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EXECUTIVE SUMMARY 

This f f p a l  repor t  summarizes the technical  reports f o r  Phase 111 of DOE p ro jec t  

number DE-AC04-78CS32223. The t h i r d  phase included the operation, maintenance, 

upgrade and performance repor t ing o f  a 10,080 square f oo t  Solar I n d u s t r i a l  

Process Heat System i n s t a l  l e d  a t  the Famariss Energy Refinery o f  Southern 

Union Refining Company near Hobbs, New Mexico. This repor t  contains a 
descr ip t ion of the upgraded system, and a sumnary of the overa l l  operation, 

maintenance and performance of the i n s t a l  l e d  syste 

A descr ip t ion of the system as completed i n  Phase I 1  i s  repr in ted on the 

next page from the August/September 1982 issue o f  "The Solar Thermal Report" 

pub1 ished by Je t  Propulsion Laboratory. (see Section 2.0 f o r  upgrade work). 

The resu l t s  o f  the upgrade a c t i v i t i e s  can be seen i n  the l a s t  two months o f  

operational data. Steam production was s i g n i f i c a n t l y  greater i n  peak f low 

and monthly t o t a l  than a t  any previous time. Also monthly t o t a l  cost  

savings was g rea t l y  improved even though natura l  gas costs remain much 

lower than o r i g i n a l l y  anticipated. 



Solar Steam 
Processes 
Crude Oil 

A parabolic trough collector I 
system at the Famariss Refinery 
of the Southern Union Refining 
Company near Hobbs, New 
Mexico, has been supplying steam 
for processing crude 011 since 
October 198 1. The sular thermal 

1 system generates dry saturated 
steam at a peak fate of '8 16 kg/h 
(1800 lbmlh) to supplement the 
refinery's current steam usage of 
9070 to  13,600 kg/h (20,000 to 
30.000 lbm/h). Steam is produced 
cohtinuously 24 hours per day 
throughout the year in two 
boilers fired by natural gas or No. 
5 fuel oil. The solar facility pro- 
vides up to 9% of the refinery's 
minimum steam requirement by 
means of its solar steam generator, 
which operates in parallel with the 
Famariss plant's existing boilers. 

The solar system's '12 parabolic 
trough collectors, manufactured 
by Solar Kinetics, Inc., of Dallas, 
Texas, are ground-mounted in six 
parallel rows that track the sun 
from east to west. Concentrated 
sunlight from the collectors' 
937 m2 (10,080 ft2) of reflective 
surface heats a high-temperature 
oil that is circulated through the 
receiver tubes then fed into the 
solar steam generator, where 

Upper photo: aerial view of the Famariss Refinery. The collector field of the solar 
steam system can be seen in the center foreground. Lower photo: closeup of the col- 
lector field -- six rows of parabolic troughs. 

refinery feedwater is converted 
to steam at a temperature of 19 1 
(3'75UF) and a pressure 6f 1.28 
MPa (1 70 psig). The refinery feed- 
water is supplied to the solar 
steam generator at 1 WUC (220%) 
by the refinery's boiler feed 
pumps. The solar heated steam is 
fed into the plant's steam main 
piping for refinery use; the heat 
transfer oil a returned tO the ' 

collector field for reheating in the 
receiver tubes. 

I Schematic of solar steam system for Southern Union Refinery. 

2 

Energetics Corporation of 
Richardson, Texas, L ~ I G  ~ I L I I ~ :  COII- 
tractor far this induslrial ylu~ess 
steam project sponsored by the 
U.S. Department of Energy, com- 
pleted the design phase in Sep- 
tember 1979. Site work began the 
following July after a thorough 
evaluation of five possible locations 
at the refinery. Collector installa- 
tion was completed in March 1981, 
and steam was supplied for 
refining crude oil in October 1981. 
The solar thermal facility's data 
acquisition and 
analysis phase, which began in 
February of this year, will extend 
thruugtl Mardl 1983. 

Performance projections indi- 
cate an annual solar system 
efficiency of 4Wo (after deducting 
all parasitic losses) and an annual 
equivalent fossil fuel energy 
savings of almost 4300 Mcf of 
natural gas. 

For further information contact 
L. E. Wilson, Energy Systems, 
Texas Energetics Corporation, 
1 201 Richardson Dr., Suite 21 6, 
Richardson, Texas 75080. 
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1 ;O "INTRODUCTION 
. . 

The, So lar  I n d u s t r i a l  Process Heat P r o j e c t  a t  Southern Union Re f in ing  Company 

near Lovington, New Mexico has been supply ing steam f o r  use i n  r e f i n i n g  

crude o i l  s ince  ~ c t o b e r ,  1981. 

Prev ious ly  completed phases'of t h i s  p r o j e c t  were t h e  design and cons t ruc t i on  

a c t i v i t i e s  f o r  ' t he  i n s t a l  l e d  s o l a r  system. These a c t i v i t i e s  were summarized 

i n  the  f i r s t  and second phase f i n a l  repo r t s .  

The t h i r d  phase o f  the p r o j e c t  began i n  February, 1982 upon complet ion o f  

the  phase two acceptance t e s t .  O r i g i n a l l y ,  the  t h i r d  phase inc luded one 

year  o f  operat ion,  maintenance and data  r e p o r t i n g  on the  i n s t a l l e d  s o l a r  IPH 

system. I n  A p r i l  1983, t he  t h i r d  phase was extended another yea r  t o  i nc lude  

a d d i t i o n a l  system design changes and cons t ruc t i on  a c t i v i t i e s  along w i t h  

cont inued operat ion,  maintenance, and data repo r t i ng .  System upgrade changes 

were performed and another acceptance t e s t  was completed i n  March 1984. A t  

t h a t  t ime automatic opera t ion  was accomplished, performance improvement was 

documented, and the  upgraded system was turned over  t o  Southern Union f o r  

opera t ion  as scheduled a t  t he  beginning o f  A p r i l ,  1984. 

This r e p o r t  summarizes the  r e s u l t s  o f  t he  t h i r d  phase. It begins w i t h  a 

b r i e f  d e s c r i p t i o n  o f  t he  i n s t a l l e d  s o l a r  IPH system and the  completed up- 

grade a c t i v i t i e s .  That i s  fol lowed by a summary o f  opera t ion  and maintenance 

experience. The nex t  sec t i on  presents the  system energy and economic per-  

formance data both be fore  and a f t e r  performance upgrade a c t i v i t i e s  and t h e  

f i n a l  sec t i on  inc ludes  a summary. 



2.0 PROJECT DESCRIPTION INCLUDING UPGRADE 

This s o l a r  iddus t r i a l  prokess heat system was designed f o r  and i n s t a l l ed  a t  

the  Famariss Refinery of the Southern Union Refining Company in  the  south- 

eas tern  corner of New Mexico (near Hobbs, N .  M .  ) .  The so l a r  system was 

designed t o  generate 170 p s ig /3750~  ( 1 . 2 8  ~ ~ a l l 9 1 ' ~ )  dry sa tura ted steam 

a t  a  peak r a t e  of 1930. l b m / h r  (875 Kg/hr) t o  supplement the  r e f i ne ry ' s  re-  

vised cur ren t  steam usage of 40,000 lbm/hr (18,140 Kg/hr). The system 

redesign i n  phase I1  reduced peak steam r a t e  t o  about 1800 lbs /hr  (816 Kglhr). 

Steam i s  generated continuously f o r  the  ref inery  24 hours per day throughout 

the  y.ear in a pa i r  of bo i le r s  f i r e d  by e i t h e r  natural  gas o r  No. 5 fuel  of1  . 
Tl~erefore ,  s lnce  the  peak s o l a r  system output wil l  be about f i v e  percent of 

the  minimum refinery requirement, no energy storage f o r  the  su l a r  system wil l  

be necessary nor advantageous. 

The so l a r  system provides steam from a so l a r  steam generator (SSG) which 

operates in pa ra l l e l  with the Famariss P l an t ' s  exis t ing bo i le r s .  Feedwater 

i s  supplied t o  the  SSG a t  approximately 220'~ (104'~) by the  r e f i ne ry ' s  

bo i le r  feed pumps while a separate heat t r an s f e r  o i l  (HTO) r ec i rcu la t ion  

lnnp w i  11 supply thc  collected so l a r  erler-yy t o  the  SSti trom the  col l e c to r  

f i e l d .  The HTO was reci rcula ted by a posi t ive  displacement pump with a 

separate, lower capacity,  higher head pump u t i l i z ed  f o r  cold systcm s ta r tup .  

The p ~ s i t . i v c l  displacement punips were replaced by a s ing le  more r e l i a b l e  

centr i fugal  pump i n  the  phase three  upgrade. Figure 1 shows the  upgraded 

two loop so l a r  system in te r face  with the  Famariss Plant .  As indicated,  

Loop I  I s  the primar-y thermal t ranspnr t  loop where the HTO i~ reci rcula ted 

through the  s o l a r  co l l ec to rs  and SSG. Loop I1 i s  t h e  in ter facing loop 

between the  Famariss Refinery and the so l a r  system formed by the  feedwater 

and steam pipi r~y.  

The so l a r  co l l ec to rs  a r e  east-west oriented l i n e a r  parabolic trough co l lec to rs  

as  manufactured by Solar  Kinetics , Inc. , of Dal 1 a s ,  Texas (Model T-700). 
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Seventy-two col lectors ,  each wi.th a 7 f t .  by '20 f t .  (2.13m by 6.1 m) aperture 
2 2 provide a to ta l  collector f i e l d  area of 10,'080 f t  (936 m . ) . The collector 

f i e l d  i s  divided into three equal parallel  flow paths w i t h  twenty four 

collectors per path. Both .east-west and north-south col lector  row orientations 
were studied in Phase I .  However, even though i t  was determined tha t  the 
north-south orientation could co l lec t  approximately 8% more thermal energy 
annually, the extreme seasonal variation in t h i s  orientation ( i  .e. ,  the col- 
lec tor  thermal winter output i s  only about 25% of the summer output) provided 
the lowest output when the ref inery 's  steam demand, due. t o  increased tank 
heating .requirements, was greatest .  Thus, east-west aligned rows were 

se'l ected. 

The HTO recirculation loop on the solar  side of the process interface (LOOP I 

in Figure 1) i s  a nearly constant flow system. T h u s ,  the o i l  temperature a t  
the e x i t  of the col lector  f i e l d  varies in response t o  variations in the solar 
i n p u t  between 500'~ (260'~) , or the maximum recommended col 1 ector operating 
temperature, down to about 375'~ (191°c), or the saturated steam temperature 
i n  the SSG. 

The instal led system including upgrade modifications i n  Phase I11 i s  
fur ther  described i n  table  2-1 and Figure 2 .  System performance projections 
indicate tha t  the annual solar  system efficient-y will be about 40% ( a f t e r  
a l l  system paras i t ic  losses) .  The system was or iginal ly  designed to  produce 
3,540 Million BTU's annually with 85% clear  days. T h i s  design value was 
reduced to 3,285 Million BTU's t o  account fo r  l ine  losses associated with 
the col lector  f i e l d  redesign and relocation during Phase 11. Additional 

system design de ta i l s  are  available from the Phase I f inal  report ,  the 
Phase I1 Appendix A "As-Built" Drawings, and the Upgrade "As-Built" 
Drawings in the 0'8 M Mar~ual subrlll lied l u  lht!  r.ef irler-y. Upyr9ddt! dcli v i l'ies 

pertormed during the phase I11 extension are described in the next section. 



ENERGETICS CORPORATION 

Table  2:1 PROJECT DESCRIPTION 

Application,:.. . , . . ,. . . .So:lar p roduc t ion  o f  process steam. a t  3 7 5 ' ~  
f o r  process ing crude o i l  a t  t h e  Southern 

. . . '  Union R e f i n i n g  Company near Hobbs., N. M. 

S i  t e  : 32O45'N. L a t i t u d e ,  ' 1 0 3 ~ 1 5 ' ~ .  Longi tude,  
, , 

, , E l e v a t i o n  = 3,650 ft (1112m).. 

Process ~ c h e d u ' l e  : 24-hour opera t ion ,  7 days p e r  week., 50 
. , . .  . . weeks p e r  year.  . . 

Process Load P r o f i  l e :  40,000 lhm/hr.  (18,140 Kg/hr) 
of  3 7 5 ' ~  (191oC) s a t u r a t e d  steam. 

A u x i l i a r y  Fuel : Natu ra l  gas, b o i l e r  e f f i c i e n c y  and 1 i . m  losses 
= 65% 

% Co.1 l e c t o r s  : . .. 
. . S o l a r  K i n e t i c s ,  Inc .  , Model .T-700 p a r a b o l i c  
. .  . t roughs.  

T o t a l  Aper ture  Area = 10,080 (937m2) 
, . T o t a l  Gross Area.= 23,205 ft. (2157m2). 

Mounted on ground, h o r i z o n t a l ,  east-west  ax is .  .. : Packing Factor  = .434 

F l u i d  Type, Flow Rate: O i l  - Texatherm 

Operat iona l  Pump = 37 gpm 

Storage: , . None 

Design Energy Del i very:  3,285 MBTUlyr (3466 GJ/yr)  - Inc ludes 7.2% 
energy r e d u c t i o n  f o r  c o l l e c t o r  s i t e  
r e l o c a t i o n  

Phase I Cost (Design):  $200 ,UU5 

Phase. I 1  Cost (Cons t ruc t ion )  : $81 3,750. e x c l  udes 50,000 f o r  data  a c q u i s i t i o n  
and $152,912 f o r  c o l  l e c t o r  s i t e  r e l o c a t i o n /  

, ' redes i  gn . 
. . 

The s o l a r  c o l l e c t o r  system shown i n  f i g u r e  2 . supp l ies  steam t o  the "  
r e f i n e r y  process. - Th is  steam prov ides p a r t  o f  t h e  energy r e q u i r e d  t o  
r e f i n e  crude oi.1 i n t o  qua1 i t y  petro leum products,  

Steam i s  produced i n  the. S o l a r  Steam Generator (SSG) when feedwafer f rom.  
t h e  r e f i n e r y  (see Loop 11) i s  s u f f i c i e n t l y  heated by h i g h  temperature o i l  
f rom the  s o l a r  c o l l e c t o r  f i e l d  (Loop I ) .  Th is  o i l  i s  heated i n  t h r e e  
p a r a l l e l  rows o f  s o l a r  s ~ l l e c t o r s ,  c i r c u l a t e d  through t h e  SSG, and re -  
tu rned  t o  t h e  c o l l e c t o r s  f o r  reheat ing.  

No s torage i s  used and the  system prov ides a l l  t he  a v a i l a b l e  steam produced 
t o  the  r e f i n e r y  process. Th is  amounts t o  about 5% o f  the minimum r e f i n e r y  
requirement d u r i n g  peak s o l a r  output .  



LOOP I 

Southern Union Re f in ing  Conpany - So la r  System Schematic 

F igure 2 



9PERATlQN AND MAINTENANCE 

The system operated and was maintained on a regular  basis from February 1982 
through March 1984. De ta i l s  o f  operation and maintenance by month are provided 
i n  Appendix B o f  t h i s  repor t  and a summary o f  component f a i l u r e  and t ime of 
o a a r m - = i s  provided i n  t h i s  sect ion (Table 3-1). Upgrade a c t i v i t i e s  were 
performed dur ing the second year o f  operation b$sed on ' f i r s t  year 
operating experience , equipment improvements by the co l  1 ector  manufacturer , 
and recommendations provided by SERI and SNLA. 

Thi s sect ion sumnari zes the overa l l  operat+ona maintenance and upgrade 
a c t i v i t i e s  and the  fo l low ing  section addresses the  resu l t s  as energy and 
cost savings . 
The f i r s t  year o f  operation (February 82 t o  March 83) resu l ted i n  production 
o f  steam on a f a i r l y  regular basis. I n i t i a l  system problems included a 
t h i r d  HTO pump mechanical seal f a i l u re ,  recurr ing valve f a i l u r e s  and a 
f low switch malfunction. During operation an increasing number o f  col  l e c t o r  
d r i ve  u n i t s  and microprocessor u n i t  f a i  1 ures occurred. A1 so, considerable 
receiver glass tube breakage was noted dur ing the  sumner. 

I n  August, 1982, Solar Kinetics, (SKI) restored, the  co l lec to rs  t o  100% 
operation w i t h  substant ia l  repa i rs  t o  most o f  the d r i ve  un i t s .  S ign i f i can t  
operational performance improvement was noted i n  the l a t t e r  p a r t  o f  the year 
due t o  the S K I  repa i rs  and the improved maintenance performed by Energetics. 
During the winter, feedwater l i n e s  and steam t raps froze, the pump motor 
gear reducer f a i l e d  along w i t h  various ather cont ro ls  and co l l ec to r  problems. 

Unpredicted reduct ion i n  the number o f  operating days occurred during the 
f i r s t  year. Thi s was p r ima r i l y  due t o  excessive mai ntenance requi  rements , 
lack of spare parts, numerous windy o r  cloudy days, no system operator, and 
i n te rm i t t en t  data acqu is i t i on  (ODAS) problems. Addi,tional l y  reduced steam 
production during operational days was due t o  d i r t y  co l  1 ectors , col  1 ector  
d r i ve  u n i t  problems, and numerous sources o f  heat 1 osses . 
Upgrade a c t i v i t i e s  were planned f o r  the second year extension (March 83 t o  
March 84). I n  order t o  improve performance and r e l i a b i l i t y  o f  the system, 
Energetics performed these a c t i v i t i e s  a1 ong w i t h  continued operation. The 
a c t i v i t i e s  performed and expected resu l t s  were as fo l lows: 



(1) . Operation was reotdre&:to .(the wirid d d g e d  no&thl row' of coll&tors b;; 
replacement of.  mqrror*: .mdu?l-&s and reeeivei. .'ass>@l yes. T h i t  .restored 
20%, mope .eriergy cot 1 ect3 on, t o  the 'sfl'tem'; .. ' ' a ,  s ' 

. * .  - 7  

. 3  
' 5  I - .  : 8 . '  z 3 I .  

. 9 . , 

(2)  HTO (heat transfer o i l )  p ip ing  changes were made i n  order to el iminate 
250 .feet o f  3" suppplpipe to' the. c6llect'er -field, This signl'ficantly 
reduced -startup and *operational .heat Tosses. .. , ' .a 

I .  , . , -  :*,+ . s . : - . ,  . . -. , . .  

(3) HTO changes were made to accomdate d single centrifugal 
pump i n  the equipment room. This eliminated the startup pump,mechanical 
seal , and the ' p$~ld for-mecharid cal seal cool Sng water. , 8 5' I 

'7 1 -  . . 
7 .  I 

, , 

(4) Cold traps were2i'tltorpoPdted. in the pipiilg'. to the6 steam generator and 
axpansian tank in order t o  reduce non-operatignal heat 1 qsses , 

* , .;. - >' i . ' . . , , . . *  4: , 
l ,  i r . 

F .. , , . 5. 
I ' 

(5) An a i r  separatof *was ad.dedT$ the HTO.pipin4 ahead of the"pump and 
a ho t  n i l  difP~~seF ~ $ 4  installed. i n  .the expansion tank. $These 
colliponerits reslXl tkd  i n  cantirlious el iminat'ion .of. air' bubbles' i n  the 
H J O  p i  ping 1 oop and, deletion' of  thep.ni t).sgBn. 'Ijressuye 'system on the , ,  expansian tank. 

I (6) Reinsulation wa5 performed a n  @ny expossd or changed pip ing-  All pipe 
anchors %and pemlanent i ns8r"mentation Mere reihshl'ated' t o  reduce heat 

. ? .  1 os'ses . 
(7) Leaks from the steam' genepator. a t  the manhole Cover seal ahd . out of 

the blowdown valve were repaired to prevent stem les'ses. . ' 

8 Freeze .damaged .steam traps . -we& . replaced w i t h  freeze. prbof urilts to- ' 
, ,  :. . .- reduce steam losses. ', . I ,. . . I  

, . 
7 .  . .. , .  I I , 1 . 1  ' / 

(9) A11 brokerii glass Lubes 5r1 the col lector f leld were* Peplaced. A I  I 
receiver supports were modified and improved dust seals were instal 1 ed . 

, '- At I glass tubes and assemblies Here' carefully cleaned and a4f gned 
during rep1 acements : -Th%s reduced- heat 1 osdes 'and . ,  Tmproved. . . focus on t h i  recbjj)ers.; - ' . >  + 

4 . , ' . .  Y " I * .  , . , "  < ,  I C I  . 

(10) Spiral flow ribbons were rGmoved f rm.a l1~ 72 Peteiver tubes;' Tubes 
were removed, inspected, clegned, reinstal 1 ed, a1 igned , and tightened. . I .. I . ,  Thlsi rBd3ced':HTOc f Pow. r&si3tariBi 8iid * V&dd3tag&: - .- i 

(11) The solkrioid qperated IYeisd\n)iker .\iaI+e! 'w$; rkplaetsg with s i  rdotor ' ' 

driven @it1 1 -vL13e: 'This ,cthp~etely' $ttmf nateef'~valvi?, . r l  closure problems 
arid water Wmber-durfnrj ftiadtrater, 9njl&'?!C?ni. ' - > 8 

.-, . . . 4 :  . . . . . : . -  . ' , . > .  ( '  
8 . ,  6 .  

(12) 61 ijwdown was riddced' to aamiinual once'-a-&hth ma+ htenancb firocedurb. 
A1 so, an ext&rw&I?y' bBnted' 1 ina N s  .added kb 'the steam grineratoP 1 eve1 

' switch coi'umil $0 fa@ 1 i%titel~bl~#dwtx TkSs reduced 'steari~ ' losses addr 
prewentbd Q&dwatbr *2ofit?9;1. $~ob;.l ems ? ' ' - *:" ':' - $ ) I  r .  . + 

, , , J 7 :  9 3 . .  I - ., . . .  . , . ' ' ." . * .  
., ') '  :. 
I ,  , L 

\ .  
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' (13) ' spare p a r t s f o r  t h e  col l e i t o r s  and the $ystem,were purchased and 
stocked in,  the equipment.and,visitor rooms. Major items such as the 
pump. and, si n,gl e source"i terns such as col 1 ector , t racker  heads were 
obtained i n .  order to  reduce future -maintenance downtime .and cost. 

. .  . 

(14) spare f lex  hoses' were. stocked equal t o o n e  half og the col lector  f i e ld  
inventory. Collector travel was restr ic ted t o  45 elevation angle 
to  the north in order to  reduce s t resses  on the existing f lex  hoses 
during search mode operation.. 

Further'upgrade ac t lv l t i e s  were finalized l a t e  i n  the second year and the 
performance of th i s  work was subcontracted t o  the collector manufacturer. 
These ac t iv i t i e s  and the resul ts  expected were as follows: 

(1) SKI instal led SNLA furnished search mode tracker boards, including new 
mounting boxes with an external row control switch on a l l  hydraulic 
drive units.  This ins ta l la t ion  also included new wiring harnesses 
with proximity 1 imi t switches . This resulted in search mode capabi 1 i ty , 
higher r e l i a b i l i t y  components, and bet ter  environmental protection for  
the collector controls. , 

( 2 )  Modified hydraulic bypass valves were instal  led on a1 1 hydraul i c  drives.  
Time delay relays i n  the controls were also incorporated. This 
resulted in more rel iable  high speed/slow speed tracking capabili ty.  

( 3 )  A heavy duty hydraulic drive motor relay was instal led on each drive 
u n i t  to  improve re1 iabi l  i ty.  

(4)  Nitrogen 1 eak repa i rs ,  recharging of accumulators, and pressure switch 
adjustment was performed on each drive unit  where needed. This 
increased high speed operation and assured drive out of focus protection 
during power f a i  1 ure. 

(5) The central control microprocessor was reprogrammed fo r  search mode 
operation and the new rotating l ight  switch was adjusted. This 
provided i tiipr*uved partly cloudy .day operati on and bet ter  s t a r t .  u p  
and shut down times in order to  reduce .pumping heat losses and 
power comsumption from excessive r u n  time. 

(6) New components were waranteed by SKI to  assure long term operation. 

This concluded the upgrade ac t iv i t i e s .  Other operation and maintenance 
acl ivi t , ies  were performed throughout the third phase extension and are 
detailed i n  the Appendix 8 monthly reports. These component f a i lu re  
oeeurrances are  also surrrmarized i n  Table 3-1. I t  can be seen that  a 
s ignif icant  amount of fa i lures  occurred around the coldest winter months. 
Most of the fa i lures  l i s t ed  in Table 3-1 have been reduced or eliminated as 
part  of upgrade repairs.  One exception was the.steam 1 i'ne check valve a t  
the refinery which was overhauled b u t  intermittently fai led to  close. This 
f a i lu re  was most.1ikely due t o  insuff ic ient  pressure drop across the valve 
during steam1 ine cool down. Data acquisi ti.on system (DAS) problems, were a1 so 



. . . ,  
. . 

. . . . . . . ' . _  . . , ' .  . . , 
i d e n t i f i e d  b u t  n o t  f u l l y  resolved.' However, 'the DAS was. n o t  p a r t  o f  t he  
opera t iona l  'system and i s  scheduled f o r  'r'emoval . 
Wind damage t o  the  col1e;tors 'occurred a b u t ,  the  same t ime i n  1984 as i n  1983. 
The 83 occurrance .i's..descr.ibed: i.n . the ho t  l i n e  repor t ,  Appendix A. The 84 
occurance happened dur jng  opera t ion  a f t e r  completion o f  t he  f i n a l  acceptance 
t e s t .  This w i  nd'.'damage and o ther  acceptance, t e s t  recommendations are  a1 so . . .  I ' .  
d iscussed i n  Appendix . . A. . . . . . . . _ ' 



Table  3-1 COMPONENT FAILURE CHART 

1984 

' 1 s t  
Qtr 

, 

A A. 
X X X  

X 

X 

x 

TIME.AND FREQUENCY OF OCCURRENCE : 

D r i v e  U n i t  
H y d r a u l i c  Lcak # - 

. . 

EQUIPMENT 

MECHANICAL 

Pump ~ o t o r  
Speed Reducer 

Feedwater Valve 

SSG Gasket 
Leak 

Steam Trap Froze 

Feedwater L i n e  
Froze 

Pump S h a f t  Mech- 
a n i c a l  Seal F a i l e d  

Check Valve a t  
R e f i n e r y  T i e - i n  
F a i l e d  Open 

. .  . 

1 s t  
. (Itr . 

X 

X 

X 

X 

1983 

3 r d  
.Qtr 

' 

4 t h  
. .Qtr . . 

X 

2nd 
. ,.Otr 

4 t h  . 

Qtr . 

. . . . 

. 

X 

X 

X 

'1982 ' 

3 r d  
.Qtr . 

. 

X 

1 s t  
Qtr 

X 

X 

2nd 
Qtr 

-. 

X 

X 



NOTES: (1) Failure t o  operate of one or more collector drive units due t o  various 
hydraulic or electr ical-  component fa i lures .  

. . 
. . .  , . . . .  

. . . . . . . .' 

COLLECTORS s n t .  
Glass Tube 
Breakage 

Ni trogen 
Leaks in Hyd 
Accumulator 

Receiver 
Jube Leak 

( 2 )  Poor 
Tracking 
Accuracy . 

Field ' 

Light SW 

ODAS 

( 2 )  Fai'lure of one or more collector rows to .  track pr.c)per.ly. . 

. (3 )  Fai,lure o f .  the ODAS system did not resul t  in system down time, 
however, i t  did reduce reported monthly performance as shown in 
Tab1 e 4-1. . , 

TIME PND 
. .  

: l s t  
.Qtr . " 

.. 

I : 

x 

, a F 1 e d  , 
To Record 

1984 ' :  
1s t  

. . Q t r .  . 

X 

X X  X 

FREQUENCY OF OCCURRENCE 
. . . . . .  

2nd 
. '.'Otr . . 

II 
x 

X 

. . . . . .  

1s t  
. .Qtr 

# 

X X 

'1982 ' 

3rd 
. .Qtr 

x 

x 
x 
x 

. 
1983 

2nd 
. Otr . 

-- 

I 

x 

x x 
X .  x 

. .  . .  

4th 
. . Qtr .' 

X X X X  

" "  

3rd 
. .Otr: 

- 

X 

x 

x 
x 

. . . .  

4th 
.Otr:. 

8 

x 



4.0 ENERGY/ ECONOMIC PERFORMANCE 

A summary o f  t@e energy and econmitic perfchance of this system & r i n g  phase 
IIT 1s si~@#~! TB Tables 4-1 hnd 4-2. Energ$. savings shlwed stgniff cant 
increase frr 'October $982 as a result of SKf drive u n t t  repairs,. The second 
h i  hest month occurred i n  May 19fS3 even though only 5 out of 6 ram of B CQ lentors weye operatf onal . Upgrade constmactisn activities begdn On: sf  t e  
tn Augu~f: 1983 a d  sme perfamance fmprov@iuent was noted I n  November 1983, 
After a severely cold wfnter and completian of nearly al l  upgrade s i t e  work, 
t h e  sy3tm produced the greatest amount of steam and energy savings ever i n  
February 2984. 

Energy cost savings are s m a r i  zed i n  Tab1 e 4-2. Wnaccaptable t o b l  savi ngs 
was caused primari ty Prom less than predicted fuel savings and hlgh 0 & M 
cost. ~Fwt saviqqs aw 1w because of luw cost of fqssil fuel: &?$placed and .... 
lower khan pkdicted enewp savings. Q &'M costs were also h1ghe.r thari 
anticipated due to  maintenance and 1 i abi 1 i t y  insurance. Insurance cos$ was 
ddwmined from s~&t&im replacement costs of $600,000 .̂ ' -  

' 1  

However, a s  a ,r@sul t of upgrade work the system d M  op&it$ p r o f v i b b b  ' i n  
Februal'y and March 1984. 



TABLE 4-1 SOLAR PROJECT PERFORMANCE 

NOTES : 

1. System operated f o r  a s i g n i f i c a n t  p o r t i o n  o f  t h e  month w i t h  few 
0 & M problems. 

* 

NOTES 

1 
1 

3 
3 
2 
1 
1 
1 
2 
1 

1 
1 
1 

' ---- 
1 
4 
4 
4 
1 
2 
2 
1 
1 

- 

MONTH/ 
YEAR 

Feb 82 
Mar 82 
Apr 82 
May 82 
Jun 82 
J u l  82 
Aug 82 
Sep 82 
Oct 82 
Nov 82 
Dec 82 
Jan 83 
Feb 83 
Mar 83 
Apr 83 
May 83 

. Jun 83 
J u l  83 
Aug 83 

, Sep 83 
Oct 83 
Nov 83 
Dec 83 
Jan 84 
Feb 84 
Mar 84 

7 

2. System n o t  operated much o f  month due t o  inc lement  weather, equipment 
f a i l u r e ,  r e f i n e r y  down f o r  maintenance o r  no operator .  

3. ODAS Vortex Flowmeter removed f o r  c a l i b r a t i o n .  No da ta  ava i l ab le .  

4. System down f o r  upgrade cons t ruc t i on .  

NET 
ENERGY 
SAVINGS 

55.4 
38.1 
29.1 - 
- 
7.1 

37.5 
71.3 
49.7 
17.8 
35.1 
30.9 
60.0 
55.7 
67.3 
30.8 
53.1 
16.5 - 
28.3 
47.0 
13.0 
6.1 

108.1 
93.7 

-- 

- 
ENERGY 
I N  
COLLECTOR 
PLANE 
- 
190.3 
172.6 
96.9 - 

107.2 
70.5 

167,. 8 
242.5 
183.6 
70.4 

195.1 
141.7 
181.0 
176.5 
233.5 
147.3 
232.1 
86.1 
14.2 
89.5 

156.3 
71.3 
34.9 

245.2 
338.3 

ENERGY 

ENERGY 
COLLECTED 

61.3 
51.0 
41.1 - 
24.9 
15.2 
46.5 
83.3 
60.2 
25.7 
53.6 
40.8 
61.8 
49.4 
48.6 
29.7 
55.4 
23.9 - 
14.3 
54.3 
36.1 
4.2 

69.1 
67.3 

PARASITIC 
ENERGY 
USED 

- 
5.5 
8.0 
5.3 - 
3.7 
2.6 

., 5.6 
8.1 
6.6 
3.4 
6.2 
5.3 
6.4 
6.4 
7.0 
5.2 
3.6 
3.7 - 
3.0 
8.7 
5.0 
2.9 

14.1 
12.1 

I N  MILLION 

ENERGY 
DELIVERED 

39.6 
30.3 
22.4 - 
- 
6.3 

28.0 
51.6 
36.6 
13.8 
26.8 
23.5 
43.2 
40.4 
48.2 
23.3 
40.0 
13.2 

20.3 
36.2 
11.7 

5.9 
73.4 
68.8 

BTU 

GROSS 
ENERGY 
SAVINGS 

61 .O 
46.7 
34.4 - 
- 
9.7 

43.0 
79.4 
56.3 
21.2 
41.3 
36.2 
66.5 
62.2 
74.2 
36.0 
62.7 
20.3 - 
31.3 
55.7 
18.0 
9.0 

122.2 
105.8 



TABLE 4-2 SOLAR PROJECT ECONOMICS 

* $5.09 per MBTU f o r  source e l e c t r i c a l  energy 

NOTES : 

MONTH/ 
YEAR 

Feb 82 
- Mar 82 
Apr 82 
May 82 
Jun 82 
J u l  82 
Aug 82 
Sep 82 
Oct 82 
NOV 82 
Dec 82 
Jan 83 
Feb 83 
Mar 83 
Apr 83 
May 83 

, Jun 83 
J u l  83 
Aug 83 
Sep 83 
Oct 83 
NOV 83 
Dec 83 

1. Gross f o s s i l  f u e l  savings based on 65% b o i l e r  e f f i c i e n c y  ( i nc lud ing  
i d l e  and l i n e  losses) and a na tu ra l  gas cos t  o f  $3.43 pe r  MBTU. 

NOTES 

1 

2 

3 

4 

2. Main pump gear reducer f a i l e d  r e s u l t i n g  i n  h igh  r e p a i r  cost .  

3. System down f o r  upgrade construct ion.  

4. Natura l  gas costs rev i sed  t o  $3.75 per  MBTU. 

, 

Jan 84 
Feb 84 
Mar 84 

TOTAL 
SAVINGS 

(PROFIT) 

- 
- 
- 
- 
- 
- 
- 
- 

25.25 
- 48.17 
-251.81 
-644.79 
- 99.50 
- 4.96 
- 34.39 

24.30 
-177.67 

7.13 
-144.34 - 
- 92.72 
- 30.45 - 91 

GROSS 
FUEL 
SAVINGS 

- 
208.75 
160.32 
118.07 - 

- 
33.16 

147.58 
272.39 
193.27 
72.74 

141.75 
124.26 
228.04 
213.25 
254.58 
123.04 
215.20 
69.59 - 

117.37 
208.94 

67.62 
-166.63 
231.45 

*PARASITIC 
ENERGY 
COST 

- 
27.93 
40.68 
27.14 - 

- 
13.13 
28.24 
41.42 
33.66 
17.32 
31.62 
27.09 
32.66 
32.72 
35.38 
25.79 
48.7 
19.01 - 
15.18 
44.47 
25.60 

DOLLARS 

NET 
FUEL 
SAVINGS 

- 
180.80 
119.65 
90.93 - 
- 

20.02 
119.34 
230.97 
159.61 
55.43 

110.13 
97.17 

195.38 
180.53 
219.20 
97.25 

166.43 
50.58 - 

102.19 
164.47 
42.02 

33.77 
458.3 
396.8 

O & M  
COSTS 
INCL * 

- 
- 
- 
- 
- 
- 
- - 

321.42 
320.58 
324.23 
786.54 
246.06 
249.42. 
247.64 
230.30 
300.71 
254.13 
213.92' - 
210.10 
239.39 
180.52 

14.72 
72.0 
61-7 , 

19.05 
386.87 
335.14 

200.04 
226.88 
216.59 



SUMMARY 

With completion o f  the upgrade a c t i v i t i e s  and proper maintenance, the Solar 
IPH system a t  Southern Union should easi ly  exceed the already acceptable 
energy production levels  of the l a s t  two months o f  the t h i r d  phase. Given 
the qua l i t y  of maintenance avai lable from Southern Union, the support of the 
col 1 ector manufacturer, and the excel 1 ent avai 1 able solar energy a t  t h i s  
s i t e ,  i t  i s  believed tha t  t h i s  system can operate i n  an economically 
acceptable manner t o  the ref inery . 





Energy ~eclrnoiucjy Enyinecring Ceriicr 
Energy Systems Grcup 

P.O. 9r.x 1443 
Canqa Park, CA W304 

(213) 341-1000 

Operated for U.S. Depar!m;nt of Energy 

February 19 , .  1982 

Rock&vciD 
International 

Mr. William D. Ke t t l e ton ,  J r . ,  Project  Nanager 
Engineering and Facil i t i e s  Managem~nt Division 
San Francisco Operations O f f i e  
U. S.  Department of ,Energy 
1333 Broadway 
Odkldrld,  CA 3461 2 

Subject:  Tr ip  Report - Acceptmce T e s t  u f  tt~r Southern Ur~ion Oil 
Refinery So1 a r  IPH Project  

Dear Mr. Nett leton:  

Enclosed a r e  copies of t r i p  repor t  fo r - the  acceptance t e s t  conducted by 
ETEC a t  the  Southern U n i ~ n  O i l  Refinery Solar  Project  in  Lovicgton, blew 
Mexico. The pro jec t  i s  a Cycle 111, high temperature, high pressiire 
steam s o l a r  f a c i  1 i t y  on which cc:istruction has been cernpi etecl a d  cperz -  
t ion  i n i t i a t e d .  The inspection and t e s t i ng  were completed on January 22 ,  
1983, 

I f  you haye any quest ions ,  please contact  Bi l l  Bigelow a t  (213) 700-5527. 

Sincerely yours,  

Enert~y Prngrdms 
Ener-yy Techno1 ogy Engl nccri ng Cerlt.er 

Znt;losur.e: . a s  noted ( 3  copier)  

I .  1 : W .  W. h e r ,  DOE-tiQ 
G .  Greyerbiehl ,  [JOE-!!CE 

, A: N .  Pappas, DOE-ALG 
E. ' Dai1.i s , DOE-ALO 
J, K .  Hartrnan, DOE-ETEC PC) 
;. A ,  I..enriard, Sat?diz 
D. E. Ratldai i , 5an ida  /- . I 8  r 
L. Irli-i son ,  ~ n e r g e t j c s  
\<!. P r i ce ,  E r i e r g e t i c s  
I./. Carl i l e ,  Enersetics 



Internal Letter Rockwell International 

Date: . February 19, 1982 No: . 82-202-1 -034 

TC: (Name. Orgdnizalicn. l n l e r n ~ l  Address) 

J. 0. Bates 
ETEC 
720-202 TO36 

FROM: (Flame. Organization. :nfernal Address. Phone) 

W. L. B ige low 
ETEC 
720-202 TO36 
5527 

Subject: T r i p  Report  - Acceptance T e s t  o f  t h e  Southern Union O i l  
R e f i n e r y  S o l a r  IPH P r o j e c t  

Summary : 

An acceptance t e s t  o f  t h e  Southern Union ~ e f i n ~ i n g  Company S o l a r  P r o j e c t  . 

was conducted t he  week of  January 20, 1982. The .system performed we l l .  
i n  demonstrat ing t h e  emergency and p r o t e c t i v e  modes and d u r i n g  normai 
opera t ion .  No major  problems were observed i n  t h e  o p e r a t i o n  o f  t h e  
c o l l e c t o r  f i e l d  o r  t h e  o n - s i t e  da ta  a c q u i s i t i o n  system (ODAS). A punch 
l i s t  o f  m inor  i tems was generated by t h e  i n s p e c t i o n  team and t u rned  ove r  
t o  Ene rge t i cs  (A&E) f o r  c o r r e c t i o n  o f  t h e  d isc repanc ies . .  The team agreed 
t h a t  Energe t i cs  had s u c c e s s f u l l y  completed Phase I 1  o f  t h e  program and 
recommended t h a t  DOE-SAN proceed w i t h  Phase 111. 

Discuss ion:  - - 

ETEC r e p r e s e n t a t i v e s  conducted an acceptance t e s t  o f  t h e  Southern Union 
O i l  R e f i n e r y  So la r  IPH P r o j e c t  i n  Lov ington,  .New Mexico, on J a n ~ l a r y  20, 
21 and 22, 1982. Personnel f rom Ene rge t i cs  Corpora t ion ,  DOE, and Sandia 
Labs were a l s o  present .  I n  a t tendance were: 

Lee Wilson, Ene rge t i cs  
Wayne P r i ce ,  Ene rge t i cs  
B i l l  N e t t l e t o n ,  DOE-SAN 
E r r o l  Davi s , DOE-ALO 
Duane Randal 1 , Sandi a 
D i ck  Saunders, ETEC 
Jack Roberts, ETEC 
B i l l  Bigelow, ETEC 

S i t e  i n s p e c t i m  and -system t e s t s  were conducted on January 20 and 21, and 
t e s t  r e s u l t s  and f i n d i n g s  were d iscussed on January 22. The i n s p e c t i o n  
and t e s t s  r e s u l t e d  i n  a punch l i s t  o f  25 i tems, (Attachment 1 ) .  The smal l  
fiunber o f  d isc repanc ies  no ted  by t he  i n s p e c t i o n  team i n d i c a t 2 s  t h a t  
Energe t i cs  was we:l prepared f o r  t h e  acceptance t e s t .  The o n l y  ma jo r  
i ten] no ted  was p o s s i b l e  evidence o f  rece l t4er  tube 'I eakage. 

Evidence o f  o i l  d e p o s i t i o n  was observed on t h e  g l ass  covers a t  severa l  
r e c e i v e r  tube  connect ions i n  the  c o l l e c t c r  f i e l d .  T h i s  c o n d i t i o n  occurs  
a t  t h e  G-rlut connectors  j o i n i n g  t he  t.er1-foot l e n g t h s  o f  r e c e i v e r  tube. 
The o i l  d e p o s i t i o n  i s  r iot  t h e  r ~ s u l t ,  o f  gross leakage b u t  appears as a 
l i g h t ,  o i l y  n l i s t  fo t -n ing on t h e  i n s i d e  o f  t h e  g l a s s  covers.  A s i i i i i la r -  
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Subject: Trip Report - Acceptance Test of the 
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82-202-1 -034 
February 19,  1982 
Page 2 

condition was experienced with the so la r  kinetics T-700~collectors a t  
the Lone Star  Brewery Solar Project in San Antonio, Texas. Attempts t o  
mechanically check the therminol leaks there were unsuccessful, and each 
row of receiver tubes was subsequently welded togettier. to form the 
90-foot length of run. Item 1 of the punch l i s t  reconmends tha t  close 
surveillance o f  the col lectors  be maintained to identify any change in 
t h i s  condition. . . 

Insulation of the col lector  f i e l d  piping and the runs' t o  the mechanical 
room were dell  done in general, b u t  the aluminum,wrappers covering the 
f iberglass  insul lat ion were not well sealed. Rainwater running along 
the piping runs could trave! under t h e  wrapper seam and i n t o  t h e  
insulation, thus reducing system efficiency. Use of a sui table  sea ler  
a t  the wrapper seams would prevent wetting of the fiberglass.  

All operational t e s t s  were performed with a.minimum of d i f f i cu l ty ,  and 
the resu l t s  of the acceptance t e s t  zre l i s t e d  in Attachment 2.  The 
emergency and protective t e s t s  were completed about 3:00 P.M. on 
January 20, and the normal operating t e s t s  were conducted the follgwing 
day. Average beam solar  radiation a t  the time measured 108 BTU/FT -HR 
and produced a temperature r i s e  across the col lector  f i e l d  o f  25.7"F. This 
translated t o  a co l lec tor  efficiency of about 32'1,. 

The inspection team along with the Energetics people met with Bill  McDonnell, 
*he Southern Union Plant Maintenance Manaqer on January 22.  Bill  Nettleton 
s tated that  Energetics had successfully passed the acceptance t e s t ,  con- 
cluding Phase I1 of tlhe prograrri. Some discussion followed regarding solar  
s i t e  tours and the specif ic  rzsponsibi l i t ies  o f  Ene rge t i cs  and Southern 
Union during Phase 111 {data gathering and evaluation) of the program. 

Attached a re  the cGinrnents on the inspection check1 i s t  and the operational 
t e s t s .  

Energy Technology Engineering Center 

Attachments: as noted 



. . 
Attachment 1 t o  IL No. 82-202-1 -034 

., * .. . . . . , 

. , .  

...' 

SOUTRERN UNION OIL REFINERY ACCEPTANCE TEST PUNCH LIST 
January 20, 21 and 22, 1982 

. . . .  , .:. . . . . .: . . . . 
Collector. Field ,. . . . s 

, . . .  
. . 

4 .  
. . 

~ ..Y. . . 
I .  Oil deposits a t  several locations on receiver  tube g l a s s  covers' 

.around' the B-nut:connections. ,Suggest mapping B-nutconnections of 
en t i r e  f i e ld  and maintain.: cl.ose surveil.la.nce.for any changes .during 
operation over the next few weeks. . . 

2. Reflector. focus i s  generally. good b u t  needs some' f ine  tuning a s  more 
. . . . operating time i s  logge'd. - ;  :. : 

. .  . . . . . . . . , . .. 
3. Broken glass covers:jn rows.4 and 6. . . 

. .  . 
, , 

. . . . > . , . , - 

4. O i l  deposi t 3  on most B-nuts- connecting t h e  f l e x  hoses to  the manifold 
downcomer pipes .'at both ends of the .col lector  rciws. Needs at tent ion 
before' :insulation 'and a1 umi'num .wrappers .are rep1 aced. 

. 
5. Rep,lace a l l '  water or oil-soaked f iberglass  insulation. . , . .  

. . ;. " 

6. Oil . 1ea.k . .  observed a t  the mid,-row .expansion :loup .on Row 2. . . 
. . 

7. ~ a t e r ~ r o o f  seal ing of aluminum wrapper jo in ts  needs to  be provided 
over en t i r e  outdoor piping system. 

. . 

8. Hydriul i c  o i l  leakagelspil lage observed a t  several drive module , 

locations. . . 

9. General observation tha t  receiver tubes tend to  move in an eas te r ly  
direction rather than equally in both axial directions during 
thermal expansion. 

10. Some grading o f  excavction needs t o  be completed. 

11. Paint/touch u p  areas .with 'galvanized paint a t  pipe support connections 
on col 1 ector pyl ons and as needed. 

12. Record and observe the areas whre film delamination i s  s t a r t ing  on 
coll  ector ref1 ector surfaces. 

13. Modify fiex cunnect io~~ instal  la t ion to  remove kink in f lex  .hose. 
(Row 6 ) .  * 

14. A f ine  ,tune balance. of the flow through the collector. rsws wi.11 
probably irnprove performance. 

15. Sclect and procure coll  ebtor \?ashing equipment. 

16. Ins ta i l  a to ta l  global radiation sensor t h a t  measures to ta l  radiation 
incident to  the plane of the col lectors .  



Attachment .l to IL., No.. 82-202-1 -034 

. ., 

Mechanical Room - 
1.  Resolve main pump leakage problem. 

, .  . 

2. Color code piping, flow arrows, and component identification. 

3. Transfer instrumentation for m,onitoring steam flow from its present 
location in the mechanical room to the steam line interface at the. 
refinery. 

4. Consider adding a vent opening high in north wall o f  equipment room 
to provide natural circulation for heat and oi'l fume removal. 

Control Room 

1. Locate a P&I and ODAS channel index diagram in the control room to " I 

> 

coordlnate Information between system and W A S .  

2. Instal 1 door stops/el os& to 'prevent doors frbm .sl amning in high 
wind conditions. 

. . 3. Provide cover for back of control panel. 

General. , .  . . .  

1. Define Southern Union's responsibil i ties for system surveil lance and 
maintenance in Phase 111, . . 

2. Define safety measures involved with system .operation. 

3. Provide a sign at e~trance to solar field givinq particulars for s ~ l a r  
project (i .e., facility name, engineering firm/constructor, funding by 
DOE, col lector manufacturer, col lector f i e ld  size, syst~rn o p e r a t i n g  
conditions, etc. 



Energy Technology Engltylng Center 
Energy System8 Group . 

Rockwell lntematbrral Corqoretkn 
P.O. &'I449 

Rockwell 
~anoga ~ar(c catiifea 81304 International 

(213) XIOW.00 

Opemted for U.S. Department 
OfEnegV 

April 24, 1984 . . 84ETEC-DRF- 1539 

Mr. George N. Pappas 
U.S. Department o f  mergy 
Solar Energy Division 
Post Office Box 5400 . - . . 
Albuquerque, N.M. 87115 

Subject: P i p  Report.- Acceptance,Test of  t he  Southern Union 011 
Refining' Co. Solar IPH Upgrade P ~ Q  ject 

Dear l4r . Pappas: . . 

Enclosed a re  copies o f  the  t r i p  repor t  for t h e  acceptance test conducted by 
' 

ETEC a t  the  Southern wion  O i l  Refining Co. Solar Project  i n  bv ing ton ,  .New 
Mexico. lhe project  is an upgrade o f  ' a  Cycle 111, high temperature, high 
pressure steam so la r  f a c i l i t y  t h a t  has been upgraded and operation resumed. 

' '  

The site inspection and t e s t i ng  was completed on March 28, 1984. 

If you have any questions,  . . please 'contact B i l l  Bigelow on . . (81 8) 700-5527. 
. . .  

Sincerely yours, . . .  . I 

-n/*' car  R. H i l l i g  , Program anager : 
Ehergy P r o g r s -  ' J 
Energy Technology Engineering Center 

Enclosure: A s  Noted ( 3  copies? 

cc w/encl: J. M. Greyerbiehl, DOE-HQ 
J. E. Weiseger, DOE-ALO 
J. A. Leonard, Sandia 
I?. L. Hkrley, Sandia 
E. E. Rush, Sandia 
W. Mcpnald, 30. Union Oil Refining Co. 
L. E. Wilson, Energetics Corp. 
J. M.' Slaminski, ETEC PO 

cc W/O encl : T. ' A. Vaeth , ETEC PO 



Enclosure t o  84ETEC-DRF-1539 

Internal Letter 
<. . . 

Date: :April 24, 8984 

Rochwell International 
.'<. 

No: . 84-290-7-047 .. . , .., 

TO: INamr, Orp~nrza l ,on .  Infernal Address) FROM: (Nenle. ~ rganrzat ion ,  l n l e r n a r ~ d d r e s s .  Phonel 

.O. R. H i l l i g  

. mc 
-720-290 TO36 

; W. L. Bigc30w . 
. ETEC 

, Subact: . Trip  Report - Acceptance Tes t  o f  t h e  Southern Uhion O i l  
Refining Co. .Solar  IPH Upgrade Projec t  

- 4  . 
summary , . 

An acceptanoe test of t h e  Southern Union O i l  Refining Co. Solar  P ro jec t  was 
condllcted ,by ETEC dur ing t h e  week o f  March 26, 1984. The system g e n e r a l i j ' l  
performed w e l l  whi le  acrmnstrat  i n g  normal opera t  iun and emergency protect';? 
modes, , A pur~ch list of eommcnts and noted d i sc repanc ies  (attachment 1) was; 
generated by t h e  inspec t ion  team and w i l l  be forwarded to Energetics (A&E)"for 
correc t ion.  . f ' .  

1.  

High wind effects and mechanical i n t e r f e r e n c e  o f  c o l l e c t o r  components were * 

judged to be the .  o n l y  items o f  major concern and are discussed below. Sub- 
mission of a f i n a l  r e p o r t  w i l l ~ c o n c l u d e  Energet ic ' s  w n t r a c t a l  o b l i g a t i o n s  and 
t h e  p ro jec t  w i l l  be turned over t o  Southern Union O i l  f o r  f u t u r e  opera t ion  and 
maintenance. 

Discussion 

U E Z  r e p r e s e n t a t i v e s  conducted an acceptance test o f  t h e  Southern Union O i l  
Refining Co. IPH Upgrade Pro jec t  i n  Lovington, New Mexico during t h e  week of  
March 26, 1984. Personnel from Energet ics  Corporation and YaIlUIa Labor.aLor%ies 
were also present, i n  aLtet~danct were: 

, Lee Wilson - Energet ics  Corp. 
Dave McGuire - Energetics b r p .  

, Earl Rush - Sand i a ' 
Jack Roberts - ETEC 
B i l l '  Bigelow - ETEC 
- .  ' 

Site7inspec. t i& and system t e s t i n g  were performed on March 2'7 and 28, and 
resu l t ed  i n  a punch list of seventeen items. The o n l y  twg item of major 
concern were: 1) buf fe t ing  of t h e  c o l l e c t o r s  dur ing high l e v e l  wind 
condit ions;  and 2) mechanical i n t e r  fence between t h e  pylons and t h e  c d l l e c t o r  
end s t r u t  ~ ~ l o u n t i n g  bolte. 

Considerable buffe t ing and v i b r a t i o n  o f  t h e  reflector bodies was observed . a t  
wind v e l o c i t i e s  below t h e  30-35 mph pro tec t ive  stow l e v e l .  The wind meter 
must sense a s t eady  s t a t e  wind speed i n  excess o f  30-35 miles rnph range for a 
given time incremement before  a c o l l e c t o r  stow comnand is triggered. It is 
possible t h e r e f o r e ,  t h a t  t h e  c o l l e c t o r s  can be  exposed to i n t e r m i t t e n t  wind 
gus t s  far i n  excess  o f  t h e  30-35 mph sensor l e v e l .  Reducing t h e  sensor l e v e l  
o r  t h e  response time would most probably r e s u l t  i n  a d j u s t i n g  t h e  system t o  an 
over-sensi t ive condi t ion  causing unnecessary c o l l e c t o r  r eac t ion .  The b e s t  
so lut ion appears to  be t h e  e r e c t i o n  o f  a windbreak, a s  needed, around t h e  



To: 0. R. H i l l i g  -2- 84-290-7-047 
Subj: P i p  Report - Acceptance Test  Apr i l  24, 1984 

of t h e  So. Union O i l  Refining 
Co. Solar  IPH Upgrade Pro jec t  

c o l l e c t o r  f i e l d .  P a r t i a l  screening such a s  t h a t  provided by weaving s l a t s  . 

i n t o  a chain-link fence  may prove s u f f i c i e n t . '  The break may not  be requ i red '  
around t h e  e n t i r e  f i e l d ,  but only, screening t h e  s i d e s  exposed to t h e  high wind 
and gust ing condi t ions .  Subsequent t o  t h e  acceptance test, wind, damage t o  one 
c o l l e c t o r  row was sus ta ined  on March 30,. The system was r e s t a r t e d  i n  t h e  
automatic mode on Apri l  4 with 5 o f  t h e '  6 rows o p e r a t i o n a l ,  

Upon r o t a t i o n  o f  t h e  c o l l e c t o r s  dur ing normal t r ack ing  opera t ion ,  thermal 
expansion o f  t h e  collector?. causes an a x i a l  movement withing t h e  rows away from : 
t h e  f ixed loca t ion  a t  t h e  hydrarllic d r i v e  module. This shi ' f t ing  o f  t h e  col- 
l e c t o r  can r e s u l t  i n  an in te r fe rence  between t h e  r e f i e c t o r  .end s t ru t ,mount ing  . , : 
b o l t s  and t h e  f ixed-  pylon. 7his 'condition has been observed a t  s e v e r a l  o t h e r  ' 

' 

sites using t h e  SK1.T-700 model c o l l e c t o r .  Severe buckling and damage to t h e  
r e f l e c t o r s  can be sus ta ined  i f  t h e  bolt head locks  a g a i n s t  : the  pylon a s  t h e  
d r i v e  system con t inues  t o  r o t a t e  t h e  c o l l e c t o r  row dur ing t h e  tr'acking excur- . 

, 

s ion.  SKI has  designed and i n s t a l l e d  co l l a r s . a round  t h e  t runnions  t h a t  
. restricts . the  a x i a l  movement o f  t h e  c o l l e c t o r .  lhis approach has provided 'a 
s a t i s f a c t o r y  s o l u t i o n  t o  t h e  problem a t  t h e ,  o t h e r  sites. and needs t o  be 
implemented a s  soon as poss ib le  . - a t  t h e  b v i n g t o n  p r o j e c t .  

Tbe system appeared to funct ion s a t i s f a c t o r i l y  i n  normal automatic opera t ion 
and a d a t a  slice around s o l a r  ,noon on March 28 ind ica ted  a c o l l e c t  r 8 e f f i c i e n c y  of about 37% under 'a d i r e c t  inso lu t ion  o f  319 Btu/hr-ft . A 
temperature rise o f  66 F across  t h e  c o l l e c t o r  f i e l d  was supplying steam t o  t h e  
process -at  a r a t e  o f  about 1423 lb /hr  . 

I 

ETEC judged t h e  upgrading and opera t ion o f  t h e  system a t  Southern Union to be 
acceptable and suggest  t h a t  t h e  p r o j e c t  be turned over t o  t h e  owner once t h e  
punch list d i f i c i e n c i e s  have been correc ted .  

Attach: a s  noted 



ATTACHMENT 1 

Acceptance Tes t  Punch List for t h e  Southern Union 'Oi l  
Refining Co. Solar  IPH Upgrade Bogram 

Conducted March 26. 27. and .28. 1984 

1. ?he aluminum wrappers covers  around t h e  i n s u l a t i o n  on t h e  supply and 
r e t u r n  headers need s e a l i n g  and weather-proofing a t  t h e  j o i n t s .  

2. A genera l  clean-up o f  t h e  c o l l e c t o r  f i e l d  a r e a  is needed. 

3. Rusting on rece ive r  t u b e  s t andof f s ,  bear ing  blocks and t runnions  need 
clean-up and pa in t ing .  

4. Temperature sensor wires routed along t h e  supply and r e t u r n  header p ipes  
need r igging.  

5. Collector  reflector s u r f a c e s  and r e c e i v e r  t u b e  g l a s s  need c leaning.  

6. Inso la t ion  meter wires ( t o t a l  and d i f f u s e  Eppley sensors )  mounted on 
Row 5 West-3 need r igg ing .  

7. O i l  l e a k s  a t  hydrau l i c  d r i v e  modules. 

8. Minor delamination o f  t h e  FEK on t h e  c o l l e c t o r  s u r f a c e s  i n  s e v e r a l  a reas .  

9. Receiver tube  o i l  l e a k s  a t  Row 5 West, 1-2-5 and 6. 

10. Remove old  rece ive r  tube  temperature sensor  wires from each row. 

11. Evidence o f  i n t e r f e r e n c e  between t h e  pylon and c o l l e c t o r  end s t r u t  
mounting b o l t s  was observed a t  t h r e e  p laces .  Rather seve re  s c u f f i n g  of 
b o l t  head and t h e  pylon was noted a t  Row 5 West-6. I n s t a l l  SKI trunnion 
c o l l a r s  t o  prevent damage t o  t h e  c o l l e c t o r s .  

12. Broken rece ive r  tube  g l a s s  on Row 1 East-6. 

13. Component and p ip ing i d e n t i f i c a t i o n  and f low d i r e c t i o n  arrows needed. 

14. Considerable b u f f e t i n g  of t h e  c o l l e c t o r s  was observed under condi t ions  o f  
, s t rong  wind &ust.bng. A fence or harri cr i.s needed. 

15. Rotat ional  speed o f  two c o l l e c t o r  rows is much slower than t h a t  o f  t h e  
o the r  four rows. Hydraulic f l u i d  and n i t rogen  p ressure  l e v e l s  need to  be ,  
checked. 

16. Collector  focus is g e n e r a l l y  good. 

17. Insu la t ion  i n  t h e  f i e l d  and mechanical room is g e n e r a l l y  well done. 



TEXAS ENERGETICS CORPORATION 
1201 Richardson Drive 
Suite 21 6 
Richardson. Texas 75080 
121 4) 783-4731 1 

. . . . 
ENERGETICS CORPORATION 

Post Office Box 1596 
Lovington, New Mexico 88260 

(5051 396-5889 
A p r i l  12, 1983 

TO : D i s t r i b u t i o n  

FROM Lee E. Wilson,, P ro j ec t  Manager 

SUBJECT: HOT LINE REPORT . 

RE : Southern Union Solar  IPH 
Contract  #DEAC04-78CS32223 
Co l l ec to r  Wind Damage 

Co l l ec to r  damage due t o  h igh  winds was encountered a t  the  Southern Union Solar  
IPH P ro jec t  near Hobbs, New Mexico du r i ng  e a r l y  morning hours o f  A p r i l  1, 1983. 

On A p r i l  6 and 7, we v i s i t e d  the s i t e ,  assessed the damage and took p i c t u res .  
It was observed t h a t  the  n o r t h  'row o f  c o l l e c t o r s  sustained severe damage t o  
four c o l l e c t o r s  adjacent t o  the  two d r i v e  pylons. S l i g h t  damage was observed 
t o  f o u r  o ther  c o l l e c t o r s  and no observable damage.occurred t o  the  f o u r  c o l l e c -  
t o r s  f a r t hes t  away from the  d r i v e  pylons on the  n o r t h  row (See at tached sketch 
and p i c t u r e s ) .  

A t  l e a s t  20 (ou t  o,f 24) . 'glass r ece i ve r  tube covers on the  n o r t h  'row were cracked 
o r  broken, several  suppor t ing .brackets  o r  r ece i ve r  stands,were deformed, and a  
heat t r a n s f e r  o i l  l eak  occurred a t  t he  r ece i ve r  tube un ion near t h e  east  d r i v e  
pylon. . . 

No o ther  wind damage o r  operat iona l  problem was de tec tab le  i n  any of the  o the r  
f i v e  rows o f  c o l l e c t o r s .  A l l  c o l 1ec to . r~  were i n  t he  stow p o s i t i o n  dur ing  the  
occurrence and a l l  c o l l e c t o r  hyd rau l i c  d r i v e  u n i t s  a re  opera t iona l .  

High wind damage was repor ted t o  var ious s t r uc tu res  i n  'nearby Hobbs and Lovington 
on the  same date.  Regarding insurance,, ownership o f  the  c o l l e c t o r s  was s ta ted  
t o  belong t o  Southern Union by DOE represen ta t i ves  a t  a  s i t e  meeting i n  January 
1982. Discussions w i t h  r e f i n e r y  management i n d i c a t e  t h a t  c o l l e c t o r  f i e l d  i nsu r -  
ance i,s provided f o r  l i a b i l i t y  c'overage bu t  n o t  f o r  phys ica l  damage. 

Energet ics Corporat ion assessment o f  the  damage concludes t h a t  f o u r  c o l l e c t o r s  
w i l l  need replacement along w i t h  r e p a i r s  t o  t he  r ece i ve r  assemblies i n  o rder  t o  
r es to re  f u l l  system operat ion.  I n  our  op in ion,  the  s l i g h t  damage i ncu r red  t o  
f ou r  o ther  c o l l e c t o r s  i s  acceptable and w i l l  no t  s i g n i f i c a n t l y  a f f e c t  t h e  system 
performance. 

A cos t  es t imate f o r  the  proposed r e p a i r s  t o  r e s t o r e  f u l l  system opera t ion  i s  i n  
preparat ion.  

Lee E. Wilson 
Projec'L; Manager 



. , .  , . . . .  , .. 
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. . a) REF LECTOR. DAMAGE 

. .. . . b) BF.~KEN GLASS ..I 









ENERGETICS CORPORATION 

Table I SOUTHERN UNION REFINING COMPANY - SYSTEM OPERATION SUMMARY TABLE 

FEBRUARY 1982 . . 

J u l i a n  S ta tus  . . 

Date Day Code Weather 

. . 

Mechani c a l  ~ r o b l e m  - feedwater va l  ve 
Mechanical problem .- feedw.ater va l ve  
Mechanical problem - feedwater> 'va lve 

No ope ra to r  , . -  \ 
No operator  ' 

, . 
3896 . l bs .  - ( o f '  steam t o '  r e f i n e r y ) .  
4324 l b s .  . . 
82 I bs .  . . I _ 
4800 I b s .  

Nn o p e r a t o r  

5550 1  b s i  
3341 l b s .  
1  I b .  
4416 I b s .  
4 Ihs .  
No ope ra to r  
286 l b s .  
Da t d  Acyui s i  t i o n  System down 
Data A c q u i s i t i o n  System down 
Data A c q u i s i t i o n  System down 

C 28 lbs .  Removed f i x e d  pyronometer and re -  
mounted i t  on t he  c o l l e c t o r .  Repaired 
ancmomctcr and reproy  ra111111ed OBAS. 

F: F a i r  

P :  P a r t l y  Cloudy 

C: Fog o r  Overcast 

R: Rain 

S ta tus  Code 

1:  S o l a r  system up /P lan t  up 

2: S o l a r  system down/Plant up 

3: S o l a r  s j s t e ~ ~ ~  ' i d l e /P lan t  up 



ENERGETICS CORPORATION 

111. Opera t ing  Experience 

Mechanical problems developed i n  e a r l y  February w i t h  t h e  feedwater 
va lve  s t i c k i n g  open. Th is  r epea ted l y  f l ooded  t he  steam genera to r  
w i t h  feedwater and r e s u l t e d  i n  system automat ic  shutdown on h i g h  
wa te r  l e v e l .  To c o r r e c t  t h i s  a new p i s t o n  assembly f o r  t he  va l ve  
was o rdered  and replaced. 

Inc lement  weather i n  February reduced t h e  number o f  ope ra t i ona l  days 
and problems w i t h  t he  On-s i te  Data A c q u i s i t i o n  System (ODAS) were 
encountered. The Autodata 10 was reprogrammed t o  c o r r e c t  some e r r o r s  
and some unnecessary ou tpu t s  . e l i m i n a t e d  t o  conserve processor  memory. 

A f a i r  amount o f  steam was produced f o r  7 days when good i n s o l a t i o n  
and an o p e r a t o r  were a v a i l a b l e .  It shou ld  be no ted  t h a t  a l though 
t he  system can operate a u t o m a t i c a l l y  i t  was decided n o t  t o  do so 
u n t i l  a f i r e  d e t e c t i o n  system i s  i n s t a l l e d  i n  t he  s o l a r  equipment 
room w i t h  a warn ing system t i e d  i n t o  t h e  r e f i n e r y  c o n t r o l  room. 
This  wi 11 be accomplished a long  w i t h  t r a i n i n g  o f  r e f i n e r y  personnel 
as p a r t  o f  Phase I 1 1  a c t i v i t i e s .  
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Table 1 SOUTHERN UNION REFINING COMPANY - SYSTEM OPERATION SUMMARY TABLE 

MARCH 1982 

J u l  i an S ta tus  
Date Day Code Weather Remarks 

C 
C 
P 
C 
C 
F 
F 
C 
F 
C 
C 
C 

No Operator.  
No Operator.  
No Operator.  

C 
No Data - DAS F a i l u r e .  
No Data - DAS F a i l u r e .  

F DAS Program c o r r e c t i o n .  
F 
F 
C 
C: 
F 
C 
C 
F 
c 
F High winds. 
C 
F 

-pp- - -  

F: F a i r  

P: P a r t l y  Cloudy 

C: Fog o r  Overcast 

R: Rain 

S: Snow 

Sta tus  Code 

1 : So la r  system up /P lan t  up 

2: So la r  system down/Plant up 

3: So la r  system i d l e / P l d r l l  up 

4: So la r  system up /P lan t  down 

5 :  So la r  system down/Plant down 

6 :  So la r  system i d l e / P l a n t  down 

3 8 
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Operat ing Experience 

The so l -a r  co l  l e c t o r  system was fu l  l y  ope ra t i ona l  du r i ng  'March 
except f o r  th ree  days when an opera tor  was n o t  a v a i l a b l e  and 
two days when the  ODAS recorder  was n o t  opera t ing .  These days 
were n o t  counted i n  the  t o t a l  number o f  days s ince  the  weather 
cond i t i ons  were n o t  recorded and the  system was n o t  down f o r  
repa i  r. 

No s i g n i f i c a n t  mechanical problems occurred w i t h  t he  c o l  l e c t o r  
system t h i s  month b u t  an abnormally h igh  number o f  c loudy days 
reduced t n e  ope ra t i ona l  per iod.  

Problems were encountered again w i t h  the  ODAS o u t p u t  f o r  i n s o l a t i o n  
and e l e c t r i c a l  p a r a s i t i c  l oad  data. This  c o n d i t i o n  was cor rec ted  
on March 19 w i t h  a program change t o  t he  Autodata 10. 

The system opera t ion  summary i s  shown i n  Table 1. More d e t a i l e d  
l o g  data w i l l  be p rov ided f o r  nex t  month's r e p o r t .  
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0.0 

39.2 
33.8 
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TABLE 3 MONTHLY SOLAR SYS'TEM S A V  INGS-ENERGY & DOL.LARS--MRR9 1982 

TABLE 3 - SUKC MONTHLY PERFORMANCE TABLE - MARCH 1982 CONTINUED 
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- 
T I  

JUL. 
I AN 

, DAY 

L 

ENERGY ". ME 

DATE 

GROSS 
FOEiS I I,. 
FUEL- 
SAVED 

MIL--BTU 

GROSS 
SAVINGS 

'0 :  

, 

PAPA. 
EITIC 
EI\IE:RCSY 
USED 

( SGURCE ). 

PlIl--ETU 

DOLCAES 

COS'T' i : , ~  

PARASITIC 
E:PJERriY 
( A T  SITE? 

. . 
'$ 

NET 
FOSSIL 

F!JEL 
SAVINGS 

$ 

60 
61 
62 
63 
64 
65 
t76 
57 
68 
69 
70 
71 
-,.:I 

0.80 
0. Gs@ 
9.94 
0.71 
0. @la 

25-75 
'22m4i 
0.0B 

22.22 
0.88 
1.92 
0.00 

NET F(:)SS.Il.. FIJEL . ' 

SAVED 

MIL-BTU 

-0. 110 
-0.047 
2 i 6 i 3  
0.05'7 

-0.179 
7.172 
6. 1'79 

-0.021 
6.061. 
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Q.397 

.-CIS 004 

73 
74 
75 
78 
79 
96 
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88 
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90 
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rl). 0O 
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@.la@ 
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20.21 
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14.91 
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0. 01d 
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20E? ,; 75 
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0-24 
1.44 
0.7b 
C3.91 
1.70 
1.82 
B. 11 
2.12, 
'a. 77 

82 
0.G12 

0.110 
W. 047 
0.294 
0. 150 
0.1'79 
0.335 
0.358 
0 
0. 41'7 
0.190 
0.162 
8, @Q4 

-0.56 
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.20.6B 
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1.05' 
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-0.0'79 

5.788 
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5.4410 

-0.1359 
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(1) I L 

--la. 021 
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1.385 
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"8 . 4):s 
0.4b 
0.04 
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2.42 
2.30 
-a. 30, 
1.02 
2.19 
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.8 .2b  
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0. 2.7 
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1.24 
1.81 , 

27.93 

l\i,q'r 
GA:; 

-lo. 110 
-8.047 
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0.L357 

-0. 1'79 
7. 172 
k, . 1.77 

-0= 021 
6.  @c:,l 
B.0b5 
0. 3 9 7 .  

. -B. 004 

0 . Bet@ 

0 . 000 
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0. 28'7 
0. @0(8 
1.507 

: 6.537 
0.000 
6. 4'78 
6.255 
8.557 
0. e00 

0.006 
IZ).UlYl 
0.008 
0.D-79 
D. 194 
0.4'75 
0.452 
0.059, 
m.261 
0.431 
0.054 
0.051 
0.428 
0.054 
0.,052 

' 8.244 
Q.397 , 

10.Y84 

-0. PC31 
. --U.@18 
-0. a81 
-8.B15 

1.117 
1.603 
1.050 

- 1  
-0.035' 

1.280 
-O.QJ.l.B 
-0.810 

V!.'56 
-0.010 
-0. 010 
-8.027 
0.753' 

1Q. 689 

MAR13 
MAR14 

-0.0@6 
-@3n@91 
-0. OQY 
-0.079 
5.788 
.8.5135 
5.448 

.-8.059 
-0.201 
6.629 

-0.054 
-@.El51 

3.91'7 
-0.054 
-8.052 
-6.13U 
5.PY9 

55.369 

0. @B0 . 
0. B0GI 

-0.03 
-0.46 
-0.84 
-0.40 
17-53 
27.7U 
,17.91 
-0.30 
- 1  02 
.:, L A O  .-, 0:2 
-0.28 
-0. :2#5 
l ~ , ,  73 
-me 2'7 
-10 . 2'7 
-0.1?8 
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' 

. 

MAR15 
MAR16 
MAR19 
M A R 2 0  
MAR21 
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MAR2b 
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MAR30 
MAR31 

0. 0063 
0. BU)0 
5.982 
8.780 
5.892 
0.800 
0. OOM 
7.06m 
0. U8Cn 
0.001;1 
4 . 3.46 
0. 06V) 
0. D0B 
0.106 
4.256 

60.861 
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Table 1. . SOUTHERN UNION REFINING COMPANY - SYSTEM OPERATION .SUMMARY TABLE 

APRIL 1982 

J u l  i an S ta tus  
Date Day Code Weather Remarks 

High winds - severa l  shutdowns 

High win'ds - onc shutdown 

lli gh winds 

Cleaned c o l l e c t o r  g lass  tubes 
No o p e r a t o r  

P l a n t  t u r n  around' - c o l l e c t o r s  stowed 
i n  turned-down p o s i t i o n  

II 

I 1  

!I 

I 1  

I 1  

F: F a i r  S ta tus  C_o_.d~, 

P: P a r t l y  Cloudy 1 : S o l a r  system up/Pl a n t  up 
2: S o l a r  system down/Plant up 

C: Fog o r  Overcast  3: S o l a r  system i d l e / P l a n t  up 
4: S o l a r  system up/Plant  down 

R: Rain 5: S o l a r  system down/Plant down 
6: S o l a r  system i d l e / P l a n t  down 

S: Snow * covers days when zero o r  very  smal l  amounts o f  
energy were c o l l e c t e d  and/or d e l i v e r e d  due t o  
weather cond i t i ons .  

** covers days when a1 1 systems a r e  "up" and s i g n f i c a n t  amounts o f  energy a re  
de l i ve red .  42 
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111. Operat ing Experience 

The opera t ion  o f  t he  s o l a r  systemwas s i g n i f i c a n t l y  a f f e c t e d  
du r i ng  A p r i l  by unseasonably c loudy weather. The system c o l -  
l e c t e d  l i t t l e  o r  no s o l a r  en.ergy on 11 days o f  t he  month due 
t o  c loud cover. The s o l a r  system c o l l e c t e d  and d e l i v e r e d  
s i g n i f i c a n t  amounts o f  s o l a r  energy on 10 days o f  the  month. 

The system was down f o r  one day due t o  "no opera tor . "  

The p l a n t  was down from Apr i  1  25 t o  Apr i  1  30 due t o  Ref inery  
scheduled maintenance shutdown. 

The check valve a t  the steam l i n e  t i e - i n  t o  t h e  main r e f i n e r y  
steam l i n e  f a i l e d  i n  the open p o s i t i o n  l e a v i n g  the  main steam 
1 i n e  energized. This  occurred on A p r i l  7 and 8. Th is  va lve  
has been replaced i n  o rde r  t o  minimize o v e r n i g h t  hea t  losses. 
I n t e r m i t t e n t  f a i l u r e  t o  c lose has a l so  been encountered on the  
SSG feedwater va l  ve. 

Substant i  a1 . improvement was made i n  Apr i  1  w i t h ,  t he  ope ra t i on  o f  
the Data A c q u i s i t i o n  System. Data was ob ta ined f o r  every day 
o f  s i  gni  f i  cant  operat ion.  

Twenty-four (24)  hou r  data c o l l e c t i o n  began on A p r i l  1 s t  t o  
account f o r  l onge r  summer days and t o  ga ther  windspeed and 
temperature data f o r  the  r e f i n e r y .  
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ENERGETICS CORPORATION -. 

Tab le  1 SOUTHERN UNION REFINING COMPANY - SYSTEM OPERATION SUMMARY TABLE 

J u l  i an S ta tus  . . 

Day Date Code Weather Remarks 

121 51  1 6 
122 51 2 3 
123 51  3 2 
124 514 2 
125 . 515 , 2 
126 5/6 2 
127 51  7 2 
128 518 1 
129 519 9 
1 30 5/10 1 
131 511 1 1 
132 5/12 1 
133 511 3 1 
134 5/14 1 
135 511 5 1 
136 5/16 1 
137 511 7 3 
138 5/18 - 
139 5/19 1 
1 40 5/20 1 
141 5/21 1 
142 5/22 . 2 
143 5/23 2 
144 5/24 . ii . 
145 5 /25 2 ' 
146 5/26 2 
147 5/27 . 2 
148 5/28 2 
1 49 5/29 1 
150 5/ 30 - .  

151 5/31 - 

F: F a i r  

P: P a r ~ t l y  Cloudy 

C: Fog o r  Overcast.  
. . 

R: Rain 

S: Snow 

- ... Re f i ne ry  shutdown completed 
R - Col l e c t o r  maintenance shutdown 

I I - 
I t  - 
I I - 
I 1  - 

F c o l l e c t o r  maint .  (112 day)-Dr ive U n i t  #6w down 
F I 1  ' 

F C o l l e c t o r  maint .  (112 day) 
F 
F D r i v e  U n i t  #6W n o t  t r a c k i n g  p r o p e r l y  
P Col l e c t o r  Surfaces sprayed w i t h  o i  1 
P 
P D r i v e  U n i t  #3E, 4E down 
F I I 

C - No. .Operator 
F D r i v e  U n i t s  #6W, 3E, 4E down 
F I I 

. . P .  .DAS f a i l u r e  = 1474 , lbs .  steam ( s s t )  
I-  . Col l c c t o r ~ m i c r o p r o c e s s o r  f a i  1 ure.,Systcm down 

I I - 
I I - 
I I - 
I 1  - 
I I - 

P, Replace microprocessor  - D r i ve  U n i t  #6W down 
F D r i v e  U n i t  #6W down 
- No Operator  
- No Operator  

1 : S o l a r  system up/Pi a n t  up 
2: So' lar system down/P"lant up * * 
3: ' s o l a r  system i d l e l ~ l a n t  up 
4: S o l a r  system up /P lan t  down 
5: S o l a r  system down/Plarit down 
6: S o l a r  system i d l e / P l a n t  down 

* ' covers days when a1 1 systems are  "up" and 
s i  g n f i  can t  amounts o f  energy a re  de l i ve red .  

** Covers days when .zero o r  ve ry  smal l  amounts o f  
. energy were c o l l e c t e d  and/or  d e l i v e r e d  due t o  

weather  condi  t i .ons. 
. 46 



ENERGETICS CORPORATION 

Opera t ing  Experience , .  
. a 

Steam p r o d u c t i o n  was s i g n i f i c a n t l y  reduced i n  May p r i m a r i l y  due 
t o  c o l l e c t o r  c o n t r o l  and d r i v e  u n i t  problems. S o l a r  K i n e t i c s  
(SKI) maintenance personnel were on s i t e  f rom May 3 throu.gh 
May 10. SKI made r e p a i r s  t o  severa l  d r i v e  u n i t s  and rep laced  ' 

numerous 'broken g lass  tubes. The row 6W d r i v e  u n i t  ( d r i v e  f o r  
c o l l e c t o r  w i t h  t h e  ODAS i n s o l a t i o n  sensor i n  t he  co l1ecto. r  p l ane )  
f a i l e d  t o  opera te  a f t e r  May 16, consequent ly no i n s o l a t i o n  data 
were o b t a i n e d ' f o r  t he  remainder o f  t h e  month. 

On May 13, t h e  c o l l e c t o r  f i e l d  was a c c i d e n t a l l y  sprayed w i t h  
o i  1 by r e f i n e r y  maintenance personnel.  Th is  occurrence appears 
t o  have reduced t he  r e f l e c t a n c e  o f  t he  c o l l e c t o r  su r faces  on t h e  
west s i d e . o f  t he  f i e l d  and w i l l  r e q u i r e  thorough c1eanin.g:: 
R e f i n e r y  management was n o t i  f i e d  about t h i s  s i t u a t i o n  i n  o r d e r  
t o  p reven t  reoccurrence. Procedures and arrangements to .  c lean  
t he  c o l  1 e c t o r s  have been .undertaken' by Energe t i cs .  

The c o l l e c t o r  c e n t r a l  c o n t r o l  microprocessor  f a i l e d  on May 22 
and d i d  n o t  operate u n t i l  a replacement was i n s t a l  l e d  on May 29. 
The system was a l s o  down t h r e e  days i n  May due t o  no ope ra to r  and 
one day f o r  complet ion o f  r e f i n e r y  maintenance shutdown. ' 
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........................................................................ . , .......................................................... 

- .......-.. t 
p; 
'129 
1138) 
13 1 
132 
1.33- 
134 
135 
1.36 
137 
138 
1.1-39 
140 
141  

/'t'42 
143 
i 44 
'1.45 
146 
,148 
'k4 9 
150 
15  1 - 

TO' 
1 

1E I ENERE ' BALANCE 

. . . .  

DATE 

HAY .. 7. 
MAY 8 
MAY 9 
HAY10 
MAY11 
MAY12 
flA.vf-3.. 
MAY14 
MAY15 
MAYlb. 
MAY17 
MAY 18 
p4Ay.19.. 
MAY20 

~;;;;; 
MAY23 
HAY24 
!MAY25 
MAY26 

I MAY28 
:MAY29 
MAY30 
MAY31 

'L/AVG 

- - -- 

SOLAR ENERGY 
WEL 1 VErIED 

-...TO- .REF.ENE.R\i.- 

STEAM LINE 

INCIDENT 
SOLAR 
ENERGY.. .- 
COLLEC 
PLANE 

MIL-BTU 

..... t.-496.. 

ftMBe 
- iA+33  

.. - 5.. 8.1.3.. . .L 

12.734 
14.977 
1.4. .654 ..- 

3.368 
14.299 

. l r J  314-. 

Y 

.- 
3- . - 
+k+i+ 
-&+?@ 
-@kH+ 

.- . 

&44+ 
4.2Z'F - 

96.790 

I EFFICIENCY I 
SOLAR 

.......ENERG y .  

COLLECTEC 

MIL-PTU 

. .- .. .0--.1 04-. 

2.384 
2.834 

.. . .  ...I--. 1-79. . L 
4,021 
4.664 
.+. 2 1.1.- 
0.829 
3.621 

.... ..3..618. 

0.000 
0.000 

... -.3;.7,+.1-. 
4.463 
0.0063 

. . . .  .@; 000.. 

0.000 
0.000 

. .  0-.00B 
0.000, 
1.660 

- - .  . 4.; 255 
0.000 
0.117 

. . . - . . . .  - .. - - 

41.651 

MIL-BTU 

. ..pi.. 0000.. 
1.0309 
1.5875 

. .0.. ,4485 
2.7422 
2.9460 

. .c,-.,+."?%- ,... 
L .  L L 

0.4439 
1.9790 

.. 1 ..854& 
0.0000 
0.0000 

....I.. ..75-'7-4 

2.7446 
0.0000 

.. 0 .. 0000. 
0.0000 
0.0000 

.. 0. @(ZI@* 

0.O000 
0.0232 

... 2;.3837. 
0.0000 
0. a000 

..- .. - ...... - . ... 

22.3780 

LB/DAY 

- 
1097. 
1795. 
.568.-. 
2891b 
3110. 

..:-a 
- ~ 5 ? 3 . - -  

518. 
2089. 

2 .... 0B.1 ..... 

(il. 

0. 
.. 1894..--. 
2347. 

0. 
. .  0-...- 

0. 
0. 
0%. 
0. 

88. 
.-.2%/+@; .. 

0. 
0. 

-. . - .. - - .. - 

24134. 

p~ - -- 

PIPING 
L(:)GSES 

--.-f+PE.W-.- 
T I  C!NAL 

M I  L.-ETU 

--.@...@@@.. 

0.087 
0.110 
0.;-0-69. 

.......... - 
SYSTEM 

-- 

PAPA 
11.1 C 

ENERGY 
USED 

( SCIURCE) 

M I  L-E'TCI 

..... 0 . 075. 

0.253 
0.271 
Q.'7,86. m & 

, . 
....... - . 

-! 
COLLECTOR 

ARRAY 

% 

. 7 pt -.. ;- 

3 2 . 2  .- 

+5&d+ 
. .  ..-. 

31.6 
31.1 

. -28. 7.. .... 

24.6 
25.3 

. 27- . ' L .... 

0.8 
0.0 

.--. . 

377.4- 
0.0 

. 0.0.. . . . .  

0. Q 
0.0 

- .  el .@-. .. 
0.0 

36%++ 
0.0 
8.4 

. . . . . . .  

+keF 

0.180 
0.262 
@..~-#68 . L 

0.044 
0.170 

-... 0 .  1.78- # .  
I 0.00B) 1 ... 31-;E... 
I ' 0.000 

.0..0@0.. 
0. 0B0 

i -0.001 
r 0-;000.... 
-0.007 
0.006 

r'- -0.. t89. 
0. 0a0 
0.000 

-. .. ---- 

1.941 

0.345 
61.464 

......... 0. 4,69 

0.129 
0.445 

. . .  . 0  3hQ 
0.083 
Q. 073 

. @ . 43. L 

Q.477 
0.065 

. 0.068 
0.063 
0.05'7 

. 0.057 
0. 6156 
0.192 
0. 435 
P) . n.70 
0.091 

. . . . . . . . . . . . . . .  

5.335 
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ENERGETICS CORPORATION 

TI'ME 1 ENERGY I DOL-LARS I - 
- - 

- -  - 

JUL 
I AN 
DAY - 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
l-37 
138 
139 
1'4 0 
141 
142 
143 
144 
145 
1'4 6 
148 
149 
f50 
15 1 - 

TO' - 

MAY 7 
MAY -8 
MAY 9 
MAY 10 
MAY 1 1 
MAY 12 
MAY 13 
MAY 14 
MAY 15 
MAY 16 
MAY 1-7 
MAY18 
MAY 19 
MAY20 
MAY2 1 
MAY22 
MAY23 
NAY24 
MAY25 
MAY26 
MAY28 
MAY29 
MAY30 
MAY31 

TAELE 3 - SURC MONTHLY PERFORMANCE TABLE - MAY, 1982 
- .- . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GROSS 
FOSSIL 
FUEL 
SAVED. .  

M.IL- .ET" . .  - 

I 0.000 

p*.RA " 

SITIC 
ENERGY 

.... 

(SOURCE) 

.MI t". PTU - - 

0.095 

COST O F  
PARAS I T  I C 
ENERGY' 
( A T  .SITE) 

$ '  ' 

NET 
FOSSIL 

FUEL 
SAVINGS 

-.'. $ .  

"".. 

2.442 
0.690 

,-. , 
.,,4+.; 2 1  9. 
4.532 
3.737 

'- ' 0.'683 
3 .0'45 
2.853 
0, 000. ... 

0.000 
2.704 
'4 .  222.. 
0.0ld0 
0.000 
0 ; 000. - 

0.000 
0.000 
0, 0 1 ... 

0.034 
3.668 

..... 0.; . 

GROSS 
SAV I PIGS 

$ 

...... . . . . . . . . .  ....... 

NET FOSSIL FUEL 
SAVED 

. 293... 
0.271 
0.286 

. . . .  0, -J43 
0.464 
0.469 

' -  " 0. 1'29 
0.445 
0.360 
.0; 083 .... 

0.073 
0.432 

....... 0. 477 

0.065 
0.068 
0. 0&3 ... . .  

0.057 
'0.057 
0.  & ..... ...-.. 

0.192 
0.435 
@-, 070 . . . . -  

0. 00 
3'. 44 
.8.38 
2.37 

14.47 
15.54 
12.82 

' . 2.34 
1Gl.44 
9.79 

. 0.00 
0. Clld 
9.27 

14.48 
0.0@ 
0. UlEi 
0.08 
0.0Q 
a. 00 

' . 0.03 
- 8. 12 

12.58 
0.00 
0.00 

118.07 

.. 
' 

MIL..- ETU - 

-0.095 
. 33T. 

2.171 
0.404 

. . . .  ..3 

4.068 
3.268 

.. 0.534- 
2.608 
2.493 

--0.083- 
-0.073 
2.272 

.... .  -J.;.745 
-0.065 
-0.068 
..a a8.3 . - 
-0.057 
-0.057 
,;.,-&, 04.b.. 
-0.158 

3.233 - ...0.. @,.7*.-- 

-0.091 
-~ . 

39.- ,089 L .  . 

0.000 0.091 

... 34 425 . . . .  5, 335 . .  

BARRELS 
..... ...-... o*.L"..' 

-0.@18 
. . . .  0.'257-" 

0.419 
0.078 

.. ... . 74W 
0.785 
0.631 

' . ' .  0. 107 
Q.502 
0.481 

" -0.-0-1-6' 
-0.014 

0.439 
' -@.723 
-0.013 
-0.B13 

-. .. 1-- - L.  
-0.011 
-0.011 

... . @,m 
-0.Q31 
0.624 

... --.@---0.13 - 
-0.818 

........ 

. . . .  

MCF NAT 
. . . .  

-0.095 
"1.333 

2.171 
0.404 

" 3'. 874 
4.068 
3.268 

' 0.554 
2.600 
2.493 

-0.085 
-0.0'73 
2-27? L 

- 3.745 
-0.065 
-0.B6S 

'--a; 063 
-0.857 
-0.057 

...... @ ... - -046 
-0.158 
3.233 

....... 0- .  - .a70 
-0.891 

"5;-&1-6-.29.089 



ENERGETICS CORPORATION 

Table 1 SOUTHERN UNION REFINING COMPANY - SYSTEM OPERATION SUMMARY TABLE 

Sta tus  Jul i an 
Day Date Code Weather Remarks 

No operator 
Drive Units #3E; 4E & 6W down 
Coll ec to rs  down f o r  washing 

I t  

Drive Units #3E, 4E & 6W down 
II 

N o  operator 
Drives 3E, 4E & 6W down 
Drives 3E, 4E, 3W & 6W down, Note 1 

DAS f a i l u r e  to  record 
II 

Co'l l ec to rs  down f o r  SKI rsepai rs 

Collectors down fo r  SKI repairs  
SKI les  L r u n  - drive l ln i  t 3W down 
Collectors down f o r  SKI repairs  
Drive Unit 3W down 

I I 

176 5/25 3 C 
177 5/26 1 . '  P Dri ve Un i t 6E down 
178 5/27 3 C 
179 5/28 1 F Drive Unit 6E down 
180 6/29 3 I: 
181 6/30 1 P Drive Unit 6E down 

F: Fair Sta tus  Code 
"1 : Solar  system up/Pl a n t  up 

P:  Par t ly  C1oud.y 2 : Sol a r  sys  tern dbwnl~l  a n t  up 
**3: Solar  system idle /Plant  up 

C: Fog o r  Overcast 4: Solar  system up/Plant down 
5: Solar  system down/Pl ant  down 

R: Rain 6: Solar  system id l e ip l an t  down 

S: Snow 
* covers days when a l l  systems a re  "up" and 

s i gn i f i c an t  amounts of energy are delivered. 

** covers days when zero o r  very small amounts of 
energy were col lec ted and/or delivered due t o  
weather condi t i  ons. 

Note 1 Flowmeter (W401) removed f o r  ca l ibra t ion 
50 



ENERGETICS CORPORATION 

111. Opera t ing  Experience 

Steam p roduc t i on  i n  June aga in  was s i g n i f i c a n t l y  reduced p r i m a r i l y  
due t o  problems w i t h  t he  h y d r a u l i c  d r i v e  u n i t s .  The s o l a r  system 
was shu t  down on June 13 a f t e r  f o u r  o u t  o f  twe lve  d r i v e  u n i t s  f a i l e d  
t o  operate f o r  severa l  days. S o l a r  K i n e t i c s  (SKI)  maintenance per-  
sonnel a r r i v e d  on s i t e  s h o r t l y  t h e r e a f t e r  and performed r e p a i r s  f o r  
about one week. SKI personnel r e p a i r e d  t h e  i nope rab le  d r i v e  u n i t s ,  
rep laced  and a l i g n e d  t he  r e c e i v e r  tube suppor t  stands and rep laced  
numerous broken g lass r e c e i v e r  tubes throughout  t he  e n t i r e  f i e l d .  

The c o l l e c t o r s  were cleaned on June 3  and '4  w i t h  a  h o t  wa te r  h i gh  
p ressure  spray. O i l  depos i ted  on the  c o l l e c t o r s  i n  May appears t o  
have been removed a f t e r  thorough c l ean ing  and r i n s i n g .  

On June 9, the  ODAS vo r tex  shedding f lowmeter  used t o  meas'ufe steam- 
f l o w  was removed f o r  c a l i b r a t i o n  as planned. D a i l y  steam f l o w  w i l l  
be es t imated  w i t h  t h e  o r i f i c e  p l a t e  f lowmeter u n t i l  t he  ODAS f low-  
meter i s  r e i n s t a l  l ed .  

ODAS s o l a r  i n s o l a t i o n  measured i n  t he  c o l l e c t o r  p lane was aga in  n o t  
a v a i l a b l e  f o r  t he  f i r s t  ha1 f o f  June due t o  t he  h y d r a u l i c  d r i v e  u n i t  
f a i l u r e  on row #6W. S K I  r e p a i r s  enabled measurement a f t e r  June 20th. 

The system was a l s o  down two days due t o  no ope ra to r  and two days 
f o r  DAS f a i l u r e  t o  record. 
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Table 1. SURC - SYSTEM OPERATION SUMMARY TABLE - JULY 1982 

J u l  i an S ta tus  
Day Date Code Weather Remarks 

1 82 71 1 - - No Operator  
183 712 1 P 
1 84 71 3 1 P 
185 71 4 1 P D r i v e  U n i t s  #3E & 6W down 
1 86 71 5 3 C 
187 71 6 - - No Operator  - 6 hours 
188 71 7 1 P D r i v e  U n i t s  #3E & 6E down 
1 89 71 8 1 P 3E, 6E down, t r o u b l e  w i t h  6W 
I YU 71 9 - - NU Ope r.d t u  r .  
191 7/10 1 F 3E, 6E down, 2W f a i l e d  
192 7/11 - - DAS Recorder Problem, Note I 
193 711 2 - - II 

194 711 3 - - II 

195 I I  7/14 - - 
196 I I 7/15 - - 
197 7/16 - - DAS Recorder Problem, No Operator  
198 711 7 - - DAS Recorder Problem, Note 1 & 2 
199 711 8 - - UAS Recorder Problem, Note 1 
200 7/19 1 P Note 1, T rsub l  e w i  t k  1 C, 4E & 6W 
201 7/20 2 P Note 1 & 2, 1E f a i l e d  t o  stow 
202 7/21 1 P Note 3 
203 7/22 1 P I I 

204 7/23 1 P Feedwater Level  Cont ro l  Problems, Note 3 
205 7/24 a - No Operator  
206 7/25 1 P Feedwater Level  Cont ro l  Problems, Notc 3 
20 7 7/26 2 P 11 

208 7/2 7 3 C C l  cancd Glass Rccci  v c r  Tubes 
209 7/ 2 8 - - No Onerator  
21 0 7/29 3 C 
21 1 71 30 2 P Cleaned Feedwater F l o a t  on >SSG 
21 2 7/31 2 P Re ins ta l  l e d  W401 Steam Flowmeter 

- . .  - 
F: F a l r  k1 : Sul drs sys L ~ I I I  up/Pldl lL up 

2: S o l a r  system down/Plant up 
P: P a r t l y  Cloudy **3: S o l a r  system down/Pl a n t  up 

4: S o l a r  system up/Plant  down 
C: Fog o r  Overcast 5: S o l a r  system down/Plant down 

6:  Suldr-  sys1e111 i d l e / P l a n t  down 
R: Rain 

* covers days when a l l  systems a re  "up" and 
S: Snow s i g n i f i c a n t  amounts o f  energy a re  de l i ve red .  

** covers days when zero o r  very smal l  arr~ourl t s  
o f  energy were c o l  l e c t e d  and/or d e l i v e r e d  
due t o  weather cond i t i ons .  

Note 1 D r i ve  U n i t s  #2W, 3E, 6E down 
Note 2 Cont ro l  System au to  s h u t  down on h i f eedwa te r  
Note 3 D r i ve  U n i t s  l E ,  2W, 3E, 6E down, t r o u b l e  w i t h  4E & 6W 
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111. Opera t ing  Experience 

Again steam p roduc t i on  i n  J u l y  was s i g n i f i c a n t l y  reduced p r i m a r i l y  
due t o  problems w i t h  the  h y d r a u l i c  d r i v e  u n i t s .  Some d r i v e  u n i t s  
must be manual ly s t a r t e d  and manual ly r e tu rned  t o  stow o r  have 
i n t e r m i t t e n t  ope ra t i ona l  problems. As a  r e s u l t ,  an ope ra to r  has 
been r e q u i r e d  f u l l  t ime t o  i n s u r e  p roper  and sa fe  ope ra t i on  o f  
the system. Numerous ope ra t i ona l  days i n  J u l y  have been l o s t  due 
t o  a  combinat ion o f  p a r t i a l  c loud iness  and i nope rab le  d r i v e  u n i t s ,  
o r  no opera to r .  

A  power f a i l u r e  occur red  on t he  n i g h t  o f  J u l y  11 and a  m a l f u n c t i o n  
o f  t he  casse t t e  r eco rde r  r e s u l t e d  i n  l o s s  o f  data f rom J u l y  11 
through J u l y  19. Steam was produced d u r i n g  t h i s  t ime and recorded 
on paper tape. 

The vo r t ex  shedding f lowmeter (W401) was r e t u r n e d  from c a l i b r a t i o n  
by t he  vendor l a t e  i n  J u l y  and r e i n s t a l l e d  on J u l y  31. A1so"so lar  
i n s o l  a t i o n  i n  t he  c o l l e c t o r  p lane"  data was avai  1  ab le  throughout  
J u l y  s i nce  d r i v e  u n i t  #6Y remained ope ra t i ona l  a f t e r  r e p a i r  i n  
June. 

Since replacement o f  t he  broken g lass  tubes throughout  t he  ' c o l l e c t o r  
f i e l d  i n  June, o n l y  one s i g n i f i c a n t  leakage o f  HT0 has occur red  a t  
t h e  r e c e i v e r  tubes, however more ope ra t i ona l  t ime i s  needed f o r  
observa t ion  o f  leakage. 

F i n a l l y ,  a  problem w i t h  t he  feedwater c o n t r o l  va lve  occur red  aga in  
i n  Ju ly .  Blowdown and c l ean ing  a f t e r  t h e  system has been down 
seems t o  remedy t h i s  problem. 
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Table 1. SURC - SYSTEM OPERATION SUMMARY TABLE - AUGUST 1982 

J u l  i an S ta tus  
Day Date. Code Weather Remarks 
213 811 1 
214 812 - No Operator 
215 813 1 
216 814 1 
217 815 - No Operator 
218 816 1 
219 817 2 System Shutdown 
220 8/8 I I I 1  2 
221 819 2 I I I I 

222 8/10 2 System shutdown Pending Repairs 
223 8/11 2 I I I I II 1 I 

224 8/12 2 11 
I I 11 I t  

225 8/13 2 11 I I I I 11 

226 8/14 2 11 11 I I 11 

227 8/15 2 I I I I I 1  I I 

228 8/16 2 . II 11 11 11 

229 8/17 2 11 11 11 11 

230 8/18 2 11 11 11 I I 

231 8/19 2 11 II I I 11 

232 8/20 2 I I I I I t  I t  

233 8/21 2 I I I I I 1  II 

234 8/22 2 I I 11 I t  11 

235 8/23 2 11 I I 11 I1  

2.36 8/7A 2 I I I I 11 I I 

237' 8/25 2 SKI On-Site Repairs 
I I 11 I t  238 8/26 2 
I I I I 239 8/27 2 II 

240 8/28 2 11 11 11 

24 1 8/29 1 
242 8/30 - No Operator 
243 8/31. 1 

F: F a i r  

P :  P a r t l y  Cloudy 

C: Fng n r  Overcast  

R: Rain 

S: Snow 

*I : S o l a r  system up/Pl  a n t  up 
2: S o l a r  system down/Plant up 

**3: S o l a r  system i a l e / P l a n t  up 
4: S o l a r  system up /P lan t  down 
5: S o l a r  system down/Plant down 
6: S o l a r  system i d l e / P l a n t  down 

* covers days when a l l  systems a r e  "up" and 
s i g n i f i c a n t  amounts o f  energy a re  de l i ve red .  

** covers days when zero  o r  ve ry  smal l  amounts 
o f  energy were c o l  l e c t e d  and/or  de l  i vered 
due t o  weather c o n d i t i o n s .  
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Operating Experience 
. . 

Steam production in August was further reduced as more collector'-drive 
units became inoperable. The system was shut down on August 8 after 
6 out of 12 drive units failed to operate. 

At the end of August SKI personnel arrived on site, made repairs to 
all 12 drive units, restored the system to full operation. These-repairs 
required extensive troubleshooting and parts replacement such as several 
motor relays, hoses, tracker heads, numerous pressure switches, an accum- 
ulator, a P.C. board, a 4-way valve, and several fittings and flex hoses. 

At the end of the month the only other problems were several broken glass 
tubes and one leak at receiver tube connection inside a glass tube. 
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TAELE 2 - SURC MONTHLY PERFORMANCE TABLE - AUG? 1YS2 
L___ . . . . . . . . . . . . . . . . . . . .  ............................................. 
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Table 1. SURC - SYSTEM OPERATION SUMMARY TABLE -September,  1982 

J u l  i an S ta tus  
Day Date Code Weather Remarks 

244 9 / l  1 F DOE Personnel on S i t e  
245 9/ 2 - - No Operator  
246 91  3 - - No Operator  
247 9/4 1 F 
248 9/ 5 2 P Steam Valve E l e c t r i c a l ,  I-a1 l u r e  
249 916 2 P . " Steam Valve E l e c t r i c a l  t a i  l u r e  
250 917 1 F Repai red Steam Valve 
251 9/8 .. 3 C 
252 919 3 C . .  

253 911 0 3 C 
254 911 1 1 F 
255 911 2 1 P 
256' 9/13 - - No Operator  
257 91 14 I F Kepal red 6 W & 4 W By-Pass C u i l s  
258 9/15 3 C C I  eaned Co.11 e c t o r  Recei ve r  Tubes 

Replace Fuse on 3E, Note 1 on 2E, ~ o t e  2 on 3W, 4W 
Note 1 on 2E, 3E, 3W, 4W & 6W 
Note 1 an 4E, Note 2 on 6E 
Cleaned C o l l e c t o r s  ( ~ a i n )  
C I  eaned Receiver  Tubes 

i E ,  4E, 5E, 5W Dnwn, Note 3 
;E, 4E, 5E, 5W Down, Note 3 
3E, 4E, 5E, 5W Down, Main Pump Noise, Note 3 
3E, 4E, 5E, 5W Down, Main Pump Noise, Note 3 
3E, 4E, 5E, 5W Down, Note 3 
1E, 5W, Down 

F: F a i r  

P; Pdr.Lly Cloudy 

C: Fog o r  Overcast  

R:  Rain 

S: Snow 

*1: S o l a r  system up /P lan t  up 
2: S o l a r  system down/Plant up 

**3: So la r  system td Iq /P1ont  I I ~  

4: S o l a r  system up /P lan t  down 
5: S o l a r  system down/Plant down 
6: S o l a r  system i d l e / P l a n t  down 

* covers days when a l l  systems a re  "up l ' .and 
s i g n i f i c a n t  amounts o f  energy a re  de l i ve red .  

Note 1 - A d j u s t  C o l l e c t o r  D r i v e  U n i t  ** covers days when zero  o r  ve ry  sma l l  amounts 
Deadband o f  energy were c o l l e c t e d  and/or  d e l i v e r e d  

Note 2 - A d j u s t  C o l l e c t o r  T racker  Heads due t o  weather  cond i t i ons .  
Note 3 - Var ious C o l l e c t o r  D r i v e  U n i t  Problems 



111. Operat ing Experience . . . 

E x t e n s i v e  c o l l e c t o r '  d r i v e  u n i t  r e p a i r s  wehi  performed by SKI i n  l a t e  ~ u g u s t ,  
which r e s u l t e d  i n  s i g n i f i c a n t  o p e r a t i o n a l .  improvement i n  September b u t  
severa l  d r i v e  u n i t s  developed new problems. . Repai rs  were performed on two 
o f  these u n i t s  by Energe t i cs .  

Adjustments t o  t r a c k e r  heads and row c o n t r o l  deadba'nd.were a l s o  performed pe r  
S K I  d i r e c t i o n s .  A t  t h e  end o f  t h e  month severa l  d r i v e . u n i t s  remained.down a f t e r  
r e p a i r  a t tempts  by Energe t i cs  and one c o l l e c t o r  d r i v e  u n i t  d i d  n o t  r e t u r n  t o  . 
stow d u r i n g  automat ic  shutdown 'on  ' seve ra l  occasions. 

. . 

Arrangements were made w i t h  S K I  t o  c0nduc t .a  r e p a i r  t r a i n i n g  sess ion f o r  
Energe t i cs  personnel a t  S K I  ' s  f a c i  1  i ty.  ' . ! .  . .  . 

Other o p e r a t i o n  a c t i v i t i e s  i nc l uded  c o l l e c t o r  c l ean ing  by r a i n  exposure and 
g lass  r e c e i v e r  tube  c l ean ing .  No s i g n i f i c a n t  performance improvement cou ld  
be observed u n t i l  severa l  d r i v e  u n i t  problems a r e  reso lved .  

The o n l y  o t h e r  o p e r a t i o n a l  problem n o t  r e l a t e d  t o  c o l l e c t o r  d r i v e s  was a  
steam va l ve  e l e c t r i c a l  f a i l u r e .  Th i s  was r e p a i r e d  on s i t e  and o p e r a t i o n  was 
r e s t o r e d  a f t e r  two days downtime. . 

Three days o f  da ta  recorded on paper tape  b u t  f a i l e d  t o  r eco rd  on c a s s e t t e  
and consequent ly  were o m i t t e d  f rom t h e  month ly  summary. 
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Table 1. SURC - SYSTEM OPERATION SUMMARY T ~ ~ B L E  - Octab&, 1982 
. .. 

. .  , . . 

J ~ r l  i an Sta tus  . .  
Day Date code weathe? . . Reniarks 
2 i 4  0 1  i . F 3~ & 5W down, Note 3 
275 1012 - .  - NO Operator 
776 1013 3 : C 3 E ,  5 W ;  6W down, c lean g lass  tubes 
277 1014 i P 3 ~ ,  5 ~ ,   ti^ down, Note 3 
278 1015 ' 3 C 3E, 5W, 6W down, Note 3 
779 10/6 1 P 3E; SW, 6W down; DAS Uuwr~ 
280 1 Ol.7 i c q  F. 3E, 5W down, r e p a i r  bW b y - p a s ~  coll ,. DAS &WII 

28 1 1018 1 . F 3E,  5W. down 
282 1 019 1 ' F ,  3E; 5W'down, DAS down 
283 10/10 1 F 3E, 5W down, DAS down 
284 10111 3 c ,  Repair  3E; work on 5W 
285 1011 2 3 . . '  C 5W down , 

1 P 286 10j13 5W. down 
287 i o / i 4  1 . F 5w down 
288 10115 i F. Keplace by-pass c o i l  5 ~ ,  N6te 1 on 3E 
289 10116 3 - 
290 10117 1 P 5W t r a c k i n g  poo r l y  
291 10118 1 F - 
292 i o / i  9 i F . Note 1 on 3E; DAS ldbiiJri 
293 10120 1 P 5W down, i n s u l a t e  p i p i n g  Row 6 
291 18/21 1 F 5W down, Note 1 on 3E 
295 10122 2 . .  F FW. va lve  stuck,  i n s u l a t e  Row ,4,5 
296 10123 1 P 5W down, b lowdowh SSG 
297 10124 1 P , 5W tlCIwti 
298 10125 1 P 5W down, Note 1 on 3E, 4Wj 6E 
299 10126 1 P 5~ down, i n s u l a t e  3W p i p i n g  
300 10l.27 3 C I n s u l a t e  p i p i n g  2W 3W & 5E 
301 10128 1 F Repair t r a c k i n g  board 5W 
302 10129 1 F 1nsulit.g Row 6, DAS down 
303 10130 1 P HTO leak  i n  Row 3E, ADJ 3~ 
304 1 0/3'1 5 F Note 1 ori 5E 

F: F a i r  *1 : 
2 : 

P: P a r t l y  Cloudy **3: 
4 1  

C: Fog o r  Overcast 5 : 
6 : 

R: Rain * 
S:  Snow 

Sol a r  system up/Pl an t  up 
So la r  system down/Plant up 
So la r  system 2dlo/Pl an t  up 
Solar- dyttein' up/Pl ant down 
Sol a r system down/Pl a n t  down 
So la r  system i d l  e/Pl an t  down 

covers days when a1 1 systems are "up" and 
s i g n i f i c a n t  amounts o f  energy are de l i vered .  

Note 1 - Ad jus t  C o l l e c t o r  Deive .Un i t  ** covkrs days when zero o r  very sniall amounts 
, : I  

Deadband 
' 

'o f  energy were c o l l e c t e d  and/or de l i ve red  

Note 2 - Ad jus t  C o l l e c t o r  Tracker  ~ e a d s  due t o  weather cond i t ions .  

Note 3 - Various C o l l e c t o r  D r i v e  U n i t  Problemi 



ENERGETICS CORPORATION 

111. Operat ing Experience 

C o l l e c t o r  d r i v e  o p e r a t i o n  was improved, however, t h r e e  u n i t s  operated 
o c c a s i o n a l l y  o r  n o t  a t  a l l .  Two o f  these were r e p a i r e d  and a  t h i r d  was 
p a r t i a l  l y  r e s t o r e d  by Energe t i cs  personnel . Dur ing  October, two people 
f rom Ene rge t i cs  v . i s i t ed .SK1  f o r  :a t r o u b l e  shoot  and r e p a i r  t r a i n i n g  
sess ion.  

S E R I  personnel v i s i t e d  t h e  s i t e  on October 20. ' R e f l e c t i v i t y  o f  c o l l e c t o r  
su r faces  was checked. An i nc rease  f rom 66% t o  83% was achieved by w ip ing .  
Low pressure  wate r  c l ean ing  r a i s e d  t h e  r e f l e c t a n c e  f rom 66% t o  80%. No . 

permanent degrada t ion  of  t he  r e f l e c t i v e  su r f ace  was noted due t o  contam- 
. .  . 

i n a t i o n .  . . 

I n s u l a t i o n  p r e v i o u s l y  'remoiled o n 6  t h e  i n l ' e t  and o u t l e t :  pypes f o r  l e a k  
checks i n  t h e  c o l l e c t i j r  f ie1.d was rep laced  by Energe t i cs  personnel .  Also, 
t h e  SSG o i  1  i n 1  e t  header: was i n s u l a t e d .  . 

An o p e r a t i o n a l  problem occurred w i t h  t h e  feedwater va l ve  when t h e  v a l v e  
s tuck  i n  a  p a r t i a l l y  open p o s i t i o n .  A f t e r  SSG blowdown, i t  was r e s t o r e d  
t o  o p e r a t i o n  and r e s u l t e d  i n  one day o f  downtime. 

Some o p e r a t i o n a l  problems a l s o  occur red  w i t h  t h e  DAS reco rd ing  system. 

system performance f o r  t h e  month i s  shown i n  Table 1 .  
. . 







ENERGETICS CORP. . . 

Tab le  €3-5 SURC - MONTHLY COST SUMMARY TABLE.- 

October,  1982 

Mai ntcnancc 

Scheduled-Cleaning Hours 4 ( e s t )  
Avg $ / h  10.00 
Labor Cost ($ )  40.00 
M a t e r i  a1 s ( $ )  5 .OO 
T o t a l  ( $ )  45.00 

Unscheduled- 

Blowdown SSG 

Hours 
Avg $/h 
Labor Cost ( $1  
M a t e r i a l s  ($ )  
P a r t s  ($ )  
T ~ t a 7  ($1 

Unscheduled- Hours 4 ( e s t )  
D r i v e  U n i t  Adjustments Avg $/h 10.00 

Labor Cost ( $ )  40.00, 
Ma te r i  a1 s ( $ )  
P a r t s  ( $ )  
T o t a l  ( $ )  40.00 

T o t a l  

Operat ion an'd F i xed  Cost  

P rope r t y  Taxes ( $ )  

P a r a s i t i c  Energy kwh Used 
$/kwh 
T o t a l  ( $ )  

T o t a l  

TOTAL COST $321..42 

F o s s i l  Fuel  Savings 
MIL-BTIJ ( n a t u r a l  gas) - I n l  .ma * 
$/MIL-BTU 3.43 

T o t a l  $346.66* 

, TOTAL SAVINGS $346.66 

NET SAVINGS - $ .. 25.25 

a 65% burner  e f f i c i e n c y  assumed. 



ENERGETICS CORPORATION 

Table 1. SURC - SYSTEM OPERATION SUMMARY TABLE - November 1982 

J u l  i an S ta tus  
Day Date Code Weather Remarks 

305 11/1 1 F 3E down, c o r r e c t e d  by r e w i r i n g  
306 11/2 - - No Operator  
307 11/3 1 F Adj .  2W & 4W 
308 11/4 1 " F H i  steam pressure  
309 11/5 1 F 
31 0 11/6 1 F 
31 1 11/7 3 C 
31 2 11/8 3 C I n s u l a t e  p ipes  on rows 1E & 2E 
31 3 11/9 1 P I n s u l a t e  p ipes  on. rows 2W & 4W 
31 4 11/10 3 R Clean r e c e i v e s  tubes Rows 1,2, & 3 
31 5 11/11 3 C 
31 6 11/12 3 C 
31 7 11/13 1 P 
31 8 11/14 P No Operator  
31 9 11/15 1 P 
320 11/16 3 C Clean r e c e i v e r  tubes 4,5, & 6 
32 1 11/17 3 C Clean r e c e i v e r  tubes 1, 2, & 3 
322 11/18. 1 P 
323 11/19 1 F 1E down 
324 11/20 1 P 1E down, 2E m a l f u n c t i o n  
325 11/21 1 P 1E down 
326 11/22 1 P 1E down 
327 11/23 3 C 
328 .11 /24  3 S Snow 
329 11/25 3 S Snow 

. 330 11/26 3 S Snow 
331 11/27 3 C 
332 . 11/28 3 C 
333 11/29 1 P 1 E down, main pump no ise ,  r .epaired steam l e a k  
334 11/30 3 C 

F: F a i r  .k1 . 
2 : 

P:  P a r t l y  Cloudy **3: 
4 : 

C: Fog o r  Overcast  5: 
6 : 

R: Rain 
* 

S: Snow 

S o l a r  system up /P lan t  up . . 

S o l a r  system down/Plant up 
S o l a r  system I d l e / P l a n t  up 
S o l a r  system up/Pl a n t  duwn 
Sol a r  system down/Plant down 
S o l a r  system i d l e / P l a n t  down 

covers days when a l l  systems a re  "up" and 
s i g n i f i c a n t  amounts o f  energy' a re  de l  i ve red .  

** covers days when zero  o r  very  smal l  amounts 
o f  energy were c o l l e c t e d  and/or  d e l i v e r e d  
due t o  weather c o n d i t i o n s .  



111. Three c o l l e c t o r  d r i v e  u n i t s  cont inued t o  have o r  developed new problems. 
One u n i t  was repa i red  by Energet ics personnel by r e w i r i n g .  The remaining 
two cont inued t o  operate spo rad i ca l l y ,  however, t he  system gene ra l l y  had 
e leven o u t  o f  twelve u n i t s  opera t ing .  

A l l  i n s u l a t i o n  p r e v i o u s l y  removed f o r  l eak  d e t e c t i o n  has been replaced by 
Energet ics  personnel . 

- A steam l e a k  developed on the  steam f l o w  t r a n s m i t t e r  f i t t i n g .  Repair  
was implemented by t i g h t e n i n g  f l a n g e  connect ion w i t h  no s i g n i f i c a n t  l o s s  
o f  steam produc t ion .  

System performance f o r  t h e  month i s  shown i n  Table 1.. 
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Tab le  6-5 SURC -' MONTHLY COST SUMMARY; TABLE - November, 1982 

., . .. .. .. . . . . .. .. . . . .  

Maintenance 

Scheduled Cleaning Hours 6 
Avg $/h 10.00 

. . .  

Labor Cost ($ )  60,OO ' ' 

M a t e r i a l s  ($ )  ' 

,. - - , .  . 

Tota! ( $1  . 60.00 . , . . . . - 

Unscheduled 
~ e p a i r    rive U n i t s  1 . .:. . 

r- , Unscheduled 
Repai r  Steam Leak 

' , .  

Hours 
Avg $/h 
Labor Cost ( $ )  
M a t e r i a l s  ( $ )  . .  , 

P a r t s  ( $ )  
~ o t a i  ( $ )  

Hours 
Avg $/h 
Labor Cost ( $ )  
M a t e r i a l s  ($ )  
P a r t s  ($1 
T o t a l  ( $ )  

Total, . . 
a $i32.00 

Operat ion and F ixed  ~ b s t  , . : : " . 
, . 

P rope r t y  Taxes ( $ )  

Insurance ( $ )  

P a r a s i t i c  Energy kwh Used . . 571 
$/kwh , ,  . :;;059 . :  

, T o t a l  ( $ )  33:66 '. 

I 'ota I $188.58 

TOTAL COST 

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  gas) 79.419 
$/MI L-BTU 3.43L 

To ta l  
., , 

TOTAL SAVINGS I S  . . 8773.41 
. . , . . .  . 

NET SAVINGS 
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Table 1. SURC - SYSTEM OPERATION SUMMARY TABLE - .December' 1982.. 

. .  . . ,. .. . ,  , 
, . .  . . . .. 

J u l  i an Status.  . ,  

Day Date Code Wea the.r- . . 

. . 
Remarks 

336 1212 3 . .  , c - .  

337 1213 : 3 'S .. ' Snow, checked ..out Freeze :?rot. 

F: F a i r  *1 : 
2: 

P: P a r t l y  Cloudy **3: 
4: 

C! Fog o r  Overeast 5: 
6: 

R: Rain * 
S: Snow 

Dr i ve  .6U; 'I E down , .  

D r i ve  .J E down . .- . . ,  .. I 

I 1  11 11. . . ' . . . . . 

Rep1 1E B.C. Board, Lube Pylon Brgs. 
f I c e  Storm 

U L i  1 i Ly dnd Ref l nery  Power Fa1 1 ure  
II I I 11 I 1  II 

I 1  I ~ 1 1 ,  I I I I 11 

C.1 ean Recei ve r  Tubes, ' Check .Freeze Pro t  . 
: A u t o  h i  wind shutdown; Lube Brgs. 

Dr ives 6E,, 4E operated er ra t - i ca l l y  
D r i ve  I E  down, P.C. Board f a i l u r e  
Shor t  c i r c u i t  a t  P.C. Board - fuses blown. 
Note 1, Microprocessor,  f a i l u r e  
Note 1 , cleaned Recvr. Tubes 
Note 1, vented gas f rom .Exp. Tank 
Note 1 , recharged b a t t e r i e s  
Note 1 

I 1  I 1  

" " - Snow 
I 1  I 1  - I 1  

I 1  I 1  

I n s t a l  1 Microprocessor - - -. .--. - .--- -- ----. " 

So la r  system up/Plant  up 
So lar  system down/Plant up 
So lar  system fbSe/Plant up 
So la r  system up/Plant  down 
So la r  sys tern down/Plant down 
So la r  system i dle/Pl 'ant down 

covers days when a l l  systems are "up" and 
s i g n i f i c a n t  amounts o f  energy are del ivered.  

** covers days when zero o r  very small amounts 
o f  energy were c o l  l e c t e d  and/or de l i vered 

. due t o  weather cond i t ions .  

Note 1 - Microprocessor sent  t o  S K I  f o r  r e p a i r  - 
. . system down . 

76 . 



ENERGETICS CORPORATION: . . . . 

I I I. Operat i  rig Experience . . 
, . 

Four o f  t he  twelve t o 1  1 e c t o r '  d r i v e  un.i ts .  developed opera t iona l  problems 
du r ing  December;however, n o t  more than two d r i v e  u n i t s . w e r e  down a t  the  
same time. . .  Th is  ;was due t o  f i e l d  ~ r e p a i r . s  by: Energet ics personnel per  

. S K I  d i rec t , ion .  Replacement o f  P.C. boards,. fuses, and r e p a i r  o f  d r i v e  
u n i t  c o n t r o l  w i r i n g  , sho r t  c i r c u i t s  .were the  major  maintenance i tems. 

. On December, 17, a sho r t  . c i r c u i  t duking replacement o f  a P.C. board 
resu l  t ed  i n  severa l ,  .blown fuses; .The c o l  1 ec to rs  'remai ned i n  focus 
approximately '1 5 :minutes w h i l e  emergency ,.shutdown was performed. No 
phys ica l  damage t o  ' t he  c o l  1 ec to rs  :was .observed', b u t  some overheat ing o f  
the  HTO :apparent ly  d i d  occur. . . , ~ . . 

. . .  
A1 so, f a i  1 u re  o f  t h e  microprocessor occurred and i t  was sent  t o  SKI f o r  
r e p a i r .  Absence . o f  a spare u n i t  on s i t e  o r  a t  SKI r e s u l t e d  i n  an ad- 

' d i t i o n a l  ten. days downtime, On December 39 ,  t he  microprocessor was r e -  
i n s t a l l e d  by Energet ics o n . s i t e  personnel and -system,operat ion res tored.  

o the r  maintenance i tems i n  December i ncl, ided r e c e i v e r  tube c l  eani ng , 1 u b r i  - 
c a t i o n  of co l  l e c t o r  p i 1  l o w  b lock beari.ngs, and adjustment o f  . the feedwater 

. . f r eeze  p r o t e c t i o n  system. . '  . ' . . . 

. , 
. . 



I E N E R G E T I C S  CORPORATION 
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' 
JUL 
IAN 

DATE 

DEC 1 
DEC 2 
DEC 3 
DEC 4 
DEC 5 
D E C  6 
DEC 7 
D E C  8 
DEC 9 

DEC15  
DEC 1 6  

I 
TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - D E C - 1 9 8 2  ! 
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ENERGETICS CORPORATION 
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f 
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1 T I M E  

D A Y  DATE 

340 1 DEC 6 

...... . .  - 

TOTAL 

ENEF 

GROSS 
F O S S I L  S I T I C  
. F U E L  ENERGY 
SAVED 

(SOURCE ) 

M I L - E T U  

0.000 
0.000 
0.000 
1.640 
3.309 
3.842 r M I  L-ETL 

i Y  I DOLLARS 
I - -r 

M I  L - E T U  0 I L GAS 8 8 I I 8 $ 

1 
I I I * 

i 
1 

I 

N E T  F O S S I L  F U E L  
SAVED 

T A B L E  ' 3  - SUHC NONTHLY PERFORMANCE T A B L E  - D E C v 1 9 8 2  
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GROSS 
S A V I N G S  

COST OF  
P A R A S I T I C  
ENERGY 
( A T  S I T E )  

NET  
F O S S I L  

FUEL 
S A V I N G S  

i 
i 
I 
1 
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ENERGETICS, CORP. 

Table%. SURC - MONTHLY,COST SUMMARY TABLE - December 1982 

Ma1 ntenance 
Scheduled- 
C l  ean i  ng Hours 6 
Receiver  Tubes Avg $/h $10.00 
and 1 u b r i  c a t e  Labor Cost ($)  60.00 
bea r i ngs  M a t e r i a l  s ( $ )  

T o t a l  ( $ )  60.00 

Unscheduled- Hours 6 
Repair  S K I  D r i v e  Avg $/h 

Lahnr Cnzt ( $ )  
$10.00 

U n i t s  and Cent ra l  --- - 
Con t ro l  1 e r  M a t e r i a l s  ($1  

Pa r t s  ( 9 )  
To ta l  ( $ )  60.00 

Scheduled-Maintenance Hours 2 
check Freeze Avg $/h 16.00 
P r o t e c t i o n  System Labor Cost ( $ )  32.00 

M a t e r i a l s  ( $ )  
Pa r t s  ($ )  
Tn ta l  ( I f ; )  32.00 

T o t a l  

Opera t ion  and F i x e d  Cost 

P a r a s i t i c  Energy kwh Used 294 . 

$/kwh .059_,- 
' T o t a l  ( $ )  $17.31 

T o t a l  $172.23 

Ul V J J  

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  y k )  .a 
$/MIL-BTU 3.43 

T o t a l  8 7 3 4 L  

TOTAL- SAVINGS . $77.47 

NET SAVINGS., ($251.81 1 

a,. 65%. burner- e f f i c i e n c y  assumed. 



. . 
Table 1. SURC. - SYSTEM OPERATION SUMMARY TABLE - January 1983  

, .  s 

Sta tus  Ju l  i an 
Day Date Code Weather Remarks 

1 1 /1 3 S ,  Snow . , . 
2 1 /2  3 S Snow 
3 1 /3  2 F .M ic roprocessor  n o t  o p e r a t i o n a l  . -. 
4 1 /4  1 P Microprocessor  check out ,  see no te  1 
5 1 /5  1 P I n s t a l l  new back-up b a t t e r i e s ,  see n o t e  1 
6 1 /6  1 F See n o t e  1 . 
7 1 /7 1 P II I1 I1 . . .  

8 1 / 8  1 F II ' II 11. . - . ,  

9 1 /9  1 F II II . I I  . . . . . . :  
10 1/10 1 P .  Main pump gear reducer  f a i l u r e  
11 1/11 2 - .  Main pump gear reducer  r e p a i r  
12 1/12 2 - Main pump gear reducer  r e p a i r  
13 1/13 1 F Repaired open , c i r c u i t  #5W c o n t r o l  : ,w i res  , 
14 1/14 1 P See n o t e  1 , .. . 

15 1/15 3 C .  - , - 
16 1/16 1 F See no te  1 
1 7 .  1/17 1 P I I II I1 

18 1/18 3 C Cleaned c o l l  e c t o r  rows 1,2, and 3 
19 1/19 3 R Cleaned c o l l e c t o r  rows 4,5, and 6 
20 ' .. 1/20 3 R Rain 
21 1 /21 3 S Snow 
2 2 1 /22 1 F See Note 1 " .  
23 1 /23 1 P II I1 I1 

2 4 1 /24 4 - R e f i n e r y  shu t  down f o r  maintenance 
25 1 /25 3 C See Note 1 
26 1/26 1 P . '  

II II II . . .  . 

2 7 1 /27 1 P II II I1 

28 1/28 . 1 P II II II , , . . 
29 .1/29 - - No ope ra to r  
3 0 1 /30 I I I I - - 
31 1 /31 3 R Ra.i n 

F: F a i r  

P: P a r t l y  Cloudy 

: Fog o r  Overcast 

R: Rain 

S: Snow 

So la r  system up /P lan t  up , . 
S o l a r  system down/Plant up 
S o l a r  system Sd le /P lan t  up 
S o l a r  system up/Plant  down 
S o l a r  system down/Plant down 
S o l a r  system. i d l e / P l  a n t  down 

covers days when a l l  systems a r e  "up" and 
s i g n i f i c a n t  amounts o f  energy ' a r e  de l i ve red .  

covers days when zero o r  very  smal l  amounts 
o f  energy were c o l  l e c t e d  and/or  del ' i  vered 
due t o  weather cond i t i ons .  

Note 1 - D r i v e  U n i t s  1 E and 2E down - a w a i t i n g  c o n t r o l  PC Boards, f rom SKI 

8 1  



ENERGETICS CORPORATION 

Operat ing Experience 

A l l  bu t  two c o l l e c t o r  d r i v e  u n i t s  operated w i thou t  f a i l u r e .  These two u n i t s  
were down due t o  a l a c k  o f  a v a i l a b l e  P.C. c o n t r o l  boards from S K I .  

The repa i red  microprocessor was i n s t a l l e d  on December 31. Checkout and 
t e s t i n g  was delayed due t o  i n c l i m a t e  weather. Th is  r e s u l t e d  i n  no data o r  
opera t ion  f o r  t h e  f i r s t  several  days o f  January. 

F a i l u r e  o f  t he  speed reduc t i on  gears on t h e  main pump occurred. This  re -  
s u l t e d  i n  two days downtime. Vendor r e p a i r  and replacement o f  p a r t s  re -  
s to red  o p e r a t i o n  on January 12. 

Maintenance i tems i n  January i nc l  uded c lean ing  o f  c o l  1 e c t o r  surfaces us ing 
a water r i n s e .  It was determined t h a t  a h igh  pressure spray washer would 
be needed f o r  - thorough c lean ing .  , 



T I  ME ENERGY BALANCE EFFI CIENCY 

IhICIDENT SOLAR ENERGY P I P  I NG PARA 
SOLAR SOLAR DEL IVEREB LOSSES SITIC 
ENERGY EI'iERGY TO REF 1P.IERY -OPERA ENERGY .CC)l-LECTCiR 

VJUL COLLEC CIIl-LECTED STEAM L. IFIE T I  CINAL USED ARRAY SYSTEM 
I A N  PL-AbIE ( Ei:llblR CE ! 

\ . - -  - - . . . , . 

DAY DATE MIL-ETU MIL-PTU MIL-BTI? LPiDPlY MIL-BTV M 11.:-BTU X x 
--  - - v _ _ I I - r  - 

5 JAN 5 6.783 1.911 1.3971 1449. 0.148 0.192 27-4 26. 
b JAN b 13.799 3.988 2,3653 2492,  0.178 8.3.4.4. 28.8 1 7 , l  
? J A N 7  F:blb 2,469 1.3909 1533, 6.135 Q . 2 , g  25,7 1.4. 5 
8 JAN 9 15.856 4.839 2.383:' 326 1. .. 0, 229 Q.427 30.5 18.8 
? JAN 3 15.163 4.331 . 2.0105 2979. 0, 22h C1,395 29,6 18-5 

16 JAN10 , 5.2P5 1.185 0.8452 197, Q,OAZ 8,261 18n9 1.5 
11 JAN11 0,05? 8.806 Q.QQBQ 0. D.88Q 0. 0'75 0. B E!: '3 
12 JAN12 5. 517 1 .. 59E Q. 06'72 77. Q,Blb 8.229 2.~4. Q 8.1 
13 JAN13 19.726 4,142 2,3@78 2556. B , f l f  6, 396 2k; ,  3 14. '7 
14 JAN14 14.621 3.744 1.9533 21Eh5. a"  ;229 (d.377 25: ,6  12- '7 
15 JAN15 0.365 Q.008 0.OQ68 0. 8.B88 8 . @'79 0-  E! 0. Q 
16 JANlb 15.382 4,537 2. 1326 232'7" 0.221 B.392 29;5 13,9 
17 JAbIl? &.a93 1 z 558 0,2930 398, 0.879 0.355 25, 4 4. .: E 
18 JAM18 0.857 8.606 0.86138 8. 8,000 6.859 6.8 a,, 0 
19 JAN!.? 0.13.45. 8.0Qn B.B6Q8 CJ. PI.(FOO 8., 059 B. B 6-  P 
20 ,JAN:i?&I . 8.385 OmOOO 0.8800 0. DoG3Q0 Q. Q71 Qu 61 0. Q 
21 JAN21 0.036 0.0@8 0.0000 8. 0.Q08 0.021 0. ks Elrn B 
22 JAN22 14.337 4.694 2.3445 2716. @.:2&8 0.3Fb 32.7 16.4 
23 JAN23 13.176 3.699 :2.2782 3212.. @.,355 61.377 25.1 17,3 
24 JAr.124 4. 23.4 Or89QB 0.0414 264. m.031 C).21i+ 21.3 l a O  
25 ,JAN25 2,788 0.5& @. 0 6 ~ 6  34, Q. BC90 0.2Q5 0. B 
26 JAN26 1.Li. 142 4.382 2,4230 2567. 0,ZQJ 0.367 31,0 I ? s  1 
27 JAN27 3.6$3 2=267 I3n8935 1Q78a 0,128 0.354 24.5 r ? ,  1 
28 JAN28 9. ,555 2-7-44 1x2449 1501. 0.262 0.. 337 28:. 4 12.4 
27 JAN29 0.,10Z 6.00B 8. QQBB 0. 6, 629' ld. QB3 0. Q 8. 8 
31 JAN31 8.819 0 ., 06D 0. '3000 8. Q,000 0. 824 0.8 B. 0 

TC)TL/AC'G 195. 654 53. 645 26s 8509 31315'. 2,'?$1 6.212, 2'7.5 13.9 

.I 

..' 
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ENERGETICS CORP. 

Table 5. SURC - MONTHLY COST SUMMARY TABLE - January 1983 

Maintenance 

Unscheduled Hours 6 
Repai r  Main Pump Avg $/h'  20.00 
Gear Reducer . Labor Cost ( $1  120.00 

M a t e r i a l  s ( $ )  420.00 
To ta l  ( $ )  540.00 

Unshedul ed 
Repai r  Microprocessor  
and D r i v e  U n i t s  , 

Sc hedu 1 ed 
Clean .Col 1 e c t o r  
Surfaces 

To ta l  

Operat ion and F ixed  Cost 

P rope r t y  Taxes ( $ )  

Insurance ( $ )  

Hnurs 
Avg $/h 
Labor c o s t  ( $ )  
M a t e r i a l s  ( $ )  
P a r t s  ( $ )  
To ta l  ( $ )  

Hours 
Avg $/h 
Labor Cost ( $ )  
M a t e r i a l s  ( $ )  
Pa r t s  ( $ )  
To ta l  ( $ )  

P a r a s i t i c  Energy kwh Used 
$/kwh 

536- 

T o t a l  ( $ )  
.059 

31.62 

TOTAL COST $786.54 

F o s s i l  Fuel Savinqs 
MIL-BTII ( n a t ~ ~ r a l  gas) i 1 . 3 7 6  
$/MIL-BTU 3.43 

To t  a 1 $'141.75 - 

TOTAL SAVINGS $141 .SS 

NET SAVINGS 

a..65% burner  e f f i c i e n c y  assumed. 



ENERGETICS CORPORATION 

.- 
Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - February, 1983 

J u l  i an S ta tus  
Day Date Code Weather Remarks 

32 211 . 3 C 
3 3 21 2 1 P Note 1 
3 4 213 3 C Cleaned Receiver Tubes #1,2 
3 5 214 3 S C l  eaned Receiver  Tubes #2,3 
3 6 2/ 5 3 S 
3 7 216 - - No Operator 
38 21  7 1 P Note 1 , Clean Receiver Tubes #5,6 
3 9 21 8 3 C 
40 2/ 9 1 P Note 1 
41 2/10 1 P " " , Closed SSG 01 owdown Valve 
42 2/11 1 F II II 

43 211 2 - - No Operator 
44 211 3 - - No Operator 
45 211 4 1 P Note 1 
4 6 211 5 1 P II II 

47 2/16 1 P II I1 

48 2/17 1 F Replace C i r c u i t  Boards 1E & 5W, See Note 2 
4 9 2/18 1 F Note 2 
5 0 211 9 1 P I1 II 

Cleaned Rec. Tubes #1,2,3 
Performed Manual Blowdown o f  SSG 
Note 2 

II 11 

Added Water t o  Rackup B a t t e r i e s  
No Operator  
Ref inery  Power Outage, Microprocessor  Down 
Note 2 

F: F a i r  

P: p a r t l y  Cloudy 

C:  Fog o r  Overcast 

R: Rain 

S: Snow 

S o l a r  system up /P lan t  up 
S o l a r  system down/Plant up 
S o l a r  system f d l e / P l a n t  up 
S o l a r  system up /P lan t  down 
Sol a r  sy; tem down/Pl a n t  down 
S o l a r  system i d l e / P l a n t  down 

covers days when a l l  systems are  "up" and 
s i g n i f i c a n t  amounts o f  energy a re  de l i ve red .  

** covers days when zero  o r  ve ry  smal l  amounts 
o f  energy were c o l l e c t e d  and/or d e l i v e r e d  
due t o  weather cond i t i ons .  

Note 1 :  D r i v e  U n i t s  1E & 5W   own'- Awa i t i ng  C i r c u i t  Boards. From SKI 

Note 2: A l l  C o l l e c t o r s  Are Operable & Tracki,ng 
86 



ENERGETICS CORPORATION 

11.1. Operat ing Experience 

Two c o l l e c t o r  d r i v e  u n i t s  were r e p a i r e d  midway through t he  r e p o r t  pe r i od .  
Th i s  r e s t o r e d  a l l  twe lve  d r i v e  u n i t s  t o  f u l l  ope ra t i ona l  s t a tus .  

A p l a n t  power outage on February 2Z. r e s u l t e d  i n  bo th  t he  r e f i n e r y  and 
t he  s o l a r  s i t e  s h u t t i n g  down. Data a q u i s i t i o n  f o r  t h a t  day was a l s o  down, 
however, normal ope ra t i on  resumed when power was res to red .  

Automatic SSG blowdown was d i scon t i nued  on February 10. Manual SSG blow- 
down w i l l  be scheduled as r e q u i r e d  on shutdown o r  c loudy  days i n  o rde r  t o  
min imize system heat  losses .  

Procurement o f  a  p o r t a b l e  spray washer was completed i n  February and a r r i v e d  
on s i t e  1  a t e  i n  t h e  rnonth. Performance improvement as the  r e s u l t  of reduced 
blowdown, d r i v e  r e p a i r s ,  and c o l l e c t o r  c l ean ing  can b e s t  be seen on '  Feb. 28 
(as compared t o  Feb. 9 ) .  

DAS i n f o r m a t i o n  was l o s t  on Feb. 17 and 18, due t o  an ope ra t i ona l  e r r o r .  
Log sheets show t h a t  3,488 I b s .  and 4,951 I b s .  r e s p e c t i v e l y  o f  steam were 
produced on those days. 
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TAELE 2 - SURC MONTHLY PERFC)RMANCE TAELE - FEE* 1983 
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Tab le  5 .  SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - 
FEBRUARY 1983 

Maintenance 

Unschedul ed , . Hours .2 
Replace C i r c u i t  Boards ' Avg $/h 10.00 

L a b o r c o s t  ($) 20.00 
M a t e r i a l  s ($ )  
T o t a l  ( $ )  20.00 

Scheduled - Clean 
Rece iver  Tubes and 
C o l l  e c t o r s  , B l  owdown 
SSG, M a i n t a i n  B a t t e r i e s  

Hours 
Avg $/h ". 

Labor Cost ($ )  
M a t e r i a l s  ($ )  . 

P a r t s  ($)  ' 

T o t a l  ($)  

Hours 
Avg $/h 
Labor Cost ($)  
M a t e r i a l s  ($ )  
P a r t s  ( 8 )  
T o t a l  ( $ )  

T o t a l  

Opera t ion  and F i xed  Cost 

P rope r t y  Taxcs ( $ )  

Insurance  ( $ )  154.92 

Para'si t i c  Energy kwh Used 
. $/kwh 
T o t a l  ( $ )  

* 
T o t a l  $186.06 

TOTAL CUSI . . $246.06 . -- 

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  gas) -- 42.728* - 

$/MIL-BTU 3.43 
To ta l  $146.56 

TOTAL SAVINGS $1 46.56* 

a 65% burner  e f f i c i e n c y  assumed. * 
Valves Adjusted f o r  Feb. 17 'and 18  

.Steam Produc t ion  Which Were Mot 
I nc l uded  i n  DAS Tables. 
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Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - March, 1983 

J u l  i an S ta tus  
Day Date Code Weather Remarks 

6 0 3/ 1 3 C 
61 3/2 5 P Power F a i l u r e  (See Note 1 ) 
62 3/3 3 C 
6 3 3/4 3 C Manual Blowdown o f  SSG 
6 4 3/ 5 - - No Operator  
65 3/6 - - No Operator  
6 6 3/ 7 2 P Reprogrammed Microprocessor  
67 3/8 1 P Note 2 
68 3/9 3 C Clean Receiver Tubes 
69 3/10 1 F SW Down 
70 3/11 1 F SW Down 
7 1 3/12 - - No Operator  
72 3/13 1 F System Tr ipped  - Low SSG Water Leve l  
7 3 3/14 3 C Dra ined and R e f i l l e d  SSG, Note 3 
7 4 3/15 3 C Clean Receiver Tubes - Rows 1,2,3, Note 3 
7 5 3/16 3 C Clean Receiver  Tubes - Rows 4,5,6 
76 3/17 1 F 
77 3/18 3 I P  Note 2 - Repaired Tracker  Head 
78 3/19 - - No Operator  
79 3/20 - , - No Operator  
80 3/21 3 C Cleaned Rec. Tubes - Rows 1,2,3 
81 3/22 1 P 
82 3/23 1 P 
83 3/24 1 F 
84 3/25 3 P 
8 5 3/26 3 P System Shutdown Due t o  H igh  Winds 
86 3/27 1 F System Tr ipped  - Low SSG Water Level  
8 7 3/28 1 P Repaired 1E Overtemperature Swi tch  
88 3/29 1 P 
89 3/ 30 1 F 
90 3/ 31 1 F Windy L a t c  Af ternoon 

F: F a i r  

P: P a r t l y  Cloudy 

: Fog o r  Overcast 

R: Rain 

S:  Snow 

So la r  system up /P lan t  up 
S o l a r  system down/Plant up 
S o l a r  system a I ~ / P l a n t  up 
S o l a r  system up /P lan t  down 
S o l a r  system down/Plant down 
S o l a r  system i d l e / P l a n t  down , 

covers days when a1 1 systems a r e  "up" and 
s i g n i f i c a n t  amounts o f  energy a re  de l i ve red .  

**. covers days when zero  o r  ve ry  smal l  amounts 
o f  energy were c o l  l e c t e d  and/or de l  i vered 
due t o  weather cond i t i ons .  

Note 1 : Power Fa i  1 u r e  Caused Microprocessor  Program Fa i  1 u r e  
Note 2: 5W Track ing  Problem 
Note 3: DAS Loss o f  Data 9 1 
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- . 111. Operating Experience 

All col lector  drive units operated normally w i t h  the exception of one 
tracking sensor and one temperature sensor problem. The tracking sensor 
was removed, repaired, and reinstal led,  and the temperature sensor con- 
nections were repaired. 

A power outage on March 2 resulted i n  loss of the program in the micro- 
processor. This software i s  the tracking logic which controls the SKI 
col lector  dr ive uni ts .  The system was down several days due to  th i s  
occurrence. SKI indicates th i s  problem may be due to  a faul ty  battery 
or  .:uni nterruptabl e power supply in the microprocessor. A spare micro- 
processor would, a1 1 evi,ate th i s  recurring. problem. 

. . 
The steam generator (SSG) water level switch which controls the feed- 
water valve fa i led  several times during March. T h l s  caused L l ~ e  system: ,:;i-- 
t o  automatically shutdown on low water level.  Repeated draining of I thc lcvcl switch column and rnitnl~al SSG bl~wdown remedied the s i tuat ion.  ; . 

~, . 
ODAS information was l o s t  March 14 and 15 due to  'an operati.ona1. problem.:; ' . 
This. however, was not a s ignif icant  loss as these were overcast days. 
A par t ia l  loss  occurred on.the 8th.  Log sheets show steam production *' 

" 

of 3211 lbs .  in addition to  that  shown in Table 4. This amount has 
been accounted f o r  in the energy cost savings. 

A problem continued with the steam check valve a t  the refinery t ie - in .  . . 
Refinery maintenance personnel di sassembl ed, cleaned, and rei  nstal 1 ed; : 
the check valve. 







ENERGETICS CORP. 

Tab le  5. . SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - 
MARCH 1983 

Maintenance 

Repair  Steam 
Check Valve 

Hours 
Avg $/h 
Labor 'Cost ($ )  
M a t e r i a l s  ( $ )  
T o t a l  ( 8 )  . 

Scheduled - Clean Hours 4 : 
Receiver Tubes and Avg $/h 10.00 
Col l e c t o r s ,  Blowdown Labor Cost ($ )  40.00 

M a t e r i a l s '  ($ )  SSG: 
Repai r Col 1 e c t o r s  

40.00.  

Hours 
Avg $/h 
Labor Cost ($ )  
Ma te r ia l s ' .  ( $ )  
P a r t s  ($)  
T o t a l  ( $1  

T o t a l  

Opera t ion  .and F i xed  Cost 

P roper t y  Taxes ($ )  

Insurance ( $ )  

P a r a s i t i c  Energy kwh Used 
$/kwh 
T o t a l  ( $ )  

T o t a l  

TOTAL COST 
- - 

F o s s i l  Fuel Savings * 
MIL-BTU ( n a t u r a l  gas) 71.269 
$/MIL-BTU 3.43 

T o t a l  
. . . . . . 

TOTAL SAVINGS $244.45 

NET' SAVINGS 

a 65% burner  e f f i c i e n c y  assumed. 
. . 

* 
Values Ad jus ted f o r  March 8 
Steam Produc t ion  Which Were N o t  

95 I nc luded  i n  DAS Tables. 
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Table 1. SOUTHERN UNION -SYSTEM OPERATION SUMMARY TABLE - APRIL 1983 . . 

J u l  i an S t a t u s  
Code ~ e a  t h e r  Remarks . .  c Day Date 

. , 

2  9 1 41 1 . P . . . See ~ o t e  1 
92 4 1  2 2 F ,  Low Feedwater . ~ e v e l  . , 

9  3 41  3 .2  F . . .  . LOW O i l  .Level 
9 4 414 3 , C . . System Shut Down Due ' t o  Low O i l  Level  

- Note 2 95 415 - 
9 6 4 1  6 3 : C  Note 3 

41  7 . 3  . . s  . . .  . . 9 7 . . 
98 418 3 C 5W & 1E Overtemp. SW. F a i l e d  
9 9 41 5) 2 . .  F . . , Nu t e  3, Main . Pump Developed 0.i 1 Leak 

4/10 Note 2 100 - - 

Note 3 
W a s h e d 5 W , 5 E s 4 E a n d 3 E  - .  

Note 2 

Note 2 - 
System Shut O f f  Twice Due t o  High Winds 

System O f f  Once Due t o  High Winds 
Note 2 
Note 2 

R c f i n c r y  Shut Down 
Re f i ne ry  Shut Down 
Note 2 

' Note 2 

F:' F a i r  : *l: . S o l a r  system ~ ~ p / P l a n t  up 
2:  S o l a r  system down/Plant up 

P:  P a r t l y  Cloudy **3: S o l a r  system f d l e / P l a n t  up 
4: Solar: system up/Plant  down 

C :  Fog o r  Overcast  5: S o l a r  system down/Plant down 
6:  S o l a r  system i d l e / P l a n t  down, 

R: Rain . . * . covers days when a1 1 systems are. "up" and 
S: Snow s i  gn i  f i  can t  amounts o f  energy a re  de l i ve red .  

. ** -covers  days when zero o r  very  smal l  amounts 
o f  energy were. c o l l e c t e d  and/or d e l i v e r e d  
due t o  weather condi tyons.  

NOTE 1: High  winds caused damage t o  t h e  ~ o r t h ' r o w  o f  c o l l e c t o r s .  T h i s  row was 
i s o l a t e d  a n d . t h e  system operated on t h e  o t h e r  f i v e  rows th roughout  A p r i l .  

NOTE 2: No o p e r a t o r .  
NOTE 3 :  Microprocessor  m a l f u n c t i o n  9 6 
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I I I Operat ing Experience 

High winds i n  t he  e a r l y  morning. o f  A p t i  1  ' 1, 1983 caused. t r repa rab le  damage 
t o  f o u r  o f  t he ' co l l ec t ' o rs .  " Loca l l y  h igh  winds from the  North aided by s t rong gusts 
damaged f o u r  o f  the  c o l l e c t o r s  adjacent t o  t he  Dr i ve  Pylons. T-his row was i s o l a t e d  
by c los inb  the  HTO'va lves-a t  t he  East and West ends. The system cont inued t o  operate 
on the  o the r  5  rows throughout .Apr i1.  A d e t a i l e d  exp lanat ion  o f  t h i s  damage i s  ou t -  
l i n e d  i n  a  ho t  l i n e .  repo r t ,  dated .Apri. l  12, 1983. 

The system shut  dgwn several.  time's du r ing  Apr i  1  d i e  t o  low water l e v e l .  This  
occurred almost simultaneuos1.y w i t h  a  reduc t i on  i n  Refinery steam pressure. I t  appears 
t h a t  t h i s  reduced pressure a l lows the  SSG t o  operate a t  a  reduced b o i l i n g  p o i n t .  
Consequently, feedwater i s  consumed i,n t h e  SSG a t  a  r a t e  h igher  than the  r e s t r i c t e d  
feedwater l i n e  can supply. ,This  c o n d i t i o n  can be a l l e v i a t e d  by w a i t i n g  u n t i l  the  
Ref inery resumes normal opera t ing  steam pressure; I f  t h i s  problem cont inues o the r  
a1 t e r n a t i v e s  w i  11 be considered du r ing  redesign. 

The s t a r t  up pump f a i l e d  t o  operate prope.rly and an e l e c t r i c a l  c o n t r o l  problem 
i s  suspected. The system can be operated au tomat i ca l l y  w i t h  the  main pump. This  
problem w i l l  be e l im ina ted  by the  redesign now i n  progress. 

Data A c q u i s i t i o n  System (,DAS)' i n fo rma t ion  was n o t  recorded -on A p r i l  1 & 24. Th is  
i s  n o t  s i g n i f i c a n t  data s ince  the  system was n o t  opera t iona l  on 'these days. Also, 
due t o  the  wind damage, the  pyranometers were moved from row 6W t o  5W. 

. , . . 

F i n a l l y ,  t he  check  va lve  a t  the Ref inery  t i e - i n  cont inued t o  f a i l  open. This  
appears t o  be due t o  a  low d i f f e r e n t i a l  pressure across the  check va lve  and i t  i s  
under i nves t i ga t i . on  as p a r t  o f  the , redes ign .  
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TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - APRvl983 

- .  

TIME 

JUL 
I AN 

nAY 

92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
183 
1l33 
104 
105 
106 
1Q7 
108 
109 
118 
111 
112 
113 
115 
116 
117 
118 
119 
120 

nATF 

APR 2 
APR 3 
APR 4 
APR 5 
APR 6 
APR 7 
APR 8 
APR 9 
APR10 
APRll 
A P R l ?  
APR13 
APRl4 
APR15 
APRl6 
APR17 
APRl8 
APRl9 
APR20 
APR21 
APR2Z 
APR23 
APR25 
APR26 
APR27 
APR28 
APRZ9 
APR30 

TC)TL/AVG 

INCIDENT 
SOLAR 
ENERGY 
COLLEC 
PLANE 

MIL-PTU 

0.299 
0.463 
0.321 
0.338 
0.220 
0.476 
0.349 
0.259 
0.568 
5.058 

12.904 
7.540 

14.310 
17.307 

1.019 
11.571 

1.095 
16.855 
10.863 
16.620 
14.914 
0.918 

17.071 
18.489 
4.695 
0.869 
0,499 
0.633 

176.520 

EFF I C I 

,OLLECTOR 
ARRAY 

X 

0.0 
14.5 
8.4 
000 

. 3.6 
30.2 
0.0 
0.0 
0.0 

83.1 
18.4 
27.8 
24"/ 
21.6 
0.0 

89.2 
0.0 

24.0 
20.3 
19.7 
19.4 
0.0 

28.3 
20.9 
37.5 
0.0 
0.0 
8 ,  (D 

28.0 

ENERGY 

SOLAR 
ENERGY 

COLLECTED 

MIL-BTU 

0.000 
0.067 
0.027 
0.000 
0.008 
0.144 
0.000 
0.000 
0.000 
4.203 
2,371 
2.095 
3.539 
3.740 
0.000 

10.318 
0.000 
4.046 
2.201 
3.276 
2.896 
0.000 
4.824 
3.870 
1.763 
0.000 
0.000 
0 

49.388 

ENCY 

SYSTEM 

X 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

77.8 
20.1 
14.9 
24.1 
25.0 
0. Q) 

33.2 
0.0 

26.2 
19.3 
25.6 
19.2 
0. PI 

17.5 
24.3 

1.0 
0.0 
0. C) 
0.0 

22.9 

BALANCE 

SOLAR ENERGY 
DEL I VE RED 
TO REF I NERY 
STEAM LINE 

P I PING 
LCISSES 
-OPtHA 
TIONAL 

MIL-PTU 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.253 
0.172 
0.111 
0.253 
0.255 
0.000 
0.165 
0.0BG.i 
0.216 
0.167 
0.239 
0.247 
0.000 
0.216 
0.253 
0.021 

-0.000 
-0.001 
P).P)00 

2.566 
.+ 

MIL-PTU 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.9349 
2.5991 
1.1244 
3.4475 
4.3187 
0.0000 
3.8368 
0.0000 
4.4145 
2.1011 
4.2471 
2.8611 
0.0000 
2.9830 
4.4988 
0.0471 
0.0000 
0.0000 
a. Bum@ 

40.4 150 

PARA 
S I T  I C 
ENERGY 
USED 

(SOURCE 1 --- 
MIL-BTU 

0.049 
0.088 
0.091 
0.061 
0.083 
0.126 
0.087 
0.039 
0.083 
0.455 
0.359 
0.292 
0.398 
0.486 
0.065 
0.344 
0.066 
0.460 
0.326 
0.435 
0.430 
0.070 
0.522 

. 0.519 
0.221 
0.096 
0.093 
0. 0'ZId 

6.433 

LB/DAY 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

4088. 
2745. 
1199. 
3586. 
4459. 

0. 
381 1. 

8.  
4495. 
2182. 
4315. 
2981. 

0. 
3263. 
4662. 

109. 
0. 
0. 
8). 

4 1898. 



ENERGET I CS CORPORATION 

TABLE 3 - SURC MONTHLY PERFORMANCE TABLE - APRs 1983 

T I M E  

JUL 
I AN 
DAY 

92 
93 
94 
95 
96 
97 
98 
99 

10Q 
101 
102 
103 
104 
105 
186 
107 
108 
189 
1163 
111 
112 
113 
1 15 
116 
117 
118 
119 
12Q 

DATE 

APR 2 
APR 3 
APR 4 
APR 5 
APR 6 
APR 7 
APR 8 
APR 9 
APRl0 
APRll 
APRl2 
APR13 
APR14 
APR15 
APRl6 
APR17 
APR18 
APR19 
APR20 
APR21 
APR22 
APR23 
APR25 
APR26 
APR27 
APRZ8 
APR29 
APR30 

TOTAL 

GROSS 
FOSSIL 
FUEL 
SAVED 

MIL-ETU 

0.000 
0,000 
0.000 
0.000 
0.000 
0.000' 
0.000 
0.000 
0.000 
6.053 
3.999 
1.730 
5.303 
6.645 
0.000 
5.904 
0.000 
6.791 
3.231 
6,533 
4.481 
0.000 
4.589 
6.920 
0.072 
0.  8)0@ 
0.001 
0.000 

62.172 
Y 

GROSS 
SAVINGS 

B 

0.00 
0.00 
0. QQ 
0.00 
0.0ld. 
0.80 
0.00 
0.00 
0.0@ 

20.76 
13.72 
5.93 

18.19 
22.79 

0.00 
20.25 

0.00 
23.29 
11.08 
22.41 
15.18 
0.00 

15.74 
23.74 

0.25 
0.00 
0.00 
0.00 

213.25 

ENERGY 

PARA 
S I T I C  
ENERGY 

USED 
( SOURCE ) 

MIL-ETU 

0.049 
0.088 
0.091 
0.061 
0.083 
0.126 
0.087 
0.039 
0.083 
0.455 
0.359 
0.292 
0.398 
0.486 
0.065 
0.344 
0.066 
0.460 
0.326 
0.435 
16.438 
0.070 
0.522 
0.519 
0.221 
0.096 
0.093 
0.090 

6.433 

D(3LLARS 

CUST OF 
PARASITIC 
ENERGY 
( A T  S I T E )  

b 

0.25 
0.45 
0.46 
0.31 

. 0.42 
0.64 
0.44 
0.20 
0.42 
2.31 
1.83 
1.48 
2.632 
2.47 
0.33 
1.75 
0.34 
2.34 
1.66 
2 - 2 1  
2.19 
0.35 
2.65 
2.64 
1.12 
0.49 
0.48 
0.46 

32.72 

NET 
FOSSIL 

FUEL 
SAVINGS 

% 

-0.25 
-0.45 
-0.46 
-0.31 
-0.42 
-0.64 
-8.44 
-@.  20 
-0.42 
18.45 
11.89 
4.45 

16.17 
20.32 
-0.33 
18.5Q 
-0.34 
20. 95 

9.42 
20. 20 
12.91 
-8). 35 
13.09 
21.10 
-0.87 
-0.49 
-Q. 48 
-0.46 

180.53 

NET FOSSIL FUEL 
SAVED 

MIL-ETU 

-0.049 
-0.088 
-0.091 
-0.061 
-0.083 
-0.126 
-0.087 
-0.039 
-0.083 
5.598 
3.640 
1.458 
4.905 
6.159 

-0.065 
5.560 

-0.066 
6.331 
2.905 
6.098 
A . Y ? l  

-0.070 
4.067 
6.401 

-0.149 
-0.096 
-0.092 
-0.090 

55.738 

BARRELS 
O I L 

-0.009 
-0.017 
-0.018 
-0.012 
-0.016 
-0.824 

. -0.017 
-0.008 
-0.016 

1.081 
0.703 
0.278 
0.947 
1.189 

-0.013 
1.073 

-0.013 
1.222 
0.561 
1.177 
0.767 

-0.014 
0.785 
1.236 

-0.029 
-0.019 
-0.018 
-0.017 

10.760 

MCF NAT 
GAS 

-0.049 
-0.088 
-0.091 
-0.061 
-0.083 
-0.126 
-8.087 
-0.039 
-0.083 
5.598 
3.640 
1.438 
4.905 
6.159 

-0.065 
5.560 

-0.066 
6.331 
2.9Q5 
6.098 
3.971 

-0.070 
4.067 
6.401 

-0.149 
-0.Q96 
-8.092 
-0.090 

55.738 



ENERGETICS C O R P .  - 

, . 
Tab1 e 5. SOUTHERN' UNION - SYSTEM OPERATION SUMMARY TABLE - 

APRIL 1983 ---- . . . . . . 
Mai n tenance  

Unscheduled 
Adjus ted  Microprocessor  
and r e p l a c e d  5W 
t r a c k e r  head 

Scheduled - Clean 
Rece iver  Tubes and 
C o l l e c t o r s ,  Blowndown 
SSG 
Repai r Col 1 ectors 

Tot  a 1 

Hours 
Avg $/h 
Labor Cost  ($1 
M a t e r i a l s  ($1 
Tota l  ( $ )  

Hours 
Avg $ / h  
Labor Cost ( $ )  
M a t e r i a l s  ($1 

Tota l  

Hours 
Avg $/h 
Labor Cost  ( $ )  , ' . 
M a t e r i a l s  ($1 
P a r t s  ( $ )  
Tota l  ( $ 1  , 

&era t ion  *. and Fixed Cos t  

P r o p e r t y  Taxes ( 5 )  

P a r a s i t i c  Energy kwh Used 555 
$1 kwh .059 

'- Tota l  ( $ )  ~ 32.72 . . . I  

. , -. . . - . s a . .  . . . .. . - . .  . 

T o t a l  $-187.64 

I U I A L  COST $ 247.64 1 

rossil F ~ c l  Saving: . 
M ~ L - B T U  ( n a t u r a l  g a s )  62.1.72 
$/MIL-B.TU 3.43 

T o t a l  $ 213.24 

TOTAL SAVINGS . . .  $ 213.24 

. . .  

.NET SAVINGS ( $  34.39)  

a 65% burner  e f f i c i e n c y  assumed. . . 



ENERGETICS CORPORATION 

Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - May 1983 

F: F a i r .  1: ' S o l a r  system up /P lan t  up 
2: S o l a r  system down/Plant up 

P :  P a r t l y  Cloudy .3: S o l a r  system i d l e / P l a n t  up 
4: S o l a r  systeni up/Plant  down 

C:  Fog o r  Overcast ,. 5: S o l a r  system down/Plant down 
6:  S o l a r  system i d l e / P l a n t  down 

R: Rain 

S:  Snow 

r 

A = 1, 3 , 4 ,  6 100% = 
1 t h r u  6 (1 ,  3, 4_L7 4, 6 x 100% 

r ~ u l i a n  
, Day 

121 
122 . 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 

~ o t e ' l :  ~ h e ' s y s t e m  shu t  down a u t o m a t i c a l l y  due t o  h i g h  winds 

~ o t i " 3 ' :  ~ o i a r  system n o t  tu rned  on 

: 

Date 

51  1 
512 
513 
514 . 
51  5 
516 
517 
518 . 
51  9 
51  10 
5 /11 ' 

5/12 
5/13 
5/14 . 

51  15 
5/16 
5/17 
5/18 
5/19 
5/20 
5/21 
5/22 
5/23 , 
51  24 
5/25 
5/26 
5/27 . 

5/ 28 
5/29 
5/ 30 
5/31 

Note 4: S o l a r  system t r i p p e d  on h igh  steam pressure, due t o  p ressure  t e s t s  a t  t h e  
Re f i ne ry  . 

S ta tus  
Code 

3 
1 
1 
1 
1 
.1 
3 
3 
1 
1 ' 

1 
1 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 
1 
1 - 
1 .  
4 
3 
1 
3 
3 
1 

Weather 
- 
P 
F 
F 
F 
F . - 
- 
P 
P 
F 
F 
- 
- 
- 
F 
P 
F 
- 
- 
- 
- 
F 
P 
P 
P 
- 
P - 
- 
C 

.Note 7 :  DAS f a i l e d  t o  r eco rd  on casse t t e  tape 
1 0 1 .  

Remarks 
Note 3 
Note 1 

Note 1 
Note 3 , 

Note 3 

Note 3 
Note 3 
Note 3 

Note 1 

Note 3 
Note 3 
Note 3 
Note 3 

Note 7 
, N o t e  4, 7 
Note 3, 7 

Note 3 
Note 3 
Overcast - Dra ined SSG 



ENERGETICS CORPORATION 

I11 OPERATING EXPERIENCE 

The system operated th roughout  t h e  month of May w i t h  f i v e  o f  s i x  rows 
o p e r a t i o n a l .  One row i s  down as a  r e s u l t  o f  wind damage i n c u r r e d  d u r i n g  
A p r i l  . 

The system shu t  down severa l  days d u r i n g  t h e  month a u t o m a t i c a l l y  due 
t o  h i g h  winds. When wind speed 'and o t h e r  de te rmin ing  f a c t o r s  r e t u r n e d  t o  
normal, t h e  system r e s t a r t e d  au toma t i ca l l y .  

On May 26, t h e  sy i tem shu t  down due t o  h i g h  steam Ipressure. I t was 
d iscovered  t h a t  t h e  Re f i ne ry  had been per fo rming  t e s t s  t h a t  i n v o l v e d  
ope ra t i ng  t h e i r  b o i l e r  a t  a  h i ghe r  t t ~ a r ~  r~onna l  pressure.  The s o l a r  system 
i s  s e t  t o  shu t  down a t  a  steam pressure  o f  190 PSI. The system shu t  down 
and r e s e t  a u t o m a t i c a l l y  when r e t i  ne ry  steam pressure  re tu rned  t o  nunad1 . 
The R e f i n e r y  has r e c e n t l y  completed an expansion p r o j e c t  and i t  i s  b e l i e v e d  
t h a t  p ressure  v a r i a t i o n s  w i l l  soon r e t u r n  t.n nnrmal.  

Three days o f  May's performance da ta  was l o s t  due t o  an ope ra t i ona l  
problem w i t h  DAS casse t t e  tape, however, i t  appears t o  have been cor rec ted .  



ENERGETICS CORPORATION 

TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - MAY119A3 

# 

TIME 
, 

JUL 
I AN 

DAY 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
148 
149 
150 
151 

TOTL/ 

DATE 

MAY 1 
MAY 2 
MAY 3 
MAY 4 
MAY 5 
MAY 6 
MAY 7 
MAY 8 
MAY 9 
MAY10 
MAY11 
MAY12 
MAY13 
MAY14 
MAY15 
MAY16 
MAY17 
MAY18 
MAY19 
MAY20 
MAY21 
MAY22 
MAY23 
MAY24 
MAY28 
MAY29 
MAY30 
MAY31 

AVG 

1 

* 

INCIDENT 
SOLAR 
ENERGY 
COLLEC 
PLANE 

L 

MIL-BTU 

0.115 
11.030 
19.158 
18.388 
19.263 
13.255 
1.480 
0.998 

13.571 
13.057 
15.401 
16.117 
1.386 
0.964 
1.385 

17.973 
14.861 
19.029 
1.364 
1.427 
1.547 
1.303 

17.793 
5.688 
5.041 
0.832 
0.904 
0.166 

233.501 

EFFICIENCY 

COLLECTOR 
ARRAY 

% 

0.0 
28.4 
22.5 
18.6 
20.4 
21.2 
0.0 
0.0 

28.3 
20.9 
19.2 
21.3 
0.0 
8.0 
0.0 

23.8 
18.7 
19.9 
0.0 
0.0 
0.0 
0.0 

26.5 
33.0 
11.6 
0.0 
0.0 
Pl. UJ 

20.8 

ENERGY 

SOLAR 
ENERGY 

COLLECTED 

MIL-ETU 

0.000 
3.133 
4.319 
3.425 
3.922 
2.806 
0.000 
0.000 
3.843 
2.734 
2.963 
3.473 
0.000 
0.000 
0.000 
4.279 
2.784 
3.779 
0.000 
0.000 
0.000 
0.000 
4.720 
1.877 
0.585 
0.080 
0.000 
0.000 

48.642 

PARA 
S I T I C  
ENERGY 
USED 
I SOURCE ) 

MIL-BTU 

0.031 
0.320 
0.583 
0.524 
0.492 
0.357 
0.065 
0.067 
0.440 
0.377 
0.399 
0.402 
0.068 
0.081 
0.068 
0.514 
0.396 
0.522 
0.077 
0.066 
0.066 
0.074 
0.511 
0.182 
0.163 
0.063 
0.068 
0.059 

6.956 

SYSTEM 

1 

% 

0.0 
20.7 
25.2 
20.6 
23.5 
22.5 
0.0 
0.0 

15.4 
20.7 
24.2 
26.6 
0.0 
0.0 
0. & 

20.0 
21.9 
24.6 
0.0 
0.0 
0.0 
0.0 

22.7 
11.2 
16.2 
0.0 
0.0 
0.0 

20.7 

P I  PING 
LOSSES 
-OPERA 
TIONAL 

MIL-BTU 

0.000 
0.132 
0.254 
0.252 
0.246 
0.187 
0.000 
0.000 
0.185 
0.166 
0.208 
0.211 
0.000 
0.000 
0.000 
0.240 
0.213 
0.265 
0.000 
0.000 
0.000 
0.000 
0.242 
0.070 
0.077 
0.008 
0.000 
0.000 

2.948 

BALANCE 

SOLAR ENERGY 
DELIVERED 
TO REFINERY 
STEAM LINE 

MIL-BTU 

0.0000 
2.2847 
4.8338 
3.7955 
4.5335 
2.9772 
0.0000 
0.0000 
2.0950 
2.7010 
3.7248 
4.2813 
0.0000 
0.0008 
0.0000 
3.5927 
3.2508 
4.6903 
0.0000 
0.0000 
0.0000 
0.0000 
4.0344 
0.6373 
0.8157 
0.0000 
0.0000 
0.0@00 

48.2480 

LE/DAY 

0 .  
2337. 
4991. 
3928. 
4668. 
3030. 

0. 
0. 

2193. 
2791. 
3865. 
4351. 

0.  
0. 
0. 

3777. 
3381. 
481@, 

0. 
0. 
0. 
0. 

4168, 
702. 
916. 

0. 
0. 
8. 

499 15. 



ENERGETICS -.. CORPORATION 

TABLE 3 - SURC MONTHLY PERFORMANCE TABLE -.MAY11983 

T I  

JUL 
I AN 
DAY 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
148 
149 
150 
131 

HE 

DATE 

MAY 1 
MAY 2 
MAY 3 
MAY 4 
MAY 5 
MAY 6 
MAY 7 
MAY 8 
MAY 9 
HAY10 
MAY11 
MAY12 
MAY13 
MAY14 
MAY15 
MAY16 
MAY17 
MAY18 
MAY19 
MAY20 
MAY21 
MAY22 
MAY23 
HAY24 
MAY28 
MAY29 
MAY30 
MAY31 

TOTAL 

u 

. 

GROSS 
FOSSIL 
~ U C L  
SAVED 

MIL-BTU 

0.000 
3.514 
7.437 
5.840 
6.975 
4.380 
0.000 
0.000 
3.223 
4.156 
5.730 
6.587 
0.800 
0.008 
0.000 
9 527 
5.001 
7.216 
0.000 
0.000 
0.000 
0.000 
6.207 
0.988 
1.255 
0.000 
0.000 
0.008 

74.228 

GROSS 
SAVINGS 

S 

0.00 
12.05 
25.51 
20.03 
23.92 
15.71 
0.00 
0.00 

11.05 
14,26 
19.65 
22.59 
0.00 
0.0r21 
0.00 

18.96 
17.15 
24.75 
8.00 
B. 00 
0.00 
0.00 

21.29 
3.36 
4.38 
0.00 
0.00 
0.00 

254.58 

ENERGY 

PARA 
S I T I C  
ENERGY 
USED 

(SOURCE 

NIL-BTU 

0.031 
0.320 
0.303 
0.524 
61.492 
0.357 
0.065 
0.067 
0.440 
0.377 
0.399 
0.402 
0.068 
1 
0.068 
0.514 
0.396 
0.522 
0.077 
0.066 
0.066 
0.874 
0.511 
0.182 
0.163 
0.063 
0.068 
8.059 

6.956 

NFT FOSSIL FUEL 
SAVED 

DOLLARS 

COST OF 
PARASITIC 
ENERGY 
(AT  SITE) 

9 

0.16 
1.63 
2.56 
2.66 
2.50 
1.82 
0.33 
0.34 
2.24 
1.92 
2.03 
2.04 
0.33 
0.41 
0.34 
2.61 
2.01 
2.65 
0.39 
0.34 
0.34 
0.38 
2.60 
0.93 
0.83 
0.32 
0.35 
0.30 

35.38 

MCF NAT 
GAS 

-0.031 
3.194 
6.934 
5.316 
6.483 
4.223 

-0.065 
-0.067 
2.783 
3.779 
5.331 
6.189 

-0.068 
-0.081 
-0.068 
5.013 
4.605 
6.694 

-0.077 
-0.066 
-0.066 
-0.074 
5.696 
lt1.798 
1.092 

-0.063 
-0.068 
-0.059 

67.273 

NIL-ETU 

-0.031 
3.194 
6.934 
5.316 
6.483 
4.223 

-0.065 
-0.067 
2.783 
3.779 
5.331 
6.185 

-0.868 
-@.a81 
-0.068 
5.013 
4 605 
6.694 

-0.077 
-0.066 
-0.066 
-0.074 
5.696 
0. '7Y13 
1.072 

-0.063 
-0.068 
-0.059 

67.2731 

NET 
FOSSIL 

FUEL 
SAVINGS 

3 
J 

-0.16 
10.42 
22.95 
17.37 
21.42 
13.89 
-0.33 
-0.34 
8.81 

12.34 
17.62 
28.55 
-0.35 
-9.0. 4 1 
-0.34 
16.35 
15.14 
22.10 
-0.39 
-8.34 
-0.34 
-0.38 
18.69 
2.43 
3.47 

-0.32 
-0.35 
-0.38 

219.20 

'BARRELS 
OIL 

-0.006 
0.617 
1.339 
1.026 
1.252 
0.815 

-0.013 
-0.013 
0.537 
0.730 
1.029 
1.194 

-0.013 
-0.014 
-0.013 
0.968 
0.889 
1.292 

-0.015 
-0.013 
-0.013 
-0.014 

1.100 
8.154 
@,211 

-0.012 
-0.013 
-0.011 

12.987 



ENERGETICS CORP. 

Table 5. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - 
MAY 1983 

Maintenance 

Hours 
Avg $/h 
Labor Cost ($ )  
M a t e r i a l s  ( $ )  
To ta l  ( $ )  

Scheduled - Clean Glass Hours 4 
- Receiver Tubes and Avg $/h ' 10.00 

Dra in  SSG. Labor Cost ( $ )  40.00 
Mater i  a1 s ($ )  
Pa r t s  ( $ )  

P To ta l  ( $ )  40.00 

Hours 
Avg $/h 
Labor Cost ( $ )  
M a t e r i a l s  ( $ )  
Par ts  ( $ )  
To ta l  ( $ )  "- 

To ta l  

Operat ion and ~ i x e d  Cost 

Proper ty  Taxes .($) . 

. . 
P a r a s i t i c '  Energy k ~ h U s e d  

$1 kwh 
To ta l  ( $ )  

$ ,2-30.30. ' TOTAL COST 

Fossi  1 Fuel 'Savings 
MIL-BTU ( n a t u r a l  gas) 74 .228  
$/MIL-BTU 

. - 
3.43 . 

To ta l  

TOTAL SAV I'NGS , . . ,  . . , . .$ ,254.60 

NET SAVINGS $ 24.30 

a 65% burner e f f i c i e n c y  assumed. 



ENERGETICS CORPORATION 

Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - JUNE '1983 

F: 'Fa i r  

P: P a r t l y  Cloudy . 

C:  Fog o r  Overcast 

R: Ra in  

S: Snow 

' 

1 : Sol a r  sys tern up/Pl an t  up 
' 1  . 
L .  . S o l a r  system down/L1'lant up 
.3:  Sola r  system i d l e / P l a n t  up 
4: So la r  system up/Plant down 
5: So la r  system down/Plant down 
6: So la r  system i d l e / P l a n t  down 

Jul i a n  
Day 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 

! 

Note 2: The r e l i e f  va lve loca ted  on t o p  o f  t he  expansion tank leaked,. r e s u l t i n g  i n  l oss  
o f  n i t r ogen  b lanke t  on HTO. E r r a t i c  pump operat ion occurs i n  t h i s  s i t u a t i o n .  
Therefore; the  system was no t  operated. 

Note '3: So la r  ' system n o t  turned on. . 

f iote 4 So la r  system shut  down au tomat i ca l l y  due t o  h i gh  steam pressure a t  the  r e f i n e r y .  

Date 

6 1  1 
6 1  2 
6 1  3 
614 
615 
616 
6 1  7 
618 
6 1  9 
6/10 
6/ 11 
6/12 
6/13 
6/ 14 
6/15 
6/16 
6/17 
6/18 
6/19 
6/20 
6/21 
6/22 
6/23 
6/24 
6/25 
6/26 
6/27 
6/28 
6/29 
6/ 30 

Weather 
- 
- 
- 
F - 
- 
F 
F 
C 
c - 
- 
F 
F 
C 
- 
- 
- 
- 
F 
F 
F 
C 
C - 
- 
F 
F 
F 
F 

S ta tus  
Code 

3 
2 
3 
2 
-3 
3 
1 
1 
1 
1 
3 
3 
1 
1 
1 
3 
3 
3 
3 
1 
1 
1 
1 
1 
3 
3 
1 
1 
1 
4 

Remarks - 
Note 3 
Note 2, wash c o l l e c t o r s  3E, 4E and 5E 
Note 3 
Note 2, wash c o l l e c t o r s  1E and 2E 
Note 3 
Note 3 
Repair expansion tank re1  i e f  va lve 
Reg1 aced bypass so lenoid  on 2W hydra111 i c .  11nit 
Wash c o l l e c t o r s  1 W  and 2W 
Wash c o l l e c t o r s  3W. 4W and 5W 
Note 3 
Note 3 

Replace bypass so lenoid  on 5E hydrual i c  d r i v e  u n i t  
Note 3 
Note 3 
Note 3 
Note 3 
4E down 
4E down 
Replace fuse i n  4E t r ack  con t ro l  board 
Washed rows 3, 4 and 5 east  and west 
Washed rows 2E and 2W 
Note 3 
Note 3 
DAS d i d  no t  record 
DAS d i d  no t  record 
DAS d i d  no t  record 
Note 4 
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OPERATING EXPERIENCE . . 

The system operated i n  t he  month ,o f  June w i t h  f i v e  o f  s i x  rows 
opera t iona l .  Row 6E and 6W were damaged by h igh  winds l a s t  A p r i l .  

A bypass solenoid mal funct ioned .on two d r i v e  pylons (2W & 5Ej.  
These were replaced'and the  u n i t s  res to red  t o  ope ra t i ona l  s ta tus  w i t h  
minimum downtime., Also a b lown, fuse r e s u l t e d  i n  4E.Geing down several  
days be fore  t h i s  problem was diagnosed and repa i red . .  

Two days o f  ~ u r i e ' s  performance data f a i l e d  t o  record  on casset te  
tape. This  was noted and cor rec ted  on s i t e  by t h e  operator .  

On June 30 the  system au tomat i ca l l y  shut down due t o  h igh  steam 
pressure i n  t he  Ref inery process l i n e s .  
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TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - JUN. 1983 - 

DELIVERED 

DAY DATE MIL-BTU! MIL-ETU MIL-BTU LB/DAY MIL-BTU MIL-BTU x x 
yy.y.Ls' --u .. m .re P , \ 

152 JUN 1 0.941 0.000 0.0000 0. 0.000 0.059 0.0 0.0 
153 JUN 2 1.536 0.001 0.0000 0. 0.000 0.057 0.1 0.0 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
881 

JUN 3 
JUN 4 
JUN 5 
JUN 6 
JUN 7 
JUN 8 
JUN 9 
JUN10 
JUNll 
JUN12 
JUNl3 
JUN14 
JUN15 
JUNl6 
JUN20 
JUN21 
JUN22 
JUN23 
JUN24 
JUN25 
JUN26 
JUN27 
JUN28 
JUN29 
JUN30 

TOTL/AVG 147.261 
Y 

1.551 
1.214 
1.467 
0.656 

13.274 
14.175 
0.591 
1.401 
1.346 
1.591 

14.710 
17.782 
1.052 
1.292 

10.673 
16.158 
16.264 
1.250 
2.225 
1.573 
1.647 
0.010 
3.127 

14.112 
5.645 

29.727 

0.001 
0.000 
0.000 
0.000 
3.090. 
2.847 
0.000 
0.000 
0.000 
0.080 
3.606 
3.859 
0.000 
0.000 
3.508 
3.293 
3.043 
0.000 
1.295 

'0.000 
0.000 
0.000 
0.321 
2.905 
1.95R 

23.3172 

0.0000 
0.0000 
0.0000 
0.0000 
1.9513 
3.2669 
0.0000 
0.0000 
0.0000 
0.0000 
3.3319 
4.4294 
0.0000 
0.0800 
1.6182 
2.8206 
2.9048 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

'0.7439 
2.2172 
8 .  K530 

24101. 

0. 
0. 
0. 
0. 

2108. 
3375. 

0. 
0. 
0. 
0. 

3346. 
4557. 

8. 
0. 

1552. 
2916. 
299. 3. 

' 0. 
0. 
0. 
0. 

839. 
2325. 

93. 

1.536 . -  . 

0.000 
0.000 
0.000 
0.000 
0.*160 
0.208 
0.000 
0.000 
0.000 
0.000 
0.167 
0.257 
8.000 
0.000 
0.080 
0.201 
0.203 
0.000 
0.000 
8.000 
0.000 
0.888 . 
0.079 
0.154 
0.027 

5.071 

0.052 
0.046 
0.045 
0.043 
0.384 
0.422 
0.050 
0.083 
0.070 
0.062 
8.422 
0.522 
0.075 
0.069 
0.299 
0.483 
0.515 
0.081 
0.192 
0.078 
0.081 
0.025 
0.100 
0.490 
0.265 

20.2 15.8 

Gl-  1 
8.8 
0.0 
0.0 

23.3 
20.1 
0.0 
0.0 
0.0 
0.0 

24.3 
21.7 
0.0 
0.0 

32.9 
20.4 
18.7 
0.0 

58.2 
0.0 
0.0 
0.0 

10.3 
20.6 
34.7 

0.0 
0.0 
0.0 
0.0 

14.7 
23.0 
0.0 
0.0 
0.0 
0.0 

22.7 
24.9 

O F  rn 
0.0 

15'. 2 
17.5 
17.9 
0.0 

. 0.0 
0.0 
0.0 
0.0 

23.8 
15.7 ' 

(8.6 
h 
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TABLE 3 - SURC MONTHLY PERFORMANCE-TABLE - JUN. 1983 

L 

TIME 

JUL 
IAN 
DAY 

152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
17 1 
172 
173 
174 
175 
176 
177 
178 
179 
180 
18 1 

TOTAL 

GROSS 
FOSSIL 
FUEL 
SAVED 

MIL-PTU 

, 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
3.002 
5.026 
0.000 
0.000 
0.000 
0.000 
5.126 
6.814 
0.000 
0.000 
2.490 

' 4.339 
4.469 
0.000 
0.000 
0.000 
0.000 
0.000 
1.145 
3.410 
0.051 

35.872 

DATE 

JUN 1 
JUN 2 
JUN 3 
JUN 4 
JUN 5 
JUN 6 
JUN 7 
JUN 8 
JUN 9 
JUNl0 
JUNll 
JUN12 
JUN13 
JUN14 
JUN15 
JUNl6 
JUN20 
JUN21 
JUN22 
JUN23 
JUN24 
JUNZ5 
JUN26 
JUN27 
JUN28 
JUN29 
JUN30 

. 

I 

NET 
FOSSIL 

FUEL 
SAVINGS 

3 
3 

-0.30 
-0.29 
-0.26 
-0.23 
-0.23 
-0.22 
8.35 

15.09 
, -0.26 

-0.42 
-0.35 
-0.31 
15.43 
20.71 
-0.38 
-0.35 
7.02 

12.43 
12.71 
-0.41 
-0.98 
-0.40 
-0.41 
-0.13 
3.42 
9.21 

-1.18 

97.25 
4 

ENERGY 

PARA 
S I T I C  
ENERGY 
USED 

( SOURCE ) 

MIL-BTU 

0.059 
0.057 
0.052 
0.046 
0.045 
0.043 
0.384 
0.422 
0.050 
0.083 
0.070 
0.062 
0.422 
0.522 
0.075 
0.069 
0.299 
0.483 
0.515 
0.081 
8.192 
0.078 
0.081 
0.025 
0.100 
0.490 
0.265 

5.071 

GROSS 
SAVINGS 

3 

0.00 
0.00 
0.00 
0.08 
0.00 
0.00 

10.30 
17.24 
0.00 
0.00 
0.00 
0.00 

17.58 
23.37 
0.00 
0.00 
8.54 

14.88 
15.33 
0.00 
8.80 
0.00 
0.00 
0.00 
3.93 

11.70 
0.17 

123.04 

DOLLARS 

COST OF 
PARASITIC 
ENERGY 
(AT SITE) 

8 

0.30 
0.29 
0.26 
0.23 
0.23 
0.22 
1.95 
2.15 
0.26 
0.42 
0.35 
0.31 
2.15 
2.66 
0.38 
0.35 
1.52 
2.45 
2.62 
0.41 
0.98 
0.40 
0.41 
0.13 

' 0.51 
2.49 
1.35 

25.79 

NET FOSSIL FUEL 
SAVED 

MIL-PTU 

-0.059 
-0.057 
-0.052 
-0.046 
-0.045 
-0.043 
2.618 
4.604 

-0.050 
-0.083 
-0.070 
-0.062 
4.704 
6.292 

-0.075 
-0.069 
2.191 
3.856 
3.954 

-0.081 
-0.192 
-0.078 
-0.081 
-0.025 

1.045 
2.920 

-0.214 

30.802 

BARRELS 
,OIL 

-0.011 
-0.011 
-0.010 
-0.009 
-0.009 
'-0.008 

0.505 
0:889 

-0.010 
-0.016 
-0.014 
-0.012 
0.908 
1.215 

-0.014 
-0.013 
0.423 
0.744 
0.763 

-0.016 
-0.037 
-0.015 
-0.016 
-0.005 
0.202 
0.564 

-0.04'1 

5.946 

MCF NAT 
GAS 

-0.059 
-0.057 
-0.052 
-0.046 
-0.045 
-0.043 
2.618 
4.604 

-0.050 
-0.083 
-0.070 
-0.062 
4.704 
6.292 

-0.075 
-0.069 
2.191 
3.856 
'3.954 

-0.081 
.-@a192 
-0.078 
-0.081 
-0.025 

1.045 
2.920 

-0.214 

30.802 



ENERGETICS CORP. - 

TABLE 5. SOUTHERN UNION - SYSTEM OPERATION-SUMMARY TABLE - JUNE 1983 

Scheduled - Clean 
Col 1 e c t o r s  

Hours 8 
Avg $/h 10.00 
Labor Cost ( $ )  80.00 
M a t e r i a l s  ($ )  . . 
To ta l  ($)  80.00 

Unschedul ed - Rep1 aced Hours 4 
two so leno id  va lves,  Avg $/h 10.00 
rep lace  fuse i n  row Labor Cost ( $ )  U U 
c o n t r o l s  Ma tc r i  a1 s ($ )  - -  

40.00 

Hours 
Avg $/h 
Labor Cost ($ )  -- -: - 
M a t e r i a l s  ($ )  
Par ts  ($ )  
To ta l  , ( $1  

To ta l  

Operat ion and F ixed  Cost 

Property Taxeb ( $ )  

Insurance ( $ )  

P a r a s i t i c  Energy kwh Used 
$/kwh 
Tota l  ( 8 )  

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  gas) 35.872 
$/MIL-BTU 3.43 

T o t a l  

TOTAL SAVINGS 

NET S A V I N G S  

a 65% burner e f f i c i e n c y  assumed. 
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Table 1. SOUTMERN UNION - SYSTEM OPERATION SUMMARY TABLE - JULY, 1 9 8 3  - 

F: F a i r  1: S o l a r  system up/P lant  up 
2: S o l a r  system down/Plant up 

P : -  P a r t l y  Cloudy ' . 3 :  S o l a r  system i d l e / P l a n t  up 
4: S o l a r  system up/P lant  down 

C :  Fog o r  Overcast  5: S o l a r  system down/Plant down 
6:. S o l a r  system i d l e / P l a n t  down 

Ju l  i a n  
, Day 

182 
183 
184 
185 

' 186 
187 
188 
189 ' 

190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 . 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 

R :  Rain 

S: Snow 
A = 1 t h r u  6 1, 3, 4, 6 )  

Note 1: Texas Energe t i cs  s t a f f  on s i t e  t o  per form pressure  t e s t s  f o r  p i p i n g  
upgrade and e l e c t r i c a l  changes ' f o r  c o n t r o l s  upgrade. 

Note 3:  So1a.r system n o t  t u rned  on. 
Note 4: ~ e f i n e r y  down f o r  maintenance. 
Note 7:  DAS f a i l e d  t o  reco rd .  

Date 
7 /1  
7 /2  
7/3 
7 /4  
7/5 
7/6 
7/7 
7/8 
7 /9  
7/6 
7 /11 
7/12 
7/13 
7/14 
7/15 
7/16 
7/ 17 
7/18 
7119 
7720 
7/21 , 

7/22 
7/23 
7/24 
7/25 
7/26 
7/27 
7/28 i 

7/29 
7/30 
7 /31 

S ta tus  
Code 

4 
4 
4 
4 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
3 
3 
1' 
1 
1 
1 
1 
3 
3 

Weather 
F - 
- 
- 
F 
P 
F 
P 
P 
- 
F 
C 
P 
C 
F 
F 
- 
P 
P 
P 
P 
F 
- 
- 
P 
F 
P 
P 
P 
- 
- 

Remarks 

Wash 5E & 5W . . 

Note 1 
Note 1, Note 7 
System shut-down due t o  h i g h  steam pressure,  Note 7 

Note 3 

4E & 4W t r a c k i n g  improper l y  
Wash c o l l e c t o r s  

Note 3 
Change n i t r o g e n  b o t t l e ,  Note 7 
Recharged A/C w i t h  f r e o n  

Note 3 
Note 3 

Note 3 
Nul;e 3 
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111. OPERATING EXPERIENCE 

The system continued t o  operate in  the month of July w i t h  f i v e  of 
s i x  rows operat ional .  Replacement par ts  f o r  wind damaged co l l ec to r s '  
were ordered and i n s t a l l a t i o n  i s  planned fo r  August. 

On J u l y . 8  the  system automatically shut down due t o  high steam 
pressure a t  the  ref inery.  The system was manually r e s e t  and resumed 
normal operation.  

On July  13 row 4E and 4W were tracking improperly due t o  cloud 
cover. Apparently the  row control tracking system on 4E and 4W began 
tracking br ight  clouds ra ther  t h a n  the  sun. As cloudiness continued 
the  centra l  control  l a t e r  stowed a l l  of the co l lec to rs  due t o  low 
insola t ion.  . 

Several days o f  data were l o s t  due to  the  DAS casse t te  tape not 
recording. This may be due t o  new operator e r ro r  or  qu i te  possibly 
high temperature in the  control room. The window A / C  uni t  qu i t  cooling 
and i s  i n  process of repair .  
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TIME . 
I 

1 

, . 
JUL 
I AN 

DAY DATE 
i 

1 8 2  JUL 1 
183 JUL 2 
184  JUL 3 
185 JUL 4 
186  JUL 5 
1 8 7  JUL 6 
1 8 8  JUL 7 
189 JUL 8 
190 JUL 9 
191 J U L l 0  
192 J U L l l  
1 9 3  JUL12 
194 J U L l 3  
195 JUL14 
196 JUL15 
1 9 7  J U L l 6  
198 JUL17 
1 9 9  JUL18 
2 0 0  JUL19 
2 0  1 JUL20 
2 0 2  JUL2 1 
2(83 JUL22 
2 0 4  JUL23 
205  JUL24 
2 0 6  JUL25 
2 0 7  JUL26 
2 0 8  JUL27 
2 0 9  JUL28 
2 1 0  JUL29 
2 1  1 JUL30 
2 1 2  JUL31 

TOTL/ AVG 

INCIDEN 
SOLAR 
ENERGY 
COLLEC 
PLANE 

MIL-BTU 

ENERG 

SOLAR 
ENERGY 

COLLECTED 

MIL-BTU 

SOLAR ENERGY 
DELIVERED ' 
TO REFINERY 
STEAM L I N E  

PIPING 
LOSSES 
-OPERA 
T I ONAL 

S I T I C  I 
ENERGY COLLECTOR 

USED I ARRAY 1 SYSTEN 
(SOURCE ) 

I 
, . .  

M I  L-BTU % 

TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - JUL.1983 
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TAEtLE 3 - SURC MONTHLY PERFORMANCE TABLE - JUL. 1983 

114 

T I  

JUL 
I AN 
DAY 

182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
20 1 
282 
203 
204 
205 
206 
3017 
208 
209 
210 
211 
212 

TOTAL 

ME 

DATE 

JUL 1 
JUL 2 
JUL 3 
JUL 4 
JUL 5 
JUL 6 
JUL 7 
JUL 8 
JUL 9 
t71J1.18 
Jill 1 1  
JUL12 
JUL13 
JUL14 
JUL15 
JULl6 
JUL17 
JUL18 
JUL19 
JUL20 
JUL2 1 
JUL22 
JUL23 
JUL24 
JUL25 
tTU1 26 
JUL27 
JUL28 
JUL29 
JUL30 
JUL31 

GROSS 
F0SS I L 
FUEL 
SAVED 

MIL-PTU 

0.000 
0.000 
8.000 
0.000 
0.000 
3.149 
0.000 
0.000 
4.443 
0.000 
5.912 
0.390 
2.608 
0.000 
6.036 
5.655 
0.000 
0.000 
3.036 
5.408 
2.646 
5.208 
0.PfQ)B 
0.000 
2.744 
5.364 
2.281 
3.661 
4.196 
8). 000 
0.008) 

62.739 
i 

GROSS 
SAVINGS 

3 

0.00 
0.00 
0.00 
0.00 
0.00 

10.88 
0.00 
0.00 

15.24 
0.00 

20.28 
1.34 
8.95 
0.00 

20.70 
19.40 

(d. 00 
0.00 

10.41 
18.55 
9.08 

17.86 
0.00 
0.00 
9.41 

18.41 
7.82 

12.56 
14.39 
0.00 
0.00 

215.20 

ENERGY 

PARA 
SITIC 
ENERGY 

USED 
(SOURCE ) 

MIL-ETU 

0.050 
0.110 
0.191 
0.191 
0.125 
0.621 
0.053 
0.036 
0.544 
0.071 
0.53'7 
0.283 
0.549 
8.874 
0.390 
0.408 
0.175 
0.191 
0.269 
0.476 
0.476 
0.499 
0.091 
0.167 
0.436 
63,580 
0.565 
0.555 
0.546 
0.158 
0.153 

9.589 

DOLLARS 

COST OF 
PARAS1 I I C 
ENERGY 
(AT 9ITE)  

3 

0.25 
0.56 
0.97 
0.97 
0.64 
3.16 
0.27 
0.18 
2.77 
0.36 
2.74 
1.44 
2.79 
0.37 
1.98 
2.07 
0.89 
0.97 
1.37 
2.42 
2.42 
2.54 
0.46 
0.85 
2.22 
2.95 
2.84 
2.83 
2.78 
0.86 
0.83 

48.77 

NET 
FOSSIL 

FUEL 
SAVINGS 

I 

$ 

-0.25 
-0.56 
-0.97 
-0.97 
-0.64 

7.54 
-0.27 
-0.18 
12.47 
-0.36 
17.54 
. -8 , iQ  
6.16 

-0.37 
18.72 
17.33 
-0.89 
-0.97 
9.04 

16.13 
6.66 

15.32 
-0.46 
-0.85 

7.19 
15.45 
4.95 
9.73 

11.61 
-0.86 
-0.83 

166.43 

NET FOSSIL FUEL 
SAVED 

MIL-PTU 

-0.050 
-0.110 
-0.191 
-0.191 
-0.125 

2.528 
-0.093 
-0.036 

3.899 
-0.071 
5.373 
8.107 
2.059 

-I7l0074 
5.646 
5.247 

-0.175 
-0.191 
2.767 
4.932 
2.170 
4.709 

- 0 . 1  
-0.167 
2.308 
4.786 
1.716 
3.106 
3.650 

-0.168 
-0.163 

53.147, 

BARRELS 
OIL 

-0.010 
-0.021 
-0.Q37 
-0.037 
-0.024 

0.488 
-0.010 
-0.007 

0.753 
-0.014 

1.037 
0.021 
0.397 

-0.014 
1.090 
1.013 

-0.034 
-0.037 

0.534 
0.952 
0.419 
0.909 

-0.018 
-0.032 
0.446 
0.924 
14.331 
0.600 
0.785 

-0.032 
-0.031 

10.260 

MCF NAT 
GAS 

-0.050 
-0.110 
-0.191 
-0.191 
-0.125 

2.528 
-0.053 
-0.036 
3.899 

-0.071 
5.373 
0.107 
2.059 

-0,074 
5.646 
5.247 

-0.175 
-0.191 
2.767 
4.932 
2.170 
4.709 

-0.091 
-0.167 

2.308 
4.786 
1.716 
3.106 
3.650 

-0.168 
-0.163 

53.147 



ENERGETICS CORP. .  - 

Table 5. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - JULY 1983 

Maintenance 

Scheduled - Clean 
Col 1 e c t o r s  

Hours 
Ava $/h 
~ a 6 o r .  c o s t  ( $ )  
M a t e r i a l s  ( $ )  
T o t a l  ( $ )  

Hours 
Avg S lh  
Labor Cost ( $ )  
M a t e r i a l s  ( $ )  
Pa r t s  ( $ )  
To ta l  ( 8 )  

Hours 
Avg' $/h  
Labor Cost ($ )  
M a t e r i a l  s ( $ )  
Pa r t s  ( $ )  
To ta l  ($) '  

T o t a l  

Operat ion and F i xed  Cost 

P rope r t y  Taxes ( $ )  . .: 

Insurance ( 8 )  

P a r a s i t i c  Energy kwh Used 1004 
$1 kwh .059 
To ta l  ( $ )  59.21 

TOTAL COST 
. . ' . . . . 

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  gas) '76.17* 
$/MIL-BTU. 3.43 

To ta l .  $ 261.26 

TOTAL SAVINGS 

NET SAVINGS 7.13 

a G5% burner  e f f i c i e n c y  . assumed. 
* Savings ad jus ted  t o  account f o r  steam d e l i v e r e d  b u t  n o t  recorded by DAS 



ENERGETICS CORPORATION . . 
. . 

Table 1 .  SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - AUGUST, 1983 
, .. . .. < . . 

R :  Rain 

S: Snow 1 t h r u  6 

Remarks 

System down f o r  e l e c t r i c a l  upgrade work 
I I I I  II I I I I I I  

Note 3 
I I 

It 

I1 

I I 

11 

11 

I(- 

I I 

Note 4 
It 

In spec t  new c o l l e c t o r s  
I n s t a l  1  new col l e c t o r s  d . 
I n s t a l l  ncw c o l l c c t o r s  
I n s t a l l  r e c e i v e r  t ube  6E 
Note 4 

I I 

I I 

I I 

II 

C l e & . - W r s  3F - 2F - I F -  & 1 W  

Note 3: S o l a r  system no t  turned on - no ope ra to r .  
Note 4: Refinery down f o r  maintenance. 
Note 7: DAS n o t  opera ted  from Aug. 11 through Aug. 28. 

F:  Falr  1 :  S o l a r  system up/Plant  up 
2 :  S o l a r  system down/Plant up 

P :  P a r t l y  Cloudy 3: S o l a r  system i d l e / P l a n t  up 
4: S o l a r  system up/Plant  down 

C :  tog o r  Overcast 5: S o l a r  system down/Plant down 
6: S o l a r  systcrn i d l c / P l a n t  down 

Weather 

P 
F 
P 
F 
C 
P 
P 
P 
F 
r 

C 

. Date 

81 1 
81 2 
81 3 
81 4 
81 5 
81 6 
81 7 
81 8 
81 9 
8,! 10 
81 11 
8/12 
8/13 
8/14 
8/15 
8/16 
8/17 
8/18 
8/19 
8/20 
8/21 
8/22 
8/73 
8/24 
8/25 
n/?h 
8/27 
8/28 
8/29 
8/30 
R / 3 1  

~ u l  i an 
Day 

213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 - 

S t a t u s  
Code 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
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, 

111. OPERATING EXPERIENCE 

The system con t inued  t o  .opera te  i n  t h e  f i r s t  week o f  August w i t h  f i v e  of 
s i x  rows ope ra t i ona l .  Replacement p a r t s  f o r  wind damaged c o l  l e c t o r s  
were rece i ved  and i n s t a l  l a t i o n  was completed i n  August. 

The window AC u n i t  was r e p a i r e d  b u t  t h e  DAS was n o t  operated 
most o f  August due t o  l o s s  o f  ope ra to r  and r e f i n e r y  maintenance 
shutdown f rom August 11 through August 28. 

Cons t ruc t i on  a c t i v i t i e s  :, i n c l uded  h i r i n g  a  temporary s i ' t e  crew f o r  
c o l l e c t o r  r e p a i r .  A l l  twe lve  c o l l e c t o r s  on t h e  n o r t h  row were.)-emoved, 
f o u r  new c o l l e c t o r s  were i n s t a l l e d  ad jacen t  t o  t h e  d r i v e  py lons  and t h e  
undamaged c o l l e c t o r s  r e i n s t a l l e d .  Receiver  assemblies f o r  6 c o l l e c t o r s  
were r e i n s t a l l e d  and d r i v e  u n i t  ope ra t i on  was res to red .  The o t h e r  6 
c o l l e c t o r s  a re  a w a i t i n g  m o d i f i e d  r e t a i n e r s  and new sea ls  f o r  q u a l i f i c a t i o n  
t e s t i n g  before t h e  n o r t h  row can h e . r e s t o r e d  t o  ope ra t i on .  

Other c o n s t r u c t i o n  a c t i v i t i e s  i nc l uded  t he  successful  i n s t a l l a t i o n  of a  
search mode t r a c k e r  board on d r i v e  u n i t  row 4W and a  new c e n t r a l  r o t a t i n g  
l i g h t  sw i t ch  a t  t h e  c e n t r a l  c o n t r o l .  

Opera t iona l  t ime was reduced i n  August due t o  shutdown f o r  e l e c t r i c a l  
i n s t a l l a t i o n ,  r e f i n e r y  maintenance shutdown and l o s s  o f  t he  summer 
ope ra to r .  
. . .  
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TABLE 2 - SURC MONTHLY PERFORMANCE TABLE - AUG.1983 

. 

h 

TIME 

JUL 
I A l l  

DAY 

213 
214 
215 
215 
217 
218 
219 
228 
221 
222 
241 
2 4 2 .  
243 

DATE 

AUG 1 
AUG 2 
AUG 3 
AUG 4 
AUG 5 
AUG b 
AUG 7 
AUG 8 
AVG 9 
AUG 10 
AUGZ? 
A L J G ~ ~  
AUG31 

ENERGY BALANCE 

TOTL/AVG 
< . 

INCIDENT 
PI !? 

ENERGY 
COLLEC 
PLANE 

NIL-ETU 

11.574 
15.550 
8.470 

16.589 
3.318 

12.696 
0.777 

11.984 
1.. 135 
1.083 
0.552 
1 a 245 
0.981 

56.054 

EFFI CIEhICY 

COLLECTOR 
ARRAY 

7t 

31.6 
25.1 
28.8 
25.2 
57.8 
29.6 

0.0 
, 27.0 

54.9 
B.0 
8. 8 

, 3 . 3  
0.0 

27.9 

SBLAR 
ENERGY 

COLLECTED 

.NIL-BTU 

3.659 
3.905 
2.442 
4.201 
1.919 
3.753 
0. 000 
3.231 
0.737 
0. 080 
0.000 
B.001 
0.300 

23.887 

SYSTEM 

:< 

14.5 
20.7 

7.4 
23.0 
B. 0 

17.9 
69- 0 

0. (9 

0.0 
0 :0 
'Q4 
0. 0 

15.3 

SOLAR ENERGY 
EEL I VERED 
TO REF I NERY 
STEAM LINE 

P I  PING 
I,C)BSES 
-OPERA 
TIONAL 

MIL-ETU 

0.196 
0.243 
0.115 
0.245 
0,800 
0. 196 
0:000 
0.162 
CI.080 
D m  800' 
04008 
O.BBld 
.m.00&r, 

1.157 

MIL-ETU 

1.5894 
3.2144 
fJ.6248 
3.9395 
0.0000 
2.2575 
0. 008D 
1.5495 
0.00QQ 
0.8800 
0.00B0 
QaBQQ8 
0.0000 

13.1942 

PARA 
S T  T T C 
ENERGY 
'USEC ' 

(SOURCE) 

MIL-BTU 

8.444 
8.521 
0.392 
0.568 
8.263 
0.484 
0. 082 
a.515 
8.153 
0.045' 
8.849 
63.123 
0. Q?7 

3,739 

LE/DAY 

1897. 
3358. 
765. 

3978. 
0. 

2453. 
8. 

1577. 
0. 
0. 
0. 
0. 
0. 

14139. 
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TAELE 3 - SUHC MONTHLY PERFORMANCE TAELE - AUG.1933 

TIME 

JVL 
I A N  
D&Y 

213 
214 
215 
216 
217 
219 
219 
220 
221 
.-, .-, .- 
LL.L 
24.1 
242 
243 

OATE 

AUG 1 
AUG 2 
AVG 3 
AUG 4 
AVG 5 
AlJG B 
ACJG 7 
AVG 8 
/?UG 9 
AUG10 
AUG29 
AUG3Q 
AM31 

ENERGY . . 

TOTAL 

GROSS 
FUSS I L 
FUEL 
SAVED 

MIL-ETU 

2.681 
4.547 
8. 961 
5. 906 
0. 806 
3.489 
B. 000 
2.383 
8 ..OBC3 
8; 006 
0. Or38 
@. 880 
8. B.08 

28.297 

> 

COLL.ARS 

GR~:~SS 
SAVINGS 

$ 

8.42 
16.47 
3-38 .-" 

20.26 
0.88 

11.97 
D. ml 
3.17 
E.  89 
0. Q8 
8. BGi) 
0. @Q 
0.00 

68.53 

PARA 
SITIC. 
ENE:HG?' 
USEC 

( Si'iURCE ) 

MIL-FTU 

0.444 
0. 521 
0. 392 
8. 5-5.8 
8.263 
Q. 484 
0.082 
0.515 
8. 163 
0.045 
Q. 045 
0.123 
0.057 

3.728 

COST r:)F 
PARASI T I c 
ENERGY 
( A T  SITE:) 

$ 

2-26 
2.65 
1.79 
2.35 
I .  34 
2.46 
0 - '4.7 - 
2.62 
8. €33 
8.23 
0.25 
9. 63 
0.49 

19.81 

NET 
FOSSIL 

FUEL 
SAVINGS 

$ 

6.66 
14.32 

1.,31 
17.41 
-1.34 
9.51 

-8.42 
5.55 

-C). 83 
-6 .r .- .77 c) 

-0 a ,755 a- 

-8.53 
-0,4? 

58.53 
* 

NET FOSSIL FUEL 
SAVED 

PlCF NAT 
GAS 

2.157 
4.426 
8.569 
5.345 

-8.263 
3.885 

-8.032 
1.868 

-8, 163 
-8.045 
-8.849 
-8.122 
-8.997 

16.549 

M I  L-BTU 

2.157 
4.426 
0.569 
5.346 

-0.263 
3. @a5 

-8.882 
1.868 

-8. 163, 
-0.045 
-8.849 
-0. 123 
-0.097 

'16.549 

BARRELS 
OIL 

0.416 
0.854 
0.110 
1 -032 

-8,@51 
8.588 

-8.Q16 
'0 .361 
-.Q.D33 
-8.009 
-0. Om9 
--a. 824 
-0.019 

3.195 
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T a b l e  5 .  SOUTI-IERN UNION - SYSTEM OPERATION SUMMARY TABLE - August  1983 

Ma in tenance  

Schedu led - Clean 
Col  1 e c t o r s  

T o t a l  

O p e r a t i o n  and F i x e d  C o s t  -- 

.. P r o p c r t y  Taxes ( $ )  

I n s u r a n c e  ( $ )  

P a r a s i t i c  Energy 

T o t a l  

Hours 
Avg $/h. 
Labor  Cos t  ( $ )  
M a t e r i a l s  ( $ )  
T o t a l  ( $ )  

Hours . 
Avg $ /h  
Labor  Cos t  ( $ )  
M a t e r i a l  s ( $ )  
P a r t s  ( $ )  . , 

T o t a l  ( a )  
Hours 
Avg $ /h  
Labor  Cos t  ( $ )  
M a t e r i  a1 s ( $ )  . 
P a r t s  ( $ )  
T o t a l  ( $ )  , . 

kbJh Used 
$/kwh 
T o t a l  ( $ )  

$. 213.92 
I O'I'AL COST 

-..-- 

F o s s i l  Fue l  Sav ings 
MIL-BTU ( n a t u r a l  gas) 20.29 
$/MIL-BTU sP43- 

T o t a l  $ 69.59 

TOTAL SAVINGS $ 69.59 

NET SAVINGS . ( $144.34 ) 

a 65% b u r n e r  e f f i c i e n c y  assumed. ' .  
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. y '. . ... , , . ., . 

Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - September, 1983 

f ~ u l i a n  I 1 Status 

' System t r i p p e d '  on low oi.1 l e v e l  

weather' 

-. .Washed Co l l ec to rs  
I 1  I 1  ' 

.  ema arks ? 

Note 2 
11 

II 

II 

11 

11 

11 

11 

11 

. . I 1  

11 

11 

11 

11 

Note 7 
Note 7 

R: Rain 

S:  Snow : 

. .  . 

. . . . , , . 

Note 2: Texas Energet ics s t a f f  on s i t e  t o  p i p i n g  upgrade 
and e l e c t r i c a l  changes. 

Note 3: So lar  system n o t  turned on - no operator .  
Note 7: DAS f a i l e d  t o  record.  - : * . .  . - .  

. . 
' 

F: F a i r  ' ' 1 : So lar  system up/Plant  up 
. . 2: Sol a r  ,system down/Pl a n t  up . ... . . . 

P :  P a r t l y  Cloudy 3: So lar  system i d l e / P l a n t  up . 
, . 4: S.olar system, up/Plant  down . . . ,  . . 

C: Fng or Overcast  , . 5: So la r  system. dow.n/Plant down 
6: So la r  system i d l e / P l a n t  down 



OPERATING EXPERIENCE 

The system d i d  n o t  opera te  i n  t h e  month o f  September m a i n l y  due 
t o  shutdown f o r  p i p i n g  upgrade. 

The DAS con t inued  t o  f u n c t i o n  th roughout  September except  severa l  
days o f  da ta  were l o s t  due t o  t h e  DAS c a s s e t t e  tape  n o t  r eco rd ing .  

Cons t ruc t i on :  The system was shu t  down on September 12, 1983 
f o r  p i p i n g  upgrade. I n s u l a t i o n  and j a c k e t i n g  were retiloved as 
needed f rom t h e  c o l l e c t o r  f i e l d  and t h e  equipment room p i p i n g .  
Valves on each end o f  c o l l e c t o r  rows were c losed  o f f  t o  p reven t  
r e c e i v e r  tube  dra inage.  Heat t r a n s f e r  o i l  (HTO) was then  d ra ined  
f rom t h e  system a t  t h e  expansion tank, t h e  Y-St rd fners  and t he  2 * I 
i n c h  p i p e  headers i n  t h e  c o l l e c t o r  f i e l d .  Almost 5 drums o f  HTO 
were recnvered f o r  reuse. 

Valves, f l a n g c d  p i p c  sect ions, t h e  e x i s t i n g '  HTO pumps and f i  11 i n g  
drum were renioved f rom t h e  equipment- room be fo re  t h e  welder  a r r i v e d .  . 

F i e l d  p i p i n g  was c u t  and removed i n  p r e p a r a t i o n  f o r  t h e  p i p i n g  
changes. Approx imate ly  1 b a r r e l  o f  o i l  was l o s t  d u r i n g  t h e  p i p i n g  
removal . 
Energe t i cs  personnel  d l  eaned up' t h e  equipment room, i n s t a l  1  ed t h e  
new c e n t r i f u g a l  pump and l a i d  o u t  t h e  p r e f a b r i c a t e d  p i p i n g  
components. Welders completed t h e  equipment room and c o l l e c t o r  
f i e l d  p i p i n g  i n s t a l l a t i o n  per  Energe t i cs  s u p e r v i s i o n  i n  about 3  
days. Welds were v i s u a l l y  inspected,  a1 ignments and suppor ts  
checked and p repa ra t i ons  were undertaken f o r  p ressure  t e s t i n g  
and r e f i l l i n g .  

, 

A pneumatic p ressure  t e s t  was performed on t h e  HTO p i p i n g  system 
on September 20, 1983. Prepara t ions  f o r  t h i s  i nc l uded  f i l l i n g  t he  
s h a f t  sea l  s e c t i o n  o f  t h e  pump w i t h  HTO (pe r  vendor d i r e c t i o n s )  and 
c l o s i n g  va lves  t o  i s o l a t e  the  expansion tank .  Flanged f i t t i n g s  
were wrapped w i t h  masking tape and a  h o l e  punched i n  t h e  t o p  t o  
a i d  in bubble t e s t i n g .  The welder  p rov ided  an a i r  compressor 
and t h e  system was charged t.o 100 psig. .  A l l  welds were checked 
by soap s o l u t i o n  bubble t e s t i n g .  No l eaks  were observed i n  
e i t h e r  welds o r  f l anged  connect ions except  a t  a  Y - s t r a i n e r  
gasket .  Th i s  gasket  was rep laced  and HTO was pumped back i n t o  t he  
system a t  t h e  expansion tank and c o l l e c t o r  f i e l d . h e a d e r s .  

Whi le  a w a i t i n g  r e c e i p t  o f  the  p roper  motor  s t a r t e r ,  t h e  mod i f i ed  
r e t a i n e r  assembl ies w i t h  new sea l s  were i n s t a l l e d  on row 6W. 
Pipe suppor ts  t o  t he  c o l l e c t o r  f i e l d  were a l s o  m o d i f i e d  severa l  
p laces t o  reduce heat  losses.  

Cons t ruc t i on  a c t i v i t i e s  f o r  t h e  month were concluded an September 29 
w i t h  t he  e l e c t r i c i a n  i n s t a l l i n g  t he  new motor  s t a r t e r  and c i . r c u i t  
breakers and r e w i r i n g  f rom the  c i r c u i t  breaker  box t o  t h e  motor .  
The new s t a r t e r  was 1  a t e r  mod i f i ed  f o r  "hand-of f -auto"  ope ra t i on  
and l a r g e r  hea te r  c o i l s .  
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Tab le  5 .  SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - September 1983 

Maintenance --- 
. . 

T o t a l  

.Opera t i on  and F i x e d  Cost 
. - 

Hours 4 

Avg $/h 
Labor Cost ($ )  40.00 ' 

M a t e r i a l s  ( $ )  
T o t a l  ( 8 )  40.00 

Hours 
Ava B / h  . . .  J T ,  .. 
Labor Cost ( $ )  
M a t e r i a l s  ( $ )  
P a r t s  ($) 
T o t a l  ( $ )  

Hours 
Avg $ / h  
Labor Cost '($) 
M a t e r i a l  s ( $ )  
P a r t s  ( 9 )  
T o t a l  ( $ )  

P rope r t y  Taxes ( $ )  

Insurance ( $ )  154.92 

P a r a s i t i c  Energy kwh Used 
$/kwh 
T o t a l  ($)  

T o t a l  

TOTAL COST . . 

. 

F o s s i l  Fuel Savings 

Tota l  

TOTAL SAVINGS 

MIL-BTU ( n a t u r a l  gas) -0- 
$/MIL-BTU 3.43 

NET SAVINGS 

a 65% bu rne r  e f f i c i e n c y  assumed. 
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Table 1. SOUTI-IERN UNION - SYSTEM OPERATION SUMMARY TABLE - O c t o b e r  1983 

J u l  i an 
D a y  Date 
2 7 4  1 O /  1 
2 7 5  1 0 / 2  
2 7 6  1 0 / 3  
2 7 7  1 0 / 4  
2 7 8  1 0 / 5  
2 7 9  1 0 / 6  
2 8 0  1 0 / 7  
2 8 1  1 0 / 8  
282  1 0 / 9  
2 8 3  1 0 / 1 0  
2 0 4  1 0 / 1 1  
2 8 5  1 0 / 1 2  
2 8 6  1 0 / 1 3  
2 8 7  1 0 / 1 4  
2 8 8  1 0 / 1 5  
2 8 9  1 0 / 1 6  
2 9 0  1 0 / 1 7  
2 9 1 .  1 0 / 1 8  
2 9 2  1 0 / 1 9  
2 9 3  1 0 / 2 0  

P:  P a r t l y  Cloudy 

C :  Fog o r  O v e r c a s t  

R :  Rain 

S :  Snow 

Weather 

- 
P  
F 
F 
F 
P  
- 
-. 
C 
C 
C 
C 
F - - 
F 

' Remarks 

N o t e  2 , 7 /  
N o t e  2,7 
N o t e  2,7 c l e a n e d  g l a s s  t u b e s ,  washed  1,2,3W 
N o t e  2,7 m i r r o r s  
No-te 2  ,7 
N o t e  2,7 
N o t e  2,7 
N o t e  2,7 
N o t c  2,7 
N o t e  2,7 w a s h e d  l E ,  2 @ ,  3E m i r r o r s  
N o t e  2,7 pump m o t o r  o v e r l o a d  a t  h i  f l o w  
N o t e  2 ,  ODAS r e p a i r s ,  t u r n e d  pump i m p e l l e r  
N o t e  7 ,  6W n o t  t r a c k i n g ,  f l o w  s w i t c h  m a l f u n c .  
6W down 
N o t e  3  
N o t e  3  
6W down 
11 I I 

I I I I 

I I I I 

6W down 
N o t e  3 
N o t e  3 
R e p a i r  6W - a f t e r n o o n  
I n s u l a t e d  new p i p l n g  I n  mech .  r o o m .  

P I 
C I S e a r c h  mode t r a c k e r  o p e r a t i o n a l  on  4W 
C 
F Weekend o p e r a t o r  s t a r t e d  
C 
C - . . -. .-> 

1:  S o l a r  system ~ ~ / P l a n t  up 
2 :  S o l a r  system down/Plant up 
.3: S o l a r  system i d l e / P l a n t  up 
4: S o l a r  system up/P lant  down 
5 :  So lar . .sys te~ l \  d o w ~ i / P l a ~ ~ L  cluwr~ 
6: S o l a r  system i d l e / P l a n t  down 

1, 3, 4, 6  l o o *  A = 1 t h r u  6  

N o t e  2 :  C o n t i n u a t i o n  o f  p i p i n g  u p g r a d e  s i t e  w o r k  

N o t e  3 :  S o l a r  e n e r g y  s y s t e m  n o t  t u r n e d  o n  - n o  o p e r a t o r  

N o t e  7 :  DAS f a i l e d  t o  r e c o r d  
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111. OPERATING EXPERIENCE '(see t a b l e  1) 

The system was res to red  t o  opera t iona l  s ta tus  on October 13th, 1983. 
S t a r t  up problems associated w i t h  the  pi',pi ng upgrade were encountered 
and reso lved e a r l y  i n  t he  month. 

As a  r e s u l t  o f  several  weeks o f  shutdown, some c o l l e c t o r  d r i v e  u n i t s  
d i d  n o t  resume opera t ion  proper ly .  ' A f t e r  some .opera t ion  t ime and 
c y c l i n g  o f  t he  hydrau l ics ,  a l l  u n i t s  d i d  resume operat ion.  The t r a c k e r  
head on row 6W had a  damaged cable. The d r i v e  u n i t  was down u n t i l  
October 24th be fore  the  'problem was i d e n t i f i e d  and repa i red .  

The DAS system f a i l e d  t o  record on the  casset te  tape f o r  approximately 
the  f i r s t  two weeks i n  October:. This  opera t ion  problem was repa i red  
on October 12 th  and data ga ther ing  resumed. 

I V.  PERFORMANCE 
. . 

, . 

A. Monthly Summary (See tab ies  2 .and 3) 

The a v a i l a b i l i t y  o f  the  s o l a r  system was 61% and the  u t i l i z a t i o n  
f a c t o r  was .7'9%. C'alculat ions . f o r  energy c o l l e c t e d  and c o l l  e c t o r  
a r r a y  e f f i c i e n c y  have been rev i sed  t o  accomodate the  p i p i n g  
upgr,ade (see f i g u r e  1 f o r  new co r i f i gu ra t i on ) .  .Downtime f o r  t h e  
p i p i n g  upgrade con t r i bu ted  to .  t he  low u t i  1  i z a t i o n .  

.. . . . ,  

The monthly performance r e p o r t  i s  summarized i n  tab les  2 and 3. 
These f i g u r e s  show a  gross savings o f  31.3 MBTU of n a t u r a l  gas 
savings by t h e  system. Gross . f o s s i l '  f u e l  savings were $117.37 
us ing  a  b o i l e r  e f f i c i e n c y  o f  65% ( i n c l u d i n g  i d l e  and l i n e  losses)  
and a  rev i sed  na tu ra l  gas cos t  0.f $3.75 per  m i l l i o n  BTU. 

Construct ion:  I n s u l a t i o n  was completed i n  t he  mechanical equipment 
room. Si, te cleanup was completed and the  unneeded pumps, motors, 
s t a r t e r s  and valves 'were g iven t o  Southern Union Ref inery f o r  
use i n  an o i l  rec lamat ion p r o j e c t .  

. . 
Summary 

S-ystem operat ion,  da ta  a c q u i s i t i o n  a n d  r e p o r t i n g  resumed ' w i t h  steam pro- 
duc t ion  on October 13, 1383. Some s t a r t u p  problems were encountered 
b ~ t  these have been resolved w i t h  the  system now producing steam on 
a regu la r  b a s i s .  Performance sccms improved and \!ill be charac ter ized 
i n  more d e t a i l  i n  nex t  month's repo r t .  

. . 
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-T'=-=- 
DAY D A T E  

ENERGY BALANC 

OCT 12 
O C T 1 3  
OCT 14. 
OCT 15 
O C T 1 6  
OCT 17 
OCT 18 
O C T 1 9  
O C T 2 0  
O C T 2  1 
O C T 2 2  
O C T 2 3  
O C T 2 4  
OCT25  
O C T 2 6  
O C T 2 7  
O C T 2 8  . 

O C T 2 9  
O C T 3 0  
O C T 3 1  

LOSSES 
-OPERA 
T I OiJAL 

E F F I C I E N C Y  

PARA 
S I T I C  
ENERGY COLLECTitR 

USED ARRAY SYSTEM 
( SOURCE 1 

M I  L-RTU 

TARLE 2 - SURC MONTHLY PERFORMANCE TABLE - O C T . 1 9 8 3  
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. - .  - ,  . e . .  . 
TIME 

I 
i 
JUL 

, 

. 

. 

I AN 
DAY 

285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
381 
302 
303 
38,4 

., 

GROSS 
FOSS I L 
FUEL 
SAVED 

. 

, 

GROSS 
SAVINGS 

' $ .  

: 0.00 
22.20 
17.57 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

21.88 
0.00 
0.00 

25.28 
0.00 
7.14 

' 0.00 
0.00 

23.30 
0.00 

, 0.00 

-117.37 

. . ENERGY. 

P,A R A 
SITIC 
ENERGY 
USED 

(SOURCE) 

DOLLARS 

COST OF 
PARASITIC 
ENERGY 
(AT  SITE) 

, , . 

, , NET FOSS'IL: FUEL 
SAVED 

- 

NET 
FOSSIL 

FUEL 
SAVINGS 

9. 

0.51 
0.84 
1.17 
0.44 
0.41 
0.42 
0.78 
0.60 
0.47 
0.71 
1.00 
0.99 
1.06 
0.13 
0.83 
0.81 
1.11 
0.94 
.0.80 
1.16 

15.18 

DATE 

OCT12 
OCT13 
OCT14 
OCT15 
OCTl6 
OCT17 
OCTl8 
OCT19 
OCT20 
O C T Z I  
OCT22 
OCT23 
OCT24 
OCT25 
OCT26 
OCT27 
OCT28 
OCT29 
OCT30 
*PCT31 

.MIL-ETU 

' 8.101 
0.165 

. 0.231 
0.087 

.0,881 
0.082 

' 0.153 
0.117 
0.092 
0.139 
01197 

. 0.195 
0.209 
0.025 
0.164 
0.159 
0.218 
0.184 
0.158 
.0.2!29- 

$ 

-0.51 
21.36 
16.40 
-0.44 
-0.41 
-0.42 
-0.78 
-0.60 
-0.47 
21.17 
-1.00 
-0.99 
24.22 
-0.13 
6.31 

-0.81 
-1.11 
22.36 
-0.80 
-1.16 

102.19 . 

MIL-PTU 

0.000 
5.919 
4.686 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
5.834. 
0.000 
0.000 
6.741 
0.000 
1.903 
0.000 
0.000 
6.213 

.0.000 
. 0.000 

TOTAL 2.985 31.296 

MIL-ETU 

-0.101 
,5.754 

4.455 
-0.087 
-0.081 
-0.082 
-0.153 
-0.117 
-0.092 

a 5.695 
-0.197 
-0.195 
6.532 

-0.025 
1.739 

-0.159 
-0.218 
6.029 

-0.158 
-8.229 

28.310 . 

BARRELS 
OIL 

-0.019 
1.111 
0.860 

-0.017 
-0.016 
-0.016 
-0.,030 
-0.023 
-0.018 

1.099 
-0.038 
-0.038 

1.261 
-0.005 
0.336 

-0.831 
-0.042 

1.164 
-0.031 
-@. 844, 

MCF NAT 
,GAS +, 

-0. i 0 i  
5:754 
4.455 

-0.087 
-0.081 
-0.082 
-0.153 
-0.117 
-0.092 
'5.699 
-0.197 
-0.195 
6.532 

-0.025, 
1.739 

-0.159 
-0.218 
6.029 

-0.158 
-0.229 

5.465 28.310 



ENERGETICS CORP. . - 

Tab le  5. SOUTHERN UNION - SYSTEM, OPERATION SUMMARY TABLE - October, 1983 

Maintenance 
, . 

Hours . 4 . '  ,: 

Avg $/h 10.00 
Labor Cost ( $ )  40.00 
M a t e r i a l s  ( $ )  . . . 
' To ta l  ( $ )  , ' 

, . ,. 40.00 
, . 

. . 
Hours .< 

.' Aug $ / h '  :: .,  ,, . .. . 

Labor Cost .($? -.- . .. 

M a t e r i a l s  ,($,) , , 1. 
P a r t s  ( $ )  
T o t a l  ( $ )  

Hours 
,. . Avg. $/h . . .  

Labor. Cost '  ($)': ' ' '  . ' '. 

. Ma te r i ,a ls  , ( $ )  ., .. , , .  . . . .. . 
Pa r t s  ( $ )  
To ta l  ( $ )  

T o t a l  

& ? r a t i o n  and F i xed  Cost 

P rope r t y  Taxes ( $ )  

insurance  (b) 154.92 

P a r a s i t i c  Energy kwh Used. 
$/kwh . 
L 

T o t a l  ( $ )  
.059 
15.18 : 

T o t a l  

F o s s i l  Fuel Savings 
MIL-BTU ( n a t u r a l  y d s )  3.1.30 
$/MIL-BTU . 3.75 . .  

T o t a l  $ 117.37 

TOTAL SAVINGS $117 JL- 

NET SAVINGS 

a 65% burner  e f f i c i e n c y  assumed. 
. . 



ENERGETICS CORPORATION 

Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - November 1983 

.. . 

F: F a i r  1: S o l a r  syste111 up/ l? lant  up ' 

2 :  S o l a r  sys te~ l l  down/Plant up 
P :  P a r t l y  Cloudy 3: S o l a r  sys ten~  i d l e / P l a n t  up 

4: S o l a r  sys ten~  up /P lan t  down 
C :  Fog o r  Overcast 5:.  S o l a r  sys te~ l i  down/Plant down 

. 6: Solat- system i d le /P la r i t  dowri , . 
R :  Rain 

I - ' ~ u l  i an i s t a t u s  
, Day Date ; Code jwea the r j  Remarks 

305 11/1 i 1 P l E ,  l W ,  3E & 5E n o t  t r a c k i n g  a c c u r a t e l y  
306 
307 1 
308 , c . :  
309 C 
3 10 i C 
311 I 1117 1 j F 1 W  down,, l e a k i n g  h y d r a u l i c  f l u i d  
3 12 
313 
314 1 i F 

i F 

3 17 
318 Auto. shu t  d o w n -  h i g h  wind, n o t e  7 
3 19 P : N o t e 7  
320 F Note 7 
321 11/17 1 P 1W down, Tow h y d r a u l i c  f l u i d ,  no te  7 

S:  Snow 

322 
323 
324 

1, 3 ,  4, 6 A = 
1 t h r u  6 

x loo./, " = . 0 9 - 4 1  -3 4 ;x) x 1007; 

. 
Note 1: Row 1E 81 1W shu t  down f o r  r e c e i v e r  assemblyupgrade i n s t a l l a t i o n  

Note 3 :  S o l a r  system n o t  t u rned  on 

Note 7 DAS f a i l e d  t o  r eco rd  

11/18 
11/19 
11/20 

1 I P ! H igh winds p reven t  opera t ion ,  1W down 
1 i R 1 W  down 
3 ! - Note 3 

325 11/21 : F l W  down, windy 
326 11/22 Note 3 
327 / 11/23 3 
328 
329 

Note 3 . . 
Note 3 

. -  Note 3 
330 11/26 1 1 R ' ' 1  1W down, no te  7 
331 11/27 1 : , F 1W down, no te  7 
332 11/28 

' r Note 1 
333 i 11/29 1 1 , i ' Note 1 
334 i 11/30 i 1 

I 
1 F ! '  Note 1 



ENERGETICS CORPORATION 

I I I. OPERATING EXPERIENCE (See tab1 e  1)  

Wi th most problems associated w i t h  p i p i n g  upgrade reso lved i n  .October, t he  
s o l a r  energy system operated on a  seven day week bas is  i n  November. A l l  
c o l l e c t o r  d r i v e  u n i t s  were opera t iona l  w i t h  the  except ion o f  Row 1 W  
which developed an i n t e r m i t t e n t  l eak  o f  h y d r a u l i c  f l u i d .  This  u n i t  
was r e f i l l e d  and i s  being observed t o  determine the  leakage source. 

The DAS f a i l e d  t o  record  da ta  on several  days i n  November. A1 though 
t h i s  da ta  was n o t  recorded on casset te  tape, i tems such as hou r l y  
.steam. p roduc t i on  and weather were manual ly recorded b y . t h e  DAS operator  
.and the  .energy saved on those days was recor.ded. . - 
I n s t a l l a t i o n  o f  t he  r e c e i v e r  upgrade m o d i f i c a t i o n .  was i n i t i a t e d ' o n  Row 1 

1 

a t  t he  end o f  October. Complet'lun u f  , t h * l  s ac.t iv, i  t y  w i  11 be accanpl i shed 
i n  December, 1983. .. . , ! 

I 

A. ~ o n t h l ~  Summary (See tab les  2 and 3) 
, -  . 

The a v a i l a b i l i t y  o f  t h e  s o l a r  system was 100% and the  u t i l i z a t i o n  
f a c t o r  was 83%. Ca lcu la t ions  f o r  energy co l - lec ted  and c o l l e c t o r  . . 
a r ray  e f f i c i e n c y  have been rev i sed  t o  accomodate the  p ip ing '  
upgrade (see f i g u r e  1 f o r  new c o n f i g u r a t i o n ) .  

The monthly performance r e p o r t  i s  summarized i n  t a b l c s  2 and 3. 
These f i g u r e s  show a gross savings o f  55.7 MBTU o f  na tu ra l  gas 
savings by thc  systcm. Cross f o s s i l  f u c l  savings wcrc $208.91 
us ing  a  b o i l e r  e f f i c i e n c y  o f  65% ( i n c l u d i n g  i d l e  and l i n e  losses)  . 
and a  rev i sed  n a t u r a l  gas cos t  o f  $ 3 . / 5  per m i l l i o n  BIU.' 

Const ruc t ion  - S i t e  r e p a i r s  and plumbing t o  improve the  manual 
hlowdnwn nn the  SSG were performed i n  ea r ly  November. Rece iver .  
upgrade w i t h  mod i f ied  supports and removal o f  r e c e i v e r  tube s p i r a l  
f l o w  r ibbons commenced on November 28, 1983. 

Summary 

- Operat ion and Data Acquis i  t i  on cont inued through November whi l e  rece i ve r  
upgrade ac t ivStJes  commenced. Some data r c d u c t i v n  p r o b l a l ~ s  r -c la ted  t u  
sof tware o r  insgrumentat ion have been noted and w i  11 r e s u l t  i n  some delay- 
o f  t he  monthly performance r e p o r t  pending r e s o l u t i o n .  . Receiver upgrade 
a c t i v i t i e s  a re  proceeding n e a r l y  on schedule and w i l l  be coinpleted i n  
e a r l y  December, 1983. 
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TABLE 2 - SUHC MONTHLY PERFORMANCE TABLE - NOVq 1953 

. 
- TIME 

JUL 
I AN 

DAY 

305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
322 
323 
324 
325 
326 
327 
328 
329 
332 
333 
334 

A "  

P 

EFFICIENCY 

COLLECTOR 
ARRAY 

% 

63.0 
0.0 
0.0 
0.0 
0.0 
0.0 

38.8 
40.2 
33.0 
35.0 
38.1 
41.8 
0.0 
0.0 
0.0 
0.0 

38.0 
0.0 
0.0 
0.0 
0.0 

34.8 
30.6 
16.6 

34.8 

DATE 

NOV 1 
NO\' 2 
NOV 3 
NOV 4 
NOV 5 
NOV 6 
NOV 7 
NOV 8 
NOV 9 
NOVl0 
NOVll 
NOV12 
NOV13 
NOV18 
N0V 19 
NOV20 
NOV21 
NQVZZ 
N0V23 
NOV24 
NOV25 
NOV28 
NOV29 
NOV30 

TOTL/AVG 

SYSTEM 

% 

0.0 
0.. 0 
0.0 
0.0 
0. 0 
0.0 

23.8 
27.4 
27.8 
28.3 
29.1 
27.3 
0.0 
0 .  E3 
0. 0 
0.0 

23.2 
0.0 
8.  a 
0.0 
0.0 

20.4 
14.1 
8.5 

23.2 

P I  PING 
LOSSES 
-OPERA 
TIONAL 

MIL-BTU 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.224 
0.178 
0.193 
0.235 
0.228 
0.222 
0.000 
P).Q78Q) 
0.000 
0.0O0 
0.180 
0.000 
0.000 
0.000 
0.000 
0.194 
0.189 
0.050 

1.892 

INCIDENT 
SOLAR 
ENERGY 
COLLEC 
PLANE 

MIL-ETU 

0. 000 
0. 104 
0.108 
0.140 
0.156 
0.247 

16.865 
14.870 
17.884 
17.005 
15.686 
15.757 
-0.U03 
0.117 
0.058 
0. 104 

13.959 
0. 031 
0.075 
G1.891 
0.073 

13.481 
17.940 
11.518 

156.26?7 

PARA 
S I T I C  
ENERGY 
USED 

( SOURCE 1 

MIL-ETU 

0.008 
0.090 
0.070 
0.056 
0. 274 
0.275 
0.837 
0.722 
0.838 
0.821 
Q.649 
0.625 
0.025 
V). 118 
0.175 
0.175 
0.624 
0.161 
0.177 
0.174 
0.163 
0.520 
0.676 
0.490 

8.744 

ENERGY 

SOLAR 
ENERGY 

COLLECTED 

MIL-BTU 

0.000 
0.000 
0.000 
0.000 
0.0BQ 
0.000 
6.545 
5.973 
5.898 
5.948 
5.984 
5.585 
0.000 
0.000 
0.000 
0.000 
5.307 
0.0B0 
0.000 
0.680 
0.000 
4.685 
5.484 
1.917 

54.326 

BALANCE 

SOLAR ENERGY 
DEL IVERED 
TO REFINERY 
STEAM LINE 

MIL-ETU 

0.0000 
0.0000 
0.0000 
0.00Q0 
0.0008 
0.0000 
4.0076 
4.0732 
4.9672 
4.8071 
4.5665 
4.3093 
0.0000 
0.0008 
0.0000 
0.0000 
3.2409 
0.0000 
0.0000 
0.0080 
0.00Q0 
2.7441 
2.5271 
0.9749 

36.31 79 

LB/DAY 

0. 
0. 
0. 
0. 
0. 
0. 

3956. 
4062. 
4793. 
4717. 
4584. 
4336. 

0. 
0 .  
0. 
Q. 

3230. 
0. 
0. 
0. 
0. 

2759. 
2558. 
913. 

35907. 
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TABLE 3 - SUHC MONTHLY PERFORMANCE TABLE - NOV, 1983 

a'- 

TIME 

JUL 
1 AN 
DAY 

385 
386 
387 
308 
309 
318 
311 
312 
313 
314 
315 
316 
317 
322 
323 
324 
3219 
326 
327 
328 
329 
332 
333 
334 

TOTAL 

DATE 

NOV 1 
NOV 2 
NOV 3 
N(:)V 4 
NOV 5 
NOV 5 
NOV 7 
NOV 8 
NOV 9 
NOVl0 
NOV11 
NOV12 
NOV13 
NCrVlf3 
N0V19 
NOV20) 
1\16VZ1 
N i ) V 2 2  
NOV23 
NOVZ4 
NOV25 
NOV28 
NijV29 
NOV30 

GROSS 
FOSSIL 
FUEL 
SAVED 

MIL-ETU 

0. 0Q8 
0. 000 
0.0100 
C). a00 
0. QOO 
0.0630 
6.155 
5.266 
7.642 
.7.395 
7.024 
6.629 
0.000 
0. 0630 
0. 008 
0. BQC) 
4.983 
B). OMQ) 
(6.000 
P). 000 
0.080 
4.221 
3.889 
1.50P1 

55.716 

GROSS 
SAVINGS 

8 

Q .  CIIJ 
0. 00 
0.00 
0. am 
0. 00 
Q .  00 

23.12 
23.50 
28.66 
27.73 
26.34 
24.56 

0. 80 
16.061 
0. 08 
0. 00 

18.69 
p1.00 
0. 00 
0.00 
@.  00 

15.83 
14.58 
5.63 

~ ...--4-. 

208.94 

ENERGY 

PARA 
SITIC 
ENERGY 

USED 
' I SOURCE ) 

MIL--ETU 

0. a m  
0.090 
8.070 
8.856 
Q.274 
0.275 
0.837 
8. 722 
8.838 
0. 321 
0.649 
8.625 
8.825 
0.118 
0.175 
0.175 
B. 624 
0.151 
0.177 
8.174 
0.163 
6.520 
0.676 
0.490 

8.744 

DOL-LARS 

COST OF 
PARASITIC 
ENERGY 
( A T  SITE) 

8 

0.04 
0.46 
0.36 
0.28 
1.40 
1.40 
4.26 
3.67 
4.26 
4.18 
3.30 
3.18 
0.13 
0). 68 
0.89 
0. 89 
3.18 
13.82 
0.90) 
0.88 
0.83 
2.64 
3,44 
2.49 

44.47 

NET 
FOSSIL 

FUEL 
SAVINGS 

$ 

-8.04 
-0.46 
-0.36 
-0.28 
-1.40 
-1.40 
18. €36 
19.83 
24.40, 
23.55 
23. C)4 
21.58 
-0.13 
-0. 60 
-0.89 
-0. 89 
15.51 
-0.82 
-8.98 
-0.88 
-0.83 
13.19" 
11.14 

' 3.14 - 
164.47 

NET FOSSIL FUEL 
SAVED 

MIL-BTU 

-0. 0@8 
-0.090 
--0.070 
-8.856 
-0.274 
-8. 275 
5.328 
5.544' 
6.804 
6.574 
6.375 
6.884 

-0. 825 
-0.118 
-0.175 
-8.175 
4.351 

-6.161 
-0.177 
-0.174 
-0.163 

3.7631 
3.213 
1.010 

46.973 

BARRELS 
0 I L ---------- 

-a. a02 
-0.017 
-0.014 
-0.011 
-0.053 
-8.053 

1.029 
1.070 
1.314 
1.259 
1.231 
1.159 

-0.0Q5 
-8 . 0 ' 3  L 

-8.034 
-0.034 
0.842 

-8.831 
-0.034 
-0.034 
-0.031 

0.714 
0.620 
0.195 

9.058 

MCF NAT 
GAS 

-0. OQB 
-0.098 
-0.070 
-0.856 
- 0 '  . ~ 7 4  
-8.275 
5 .328 '  
5.544 
6.084 
6.574 
6.375 
6.004 

-0.025 
-8. 118 
-0.175 
-0.175 
4.351 

-0. 151 
-0.177 
-0.174 
-0.163 
3,781 
3.213 
1.010 

46.973 
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Table 8-5 SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - 
November 1983 

Maintenance .- .--- .- - .- 

Minor c lean ing 

To ta l  

Operat ion and Fixed Cost 

Proper ty  Taxes. ( $ )  

Insurance ( 8 )  

Hours 4 . . . - - -. . - . . . - - , -. . - . 
Avg $/h . . - . - 10.00 - . - -- -- - .. - - 
L a b o r c o s t  (8.) .- 4Q,00- . - - .. 
M a t e r i a l s  ( $ 1  . . . 
To ta l  . ( $ I  

Hours --- 
Avg $/h 
'Labor Cost ($1  
M a t e r i a l s  ( $ j V  
Par ts  ($)  
To ta l  ( $ )  --- 

Hours -- 
Avg $/h 
Labor Cost ($)  
M a t e r i a l s  ( $ )  --- 
Par ts  ( $1  
To ta l  i8 j  

P a r a s i t i c  Energy kwh Used 
$/kwh 
To ta l  ( $ )  

TOTAL COST 8 .?.%,39 

F o s s i l  Fuel savings - 
MIL-BTU ( n a t u r a l  gas) 55.72 
$/MIL-BTU 3.75 

TOTAL SAVINGS 

NET SAVINGS 

a 65% burner e f f i c i e n c y  assumed. 
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Table 1. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - December 1983 , 

F: F a i r  

P: P a r t l y  Cloudy 

C: Fog o r  Overcast 

R: Rain 

S; Snow 

* J u l  i a n  
, Day 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
3 54 
355 
356 
357 
358 
359 
360 
363. 
362 
363 
364 
365 

.' 

1: Solar  system up/Plant  up 
2: So lar  system down/Plant up 
3: Solar system i d l e / P l a n t  up 
4: So lar  system up/Plant down 
5: So lar  system down/Plant down 
6: So la r  system i d l e / P l a n t  down 

1 4  l y  3, 4 9  x 100% U x 100% A = 1 t h r u  6 

Date 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
12/10 
12/11 
12/12 
12/13 
12/14 
12/15 
12/16 
12/17 
12/18 
12/19 
12/20 
12/21 
12/22 
12/23 
12/24 
12/25 
12/26 
12/27 
12/28 
12/29 
12/30 
12/31 

Note 2: Feed water and domestic water p i p i n g  f r o z e  and broke 
Note 3: System n o t  turned on - no operator  
Note 7: DAS d i d  no t  record 
Note 8: Receiver upgrade s i t e  work 

Sta tus  
Code 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
2 
2 
2 

Weather 
F 
- 
F 
F 
P 
F - 
- 
F 
F 
F - 
- 
- 
- 
- 
P 
S - 
- 
- 
- 
- 
C - 
- 
- 
- 
C 
- 
F 

Remarks 
Note 8 - Row 4 down, Row 1 complete 
Note 8 - Row 4 down 
Row 4 down, h igh  winds 
Row 4 down 
Note 8 - Row 4 down 
Note 8 - Row 4 complete, Row 2 down 
Notc 8 - Row 2 & 3 down 
Note 8 - Row 3 complete, Row 2 down 
Note 8 - Row 2 complete, Row 5 down 
Row 5 duwn 
Row 5 down, h igh  winds 
Row 5 down 
Note 8 - Row 5 down, Row 6 down 
Note 8 - Row 5 complete, Row 6 down 
Note 8 - Row 6 complete 

Note 7 
I I 

Note .?, 7 
Note 7 

I 1  

I 1  

Note 2 
Note 2 
Note 2 
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111. . OPERATING EXPERIENCE (See t a b l e  1 )  

The system cont inued t o  operate du r ing  most o f  t he  r e c e i v e r  upgrade work i n  
e a r l y  December. .Severely c.old weather . i n  l .ate December r e s u l  t.ed i n  , 

frozen feedwater 1 ines  throughout t he  r e f i n e r y .  The domestic water 
i n s i d e . t h e  s o l a r  b u i l d i n g  f r o z e  and broke a t  t h e  faucet .  The s o l a r  
feedwater l i n e . a t  t h e ' r e f i n e r y  was shut  down d i s a b l i n g  the  feedwater 
f reeze p r o t e c t i o n  system. The f rozen pipes broke a t  several  l o c a t i o n s  
l a t e  i n  December and r e p a i r s  w i l l  be undertaken i n  e a r l y  January. 

ODAS data was n o t  obta ined from December 23 through December 29 due 
t o  extremely bad weather and hol idays.  

I V .  PERFORMANCE 
, , 

A. Monthly Summary (See tab les  ,2 and 3) 

The a v a i l a b i l i t y  o f  t he  .so lar  system was 71% a n d a t h e  u t i l i z a t i o n  
fac to r  was 95%. Ca lcu la t ions  f o r  energy c o l l e c t e d  and c o l l e c t o r  
a r ray  < e f f i c i e n c y  have been rev i sed  t o  accomodate t h e  p i p i n g  
upgrade (see f i g u r e  1 f o r  new c o n f i g u r a t i o n ) .  

, . 
The monthly performance r e p o r t  i s  summarized' i n  t ab les  2 and 3. 
These f i g u r e s  show a gross savings o f  18.0 MBTU of n a t u r a l  gas 
savings by the  system. Gross f o s s i l  f u e l  savings were $67.62 
us ing  a b o i l e r  e f f i c i e n c y  o f  65% ( i n c l u d i n g  i d l e  and l i n e  losses)  
and a rev i sed  n a t u r a l  gas cos t  o f  $3.75 per  m i l l i o n  BTU. 

Construct ion - 72 rece ivers  and 144 g lass tubes were disassembled. 
S p i r a l  f l o w  r ibbons (144) were removed f rom t h e  e x i s t i n g  r e c e i v e r  
tubes, unbroken g lass  tubes were cleaned, and a l l  p a r t s  were, 
reassembled u t i l i z i n g  the  modif ied r e t a i n e r s  'and new seals.  The 
system was recharged w i t h  HTO and t h i s  system waspres tored t o  f u l l  
opera t ion  on December 15. Problems encountered were more broken 
g lass tubes than o r i g i n a l l y  a n t i c i p a t e d  and poor 
weather cond i t i ons  t o r  system checkout. 

1 .  

Summary . . , 

Operat ion and data  .acqui ~i t i o n  t o  measure upgrade r e s u l t s  have been 
delayed i n  December by unusual ly  bad weather cond i t i ons .  The work 
completed f o r  r e c e i v e r  upgrade should prov ide  t h e  second g r e a t e s t  
improvement i n  'performance. 

The upgrade work completed t o  date has e l im ina ted  broken g lass  o r  
leaks i n  t he  e n t i r e  i n s t a l l a t i o n .  The d i r e c t  approach used f o r  s i t e  
i c s t a l l a t i o n  work, the  q u a l i t y  c o n t r o l  measures implemented, and t h e  
design changes recommended by SNLA have r e s u l t e d  i n  minimal f i e l d  
. i n s t a l l a t i o n  problems and u l t i m a t e l y  w i l l  r e s u l t  i n  a s i g n i f i c a n t  
improvement i n  sys ten1 per'.fori~~arice. 

. . .  
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ENERGETICS CORPORATI ON 

TAELE 3 - SVRC MONTHLY PERFORMANCE TAR[..€ - DEC. 1983 

T I  

JUL 
I AN 
DAY 

335 
336 
337 
338 
339 
340 
3.41 
342 
343 
3.4.4 
345 
346 
347 
349 
347 
2563 
351 
352 
353 
354 
355 
356 
363 
364 
365 

T(:)TAL 

ME 

DATE 

DEC 1 
DEC 2 
DEC 3 
DEC 4 
DEC 5 
DEC 5 
DEC 7 
DEC 8 
DEC 9 
DECl0 
DECl 1 
DEC12 
DEC13 
DEC14 
DEC15 
DECl5 
DECl7 
DECIE] 
DEC19 
DEC28 
DEC21 
DEC22 
DEC29 
DEC38 
DEC31 

GROSS 
FOSS I L 
FUEL 
SAVED 

MIL-ETU 

2.492 
0.000 
8. 800 
1.952 
8. OQB 
4.425 
63.080 
0 .00B 
4.135 
4,798 
e, I, &.- .:- '78 
8.000 
0. 808 
0. 008 
0. QQQ 
8. 008 
0. 000 
0.086 
8. 808 
0.000 
0). 0B8 
@. 000 
6.000 
8.000 
0. 8CB0 

18.030 

GROSS 
SAVINGS 

$ 

9.35 
0. 88 
0.80 
7-32  
0. D0 

16.59 
0. BB 
8.012) 

15.51 
17.99 
0.86 
0.0B 
B. B8 
0. 80 
0. 00 
0. 80 
Q .  0B 
0 .  00 
8.00 
8. 00 
0.08 
0. BE! 
0.00 
6. 0B 
0.0B. 

67.62 

ENERGY 

PARA 
SITIC 
ENERGY 

USED 
( S(?URCE ) 

NIL-BTtJ 

8. 339' 
8.042 
0.070 
8. 444 
0.354 
0.534 
8.098 
8),274 
0.4618 
0.673 
(3.302 
0.099 
8.105 
0.0f?1 
0.021 
0.878 
0.090 
0. 104 
8.124 
0.127 

. 0. 029 
. 0.846 

0.237 
0.136 
0.129 

5.833 

DOLLARS 

CClST OF 
PARASITIC 
ENERGY 
( A T  SITE: 

8 

1.72 
B, 21 
8. 36 
2 - 2 6  
1.812) 
3.22 
0. .46 
1.40, 
2.85 
3.42 
1,53 
0. 50 
8.54 
0..41 
0. 11 
8.48 
8. 46 
8 ) .  53 
0. 63 
0.54 
0.15 
6. 24 
1,20 
43.59 
0.'65 

25m60 

NET 
FOSSIL 

FUEL 
SAVINGS 

$ 

7,63 
-0.21 
-0.35 
5.06 

* -.1.@0 
13.37 
'-.B. 46 
-1.40 
13.43 
14.57 
-0. 67 
-Q.  58) 

: -.On 54 
-0.41 
-61.11 
-a. 46 
-0.463 
--a. 53 
-0.63 
--a . ,?j .4 
-0.15 
-8.24 
-1 a ,780 1- 

-@Is 69 
-0. 55 

42.82 

NET FOSSIL FUEL 
SAVED 

'MIL-FT?) 

2.153 
-0.042 
-0.078 

1.5@3- 
-0.354 

3.791 
43.090 
-0 - & I  ,774 
3.727 
4.125 

-@.a74 
-0.098 
-0.106 
-@.@El ' 
-0.021 
-0.073 
-8.890 
-0. 104 
-0.124 
-0.127 
-C).12)29 
-@. 046 
-8.237 
-0.136 
-8.12S 

12'. 994 

I .  S 
O I L -  

8.415 
-8.808 
-0.014 
, 8 . 2 9 1  
-B.O69 
0.732 

-8.Q17 
-@.a53 
0.719 
0.796 

-0.6314 
-8.017 
-8.020 
-0.010 
-0,88)4 
-8.815 
-8.017 

. --O. 820 
-0.624 
-0.025 

. -8.866 
-BJ.009 
-0.846 
-8.026 
-0.825 

2.508 

MCF NAT 
G:4S 

2'. 153 
-8.@42 
-0.870 

1.589 
-0.354 
3.771 

-B.9Y6 
-0.274 
3.727 
4.'125 

,-0.874 
-0.898 
-8.105 
-0. W31 
-8.621 
--6.078 

.-8.89Q 
-0:. 184 
-0.124 
-8.127 
-0. 829 
-8.646 
-8.237 
,-0.135 
-0.129 

1,2.99,4 
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Tab le  5 - a -  SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - December 1983 

1 ~. . 
Maintenance : . .  . . .  . . . . . .  . . . .  . * * - .  . z- 

Hours 
Avg B/h 

. . -Labor Cost ($1  . . - ' , . M a t e r i a l s .  ($ )  .: 
T o t a l  ( 8 )  ,. . 

Hours 
~ v g  $ jii 
Labor Cost ($1 
M a t e r i a l s  ( $ )  
P a r t s  ($ )  
T o t a l  ( $ )  . 

Avg $/h 
Labor Cost  ($ )  
M a t e r i a l s  ' ( 8 )  
P a r t s  ( 8 )  

. T o t a l  ($1 

T o t a l  

Opera t i on  and F i x e d  Cost  . . _  ..! 

P r o p e r t y  Taxes ($ )  

Insurance ( 8 )  

P a r a s i t i c  Energy. kwh Used 434 . 

.'. $/kwh . . .059 ' 

T o t a l  ( ' 8 )  . . . . - - - - - 25'. 60 - . , 
. , 

T d t a l  ' 
,. . . ,  . .  

I .  . . 
TOTAL COST 

.... 
F o s s i l  Fuel ~ a v i n q s  .. - 

., . .  MIL-BTU' ( n a t u r a l  y d s )  10.03 
$/MIL-BTU 3.75 

T o t a l  

., - .  
NET SAVINGS ( $ *  112.911' 

. . * .  
a 65% burne r  e f f i c i e n c y  assumed. 
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ENERGETICS CORPORATION 
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Table 1. SOUTHERN UNION - SYSTEM OPERATION S,UMMARY' TABLE - January 1984 

. . 

F: Fai.r -' 1: So la r  system u p l ~ l a n t  up 
'2: . S'olar system down/Plant up 

P: P a r t l y C l o u d y .  : . (  . '  ,3: So la r  system i d l e / P l a n t  up 
4: So la r  system up/Plant  down 

C:  Fng or Overcast ' 5 : Sol a r  s,ys tem down/Pl a n t  down 
. , 

, . ,  . ' 6: ' So la r  system i d l e / P l a n t  down 
R: Rain 

S: , Snow 

Remarks 

. . 

Replace SSG gaske t .  
Repaired: f rozen FW 1 i n e s  . 

Cleaned FW' va l ve  ' + .  

Note 3 
II . I1 

II II 

I I  I1 

11 II 

Changed tape, no te  7 
Note 7 
System t r i p p e d  on h igh  H20 l e v e l  
FW l ' i ne  frozen; no te  7 
1 1 '  II II ' II II 

II II I I II II 

I1 I1 I1 II I1 

II II I1 II II , 

II I1 I I II II 

FW thawed, no te  7 
Note 7 

II II 

5W down, windy, no te  7 
II II I I I I 

II II I I I I 

'Repaired 5W & 2E o s c i l l a t i o n  
Cleaned a1 1 r e c e i v e r  tubes 
Replaced damaged FW l i n e  i n s u l a t i o n  

.A = 1 t h i u  6 

weather 

, F  
R 

P 
P 
'P . 

R 
R 
P 
C 
C 
P 
P 
F 
P 
P 
P 
F 
P '  
.C 
P 

Ju l  i an 
, Day 

1 
2 
3 
4 .  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 . 

21  . 

22 
23 
2 4 
2 5 
26 
27 
28 
29 
3 0 
3 1 

P 

. . 
Note 3 :  Systeni 'not' tu rned on - no 'ope ra to r  
Note 7 :  DAS d i d  n o t  record  , , ., 

Date 
11.1 
112 
113 
114 
115 
116 
117 
118 
119 
1/10 
1/ 11 
1/12 
1/13 
1 /14 
1/15 
1/16 
1/17 
l/ 18 
1/19 
1/20 
112.1 
i / 2 2  
1/23 
1/24 
1/25 
1/26 
1/27 
1 /28 
1/29 
1/30 
1 /31  

S ta. t  us 
Code . . 

2 
2 .  
2 .  
2 
2 .  
2 

. 1  
1. 

3 
3 
3 
3 
3 

: 1 
1 

: 2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
2 
1 
1 
1 
1 



111. OPERATING EXPERIENCE (See t a b l e  1) . 

She broken feedwater l i n e  and water , faucet  were repa i red  i n  e a r l y  
January. The f e e d w a t e r . l i n e  f r o z e  again mid month due t o  i n s u l a t i o n  
vo ids  several  p laces and a.clogged. feedwater p r o t e c t i o n  valve.  Several 
attempts t o  thaw the  l i n e  were unsuccessful and feedwater f l o w  was 
d i sab led  f o r  one week before  normal opera t ion  was res tored.  

I t  i s  surmised t h a t  t h e  f i r s t  l i n e  freeze was due t o  feedwater va lve  
shutdown by the  r e f i n e r y  a f t e r  observ ing,water  e x i t i n g  from the  s o l a r  
equipment room. Th i s  turned o u t  t o  be domestic water from a  f rozen 
faucet .  I n  bo th  cases, the  pr imary cause o f  f a i l u r e  was l o s s  o f  
feedwater d ischarge f o r  f reeze p ro tec t i on .  Prevent ion o f  t h i s  occurance 
w i l l  be addressed as p a r t  of O 8 M procedures. 

A d d i t i o n a l l y ,  all upera t lona l  problem w i t h  the  OBAS r e s u l t e d  i n  l o s s  o f  some 
data.  The source o f  t h i s  problem has been i d e n t i f i e d  as e q u i ~ m c n t  
r e l a t e d  and w i l l  be reso lved nex t  month. 

Const ruc t ion  - Minor cleanup and r e p a i r s  were performed. Outside 
a i r  duc t i ng  was i n s t a l l e d  t o  the  pump motor,  a  broken observat ion window 
t o  t h e  equipment room was replaced and some i n s u l a t i n g  was performed. 

Summary 

Operat ion and data a c q u i s i t i o n  i n  January were hampered by frozen 1  ines,  
Lad weather, and system s t a r t  up problems. A l l  o f  these have been 
reso lved and a  problem w i t h  the  ODAS i d e n t i f i e d .  The system i s  now 
opera t i ng  on a  r e g u l a r  bas is  and improved performance data  w i l l  be 
a v a i l a b l e  i n  t he  February repo r t .  



E N E R G E T I C S  C O R P O R A T I O N  

T A B L E  2 - S Y R C  MONTHLY PERFORMANCE, T A B L E  - J A N .  1984 
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ENERGETICS CORP. - 

Tab le  .B5..:. SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - January 1984 

Mai ntenance - 

Scheduled - Replace 
SSG manhole gasket  

Hours 
Avg $/h 
Labor Cost ( $1  
M a t e r i a l s  ( 8 )  
T o t a l  ($1  , 

H o u r s .  , 

Avg $/h 
Labor Cost ( $ )  
M a t e r i a l s  ( 8 )  
P a r t s  ( $ )  
T o t a l  ( $ )  

Hours , .  . , .  - ., . .  _ . . .  . , . .  

Avg $/h . 

Labor Cost ( 8 )  . 
M a t e r i a l s  ( 8 )  . . .  
P a r t s  ( 8 )  
T o t a l  ( $ )  

6 .  8 

T o t a l  $ 30.76 

0per.at ion and F i xed  Cost 

P rope r t y  Taxes ( $ )  

Paras i  t i ' c  Energy, . kwh .Used ' ' 249 . 
$/kwh ' .059 ' .  . .. . . ... .. E a .  

' T o t a l  ( 8 )  . -14.72- 

TOTAL COST $- 200.04- . - - -  

F o s s i l  Fuel  Savinss - 
MIL-BTU ( n a t u r a l  gas) 9.00 
$/MIL-BTU 3.75 

T o t a l  $ 33.77 

TOTAL SAVINGS $ 33.77 
-- 

NET SAVINGS 

a 65% burner  er i i c iency  assur~~ed. 



ENERGETICS CORPORATION 

Table 1. SOUTHERN UNION. - SYSTEM OPERATION SUMMARY TABLE - February 1984 

F: F a i r  

P: P a r t l y  Cloudy 

C: Fog or Overcast 

R: Rain 

S: SnoQ 

' J u l i a n  
, Day 

32 
3 3 
3 4 
35 
36 
3 7 
38 
39 
40 
41 
42 
43 
44 
45 ' 
46 
4 7 
48 
49 
5 0 
5 1 
52 . 
53 
54 
55 
5 6 
67 
6 8 
6 9 
6 0 

f 

1 : Sol a r  sys tem up/Pl an t  up 
2: So la r  system down/Plant up 
3: So la r  system i d l e / P l a n t  up 
4: Solar system up/Plant down 
5: So la r  system down/Plant down 
b: So la r  system i d l e / P l a n t  down 

A = 1 t h r u  6 

Note 7: DAS f a i l e d  t o  record,  however, ope ra to r ' s  notes i n d i c a t e d  t h a t  t he  
system was opera t iona l  and approximately 4000 l b s  of steam were 
produced. 

Note 8: Feedwater c o n t r o l  va lve  f a i l e d  t o  close. 

Date , 

21 1 
,212 
213 
214 
215 
216 
217 
218 
219 
21 10 
21 11 
2/12 
2/13 
2/14 
2/15 
2/16 
2/17 
21 18 
2/19 
2/20 
2/21 
2/22 . 

2/23 
2/24 
2/25 
2/26 
2/ 2'7 
2/28 
2/29 

Weather, 
F , 

P 
F 
F 
C 
F 
F 
P 
P 
p .  
P 
F 
F. . 

P 
P 
F 
F 
P. 
C 
P 
F 
P 
F 
F 
8 
C 
F 
F 
F 

Sta tus  
Code 
1 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 
1 
2 
2 
2 
2 
1 
1 
'1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Remarks 
, High wind prevented opera t ion  

II I1 I1  I 1  

11 11 I1 II 

Ref inery  down p a r t  o f  day 
Note 8 
Note 7 

Note 8, windy 
Note 8 + .  
System down' f o r  .hyd/el ec. upgrade 

I I I I I1  I1  I 1  

I 1  I I I1 I1  I1  

11 I1 I1 11 I 1  

2E w i l l  n o t  go a i l  t he  way t o  stow 
Note 8 
F i e l d  l i g h t  sw i t ch  n o t  working 

I1  I1  I1  I I I1  

High winds prevent  operat f  on 

6W down 
I 1  I 1  

I 1  I I 



111. . OPERATING EXPERIENCE (See t a b l e  1 )  

The sec t i ons  o f  t h e  f r ozen  feedwater l i n e  r e p a i r e d  i n  January were r e i n s u l a t e d  
d u r i n g  February. Other i n s u l a t i o n , a n d  r e p a i r s  were 'a l so  performed t o  
reduce hea t  losses  and improve r e l i a b i l i t y  as p a r t  o f  t h e  system up- 
grade a c t i v i t i e s .  (see month ly  s t a t u s  r e p o r t  upgrade a c t i v i t i e s .  ) 

The feedwater  so leno id  v a l v e  f a i  l e d  t o  c l o s e  'du r ing  o p e r a t i  on severa l  
t imes i n  February.  Th i s  r e s u l t e d  i n  b o i l e r  . o v e r f i l l  fo l lowed b y .  . . 

system shutdown. , F a i l u r e  a f t e r  ope ra t i on  has ' r e s u l t e d  i n  a  l a r g e  l o s s  
o f  feedwater on severa l  occasions. T h i s  s o l e n o i d . v a l v e  i s ,  scheduled 
t o  be rep laced  by a m o t o r - c o n t r o l l e d  b a l l  va l ve  i n  March. Th i s  should 
r e s u l t  i n  improved l ong  term re1  i a b i l  i ty and a r e d u c t i o n  i n  "water'.  
hammer" i n  t h e  feedwater l i n e .  

Cons t ruc t i on  - Hyd rau l i c  e l e c t r i c  upgrade was e s s e n t i a l l y  completed 
i n  February.  Th i s  work on a l l  twe lve  d r i v e  py lons inc luded : ' .  
( 1 )  I n s t a l l a t i o n  of Sandia fu rn ished  Search Mode Boards, weather 
p r o o f  row c o n t r o l  boxes and w i r i n g  harnesses w i t h  new magnet ic 
1  i m i  t swi tches.  ( 2 )  I n s t a l  l a t i o n  o f  i n d u s t r i a l  g'rade motor  
s t a r t e r s  and new m o d i f i e d  bypass va lves  (an ope ra t i ona l  problem 
was encountered w i t h  t h e  bypass va lves  and w i l l  be co r rec ted  
under war ran ty  by SKI i n  March). ( 3 )  Leaks were r e p a i r e d  as 
needed, t h e  accumulators were recharged w i t h  n i t r o g e n ,  and p ressure  
swi tches were ad jus ted  t o  c o r r e c t  pressures. A d d i t i o n a l l y ,  SKI 
checked o u t  t h e  c e n t r a l  c o n t r o l  opera t ion ,  ad jus ted  t he  . cen t ra l  
l i g h t  sw i tch ,  and reprogrammed t h e  m i c r o p r o c ~ ~ s s o r  f o r  Search : 

Mode Opera t i on. 

Other s i t e  a c t i v i t i e s  i nc l uded  i n s u l a t i o n  upgrade i n  t h e  equipment 
room and on f i e l d  p i p i n g  anchors and suppor ts .  . 

Wi th  t h e  excep t ion  o f  a  feedwater va l ve  replacement, t h i s  completes 
on s i t e  upgrade a c t i v i t y .  

Operat ion and Maintenance Manual - 0 & M w r i t eups  were reviewed 
and r e w r i t t e n .  Revis ions t o  SKI c o l l e c t o r  system 0 & M i s  i n  
process. 

Summary 

Operat ion and..data acquris.i.tion was t h e  b e s t  ever  i n  February (see 
performance r ~ p o r t ) ;  The.ODAS steam produst io 'n da ta  problem was 
co r rec ted  and i t  appears t h a t  the  system w i l l  be ready f o r  t u rnove r  
t o  S o ~ ~ t h e r n  l l n inn  nn s c h ~ d ~ ~ l e  i n  A p r i l .  

S i nce re l y ,  

Lee E. Wi lson 
P r o j e c t  Manager 
Texas Energe t i ss  Corpora t ion  



ENERGET I CS CORPORAT ION 

TAELE 2 - SURC MONTHLY PERFORMANCE TAPsLE - FEPv1984 

DAY DATE MIL-ETU MIL-BTU MIL-ETU LE/DAY MIL-ETU MIL-BTU 
_ _ I , - .  

> -. - - . - 
x % 

.- --- 

32 FEE 1 17.922 5,130 5.5891 
33 FEE 2 0.067 0.080 0.0080 
34 FEE 3 0.285 0.000 0.8000 
35 FEE 4 0.102 8.088 8.0800 
3 6 F E E 5  0.106 0.000 0.01300 
37 FEB 6 18.455 4.889 6.4837 
38 FEE 7 8L612 0.632 8.5888 
39 FEE 8 12.853 2.514 3.8514 
41 FEE10 -0.881 0.00B 0.8@BB 
42 FEE11 6.314 1.883 2.7248 
43 FEB12 17.121 4.445 2.6619 
44 FEE13 17.971 5.135 6.7346 
45 FEE14 0.059 0,008 0.0000 
46 FEE15 0.148 8.088 0. B000 
47 FEE16 0.156 0.201 0.0080 
48 FEE17 5.568 0.669 0.000@ 
49 FEE18 7.128 3.621 '3.0515 
50FEBl9  1.717 '0. 2?0 0. @(9P)O 
51  FEE20 12.651 3.909 3.3116 
52 FEE21 19.838 6.441 7.0136 
53 FEE22 11.157 3.636 4.8525 
54 FEP-23 16.974 5.424 6.5906 
55 FEE24 19.699 6.239 7.5188 
56 FEE25 2.246 0.199 0.B008 
57 FEE26 0.093 0.000 0.8800 
58 FEE27 16.786 4.428 4.5243 
59 FEE28 16.530 4.962 6.8967 
6lJ FEJ32Y 16.788 4.454 9.1237 

TOTL/AVG 245.159 67. 074 79.4396 

5547, 
0. 
0. 
0. 
0. 

6408. 
584. 

3008: 
0. 

2648. 
2632. 
6534. 

8: 
0. 
1. 
1. 

3041. 
U. 

3851. 
6874. 
473.4. 
6554. 
7448. 

0. 
0. 

.4539. 
6066. 
7975. 

- -- . , ,  

78468. 

@. 280. 
0.000 
0.000 
0.000 
8.0clla 
0.235 
0.848 
8.143 
0.G.300 
0.095 
0.191 
0.274 
0.800 
0.008 
8.000 
0.000 
0.190 
U.lblillb 
0.295 
0.288 
0.138. 
0.333 
m.3?3 
0.000 
0.000 
0.291 
0.545 
6.283' 

3.744 - 

0.695 
0.104 
0.114 
0.113 
0.099 
0.737 
0.499 
(6.562 
0.004 
8.342 
0.659 
0.742 
0. 068 
0.019 
0.436 
1.277 
1.764 
lil.201 
0.751 
0.749 
0.389 
0.694 
a"7.55 
8..176. 
0.077 
0.710 
8.667 
0.746 

14.149 
-. .. . . . - 

2R..h 
0.8 
8.0 
0.0 
0. 0 

26.5 
7.3 

19.6 
Q). Q 

27.8 
2kem0 
28.8 
0. 8 
B. 0 

129.6 
12.0 
50.8 
16.3 
30.9 
34.2 
32.6 

.32 .1  
33.3 

8.9 
0.0 

26.4 
30.0 
26.5 

28.2 

31 ,:2 
0.0 
0.0 
0.0 
0.0 

35.1 
6.7 

23 ..7 
0.0 

43.2 
15.5 
37.7 

8. 0 
0 . 0  
0.0 
0. 0 

43.2 
0. @ 

30. 1 
37.2 
43.5 
.39 rn 0 
40.2 ' 

0 .8 .  
0. (3 

27.0 
36w9 
48.4 

1 

32.4 



ENERGE'T I CS C(2RPORAT I O N  

NET' FOSSIL FUEL 

TABLE 3 - SURC MONTHLY PERFORMANCE TAPL.E - FEE? 1994 



ENERGETICS CORP. - 

Table B5 SOUTHERN UNION - SYSTEM OPERATION SUMMARY TABLE - February 1984 

Maintenance 

To ta l  

Operat ion and F ixed Cost 

Proper ty  Taxes ( $ )  

Insurance ( 8 )  

Hours 
Avg $/h 
Labor Cost ( 8 )  
Ma te r i a l s  ( 8 )  
Tota l  ( $1  

Hours 
Avg $/h 
Labor Cost ($1 
Ma te r i a l s  ($ )  
Par ts  ( 8 )  
To ta l  ( 8 )  

Hours 
Avg 8/h 
Labor Cost ($ )  
Ma te r i a l s  ( $ )  
Par ts  ($)  
To ta l  ( $ )  

P a r a s i t i c  Energy kwh Used 
$/kwh 
To ta l  ( 8 )  

. . 
To ta l  

TOTAL COST 

Fuss i l Fucl Savings - 
MIL.-BTU (na tu ra l  gas) 122.22 
$/MIL-BTU 3.75 

To ta l  $458.33 

TOTAL SAVINGS $ 231.45 

NET SAVINGS $ 231.45 

a 65% burner e f f i c i e n c y  assumed. 



ENERGETICS CORPORATION 

Table 1. SOUTHERN UNION. - SYSTEM OPERATION SUMMARY TABLE - March 1984 

Ju l  i an 
L 

6 0 
6 1 
6 2 
6 3 
64 
65 
6 6 
6 7 
68 
6 9 
7 0 
7 1 
72 
73 
7 4 
7 5 
76 
77 
78 
79 
80 
8 1 
82 
83 
84 
8 5 

Date 

3/ 1 
3/2 
3/3 
3/4 
3/ 5 
3/6 
3/7 
3/8 
319 
3/10 
3/ 11 
3/12 
3/13 
3/14. 
3 1  15 
3/16 
3/17 
3/18 
3/19 
3/20 

F: F a i r  

P: P a r t l y  Cloudy 

C: Fog o r  Overcast 

R: Rain 

S: Snow 

Remarks 

6W down 
6W ' down 
Feedwater Valve ma1 func t ioned ,  6W down 
6W down , . 
6W down 
6W down 
Repaired 6W 
Cleaned row 6, 5, 4, 3. See n o t e  8 
Replaced t r a c k e r  head on 6W 

System t r i p p e d  due t o  h i g h  steam press, rebcar ted  
Cleaned g lass  tubes automat ica l  l y  

System t r i p p e d  due t o  h i g h  steam press 
See Note 9 

II I1 I1 

I1 I1 II 

System down 
5W & 2W down , 

System t r i p p e d  due t o  h i g h  wind , 

System t r i p p e d  on high.  steam press & . h i g h  wind. 
System t r i p p e d  due t o  h ig.h 'steam press.; no te  7 
Note 7 
Note 7 
Acceptance t e s t ,  windy, Note 7 

I1 II II 

II II I I 

Sta tus  
Code 

F 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1' 
1 
1 
1 
2 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

, . 
1 : S o l a r  system up /P lan t  up 
2: S o l a r  system down/Plant u p ,  
,3 :  S o l a r  system i d l e / P l a n t  up 
4: S o l a r  system up/Pl a n t  "down 
5:  S o l a r  system down/Plant down 
6: S o l a r  system i d l e / P l a n t  down 

Weather 

F 
F 
F 
C 
S 
P 
F 
P 
F . 
C 
C 
F 
C 
C 
P 
C 
F 
P 
- 
P 
F 
P 
P 
F 
C 
C 
C 
P 
P 

1, 3 B . 4 ,  6 100% 
A = 1 t h r u  6 

P - 

Note 7: DAS f a i l e d  t o  reco rd  

Wind gus t  damaged, Row lE,ssystem down 
System down 

Note 8: Texas Energet ics  s t a f f  on s i t e  t o  rep lace  b o i l e r  feedwater c o n t r o l  .valve. 

Note 9: So la r  K. inet i  cs personnel on s i t e  t o  complete hydrau l  i c / e l  e c t r i c  upgrade 
work. 



ENERGETICS CORPORATION 

I I I. OPERATING EXPERIENCE (See t a b l e  1) 

The feedwater so leno id  va lve  was replaced w i t h  an e l e c t r i c  ac tua to r  
and b a l l  va lve.  I n s t a l l a t i o n  o f  t h i s  va l ve  solved several  opera t iona l  
problems. The water hammer associated w i t h  the  so leno id  va l ve  was 
e l im ina ted  and t h e  new va lve  w i l l  be l e s s  l i k e l y  t o  f a i l  open. 
A d d i t i o n a l l y ,  t h i s  va l ve  can be t h r o t - t l e d  down by a d j u s t i n g  the  
ac tua to r  r e s u l t i n g  i n  improved steam product ion  recovery when coo ler  
feedwater i s  i n j e c t e d .  

So la r  K i n e t i c s  personnel were on s i t e  i n  March t o  make h y d r a u l i c / e l e c t r i c  
. upgrade adjustments. F ina l  changes were made t o  t h e  microprocesor s o f t -  

ware i n  t h e  c o l  l e c t o r  c e n t r a l  c o n t r o l .  B l i nde rs  were added t o  the  
c e n t r a l  1  i g h t  sw i t ch  t o  decrease opera t ing  t ime. Th is  reduces unnecessary 

,pumping losses and,steam generator  heat losses. ,, 

Personnel from ETEC and Sandia were on s i t e  f o r  t h e  
acceptance t e s t  which was completed on March 28. The system was 
p laced i n  f u l l y  automatic opera t ion  and r e f i n e r y  personnel were 
t r a i n e d  on March 29. 

The f o l  1  owing day, a  gust  o f  wind caused severe damage t o  c o l l  ec tors  
i n  row 1E. The c o l l e c t o r  cas t i ng  broke where i t  i s  at tached t o  the  
d r i v e  py lon.  Also, several  r e c e i v e r  tubes were damaged. This  caused 
about 30 t o  40 ga l l ons  o f  o i l  t o  be l o s t  as the  system was opera t iona l  
a t  t h a t  t ime. So lar  K i n e t i c s  has observed the  damage and w i l l  
prepare a  r e p a i r  cos t  est imate. 

Construct. ion - The remaining a c t i v i t y  o f  feedwater va l ve  replace-  
ment was completed and checked ou t  du r ing  opera t ion .  

0  & M Manual - The 0 & M manual was presented t o  the  r e f i n e r y ' a n d  
t r a i n i n g  o f  r c f  i ncry pcrsonncl was pcrformcd as requ i red .  
Re1 evant "as bu i  1  t" drawings and component s p e c i f i c a t i o n s  w i  11 be 
i n s c r t c d  i n  t hc  o n - s i t e  manual and fo l low-up t r a i n i n g  w i l l  be 
completed i n  A p r i l .  



ENERGET I'CS CORPORAT ION 

TASL-E 2 - SURC MONTI-11-Y PERFORMANCE TAEL-E - MAR. 1984 

a 

T I  
B 

JUL 
I APJ 

DAY 

5@ 
51 
52 
63 
64 
65 
66 
b f  
53 
h9 
78 
7'1 
72 
73  
74 
75 
7& 
77 
78 
7 9  
80. 
91 

. Y 2  '*"a7 

88 
89 
98 

ME 

DATE 

MAR 1 
MAR 2 
MAR. 3 
MAR 4 
MAR 5 
MAR 5 
MAR 7 
MAR 8 
MAR 9 
MAR18 
MAR11 
MAR12 
MAR13 
MAR14 
MAR15 
MAR15 
MAR17 
MAR18 
MAR19 
MAR:ZO 
MAR21 
MAR22 
MAR23 
MAR28 
MAR29 
MAH3B 
MAR31 

TClTL/AVG 

INCIDENT 
SOLAR 
ENERGY 
COLLEC 
PLANE 

M I  L-BTtJ 

17.299 
13.463 
11.853 
0.351 
6. 191 

17.543 
28.857 
0. 317 

15.670 
0.282 
0;203 

16.394 
4.155 
4.354 

18.527 
0.413 
7.825 
0.657 
L2.383 

11.189 
15.239 
1.427 

13.765' 
15. 232. 
13.491 
14.594 
0. 800 

228.293 

I 

. 

ENERGY 

SOLAR 
ENERGY 

COLLECTED 

M I  L-ETU 

4.939 
.3.7C?8 
ZU81S 
0.@00 
8. 808. 
5.149 
5.199 
Q.880 
5.235 
B.008 
B.@@Q 
5.748 
0.592 
1.@59 
2.165 
8.135 
2.042 
0,800 
0.080 
2.595 
5.299 
0.17? 
4.182 
5.566. 
5.549 
3.629 
0.080 

. . 
57.253 

EFFICIENCY 

COLLECTOR 
ARRAY 

% 

28.8 
'28.2 
25 .. 4 
0.0 
8. 0 

29.3. 
29.7 

0.0 
33.4 

8.0 
0.0 

35.1 
15.7 
21.8 
20.4 
33.4 
25.1 
0.0 
0.0 

23.2 
34.6 
12.3 
29.9 
35.5 
41.9 
24.9 

Q1.0 

27.5 

SYSTEM 

I 

% 

35.8 
31 .9 
25.0 

0.0 . 

8. 0 
35.0 
31.5 

0.8 
35.7 

0 .  0 
0 .0 ,  
59. S 
10.4 
9.4 

20.7 
0. 0 

18.5 
0.0 
0.63 

21.7 
34.1 
a. (;l 

27.3 
35.9 
39.8 
23.4 
5.0 

30. 1 

PSALANCE 

SOLAR ENERGY 
DELIVERED 
TQ REF I NERY 
STEAM LINE 

PIPING 
LOSSES 
-OPERA 
T I ONAL 

M 1 L-BT\J 

8.257 
. (;7..275 

.0.227 
63.080 
0.088 
0.285 
@..313 
@.a49 
L2.275 
0.08(d 
t3.'080 
0.27Q 
0.086 
8.16'74 
0.175 
8.8Q0 
8.179 
8.000 
0.88& 
0.175 
0.254 
0.0012) 
0.244 
0.22? 

, 8.235 
8.174 
@.@08 

3.782 

M IL--ETU 

6.3683 
4.293U 
3.891Y 
8.8000 
0.011)QB 
6.1392 
6.5715 
0.8Q08 
5.5975 
0.6808 
B.BQBb3 
5,3568 
0.4315 
0.4588 
2.2047 
0,8080 
1.450h 
0. 63000 
0.0000 
2.4323 
5.2117 
0.8Gl80 
3.7448 

, 5.6219 
5.3574 
3.4151 
0.8880 

63.7751 

PARA 
SITIC 
ENERGY 
USED 

( SOURCE ) 

MIL-BTU 

0.588 
B.737 
8. 528. 
0.115 
8.872 
63.733 
0.855 
0.893 
0.574 
8.081 
8. la75 
1?.560 
63.312 
6.335 
8.719 
8.200 
0.719 
0.1Qf3 
0.092 
0.555, 
0.742 
6.283 
0.73'7 
8.529 
0.749 
0.529 
8. 803 

12.125 

LPs/DAY 

5375. 
4324. 
3091. 

0. 
0. 

5033. 
6535. 

0. 
5515. 

0. 
D. 

6297. 
484. 
5769. 

2199. 
0, 

1458. 
0. 
0 

2440. 
5205.. 

0 .  
3747; 
5515. 
5308. 
4313. 

0. 

59675. 



EIVEHGET I CS CORPORATION 

NET FOSSIL FUEL 

6'3 
761 
71 
-. .-, 
1;. 

73 
74 
75 
76 
77 
7E3 
7 9  
5a 
81 
8:2 
57 
9E! 
89 
963 

MAI:?10 
PIAR 11 
MAR12 
PIAE13 
MAR14 
MAP15 
MAFZlb 
PlAF!l;7 
PlAlil8 
MAR19 
MnI'l2Q 
MgF421 
MAR22 
MAR23 
MrlR2iS 
MAF?2? 
MAR30 
MAR21 

-~ - -  

TOTAL 

O. 000 
anrn~3a 
9.781 
6.664 
8. 30s 
3 . 2.pZ 
0.6U6 
2,233 
01.8QC~ 
B. BBO 
3.743 
8.815' 
0. Q80 
5.761 
8. .f5U 
8.257 
5.254. 
0. L386 

165.515 

63.081 
~1.07t! 

. Q . b b Q  
0.312 
CJ. 336 
B. 719 
8.280 
0.719 
0.103 
0.892 
0.556 
0.742 
0.253 
61.737 
0. hZC? 
0. -7.49 
GI, 623 
O.BO3 

- -- 

12.126 

-0.881 -0.016 -0.081 
-0. 8-76 -0. 815 -0.0'76 
9.121 1.761 9.121 
0. 352 0.063 0.352 
8. 370 0.071 0.370 
2.673 0.516 2.673 

-8.280 -0.833 -0.200 
1.514 6.292 1.514 

-8.183 -8.828 -0.1Q3 
-0,092 -0.018 -0.892 
3.187 0.615 3.18'7 
7.277 1.405 7.277 

-0.283 -0.855 -0.;!83 
5.024 5.370 5,Q2.b 
8.021 1.548 8.021 
7.50H 1.449 7.505 
4.625 0.893 4.625 

-0.003 -0.001 -0.083 
- - 

93.693 18.887 93.693 

8. (;90 
0. 00 

3b .M 
2.49 
2.65 

12.72 
B. 0&) 
8.37 
8.0B 
0,OO 

. 14.04 
30. 07 
0.00 

21.60 
32,44 
30.96 
19078 
0.630 

- 

396.81 

0'. 4 1 
0,39 
3.36 
1.59 
1.71 
3.66 
1.02 
3.65 
0.53 
0.47 
2.83 
3.75 
1.44 
3.75 
3.20 
3.81 
3 -20  
Q. QZ 

-0.41 
- 0 . ~ 9  
33.32 
0. '-30 
0.94 
9. 06 

-1 "02  
4.71 

-B. 53 
-0.47 
11.21 
26-29 
-1.44 
17.85 
29-24 
2-7. 15 
16-50 
-0.02 

61.67 335. 14 



ENERGETICS CORP. - 

Tab le  B5 SOUTHERN UNION - SYSTEM' OPERATION ,SUMMARY TABLE - March 1984 

Maintenance 

Hours 
Avg $/h 
Labor Cost ( 8 )  
M a t e r i a l s  ( $ )  
T o t a l  ( 8 )  .- 

T o t a l  

a p e r a t i o n  and F i x e d  Cost 

P rope r t y  Taxes ( 8 )  

Insurance ( 8 )  

P a r a s i t i c  Energy 

T o t a l  

TOTAL COST 

Hours 
Avg $/h 
Labor Cost ($ )  
M a t e r i a l s  .($) 
P a r t s  ( $ )  
T o t a l  ($1 

Hours 
Avg $/h 
Labor Cost ( 8 )  
M a t e r i a l s  ($1 
P a r t s  ( 8 )  
T o t a l  ( 8 )  

kwh Used 
$1 kwh 
T o t a l  ( 8 )  

F o s s i l  Fuel  Savings 

T o t a l  

TOTAL SAVINGS 

MIL-BTU ( .natura l  gas) m . 8 3  . 
$/MI L-BTU 3.75 

NET SAVINGS $ 180.22 

a 65% burner  e f f i c i e n c y  assumed. . v . s . ~ o w ~ ~ m P R l ~ l ~ ~ ~ ~ ~ ~ ~ 9 8 4 - 7 4 6 ~ 8 1 / 1 ~ ~ 7 6 ~ ~ ~ ~ ~ ~ ~ ~ . 4  




