GCR = 0 . 4 6 3  

GCR = 0.313 

GCR = GROUND COVER RATIO 
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/ ~ & c E  e-2-t 

C O L L E C T O R  F I E L D  E F F I C I E N C Y  

S U f l M A R Y  

COLLECTOR 

1 . E-M HORIZONTAL PARABOLIC 
TROUGH GCR = 0.464 

2. N-S HORIZONTAL PARABOLIC 
TROUGH 6CR = 0.464 

3. N-S POLAR PARABOLIC 
TROUGH GCR = 0.464 

4, N-S POLAR PARABOLIC 
. TROUGH GCR = 0.31 3 

5. TWO AXIS N-S FRESNEL 
GCR = 0.463 

6. TWO AXIS N-S FRESNEL 
GCR = 0.313 

SEASONAL ORDER 
OF PERFORMANCE 
BEST + POOREST 

BEST SEASON SEASONAL VARIATION 
PERFORMANCE A qC @ 300°C 

@ 300°C ( X )  (A%) 

JAN , Om-APR, 
JULY 

JULY, APR, OCT, 
JAN 

APR, OCT, JULY, 
JAN 

APR, OCT, JAN, 
JULY 

APR, JULY, OCT, 
JAN 

APR, JAN, OCT, 
JULY 

















APPENDIX B8 

BACKUP COST ESTIMATES 
(Ref. Section 3.7) 
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