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FOREWORD 

The Fort Hood Solar Total Energy Project is a large-scale experiment which . 

is part of the Department of Energy's Solar Total Energy Program. The 

project is a military residential application of solar total energy, and is 

to be instal led at Fort Hood's 87000 Troop Housing Complex where it will 

provide a substantial portion of the electricity, space heating, cooling, 

and domestic water heating for approximately 700 people. 

The preliminary design for the Fort Hood Solar Total Energy System has been 
completed and is the principal subject of this four-volume report: 

Volume I. Executive Sumary 
Volume 11. Preliminary Design 
Volume 111. Engineering Drawings 
Volume IV. Management Plan 

The preliminary design is a mature design as a result of several prior 
iterations in design criteria and design approach. Hence, it provides a 

' sound point of departure for the subsequent definitive design and 
construction phases, leading to operational testing early in 1981. 

. The many persons who have contributed to the project are too numerous to 
acknowledge individually, but it is appropriate to list several U.S. 

Army/Corps of Engineers organizations whose cooperation and assistance 

have made it possible for the Department of Energy and the project team to 

bring the project to its present state of development: 

Office, Chief of Engineers 
Headquarters, U. S. Army Forces Command 
Headquarters, I11 Corps and Fort Hood 
Headquarters, Training and Doctrine Comand Combined 

Army Test Activity 
Fort Worth District, Corps of Engineers 
Fort Hood Directorate of Facilities Engineering 
Headquarters, 6th Cavalry Brigade (Air Combat) 
Headquarters, Atmospheric Sciences Laboratory 
Corps of Engineers Central Texas Area Office 
U. S. Army Communications Coinmand 
Detachment 14, 5th Weather Squadron 
Fort Hood Medical Department Activity 
Fort Hood ASL Meteorological Team 

The cooperation and assistance .of the Texas Power and Light Company' and 
Lone Star Gas Company are also gratefully acknowledged. 



ABSTRACT 

The preliminary design of the Solar Total Energy System recomended 
for installation at Fort Hood, Texas, is presented in this volume. 

Part 1 gives the design criteria and describes the system. Part 2 gives 

the system performance and documents the major supporting studies., 
The Fort Hood System will be the first solar total energy Large Scale 
Experiment under the Solar Total Energy Program (STEP)-a separate activity 

of the National Solar Electric ~ ~ ~ l i c a t i o n s  Program supported by the 
United States Department of Energy. A Solar Total Energy System (STES) 

maximizes the overall use of collected solar energy by providing both 
high-grade electrical generation and low-grade heating, cooling, and 

hot water energy needs for specific site applications. A Large Scale 
Experiment (LSE) provides program experience in cost-effective design, 

component fabrication, construction, control, and operation of large- 

scale STE systems which are essential for the future development of 

larger full-scale demonstration and comnercial STE installations with 

stro'ng participation by private industry. To achieve simultaneous tech- 
nological advances, an LSE also must provide for the testing and evalua- 
tion of design features and of a1 ternate operational modes. 

A s  a military residential application, the recomnended Fort Hood STES 

design will provide, by solar-derived energy, approximately 57% of the 

space heating and cooling and domestic hot water requirements of a five- 
building barracks complex, while also providing up to 250 kw gross electrici 

output. An oi 1 -thermal storage system supports 24-hour operation in 
periods of normal insolation. During periods of sustained poor insolation 

or of maintenance, an auxiliary heater, included in the STES design, 

can provide all thermal loads. System testing in late 1980 and initial 

operation in January, 1981 will provide the opportunity for detailed 
evaluation of the unique control scheme, overall system operation, 

and individual component performance. Continued operation wi 1 1  provide 

improved knowledge of operat ion and maintenance requirements as we1 1 
as long-term trends in system performance significant to future larger 

installations. 

i i i  
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. . GLOSSARY 

TERMS . . 

Auxiliary Oil-Fired Heater - A,standby hea-ter fueled by #2 fue l .o i1  which 
wi 11 supply thermal energy during periods of insuf f ident  insolation or , 

major maintenance. . . . .  . 

Average Load Day' - Total yearly he'ating (or cooling) load divided by 
the number of heating (or  cooling) days per year. 

C h i l l e d  Water - Water cooled t b  4201 fo r  use i n  space cooling. . . . . .&-, 

. . 

col lector  Field - Theenti 're array of 2072 collector modules. These are 
grouped i.nto the 3 subfields A1 (1008 modules), A 2  (728 modules), and 
A3 (336 modules). 

Collector Groue- A group of 12 or  13 individual collector modules which 
are  mechanicaljy .and hydraulically connected axial 1.y in ser ies  and rotated '. 

by a single drive system. 

Collector Module - . A n  individual parabolic 'col.lector approximtely 10 f t .  
i n  l eng th  with a 6 f t .  . aperture. . Included in th i s  i s  the' ref lector ,  
receiver , support structure and aisoci'ated hardware. 

Col lector  Row (String) - A ser ies  o f .  col 1 ector groups which a're hydraul ical  ly 
coup1 ed (axial ly ) i n  series.  

Coolins 'season - 'That period of the year d u r i n g  which the absorption - 
chi 1 l e r  i s  being used to  produce chi 11 ed water for  space cool ing'. 

. . , . 

. . 

Desteer - Rotating the collectors out of focus to  temporarily reduce 
f lu id  heating for  system protection. " 

. X X .  , 

. . 
. . . . 



GLOSSARY (Continued) 

87000 (Troop Housing) Complex - Group o f  bu i l d ings  on the Fo r t  Hoot Reservation 

from which 5 were chosen f o r  the STE-LSE program. The s p e c i f i c  bu i ld ings .are :  

87012, ,8701 3, 87014, 8701 5, and 87016. 
. . .  . . .  . . 

. . 

E l e c t r i c a l  ~enera t i o ;  Mode - opera t i on  o f  t h e  system a t '  reduced 

condenser pressure i n  order  t o  increase low pressure t u r b i n e  ou tput .  .' 

C h i l l e d  water may be produced simultaneously,, b u t  ho t  water 

generated i n  t h i s  mode. . . 

. Fu l l  Load Day - The da. i l y  load used to,.determine ;.. . , . the system design c-apaci ty. 
.~ . . .  

The ac tua l  d a i l y  load w i l l  be equal, t o  o r  l ess  than t h i s  amount 99% of 

t he  time. .,. . . 

. .  : .. 
~ e a t i n q  Season - That p e r i o d  o f  t h e  year  dur ing  which ho t '  water  i,s: . . being 

.used. f o r  space heat ing. 

. . 

High Grade Enerqv - Energy supp l ied  i n  ' the f o r k  of steam, e l e c t k i c i  ty, , 

o r  mechanical work, o r  th&m*l energy s to red  i n  o i l  a t  a nominal ' temperature. 
o f  22S°C (438OF) o r  above. 

High ~empera tu re  Operat ing Mode - 0perat io .n o f  the system when o i  1 i s  , ' . ' 

be ing supp l ied  t o  the steam, generator at. nominal 288'C (55O0F). I n  t h i s  rode 

the  h igh  pressure tu rb ine  i s  always u t i l i z e d ,  w h i l e  the low pressure 

t u r b i n e  and absorpt ion c h i l l e r  may be used depending on the thermal 

l oad  (heat ing  o r  coo l ing) .  

High Temperature Storaqe - O i l  s to red  a t  a n.omina1. temperature o f  . 288OC , (X+O°F). 
. . " ,  .. . 

Hot Water - 60°C (140°F) water used f o r  space heat ing  o r  heat ing  domestic 

water. 

x x i  



GLOSSARY ' (Continued) 

ln termedi  a t e  ~ e m p r r a t u r e  Mode - opera t i  on when o i  1 i s  suppl i e d  t o  the  Power 

Conversion Subsystem a t  a nominal temperature o f  225O.C ( 4 3 8 0 ~ ) .  I n  t h i s  mode, . . 

t he  h igh  pressure t u r b i n e  i s  no t .used w h i l e  e i t h e r  o r  both the low 
. . 

pressure t u r b i n e  and absorp t ion  c h i l l e r  a re  use'd. 
. . 

In termediate Temperature Storage - 01 1 s to red a t  a nomi"a1 temperature 

o f  225OC ( 4 3 8 0 ~ ) .  

Low Grade Enersy - Thermal energy s to red i n  water a t  a temperature of 

65°C (150°F) o r  less.  

Low Temperature Storaqe - O i l  s to red  a t ,  a nomina.1 temperature o f  158'C (316OF). 

Part-Power Operat ion - Operat ion o f  the system when the t o t a l  ou tpu t  o f  

e l e c t r i c i t y ,  h o t  and/or c h i l i e d  water i s  below the  r'ated capacity.  

Peaking .Operat ion,  - Operat ion o f  t h e  system when the  steam generator 

ou tpu t  i s  a t  r a t e d  capacity.  

So la r  To ta l  Energy System - An energy system designed t o  maximize the 

o v e r a l l  use of c o l l e c t e d  s o l a r  energy by meeting both low grade and h igh  

grade energy needs f o r  se lec ted  app l i ca t i ons .  

Thermal Load - The combined energy requirements f o r  w i n t e r  space heat ing, 

p roduct ion  o f  ch i  1 l e d  water used f o r  summer space cool ing,  and year  round 

domestic h o t  water. 

x x i  i 
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. .I . . ._. . 

ABBREVIATIONS 

A R 

ATU, . 

CHR/CHS 
C PU . . 

CW 

CWS 

DHS 

Army Regulat ion . . 

American Technological U n i v e r s i t y  

Chi1 l e d  water - ReturnlSupply 
Centra l  process un i t  . ' 

. . 

Cold Water (~omes t i c )  

C h i l l e d  Water Cool ing Subsystem 

Domestic Hot Water Subsystem 

DOD Department o f  Defense 

DOE 
; ..;,; ' .,.. 

DPU 

EES-GIT 

ERDA 

EPA 

FMEA 

FTA 

G 

H&H 

HT 

HWR/HWS 

HWS 

I&CS. 

LSE ~ MTBF 

MTTR 

M WS 

N I S 

PC 

PCS 

BA 
scs 

Department o f  Energy 
( ,  I 

. 0 

D i s t r i b u t i v e  Process U n i t  

Engineering Experiment S t a t i o n  - Georgia I n s t i t u t e  
o f  Techno1 ogy 

Energy Research and Development Admin is t ra t ion  

Environmental Pro tec t ion  Agency - - -  - - --  

F a i l u r e  Mode and E f fec ts  ( C r i t i c a l i t y )  Analys is  

F a u l t  Tree Analys is  

Gas 

Heery & Heery, Inc .  

Heat Transfer  (Oi  1 ) 

Hot Water - Return/Supply 

Hot Water Heating Subsystem 

Inst rumentat ion and Contro l  Subsystem 

Large Scale Experfment 

Mean Time Between F a i l u r e  

Mean Time t o  Repair 

Makeup Water Subsystem 

Ni t rogen I n e r t i n g  System 

Pumped Condensate 

Power Conversion Subsystem 

Qua1 i t y  Ass urance , 
So la r  C o l l e c t o r  Subsystem 

xx i  i i 



s s 
STE 

STEP 

STES 

STM 

SUPR 

TSS 

UPS 

W 

W-AESD 

GLOSSARY (Continued) 

Sani tary.  Sewer 

So la r  Tota l  Energy 

So la r  To ta l  Energy Program . . 

L .  

So la r  Total, Energy ,System 

S.t eam 

So lar  U t i  1 i t a t i o n  Program :. 

Thermal Storage Subsystem 

U n i n t e r r u p t i  b l e  Power Supply 

City, ,Water, Supply. . . . , 'I' 

westinghouse E l e c t r i c .  Corporat ion - Advanced Energy 
Systems D i v i s i o n  

WBS Work Breakdown S t ruc tu re  



1.0 INTRODUCTION 

This volume documents the prel imi nary design.. developed for the Solar 

Total Energy System to be installed at Fort Hood,' Texas. Current system, 

subsystem, and component designs are described and additional studies 
which support selecti'on among significant design a1 ternatives are presented. 

Because of its size, the volume is bound in two parts. Sections 1, 
2 and 3 comprise Part 1 while Sections 4, 5 and 6 comprise Part 2. 

Overall system requirements which form the .system design basis are presented 
in Section 2. These. include program objectives; performance . and output 

1 oad requirements; industrial, statutory; and regulatory standards; 
and site interface.requirements. Material in, this section will continue '. 

to be issued separately in the Systems Requirements ~ocument and maintained 

current through revision throughout future' phases o f  the project. 
. . 

Overall system design and detailed subsystem design descriptions are 
provided. in Section 3. Consideration of operation and maintenance is 
reflected in discussion of each subsystem design as well as in an integrated 

overall discussion. Included are the solar col lector subsystem; the 

thermal storage subsystem, the power conversion subsystem ( including 
electrical generation and distribution) ; the heating/cooling and domestic 

hot water subsystems; overall instrumentation and control ; and the STES 
building and physical plant. 

The design of several subsystems has progressed beyond the preliminary 
stage; descriptions for such subsystems are therefore provided in more 

de&i 1 than'others to provide komplete documentat ion of the work performed. 
In some cases, preliminary design parameters require specific verification 
in the definitive design phase and are identified in the text; Subsystem 

- descriptions will continue to be issued and revised separately to maintain 

accuracy during future phases if the project. 

, ' . .I . 

System performance analysis and evaluation are. described in Section 

4. "Feedback of iomp leted performance analyses on current' system ,design 



and operating phi losophy is discussed. . The basic computer simulation 

techniques and assumptions are described and the resulting energy displace- 

men't analysis is presented. 

Supporting technical studies are. presented in Section 5. These include 

health and safety and re1 iabi 1 ity assessments; solar collector component 
evaluation; weather analysis; and a review of selected trade studies . . .  

which address significant design a1 ternatives. 
. , 

. . 

Additional supporting studies which are generally specific to the installa- ' . 

tion site are reported in Section 6. These include solar availability 

analysis; energy load measurements; envdronmental impact assessment; ' 

life cycle cost and economic analysis; heat transfer fluid testing, 

meteorolog'ical~sol ar station planning; and information dissemination. . . .  , I . .  

In this volume, reference is frequently made to engineering drawings 

other than those included 'as figures. These drawings, are presented 
separately in Volume 111. 

Detailed plans for the definitive design are presented in, Volume IV 
where task descriptions, schedule, and management and procurement plans 

are provided. An overview of the entire Fort Hood Solar Total Energy 
Project, including a brief description of the system design, is given 

in Volume I, Executive Summary. 



2.0 SYSTEM DESIGN CRITERIA 

As a  l a r g e  sca le  experiment o f  t h e  Un i ted  s t a t e s  ' ~ e ~ a r t m e n t  o f  Energy Sb ia r  ' 

To ta l  Energy Program, t h e  F o r t  Hood So la r  To ta l  Energy System,'desi.gn i s  p red ica ted  

on f u l f i l l m e n t  o f  program ob jec t i ves .  .Those program ob' ject ives'  a re  discussed 

f i r s t ,  fo l lowed by consequent ial  system performance and o the r  des ign c r i t e r i a  

which form the. bas is  f o r  t h i s  s p e c i f i c '  des ign a p p l i c a t i o n .  
. . 

2.1 PROGRAM. OBJECTIVES. .. . . 

Three " t op - l eve l "  des ign c r i t e r i a  have been taken ': ' ' f rom So la r  Tota l ,  Energy ... ., program . - .. 
documents t b  es tab l ' i sh  t he  r a t i o n a l e  f o r  more d e t a i l e d  " low- leve l "  requirements.  

1) Prov ide a  So la r  To ta l  Energy system (STES) design, 'produc ing bo th  

e l e c t r i c a l  and thermal energy outputs ,  t a i l o r e d  t o  t h i  i p e c i f i c  ~ k r t  

Hood s i  t e  r equ i  remei ts .  

2) Develop t h e  techno1 ogy base and sys tem engineer ing exper ience needed 

f o r  subsequent design o f  1  a rger  commercial . . -sca le  s o l a r  t o t a l  energy 

sys tems . 
3)  Obtain,  through STE-LSE ope ra t i ons , su f f i c i en t  da ta  t o  eva lua te  t he  

f e a s i b i l i t y  and c o s t  e f f ec t i veness  o f  STE'S i n  the  2MW range f o r  , 

eventual  commercial app l i ca t i ons .  

Yine s p e c i f i c  program ob jec t i ves  apply  d i r e c t l y  t o  the  F o r t  Hood P ro jec t :  

4)  F i v e  b u i l d i n g s  of t he  87000 Tro@ Housing Complex have been se lec ted  f o r  

t h i s  app l i ca t i on .  A t  l e a s t  50% of t he  annual thermal energy requirements 

(space heat ing,  a i r  c o n d i t i o n i n g  and domestic h o t  water)  o f  those 

. b u i l d i n g s  s h a l l  be prov ided by solar.  energy. 

5) S u f f i c i e n t  thermal s torage capac i t y  s h a l l  be prov ided t o  s a t i s f y  thermal 

loads du r i ng  24 hour operat ion.  

6 ) .  A standby. fossi .1 f i r e d  energy source shal.1 sat i ,s fy  100% o f  t he  peak 

thermal loads when s o l a r  energy i s  unava i lab le  o r  i n s u f f i c i e n t .  

2- 1 

- 
- - - 



, 7 )  To simulate l a r g e r  scale tu rb ine  generators w i t h  in te r -s tage steam 

extract ion,  a  mu1 ti -stage tu rb ine  generator w i t h  capaci ty  between 

200 - 500 KW e l e c t r i c  s h a l l  be used. 

8) E l e c t r i c a l  power generat ion should be synchronized fo r  poss ib le  

para1 l e l  operat ion w i t h  e x i s t i n g  power source's. 

9) ' A1 though secondary t o  s a t i s f a c t i o n  o f  thermal load requirements, the  

system should prov ide pgsi t i v e  ne t  generat ion o f  e l e c t r i c i  toy w i t h  

peak shaving c a p a b i l i t y .  , . 

10) Once s t a r t e d  up, the STES s h a l l  be capable o f  operat ion independent 

from e x i s t i n g  energy sources. 

11) The a b i l i t y  t o  r e t u r n  bu i l d ings  t o  the e x i s t i n g  energy sources w i t h  a  

minimum d i s r u p t i o n  s h a l l  b e  provided. t o  minimize impact o f  the 

. -. . . . . - - . .. .. - - exper-iment on-. operati-bii.'oP-the.'87000 bui  l d i  ng complex. 

12) To maximize the use of col . lected s o l a r  energy w i t h  minimum operator 

input ,  a  computer con t ro l  system s h a l l .  i d e n t i f y  and es tab l i sh  (sub jec t  

t o  operator overr ide)  the most advantageous operat ing conf igura t ions  

depending on a1 1  re1 event energy avai 1  abi  1  i t y  and demand parameters. 

2.2 SYSTEM PERFORMANCE REQUIREMENTS 

Spec i f i c ,  q u a n t i t a t i v e  requirements r e s u l t  from the  program ob jec t ives  as fo l lows:  
. . . .  . .  . .. -.. 

1  ) The system s h a l l  be designed t o  s a t i s f y  a  peak heat ing load of 66.4 x  

106 Btu/day pe'r the hour ly  load- p r o f i  l e  o f  Figure 2.2-1 . 
2) The system s h a l l  be designed ' t o  s a t i s f y  a  peak cool ing load of 49.5 x  

l o 6  Btulday per the hour ly  load p r o f i l e  o f  F igure 2.2-2. 

3) The domestic ho t  water system s h a l l  be designed t o  produce 32,000 

gallons/day o f  1400F water. Domestic ho t  water demand s h a l l  be as 

shown on Figure 2.2-3. - 
( .  

4 )  The e l e c t r i c a l  system s h a l l  be s ized t o  produce a t  l e a s t  200 KW gross 

o f  e l e c t r i c i t y  dur ing  periods o f  peak e l e c t r i c a l  demand. 



5)  To assure proper cons idera t ion  of e l e c t r i c a l  generation, a t a r g e t  . 
' 

o f  1600 KW/hour gross e l e c t r i c  j ene ra t i on  per  day on an average 

annual bas is  i s  establ ished.  ' + '  

6) To r e f l e c t  t he  use o f  commercial a p p l i c a t i o n  q u a l i t y  equipment, a 

p l a n t  a v a i l a b i l i t y  of '85% s h a l l '  be used i n  performance evaluat ions.  

2.3 ENVIRONMENTAL CONDITIONS 

The STES s h a l l  be designed t o  surv ive  the  f o l  lowing environmental cond i t ions :  
. . 

0 . ~ e m ~ e r a t u r e ,  - System t o  be operable 

- 1 2 ' ~  ( 1 0 0 ~ )  wi th .ambient  temperatures: - Min. 

. - Max. 50°c ( 1 2 2 ~ ~ ) .  . 
. . .. . - 

r Snow a h '  i c e  - per  

ANSI A58.1-1972 - on the  ground: 238 Pa (5  1 b / f t 2 )  
. . ,  

o Earthquake - per  ANS'I ~58.1-1972: Zone 1 
. . 

0 . Rain and Humidity 

Average Annual R a i n f a l l  825 mm (32.5 i n )  

Maximum R a i n f a l l  i n  ,24 Hours 180 mm (7 i n )  

Re1 a t i v e  Humidity -, Nomial Range 5 3 - 8 8 %  . 

0 L igh tn ing  

Peak discharge cu r ren t  100,000 amps 

. Rise Time 1 Ms 

o H a i l  - Diamet.er: 13 mm (0.5 i n )  
. . , . 

Terminal Ve loc i ty :  . 15.5 m/s (51 Fps) ' 

0 Wind (14aximum) 

Operating 
. I :  ) .  

16 m/s (35 .mph) 

Surv iva l  - co l  1 ec to rs  uns towed 22 m/s (35 mph) , 

. . c o l l e c t o r s  stowed 34 m/s (75 mph) 



2.4 SITE INTERFACE RE.QUIREMENTS 

1 )  The STE F a c i l i t y  s h a l l  be l oca ted  ad jacent  t o  t he  87000.Troop Housing 

Complex a t  Fort ' t lood, on a s i ' G  bounded by Battal ion..Avenue, M a r t i n  

Dr ive ,  15 th  S t r e e t  and Cent ra l  Avenue (Future)  as shown i n  Drawing 1-1 
. . .  . 

i n  Volume r r I . .  ~ i s ~ l ' a c e d  park ing  and r e c r e a t i o n  f a c i l i t i e s  s h a l l  

be relocated.. 

2 )  A l l  i n t e r f a c e s  s h a l l  be  compat ible w i t h  e x i s t i n g  F o r t  Hood Systems 
(energy, po.wer, pl'umbing, .drai'nage, alarm'; . . .  e t c .  ) and 'the presence, 

operat ion,  o r  non-operat ion o f  t h e  STES s h a l l  n o t  impa i r  e x i s t i n g  

serv ices  . 
3)  A l l  o i l  s torage u n i t s  s h a l l  u t i l i z e  d ikes,  catchment areas and r e l i e f  

vessels t o  con ta in  l e a k s  a n d  preven.t the  contaminat ion o f  the  environment . 

4 )  A l l  waste discharges s h a l l  be monitored f o r  t he  presence o f  o i l  and 

t o x i c  o r  hazardous substances. 

,,5) The f o s s i l  f ue led  b o i l e r  s h a l l  be equipped w i t h  a i r  p o l l u t i o n  abatement 

equipment o r  w i l l  use t he  type  o f  fue l  necessary t o  meet requirements 

f o r  a i r  po l  l u t i ' on  a'batement. 

6) The STE f a c i l i t y  s h a l l  be a e s t h e t i c a l l y  compat ible w i t h  the l o c a l  

env i rons,  and s h a l l  meet necessary environmental requirements i n c l u d i n g  

appl i c a b l e  Federal ,  S ta te  and l o c a l  p o l l u t i o n  c o n t r o l  standards and 

c r i t e r i a .  

1 )  To assure t he  l a r g e  sca le  experiment i s  conducted w i t h  commercial 

a p p l i c a t i o n  q u a l i t y  equipment, t h e  STES s h a l l  be designed w i t h  t he  goal  
, . 
. o f  ach iev ing a system opera t ing  1 i f e  of 20 years w i t h  normal maintenance. 

2) A r e l i a b l e  power supply  s h a l l  be prov ided t o  c r i t i c a l  system c o n t r o l s  

t o  a l l ow  con t i nua l  ' opera t ion  through momentary power t r ans ien t s  

and safe shutdown upon l o s s  of a l l  power. 



3 )  To maximize. the avai l a b i  1 i t y  o f  the  STES, no scheduled maintenance . 

shutdowns w i l l  occur dur ing the  operat ing day. Normal maintenance w i l l  

be accomplished dur ing the  evening f o r  the so la r  c o l l e c t o r s  and dur ing  

the  e a r l y  morning hours f o r  the  remainder o f  the power p lan t .  
. . 

4)  Controls and i nd i ca to rs  s h a l l  be mounted and located f o r  personnel 

access. 

5) A l l  equipment s h a l l  be designed t o  be maintained us ing standard too l s .  

When specia l  t o o l s  o r  f i x t u r e s  are required, they s h a l l  be furn ished 

by the equipment suppl i e r .  

6) A1 1 pa r t s  o r  equipment wh-ich may requ i re  serv ic ing ,  r e p a i r  o r  replacement 
e*.. 1 ' . . . . ) .  

dur ing  the  l i f e t i m e  o f  the equi$in.t shal i be accessible w i thout  minimum 

i n t e r r u p t i o n  o f  adjacent mounted, equi pment and wi ' th . a  l o g i c a l  removal 

path de f  i ned and documented . 

2.6 HEALTH AND SAFETY REQUIREMENTS 

1 ) The STES s h a l l  be designed to -prevent  i n j u r y  t o  personnel and p o t e n t i a l  

damage t o  s t ruc tures  r e s u l t i n g  from exposure t o  concentrated so la r  

beams. 

2 )  The STES s h a l l  be designed t o  prevent the exposure o f  personnel t o  

h igh  temperatures by prov id ing  s u f f i c i e n t  i n s u l a t i o n  around a l l  h igh  

temperature components. 
. . .. . .  

3 )  The STES s h a l l  be designed t o  mini inire the  p o t e n t i a l  f i r e  hazards and 
. . 

burn.hazards which could re;sult from leaks o f  heated hydrocarbon o i l s .  

4 )  Adequate precaut ions s h a l l  be incorporated i n t o  the  design o f  the STES 

t o  reduce the hazards' o f  exposure t o  .high voltage, superheated steam 

and equip.ment-generated h igh  noise l eve l s .  Fencing' s h a l l  be used t o  

enclose i n s t a l l a t i o n s  and separate areas w i t h i n  i n s t a l l a t i o n s  which 

requ i re  maximum secu r i t y  and/or p ro tec t i on  of l i f e .  

2-5 
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2.7 APPLICABLE CODES, REGULATI0NS;AND . . STANDARDS 

The. fo l lowing standards, regulat ions,  manuals, , .  and-codes 

design guidel ines:  

s h a l l  be used as 

American Society o f  Mechanical Engineers (ASME) Boi l e r  and Pressure 
. . 

Vessel Code: 

- Section I, Power B o i l e r s  

- Section 11, Mater ia l  Spec i f i ca t ions  

- Sect ion V, Nondestruct ive Examination 

- Sect ion V I I I ,  Pressure Vessels 

- Sect ion I X ,  Welding and Brazing Q u a l i f i c a t i o n s  

American Petroleum I n s t i t u t e  (API ) 

- A P I  Standard 650: Welded Steel  . . .  Tanks f o r  O i l  Storage 
. - - . . . . .  

- A P I  Standard . . .  610: C e n t r i f  ugai- Pumps f o ~  ~ e n e f a i  ~ e f i r & ~  ~ e r v i  bes 
.. -. . - 

Nat ional  F i r e  Pro tec t ion  Associat ion (NFPA): 

- F i r e  Pro tec t ion  Handbook 

- National F i r e  Codes: 

Standard No. 15: Water Spray Fixed Systems 

Standard No. 30: Flammable ,and Combustible L iqu ids  Code 

Standard No. 68: Explosion Prevent ion Systems 

Standard No. 70: Nat ional  E lec t r i ca l -Code 

American Nat ional  Standards I n s t i t u t e  (ANSI) : 

- ANSI A13.1, Scheme f o r  the  I d e n t i f i c a t i o n  o f  P ip ing  Systems 

- ANSI A58.1, Bu i l d ing  Code ~ e ~ u i r e m e n t s  f o r  Minimum Design Loads i n  
Bu i ld ings  and o ther  Structures 

- ANSI 831 .l, Power P ip ing  Code 

- ANSI B31.3, Petroleum Ref in ing  P ip ing  

- ANSI 253.1, Safety Color Code f o r  Marking Physical Hazards and 
I d e n t i f i c a t i o n  o f  Equipment 



Occupational Safety and.Heal th ~ d m i n t s t r a t i o n  (OSHA): 

- OSHA 2206 c29 C,FR 1910) Generaj ~ n d u s t r y  Safety and Health Standards. 

1 - .39-FR-125 Standards 

r ' Army Regulations ( ~ b ) " a n d  .~emorandum: 

- AR-385-10, Army Safety  Program 

- AR 385-16, Safety System 

I - AR 385-30, Safety Color  Code Markings and Signs 

- AR 420-49, Heating, En,ergy Se lec t ion  and Fuel Storage, D i s t r i b u t i o n ,  
and Dispensing F a c i l i t i e s .  

I - AR 420-28, S p i l l  Prevent ion .Control  and Countermeasure Plan 
" $ ,  .. . + >  

* .  
ii'i - C2, AR 200-1, Chapter 6, Hazardous and Toxic Mater ia ls  ~ a n a ~ e r n e n t  

- C2, AR 200-1, Chapter 9, O i  1 and '~azardous Substances Spi 11 Control  
and Contingency Plan - 

I - Army Memorandum, Campaign HEAL . . - 

I 0 Eneigy Reiearch and Developmint Admin is t ra t ion  (ERDA). 

I - 77-4715, ~ n v i  ronmental Factors., Solar  To ta l  Energy Systems 

I o Environmental Pro tec t ion  Agency (EPA.) : 

0 Department o f '  Defens.e (DOD) 

- DOD 4270.1M, Construct ion C r i t e r i a  . -. . Manual 
. ,  . . .  . 

I American Society  o f  Heating, Re f r i ge ra t i ng  and A i r  Condi t ion ing 
Engineers (ASHRAE) : 

- ASHRAE Standards of ~ e s i g n  of HVAC Equipment 

- ASHRAE Standard 90-75, Energy. ~ o n s e r v a t i o n  i n  New Bui 1 d ing  Design 

- ASHRAE Standard 93, Solar  Co l lec to rs  
. , .  - ASHRAE Standard 94, Thermal Storage Devices 

I ' A i r  Condi t ion ing and Re f r i ge ra t i on  I n s t i t u t e  (ARI): 

- Standards f o r  Cool ing Towers and Condensers 



. a HI-Code f o r  Hydraulic 'pumps 

American Insurance ~ s s o c i a t i o n  'i 
- National Bu i ld ing Code . , . . 

. . :: .. . . 

a National ~ 1 e c t r . i  c ~ a n u f a c t u r e r s  Assdciation (NEMA) : 
. . - Standards f o r  E l ec t r i ca l  ~ ~ u i ~ m e n t  and Controls 

. .  

a Safety Rules f o r  the i n s t a l l a t i o n  and Maintenance o f  E l e c t r i c  supply 
and Communication. Lines 

. . 
a Steel 'Bo i le r  I n s t i t u t e  (SBI): 

- Codes f o r  Bo i le rs  

Tubular Exchanger Manufacturers Association (TEM) : 

- Standards f o r  Heat Exchangers 

Underwriters ' Laboratory (UL) Standards 

Uniform Bui ld ing Code 

Standards o f  American I n s t i t u t e  o f  Steel Construction and American 
Concrete I n s t i t u t e  

In te rs ta te  Commerce Commission ( ICC) Shipping Standards and Regulations 

National Safety Counci 1 

- Accident Prevention Manual f o r  Industrd a1 Operations 

Qua1 i ty Assurance 

- TME 2908, "Qua l i t y  Assurance Program Plan, For t  Hood STE-LSE", 
( W )  AESD, June, 1978. 

Factory Mater ia l  Handbook o f  Indus t r ia l  Loss Prevention 

"Texas A i r  Control Board, General Rules ," Texas A i r  Control Board, 
Austin, Texas, A p r i l  25,-1977. 

"Texas A i r  Control. Board, Regulation I, Control o f  A i r  Po l lu t ion  from 
V i s i b l e  Emmissions and Par t i cu la te  Matter," Texas A i r  Control Board, 
Austin, Texas. 

"Texas A i r  Control Board, Regulation 11, Control o f  A i r  Po l l u t i on  from 
Sulfur compounds ," Texas A i r  Control Board, Austin, Texas. 



: ,  exas as A i r  Control Board, Regulation I V ,  Control of A i r  Po l l u t i on  . . f r o g  
Motor' Vehicles," Texas A i r  Control Board, Austin, Texas. 

r "TexasAi r  ControlBoard, Regulation V, Control of A i r  Po l lu t ion  from 
Vola t i  l e  Carbon Compounds ," Texas A i r  Control Board, Austin, Texas. 

"Texas A i r  Control Board, Regulation V I ,  Control o f  A i r  Po l l u t i on  by 
Permits f o r  New Construction o r  Modi f icat ion ,' Texas ' A i r  Control Board, 
Austin, Texas. 

"Regulation V I I ,  Control o f  A i r  Possution from Nitrogen Compounds ,' 
Texas A i r  Control Board, Austin, Texas. 

r "Regulation V I I I ,  Control o f  A i r  Po l lu t i on  Episodes," TexasA i r  Control 
Board; Austin, Texas. 



Figure 2.2-1.  Peak Heading Thermal Load 
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3.0 SYSTEM DESCRIPTION 

3.1 OVEkALL SYSTEM 

The Solar  Total  Energy - Large Scale Experiment (STE-LSE) a t  F o r t  Hood i s  com- 

p r i sed  of the f o l  lowing major mechanical subsystems: s o l a r  co l  l ec to r ,  thermal ' 

storage; power conversion; h o t  water '  heating; c h i l  l e d  water cool ing; and' domestic 

ho t  water. Associated w i t h  each o f  these subsystems f o r  the  STE-LSE' a re  various 

cont ro l  and inst rumentat ion components, the STES bu i l d ing ,  and' s p e c i f i c  modifica- 

t i ons  t o  and in te r faces  w i t h  t h e  F o r t  Hood f a c i l  i t i e s .  '. 
This sec t ion  b r i e f l y  describes the o v e r a l l  system and the. major subsystems i n  

the STE-LSE - t h a t  generate e l i c t r i c a l  power and prov ide the thermal power, f o r  

the space heating, cool ing, and domestic h o t  water .requirements fo r  the barracks 

and admin is t ra t ion  b u i l d i n g  complex. A b r i e f  summary o f  the STES operat ing and 

cont ro l  philosophy i s  g iven along w i t h  a summary desc r ip t i on  o f  t h e  s i t e  a t  

F o r t  Ilood. 

3.1 .I STES SUMMARY' DESCRIPTION 
. * 

~ i g u r e .  3.1-1 presents an o v e r a l l  schematic.. o f  the  system, along w l  t h  components 

and p ip ing  associated w i t h  each subsystem. Flow paths and the d i r e c t i o n  of flow 

are  ind ica ted  by the sol  i d  arrows on the f i g u r e  f o r  the h igh  tempera.ture mode 

heat ing season i n  which e l e c t r i c a l  power, h o t  water heating, and domestic ho t  

water a re  provided. The a1 te rna te  c h i l  1,ed water cool i n g  f low paths, and d i rec-  

t i o n  of f l o w  for  a i r  cond i t iqn ing  purposes dur ing the h igh temperature mode 

coo l ing  season a re  denoted by the open arrows. The ove ra l l  system character- 
. ,;, ' 

i s t i c s  ake given i n  Table -3.1-1 - 

3.1'. 1  .1 SOLAR COLLECTOR SUBSYSTEM 

As shown i n  F igure 3.1-1, t he  so la r  co l lec t 'o r  i s  comprised p r i m a r i l y  , . 

of a  series-para1 1 e l  arrangement o f  so la r  parabol ic  trough c o l l e c t o ~ s  placed i n  :, 

a  c o l l  ec tor  f ie1  d w i t h  associated p i p i n g  and control., i$o la t i .on .  :and .dra.in valv'es . 



TABLE 3.1-1 

.'OVERALL SY STEP1 CHARACTERISTICS 

CHARACTERISTICS: 

a App l i ca t ion  

a Energy U t i l i z a t i o n  

a P lan t  Operation ' 

Estimated ,Annual Energy Consumpti on: 

- Cool ing 

- Heating 

- Domestic Hot Water 

a E l e c t r i c  U t i l i t y  I n t e r f a c e  

a Annual Average D i r e c t  I n s o l a t i o n  

a Annual Energy Displacement 

- E l e c t r i c a l  

- Thermal 

e ~i t e  .Size 

a Normal Co l l ec to r  Aperture Area 

a Solar  Heat Transfer F l u i d  ( o i l )  

- Maximum Bulk O i l  Temperature 

- Maximum Flow Rate 

m Thermal E l e c t r i c  Working F l u i d  

- Normal Operating Steam Temperature 
. . - Normal Operating Steam T h r o t t l e  Pressure 

. . - Maximum Flow Rate a t  2 6 0 ~ ~  (5000F) 

a Domestic Hot Water: 

- . Temperature 

- D a i l y  Consumption 
. , 

8 Cooling 

a Peak 'Da i l y  Heating . ' 

a;. .System Mechani'cal A v a i l a b i l i t y ,  Estimated 
. . 

a . . Overa l l  system Thermal E f f i c i e n c y  . 

E l e c t r i c  
Domestic Hot Water 
A i r  Condi t ion ing 
Heating 

24 hourslday 

624 GJ (5.8 x l o 9  Btu) 

452 GJ (4.2 x . lo9  Btu) 

785 ,GJ (7  -3.  x 10'. ~ t u )  

Para l le l .  Synchronous o r  
.Independent Operat i  on 

597 G J / ~ ~  (51 5.7' ~ ~ t u l s q - f t ) *  

6.1 Hectares (15.1 Acres) 

11,612 m2 (125,000 sq - f t )  

SUN 21 

2880C (5500F) 

21 a lsec  (330 GPM) 

Steam 

260OC (500°F) 

2164 kPa (300 ps ig )  

45.3 kglsec (6000 l b l h r )  

121 x l o 3  a (.32,000 g a l )  

604 kW (172 tons)  

*Ki 1 1 een , Texas Data . . . 
. . , . .  . , 

. . . . 
. . 

. . 
. . 

, . .  . . 
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SOLAR 

---- 

Figure 3.1-1. System Schematic f o r  
STE-LSE a t  For t  Hood 



The so lar  col 1 ectors coll e c t  and convert s o l a r  f l  ux t o  increase the en6hil py, 
of the heat t ransfer  f lu id .  The so lar  col lector  subsystem receives, the heat 
t ransfer  f lu id  from the thermal storage system. Thermal energy i s  tea"sf6rred 

to the heat t ransfer  f lu id ,  increasing the f l u i d ' s  temperature, before return- 

ing the o i l  back to  the thermal storage subsystem. During periods, of . good . 

insolat idn,  the thermal energy is prpvided by parabolic l i n e  focusing t h r o u g h  

type coll  ectors  . An auxi 1 ia ry  oi 1 - f i  red heater provides the therinal energy 
d u r i  ng extended peri ods'of poor insolation or  during major maintenance of the 
col 1 ector  f i e ld .  The oi 1 - f i  red .heater: may a1 so be uti  1 i zed to  augment the. 
co l lec tor  f i e l d  in parallel  arrangement. The o i l - f i red  heater i s  a l s o  con-' 

sidered part  of the so lar  col lector  system. The so lar  c o l l e c t o r  subsystem 

mechahi ca l l  y and hydraulically lriterfaces w i t h  the thermal storage subsystem 
and e lec t r ica l  ly  interfaces w i t h  the control system. 

Groups of 12 to  13 coll ector  modules a re  mechanically coupled 30 tha t  a sing1 e 

i drive system rotates the group of modules. The dri;e system receives a posi- 

1 t ion demand from the control system based on computed sun positi0.n and positions 

1 the coll  ector  group to the demanded posi ti on. External signals can be input to 

1 the drive 'system t o  command operation - i n  the d i f fe rent  modes (normal'tracking, 

I desteer and stow)-. Normal tracking occurs when the s u n  i s  out and the wind i s  ~ acceptably low. Desteer i s  used t o  d i r ec t  the col lector  off-focus. t o  temporarily 

( reduce f lu id  heating f a r  system protection and to avoid f lu id  over-temperature 

I damage. In the stow mode, the col lectors  a re  rotated to a near-inverted posi- 

I t ion to  avoid damage and to  simplify cleaning proc.ed,ure*. The , . gr.oups..are 

I .  hydraul ic,al l y  coupled i n  s e r i e s  to  produce a row or s t r ing .  . . 

The col lec tor  f i e ld  i s  divided in to  three subfields.. The row axis orientation .. 

i s  17' eas t  of north w i t h  a spacing of 4.0m between rows. The col lector  f i e l d  

has 84 rows (28 i n  each subfield),  w i , t h  . , a - to ta l  of 2072 modules of a representa- 

t i v e  s i ze .  . . 

I The flow ra t e  into each subfield i s  controlled by flow c o n t d  valves. Flow is 
/ 

I dtrected into the la rges t  subfield.  Depending on temperature, the heated oi  1 from 

th i s  subfield i s  e i the r  mixed w i t h  flow fro; ' the  pump and directed i n t o  the. '' 

intermediate-si red subfi.el d, o r  the flow i s  . . sp l i  .. . t between t h e  i n l e t  to  the 

intermediate-sized f i e l d  and reci rculr ted . . to  the pump. I n  turn, the,. heated 01.1 ' , '  

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

. . ,  . . . . 



from the  intermediate-sized f i e l d  i s  mixed w i t h  o i l  from the  pump and 

d i rec ted  t o t h e  smal lest  subf ield. From the smal lest  subf ie ld ,  the heated o i l  i s  
m t u r n e d  t o  the o i l  s t o r a g e  tanks. The s o l a r  c o l l  ec to r  subsys ten  cha rac te r i s t i cs  
a re  given i n  Table 3.1-2. 

The s o l a r  c o l l e c t o r  subsystem i s  described i n  d e t a i l  i n  Sect ion 3.2. 

The thermal storage subsystem provides two bas ic  funct ions. F i rs t . ,  t h i s  sub- 

system t rans fers  the thermal energy col  l ec ted  i n  the s o l a r  c o l l e c t o r  subsystem 

t o  the power convewi  on subsys tem. Secondly, the Storage subsystem provides a 
- three temperature l e v e l  heat  t r a n s f e r  f l u i d  storage capab i l i t y .  This c a p a b i l i t y  

a1 lows several d i f f e r e n t  modes' of 24-hour operat ion o f  the STE-LSE f o r  vary ing 

requi rements - and seasons. 

The thermal . storage . subsys tem contains the f o l l  owing components : . three (h igh , 
intermediate :and low temperature) storage tanks, pressure r e l i e f  tank, l i q u i d  

n i t rogen storage tank and subsystem, various con t ro l  , is01 a t i o n  and d ra in  

valves, h igh  temperature c i  r c u l a t i n g  pumps, low temperature ' c i  r c u l a t i n g  pumps, 

and a l l  o f  th,e associ.ated piping. 

During heat  storage operat ion, a lso c a l l e d  charging, o i l  i s  withdrawn f r o m  the 
, . 

1 ow temperature tank, pumped through the s o l a r  c o l l e c t o r  subsystem, heated, 
. . 

and returned t o  the h igh  (or' sometimes in termediate)  temperature storage tank. . 

During d ischarging operat ion, when heat  i s  ex t rac ted  from storage f o r  steam . 
. . .  

generation, o i l  i s  withdrawn from the h igh  o r  intermediate temperature tank, ' 

pumped through t o  power conversion subsys tem steam generator, cooled, and 

returned., t o  the low temperature tank. 

The storage tanks f o r  o i l  are blanketed w i t h  n i t rogen i n  the tank u l l age  t o  

prevent f l u i d  ox idat ion.  The n i t rogen i s  suppl ied to  the system from a cen- 

t r a l l y  loca ted  l i q u i d  n i t rogen storage system. The n i t rogen i n e r t i n g  b lanket  

i s  maintained automat ica l ly  through pressure . regulat ion and b leed-of f .  The 

storage tanks conta in ing  the o i l  are interconnected such t h a t  when one tank 

i s  emptying and another tank i s  f i l l i n g ,  the n i t rogen flows from the tank 



TABLE 3.1-2 

SOLAR COLLECTOR SUBSYSTEM CHARACTERISTICS . 

CHARACTERISTIC: 

So la r  Co l l ec to r s  

- Type 
- Size 

- To ta l  Area 

- Number o f  Modules 

Parabo l i c  Trough 

- Track ing S ing le  Ax is  

- Track ing Accuracy: 

- Open-Loop Computer Designated - +4m rad ian  (3.25') 
- Slew Rate i n  22.4 m/s (50 mph) wind 4m rad ian lsec  ( 1  5O/min) minimum 

- Concentrat ion Ra t i o  37* 

- R e f l e c t i v e  Surface Coi lzak L i gh t i ng *  
Sheet R e f l e c t o r  

- ' R e f l e c t i v i t y  0.75 t o  0.80 

C o l l e c t o r  F i e l d :  

- Number o f  C o l l e c t o r  S t r i ngs  87 (3  sub f ie lds  of 28)* 

- Spacing 4m (13.2 f t ) *  

17 - O r i e n t a t i o n  (degrees eas t  o f  n o r t h )  

- Loop Losses and Thermal Capaci ty:  

- ~ o o p ' ~ o s s e s  (103 B t u l h r )  95 kW (325 x 103 B t u l h r )  

- Thermal Capacity, Receivers on l y  a t  
' 260OC (5000.F) 1.45 MJ/OC (7486 B~UIOF) 

- F l u i d  Capaci ty (Receivers Only) 3255 a (860 g a l )  

- I n l e t I O u t l e t  Temperature. 1581288Oc ( 3 1 6 1 5 5 0 ~ ~ )  

- Heat T rans fe r  F l u i d  Flow Rate: 
. : :: 

- Volumetr ic 10.6 a l s  (168 gpm) 
- Mass 483 k g l s  (64,000 1 b l h r )  

m O i l  F i r e d  Heater 

- I n1  e t / O u t l e t  Temperature (Normal ) 1581226'~ (31 61438'~) 
. . - Fuel NO.. '2 0i.1.' . .'. . . 

. . .  
. . . . - Heat Capacfty 1.5 M W  ( 5  i l o 6  8tu/hr )  . 

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

* ~ e f e r e n c e  Coj l e c t o r  Value (Acurex 3001 chosen as a ' repceser i ta t ive desfgn). . . . :: . . . . 



be ing  f i l l e d  back t o  the tank being emptied w i thou t  i n t roduc ing  pressure 

d i f fe rences  which a f f e c t  system operat ion. 
. . 

The thermal storage subsys-tern i s  descr ibed i n  d e t a i l  i n  Sect ion 3.3. Charac- 

t e r i s t i c s  of the thermal storage subsystem are given i n  Table 3.1-3. 

TABLE 3.1-3 

. . 
THERMAL STORAGE SUBSYSTEM CHARACTERISTICS 

. . 

CHARACTERISTICS : 

e Maximum Thermal Capacity 11.8 GJ (110 x l o 6  Btu) 

e Storage Medi um 

Number o f  ~ a n k s  

e Tank capaci t j  (To ta l /Ac t i  ve) ': 

- High Temperature 

- Intermediate Temperature 

- Low Temperature 

e O i  1 Storage Temperature: 

- High Temperature 

- Intermediate Temperature 

- Low Temperature 

Maximum' Charging Rate 
. . 

Maximum  isc charging Rate 

@ O i l  Inventory 

197/127 m3 (50,680/33,570 gal )  

529/442m3 (140,100/116,450 ga l )  

498/413 m3 ( 132,170/108,690 gal ) 

288°C ( 550" F) 

2 2 6 " ~  (438 '~)  

158°C (316°F) 

766 kg/s (101,500 1bPhr) 
. .  . 

565 kg/s (74,850 l b / h r )  

406 Mg (894,400 l b )  

3.1.1.3 POWER CONVERSION SUBSYSTEM 

A power conversion subsystem converts the thermal energy c o l l e c t e d  and/or 

s tored i n  the c o l l e c t o r  and thermal storage subsystems i n t o  use fu l  e l e c t r i c a l  

energy and i n t o  steam o r  ho t  water t h a t  can be u t i l i z e d  f o r  space heat ing 

and cool ing,  and domestic ho t  water f o r  the F o r t  Hood complex. The power 

conversion subsystem i s  composed of the fo l low ing  components: steam gen- 

e ra to r ,  preheater, b o i l e r ,  and superheater, h igh  pressure tu rb ine ,  1,ow 

pressure tu rb ine ,  .gear reducer, ' e l e c t r i  CAI generator, condenser, ' condensate 
' 

. . .  % .  . .  . * . .  . . .  



pump, deaerator, b o i l e r  feed pump, f e e h a t e r  heater,  a l l  ' o f  the associated 

p ip ing ,  and cont ro l  and i s o l a t i o n  valves. Water q u a l i t y  i n  the b o i l e r  i s  con- 

t r o l l e d  by treatment o f  the makeup water t h a t  i s  added cont inuously w h i l e  

p a r t i c u l a t e s  are removed by continuous blowdown. 

This power conversion subsystem generates e l e c t r i c a l  power f o r  the STES and the 

F o r t  Hood gr id ,  f u l f i l l s  the space heat ing and domestic h o t  water requirements 

a t  the  condenser in te r face ,  and provides energy t o  the absorpt ion c h i l l e r  f o r  

ch i  1  l e d  water ( a i  r condi t ion ing)  purposes. Two single-stage turbines are used 

i n  the subsystem; these turbines are representat ive of l a r g e r  ex t rac t i on  tu rb ine  

techno1 ogy . 

The power conversion subsystem provides the means o f  meeting the load requi re-  

ments f o r  the o v e r a l l  system as described i n  Sect ion 2 .  The e l e c t r i c  genera- 

t i o n  p a r t  o f  the power conversion subsystem i s  provided by a tu rb ine-genera tor  
- 
s ing le -sk id  mounted.pacKage conta in ing two turbines; a synchronous generator, a  

gear reducer, c lutches mounted between each tu rb ine  and the gear reducer, and 

the associated contro ls .  Most o f  the components and p i p i n g  associated w i t h  

the power conversion subsystem are contained' w i  t h i n  the STES bu i  1 ding. The 

power conversion subsystem i s  described i n  deta i  1  i n  Sect ion 3.4. Character- 

i s t i c s  o f  the power conversion subsystem are given i n  Table 3.1-4 f o r  several 

operat ing cbndi t i ons  . 

C i r c u l a t i n g  water subsystems provide the heating, cool ing and domestic h o t  

water  requi rements o f  the F o r t  Hood STE-LSE. Heat i s  ex t rac ted  from the .steam 

cyc le  a t  the condenser dur ing  the heat ing season and i s  de l i vered t o  the ' ' .  

se lected bu i l d ings  by the c i r c u l a t i n g  h o t  water heat ing system. The same system 

i s  used t o  heat the .domestic h o t  water. An absorpt ion c h i l l e r  dr iven '  by steam 

provides the c h i l l e d  water f o r  coo l ing  i n  the coo l ing  subsystem. These sub- 

systems are described below. Table 3.1-5 gives the cha rac te r i s t i cs  o f  the h o t  

water heating, ch i  1 l e d  water cooling, and domestic h o t  water subsystems. 



TABLE 3.1-4 

POWER CONVERSION SUBSYSTEM CHARACTERISTICS 

I STEAM GENERATOR (Peak Cool i ng Mode) : 

SUN 21 Flow Rate 

I n l e t  ~empera ture  

D i  sc'harge Temperature 

Steam Flow Rate 

Pressure 

Steam Temperature 

Feed Water Temperature 

B l  owdown F l  ow Rate 

Conf igurat ion : ' 

- Preheater 

- B o i l e r  

Hi  gh Temperature- 

440 kg/s (58,318 I b l h r )  

288°C (550°F) 

226°C ( 4 3 8 " ~ )  

35.3 kg/s (4675 l b /h r )  

2164 kPa ' (300 p i i g )  

260°C ( 500" F) 

144°C (291°F) 

0.45 kg/s (60 l b / h r )  

Yes 

Yes 

- Superheater Yes 

STEAM GENERATOR (Peak Heat ing Mode): 

In termediate Temperature 

353 kg/s (46,743 l b l h r )  

226O.C (438°F) 

158°C (316°F) 

30.3 kg/s (401 1 l b / h r )  

445 kPa (50 ps ig )  

148°C (298°F) 

144°C (291°F) 

0.45 kg/s (60 l b / h r )  

Yes 

Yes 

SUN 21 ' Flow Rate 565 kg/s (74,850 lb /hr) .  353 kg/s (46,743 I b / h r )  

I n l e t  Temperature 288°C (550°F) 226°C ( 4 3 8 0 ~ ) .  

Discharge Temperature 226°C (438°F) 158°C (316°F) 

Steam Flow Rate 45.3 kg/s (6000 l b / h r )  30..3 kg/s '(4011'.l,b/hr) 

Pressure 2164 kPa (300 ps ig)  445, kPa (50 p s i  g) 

Steam ,Temperature 260°C (500°F) 148°C (298OF) . . . . 

Feed Water Temperature 144°C (291 OF) 144°C (291°F) . . - :  . . . 

Blowdown Flow Rate 0.45 kg/s (60 l b / h r )  0.45 kg/s . (60 l bkh r )  

Conf igurat ion:  . , 

- Preheater Yes ' Y e s ' , , .  . 

Yes . '  Yes' - B o i l e r  . . . . 

- Superheater yes . . '  . No , ' .  . , 

, . . . .  . 
. . 

. . 
' . '  . .  

. . . . 
. . 

. . . . . . 
. . 

. . . . . . . . . . 

. . . . . . . . 
. . 

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

. . .  . . . . . . 
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TABLE 3.1-4 (continued) 

. . .  , , . ~. 
. . H i  gh Temperature - :~ntermedi a t e  Temperature 

TURBINE/GENERATOR (Peak Cooling Mode) : 

Thro t t l e  Temperature 260°C ( 5 0 0 " ~ )  . . 148°C (298°F) . 
Thro t t l e  Pressure 2164 kPa (300 psi  g) . 445 kPa (50 .ps i  g) 
Thro t t l e  Flow HP/LP 

Extraction Temperature 

Extract ion Pressure . 

~ x t r a c t ' i o n  Flow 

- Process Steam 
(Absorpti'on C h i  1 l e r )  

- Deaerator 

L.P. Turbine ~ i s c h a r ~ e  
Temperature 

L.P.  Turbine Discharge 
Pressure 

L.P. Turbine Discharge. 
Flow 

E lec t r i ca l  Output 
( Gross/Ne t )  

35/16.2 kg/s' (4675/2143 lb /hr )  

153°C (307°F) 

445 kPa (50 psig)  

19.1 kg/s '(2532 lb /hr )  

72°C (161°F) 
- 

33.7' Pa . (4 .9  ps ia)  

0/11.7 kg/s (0/1546 lb /hr )  

148°C (298°F) ' 

445 kPa (50 psi g) 

18.6 kg/s' (2465 Ib/hr) 

15.1 kg/s (1996 lb /hr )  

1.5 kg/s (198 lb /hr )  

7z0c ( 1 6 1 0 ~ )  

33.7 Pa (4.9 ps ia)  

TURBINE/GENE'RATOR (Peak Heating Mode) : 

Thro t t l e  Temperature 260°C (500°F) 148°C (298°F) 

Thro t t l e  Pressure 2164 kPa (300 psig)  445 kPa (50 psi g) 
Thro t t l e  Flow HP/LP 44.9/39.2 kg/s (6000/5234 1 Vhr)  0126.1 kg/s (0/3487 1 b hr)  

Extract ion Temperature 148°C (298°F) 148°C ( 2 9 8 " ~ )  

Extract ion Pressure 

.Extraction Flow 

- Process Steam . 
.(.Absorption Ch i l l e r )  

.- Deaerator , 

L.P. Turbine  isc charge 
Tempe ra ture 
L.P. ~ u r b i n e  ~ i s c h a r ~ e  
P res su re  . . 

L.P. Turbine Discharge 
Fl ow 

445 kPa (50 psig) 445 kPa (50 psig) 

5.8 kg/s (765 lb /hr )  3.9 kg/s (513 l b / h r ) - '  

0 0 . .  . - - 

2.8 kg/s (370 lb/hr)  1.9 kg/s (246 lb /hr )  

3.3.7 Pa (4.9 ps ia)  33'.7 Pa (4.9 ps ia)  : 



TABLE 3.1-5 

CHARACTERISTIC: 

Chi 1 l e d  Water Absorpt ion A i r  Condi t ioner :  , 

- Capacity ( i t  50 p s i g  i n l e t  steam) 611 kW 7174 tons) 
- Design Load 604 kW ( 1  72 tons) 

- Operat ing F l u i d  Steam/Li Br So lu t i on  

- ~empera ture  153°C ( 3 0 7 " ~ )  . . 

m Cool ing Tower 2.14 MW (7.3 MBtu/hr) 

e Domestic Hot  Water Heat Exchanger 0.59 MW (2  MBtu/hr) 

Hot  Water Storage: 

- ~ a p a c i  ty 882 MJ (8.2 MBtu) 
- Vol ume (Total /Ac.t i  ve) 132.5/94.6 m3 (35,000/25,000 ga l )  

m Domestic Hot. Water: 

- Maximum Flow Rate 

- Tempe ra  t u re  

C h i l l e d  Water Storage: 

3.85 a j s  (61 gpm) 

57.2"C (135°F) ' 

- Capacity 591 MJ (5.5 MBtu) 
- Volume 197/155 m3 (52,000/41,000 ga l )  . 

m C h i l l e d  Water Supply (Peak): . . 

- Flow Rate 20.5 L /S (325 gpm) 
- P l a n t  I n l e t  Temperature 5.5"C (42°F) 
- P lan t  Discharge Temperature 14.4"C. (58" F) 
Hot Water Heat ing (Peak) : . : S; , . 

- Flow.Rate 20.5 a/s (325. gpm) . . ' 

. . 
60°C .(140°F) - p l a n t  i n l e t  ~e'mperature 

- : p l a n t  . ~ i s c h a * ~ e " ~ k r n ~ e r a t u r e  37 .8"~  (100°F) 



. . 

HOT WATER HEATING SUBSYSTEM 

The h o t  water heat ing  subsystem contains the f o l  lowing components: ho t  water 
storage tank, h o t  water pump, ho t  water/condenser pump, condenser/cooling 

tower heat exchanger, condenser cool i n g  water pump, associated p i  p i  ng con- 

nect ing these components, and appropr iate cont ro l ,  i so la t i on ,  purge and 

d ra in  valves. The condenser from the power conversion subsystem and the 
coo l ing  tower and h o t / c h i l l e d  water storage tank from the c h i l l e d  water  coo l ing  

subsystems are used i n  the  operat ion of the  ho t  water heat ing subsystem. The 

e x i s t i n g  Fo r t  Hood system, w i t h 1 2 p s i  steam, has no t  been u t i l i z e d , s o  t h a t  

more e f f i c i e n t  power cooversion can be at ta ined;  however, the e x i s t i n g  s);stem 

remains i n  place as a backup f o r  space heat ing and 'domestic water heating. 

Hot ,water space heat ing  i s  p m v i  ded t o  the F o r t  Hood complex by u t i  1  i r i  ng the 

thermal energy t h a t  i s  t rans fer red ' f rom the power conversion subsystem through 

the condenser. Energy i n  excess o f  the imnediate demand i s  s to red  i n  the h o t  

water  storage tanks; - The h o t  water-storage tank i s  f-i 1-led- f i  rst . -  Then the - -- - - 

storage tank o f  the c h i l l e d  water cool ing system ( r e f e r r e d  t o  as the  h o t / c h i l  l e d  

water  storage tank) i s  used f o r  add i t i ona l  ho t  water storage capaci ty  dur ing 

the heat ing  season. (Note: During the coo l ing  season, only  the h o t  water 

storage tank i s  used f o r  h o t  water storage f o r  use w i t h  the  domestic h o t  water 

system. I n  the coo l ing  season, on ly  the h o t / c h i l l e d  water storage tank i s  used 

f o r  c h i l l e d  water storage.) When these tanks are thermal ly charged, excess heat 

i s  re jec ted  t o  the coo l ing  tower by a p late- type heat  exchanger i n  a separate 

loop. Periods o f  operat ion f o r  the STE-LSE when excess energy i s  ava i l ab le  

occur p a r t i c u l a r l y  dur ing  the spr ing  and f a l l .  During operat ion i n  the coo l ing  

season, on ly  domestic h o t  water i s  provided t o  the se lec ted  bu i ld ings ;  the 

space heat ing system i s  n o t  used and i s  i s o l a t e d  by cont ro l  valves from the 

domestic ho t  water storaqe p ip ing.  Makeup water t o  the ho t  water heat inq 

closed loop i s  suppl ied as requi red from base domestic supply. Also, 

n i t rogen over-pressure i s  maintained i n  the  storage tanks and acts as a bu f fe r  

f o r  surqe cont ro l .  

The thermal d i s t r i b u t i o n  loop f o r  the selected bu i ld ings  i s  shown i n  F ig-  

u re  3.1.2. ' The hot water '  heat ing  . subsystem i s .  described i n  d e t a i l  i n  
. . 

Sect ion 3.5. 



F i g u r e ,  3.1-2. Primary/Secondary ~ h e r m a l  D i s t r i b u t i o n  



CHILLED WATER COOLING SUBSYSTEM . 

The c h i l l e d  water coo l ing  .subsystem provides coo l ing  ( a i r  condi t ion ing)  t o  the  

selected bui ld ings.  This  subsystem i s  compri'sed o f  the f o l  lowing components: 

two-stage absorpt ion ch i  1 l e r ,  c h i l l e d  water/hot water storage tank, ch i1  l e d  
. 

water- pump, ch i  1 1 ed, water booster pump, cool i ng tower, c h i  1 1 e r  condenser pump, 

a l l  of the  associated p ip ing,  and control , .  i s o l a t i o n  and d ra in  valves. Chi l . led 

water i s  produced b y  an absorpt ion, ch i  1 l e r  t h a t  i s  d r iven by 1 ow-pressure 

steam from t h e  power conversion subsystem. . . 
The coo l ing  .tower and c l l i l l e r  

: condenser pump are used w i t h  the' c h i l l e d  water. coo l ing  subsystem t o  prov ide 

f o r  waste heat r e j e c t i o n  from the absorpt ion ch . i l l e r .  

The c h i l l e d  water storage tank suppl ies c h i l l e d  water when the cool ing demand 

i s  g rea ter  t h i n  c h i l l e r  output and co l l ec t s  c h i l l e d  water when the demand i s  

less  than chi1 l e r  output. As w i t h  the ho tswa te r  heat ing subsystem, makeup 

water  i s  suppl ied t o  t h i s  closed loop as requ i red  from the base domestic supply. 

Also, n i t rogen overpressure i s  maintained i n  the storage tank. 

The thermal d i s t r i b u t i o n  water loop i s  shown schematical ly i n  Figure 3.1-2 and 

the  c h i l l e d  water 3ubsystem i s  described i n  d e t a i l  i n  Section 3.5. 

DOMESTIC HOT WATER SUBSYSTEM 

The domestic h o t  water subsystem i s  comprised of the ho t  water heat exchanger 

a h o t  water c i r c u l a t i n g  pump, a pump fo r  c i r c u l a t i o n  of the  domestic ho t  water, 

associated p ip ing ,  and con t ro l  and i s o l a t i o n  valves. As shown i n  Figure 3.1-2 

STES domestic hg t  water is  supplied' t o  j u s t  three o f  the  f i v e  selected bu i l d ings  - 
those w i t h  r e s i d e n t i a l  equipment. The. o ther  two but ld ings  are. admin is t ra t i ve  

w i t h  law requirements which do n o t  jus ' t i f y  connection t o  the STES. The subsystem ., . . 
i s  connected t o  a c i t y  water makeup l i n e  t h a t  provides a supply o f  water t o  

f u l  f i  11 the domestic ho t  -water requirements. Heating of the .water i s  provided 

by the p l a t e  heat exchanger t h a t  ex t rac ts  heat from the hot  water heat ing 

subsystem through the  condenser and ho t  water and h o t l c h i l  l e d  water storage tanks. 
. . 

. . 
The ho t  water storage ' tank i s  used t o  prdvide the needed domestic ho t  water 

dur ing  the summer months when the  h o t l c h i l l e d  water tank i s  being used t o  s to re  

c h i  1 l e d  water. . ' , 



3.1.2 OPERATION AND CONTROL PHILOSOPHY . 

The bas ic  philosophy o f  the operat ion of, the STES i s  t o  absorf? as much s o l a r  

energy as i s  ava i l ab le  and convert  i t  t o  e i t h e r  process' thermal energy o r  

e l e c t r i c a l  energy. The domesti c h o t  wate.r and space heat ing  ( o r  cool ing) loads 

are s a t i s f i e d  f i r s t  and then, when possible, e l e c t r i c a l  power generat ion i s  

suppl ied f o r  load peak shaving. However, when the c o l l e c t i o n  o f  so la r  

energy i s  inadequate (due t o  p0o.r s o l a r  i n s o l a t i o n  weather condi t ions)  t o  

s a t i s f y  d a i l y  thermal requirements, the . o i l . - f i  red heater  w i l l  be used. If 

s o l a r  i nsol atSon exceeds the thermal load,: .the excess energy i s  used ..to generate 

e l e c t r i c i t y .  

I n  the operat ion o f  the STES, the fo l low ing d i f f e r e n t  operat ing categories can 

be defined: 
. . . . a Normal operat ion 

a Star t -up and shutdown 

a Abnormal. operat ion 

For normal operat ion, there are days when. space heat ing i s  required, days when 

coo l ing  i s  requi red and periods when e l e c t r i c a l  power i s  generated a t  reduced 
condenser pressure. During both heating. and coo l  i n g  seasons, modes of  operat ion 
u t i l i z i n g  o i  1 f low from th,e h igh  temperature and the in termediate temperature. 

storage tanks i r e  needed . . f o r  peaki ng .operat ion of the power conversion subsystem. 

(design flow, temperature and pressure) and f o r  p a r t  power ( l ess  than design 

ra ted  condit ions) operat ion o f  the power conversion subsystem. . 

I . - 
~ l d c t r i c a l  power i s  generated w i t h  modes. t h a t  .use o i l  f low f r y m  the h igh  te ipera-  . . 

t u re  storage tanks f o r  peaking condi t ions and p a r t  power condit ions. P a r t  power 

e l e c t r i c  gkherat ion a lso  i s  accomplished i n -  a mode t h a t  uses o i  1 f low from the  

intermediate s to rage tank. I n  t o t a l ,  dur ing ,, . normal operat ion, ten, d i  f f e r e n t  
. .  . 

operat ing modes have been def ined and are tabulated i n  Table 3.1-6. The normal . . . . 

operat ing mode sequences of  the STES are described i n  Sect ion 3.7 w i t h  the  

corresponding s t a t e  po in ts  of  performance fo r  the def ined operat ing modes 
. .  , 

d e t a i l e d  i n  Sect ion 4.2. 



TABLE 3.1-6 

FORT HOOD STES NORMAL OPEMTING MODES 

Mode 

.. . F u l l  Load Heating Season 

F u l l  Load Heating Season 

F u l l  Load Heating Season 

F u l l  Load Heating Season 

F u l l  Load Cooling Season 

F u l l  Load 'Cool i ng Season 

. . .. F u l l  Load Cool ing Season 

E l e c t r i c  Generation o n l y  y .. 
w 

. 0, :. 
E l e c t r i c  Generation Only 

- . .  . E l e c t r i c  Generation Only 1 :. 

O i l  Flow t o  PCS* 

From High Temperature Storage Tank 

From High Temperature storage' Tank 

From Intermediate Temperature Storage Tank 

From Intermediate ~ e m ~ e r a t u r e  Storage Tank' 

From Hi  gh Temperature storage Tank 

From High Temperature Storage' Tank 

From Intennedi ate Temperature Storage Tank 

From High Temperature Storage Tank 

From High Temperature storage Tank 

From Intermediate Temperature Storage Tank 

Type** 

Peaking Condit ion 

Par t  Power Condit ion I 

Peaking Condit ion 

Par t  Power Condit ion ~ 
Peaking Condit ion 

Part  Power Condit ion 

Par t  Power Condit ion 

Peaking Condition. 

Pa r t  Power .Condit ion 

Par t  Power Condit ion 

*PCS = Power Conversion Subsystem 
**Peaking Condit ion i s  design flow, temperature and .pi-essure condit ions o f  the PCS; 

P a r t  Power ~ o n d i  t i o n  ,"is .Less than design ra ted  condit ions o f  the PCS. 



Operating conditions other than the normal operating modes described above 
include startup, shutdown and abnormal conditions. The 1 a t t e r  are considered 

in detail relative to  the overall STES in ~ e c t i d n s  3.7.4 and 3.7.5 and further 
described relative to the individual subsystems in Sections 3.2, 3.3, 3.4 
and 3.5. 

3.1.3 SITE DESCRIPTION 

The Fort Hood STE-LSE i s  located in the east-central part of Texas, in the 
western half of Bell County. The geology of the area generally consists of a 
limestone plain known as the Grand Prairie. This formation consists of shallow- 
to-deep soi 1s overlying limestone of varying hardness, 'often in s t r ia ted  bands. 

The s i t e  i s  located near the city of Killeen, Texas, within the confines of the 
Fort Hood mi 1 i tary .reservation. The 87000 'Troop housing complex, which l i e s  
west of Fifteenth Street ,  becomes the western boundary of the STE-LSE s i t e .  The 

s i t e  i s  further bounded by Battalion ~ve'nue'on the south, Martin Drive on the 
east ,  and the future extension of Central Avenue .on .the north. The s i t e  so 
descr ibedconsis tsof  approximately15acres. . 

The climate of the s i t e  i s  that of east-central Texas, being generally that of 
the southwestern prai rie. The s i t e  i s  located close t b  the 1 f ne of equal evapo- 
transpiration/rainfall and enjoys some 32.5 inches of average ra infa l l ,  a mean 
annual maximum temperature of 76OF, and a mean annual minimum temperature of 

. . .  
57OF. 

The s i t e  as i t  exists today i s  mown lawn, consisting of a variety of grass 
species. The western side of the s i t e  contains two large parking lots  with 
spaces for some 270 cars. Also located on the s i t e  i s  Yellow Ribbon Park 
consisting of several medium-sized trees and some playground equipment. 

The overall plan cal ls  for  the parking areas to be relocated to the south of 
Battalion Avenue in two lots.  These lots  will ,be related to  existing circu- 

lation pattern of the 87000 complex. 



The area adjacent t o  these park ing areas wi.11 be, developed i n t o  a recreat i .on 

area t o  replace the f a c i l i t i e s  present ly  on ' the s i t e .  
. . 

, . 

The general .topography ,o f  the s i t e  i s -  a p la teau a t  the headwaters of South Fork 

o f  Nolan Creek, which f lows i n t o  . the Leon Creek near the center o f  the county. 

The s i t e  gent ly  slopes t o  the southeast between two and e i g h t  percent. . Drainage 

f o r  the  STESwi l l  f o l l ow  the e x i s t i n g  pattern. 

The o v e r a l l  s i t e  plan shown on Heery 81 Heery Drawing 1-1 has fo.ur major 

elements : 

a Solar  Co l l ec to r  F i e l d  

a Heated O i  1 Storage Tanks 

a , V i s i t o r  Parking and Access 

a STES bu i  1 d ing  whi ch houses energy conversion equipment, 
. , computer cont ro l  room, t r a i n i n g  and v i s i t o r s '  f a c i l i t i e s  

w i t h  d isp lay areas 

The s o l a r  f i e l d  consumes by f a r  -the l a r g e s t - p a r t  of the acreage. The co l l ec to rs  
are arranged i n  rows, the center-to-center distance being determined by s i t e  

economi cs , row- to-raw shading, and the space necessary t o  negot iate serv ice  

vehicles f o r  washing of  m i r ro rs  and inspect ion. .  The general arrangement o f  the 

co l l ec to rs  i s  p a r a l l e l  t o  Mar t in  Dr ive w i t h  access roads a t  each end and a t  

the approximate center o f  the rows. Connecting p ip ing  t rans fers  the heat ing  o i l  

from the c o l l e c t o r  f i e l d  t o  the o i l  s. .-age tanks, which comprise the  second 
.major element on the s i t e .  

The c l u s t e r  o f  o i l  storage tanks i s  enc i r c led  by a r e t a i n i n g  berm t o  conta in the 

volume o f  o i l  should the improbable occur and a tank burst .  . The c i r c u l a r  berm 

i s  interconnected t o  a lower l e v e l  re ten t i on  area away from the tanks themselves. 

The e n t i r e  c o l l e c t o r  f i e l d  and tank farm are t o  be surrounded by a s e c u r i t y  

fence and p a r t i a l l y  surrounded by. low berms f o r  o i l  s p i l l  containment which a l so  

so f ten  the v isual  impact. 



The b u i l d i n g  i t s e l f  serves as the en t ry  p o i n t  f o r  the pub l i c  and employees, 

as a b a r r i e r  t o  separate pub l i c  and non-public funct ions, and as an in ter face , . .  

between so la r  energy c o l l e c t i o n  and energy consumption. I n  conjunct ion w i t h .  

i t s  associated v i s i t o r  parking, i t  serves t o  provide a p o i n t  o f  v isua l  r e l a t i o n -  

sh ip  between the 87000 cornp1.e~ and the  so la r  c o l l e c t o r  f i e l d .  



3.2 SOLAR COLLECTOR SUBSYSTEM 
*: 

3.2.1 SUMMARY DESCRIPTION . 

The s o l a r  c o l l e c t o r  subsystem (SCS) i s  comprised p r i m a r i l y  o f  a se r ies -pa ra l l e l  

arrangement of s o l a r  parabo l ic  trough c o l l e c t o r s  placed i n  a c o l l e c t o r  f i e l d  

(F igure  3.2-1); and the  associated p ip ing  and cont ro l ,  i s o l a t i o n  and d ra in  
" 

valves. The a u x i l i a r y  o i l - f i r e d  heater i s  a lso '  p a r t  o f  the so la r  c o l l e c t o r  

svstem,. The SCS mechanically and hydraul i c a l  l y  in ter faces w i t h  the thermal 

storaqe subsystem and e l e c t r i c a l l y  in te r faces  w i t h  the cont ro l  system. 

3.2,Z SOLAR COLLECTOR SUBSYSTEM FUNCTION 

The pr lmary func t i on  o f  the s o l a r  c o l l e c t o r  subsystem i s  t o  c o l l e c t  and convert  

s o l a r  f l u x  t o  increase the  enthalpy o f  the  heat t ransfer  f l u i d .  The s o l a r  c o l -  

1.ector subsystem receives the  heat  t ransfer  f l u i d  (Sun 21 o i l  ) from the thermal 

storage subsystem. Thermal energy i s  t ransferred t o  the heat t rans fe r  f l u i d ,  

inc reas ing  the  f l u i d ' s  temperature t o  a nominal value o f  288°C (550°F) before 

r e t u r n i n g  the  o i l  back t o  the thermal storage subsystem. -During per iod of good 

i n s o l a t i o n  the thermal energy i s  provided by. parabol i c  1 i n e  focusing trough 

type c o l l  ectors . An auxi 1 i a r y  o i  1  - f i r e d  heater provides the thermal energy 

du r ing  extended periods o f  poor i n s o l a t i o n  o r  dur ing major maintenance o f  the 

c o l l e c t o r  f i e l d .  The a u x i l i a r y  o i l  heater  may a l so  be u t i l i z e d  t o  augment 

the c o l l  ec to r  f i e l d  i n  para1 1 e l  arrangement. 

3.2.3 DESIGN REQUIREMENTS 

I t  i s  important t o  note as a pre fac ing  remark t o  t h i s  sec t ion  on requirements 

t h a t  the s p e c i f i c  s o l a r  c o l l e c t o r  fo r  t h i s  p l a n t  has no t  y e t  been selected. , 

The c o l l  ec tor  modules w i l l  be procured under competi t i v e  b idd ing  agains't an. .  

equipment spec i f i ca t i on  ("Equipment Spec i f i ca t ion  f o r  Parabol ic Trough Solar  

Col 1 ec tors  ," E-677542 [Draf t ] ,  September 29, 197s). For purposes o f  sys tem design 
and performance analysis;  a  c o l l e c t o r  w i t h  the publ ished cha rac te r i s t i cs  o f  the 

Acurex 3001 col  l e c t o r  was used as representat ive.  of b e t t e r  qua1 i t y  parabol i c  

trough s o l a r  ' co l lec tors .  ,The in fo rmat ion  i n  t h i s  requirements sect ions p r i n a r i  l y  

r e f 1  ects the  prov is ions  o f  the subsys tern descr ipt ion.  document and the equipment 
.. . 

spec i f i ca t ion ,  and does n o t  necessari ly correspond t o  the representat ive 

c o l l e c t o r  which i s  used i n  the  syst'em.mdel. I n  o ther  words, i t  i s  no t  imp1 i e d  
. . . . . . . . 



m.DItc 

Figure 3.2-1 . Solar Coll ector Field Configuration 



t h a t  the  representat ive c o l l e c t o r  as u t i l i z e d  i n  the  system analys is  meets a l l  

the design requirements l i s t e d  i n  t h i s  sect ion. 

The o v e r a l l  subsystem requirement i s  t o  serve as the 'energy source f o r  the 

remainder o f  the STE-LSE. The s i z i n g  o f  the c o l l e c t o r  f i e l d  and the o i l  f l r e d  

heater a re  such as t o  meet the load requirements described i n  Sect ion 2. The . 
p l a n t  se rv i ce  l i f e  i s  20 years, w i t h  some par ts  replacement acceptable as 

def ined f o r  i nd i v idua l  components. The range o f  normal operat ing 'condit ions f o r  

the  SCS can be seen i n  Table 3.2-3, presented as a p a r t i a l  desc r ip t i on  o f  the 

i n t e r f a c e  w i t h  the thermal storage subsys tem. 

3.2.3.1 SOLAR COLLECTOR PERFORMANCE REQU I REMENTS 

Considering cur ren t  s o l a r  c o l l e c t o r  s t a t e  o f  the a r t ,  i t  was n o t  judged appropri-  

a te  t o  s e t  c o l l  ec to r  performance (energy col  l e c t i o n  e f f i c i e n c y )  requirements 

per  se. However, performance ob jec t ives  were establ ished based on the fo l low ing:  

e An ".optimum" parabol i c  trough co l  1 ec to r  design; u t i  1 i z i n g ,  bes t  
- c u r r e n t l y  avai l a b l e  and reasonabl v we1 1 - ~ r o v e n  com~onents. ,This  
d e s i g n ' i s  described i n  Sect ion 5.3.2.3. 

0 l4eteorolocIical condi t ions as r e ~ r e s e n t e d  i n  the Fo r t  Hood 
,model. year  (Sect ion 5.4) f o r  January 3, March 23, June 28, and. 
September 21 ; f o u r  b r i g h t  days i n  the  v i c i n i t y  o f  the  so l s t i ces  
and equ i noxes . 

a Plant  nominal thermal lhydraul i c  condi t ions as spec i f i ed  i n  
Sect ion 3.1.1 o f  Equipment Spec i f i ca t i on  E-677542. 

The performance ob jec t i ve  cons is ten t  w i th . ' the  above f o r  the nominal SCS aperture 

area o f  11,600 i n 2  (125,000 f t 2 )  in tegra ted  over the  f o u r  days i s  7.6 x 1011 J 

(7.2 x l o e  Btu)  f o r  so la r  c o l l e c t o r  ca l cu la t i ons  performed i n  the customary 

manner (Sect ion 3.1 o f  E-677542). 

3.2.3.2 SOLAR COLLECTOR OPERATIONAL. REQUIREMENTS 

The f o l  lowing design requirements apply t o  t h e .  s o l a r  c o l l  ec to r  modules a n d  t o  

assemblies o f  such modules i n  groups (associated w i t h  a s i n g l e  d r i v e  system) and 

i n  s t r i n g s  ( se r ies  assemblies connected t o  f i e 1  d mani fo ld p ip ing  a t  each end) r 



The s o l a r  c o l l e c t o r  modules s h a l l  be h igh temperature, horizon- 
t a l ,  sing1 e  ax is- t rack ing,  parabol ic-trough-concentrat ing , 
l i q u i d  types designed f o r  h igh  e f f i c i e n c y  operat ion. 

,Several s o l a r  c o l l  ec tor  modules s h a l l  be connectable i n  ser ies  
hydraul i c a l l y  and mechanical l y  i n t o  a  1  inear  s o l a r  c o l l  ec to r  
group which i s  provided w i t h  a  s i n g l e  d r i v e  mechanism. 

Several s o l a r  c o l l e c t o r  groups s h a l l  be connectable i n  ser ies  
h y d r a u l i c a l l y  t o  form a  l i n e a r  s o l a r  c o l l e c t o r  s t r i n g .  .Each 
c o l l  ec to r  s t r i n g  s h a l l  be i s o l a b l e  by manua!ly operated valves. 

The s o l a r  c o l l e c t o r  groups shal l :  bre provided w i t h  supports and 
d r i v e  mechanisms, i nc lud ing  motors,, i f  required, ca.pab1 e  o f  
moving c o l l e c t o r  groups a t  a  r a t e  which w i l l  enable the 
c o n t r o l l e r  t o  keep the image o f  the sun focused on the rece iver  
and which w i l l  enable the c o n t r o l l e r  t o  stow the . co l l ec to r  
modules i n  a  face-down pos i t i on .  Overal l  po in t i ng  accuracy 
o f  the  c o l l  ec to r  assembly i nc lud ing  the accuracy o f  the posi -  
t i o n  i n d i c a t o r  and the cha rac te r i s t i cs  o f  the d r i v e  system w i l l  
be w i t h i n  24 m i l l i r a d i a n s  (20.25") o f  the demanded pos i t i on .  

The r e f l e c t o r  s t r u c t u r e  s h a l l  be o f  m e t a l l i c  cons t ruc t ion  w i t h  
i d e n t i f i e d  measures against  corrosion. 

The r e f l e c t o r  and a1 1  o ther  components o f  the so la r  c o l l e c t o r  
module s h a l l  be capable o f  wi thstanding 34 m/s (75 mph) winds 
i n  the  stowed p o s i t i o n  w i thout  permanent damage. 

The r e f l e c t o r  s t r u c t u r e  w i l l  have s u f f i c i e n t  t o rs iona l  r i g i d i t y  
t o  prevent t w i s t i n g  and p o i n t i n g  e r ro rs  beyond the speci f ied 
p o i n t i n g  accuracy i n  winds up t o  16 m/s (35 mph). 

The specular surface and fasteners s h a l l  be such a s  t o  a l low 
simple replacement o f  the r e f l e c t i v e  surface. 

Maximum permiss ib le degradation o f  the i n s t a l  l e d  r e f l e c t i v e  
surface s h a l l  be no more than two percent per year. 

The rece iver  w i l l  be compatible w i t h  Sun 21 o i l ,  whose tempera- 
t u r e  may be between -23°C (10°F) and 371°C (700°F), and whose 
pressure may be as h igh  as 690 kPa (100 ps ia ) .  

The pressure drop through a  128 m,  (420 f t )  c o l l e c t o r  s . t r ing  
s h a l l  be less  than 140 kPa (20 p s i )  f o r  a  f l ow  r a t e  o f  Sun 21 
o f  0.149 kg/s*m o f  aper ture width (260 - lb /h * f t  o f  aper ture 
w id th)  a t  a  temperature of 233°C (432°F). 

The support , s t ruc tu re  sha l l  a l low stowage o f  the s o l a r  modules 
i n  a  face-down pos i t ion .  



e The d r i v e  mechanisms and motors s h a l l  prov ide a slew r a t e  o f  no 
less  than 15 degrees o f  r e f l e c t o r / r e c e i v e r  r o t a t i o n  per  minute 
i n  a wind up t o  22 m/s (50 mph) f o r  emergency stowing. 

a Each e l e c t r i c  d r i v e  f o r ' a  s o l a r  c o l l e c t o r  group w i l l  i nc lude 
an e l e c t r i c  motor w i t h  overtemperature p ro tec t i on  devices,, 

' 

speed reducer and end-posit i .on 1 i m i t  switches t o  prevent damage 
r e s u l t i n g  from o v e r d r i v i  ng, and disconnect switch, a1 1 housed 
i n  a r a i n - t i g h t  NEMA 3R enclosure. For  hyd rau l i c  d r i v e  systems, 
movement l i m i t i n g  devices w i l l  be provided, s i m i l a r l y  protected 
aga ins t  environmental d isab l  ing. . 

o Working pa r t s  s h a l l  be sh ie lded f rom environemtnal e f f e c t s  t h a t  
cou ld  impede smooth operation,'cause premature wearout o r  requ i re  r p .  t -  

c leaning and 1 ubr ica  ti on more f requent ly  than monthly. 

3.2.3.3 AUXILIARY OIL HEATER 

The heater  s h a l l  meet the  f o l l o w i n g  design requirements: 

e Rat ing a t  1172 t o  1465 kW ( 4  t o  5 m i l l i o n  Btu/hr)  when r a i s i n g  
the  heat t r a n s f e r  f l u i d  temperature from 1580C (316OF) t o  2260C 
(438°F) 

o Capab i l i t y  o f  del i v e r i n g  316°C (600°F) f l u i d  f o r  i n l e t  f l u i d  
temperatures o f  149°C t o  288°C (300 t o  500°F) (heater  design 
condi t i ons  , n o t  necessar i ly  intended opera t i ng cond i t ions)  

e Maximum f i l m  temperature: 343°C (650°F) (Heater design 
condi t ions,  n o t  necessar i ly  intended operat ing cond i t ion)  

m Turn-down r a t i o  o f  a t  l e a s t  5:l 

o The heater  s h a l l ' b e  o f  fo rced d r a f t  design 

e The l o c a l  con t ro l  panel s h a l l  be weatherproof 

3.2.3.4 PIPING AND VALVES . j l  . . 

The p i p i n g  and valve general p rov is ions  are: 

a Accommodation o f  a 316°C (600°F) maximum bu l k  temperature and' 
wide v a r i a t i o n s  between ambient and the maximum l e v e l .  

Q Conformance t o  ANSI  Standard 831.3. (Chemical P lan t  and 
. Ref in ing  P i  p ing)  

a Provis ions f o r  thermal expansions o f  the  segments t o  prevent 
undue load ing  o f  t he  f i x e d  points .  



' e Welded const ruc t ion  except where f langes a re  abso lu te ly  
necessary. Flanges w i l l  be 300#, ra i sed  face, us ing s p i r a l  
wouhd gaskets . 

a va lv ing  l i m i t e d  t o  gate, globe, angle and check swing types. 
Sizes 1/2 through 2", forged s tee l  (ASTM A-105) w i t h  600# r a t i n g  
a t  850°F;. above 2",  cas t  s tee l  bodies (ASTM A216 Grade WEB) o r  
forged s tee1 (ASTM A-105) w i t h  300# r a t i n g  a t  850°F. 

A sununary o f  the  design requirements for pip ing,  valves, and f i t t i n g s i s  presented 

i n  tabu lar  form i n  Table 3.2-1. Funct ional requirements o f  the valves are bes t  

understood from operat ional  descr ip t ions  as provided i n  Sect ion 3.2.4.1 and 

3.2.4 SOLAR COLLECTOR SUBSYSTEM DESCRIPTION 

3.2.4.1 OVERALL SYSTEM 

The t o t a l  system i s  described next, w i t h  the necessary i n t roduc t i on  t o  the 

general modes o f  operat ibn essent ia l  t o  understanding the hardware descr ip t ion .  

FLOW DIAGRAM 

The SCS. f low diagram i s  shown i n  Figure 3.2-2. I t  w i l l  be noted t h a t  the f i e l d  

i s  d iv ided i n t o  three sub j ie lds ,  each a d i f f e r e n t  s ize,  as p a r t  o f  a unique 

scheme f o r  safe and e f f i c i e n t  cont ro l  o f  working f l u i d  f i e l d  o u t l e t  temperature. 

This operat ing scheme, re fe r red  t o  as the 'I feed-forward con t ro l  method," i s  

d e t a i l e d  i n  the discussion which fo l lows and i n  Sect ion 3.6, "Overal l  Instrumen- 

t a t i o n  and Control ." Sun 21 o i l  i s '  suppl ied from the thermal storage subsystem 

a t  158OC (316°F). Normally most o f  the f low i s  d i rec ted  t o  the l a r g e s t  f i e l d  

(A l ) .  The f low e x i t i n g  subfie1.d A1 i s  e i t h e r  mixed w i t h  f low from the pump and 

d i rec ted  i n t o  the in termediate s ized f i e l d  (AZ), .or the f low from A1 i s  s p l i t  

between f i e 1  d A2 and the pump f o r  r e c i r c u l a t i o n .  The f low e x i t i n g  the i n t e r -  

mediate s ized f i e l d  (A2) i s  d i rec ted  t o  the smal lest  f i e l d  (A3). The remaining 
f low from f i e l d  A2 i s  d i rec ted  t o  e i t h e r  h igh  temperature storage o r  r e c i  rcu la ted .  

The f low from f i e l d  A3 i s  normal ly d i rec ted  t o  h igh temperature storage, except 

on s ta r tup  and shutdown when the f low i s  d i rec ted  t o  e i t h e r  the low temperature o r  

in termediate temperature storage tanks. 
. . 



The i n l e t  f luid temperature, for each f ie l  d increases from f i e l  d A1 and A3 and 
therefore the desired f l  u i  d temperature. r i s e  i n  each f i  el d decreases from f i  el d 

A1 to A3. W i t h  th i s  control method, the f luid temperature entering the smallest 
f i e ld  (A31 i s  suff ic ient ly  high so tha t ,  even i f  only a fraction of the 
temperature r i se  desired i s  obtained, the f luid temperature exiting the f ie ld  
(A3) i s  acceptable for directing into. h i g h  temperature storage. The flow into 
each subfield i s  based on the i n l e t  f l u i d  temperature, the demanded ex i t  
temperature and an assumption of maximum solar  insolation. This feed-forward 
control method inherently prevents any coll ector s t r ing  from overtemperaturi n g .  

The auxiliary oi l  heater i s  used independently or  i n  parallel with the f i e ld .  
During the independent operation mode, the heater i s  operated when the collectors 
a re  not collecting solar  energy. During th is  operating mode Sun  21 o i l  i s  
pumped from the Thermal Storage Subsystem to the auxiliary o i l  heater where i t  i s  

heated and returned to the Thermal Storage Subsystem. Normally the heat transfer 
f lu id  i s  pumped by the Coll ector Feed Pump (Low Temperature Pump) from Cold 
Temperature Storage a t  158OC (316"F), heated and return.ed to Intermediate Tem- 
perature Storage a t  226OC (438°F). However, f luid can be received from the 
Intermediate Storage Tank and del ivered to  High Temperature Storage a t  288.OC 
(550°F). 

The e x i t  temperature of the f lu id  i s  control led by flow control valves and the 
heater f i r ing  rate.  Flow to and from the heater i s  supplied by the Thermal 
Storage Subsys tem pump, while recirculation i s  suppl ied by a pump associated 
w i t h  the heater. 

The heater may be used to augment the solar collector heat output and to adjust 
the temperature of the stored f luid.  These functions can be accompl ished by 

the independent mode' outl ined above o r  by operating the heater in paral 1 el w i t h  

the coll  ectors. In the paral le l  operating mode, the heater outl e t  temperature 



-TABLE 3.2-1 . 
. . 

PIPE , VALVES AND FITT1,NGS DESIGN KEQUIREMENTS SUMMARY M 

. . 
. ' ITEM S'I ZE , RANGE DESCRIPTION SPECIFICATION 

. . 

Thru . seamless carbon, Steel Tube Drawn t o  ' ' ' ASTM A: 1 0 6  Grade B 
Schedule 40 Nominal Pipe Size . . .  .: 

PIPE 2'' t h ru  8" Schedule 40 Seamless Carbon Steel ASTM ~ ' 5 3  ' T Y D ~  S 
Grade '0 ~ a t e r i  a1 

'i(' t h r u  2" 3000 l b  socket-welding, forged s tee l  ANSI  816.11 
4" t h r u  2" ' 200.0 l b  screwed, forged steel ,  back- ANSI 816.11 

welded w i t h  no .exposed thread. . . 

. . 
F'I TT i liGS 2" th ru  8" Standard weight, Carbon Steel ~uh twe la ing  .ASTM A ,234. Grade WPA o r  

WPB   ate rial' . . 

. . . . USAS 816.9 Dimensions 
' Thru 8" . . Standard Weight Forged. Carbon Steel .. :. ASTM A'. 105   ate rial 
(Branch) Welding Outlet,  Buttweld Connection ' ' . + b 

w 
I 
IU 

' v " WELDING . ' Coated Electrodes 
. ALL ASTM K?2.33 E60 Series 

,ELECTRODES '. Bare' Electrodes f o r  GMAW Process ASTM A 3 5 9  Class E60S-2 

JOINTS : - ANSI B16.11 P i  p ing runs : 3000 1 b socket-we1 d i  ng 
couplings o r  b d t w e l d  . . 

. 3" thru 81'- - ''- - Piping runs: buttweld . . 
, , 

.. .-. 

FLANGES laintenance, blanking, and f i t  up t o  . 
flanged valves and equipment.: 
USAS 300 . l b  Forged Steel Melding Neck, . ASTM A 181 Mater ia l  
1/16" Raised Face, Schedule 40 Bore, USAS 81 6.5 Dimensions 
125 AA f i n i s h  o r  smoother. 

. ' GASKETS Thru 8" .175" Thick 300. l b  Type 304 Stainless 
API STD 601 Steel and Asbestos Sp i ra l  Wound 

ALL, A l loy  Steel Continuous Threaded Studs ASTM A 193 Grade 87 . BOLTING 
. Heavy Hex Nu,ts ASTM A 194 Grade 2H 
Washers: B e l l v i l l e  spr ing ' type ' .  - 

Cold bending o f  pipe through 6" sha l l  be used where space permits and i f  economical bending f a c i l i  ti'es are . 
avai lable.  Otherwise, long-radius elbows sha l l  be used except where speci f ied d i f f e r e n t l y .  



' ' INTERFACE CENTRAL POINT ' 4 WITH THERMAL STORAGE 
SUBSYSTEM 

Figure 3.2-2. Solar Coll ector subsis ten Flow schema ti.^ 
, . . . - .  . . . 

. I  . ,  



w i l l ,  be regulated so t h a t  t he  combined f l ow  i s  con t ro l  l e d  a t  the desi red 

temperature. 

PERFORMANCE 

The f i e l d  l a y o u t  i nvolv ing the ' three subf i e l d s  and the feed-forward c o n t r o i  

method'has been evaluated on a s t a t i c  basis on ly  i n  t h i s  sect ion. .Def in ing  a 

s u b f i e l d  s o l a r  f a c t o r  as: 

I' ojqi ' 

F ( i )  = 
I I , , l  

qma x 

so t h a t  the  power t rans fer red t o  the  f l u i d  i n  each s u b f i e l d  i s :  

. . 
where: 

= c o l l e c t o r  e f f i c i e n c y  0 

qi = d i r e c t  component o f  so la r  f l u x  

qmax = maximumq 

A i  = s u b f i e l d  aperture area 

The demand flow r a t e  (ui) i n t o  each sub f ie ld  i s  based on the measured s u b f i e l d  

i n l e t  temperature ( T I )  maximum s o l a r  f lux ,  and the f u l l  operat ing demand e x i t  
. . temperature (TO). 

If the f l u i d  temp.erature r i s e  i n  the  sub f ie ld  A.1 . i s  low, most o f  t h i s  f l u i d  i s  

then d i rec ted i n t o  sub f ie ld  A2 wi thout  mix ing any f l ow  from the pump. However, 
. . 

above a c e r t a i n  f l u i d  temperature r i s e  i n  s u b f i e l d  . A1 . (depends on the'ratio o f  . ' :  

sub f ie lds  A1 .and A2 aperture areas), flow .from the .pump i s  mixed'wi tti f low from 

subf ie ld  A1 f o r  i n t roduc t ion  i n t o  s u b f i e l d  A2. This sane procedure i s  used f o r  

subfie1:d A3 dependent on the  temperature ex j  t i n g  s u b f i e l d  A2. The desi red f l u i d  



i n l e t  temperatures f o r  subf ields A2 and A3 as a func t ion  o f  f l u i d  e x i t  tempera- 

tu res  f o r  subf ie lds  A1 and A2 a re  shown i n  Figure 3.2-3. 

The s t a t i c  performance ( f i e l d  e x i t  temperature i n t o  thermal storage) f o r  a range 

o f  s o l a r  f ac to rs  f o r  each s u b f i e l d  i s  shown i n  Figure 3.2-4. The r e s u l t s  shown 

on t h i s  f i g u r e  are  pess imis t ic  because qmax can be adjusted t o  take i n t o  account 

atmospheric condi t ions ( v i s i b i l i t y ,  humidity,  e tc . )  so as t o  keep the  s o l a r  

f a c t o r s  h igher  . 

PROCESS AND INSTRUMENTATION DIAGRAI.1 

Drawing 102E118 (Volume 111) diagrams. the so la r  c o l  l e c t o r  subsystem instrumenta- 

t i o n  and cont ro ls  as requ i red  to :  

Monitor the o i l  f l o w  r a t e  and temperature, and cont ro l  the f l ow  
r a t e  and f l ow  path through the subsystem 

Monitor t he  o i l  temperature i n  each s u b f i e l d  , 

Monitor each c o l l e c t o r  group's p o s i t i o n  

Control each c o l l e c t o r  group's p o s i t i o n  

Monitor the  o i l  f l o w  through each s t r i n g  

Monitor and con t ro l  the  a u x i l i a r y  heater 

The inst rumentat ion and con t ro l  system a1 so i n c l  udes in format ional  data co l  1 ec- 

t i o n  and mal funct ion monitor ing. 

3.2.4.2 DESCRIPTION OF COMPONENTS 

SOLAR COLLECTOR 

The s o l a r  c o l l e c t o r  module consis ts  o f  a r e f l e c t i n g  surface t h a t ,  r e f l e c t s  

inc ident '  rays f rom the  sun onto a 1 inear  ,receiver.  The ref1 ec to r  i s  a trough 

w i t h  a parabol ic  cross sect ion. The l i n e a r  rece iver  i s  loca ted  along the . foca1 

l i n e  o f  the  r e f l e c t i n g  surface. Su i tab le  s t ruc tures  mainta in the 'parabol i 'c  

cross sec t i on  o f  the r e f l e c t i n g s u r f a c e  and mainta in the l i n e a r  rece iver  a t  the 

focal 1 ine. ~ e a n s  a r e  a l so  provided f o r  support ing the r e f l e c t o r  so ' t h a t  the 

l i n e a r  rece iver  i s  ho r i zon ta l  and so t h a t  the r e f l e c t o r l r e c e i v e r  s t ruc tu re  can 

be r o t a t e d  to. keep the  image o f  the  sun always .on the  receiver .  The d r i ven  ". 
. .  . ' 



Subf ie lds 2 and 3' - .  

Subf ields 1 and 2 

. . 

1 .  . . 

. . '  
. . 
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EFFECT OF SOLAR FACTORS 
ON 

FIELD EXIT TEMPERATURE 

SUB. FIELD 3 SOLAR FACTOR (F(3)) 

. .  . 
. . . . ~ i ~ u r e  . . .  3.2-4. . E f f e c t  o f  ~ d l a i   actors on  F i e l d  E x i t  Temperature 
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mechanisms prov ide f o r  r o t a t i o n  o f  the r e f  l ec to r / rece i ve r  a t  ra tes  cons is ten t  

w i t h  t rack ing  the sun. Special p rov is ions  inc lude rap id  o r  nominal r o t a t i o n  

t o  the  stowed ( face  down) cond i t i on  and automatic defocusing f o r  cond i t ions  

which threaten rece iver  tube overheating. 

AUXILIARY OIL HEATER . 

The o i l  heater consis ts  o f  a  forced d r a f t  burner, f l u i d  heat ing o i l ,  f l u i d  

c i r c u l a t i n g  pump, motor con t ro l  center, combustion chamber, heat t r a n s f e r  

surfaces, f l u e  gas stack, va lv ing,  instrumentat ion, cont ro ls  and a  l o c a l  con t ro l  

panel. The con t ro l  system provides f o r  an automatic s ta r tup  w i t h  proper sequenc- 

i ng and safeguards. Several design conf igurat ions ex i s t ,  b u t  most incorporate 

rad ian t  and convective heat  t r a n s f e r  wh i l e  some use on ly  convect ive t rans fe r .  

Use o f  .a c i r c u l a t i n g  pump provides b e t t e r  con t ro l  o f  f i l m  temperatures. Forced 

d r a f t  combustion i s  safer,  thermal ly  more e f f i c i e n t ,  and easier  t o  con t ro l  over 

a  wide turndown range. I n  the s i ze  range required, a  s k i d  mounted uacl:aqe i s  
ava i lab le .  

The instrument and con t ro l  1  i s t  i s  g iven i n  sec t ion .  3.6 (Table 3.6-5). 

The f u e l  o i l  supply system consis ts  o f ' .a  f u e l  o i l  bur ied  storage tank, o i l  

c i r c u l a t i n g  pump and motor cont ro l  system. The f u e l  o i l  system i s  actuated 

by an external  s ignal  (manual o r  automatic) t o  the motor cont ro l  system. The 

f u e l  o i l  pump c i r c u l a t e s  No. 2 f ue l  oi.1 through a  p ip ing  loop where the 

a u x i l i a r y  o i l  heater  burner may draw fue l  f o r  f i r i n g  the heater.  

P I P I N G  AND VALVES 
. . 

P ip ing conveys the heat t rans fe r  f l u i d  from and t o  appropr iate loca t ions  i n  

the c i r c u i t .  This p ip ing  must prov ide leak-proof  paths and be capable o f  

hand1 i n g  wide va r ia t i ons  i n  f l u i d  temperatures through a  d a i l y '  operat ing cyc le  

as we l l  as urov id inq  f o r  t he  i n i t i a l  s ta r tuo  tem~era tu re  and associated t ran-  
s ien ts .  The design must accommodate the  316°C (600°F) maximum bulk. temperature 

a s  we1 1  as the d a i l y  temperature va r ia t i ons .  The purpose o f  the valves i s  t o  

perform various du t ies  o f  cont ro l ,  draining,. venting, sa fe ty  and i s o l a t i o n  w i . th in  

the associated loops i n  the system. 



SOLAR COLLECTOR SUBSYSTEM INSTRUMENTATION AND CONTROL COMPONENT DE'!~CRIPTION 

The placement and funct ion o f .  the  inst rumentat ion and cont ro l  components a re  
presented i n  Sect ion 3.2.4.1 and :3;6. The cha rac te r i s t i cs  of i nd i v idua l  I t C  

elements a re  provided be1 ow: 

-. Flow Element Transmitter - These a r e  i n - l i n e  flange-mounted 
instruments w i t h  an output  o f  4 t o  20 MA. Types w i l l  be 
spec i f i ed  i n  Phase I V .  

Thermocouples - Thermocouples a re  grounded junc t i on  metal 
sheathed, and ceramic insulated.  The type w i l l  be spec i f i ed  
i n  Phase I V .  I n s t a l l a t i o n  w i l l  be i n t o  a welded in-p lace thermo- 
wel l ,  o r  direc.t  i n s e r t i o n  using e i t h e r  a compression f i t t i n g  o r  
gland, 

. e  Reference Junct ion - A Reference Junct ion w i l l  be provided a t  
the 1/0 f o r  a l l  thermocouple inputs.  

Control  Val ves 

. - Three-way d i v e r t o r .  valves, a i  r-opera t e a  us ing a solenoid 
p i l o t  va lve 

- . Pneumatic cont ro l  vaives w i t h  I / P  valve pos i t i one r  and p i l o t  
. . . val've , . . 

. . . . . . .  

- Pneumatically ac t i va ted  i s o l a t i o n  valve w i t h  solenoid p i l o t  
va lve , 

e Flow Switch - Paddle-type w i t h  adjustable 1 inkage and microswi tch  

e Co l lec to r  Pos i t i on  Sensors - An absolute p o s i t i o n  o p t i c a l  encoder 
p rov id ing  a 12-bi t p a r a l l e l  d i g i t a l  output  

HEAT TRANSFER FLUID 
.- ... . .. - . - - .. 

Sun 21 heat t r a n s f e r  o i l  w i l l  be used i n  the s o l a r ~ c o l l e c t o r  subsystem. Sun 21 

i s  s p e c i f i c a l  l y  designed f o r  use i n  closed c i . r cu la t i ng  systems w i t h  operat ing 

cond i t ions  up t s  316OC (600°F). The eva lua t ion  o f  t h i s  o i l  i s  presented i n  

Sect ion 5.5.4, " O i l  S t a b i l  i€y/Wandl ing/Tenperature Evaluat ion." 

standardized proper t ies.  f o r . u s e  . i n  p r o j e c t  analyses a re  provided i n  graphical 

' ' form i n  Figures 3.2-5 and 3..2-6; and i n  approximate func t iona l  ' form on 

Table 3.2-2. 
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Figure 3.2-5. Thermal Propert ies o f  Sun 21/25 Heat Transfer Oil 



TEMPERATURE ( O F )  

~ i g u r e  3.2-6. Viscosity o f  Sun 21 Versus 



a Spec i f i c  Heat: 

TABLE 3.2-2 

PROPERTIES OF. SUN 21 OIL 

a Enthalpy: 2  Btu H = 0.4322T = 0.00028333T (T) 
4 Btu a ~ h e r m a l  Conduct iv i ty :  k = 0.07810 - 0.2266 10- T (hr-ft-OF 1 

a Density:  

a Viscos i ty :  

--- 

Notes: . l .  ~emperature,-T, i n  OF 

2. V i scos i t y  r e l a t i o n s h i p  v a l i d  from 200" t o  700°F, others v a l i d  
from 100" t o  700°F. 

Tests a re  underway a t  Sandia Laboratory t o  con f i rm the  behavior o f  t h i s  heat 

t r a n s f e r  o i l .  Pre l  iminary resu l  t s  on temperature s t a b i l  i t y  a re  avai 1abl.e and 

a r e  repor ted  elsewhere, 

3.2; 5. : SOLAR COLLECTQR .SUBSYSTEM OPERATION 

I 3.2.5.1 NORMAL- OPERATION 

I SOLAR COLLECTORS 

A feed - foward  mode o f  c o n t r o l l i n g  the  f i e l d  mixed mean f l u i d  e x i t  temperature i s  

used. The f l o w  r a t e  i n t o  each s u b f i e l d  i s  c o n t r o l l e d  by f l ow  con t ro l  valves (FCV) 

based upon measured i n l e t  temperature and assuming maximum s o l a r  i nso la t i on .  

Flow from the pump i s  d i r e c t e d  i n t o  the  l a r g e s t  s u b f i e l d  ( A l ) ,  p a r t  o f  t h e  heated . , 

o i l  from s u b f i e l d  A1 i s  mixed w i t h  f low from the  pump and d i rec ted '  i n t o  t he  

in termediate s ized  s u b f i e l d  A2'; i n  t u r n  p a r t  of the  heated oi.1 from sub f i e ld  A2 

i s  mixed w i t h  o i l  from the  pump' and d i rec ted  i n t o  subf ie ld  A 3 ;  The po r t i ons  

of the o i l  remaining :from s u b f i e l d  A1 and A2 a r e  d i rec ted  i n t o '  the high' tempera- 

' t u r e  o i l  .storage if the o i l  temperature i s  g rea ter  than ,275 '~ (525'~).  (This. , ' . . , . . 
, , 

. . 

. . and >other  cond i t ions  d iscussed i n  t h i s  sec t ion  on operat ions a r e  s u b j e c t  t o  . ' .  

v a l i d a t i o n  i n  the f i n a l s y s t e m .  design process.) otherwise i t  i s  returned t o  t h e !  . . . '  . . 
. . . . . . 

. . 
. .  . . . .  . . . .  . . . .  . 
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suction side of the pump and recirculated. All of the o i l  flow ra te  from sub- 
f i e ld  A3 is either piped to the high temperature o i l  storage or recirculated, 

based on i t s  temperature. Two-speed Pumps (coveri.ng the total f ie ld flow rate  
range) are used to reduce pumping power. During periods of f ie ld flow rates of 
less  than 5 kg/s (40,000 1 b/hr) the pump will be running a t  i t s  low speed set t ing.  

. " 
I f  the insolation changes, the FCVs will change positions and adjust the flow 
ra te  through the f ie ld.  If the average FCV position becomes greater than 70%, 
the control will increase the pump speed to  i t s  h i g h  set t ing thereby forcing the 
FCV positions into the normal operating range. 

During normal operation, the conditions i n  the collector f ie ld  are as follows: 

r Collectors are  tracking the sun so as to  keep the 1 ine image 
of the s u n  focused on the receivers. . ' 

r Oil a t  158OC (316OF) i s  pumped from the cold tank to the col- 
lector f ie ld.  

,, - .  . -. - -.. - -  - .  - - 

r Oil a t  288OC (550"~) i s  discharged from the collector f ie ld .  

a The normal operating pressure for the o i l  i n  the collectors will 
be 1 ess than 690 kPa (1 00 ps i a )  . 

AUXILIARY OIL HEATER 
- - 

I The heater has been located i n  the oi l  system rather than i n  the steam system to 

provide a better "thermal " location, for experimental flexi b i  1 i ty. I t  i s  

recognized .that o i l  degradation and thermal losses'may be incurred i n  this  location, 
b u t  i t  i s  f e l t  that  i n  an experimental fac i l i ty ,  the operational benefits 

1 obtained outweigh these penal t ies .  In a s t r i c t l y  commercial application, a 

I boiler might be located i n  the wateristeam loop. The following are several of 

I the possible operating modes of the auxiliary o i l  heater: 

r Normal Operation 

The auxiliary o i l  heater will be used to supplement the solar 
collector f ie ld  to sat isfy the thermal loads. In this mode the 
heat transfer oi l  i s  supplied from the low temperature 158OC (316OF) 
o i l  storage tank, i s  heated i n  the auxiliary o i l  heater to 226OC 
(438OF) and piped to  the intermediate oil  temperature storage tank. 
After the t e s t  operational phase, this mode of operation of the - 
auxiliary o i l  heater i s  expected to be the only operational mode. 
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a High Temperature Operation 
. . 

O i l  i s  suppl ied from the  in termediate o i l  temperature 226°C 
(438OF) storage tank and i s  heated i n  the  a u x i l i a r y  heater t o  
288°C (550°F) and d i rec ted  t o  the  h igh  temperature o i l  storage 
tank. 

0 Thermal Condi t ion ing Operation , . 

The a u x i l i a r y  o i l  heater nay a l so  be u t i l i z e d  f o r  thermal condi- 
t i o n i n g . t o  mainta in the  temperature o f  the o i l  above a minimum ' 

temperature l e v e l  dur ing major maintenance o f  both the  s o l a r  
c o l l e c t o r  and power., conversion subsystem. 

I n  the above aperat ing modes;operation i s  continuous and automatic. Operating 
condf t ions ( o u t l e t  temperature and mode o f  operat ion) w i l l  be chosen by the 

operator i n  t he  main con t ro l  room. a l l  secondary cond i t ions  ( f low,  f i r i n g  rate,  - 

combustion a i r ,  e tc . )  w i l l  be automat ica l ly  cont ro l led .  Temperature i s  con t ro l  l e d  

by automatic adjustment o f  f l u i d  f low and f i r i n g  rates. Primary operat ing para- 

meters w i l l  be constant ly  ava i l ab le  t o  t h e  operator  v i a  d isp lay  devices ( t o  be 

chosen).. Secondary operat ing parameters w i l l  be t ransmit ted and s tored by the 

computer. Unless abnormal cond i t ions  o r  upsets occur, the operator w i l i  n o t  

be requi red t o  c lose l y  monitor the  heater operat ion. 

3.2.5.2 STARTUP AND SHUTDOWN 

For the  SCS t o  operate proper ly  the  fo l l ow ing  condi t ions must be s a t i s f i e d :  

D i r e c t  compon n t  o f  normal i n s o l a t i o n m u s t  b e a t  l e a s t  158 W/m I 
2 

(50 B t u / h r - f t  ) .  

3 3 e A t  l e a s t  57 m (2000 f t  ) of  o i l  must be ava i l ab le  i n  the 
thermal storage subsystem for  t r a n s f e r  t o  the SCS. 

e The wind speed must- be 1 ess than 15 m/s (35 mph) f o r  s o l a r  
'col 1 ec tor  operation. 

e The inst rumentat ion and con t ro l  system must be a v a i l a b l e  

E l e c t r i c a l  power. must be a v a i l a b l e  f o r  the low temperature o i l  ' .  

~' 

pumps and the d r i v e .  ( t racke r )  sys tem. 

3 3 e There must be a t  l e a s t  68 m -(2400 f t  ) thermal ~ t o r a ~ e a v a ' i l a b l e  
f o r  288°C (550°F) o i l .  . . . .  . . . . . . 

' !; 
. . ' 3  

' r ' For a u x i l  i a r y  heater operat ion there must be a t  l e a s t  0.3 m 
. . .  

. (10 b t 3 )  o f  f o s s i l  f ue l  ava i lab le .  . . .  . . .  



SOLAR COLLECTORS 

Star tup 

S t a r t  pump ( i n i t i a t e s  o i l  c i r c u l a t i o n )  and b r i n g  t o  low f l ow  
se t t i ng .  O i l  w i l l  f l o w  from the  low temperature o i l  storage 
tank, through the  c o l l  ec to r  f i e l d  and back t o  the low temper- 
a tu re  tank. 

Deploy c o l l e c t o r  groups t o  sun-tracking pos i t ion .  

When the c o l l  ec to r  f i e l d  o u t l  e t  temperature reaches 226°C 
'(438OF), sw i tch  output  o f  the  f i e l d  t o  the  intermediate temper- 
a tu re  o i l :  tank. 

When the  c o l l  ec tor  f i e l d  o u t l  e t  temperature reaches 274°C (525'F) 
swi tch ou tput  of the f i e l d  t o  the  h igh temperature o i l  storage 
tank and open valve so t h a t  r e c i r c u l a t i o n  f low may be u t i l i z e d .  

When any o f  the s u b f i e l d  FCVs open beyond 701, b r i n g  f l ow  t o  h igh  
f l ow  se t t i ng .  

Shutdown 

When the  s o l a r  i n s o l a t i o n  drops t o  a l e v e l  where the FCVs 
average p o s i t i o n  i s  less than 30% (low-speed f l ow  s e t t i n g ) ,  
c lose valve so t h a t  r e c i r c u l a t i o n  flow i s  n o t  possib le and 
d i v e r t  the  c o l l e c t o r  f i e l d  flow t o  the  in termediate o i l  
storage tank. 

When the  s o l a r  i n s o l a t i o n  drops t o  a l e v e l  where the f i e l d  e x i t  
temperature i s  l ess  than 226°C (438"F), d i v e r t  the c o l l e c t o r  
f i e l d  flow t o  the low temperature o i l  storage tank. 

When the  f i e l  d  o u t l  e t  temperature drops below 158°C (31 6"F), 
stow the f i e l d  co l l ec to rs  and shut  the  pump down. : 

AUXILIARY OIL HEATER 

The heater i s  l i k e l y  t o  be operated over a wide v a r i e t y  o f  i n l e t  temperatures. 

The necessary cond i t ions  fo r  operat ion i n c l  ude s u f f i c i e n t  f u e l  and c o r r e c t l y  

f unc t i on ing  e l e c t r i c a l ,  mechanical and con t ro l  in te r faces .  The heater w i l l  

genera l l y  be s t a r t e d  from a "cold" cond i t ion .  By cur ren t  plans, sub jec t  t o  
conf irmation, i t  w i l l  no t  be kept i n -  a "warm" standby condi t ion.  . . 



0 - Startue 

Star tup  i s  a  mixture o f  manual and automatic events: 

- Se lec t  o u t l e t  temperatures by ad jus t i ng  temperature c o n t r o l l e r  
se tpo i  n  t 

- Select  ope ia t i ng  mode. by  p lac ing  se lec tor  mode i n  desi red 
posi  t i o n  

- S t a r t  No. 2 fue l  o i l  c i r c u l a t i n g  pump by p lac ing  cont ro l  
switch i n  automatic p o s i t i o n  and pushing s t a r t  bu t ton  

- I f  in, independent mode, s t a r t  c o l l e c t o r  feed pump ( i f  i n  
p a r a l l e l  modes t h i s  pump i s  a1 ready running) 

-. S t a r t  heater  c i  r c u l  a t i n g  pump 

- L ine  up thermal storage system valves f o r  des i red ' f l ow  and 
es tab1 i sh f lows 

- S t a r t  the heater  by pressing "star tup"  button. This w i l l  
begin an automatic, sequenced s tar t -up  culminat ing i n  the 
desired operat ing ra te .  

Shutdown 

Line up the thermal storage subsystem valves f o r  the desi red 
flow. Push the heater "shutdown" bu t ton  This w i l l  automa- 
t i c a l l y  remove the heater  from the o i l  f low c i r c u i t  and shut  
down the heater  i n  the proper sequence w i t h  proper time i n t e r -  
vals. A l l  heater  equipment, i nc lud ing  the c i r c u l a t i n g  pump, 
w i l l ' b e  .shut down. 

Stow Mode 
. . 

The col1ecto.r ' w i l l  be stowed i n  an i nve r ted  :posi t ion.  Stowage . . 

wi.11.. take: . pl-ace . automat ica l ly  under the f o l  lowing condit ions: 

- So lar  i n s o l a t i o n  i n s u f f i c i e n t  t o  keep the o u t l e t  temperature 
of the c o l l e c t o r  f i e l d  a t  o r  above 158°C (316°F) 

- Wind speed greater  than 18 m/s (40 mph) 

Stowage w i l l  l i kew ise  take place fo r  o the r  condi t ions judged by 
operat ing personnel t o  represent a  th rea t  o f  s i g n i f i c a n t  damage 
t o  the co l l ec to rs .  



Loss o f  Flow 

I n  the case o f  l oss  of heat t ransfer  f l u i d  f low through the . ( I .  . 
receivers, the s o l a r  col lec ' tors w i l l  automat ical ly  de-steer s'o 
as t o  remove the image of the sun from the receivers . i n  a time .. '  

per iod less than one minute. 

Loss o f  Power 

I n  the case o f  loss  o f  primary p l a n t  power, the c o l l e c t o r  group 
w i l l '  de-steer automat ical ly  so as t o  remove the image o f  the 
sun from the receivers i n  a time pe r iod  of l ess  than one minute. 

AUXILIARY OIL. HEATER' 

Shutdown of any r o t a t i n g  equipment ( f u e l  o i l  pump, c i r c u l a t i n g  pump, TSS pump, 

o r  forced d ra f t  f a n )  w i l l  shut down the-heater. While the heater cdn susta in 

such shutdown, i t  i s  r e l a t i v e l y  hard on the combustion area t o  do so. I n  most 
cases., the c i  r cu l  a t i n g  pump w i l l  continue operat ing t o  minimize these problems. 

. . 

A nunber o f  sa fe ty  in- ter locks (e.g., flame safeguard) w i l l  a lso cause the .- - - - - - - - . .- . . - . . --- -. - - . - .- - . - - - -. - - - - . . . . . . . . . . . 

heater  t o  sh'ut down. 

3.2.6 SOLAR COLLECTOR SUBSYSTEM INTERFACES 

3.2.6.1 SUBSYSTEM INTERFACES 

The SCS in ter faces mechanically and hydraul i cal  l y  w i t h  the thermal ,'storage sub- 

system (TSS) and e l e c t r i c a l  l y  in ter faces w i t h  the c o n t y l  subsys tern. The SCS 
I & C  in ter faces w i t h  o the r  subsystems only through the computer. 

I . .  

THERMAL STORAGE SUBSYSTEM 

The points o f  i n te r face  w i t h  the thermal storage subsystem a*: 

O i l  l i n e  a t  the c o l l e c t o r  f i e l d  i n l e t  header 

O i l  l i n e  a t  the col lector :  f ie1.d o u t l e t  header . . 

O i l  r e c i r c u l a t i o n  l i n e  a t  c o l l e c t o r  r e c i r c u l a t i o n  header 

. O i l  l i n e .  i n l e t  t o  a u i t i 1 i a . r ~  o i l  heater ' a t  : f i r s t  .connection t o .  heater ' :.. 1 
. , . . 

O i l  1 i n e  re turn  from a u x i l i a r y  o i l  heater a t  first connection ti 
heater  . .  . 

. . . . 



Table 3.2-3 l i s t s  the range of normal scs operat ion; these condi t ions de f ine  

~ the expected ranqes o f  t h e m h y d r a u l i c  parameters a t  the i n t e r f a c e  w i t h  the 

I thermal storage subsys ten. ; 

TABLE 3.2-3 

INTERFACE CONDITIONS BETWEEN SOLAR COLLECTOR SUBSYSTEM 
AND THERMAL STORAGE: SUBSYSTEM 

Reci r c u l a t -  
Pum F i e l d  t i o n  I n  t o  

Peak Inso la t i on  

- Peak Flow 

Nominal ' -  

M i  n i mum 

- .  -- 
Flaw ~ a t e  Temp. AP Flow Rate Temp. Storage Temp. 

( l b /h r )  (OF) (ps ia)  ( Ib /hr)  (OF) ( l b / h r )  (-OF) - 

INSTRUMENTATION AND CONTROL SYSTEM 

The SCS w i l l  provide t o  the cont ro l  system: 

a Angular p o s i t i o n  o f  each c o l l e c t o r  group (168 groups) 

a Temperature s igna ls  f r o m  107 sensors 

e Signals ' f r o m  78 f low switches 

a Flow measurements s ignals from 12 sensors and the p o s i t i o n  o f  
each FCV (1  3) 

The con t ro l  s y s t e m w i l l  prov ide t o  SCS: . 

Demand d r i v e  pos i t i ons  . ? ,  . . , 1 

0 Demand d r i v e  pos i t i ons  , t o  any ( o r  a l l )  n u h e r  o f  groups f o r  the 
- de-steerandstowoperation 

. . 

a A. p o s i t i o n  demand for' each FCV . . 
, . -. ' .  . . 
. .  . 
. . m A p o s i t i o n  demand fo r  each i s o l a t i o n .  valve . a f f e c t i n g  mode o f  

' . . ope ra t i on  : 

Set p o i n t  and h igh  and low l i m i t s ,  where necessary, f o r  measure- 
ment instruments 



Addi t ional  information regarding the in ter face w i t h  I & C  i s  provided i n :  
, * 

, . The Process and Instrumentation Diagram ( F i g u p  3.2-5) 

8 The Block Diagram. (Figufe, 3.2-8) 

The Measurement Requirements L i s t  ( tabulated i n  Section 3.6): 

Section 3.2.7, SCS Instrumentation and Control Descript ion 

AUXILIARY SYSTEMS 
. .  . . . 

E l ec t r i ca l  power i s  requi k d  fo r  SCS operation and the power requirements are 
defined i n  Section 3.2.6.3. 

,, . . 

Speci a1 t reated water w i  11 be requi red f o r  per iod i  c washing o f  the co l lec tors ,  

as described i n  Section 3.2.8.1. Major quant i t ies  o f  m i l d  water and probably .. 

deionized water w i l l  be needed. The source o f  t h i s  water i s  no t  y e t  defined 

and may be provided f r o m  an on-site o r  o f f - s i t e  supply system. 

3.2.6.2 MECHANICAL/HYDRAULIC INTERFACES 

The p ip ing  and connecti,ons bebeen ' the S& and thd '~he'nnal, srdragi ~ u b s ~ s ' l & ~ ~  

as wel l  as among .components w i t h i n  the SCS have been described i n  Sec: 

t ions 3.2.6.1:and 3.2.4.2. 

I 3.2.6.3 ELECTRICAL POWER INTERFACES 

I 
I E l ec t r i ca l  power i s  required t o  aim, stow and (depending on the selected 
I col  l e c t o r  design) defocus the col  lectors.  The t o t a l  power requi red t o  operate 

I 
the d r i ve  motors associated w i t h  the so l a r  co l lec tors  i s  estimated t o  be 

1 15.6 kW a t  480 vo l ts  ac. This represents a peak requirement ( a l l  groups stow- 

ing) ;. ;the average e q u i ~ l g e n t  w i l l  ,.be about 10 o f  the.  peak value. 
I - 

~ , .  . , .  
' ,  he t o t a l  e ' i e c t r i c  power required t o  operate the o i l - f i r e d  heater and fue l  

. . . .  . -  
supply. blower, pump, motors, contro l  and heaters i s  estimated .to be.11.4 kW a t  

; 2201440 k'l t s  ac. The. heater w i  1 1 p r 6 ~ i  de to the contro l  subsystem the . ' 

. . 

. . . . .  . . 
. . 

. . .  . . 
. . . .  . 



. .. ? ! , :  - 
angular position of each FCV ( 2 ) .  the open/closed position of each isola t ion 

e . .  .'. ' 

valve, and a temperature signal from f ive  senidis.  The conti01 subsystem' 
wi l l  provide on/off signals t o  the motor controi centers  or M e  pump and 
'blower drive mtp r s .  Each FCV and.each ' i sola t ion valve wi l l  .require a posi- 
tion from the control subsystem. 

. . 

3.2.7 INSTRUMENTATION AND CONTROL ., ,j .. 
.. ( 

There are t ~ o  basic control functions associated w i t h  the so l a r  col lector  . a 

.. + 

f i e ld :  
~. 

a Position the collectors t o  follow the sun ( a l so  de-steer o r  stow 
under appropriate conditions) . , . .. . ,, .',.: , : . . 

. .  . , . . -  I t ' . .  : . 

a Control. the flow rates,  flow. paths and subfield i n l e t ,  and ou t l e t  . l . <  

temperatures 
." . . . . .  . 

Justrumentation i n  the f i e l d  i s  provided to support these control functions, 
to detect possible over-temperature conditions, t o  allow operation monitoring 
and to co l lec t  experimental data. In mart ,cases, the ins ta l l ed  instrumentation 
ful f i  11 s several of these purposes. 

. .  . 

COLLECTOR POSITIONING 

Control of col lector  positioning i s  di  rected by a microcomputer located i n  the 
col lector  f ie ld .  The required functions of th i s  control ler  are as follows:, .. 

. . 

a Required Functions ., , .. . .. , , ' .  
,. . 

3 .  

. .  . 

- Position the collectors.' to  follow the sun 

- Provide a de-steering function . . .  t o  overheating , ,  ? 

. . . .  . . - .  .", 
- ' Provide automatic stowing ( a t  night, . l n  periods of extended . . 

low insolation and fo r  adve'i-se weather conditions) 

- Provide information to  the operator to  monitor operation 

- Provi.de information fo r  da.ta collection . \ . ,  

, . .  _ . . . .  .. : ^ _  . ,  , ,  - .  
The col lector  positioning control ler  operates 'as follows: F i r s t ,  a desired ...;. 

position is determined. This i s  developed in the microcomputer e i t h e r  by 



computing a pointing angle from time and date information provi.ded by the 
central computer, or by receiving commands to  stow, de-steer or  point i n  

another cxtbrnal ly specified direction. Subsequently,. the current posi t i  oo 
0 f . a  collector group is determined by decoding the output of a position 
encoder mounted on the collector grbup.  The encoder will provide a grey. code 
signal of approximately 12 digital  b i t s  . . to  represent the collector position. 
The number of bi ts  i.s dependent upon ' the point accuracy requi red by the 
selected solar collector. ~ i n a l  ly , 'based upon the difference between the 
desired and measured positions, signals a're sent to the collector group drive 
motor to e i ther  go forward or reverse o r  stop. 

Ordinarily, no data are sent to the central computer for  operational purposes. 
Periodic data reports are transmitted for  data logging.. Malfunctions detected 
by the. positioning controller are comnunicated to the central controller. 

FLOW AND TEfPERATURE CONTROLLER 
, , - . - .. , , -. . . . . - . . . . . - . . . . . .. . . . - - -. . - . . - - - . . . . . - . . . . - . . . . . . - .. . . -. - . - . - - . .. - - . -. .. . . . . . -. . . . . .- . . . -. - - - . -. . . . - - - - - - . . .- . . . - . - - - - - 
The objective of the flow and temperature controller i s  to produce a f ie ld  
ex i t  temperature i n  the desired range from the collect& f ie ld  while ensuring 
that  the fluid temperature i n  the c.ollector does not become excessive. 

. . 

The controller conditions the subfield flow and in l e t  temperature to sat isfy 
two objectives: Firs t ,  based upon the existing in l e t  temperature, a flow rate 
i s  -established that would result  i n  acceptable subfiel d out let  temperatures i f  
the insolation were a t  the .maximum attainable. .Second, the subfield in le t  
temperature i s  raised to the maximum value for  which the f i r s t  objective i s  
not violated (with too high an in l e t  temperature, the demanded flow may be 
greater than the avai,lable flow). In addition, the controller determines the 
disposition of subfield outlet  flow that i s  removed from the main flow path. 

This flow can be routed to  the h i g h  tempe'rature storage tank or recirculated,. 
depending upon i t s  temperature. 

The flow and temperature controller i s  contained in ,a microcomputer i n  the 
field. The controller sense's f ie ld  flow rates, temperatures and control valve 
positions. Based upon this information, adjustments are made to  valve posi- 
tions i n  order to  sa t i s fy  the above cr i te r ia .  



SUPERVI SORY SAFETY SYSTEM ' 

An auxi 1 i a r y  func t ion  associated w i t h  the  c o l l e c t o r  f i e l d ,  i s  a supervisory 

sa fe ty  system. This system observes the o u t l e t  temperature of  each c o l l e c t o r  

s t r i ng .  I f  excessive temperatures are sensed, a s igna l  i s  sent  t o  the p o s i t i o n  

c o n t r o l l e r  to ad jus t  the p o s i t i o n  o f  the c o l l e c t o r  groups i n  t h a t  s t r i n g  t o  a 

de-steer p o s i t i o n  where the heat i n p u t  t o  the c o l l e c t o r  i s  reduced, a l low ing 

the temperature t o  drop t o  acceptable leve ls .  Loss o f  f low t o  a c o l l e c t o r  

s t r i n g  i s  detected by a low f low swi tch t h a t  a lso i n i t i b t e s  a de-steer c o m n d  

f o r  the a f fec ted  s t r i n g .  

MEASUREMENTS . , 
4 . .  . . , 

Most of the measurements t h a t  are made i n  the col l e c t o r  f i e l d  were discussed 
. 

as p a r t  o f  the discussion o f  the contro ls .  Several o ther  measurements, such 
as subf ie ld  o u t l e t  temperatures and t o t a l  f i e l d  o u t l e t  temperatures, are made 

f o r  in format ion and evaluat ion o f  system operation. A few measurements, such 
as temperatures along a few s t r i n g s  and e x t r a  flowmeters, are made t o  a s s i s t  

i n  engineering eval'uation. The Measurements Requi rements L i s t  (MRL) (Sec- 

t i o n  3.6.6.1 ) out1 ines these, ex t ra  measurements. 

3.2.7.2 BLOCK DIAGRAM 

The block diagram o f  the so la r  .co l lec tor  f i e l d . c o n t r o l s  i s  shown i n  Drawing No. 

102~118 (Volume 111). This shows the f low o f  measurements and commands between 

the c o l l e c t o r  f i e l d  and the  con t ro l l e rs .  
,. . . 

3.2.8 MAINTENANCE 

Maintenance considerat ions f o r  the  s o l a r . s o ~ l l e c t o r  subsystem inc lude as a 

minimum, the fo l l ow ing  items:. . .  . . . 

I Maintenance schedule. 

e Estimated repa i rs  

Personnel cequi rements 

e Parts inventory 



Materials 

Speci a1 maintenance equipment and faci 1 i t i e s  

Maintenance effor ts  for the solar  collector subsystem are performed mainly 
. during the overnight shutdown of the collectors in order to minimize inter- 

ference with the solar  collection. Accordingly, maintenance manpower i s  
heaviest during the overnight period. 

. . 

3.2.8.1 SOLAR COLLECTOR . .  . 

The f ie ld maintenance of the solar  co1,lector subsystem includes periodic 
calibration and 1 ubrication of the drive asserrbl ies and the washing of the 
mirrors. When the collectors are non-operable, the units will. be stowed in a 
down position to lessen the material degradation of the assenblies.. I t  i s  
estimated that the collector mirrors will require cleaning using a mi ld  water1 
detergent mix and rinsing w i t h  demineralized water. The source of the water 
for  cleaning and rinsing opelrations i s  not yet defined. Cleaning of the mirrors 
and receivers i s  planned for  three-week intervals. Routine visual inspection 
of the subsystem i s  c0nducte.d daily. Calibration and lubrication of drive conk 

ponents are conducted every m o n t h . ,  The maintenance estimates are given .in 
Table 3.2-4. 

3.2.8.2 ~ U X I L I ~ Y  O I L  HEATER 

The following preventative maintenance activity i s  expected to occur on a 
periodic basis: , I  

Lubrication o f  moving parts 

0 Checking of operating f ide l i ty  and accuracy of readings of 
safety controls and temperature limit controls. Adjusting as 
necessary 

Inspection of .  heater tubes, burner, .refractory 1 inirigs 

0 Periodic inspection of heater surfaces 

e Inspection of water cooling a t  the circulating pump 



TABLE 3.2-4 

MAINTENANCE ESTIMATES - SOLAR COLLECTORS 

Estimates f o r  Annual Maintenance Labor Per Group 
(720-f t2 - 12 Modules) 

~ o l  l e c t o r  Surface Washing 

Monthly Inspection, Lube & Adjust  Dr ive  

Dai l y  Visual I nspec t i  on 

Unscheduled Mechanical o r  E l e c t r i c a l  

- Repai r/Touchup Pa in t  

blajor Overhaul o f :  

- Re f l ec to r  

. - ~ e c e i v e r  

T i  me 

60 min. 

10 min. 

0.6 min. 

'2 hours 

1.5 hours 

24'hours 

Number 
Per Year. 

. . 

17 

0.1 
(once 
e ve ry 

10 years) 

Annual 
Mai ntenance 

Labor 

17 hours 

2 hours 

3.5 hours 

2 hours 

0.8 hou.rs 

2.4 hours 

- Motor 
. . - ~ e a r i n g s  

- Chain and Sprockets 

- I n s u l a t i o n  

TOTAL FOR EACH GROUP 

TOTAL FOR FIELD (168 GROUPS) 

Estimated Rep1 acement Par ts  Cost Per Group 
( 720-f t2) Per 10-Year Per iod 

Par ts  

Recei ver  Tube Assembly 

Motor 

Bearings 

Chain and Sprockets 

I n s u l a t i o n  

Miscellaneous (Nuts, Bo l ts ,  e tc . )  

F lex Hose, F i t t i n g s ,  e tc .  

TOTAL FOR EACH GROUP 

TOTAL FOR FIELD (168 GROUPS) 

Cost (Do l l a r s )  

$ 75 
* '  75 

'' 25 

30 

2 3 

' 10 

100 

27.7 hours 

3225 hours 



Repacking of s tuff ing boxes (according t o  manufacturers' 
specif icat ions) 

a Checking of forced d ra f t  fan drive b e l t  tension 

Curative maintenance w i  11 primarily concern moving parts  rep1 acement (especial ly 
the pump mechanical s e a l ) ,  at tention t o  insulat ion,  and elimination of leaks. I f  
a malfunction occurs i n  the system, decoking the inside of tubes o r  soot  blowing 
the outside may be required. However, these are unlikely. Overall maintenance 
of the heater is  expected to ,  require an average of one man-day per month. 

3.2.8.3 PIPING, VALVES AND FITTINGS 

A properly control led construction process w i  1'1 lead to minimum maintenance 
requi rements f o r  these flow control and ducting components. 

Mai-ntenance .p,ractice. wi l l  para1 l e l  t ha t  followed i n  the Thermal Storage Subsyste'm' 
and described i n  Section 3.3.8.3. The uni'que p i p i n g  component that  may be pre- 
sent  i n  t h e  SCS i s  f l ex ib le  hoses between the solar  col lec tor  s t r ings  and the 
manifoiding. I f  the col lec tor  procurement leads t o  the selection of a co l l ec to r  
w i t h  a f lexible  connection requi  rement, col lec tor  supplier  maintenance recomnend- 
at ions w i  11 be implemented. It. can be expected tha t  the f lexible  hose wi l l  
requi re special at tention dur ing  p i  p i n g  inspections andriperiodi c *placement 
(approximately 10-year cycle estimated). 

3.2.8.4 INSTRUMENTATION AND CONTROL' 

A1 1 instrumentation and control equipment, including cabling, connectors, capi l -  
lary l ines ,  e tc .  , will  be subject  to a .preventative maintenance program. The 
preventative maintenance program iden t i f i e s  schedules f o r  performing visual 
inspections ( typical  ly every s i x  months), and fo r  performing routine maintenance 
(annually). The l a t t e r  q z r a t i o n  can be extensive and may be staggered over 
the course of the year. A manual ( s )  maintained a t  the f a c i l i t y  will provi'de 
maintenance procedures and instructions fo r  such operations as: equipment d is -  

assembly and component inspection; troubleshooting; repair ;  parts  replacement 



schedules .(e. g., "0" r ings)  ; ca l  l b r a t i o n  tes t ing ;  and i n s t a l  l a t i o n  and. check- 

o u t .  Sect ion 3.6.8 provides a more complete discussion o f  I & C  maintenance 

. pro ject ions;  

3.2.9 SPECIAL FEATURES AND PRECAUTIONS . 

3.2.9.1 HEALTH AND SAFETY CONSIDERAT IONS 

SOLAR REFLECTANCE HAZARDS 

Several d i  f f e r e n t  hazardous condi t ions coul d resul  t from the  e f f e c t s  o f  concen- 

t r a t e d  s o l a r  i n s o l a t i o n  o r  re f lec tance from the parabol i c  trough-type c o l l e c t o r  

modules i n  the c o l l e c t o r  subsystem. A severe eye hazard e x i s t s  f o r  those 

personnel whose eyes are look ing  a t ,  and happen t o  be loca ted near; the foca l  

p o i n t  o f  a c o l l e c t o r  dur ing periods o f  sunshine. I n  addi t ion,  a g la re  hazard 

may a lso e x i s t  when personnel are loca ted i n  o r  near the c o l l e c t o r  f i e l d .  A 

sk in  hazard (concentrated' sunburn) i s  a lso a considerat ion f o r  the design o f  

an SCS. 

Most of the above'.solar hazards are o f  concern p r i m a r i l y  t o  the construct ion,  

tes t ing ,  operat ing and maintenance 'personnel, and t o  the v i s i t o r s ,  au thor ized 

o r  unauthorized, t o  the LSE f a c i l i t y .  . Techniques t h a t  w i l l  *be used t o  .e l iminate,  
. . 

reduce the frequency o f ,  o r  m i t i g a t e  the s e v e r i t y  of, some o f  these p o t e n t i a l  

hazards include': the use of fencing t o  enclose the c o l l e c t o r  f i e l d ;  r e q u i r i n g  

eye pro tec t ion ,  p ro tec t i ve  c l o t h i n g  and/or gloves when working near the  
. . 

co l l ec to rs  ; proper i n s t r u c t i o n  o f  LSE personnel on the &hods t o  ' avoid. these 

hazards; proper,design o f  the i n s u l a t i o n  and suppor ts  a t  the end o f  the . receiver  

'tube; and the use o f  safety and warning devices and signs. 

OIL' HAZARDS '(SUN 21 ) 

A p a r a f f i n i c  o i l ,  Sunoco heat t r a n s f e r  o i l  No. 21, i s  the heat  c o l l e c t i n g  and 

t ranspor t  f l u i d  i n  the col l e c t o r  and thermal storage subsystems. Sun 21 has 

f l a s h  p o i n t  and f i r e  p o i n t  temperatures o f  ~ 2 2 7 ° F  (440°F) and 254°C (490°F), 

respect ive ly ,  wh i l e  i t s  auto- igni  t i o n  temperature i s  about 379°C (715°F). 

This mater ia l  meets the d e f i n i t i o n  o f  a Class 111-B l i q u i d  when cold. However, I 

since i t  i s  s to red and handled above the f l ash  point ,  re levant  s tandardsreq" i re  



' t reatment  as a Class. I l i q u i d  regarding e l e c t r i c a l  equipment design, and a . ,: 

C l a s i  I1  1 i q u i d  f o r  c i v i  1 s t ruc tu re  design purposes. The bulk  o f  t h e  heat : 

t rans fer  o i l  by f a r  i s  i n  the Thermal Storage Subsystem. A d e t a i l e d  discus- 

s ion  o f  the hea l th  and sa fe ty  imp l i ca t i ons  o f '  us ing the Sun 21 i s  presented 

fir the TSS i t s e l f ,  and f o r  the TSS po.rt ion o f  the s i t e  i n  Sections 3.3.9.1 . . 

and 3.8.4.2, respect ive ly .  O i l  leakage i n t o  an absorpt ive and w ick i  ng i n s u l a t i o n  

can l ead  t o  spontaneous, combustion. 

Three general types o f  e l  e c t r i  ca l  hazards have been i dent i  f i e d  fo r  consi dera- 

t ion .  F i r s t ,  an e l e c t r i c a l  'shock o r  burn hazard may be possib le i n  the SCS 

as b y  acci  dental contact  w i t h  exposed w i  r i n g  t o  e l e c t r i c a l  l y  d r i  ven components 
. . 

and from the power d i s t r i b u t i o n  subsystem. The second type o f  hazard i s  an 

e l e c t r i c a l  f i r e  hazard t h a t  could r e s u l t  i n  an i g n i t i o n  spark from the combus- 

t i o n  o f  leaky o i  1 o r  o i  1 vapors. The t h i r d  type o f  e l e c t r i c a l  hazard i s  a . 

poss ib le  cur ren t  surge t o  sens i t i ve  e lec t ron i c .  o r  e l e c t r i c a l  equipment. Such 

cu r ren t  surges might-  r e s u l t  from l i gh tn ing .  I n  l i g h t  o f  the extensive back- 

ground and experience i n  the e l e c t r i c a l  power generation f i e l d ,  p a r t i c u l a r l y  

by the Westinghouse team, the min imizat ion o r  e l  im ina t ion  o f  s i  gn'i f i  cant 

e l e c t r i c a l  hazards are expected t o  be competently accomplished. 

t4ECHAI.I I CAL HAZARDS 
- 

During t rack ing  operations, emergency defocus o r  normal stowing operat ions o f  
.. . 

the co l l ec to rs  ' f o r  the s o l a r  col  l e c t o r  subsystem, the parabol i c t.rough and/or 

the rece iver  tube assemblies are s e t  i n t o  motion, c rea t i ng  a po ten t i a l  mech- 

an ica l  hazard. Attendant w i t h  these t rack ing  and stowing operations are 1 imi  t 

switches t o  cont ro l  the maximum r o t a r y  motion o f  the c o l i e c t o n  and/or rece i ve r  

tube assenbl ies. Due t o  the low speed o f  the d r i v e  system (15°/min,ute.), no.. 

i n j u r y  i s  an t i c i pa ted  t o  opera t ing  o r  maintenance personnel o r  v i s i t o r s ,  . .  

author ized o r  unauthorized, t o  the SJE f a c i  1 i ty. 

Some components o f  the SCS can be damaged dur ing severe wind, ha i  1 o r  storm 

condit ions. Debris from t h i s  damage o r  des t ruc t ion  ( f o r  example, broken glass 

from the so la r  co l  l e c t o r s )  cons t i t u tes  a hea l th  and s a f e t . ~  considerat ion fo r  
personnel w i t h  access t o  the f i e l d .  



A nunber of methods will be u t i l  ized' to el iminate, mi  t i  gate' the severi ty .of, . ' 

o r  reduce the frequency . of ,  these potenti a1 hazardous condi ti.ons . These I ,  . . 

methods include:. t h e  implementation of cleanup procedures fo r  debris subsequent 
to hai ' l ,  wind o r  storm.conditions; and arrangement of actual working areas t o  

. . prevent access by the general public. 
. . 

5 . . . 
. . .  

. . 

Mechani cal hazards associ ated w i t h '  the auxi l iary  heater include rota t i n g  
equipment (fuel pump, c i rcula t ing pump, and fan) and various control 1 inkages, 
valves and dampers which may move and injure personnel , i f  proper maintenance 

. . procedures are  not followed.. 

Loss of flow- i n  the collectors can cause overheating of the Sun 21 011 in the. 
subsystem and s ignif icant  degradation i n  performance, offgassing, and charring 
of the o i l  may be possible. The auxil iary  o i l  , heater 1 i kewise carr ies  some, t h r ea t  
of overheating o'r o i l  leakage.. 

. . 

Several techniques will be used to eliminate o r  mitigate these malfun'ction. . .  . 
. . 

hazards. These include the use of selected redundancy in the temperature and 
flow controllers t o  i n su re  adequate flow to the col lector  f i e ld  subsystem; 
the proper design of an emergency defocus subsystem to iniure ' that  the collectors 
are e ' l ther s l i gh t l y  defocused o r  p u t  in to  a stowed condition when overheating 
is detected; and the adequate use . of . ex is t ing  standards fo r  the design of t h e  

1. C . . . 

oi l - f i  red heater. . . 

AIR .QUALITY EFFECTS 

Fuel and stack character is t ics  are requi r e d  to assess the potenti a1 impact of 
a new o r  modified f a c i l i t y  on a i r  quality. In t h i s  case, the auxil iary o i l  : 

heater wil l  use No. 2 residual o i l  and will  beoperational  f o r  only about 
2200 hours d u r i n g  t h e  year. . Emissions from the heater  f a l l  f a r  below the value 
s e t  .by the Envi ronmental, Protection Age'ncy as a new 'pol 1 ution source. . 

, .. C 

. . 
. . 

' . ,  

. . .. 
. n  . . ,  . . .  



LAND USE EFFECTS 

Approximately seven acres of land will be required for the SCS. ' However, there 
i s  no land use conflict, since the land has no p ~ s e n t  important use. The 
entire .area i s  owned by Fort Hood and no land purchase will be required. 



3.3 THERMAL STORAGE SUBSYSTEM 

The Thermal Storage Subsystem (TSS) , shown i.n Drawing A-21 19-1 001 (\lolume111), i s  an 

a1 1-1 i q u i d  sens ib l e  heat  s torage system t h a t  incorpora tes  t h ree  s torage 

vessels: a  high-temperature vessel t h a t  operates a t  a  nominal 2880C (550°F) 

l e v e l ,  an in te rmed ia te  temperature vessel t h a t  operates a t  a  nominal 226OC 

(4380F) l e v e l ,  and a  low temperature vessel t h a t  operates a t  a  nominal 1580C 

(316oF) l e v e l  . 
.. . , 

The TSS incorpora tes  two se ts  o f  redundant f l u i d  pumps t h a t  t he  f l u i d  

t r a n s f e r  t o  o the r  i n t e r f a c i n g  subsystems o r  components such as t he  s o l a r  C o l l e c t o r  

Subsystem ( i n c l u d i n g  t h e  Au;ii 1  i a r y  Heater) and  t he  Power Conversion Subsystem, 

and p rov ide  f o r  i n t e r n a l  (vessel  - to-vessel  ) t rans fe rs :  

A  n i t r o g e n  supply  system i s  incorporated i n t o  t h e  TSS t o  p rov ide  an i n e r t  

atmosphere w i t h i n  t he  vessel u l l a g e  spaces t o  prevent  storage f l u i d  o x i d a t i o n  

and t o  e l i m i n a t e  any p o t e n t i a l '  f o r  i g n i t i o n .  
L 

3.3.2 FUNCTION 

The TSS prov ides the  requ i red  " b u f f e r "  between t he  ~ v l a r  C o l l  e c t o r  Subsystem . . 
and t h e  Power Conversion Subsystem and incorporates components, f l u i d  t r a n s p o r t  

l i n e s  and c o n t r o l  l o g i c  s u i t a b l e  f o r  the  accommodation o f  t he  w ide ly  va ry i ng  

s o l a r  c o l l e c t i o n  c h a r a c t e r i s t i c s  a n t i c i p a t e d  f o r  t he  F o r t  Hood, Texas s i t e .  
b 

The TSS prov ides f o r  u t i l i z a t i o n  o f  t he  A u x i l i a r y  Heater i n  per iods o f  low 

s o l a r  i n s o l a t i o n  o r  in.' poss ib le  s i tu ,a t ions r e q u i r i n g  t h a t  t he  heat  t r a n s f e r  

f l u i d  ( thermal s torage f l u i d )  be "condi t ioned"  t o  p rov ide  acceptable tempera- 

t u r e  cond i t i ons  f o r  r equ i red  opera t ing  temperature l e v e l s  supp l ied  t o  t he  

Power Conversion Subsystem. There a re  a l s o  p rov i s i ons  incorpora ted  i n t o  the  

TSS p ip ing 'sys tem such t h a t  t he  s torage f l u i d  can be pumped between s torage 

vessels as requ i red  du r i ng  s ta r t - up  and normal operat ions.  

Dur ing sun1 i g h t  hours w i t h  normal' operat ions t h e  therma9 .s torage f l u i d  i s  

pumped by c e n t r i f u g a l  pumps e i t h e r  CP2460 o r '  CP2461 from 



the nominal ly 158°C (316°F) low temperature storage vessel (T2399) through the 

s o l a r  co l l ec to rs  where i t  i s ' h e a t e d  t o  a nominal 288°C (550°F) and returned t o  

h i  gh temperature storage vessel (T2199). The nominal 2 8 8 " ~  ' ( 5 5 0 0 ~ ) '  f l  u i  d i s  

then pumped from T2199 by e i t h e r  CP2560 o r  CP2561 through the  steam generator 

(Power Conversion Subsystem) t o  produce h igh pressure superheated steam and 

returned t o  the nominal 2260C (438oF) intermediate temperature vessel (T2299). 
5 .  

I n  the intermediate temperature operat ional  mode the storage f l u i d  i s  pumped 

fmm the intermediate temperature vessel: (T2299) (us ing e i t h e r  CP2560 o r  CP2561) 

through the steam generator (Power Conversion Subsystem) t o  produce low-pressure 

saturated steam and then returned a t  a nominal 158°C (316°F) t o  the low tempera- 

t u r e  storage vessel (T2399). The cyc le i s  then repeated on a d a i l y  basis  when- 

ever  su f f i c i en t  sun1 i g h t  i s  available:, 

During periods o f  essen t i a l l y  zero s o l a r  i nso la t i on ,  o r  on dqys when the s o l a r  

i n s o l a t i o n  i s  i n s u f f i c i e n t  t o  meet operat ional  requirements, and there i s  an 

experimental reason t o  do so, the nominal ly 158°C (316°F) f l u i d  i n  the low 

temperature vessel (T2399) can be pumped, e i t h e r  t o t a l l y  o r  i n  p a r a l l e l  w i t h  

the  s o l a r  co l l ec to rs ,  through the A u x i l i a r y  Heater where i t  w i l l  be heated t o  

a nominal 288°C (550°F) so as t o  provide f o r '  normal d a i l y  operat ions. 

Normally, however, when there i s  i n s u f f i c i e n t  inso la t ion ,  the f l u i d  i s  pumped 

from the low temperature storage vessel through the A u x i l i a r y  Heater and heated 

to, a nominal 226°C (438°F) and returned t o  the intermedi ate te'mperature vessel 
f o r  subsequent use t o  generate low pressure steam. 

During a c t i  ve operation, and dur ing periods o f  non-operational shutdown, an 

i n e r t  n i t rogen u l l age  i s  maintained i n  the storage vesie is  a t  a nominal over- 

pressure o f  4-inches of wate.r column to  .prevent storage f l u i d  ox ida t ion  o r  

i g n i t i o n .  

3.3.3 DESIGN REQUIREMENTS 

The design requirements fo r  the Thermal Storage Subsystem are as fo l lows:  



Provide f o r  a1 1-liquid sensible heat energy storage without 
future r e t r o f i t  w i t h  dual-media ( i .e . ,  o i l  

plus rock 

Accept heat t r ans fe r  f lu id  a t  316°C (600°F) maximum a t  a rnz.ximum 
ra te  of 51,360 kg/hr (113,160 Ibjhr)  

Discharge heat t rans fe r  f lu id  a t  temperatures u to 316°C (600°F) 
a t  a maximum rate  of 33,950 kg/hr (74,850 lb/hrr  

Discharge heat t ransfer  f l u id  a t  temperatures up t o  232°C (350°F) 
a t  a maximum rate  of 51,50'0 kg/hr (113,500 lb/hr) 

Store a maximum of 84,300 kg (185,850 lb )  of heat t ransfer  f lu id  
a t  a maximum temperature of 316"C.(600°F). 

Store a maximum of 318,850 kg (694,200 lb) of heat t ransfer  
f lu id  a t  a maximum temperature of 260°C (500°F) 

' 

Provide fo r  oxidation protection of the heat t r ans fe r  fl.uid 

Provide fo r  heat t ransfer  f l  u i  d maintenance and replenishment 

Provide fo r  removal of illow boiling" o i l  cracking products con- 
tainment fo r  disposal o r  by environmentally acceptable "flaring" 

Provide fo r  f lu id  discharge rates over a turndown range of 
three- to-one maximum 

Operate on demand continuously o r  f o r  intern: t t e n t  time periods 

Operate rel iably fo r  a 20-year service 1 i f e  

Design i n  accordance w i t h  .existing codes, standards and 
regulations . . 

Provide fo r  energy containment i n  accordance. w i  t h  economic/ 
operational c r i t e r i a  establ ished during system design 

Provide valving and 'valve-logic such t ha t  automatic and safe  
shutdown.wil1 occur in the event of system fa i lu re  (mo'des t o  be 
analyzed during detai l  design) o r  system power o r  pneumatic 
fa i  1 ure 

Provide piping and valving such that  i n i t i a l  s t a r tup  and daily 
operational s tar tup can be accomplished without introducing 
undesirable f lu id  temperature levels in to  designated storage 
vessels 

Provide vessels fo r  f lu id  storage at' three nominal temperature 
levels of 288°C. (550°F), 226°C (438°F) and 158°C (316°F) 



U t i l i z e  a commercial l y  avai lab,le petroleum o i l  (heat t r a n s f e r  
f l u i d )  , SUNOCO 21 o r  25, as 'the storage media 

Provide f o r  independent ,storage f l u i d  f low from the 288°C (550°F) 
vessel and from the 158°C (316°F) vessel w i t h  f low from the 226°C 
(438°F) vessel (us ing a common pumping system t o  the 288°C (550°F) 
vessel) occurr ing a t  times when f low from the 288°C (550°F) 
vessel i s  n o t  requi red 

0 Provide su i tab le  f i e 1  d devices such tha t ,  the instantaneous s ta tus  
of  the energy storage can be assessed and u t i l i z e d  i n  a cont ro l  
l o g i c  sequence 

3.3.4 THERMAL STORAGE SUBSYSTEM DESCRIPTION 

3.3.4.1. OVERALL SUBSYSTEM , . 

The TSS a t  the Prel iminary Design l e v e l .  i s  described by two essent ia l  drawings 

given. i n  Volume 111: 

Subsystem Flow . -. Diagram,. -.--. - Dwg.. No.. A-21 19-1002, sheets 1-3 

Subsystem Process and Instrumentat ion Diagram, Dwg. 
No. A-2119-1003, sheets 1-3 

FLOW DIAGRAM 

The Subsys tem Flow Diagram presents the p r i n c i p a l  p i  p ing  connections arrangement 

between major subsystem components ( the storage vessels , f l  u i  d pumps, n i t rogen 

system and condenser/f lare) and the i n t e r f a c i n g  subsystems and components. 

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

PERFORMANCE PARAMETERS 

Drawing A-2119-1002 includes the basic  subsystem diagram, and Drawing A-2119-1003 

presents the f l u i d  condi t ions e x i s t i n g  a t  the p r i n c i p a l  subsystem locat ions  

dur ing the  def ined Heating and Cool i n g  Season operat ing condi t ions.  

The ca lcu la t ions  t o  determine the f l u i d  condi t ions a t  the p r i n c i p a l  loca t ions  
were made using p r e l i m i n a r i l y  defined p ip ing  sizes and i n s u l a t i o n  thicknesses 

. . 
as described i n  Sect ion 3.3.4: Descr ip t ion  o f  Components. 



PROCESS AND INSTRUMENTATION DIAGRAM . , 

The TSS Process and Inst rumentat ion Diagram i s  presented i n  Drawing A-21 19-1003, 

Sheets 1, 2 and 3. The P&ID inc ludes a l l  components incorporated i n t o  the  

Thermal storage Subsystem pre l im inary  design. Sheets 1 and 2 inc lude the  t o t a l  

TSS P&ID diagram, and Sheet 3 provides 'the i n t e r p r e t a t i o n  d e t a i l s  f o r  the  

P&ID. 
, - 

.. . 
3.3.4.2 DESCRIPTION COMPONENTS 

STORAGE VESSELS 
. .. ' 

The requirements f o r  the  storage vessels f o r  the.TSS have been 'defined by an 

evo lu t ionary  process o f  o v e r a l l  STES requirements ,' economic consi'derations'-;* 

and e x p l i c i t  code design and construct ion coverage. 

The resu l t s  o f  the various considerat ions produced vessel requirements havin,g 

minimum a c t i v e  volume requi remen.ts o f :  

Vessel Ac t ive  Volume 

High ~ e m ~ e r a t u r e  127.4 m3 (4500 f t 3 )  

~n termed;  ate Temperature 442.0 m3 (15,610 f t 3 )  

Low Temperature 413.1 m3 (14,590 f t 3 )  

Using the minimum a c t i v e  volumes and incorpora t ing  a one-foot deep volume incre-  

ment f o r  minimum vessel draw-down, one f o o t  f o r  c l e a r  u l l age  space, p lus an 

"engineering reserve" volume o f  "one hour a t  maximum discharge ra te"  from the  

h igh  temperature vessel, resu l ted  i n  vessels having volumes o f :  

Vessel Tota l  Volume 

H i  gh Temperature 196.5 m3 (6940 f t 3 )  

Intermedi ate Temperature 528.7 m3 (18,670' f t 3 )  
. - 

Low Temperature 
. . 498.4 m3'(l7;600 f t 3 )  

*See Sect ion 5.5--Trade Studies 



The storage vessels evolved i n  the Prel iminary Design are shown i n  Figure 3.3-1 

i n  p r o f i l e ,  and the vessel spec i f i ca t i ons  are presented i n  Table 3.3-1. 

PUMPS 

The f l u i d  pumps t h a t  have been def ined f o r  the serv ice  requirements o f  the lwo 

p r i n c i p a l  f l u i d  c i r c u i t s  w i t h i n  the STES (i.e., the So lar  C o l l e c t o r  Subsystem 

c i  r c u i  t and the 'Power Conversion Subsystem), are dual (redundant) i n s t a l  l a t i o n s  

o f  ho r i zon ta l  , center-1 i n e  supported, heavy duty API 610 service, cen t r i f uga l  

pumps w i t h  two-speed d r i ve rs  (Note: The determination o f  requ i red  speeds w i l l  

be predicated on the minimi zat ion o f  p a r a s i t i c  power consumption. ) . 
The f l u i d  pumps are  described i n  Table 3.3-2. The inc luded i n i t i a l  spec i f i ca-  

t i ons  f o r  developed head are based on standard commercial/marine p ip ing  s izes 

and are sub jec t  t o  decreases dur ing the de ta i l ed  design, phase I V ,  t o  reduce 

the p a r a s i t i c  pumping power on the system. 

PIPING AND VALVES 

The p i p i n g  system f o r  the TSS w i l l  be designed i n  compliance w i t h  the prov is ions  

o f  ANSI 831.. 3, Petroleum Refinery P i  ping, and w i l l  , incorporate f l e x i b i l i t y  

p rov is ions  t o  susta in the 20-year d iu rna l  operat ional  requi rements. 

I n i t i a l  p i p i n g  and va lv ing  s izes were establ ished based on usual p rac t i ce  and 

a f t e r  a p re l im inary  analys is  o f  p a r a s i t i c  pumping power requirements, were 

increased i n  s ize  t o  reduce the pumping head required. The r e s u l t s  of the 

pre l im inary  design are presented i n  Table 3.3-3. Associated va lv ing  was incor -  

porated i n t o  the TSS on the basis  o f  s izes equal t o  l i n e  s i z e  up t o  7.6 cm 

(3 . inches)  and one l i n e  s i z e  l ess  i n  diameters over 7.6 cm ( 3  inches). 

A l l  valves are s p e c i f i e d  as 300X f o r  the s p e c i f i c  s i r v i c e  condi t ions associated 

w i t h  the operat ion and f o r  Sun 21 o i l  containment. A l l  valves, except f low 

con t ro l  valves, are spec i f ied  t o  be gate valves ( t o  assure t i g h t  shut -o f f )  t o  

minimize the pressure drop through the f l u i d  c i r c u i t s  , and consequently, 

the p a r a s i t i c  pumping power requirements." ' 



I LOW TEMPERATURE VESSEL 

(API  6 5 0 )  

HIGH TEMPERATURE VESSEL 

(ASMESEC. V I I I )  , 

I INTERMEDIATE TEMPERATURE VESSEL 

(API  6 5 0 )  

Figure 3.3-1. . ~herinal Storage Subsystem Vessel Elevation Profiles 
. .  . . . 

. . 



TABLE 3.3- 1 

THERMAL STORAGE SUBSYSTEM STORAGE VESSEL SPEC1 F I  CATIONS 

. . . . 
. . Vessel Type . . 

. . 
. . 

. .  . . . ..Vessel L i f e  
. .  . ~ o n s t r u c t i o n  - De ta i l s  . . 

. . .  
; .  s h e l l  ~ i - a k t e r  

Vessel Volume 

Vessel Mater ia l  
w '  
I Stored Materi  a1 
QI 
N Weight Stored Mater i  a1 

Volume Stored Mater ia l  
. , . . 

. . 

. .  . :. . .. :Operating Pressure 
. .  . , . .  ' . . . . . ' Maxi mum Pres$ure 

. . .  . . . .  
... ' . 'operat ing Temperature. 
. . S t r u c t u r a l  Design 

' .. iempera ture. : 
. . 

. . . .  . :' . . .Temperature 'Var iat ions 

High Temperatyre Vessel I n te ryed ia te  Temperature Vessel Low Temperature Vessel. 

Cy l i nd r i ca l  Section, C y l i n d r i c a l  F l a t  Bottom Cy l i nd r i ca l  F l a t  Bottom 
ASME Heads 

20 Years 20 year$ 20 Years 

ASME ~ e k t i o n  V I I I  A P I  6501 API 650 

6.1 rn (20 f t )  9.1 rn (F f t )  9.1 in (30 f t )  

8.8 m (29 f t )  8.1 m (26.5 ft) 7.6 m (25 f t )  

196.5 m3 (6940 ft3} 528.7 m3 (18.670 f t 3 )  498.4 m3 (17,600 ft3) 
-. . 

Carbon Steel Carbon Steel  Carbon Steel  

Sun 21 Qil Sun 21 4 i l  Sun 21 O i l  

I b )  374.810 /kg (826.300 l b )  374,810 .kg (826,300 l b )  

521.6 m3. (18,420 ft3) 49'1.6 m3(17,360 ft3) 
a t  226"~!  (438°F). a t  158OC (316°F) 

996 Pa (4" Water ~ a u ~ e )  996 Pa ('4" Water Gauge) 996 Pa (4" Water Gauge) 

1494 Pa Water ~ a u ~ e )  1494 Pa 16'' Water ~ a u ~ e ) .  1494 Pa (6" Water Gauge) 

288°C ( 5 4 0 " ~ )  226°C (4b8"F) 158°C (316OF) 
I 

316°C ( 6 0 0 0 ~ )  260°C (5~0°F)  260°C (500°F). ' 

28°C (50 '~ ) .  7000 Cycles l l ° C  (209F), 7000 Cycles B°C (15'F), 7000 Cycles 

56°C (IO~"F), 100 Cycles. 42OC ( 7 5 i ~ ) .  100 Cycles 28°C (50°F). 100 Cycles 

' 2 7 8 " ~  (500°F). 50 Cycles 208°C (3;!i0F), 50 Cycles 139°C (250°F), 50 Cycles 



TABLE 3.3-2 

THERMAL STORAGE SUBSYSTEM FLUID PUMP CHARACTERISTICS 

a ~ o l l e c t o r  F i e l d  Pumps (Tandem redundant i n s t a l l a t i o n )  

- De l i ve r  18.7 t / s  (296 GPM) a t  72.5 m (238 ft) Head a t  operat ing 
temperature o f  260°C (500°F) 

- Pump Sun 21 o i l  a t  260°C (500°F), 0.60 cp . , 

- Pump Sun 21 o i l  a t  -6OC ( 2 2 ' ~ ) ~  667 cp and a t  in termediate . . 
tempe na t ures 

- Duty: D a i . 1 ~  s ta r tup  from a d i e n t  temperature, continuous f o r  
12 hours (7000 cycles) 

- Dual speed: 3500 rpm maximum 

- Max'imum NPSH Avai 1 able = 25 f e e t  

- API Standard 610 Design 

- Overtemperature p ro tec t i on  f o r  pump and d r i v e  

- High-pressure cut-out fo r  motor . . 
. .  . . . .  

- Dr i ve r  15 kW (20 hp) a t  3500 rpm 

r Steam Generator Pumps (Tandem redundant i n s t a l  l a t i  j a )  

- De l i ve r  14.3 a/s (226 GPM) a t  89.3 m (293 f t )  Head a t  operat ing 
temperature o f  316°C (600°F) 

. , 

- Pump Sun 21 a i l  a t  316'C (600°F), 0.47 cp 

- Pump Sun 21 o i l  at"-6'~(22'F),  667 cp and a t  in termediate 
temperatures 

- Duty,: Continuous, pe r iod i c  s ta r tup  from ambient temperature w i t h  
7000 cycles ; 31 6% (600°F) t o  2040C (400UF) ; 50 cycles, 3160C. ( 6 0 0 ~ ~ )  
t o  ambient 

- Dual Speed: 3500 rpm maximum . .. 

. . 

- ' Maximum NPSH avai l a b l k  = 20' f e e t  
. . . . 

. . .  - . API s tandard610 Design - ., 
. . . . , . 

. . .  

- over-temperature p ro tec t i on ,  fo r  pump and dr iver .  " . . 
. . - . . . .  . . . , .  . , .  . . .  - High-temperature cu t -ou t  f o r  motor .' . , .  ... , . ,  . . 

. . . . .  



. . .  
. . .  

TABLE 3.3-3 
. . 

THEWL STORME SUBSYSTEM PIPING LIST 

P ip ing  Sect ion Size 

Co l l ec to r  F i e l d  Discharge Header t o  (288"C/550°F) Storage Vessel 8.9 cm (3-1/2"), Sch 40 
I n l e t  (36-37)* 

High Tewera ture  Storage Vessel (288°C/5500F) t o  steam Generator 12.7 crn (5" ) ,  Sch 4 0  
Pump I n l e t  (45-44) . . 

. Steam Generator Pump Discharge t o  Steam Generator (43-20) 7.6 cm (3"), Sch 40 
. . 

. ' .  . 1,ntermediate Temperature' Storage Vessel (226OC1438"F) t o  Steam 12.7 ( 5 9 ,  ~ c h  40 
. - ' Generator Pump I n l e t  (46-44) 

, . L ~ W  Temperature Storage Vessel (158°C/3160F) t o  c o l l e c t o r  F ie ld /  15.2 cn  (618), Sch 40 
A u x i l i a r y  Heater Pump I n l e t  (39-41) 

.. . .  
. In termediate Temperature Storage Vessel (226OC1438"F) t o .  . 15.2 cm (6"); Sch 40 

I 01 .Co l l ec to r  Fie1 d/Auxi l i a r y  Heater Pump I n l e t  (46-41) ., '. 
0 .: . . .  . 

' ~ o l  l e c t o r  Fie1 d/Auxi l i a r y  Heater Pump Discharge t o  C o l l e c t o r  12.7 cm (5"), Sch 40 
F i e l d  (38-55). . . 

. . ..' C o l l e c t o r  Fi.eld/Auxi 1 i ary  Heater Pump Discharge t o  'A.uxi 1 i ary 12.7 cm (5"),  Sch 40 
.' . ' Heater I n l e t  (38-48) . . . . 

. . 
. .  . . 

, 
steam s en era tor  isc charge t o  Intermediate Temperature Vessel 7.6 cm (3"), Sch 40 

. . . . :(226"C/438"F) I n l e t  (21 -49) 

SteamGeneratorDischargetoLowTemperatureVessel (158"C/316"F) 7 . 6 c m ( 3 " ) , S c h 4 0  
I n l e t  (21-50) ' 

. . A u x i l i a r y  Heater  Discharge t o  High Temperature Vessel (288OC1 8.9 cm (3-1/2"), Sch 40 
550°F) I n l e t  (47-37) 

I 
. . Auxi l i a r y  'Heater Discharge t o  Intermediate ~ e m ~ e r a t u r e  Vessel 10.2 crn (4"), Sch 40 

. . (226OC1438"F). I n l e t  (.47-49) 

. . ~ ~ l l e ~ t ~ r F i e l d ~ i s c h a ~ ~ e H e a d e r t o C o l l e c t o r ~ i ~ l d / ~ u x i l i a r ~  7.6 c m ( 3 " ) , S c h 4 0  
: ' .Heater Pump I n l e t  '(42-41) 

. . 
I . . 

I . ;" . *Numbers i n  parenthesis r e f e r  t o  subsystem locat ions  shown i n  DNg. A-2119-1002 (Volume 111). 
. . . . .  . . . . 

Materi a1 

A-53, Gr. B 

A-53, Gr.  B 

A-53, Gr.  B 

A-53, Gr.  B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr. B 

A-53, Gr .  B 



Instrumentation has been incorporated into the Thermal Storage Subsystem such 
. .  .that the operational status of the system can be determined a t  any instant. 

Fl'uid l eve l . ( s t a t i c  head) sensing and transmitting equipment and temperature 
' 

sensingdevices.are uti l ized so as to provide for  instantaneou's determination 

o f  storage energy levels as well as f l u i d  inventory.. ' : .  

The principal, f luid loops are instrumented to .sense and transmit fluid flow i n  

order to assess the dynamic status of the system a t  any time. Fluid pressure 
sensing and transmitting equipment i s  provided to  assess fluid capability of 
the system. A summary of the TSS instrumentation i s  presented in Table 3.3-4 
w i t h  detail l is t ings i n  Tables 3.3-5; 3.3-6 and 3.3-7. 

Use of operational. temperature sensors has 'been kept to a min imum;  only instru- 
. mentation requi red for  recognition o f  system status during ini t i  a 1  and daily 

start-up i s  included. Over-'temperature sensing devices protecting the fluid 
temperature entry into the storage system are not 'included i n  the Thermal 
Storage Subsystem. Except for  the 60 thermocouples identified in Table 3.3-4 
for diagnostic purposes, a1 1 instrumentation i s  typical of. comercial. STES 

appl i cations . 
AUXILIARY SYSTEMS 

The TSS .Auxiliary Systems include: 

'The Nitrogen Inerting Systenif'(NIS) 

0 The O i  1 Management System (OMS). . . ' 

a The Oil Vapor and Gas Management System (OVGMS) 

The Oil Preconditioning System (OPS) 

The N I S  provides for  the prevention, of fi,re and oxidationdegrada:tion of the : . . . .  . . . .. . 

. . : . storage f lu id '  by maintaining the storage vessel ( s )  ullage space a t  3 low nitrogen 
pressure level (the order of inches of'water) 'and will provide for the 

. . 



TABLE 3.3-4 

0 Storage Vessel Level Sensors: 

- 3 dp ce l l s  wloutput of 4 .t0"20 ma a t  0 t o  69 kPa (0 t o  10 psi 
AP w i t h  158OC (316OF). 226°C (438OF) and 288OC (550°F) f lu id  nominal 
operating temperatures and "cold" connections I 

'Flow Sensors: . , 

- 2 dp ce l l s  wloutput 4 to 20 ma a t  0 to  48 kPa (0 t o  7 ps i )  AP  

- 2 Annubars a t  0 to 48 'kPa (0 t o  7 psi)  range . 

- 316"C/260°C (600/500°F) operating temperatures using "cold" connections 

Pressure Senso.rs: 
... . .  _ . _. _.. . . .  -- _ _  __ -. _ _  ... - to 20 ma output a t  0 to 690 kPa 

(0 to 100 psi )  and -35 t o  69 kPa (-5 to 10 ps i )  

Temperature Sensors : 

- 25 Thermocouples - Type J with thermal-wells and operating capability 

to 316°C (600°F) f o r  analysis of available energy content of storage 
vessels 

- 60 Thermocouples - Type J w i t h  d i rec t  spot-weld and capabil-ity t o  .-:. 

316OC (600°F) fo r  start-up and i n i t i a l  operation diagnostic purposes 
( f i e l d  ins ta l led)  



TABLE 3.3-5 

. , THERMAL STORAGE SUBSYSTEM TEMPERATURE' MEASUREMENTS L ~ S T  

Component 

~hermocou~l e 
Type J 
Iron-Constantan 

Thermocoupl e 
Type J 
Iron-Cons tantan 

Thermocouple 
Type J 
Iron-Cons tantan 

Thermocoupl e.. 
Type J 
Iron-Cons tantan 

Thermocoupl e 
Type J 
Iron-Constantan 

Functton 

Measure temperature a t  various levels 
i n  h i g h  temperature storage vessel for 
purposes of available energy content 
analysis. 

Measure temperature. a t  varfous 1 eve1 s 
i n  - tntermediate temperature storage 
vessel for purposes of available energy 
.content analysis 

r 

Measure temperature a t  various' levels 
i n  low temperature storage vesselafor 
purposes of available energy content 
analysis.. 

Measure temperature of pumps to detect 
over-heati ng 

To be used where required for start-up 
and diagnostic purposes 



Quantity 

3 

TABLE3.3-6 . 

THERMAL STORAGE SUBSYSTEM PRESSURE' AND FLOW MEASUREMENTS LIST 

Component 

Differential 
Pressure Cell 
Transmitter 

Differential 
Pressure Cell 
Transmitter 

Force-Bal ance 
Pressure 
Transmitter 

Differential 
Pressure Cell 
Transmitter 

Pressure Switch 

Flow Indications 

Function 

Measure'height of o i l  i n  storage 
vessels and to  be used for available 
energy calculations 

Measure flow of oi l  t o  solar call  ectors 
and steam .generator 

Measure in l e t  and out let  pressures of 
col 1 ector f ie ld .and steam generator 
pumps 

Measure pressure of nitrogen blanket 
system 

Indicate sufficient water pressure to 
seal s of steam generator pumps 

Indicate proper flow of water to  seals 
of steam generator pumps 

3 High and Low Protection of storage vessels from 
Pressure Alarm pressure variations 

High Level Alarm Protection of storage vessels from 
over f i l l i ng  

Flow Detector Activate f la re  

3 Differential Measure height of o i l  i n  storage 
Pressure Cell vessels and to 'be used for available 
Transmitter energy calculations 

2 : Differential ~ e a s u r e  flow of oi l  to  so1,ar 
Pressure Cell, coll ectors and steam' generator 

. . Transmitter . . 
. . 

. . 
4 Force-Bal ance ' . 

Pressure 
. . . . Transmitter ' . 

.Differential . 1 .  . .  

Pres,sure. Cell . . .  . . . . 
, .Transmitter . . 

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

. . 

. . . . . .  
. . . . . . . . . 3,-.68 . . . ' 

. .  . . . . . 

. . . . .  
. . 

. . 

Measure in le t  and outlet  pressures of 
coll ector fie1 d and steam generator 
pumps 

Measuie p&?ssuie of nl trggen blanket 
system. , . . . ' . . . 

. . 



TABLE 3.3-6 (Continued) , 

Component Functton 
,: .. ' ' 

2 pressure Switch ' .  I nd i ca te  s u f f i c i e n t  water .pressure t o  
,, . seals o f  steam. generator pumps 

2 , Flow Ind i ca t i ons  Ind i ca te  proper f low o f  water t o  seals 
o f .  steam .generator pump 

3 . . ' ~ i g h  and Low Pro tec t ion  o f  storage vessel s from 
,Pressure A1 arm pressure va r ia t i ons  . 

3 High Level Alarm Pro tec t ion  o f  storage vessels from 
. . o v e r - f i  11 i n g  

1 Flow Detector . '  Ac t i va te  f l a r e  



TABLE 3,3-7  

THERMAL STORAGE SUBSYSTEM SYSTEM CONFIGURATION CONTROL A N D  INDICATION LrST 

Quantity Component Function 

2 Remotely actuated, Valve w i t h  Blowdown for  ,Storage vessel 
openlclosed position indication protection 
switches 

4 Remotely actuated, Valve w i t h  Control direction of flow from 
openlclosed position indication storage vessel ou t le t s  
switches t . 

5 Remotely actuated, Valve w i t h  Isolat ion and control direction 
openlclosed position indication of flow a t  storage vessel i n l e t s  
switches 

5 Remotely actuated, Valve w i t h  Isolat ion of storage vessels 
openlclosed position indication nitrogen blanket system 
switches 

1 Remotely actuated, Val ve w i t h  ----.-Low --t-emperatare---purnp'recyc-ll'e------" 
open;/closed position indication for  .protection from overheating 
switches 

1 Remotely actuated, ..Valve w i t h  To allow o i l  t o  be recycled t o  
openlclosed position indication col l  ectors 
switches 

1 Remotely actuated, Valve w i t h  To by-pass 1 iquid seal i n  order 
openlclosed position indication t o  purge ullage space 
switches 



accommodation o f  (I) normal operat ion temperature var ia t ions ,  and (2)  shor t -  

and long-term shutdown s i t ua t i ons  . ., I 

The NIS provides n i t rogen t o  the u l l a g e  systemas requ i red  t o  mainta in the  . . 

u l l age  p o j i t i v e  pressure and w i l l  p rov ide for the r e l i e f  o f  pressure bui ld-up 

caused tiy temperature increases w i t h i n  the  storage vessel r dur ing  1 n i  ti a1 
s ta r t -up  and d a i l y  s tar t -up.  The NIS u t i l i z e s ' a  cryogenic n i t rogen supply 

system ca'pable o f  rep1 enishment from mobi:l e t ranspor t  u n l  t s .  

The Prel  iminary . Design Nitrogen I n e r t i n g  System requirements are  presented i n  

Table 3.3-8. 

I OIL MANAGEMENT SYSTEM '. . . 

The o i l  management system i s  comprised o f ' a  def ined -program o f  f l u i d  evaluat ion 

t h a t  i s  designed t o  reveal any degradation o f  the storage f l u i d  i n  a t ime ly  

manner so as t o  a l l ow  fo r  appropriate development o f  countermeasures before 

the'  storage f l u i d  degrddation i s  c r i t i c a l .  The management program combines 

i n i t i a l  reduct ion o f  vessel u l  lage oxyg& content, and p i r i o d i c  . .  measurement- . . .. . . . 

o f  ac id  number, f l a s h  point , '  v i scos i t y  and C ~ C ~  insolubles and pe r iod i c  f l u i d  

vacuum degassing. To complete the  program, SUNOCO S';:iTECH personnel w i l l  be 

consulted pe r iod i ca l  l y  t o .  take advantage of t h e i r  experience and knowledge o f  

SUN 21 o i l .  

As operat ional  experience i s  obtained, the  need f o r  more extensive f l u i d  main- 

tenance w i l l  be evaluated. such steps are no t  an t ic ipa ted ,  bu t  should include: 

1 Replacement o f  . the . storage f l u i d  a t  extend.ed i n t e r v a l s  

D i l u t i o n  of the storage f l u i d  w i t h  f resh  f l u i d  on a pe r iod i c  . . schedule 

0 . I n s t a l l a t i o n  o f  a.vacuum d i s t i l l a t i o n  "s ide stream processor" a t  a 
f u t u r e  da te  i f  one i s  'found t o  be necessary, 

The range o f  p r o p e r t i e s  t h a t  es tab l i sh  the  f l u i d  operat ing condi t ions from 
. . 

' ;  " i n i t i a l "  t o  " c r i t i c a l "  are 'presented' i n  Table 3.3-9. , 
. . 

. . 



TABLE 3.3-8 

THERMAL STORAGE SUBSYSTEM NITROGEN 1NERTING:SYSTEM REQUIREMENTS 

Cryogenic Ni t rogen Storage ,Vessel : 

3 - 5.7 m (1500 ga l l on ) .  Capaci ty w i t h  pressure sensor, vapor izer ,  r e l i e f  

valve, check va lve  and pressure r e g u l a t i o n  t o  d e l i v e r  4.7 t / s  (600 sc fh )  

a t  10.2 cm (4- in . )  water gauge 

a Feed Line: 

- 1.9 cm (0.75-in.) d i a .  Type 316 SS t ub ing  t o  vessel header 

a L iqu ' id  Seal Drum: 

3 - 0.76 m (2-112- f t )  d ia. ,  0.38 m (100 ga l l on )  . w i t h  dual s l o t t e d  o r i f i c e s  

and 10.2 cm (4- in . )  water gauge pressure drop maximum 

F la re :  

- Capable o f  burn ing 68 k g l h r  (1'50 1 b/hr )  o f  hydrocarbon vapors, w i t h  

flow actuated sequence-start ing o f  a u x i l  i a r y  gas p i l o t ,  i g n i t e r ,  

mu1 t i p l e  j e t  burners, and a steam supply,  i f .  necessar.y, opera t ing  from 

the  448 kPa (65 p s i s )  steam system 

a Cont inuously mon i to r  t he  vessel u l l a g e  spaces f o r  oxygen t o  ac tua te  an 

alarm i f  oxygen contents  exceed one percent 

a Comply w i t h  NPEPA: 

- #69-73, Explos ion Prevent ion Systems, and o the r  codes and standards 

as appi i c a b l  e 
. . " .  -. > . . 

. - 



TABLE 3.3-9 ' 

STORAGE FLUID PROPERTIES RANGES POSSIBLE DURING, FLUID OPERATING L r  FE 

Measurement I n i t i a l  Values Warning Values C r i t i c a l  Values 

Ac id  Number, mg/gm 0 t o  0.01 0.5 0.8 

F lash Point ,  O C  (OF), 218OC 2 3 21 3°C (41 5 ' ~ )  (TBD)* 

Cleveland Open Cup (425OC - + 5) 

V i s c o s i t y  a t  38OC (lDO°F) 200 t o  215 

(sus) 

C5/C6 I n s o l  ub l  es. 0 

'*To be determined i n  t he  d e t a i l e d  des ign 'phase 

I OIL VAPOR AND GAS MANAGEMENT SYSTEM 

The OVGMS i s  comprised o f  an a i r - coo led  condenser l oca ted  i n  the.vapor/gas 

t r a n s f e r  1 i n e  between t he  h i g h  and in te rmed ia te  temperature vessels, a con- 

densed l i q u i d  rece i ve r  vessel ,  an oxygen de tec to r . and  a hydrocarbon vapor 

'- de tec to r .   h he OVGMS requirements a r e  presented i n  Table 3.3-10. 

The.vapor condenser. w i l l  normal ly  operate w i t h  na tu ra l  convect ion t r a n s f e r  f rom.  

t h e  a i r - s i d e  o f  t he  condenser bu t  w i l l  p rov ide  fo r  an est imated i n i t i a l  f l u i d  

heat-up vapor generat ion o f  .approximately t h ree  percent  (over  90 hours), based 

on F igure  3.3-2, f o r  t he  s o l a r  Sun 21 data, w i t h  a temporary fo rced  convect ion 

fan. Th is  w i l l  p rov ide  va luable opera t iona l ,  understanding as .we1 1 as. min imize ' 

t he  q u a n t i t i e s  o f  hydrocarbon vapors t h a t  must be burned t o  env i ronmenta l ly  

acceptable 1 eve1 s i n  * the f l a r e ,  thereby reduc ing t h e  p a r a s i t i c  energy consump- 

t i o n  by t h a t  a u x i l i a r y  component i n  t h e  TSS. 

, . The oxygen de tec to r  w i l l  p rov ide  f o r  d e t e c t i o n  o f  i n i t i a l  s t a r t - u p  oxygen 

content  i n .  t he  u l l a g e  space a l l  w i l l  p rov ide  .on a cont inuous bas is  t he  

necessary s a f e t y  mon i t o r i ng  o f  t h e  u l l a g e  spaces t o  assure non-hazardous 



. TABLE 3.3-10 , 

THERMAL STORAGE SUBSYSTEM O I L  VAPOR AND GAS MANAGEMENT REQUIREMENTS 

r Precondition the o i l  before introduction in to  the system to  remove dtssolved 
gasses by vacuum degassing 

r Provide an air-cooled condenser to remove the condensables from the ul1,age 
. . gas prior to  f lar ing . . . . 

Provide a l i q u i d  seal upstream of the  f l a r e , t o  .insure system pressure main- 
. tenance and t o  prevent back-diffusion 'of oxygen' (air) from the f l a r e  " 

r Provide a non-continuous, demand-type f l a r e ,  with,senslng~gas/vapor flow 
downstream of the l iquid seal ' to  ignite.  the f l a r e  burners 

Periodically blow-down the ullage space to  prevent continubus b u l l d - u p  of 
-. - non-coridensab-le l.ow flash psi-n-t .vapors i n  the ullage, using a conti'nuous 

hydrocarbon monitoring of the  ullage spaces t o  determine when (TBD). percent 
hydrocarbons ei,is t before  i n i t i a t i n g  blow-down 

r Air Condenser - Capable qf condensing 34 k g / h r  (75 lb/hr)  of C3/C6 hydro, 

carbons no:rmal operation, and 68 kg/hr (1 5 0  l b / h r )  of C3/C6 hydrocarbons 
d u r i n g  start-up using. forced a i r  circulat ion 



Figure 3.3-2. Distillation Curves for Sun 21 and Caloria HT-43 



The hydrocarbon sensor provides f o r  the de tec t lon  o f  unacceptable and p o t e n t t a l l y  

unsafe 1 eve1 s, o f  hydrocarbon vapors . .. w i  t h t  n the  ul1,age .spaces, The vapor 'pressure 

o f  Sun 21 a t  288OC (550°F) i s  apliroximately 34'48 Pa (0.5 .psial ,  and a t  226OC :. 

(438OF), apPro~ imate ly  345 Pa (0;05 I _  psi"a), The degree t o  whtch the ul1,age space 

becomes saturated o r  displaces n i t rogen with C5/C6 vapor from the  stor,age f l u t d  
i s  dependent on 'a number o f  fac tors :  . 

a Time o f  residence o f  the  o i l  a t  the h i g h  temperature l e v e l  
' 

a Volume o f  the  u l l a g e  space 
. . 

a Area o f  the  l i q u i d  i n t e r f a c e  

a Manner i n  which the  o i l  i s  fed .to the  vessel 

Age o f  t h e  o i l  i n  t he  system 

a Mass tr ,ansport t o  the  low temperature vessel w i t h  condensatfon 

a. Rate of evo lu t ion  and escape. o f  vapor dur ing operatton 

Het~ce, tlsc actual  quan t i t y  of  these o i l  vapors i n  thc  gas spacc abovc thc  l l q u l d  

can vary s i g n i f i c a n t l y .  I f  an unacceptable cond i t i on  develops, provisions have 

been made t o  a1 low the  vessel u l l a g e  space t o  be "blown-down" through the  vapor 

f l a r e  t o  b r i ng  the  vapor content o f  the  u l l age  space back t o  acceptable l eve l s .  

OIL PRECONDITIONING SYSTEM 

The OPS i s  comprised o f  a vacuum vessel through which the  storage f l u i d  w i l l  be 
. , 

"sprayed" dur ing i n i t i a l  f i l l i n g  o f  t he  system t o  remove oxygen and o ther  d i s -  

solved gases from the  "fresh" storage f l u i d .  Exposure t ime t o  the  vacuum w i l l  

be a minimum o f  1 .0  seconds a t  635 mm (25 inches). mercury. Such precondi t ion ing 

i s  normal p rac t i ce  i n  t he  petrolem indus t ry .  
, " , "- , 

. . 

3.3.5 THERMAL STORAGE SUBSYSTEM OPERATION " 

3.3.5.1 NORMAL OPERATION 

HIGH TEMPERATURE MODES 

The Thermal Storage Subsystem operates i n  the h igh temperature mode whenever 

f l u i d  i s  being heated t o  288OC (550°F) by the Co l lec tor  Subsystem and/or the 



.'.Auxi l . i a r y  Heater andlor  high-pressure superheated steam i s  bei;ng generated, 

The h igh  temperature 'modes a re  i d e n t i f i e d  as fo l l ows  t , , 

' ;. .- . . .  , - 
.I . : High Temperature peaking  ode ~ o o l i , n g  Season - F u l l  ~ o a d  Dgy 

' I 
.,.I,! , . . 

. . 

r High Temperature Fast bower Mode ~ o o l i , ~ ~  season . . :Pul l  Lobd Day , 

r High Temperature Peaking Mode Hea'ting Season - F u l l  Load Day . 

r H.igh Temperature Part  Power Mode Heating Season - ,Fu l l  Load *.Day 

r High Temperature Par t  Power E l e c t r i c a l  Generation Mode 

r High'Temperature Peak E l e c t r i c a l  Generation Mode . . . 

I n  a l l  o f  ' these cases, the  storage f l u i d  f low paths are  the same w i t h  the  

except ion o f .  the  case' where the Aux i l  ja ry    eater 'may be operated i n  para1 l e l  

w i t h  the Co l l ec to r  Subsystem, o r  unless the  A u x i l i a r y  Heater i s  used exc lus i ve l y  

as the energy i n p u t  source. 

System operat ion and f l ow  i s  as fo l lows:  

r F l u i d  i s  ext racted from the low temperature vess i l  a t  a tempera- 
t u r e  o f  approximately 158O.C (316O~) and pumped t o  the  Co l l ec to r  
Subsystem (o r  t o  the A u x i l i a r y  Heater, o r  t o  both the  Co l l ec to r  
Subsystem and the A u x i l i a r y  Heater) where i: i s  heated t o  approxi-  
mately 288OC (550°F) and discharged i n t o  the  h igh  temperature 
vessel. 

r when s u f f i c i e n t  f l u i d  i s  contained i n  the h i g h  temperature vessel 
t o  assure continuous supply from the .  h igh  temperature 'vessel t o  ' 
the Steam Generator ( t h i s  depends ._on operat ional  mode), t he  h igh  
temperature f l u i d  i s  pumped t o  the  Steam Generator where super- 
heated steam (h igh pressure) i s  generated and the  f l u i d  i s  cooled 
t o  approximately 226OC (438OFt) .and returned t o  the  i n te rmed ia te .  . 

temperature vessel. This continues as long as s u f f i c i e n t  s o l a r  
i n s o l a t i o n  i s  ava i l ab le  o r  u n t i l  a l l  o f  t he  storage f l u i d  i s  d is -  
charged from the  low temperature vessel, through the  Solar  
Co l lec tors  and/or the A u x i l i a r y  Heater and the  Steam Generator, 
and i n t o  the in termediate temperature vessel. . . 

. . 

;, . a  . -- : :  
INTERMEDIATE TEMPERATURE OPERATION 

. -. . . , . ;, I C. 
2. ' 

The in termediate temperature operat ing modeslare i d e n t i f i e d  as fo l lows:  
i) 

r Intermediate Temperature Par t  Power Mode Cooling' System - F u l l  
Load Day 



, Intermediate Temperature Peaking Mode cool i n g  Season - P u l l  Load 
Day 

' Intermediate Temperature Par t  Power Mode Heating' Season - F u l l  
Load Day 

Intermediate ~ e m i w a t i r e  Part Power E l  e c t r i c a l  Generation Mode, . . 

I n  the  in termediate temperature modeof  operat ion, system f low i s  as fo l lows:  

e F l u i d  .a t  approximately 2 2 6 0 ~  (438OF) i s  ext racted from the  i n t e r -  
mediate temperature vessel . ( ra te  depends ,on operat ing mode) and 
pumped through the Steam Generator t o  produce. low pressure steam 

The f l u i d  i s  returned from'the'  Steam Generator t o  the low temper- 
a tu re  vessel a t  approximately 158OC (31 6OF) 

. .  . 
3 -30  5 2 STARTUP AND SHUTDOWN 

. - 

. . INITIAL ..SYSTEM.- HEAT-UP ' 

_ -. ' 
. . 

I n i t i a l  system hea t-up occurs o n l y  once a f t e r  cons t ruc t ion  o r  major maintenance 

shutdown. The appropr iate procedures f o r  i n i t i a l  system heat-up a re  best 

accomplished us ing the A u x i l i a r y  Heater ra the r  than the  Solar Co l lec tor  Sub- 

system since the A u x i l i a r y  Heater can be modulated e a s i l y  t o  a low output  l e v e l  

t h a t  a l lows f o r  care fu l  and caut ious i n i t i a l  system heating. . 

The general i n i t i a l  heat ing approach would f o l l o w  a r e l a t i v e l y  slow schedule . . .  

where no t  more than 28OC (50 '~ )  'temperature.incr&ents a re  imposed on the 

system f o r  each ".oi.l pass." This would be accomplished along the  fo l l ow ing  

procedural 1 i nes : 

e O i l  would be pumped from the low temperature vessel a t  a r a t e  o f  
54,360 kg/hr (100,000 1 b/hr) maximum through the  Auxi 1 i a r y  Heater 
where i t  would be heated by 28OC (50°F), and would f low i n t o  the  
h igh temperature vessel. Even a t  the lowest h i s t o r i c a l  ambient 
temperature, the  o i l  w i l l  remain above i t s  OeF pour po tn t  and 
w i  11 be pumpabl e. 

e Simultaneously, bu t  a t  a lower ra te ,  the  o i l  would be pumped 
from t h e  h igh  temperature vessel through the  steam generator 
(no steam generat ion bu t  f i l l e d  w i t h  water), and i n t o  the  i n t e r -  
mediate temperature vessel. 

When the  h igh temperature vessel i s  . f i l l e d  t o  maximum leve l ,  the 
f l u i d  discharge r a t e  from t h i s  vessel would be increased t o  the  
i n l e t  1 eve1 . 



Q .  he . balanced f l o w  would~,cont inue u n t i l  a l l  o f  t h e  f l u i d  was 
ex t rac ted  from the  low temperature vessel , heated by 28°C (50°F), 
passed through t he  h i gh  temperature vessel and i n t o  t h e  i n t e r -  
mediate temperature vessel u n t i l  a l l  o f  t h e  f l u i d  i s  t r a n s f e r r e d  
t o  . the in te rmed ia te  temperature vessel : 

Q A t  t h i s  po in t ,  t he  temperatures' o f  t he  h i gh  temperature and 
in te rmed ia te  temperature, vessels a r e  approximately 28°C (50°F) 
above t h e  low temperature vessel .  The f l u i d  i s  then pumped 'from 
t h e  in te rmed ia te  temperature vessel through t h e  C o l l  e c t o r  Sub- 
system and i n t o  t he  low ,temperature 'vessel .  

. . 

r The c y c l e  i s  repeated (approx imate ly ' s i x  t imes)  u n t i l  a l l  t h ree  
vessels are. approx imate ly  158°C (31 6°F). 

' 

. . 

r A t  th i ' s  po in t ,  t he  low temperature vessel i s  e l im ina ted  from 
+ f u r t h e r  hea t ing  and t h e  f l u i d  i s  c i rcuqa ted  i n . a  s i m i l a r  manner 
. t h rough  the  h i gh  and intermed. iate :temperature vessels u n t i l  bo th  
vessels, the  Solar  C o l l e c t o r  Subsystem and the  Steam Generator, 
a r e  a t  approximately 226°C (438°F). 

Next, t he  f l u i d  i s  pumped a t  a r a t e  o f  40,000 kg/hr (88,000 l b /  
h r )  from the  in te rmed ia te  temperature vessel and th rou  h t h e  
Au,xil i a r y  Heater, heated t o  approximately 260°C (500"Fq, and 
placed i n  t h e  h i gh  temperature vessel u n t i l  i t  i s  f i l l e d  t o  
maximum 1 evel  . 
When the  h i gh  tempera'ture vessel i s ' f i l  l e d  t o  maxim~m 1 evel  , f l o w  . '  

from the  h i gh  temperature vessel i s  i n i t i a t e d  th rough. the  Steam 
Generator where superheated steam i s  generated a t  a r a t e  such 
t h a t  t he  re tu rned  f l u i d . t o  t he  in te rmed ia te  temperature vessel 
i s  approximately 226°C (438°F). Th is  i s  cont inued u n t i  1 a1 1 o f  
the'  f l u i d  charge has passed through the  A u x i l i a r y  Heater. 

,Next, t h e  f l u i d  i s  .heated t o  288°C (550°F) us ing  t h e  A u x i l i a r y  
Heater (226"to 288OC/438O t o  550°F) and again, when, t h e  h i gh  
temperature vessel i s  f i l ' l e d ,  superheated steam i s  generated 
and t h e  f l u i d  i s  re tu rned  t o  t he  in te rmed ia te  temperature vessel 
a t  226°C (438°F). 

When al.1 o f  t h e f l u i d  has been;heated t o  288°C ( 5 5 0 " ~ )  and has 
been ,'used t o -  genera,te superheated steam and re tu rned  t o  t h e .  
in te rmed ia te  temperature vessel, t he  f l u i d  i s  then pumped from 
the  in te rmed ia te  temperature vessel through t h e  Steam Generator 
where sa tu ra ted  steam i s  generated and t he  f l u i d  i s  re tu rned  t o  
t he  low temperature vessel a t  158°C (316°F). 

. , 

A t  t h i s  po in t ,  t h e ,  subsystem i s  conp le te ly  preheated t o  normal 
opera t ing  cond i t ions ,  t he  Col . lec tor  ..Field has been heated i n i  ti- 
a l l y  t o  about 226°C (438°F) (approximately the  ".averagew normal 
opera t ing  cond i t i on ) ,  t h e  Auxi 1 i a r y  Heater performance has been 
v e r i f i e d ,  . t he  Steam .Generato,r has operated through two complete 
cyc les  :(.high. and low pyessure. generat ion)  and ' t he  Subsystem i s  
ready t o  perform t h e  normal operat ions.  



SUBSYSTEM SHUTDOWN . . 

The Thermal Storage Subsystem can be shutdown from normal o r  abnormal cond i t ion  

o f  dynamic operat ing status by shu t t i ng  o f f  the  f l u i d  pumps and the storage 

f l u i d  f l ow  over a t ime per iod o f  15 .seconds minimum, followed by appropr iate 

val  v ing  conf igurat ions t o  avoid f l u i d  c i r c u i t  "lock-up. ". (Note: Even though 
* .  

a f a i l u r e  event might  a f f e c t  the a b i l i t y  o f  the valving, t o  be proper ly  actuated . '  

i n  such a sho r t ' t ime  i n t e r v a l ,  the  "normal" va l v ing  pos i t ions  w i l l  over r ide  and 

prov ide a safe ( " s o f t " )  subsystem conf igura t ion .  ) 

The major'requiremen't f o r  continued subsystem v i a b i l i t y  under both dynamic : 

normal and abnormal operat ing condi t ions , and inc lud ing  shutdown, i s  the pro- 

t e c t i o n  o f  the i n t e g r i t y  o f  the n i t rogen supply system and the proper funct ion-  

i n g  o f  t he  n i t rogen supply t o  the  vessel's u l l age  'space and in terconnect ing 

p ip ing.  

3.3.5.3 ABNORMAL OPERATION. ' AND NON-OPERATIONAL STANDBY 

OFF-NOMINAL TEMPERATURES 

Th-ere w i l l  undoubtedly be condi t ions ' o f  operat ion t h a t  w i l l  r e s u l t  i n  off-nominal . 

subsystem operat ing temperatures. Such condi t ions , however, can be accommodated 

by the  t o t a l  system by small adjustments t o  operat ing points ;  i.e., the mass 

flows, pressures o r  temperatures o f  the  adjacent f l u i d s ,  which can sa fe l y  be 

accommodated by the energy t rans fe r  equipment i n t e r f a c i n g  w i t h  the Thermal 

Storage Subsystem o r . t h e  adjacent equipment, as the energy i s  "cascaded" down 

the  system. I n  those cases where the temperatures t h a t  e x i s t  might be def ined 

as "abnormal per se" and unusable, then the  condi t ions can be accommodated by 

the use o f  blending o r  minor cond i t ion ing  using the A u x i l i a r y  Heater. ( I  

FLOW REDUCTION OR BLOCKAGE 

I n  the  event t h a t  a f low blockage o r  reduct ion occurs, the observat ion i n s t r u -  

ments on adjacent subsystems would detect  the off-nominal condi t ions and would 

a l e r t  the operations personnel t o  take co r rec t i ve  ac t i on  o r  the  sa fe ty  diagnos- 

t i c  inst rumentat ion woul'd i n t e r j e c t  a safety over r ide  command which protects 

the  sens i t i ve  components o r  areas. 
' ,  



Non-operational periods, e i t h e r  o f  I1shortn o r  "longn term duratton, a re  o f  no 

consequence t o  the  subsystem so long  as. the  i n t e g r i t y  o f  t he  n i t rogen b lanket  

over' t he  storage f l u i d  1's maintained. Temperature va r i a t i ons  t h a t  develop w f t h  

t ime can e a s i l y  be accommodated by proper procedures o f  blending, n ix lng, .  or . .  

cond i t i on ing  (us ing the a u x i l i a r y  heater)  and brought back i 'nto "normal " operat-  

i n g  l eve l s .  
. . 

3.3;6 THERMAL STORAGE SUBSYSTEM INTERFACES 

3.3.6. i 'SUBSYSTEM INTERFACES 

The subsystem in te r faces  w i t h  the  TSS are  def ined as fo l lows where the  numbers 
re fe r  t o  Drawing A-2119-1002 i n  Volume 111 and t o  F igure  3.3-3. 

SOLAR COLLECTOR SUBSYSTEM. INTERFACES 

55. O i l  l i n e  i n l e t  t o  c o l l e c t o r  f i e l d  a t  connectton t o  c o l l e c t o r  
' i n l e t  header a t  f i e l d  

36. O i l  l i n e  r e t u r n  from c o l l e c t o r  f i e l d  a t  connectton t o  c o l l e c t o r '  
out1 e t  header a t  f i e l d  

. 4 2 .  O i l  r e c i r c u l a t i o n  l i n e  from c o l l e c t o r  f i e l d  a t .connec t ion  t o  
c o l l  ec to r  r e c i r c u l a t i o n  header a t " f i e 1 d  

48. O i l  l i n e  i n l e t  t o  a u x i l i a r y  o i l  ,heater a t  f i r s t  connection t o  
heater 

. . . . . . , . - , . . .  

4 7 .  O i l  l i n e  r e t u r n f r o m  a u x i l i a r y  o i l  h e a t e r  a t  f i r s t  connection t o  
... . .. : * .  heater  

POWER CONVERSION INTERFACES 
. . 

20. O i l  l i n e  i n l e t , t o  steam generator a t  f i r s t  connection t o  
packaged steam generator 

21 . O i  1 1 i n e  r e t u r n  from steam generator a t  f i r s t  connection' t o  
. packaged steam generator . . 

HOT WATER HEATINGICHILLED WATER COOLING SUBSYSTEt4 INTERFACES 

56. Connection a t  (TBD) o f .  ho t  water h e a t i n g l c h i l l  ed water ,  cool i n g  
<: ? 

n i t r ogen  l i n e  t o  n i t rogen l i n e  a t  n i t r ogen  supply 



Figure 3.3-3.  Thermal Storage ~ubs~stemi Site Interface Drawing 

I 



3.3.6.2 MECHANICAL INTERFACES 

The Thermal Storage Subsystem mechanical i n te r faces  Inc ludes those l d e n t l f l e d  

as subsystem in te r faces  under F igure 3.3-3 and the  f o l l o w i n g  s i t e  in ter faces.  

The mechanical in ter faces.  a re  summarized i n  Table 3.3-1 1. 

, SITE INTERFACES 

57. Connection o f  s i t e  water l i n e  t o  thermal storage subsystem water 
1 i n e  . , ,  

. I .  

. . 
58. Connection o f  s i t e  compressed' a i r 1  i n e  to .  thermal storage sub- . ., 

system compressed a i r  l i n e  .,. 

59. Connection o f  s i t e  na tura l  gas l i n e  t o  na tura l  gas l i n e  t o  f l a r e  

3.3.6.3 ELECTRICAL POWER INTERFACES 

E l e c t r i c a l  i n te r faces  cons i s t  o f  con'nections for  e l e c t r i c  power t o  thermal 

storage subsystem e l e c t r i c  motors. ~ e ~ u i r e m e n t s  f o r  t he  e l e c t r i c  power I n t e r -  

faces a re  g iven i n ,Tab le  3.3-12. This t a b l e  a l so  l i s t s  ins t rumenta t ion  and 

c o n t r o l  s igna l  connections as an e l e c t r i c a l .  i n t e r f a c e .  

. . 
ELECTRICAL INTERFACES 

60. connec.tlon o f : s i t e  e l e c t r i c a l  power l i n e  t o  c o l l e c t o r  f i e l d . ,  ' 

pump d r i v e  

61. Connection o f .  s i t e  e l e c t r i c a l  power 1 i n e  t o  steam generator 
feedpump d r i v e  

62. Connection o f  s i t e  e l e c t r i c a l  power ' l i ne  t o  heat exchanger fan  
d r i v e  

63. , Connection o f  s i t e  e l e c t r i c a l  power 1 i n e  t o  f l a r e  e l e c t r i c a l  
inpu t .  



TABLE 3.. 3-1'1 

THERMAL STORAGE SUBSYSTEM MECHANICAL INTERFACES 

I n t e r f a c e  Type Maximum 
I d e n t i f i c a t i o n  P i  pe Connection Tem era tu re  F l u i d  Maximum Flow Rate 

+T)-- . kg/hr (1 b/hr) 

2 0 7.6 cm (3") Sch 40, A-53, G r .  B We1 d 589 .(600) O i l  33,952 (74,850) 

21 7.6 cm (3") Sch 40, A-53, G r .  B . Weld 505 (450) O i l  33,952 . (74,850) 

36 . 8.9 cm (3-112") Sch 40, A-53, We1 d 589 (600) O i l  39,191 (86,400) 
G r .  B 

42 7.6 cm (3") Sch 40, A-53, G r .  B We1 d 561 (550) O i l  20,866 (46,000) 

5 5 12:7 cm (5") Sch 40, A-53, G r .  B W131 d 450 (350) O i l  51,484 (i13,500) 

47 8.9 cm (3-1/2") Sch 40, A-53, We1 d 589 (600) O i l  13,154 (29,000) 
G r .  B 

48 12.7 cm (5") Sch 40, A-53, G r .  B Me1 d 533 (500) O i l  13,154 (29,000) 

5 6 TBD . 

5 7 TBD 

58 TBD . 

Screw Ambient Ni t rogen TBD 

Screw Ambient Water. TBD 

Screw Ambient A i r  TBD 

59 TBD . Screw Ambient Natural  TB D 
Gas 

. . 



TABLE 3.,3-12 

THERMAL STORAGE. SUBSYSTEM ELECTRICAL INTERFACES, 

I n t e r f a c e  Type Power Rat i ng 
I d e n t i f i c a t i o n  Connection Voltage o f  Dr ive  Motor 

(kW) (hp) 

60 TB D* 480 v o l t s  "three 'phase 15 (20) 

61 TBD 480 v o l t s  t h ree  phase 15 (20) 

62 ' .' TB D 110 v o l t s  s i n g l e  phase '0.56 '(3/4) 

63 . fiD l l 0 ~ v o l t s . s i n g l e  phase 0.37 (1/2) 

.64 TBD (TBD) MV t o  (TBD) MV 4-20 ma 

*To be def ined during. d e t a i l e d  desi.gn phase 

. . 

3.3.7 INSTRUMENTATION AND CONTROL 

3.3.7.1 CONTROL ALGORITHMS 

COLLECTOR FIELD PUMPS 

The c o l l e c t o r  f i e l d  pumps w i l l  be powered by two speed motors. The motor speed 

w i l l  depend on the  f l ow  requirements o f  the  c o l l e c t o r  f i e l d  and/or a u x i l i a r y  

heater. I n  general, i f  the  f l ow  i s  l ess  than 35 percent o f  the  r a t e d  f low, the  

pumps would be a t  low speed. The h igh  speed would be used when the  f l ow  i s  

35 percent o r  greater .  For s p e c i f i c  con t ro l  l o g i c  f o r  a two-speed pumping 

system, r e f e r  t o  F igure 3.3-4. 

AUXILIARY OIL HEATER 

The a u x i l i a r y  heater w i l l  be designed t o  operate w i t h  the  c o l l  ec to r  f i e l d  pumps 

i n  the low speed con f i gu ra t i on  when the  c o l l e c t o r  f i e l d  i s  no t  operat ing.  The 

con t ro l  l o g i c  i s  r e f l e c t e d  i n  F igure 3.3-4. 

POWER CONVERSION SUBSYSTEM PUMPS 

The speed o f  t he  steam generat ion pumps w i l l  depend on l y  on t h e  operat ional  

mode of t he  steam generator. For s p e c i f i c  con t ro l  l o g i c  r e f e r  t o  F igure 3.3-5. 

3- 85 



START 0 . :  l . .  

.._.. 
Figure 3.3-4.  Coll  ector.  F ie ld  P~mp Control Flow Df agram 



I . '  . ' 

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

Figure 3.3-5. Steam Generator Pimp Flow Diagram 



AVAILABLE ENERGY CALCULATION 

The purpose o f  t h i s  c a l c u l a t i o n  i s  t o  est imate the  thermal energy t h a t  i s  

ava i l ab le .  from the  Thermal Storage Subsystem a t  any t ime. 

- 41 = Usable , heat contained i n  o i l  i n  t he  h igh  temperature 
vessel t h a t  can be used i n  the  h igh  temperature opera- 
t i o n  mode. 

- QZ = Usable heat p resent ly  contained i n  the  in termediate . 
temperature vessel.  

- 43 = Usable. heat t h a t  w i l l  be contained i n  the in termediate 
temperature vessel a f t e r  a l l  o f  t he  useable o i l  i n  the  
h igh  temperature vessel has been used i n  the  h igh  tem- 
perature opera t ion  mode 

a D e f i n i t i o n  o f  var iab les :  

- P = Pressure i n  l b / i n  2 

- X = Approximate he igh t  o f  o i l  i n  f e e t  
a 

- St = Actual he igh t  o f  o i l  i n  f e e t  

- L = Height o f  a  s p e c i f i c  vessel zone i n  f e e t  

- a = P a r t i a l  he igh t  o f  vessel zone L 

- n = Spec i f i c  vessel zone 

- N = Number o f  complete vessel zones f i l l e d  by the  o i l  

- T = Temperature i n  OF.. 

- p . = Density i n  1b / f t 3 '  

- H = Enthal py. i n '  B tuy l  b - 
6 Key Relat ionship:  

- p = 53.66,- 0.0149~ - 0.1386 T' 1 b / f t 3  

- H = 0.43222T + 0 . 0 0 0 2 8 3 3 ~ ~  B tu / l  b  

- ~ e f e r e n c e  temperature = O°F 

- Dimensions are assumed a t  operat ing.temperature 



The Ava i l ab le  Energy Ca lcu la t i on  Flow Diagram i s  presented i n  F igure 3.3-6. 

. . 
The temporary fan t o  the  condenser w i l l  be operated dur ing  the  i n i t i a l  heat ing o f  

t he  storage o i l .  It i s  an t i c i pa ted  t h a t  t h i s  fan  w i l l  no t  be requ i red  dur ing  normal 
operat ion.  

FLARE FORCE DRAFT FAN 

The fan  on the  f l a r e ' w i l l  operate t o  prov ide a forced d r a f t  any t ime the  f l a r e  

i s  operated. 

I 3.3.7.2 BLOCK DIAGRAM 

The TSS Block Diagram i s  inc luded i n  Drawing 102E145 (.Vo'lurne 111). 

3.3.8 MAINTENANCE REQUIREMENTS 

I n  general, maintenance. requirements w i l l  be detected by inst rumentat ion o r  

i.nspect.ion and if they are no t  c r i t i c a l  w i l l  be scheduled f o r  a per iod  when 

t h a t  sec t i on  ( l i n e ,  pump, va lve)  i s  no t  operat ing. This w i l l  reduce down t ime 

and f a c i i  i t a t e  schedul i n g  the  maintenance operat ions t h a t  1 ead t o  e f f i c i e n t  

and e f f e c t i v e  maintenance management. The e n t i r e  system, except f o r  t he  o i l  

pumps, ha.s i n d u s t r i a l l y  demonstrated long  l i f e  expectancy and quick maintenance 

t ime features which a l lows f o r  planned outages and overn igh t  r e p a i r .  

Estimates o f  maintenance man-hour requirements f o r  the  TSS a f t e r  i n i t i a l  

start-up/shake-down were made. They are: 

Ski 11' Estimated Annual Man-Months 

E l e c t r i c i a n  

Mechanic 

Instrument Technician 3 

Foreman 1 - 
TOTAL . . 9 



- ~ 

Ca1 cul ate.  ~pproxima te 
of Oil in Vessel 

Xa = 3.2967* P 

Cal cul ate. Nuniber 
of Z,ones Covered 

L = 2.5' For .HTV 

Calculate Mean Temp 

e - 

I Ca1 culate Mean Density 1 : 

I Calculate Actual Height ! 

Figure 3.3-6. Available Energy Cal cul a t l sn  . . Flow Diagram 



Calculate level in 1 a s t .  Zone 

= X - N L  
. .  . 

I . . . ... . 

I 
!. 

Calculate Available Heat in.  Vessel I 

I 

Calculate Available Mass. in Hot V,essel I 

I Calcu lae  ~pproxirriate Height ' 1 .  

Figure 3.3-6. ' '(~o1;tinued) 



Calculate Number of Zones 
' ' I Covered by Oil I 

X  dl 
L Truncate.; 

Calculate Mean Temp c 
L = 3,4' for ITV 

1 . Calculate Mean Density I 

I 
Calculate level in l a s t  Zone 

Calculate Available Heat in Vessel' 

Qavai l  = 706.9 (Ll;'- 1) P(T1)(H(T1) - 164.87 

( 2 )  N 

Figure 3.3-6. [Continued) 



Calculate Heat Ava i lab le .  
A f te r  Used i n  Hot Vessel 

I 
P r i n t  I 

Heat ava i l ab le  f o r  h igh  
Temp Cyc le .=  Q,,, 

\ A 1  
Heat immediately ava i l ab le  

ForLowTempCyclenQ,, ,  . 
\ L I  

Heat f o r  low Temp Cycle . 
' 

Remaining a f t e r  h igh  Temp 
Cycle Operation = Q(3). ,: 

. . 
. . 

. . 

. . .  

. ~ f g u r e  . 3.3-6. . ( c o n t i n u e d ) '  . , 

. . .  . . .  
. . 



. .. 
3.3.8.1 STORAGE VESSELS 

There are  n o  unusual maintenance requirements r e l a t e d  t o  t he  s torage'vessels  o f  

t he  TSS. I n s u l a t i o n  may requ i re .  occasional r e p a i r  due t o  physica l  abuse, and' 

i n  general, maintenance w i l l  be associated w i t h  e i t h e r  i n s u l a t i o n  o r  c lose- 

p rox im i t y  vessel associated valves. 

Should a  vessel seam rupture,  r e p a i r  would r e q u i r e  drainage o f  the  vessel (pump- 

i n g  t o  another vessel )  fo l lowed by welding r e p a i r  as requ i red  by app l i cab le  code 

requirements. Maintenance preparat ions may requ i re  e n t r y  i n t o  t he  vessel and 

steam c lean ing  o f  t he  o i l  s i de  tank area p r i o r  t o  welding repa i r .  Such f a i l u r e  

i s  no t  an t i c i pa ted  because o f  adherance t o  proven design and f a b r i c a t i o n  

standards. 

3.3.8.2 PUMPS 

The pumps usdd i n  the  system w i l l  r e {u i rdweek l y  checking o f  t he  o i l  lubricator 

-rese-rv.0-i-r? --and -occ-as..i.onal--.c.hangi n.g- .o-f- the-  seal- flush . 1.1-qu1-d filter. 'The' h i  gh 

temperature pumps have water-cooled bearings and seals which requ i re  weekly 

checking f o r  leaks and blockage i n  the water system. 

Physical  maintenance w i l l  be requ i red  t o  change the s h a f t  seals on these pumps; 

however, the  frequency i s  unpredic table.  The redundant nature o f  each pumplng 

system permits ample t ime fo r  t h i s  operat ion s ince seal replacement o r  pump 

sec t i on  replacement i s  expected t o  requ i re  on l y  s i x  t o  e i g h t  hours. 

_ . - . -  . - 
_ . _  - . . . . 

3.3.8.3 PIPING VALVES AND FITTINGS 

The p i p i n g  i s  no t  expected t o  requ i re  any s i g n i f i c a n t  maintenance. Occasignal 

replacement of a  sec t ion  o f  i n s u l a t i o n  caused by physica l  abuse may b e . '  " 

necessary. 

Should a  l i n e .  crack occur, t h i s  would r e q u i r e  i s o l a t i o n  o f  the  a f f e c t e d  area, 

d r a i n i n g  the  o i l  from the  p ipe sect ion, 'poss ib le steam c leaning of t he  o i l  side, 

fol lowed by welding r e p a i r  o f  the a f f ec ted  area according t o  'es tab l i shed codes .' 
I 

Such f a i l u r e  i s  no t  an t ic ipa ted .  
I 



It w i  11 be necessary t o  p e r i o d i c a l l y  check a l l  p i  p ing  ,supports t o  de tec t  a r i j  . 

"b inding po in ts "  and t o  assure t h a t  a l l  sp r l ng  hangers a re  operat ing w t t h t n  . . 
t h e i r  establ  ished range. 

Maintenance on the  valves w i l l  r equ i re  weekly examination o f  the  valve seals 

t o  determine if (or  when) they s t a r t  1  eaking (ex terna l ly )  and determined 

whether the packing can be t ightened t o  e l im ina te  leak ing  o r  i f  the  valve 

packing-set needs t o  be replaced. 

Sho i~ ld  the valve trim become worn o r  damaged and requ i re  service, depending 

on type o f  valve, t he  seat ing surface can e i t h e r  be resurfaced i n  s i t u  o r  the  

e n t i r e  valve t r i m  replaced dur ing  non-use periods or,  ' i f  necessary, the e n t i r e  

valve can be removed and replaced. 

Mechanical j o i n t  f i t t i n g s  are  l i m i t e d  t o  connections a t  the  f l u i d  pumps where 

expansion bellows w i l l  be u t i l i z e d  and t o  c e r t a i n  vessel vapor space nozzles 

o r  e n t r y  ways; a l l  o ther  connections w i t h i n  the  TSS w i l l  be welded connecttons 

o r  w i  11 be threaded and seal -we1 ded . 

3.3.8.4 INSTRUMENTATION 

Maintenance o f  the TSS inst rumentat ion w i l l  cons is t  p r i m a r i l y  o f  rep lac ing  the  

sensors/transmitters Ln the  event o f  f a i l u r e '  ( w i t h  the element serv iced i n  an 

instrument shop, i f  economically feasible') .  The se lec t i on  . o f  the  instrument 

type and q u a l i t y  w i l l  be such t h a t  l i t t l e  maintenance i s  expected ' to  be requ i red  

on the instrumentat ion. 

~ e r i , o d i c  c a l i b r a t i o n  checks w i l l  be requi red on the transducers w i t h i n  t h k . , ~ ~ ' ~  

I & C  system. . . 

. . . . 

' 3.3.8.5 AUXILIARY SYSTEMS 

.These systems . include the n i t rogen . i ne r t i ng  system;.the condenser and. condensate 

system, the. 1'i.quid seal and f l a r e  system, and the vacuum degassing system. 



NITROGEN INERTING SYSTEM (NIS 1 

Maintenance o f  the  NIS w i l l  cons i s t  o f  per iod ic  f i l l i n g  o f  the  cryogentc 

n i t rogen  storage tank, and weekly checking o f  any sa fe ty  valves i n  the  system, 

The oxygen sensor w i l l  probably have l i m i t e d  l i f e  i n  t h i s  systen, and conse- 

quent ly  w i l l  r equ i re  replacement a t  in f requent  i n te rva l s ,  a change-out requ i r -  

i n g  o n l y  a few minutes. 
u 

I n  the event a vacuum r e l i e f  i s  actuated, an alarm w i l l  be actuated and w i l l  

r equ i re  immediate ac t i on  t o  l oca te  the  cause and replace o r  re -se t  the u n i t  

t o  prevent oxygen contamination and l a r g e  usage o f  n i t rogen b lanket ing gas. 

It i s  estimated t h a t  t h i s  u n i t  can be replaced i n  approximately one hour, 

l i m i t i n g  po ten t i a l  contamination and n i t rogen usage. 

CONDENSER AND CONDENSATE SYSTEM 

Maintenance on the a i r  vapor condenser w i l l  be minimal. The l i q u i d  condensate 

w i l l  requ i re  per iod ic  removal f o r  disposal i n  an environmental ly acceptable 

manner. No maintenance problems are an t ic ipa ted  w i t h  tire condensate storage 

tanks o r  val  ves . 

LIQUID SEAL AND FLARE 

D a i l y  moni tor ing o f  the l i q u i d  l e v e l  i n  the l i q u i d  seal supply system w i l l  be 

required, and per iod ic  replacement i f  the seal l i q u i d  becomes contaminated 

such as t o  change i t s  vo lumetr ic  cha rac te r i s t i cs .  Provis ion f o r  per iod ic  

removal and replenishment w i l l  be made i n  the de ta i l ed  p i p i n g  design. 
. . 

F la re  maintenance p r i m a r i l y  w i l l  entail pe r iod i c  examination o f  the flame, 

b a r r i e r  t o  insure  i t  i s  no t  accumulating a coat ing and thus decreasing i t s  

ef fect iveness.  I f  replacement becomes necessary, t h i s  can be r e a d i l y  accom- 

p l i shed dur ing periods when the f l a r e  i s  i nac t i ve .  The burner and i g n i t i o n  

sys tems are expected t o  be e s s e n t i a l l y  maintenance f ree,  except f o r  occasional 

replacement o f  i g n i t e r  rods, and f low sensor element. 



VACUUM DEGASSING SYSTEM 

This system i s  used on ly  dur ing the  a d d i t l o n  of fresh o i l  [at  amhient tempera- 

t u re )  t o  the  storage subsystem. Consfsting o f  a vacuum tank, a l i q u i d  separator 

and a vacuum pump, maintenance w i l l  on l y  be requi red i n  preparat ion f o r  use when 

there i s  add i t i on  o f  o i l  t o  the TSS. During use, the l i q u i d  separator d l 1  need 

occasional 1 i q u i d  draw-off. The vacuum..pump may requ i re  add t t l on  o f  o r1  dur1,ng 

any major storage media f i l l  but  the o v e r a l l  usage o f  the system i s  occasional 

and there may not  be any major type maintenance requ i red  dur ing  the p l a n t .  1 i f e -  

time, provided t h a t  the  u n i t s  ( p r i m a r i l y  the vacuum pump) a re  protected from the 

environment dur ing non-use periods fo l l ow ing  manufacturer recommendattons. 

3.3.9 SPECIAL FEATURES AND PRECAUTIONS 

3.3.9.1 HEALTH AND SAFETY 

Plant  hea l th  and sa fe ty  p ro tec t i on  i s  achieved by conservat ive operat ion and 

compliance w i t h  app l icab le  codes i n  the design and cons t ruc t ion  o f  t he  system. 

The TSS has po ten t i a l  sa fe ty  hazards i n  the  fo l l ow ing  areas: 

0 O i l  .leakage o r  spray and f i r e  

0 O i l  vapor escape i n t o  the surrounding area 

O i l  spray o r  f low causing personnel burns 

i O i l  contamination o f  foods tu f fs  t h a t  may be consumed on the 
premises 

None o f  these areas i s  considered t o  be o f  h igh  r i s k  t o  sa fe ty  and heal th.  

O i l  leakage o r  spray does present the  p o s s i b i l i t y  o f  f i r e ,  however, the storage 

f l u ' i d  has a very h igh f l ash  p o i n t  o f  216OC (4,20°F) and any l i q u i d  o r  spray w i l l  

cool very qu i ck l y  when i t .escapes and i s  exposed t o  ambient condi t ions.  Sh.ould 

a sudden and catastrophic rup ture  o f  a vessel o r  vessel connectton occur, the 

f l u i d  w i l l  be contained w i t h i n  the diked' safety area and if ign i ted ,  w i l l  be 

maintained under con t ro l  by the p l a n t  f i r e  system which would q u i c k l y  cool the  

escaped o i l  t o  below i t s  f l a s h  

The p r i n c i p a l  concern f o r  f i r e  i n  such systems comes from entrapment o f  o i l  

seepage o r  'leakage i n  high-surface area i n s u l a t i n g  materl'als which, . . when 
. . 

. . 

. . 



suddenly exposed t o  a l r  through rup tu re  o f  t h e  i n s u l a t i o n  lagging, nay spon- 

taneously i g n i t e .  To prec lude t h l s  possibility, the  system i n s u l a t i o n  has ,  

been prescr ibed t o  be a  c l osed -ce l l  foemed g lass i n s u l a t i o n  t h a t  w i l l  n o t  

absorb any l eak ing  f l u i d .  

Personnel burns w i l l  be minimal (perhaps a  hand o r  f i n g e r  on a  h o t  va lve  stem 

o r  body) by a d m i n i s t r a t i v e  c o n t r o l s  and superv iso ry  adherence t o  sa fe  working 

p rac t i ces  when i n  the  TSS area. It i s  doub t f u l  t h a t  o i l  spray o r  f l ow  w i l l  

cause personnel burns, s ince  the  v i s u a l  r e c o g n i t i o n  o f  such f l u i d  escape i s ,  

easy and personnel w i l l  avo id  con tac t  w i t h  such s i t u a t i o n s .  

Vapor escape i n t o  t he  surrounding area w i l l  n o t  be s u f f i c i e n t  t o  cause concern 

f o r  STES o r  base personnel because o f  t h e  very  low vapor pressure o f  t he  c o l d  

f l u i d  and the  i nco rpo ra t i on  o f  sealed t r a n s p o r t  l i n e s  t o  t he  vapor f l a r e  which 

w i l l  o x i d i z e  t h e  vapors t o  form carbon d i o x i d e  and water. 

3.3.. 9.2 ENVIRONMENT . . . . . . . - ,. - .  . 

The TSS presents no s i g n i f i c a n t  concerns r e l a t i v e  t o  t he  environment. Al.though 

t h e  system represents new opera t iona l  technolo.gy a t  t he  subsystem l e v e l ,  t he re  , 

a r e  no new o r  t e c h n o l o g i c a l l y  d i f f e r e n t  fea tu res  o r  components t h a t  d i f f e r  from 

we1 1  developed des ign and opera t ing  know1 edge. A1 1  elements : o f  t h e  design and 

operat ion,  i n c l u d i n g  t he  s torage f l u i d ,  invo lves  ma te r i a l s  and processes t h a t  

have demo'nstrated, and have env i ronmenta l ly  acceptable and sa fe  i n d u s t r i a l  

app l i ca t i ons  h i s t o r i e s .  
, . . . . - . - . . ... - . -- - . . . . . .- - - . . 

Emissions o r  s p i l l s  from t h e  TSS a re  c o n t r o l l e d  .by appropr ia te  measures such 

a,s the  vapor f l a r e  and t h e  d iked  c o n t r o l  area and any escape w i l l  be he ld  t o  

a  v e r y  small amount which could r e s u l t  i n  t h e  event o'f f l a r e  f a i l u r e  o r  valve, 

pump o r  p i p i n g  1  eakage. . . 

  he' TSS w i l l  con t inuous ly  re lease  heat  t o  t h e  surrounding,area a f t e r  i t  .is 

' s t a r t e d  up, b u t  t h i s  i s  o n l y  a  very ,  s low r e d i ~ t r i b ~ t ' i o n  o f t h e  normdl s o l a r  

. . . heat  from the  c o l l e c t o r  area t h a t  w i l l  be q u i c k l y  ass im i l a ted  i n t o  t h e  

surrounding a i r  and . t e r r a i n . f e a t u r e s  w i t h  no s i g n i f i c a n c e  towards t he  c r e a t i o n  



of a "thermal island' which could affect any viable ecology that resldes i n  

the local area by virtue o f  daytime temperature effects ,  or the sllght effect 
.~ . through the nighttime of a diurnal cycle. 

. . 
. . 



3.4 POWER CONVERSION SUBSYSTEM 

The Power Conversion subsystem ( k ~ )  receives thermal energy from the Thermal 

Storage8Subsystem i n  the form o f  h o t  o i l .  ~ t c o n v e r t s  t h i s  energy i n t o  h igh  

2164 kPa (300 ps ig )  and/or low 445 kPa (50 ps ig )  pressure steam and uses 
t h i s  steam to  produce e l e c t r i c i t y  v i a  the turbine/generator and .hot water v i a  

the condenser. I t  a lso  suppi ies low pressure steam t o  the absorpt ion c h i l l e r  

f o r  the. product ion o f . c t i i l l e d  water f o r  cool ing. 

Tile PCS i s  composed of the fo l l ow ing  components: steam generator, turb ine/  

generator, condenser, condensate pump(s), condensate re tu rn  un i t ,  deaerator, 

b o i l e r  feed pump(s), f e e h a t e r  heater  and the associated p ip ing,  valves and 

con t ro l s  necessary f o r  the subsystem operation. 

3.4.2 FUNCTION 
. . 

Tne func t iona l  requi  rements o f  the power conversion subsys tern are as; f o l  lows :' 

0 Receive Sun .21 o i l  from the Thermal Storage Subsystem a t  f l ow  
ra tes  ,. temperatures and pressures as def ined i n  the s t a t e  p o i n t  
performance, Sect ion 4.1, 

Produce a t  l e a s t  200 kW o f  e l e c t r i c i t y  as measured. a t  t h e  
generator output  terminals 

0 Heat 57,470 kg (126,700' 1b) o f  water from 37.8OC (100°F) t o  60°C 
(140°F) i n  one hour 

0 Supply steam t o  the absorpt ion c h i l l e r  a t  the f low rates, pres- 
sures and temperatures speci f i e d  i n  the s t a t e  p o i n t  performance, 
Sect ion 4.2. 

Receive s ta r tup ,  mode 'cfiarige,. cont ro l  se tpo in t  and shutdown 
, commands f r o m  the p l a n t  cont ro l  system 

Transni t data on operat ing parameters (temperatures, pressures, 
valve pos i t ion ,  tu rb ine  speed, etc . )  t o  the p l a n t  con t ro l  and 
t o  the data a c q u i s i t i o n  system 



. .  . 

3.4.3 DESIGN. REQUIREMENTS 

3.4.3.1 FLUID/MECHANICAL SYSTEMS 

The Power Conversion Subsystem w i l l  operate i n  a stable fashion i n  
a l l  o f  the oper l t i ng  modes defined i n  Section 3.7.3 

The PCS w i l l  be capable of a smooth t r ans i t i on  from any operating 
mode t o  any other operating mode 

The design 1 i fe  of the PCS w i l l  be 20 years 

The PCS w i  11 be designed f o r  maximum ef f ic iency i n  meeting thermal 
loads. E l ec t r i ca l  generation mode performance w i  11 be o f  
se.conda ry importance 

Each major component w i  11 have i t s  own cont ro l  loop 

Each major component w i l l  be equipped w i t h  a l l  necessary safety 
devices (pressure r e l i e f  valves, rupture discs, overspeed . t r ip ,  
minimum f low bypass, etc.) 

I n  the event of a loss o f  s ignal  from the p lan t  control system, 
PCS w i l l  assume a safe shutdown conf igurat ion 

The PCS w i l l  contain su4fIci'ent l oca l  instrumentation f o r  the 
proper operation o f  i t s  components. Output s ignals t o  the p lan t  
contro l  sys tem and the Data Acquis i t ion  System w i  11 be as 
defined. i n  the P & I D  (Section 3.4.4.1) .. 
Water chemistry w i t h i n  the PCS w i  11 'be maintained withi 'n the 
l i m i t s  defined i n  Table 3.4-3 

ELECTRICAL DISTRIBUTION SYSTEM 

Condition the 480 v o l t  output of the STES turbine generator t o  
12,470 vol t s  f o r  connection top the For t  Hood system 

Provide 480 v o l t  and 110 v o l t  power t o  the STES from the 
12,470 v o l t  For t  Hood system when the 'STES. turbirie/genera'tor i s  
not  operat ing 

, , 

D i s t r i  b.ute power w i t h i n  the STES 

Automatically disconnect from the For t  Hood system i f the ' . '  

u t i l i t y  g r i d  f a i l s  

Prevent reconnection of the STES to  the For t  Hood system when .no 
vol tage i s  present on the For t  Hood sys tem 



Provide synchronizing signals to the turbine/generator automa,tic 
synchronization equipment 

Conditionally provide the ability for continued operation of the 
STES in the event of a loss of utility grid power. STES startup 
without utility grid power will not be required 

3.4.4 POWER CONVERSION SUBSYSTEM DESCRIPTION 

3.4.4.1 OVERALL SUBSYSTEM 

FLOW DIAGRAM 

The flow diagram for the Power Conversion. Subsystem is shown in Drawing 102E110 

(Volume 111). It consists of a conventional steam/condensate loop with components 

as defined i n  subsequent subsections. It has interface connections with 

the thermal storage subsystem at the steam generator, with the Hot Water 
Heating Subsystem at the condenser and;', in addition, it supplies low pressure 

steam to the absorption chiller. Auxiliaries required by the PCS include 

makeup water, control air and nitrogen for inerting- the .system durin.g shut. . - . .. . - 

down. 

I 

PERFORMANCE. PARAMETERS ' .a . .  . . . 
. . 

Performance parameters for the various PCS.components in the high temperature 

and intermediate temperature peak heating modes are given in Table 3.4-1. 

PROCESS AND INSTRUMENTATION DIAGRAM 

The P&ID for the Power Conversion Subsystem is Drawing 102E127 (Volume 111), 

which shows the relationship between the subsystem and the overall Instrumentation 

and Control System (Section 3.5). It 'also defines the local ,instrumentation , 

avai lable for monitoring component operation. 

SINGLE-LINE DIAGRAM 

The STES Electrical Single-Line Diagram shown in   raw in^ 5-2 (Volume 111) 
describes the electrical.relationship between the turbine/geneator, the balance 

of the STES and the site. . . Included is generator and grid protection logic 
and the automatic synchronizing equipment. 

* '  



TABLE 3.4-1 . 

POWER CONVERSION SUBSYSTEM PERFORMANCE PARAMETERS 

H i  gh Intermediate 
Parameter Tempera t u  re ,Tempera t w e  

Steam Generator 
r O i l  I n l e t  ~empekature, OF 
r O i l  Out let  ?emperaturn. OF 
r 011 F l w ,  1b/hr ' 

r Steam Pressure, i s f a  
r Steam Flow, lb /h r  
r Steam Temperature, OF 
# Feebrater Temperature, OF 

Tu@lne/Generator . . , 

r H.P. Turbine Flow, Ib/hr , 

e H.P. Turblne Output, kW 
e L.P. Turblne Flow, lb /h r  
r L.P. Turbine Output, kW 
r Generator Output, kW 

Condenser/Deaerator ~. 

r Steam Flow, lb /h r  
i Condenser Pressure, psfa 
r Deaerator Pressure, psia 
a Cooling Water Flow, lb /hr  
r Cooling Water I n l e t  ~emperature, OF ' - . . 

r Cool l ng  Water Outlet Temperature, OF 

Feedwater Pumps and Heater 
r Pump Discharge Pressure, psla 
r Feedwater Flow, Ib /hr  
r Pump Motor, hp 
e Heater I n l e t  Temperature, OF 
r Heater Outlet Temperature, OF 



3.4.4.2 DESCRIPTION 'OF COMPONENTS 

A tabul 'a t ion o f  components i s  given i n  Table 3:4-2. 

STEAM GENERATOR 

The steam generator package consis ts  o f  a preheater, a corrrbination evaporator 

and.superheater, p ip ing,  cont ro l  tialves,, re1 ie ' f  valves, instruments, support ing 

s tee l  frame, i n s u l a t i o n  and accessories. It i s  's ized t o  produce 6000 pounds 

pe r  hpur o f  500°F superheated steam a t .315 ps ia  when suppl ied w i t h  94,850 pounds ' 

pe r  hour o f  Sun 21 o i l  a t  550°F (h igh tempekaturemode).. I t  i s  a lso s i zed  t o  

produce 4000 pounds per  hour of s a t u r a t e d  steam a t  65 ps ia  when supp l ied  w i t h  

46,480 pdunds per hour o f  Sun 21 o i l  a t  4 3 8 " ~  ( in termediate temperature mde) .  

The tu'rbinel.generator package consists o f  a s ingle-s tage .h i  gh-pressure tu rb ine  

'and a s ing le -s tage low-pressure tu rb ine  connected t o  a generator through a dual 

i n p u t  speed reducer. It also includes p ip ing,  valves, cofitrols and ins t rumt i -  

t a t i o n  necessary f o r  i t s r o p e r a t i o n .  The hlgh-pressure tu rb ine  i s  s ized f o r  a 

steam f low of 6000 pounds. per  hour a t  315 psis and 500°F i n l e t  condi t i i n s ,  

exhausting t o  a 65 p s i a  back pressure. Shaft tiorsepower a t  these condi t ions 

i s  approximately 165 hp. generating approximately 125 kW. 

The low-pressure tu rb ine  i s  s ized f o r  a saturated steam f low r a t e  o f  5234 pound- 

per  hour a t  an i n l e t  pressure o f  65 ps ia  and an exhaust pressure .o f  4.9 psia. 

s h a f t  horsepower a t  these condit ions i s  approximately 165 hp, generat ing 

approximately 125 kW. 

The generator i s  s ized to  produce 250 kW o f  e l e c t r i c i t y  a t  0.8 power fac tor  

w i t h  both turb ines operat ing a t  t h e i r  design ra t ing .  

Turbineigenerator cont ro ls  inc lude a tiackpressure c o n t r o l l e r  and a speed con- 

t r o l l e r ,  an automatic s ta r tup  c o n t r o l l e r  and an automatic synchronizing cont ro l  

sys tern. 



TABLE 3.4-2 

POWER CONVERSION SUBSYSTEM COMPONENTS LIST 

a Steam Generator Inc luding:  

- Superheater 

- B o i l e r  

- Preheater 

- Superheater Temperature Control Valve 

- Steam Pressure Control Valve 

- Water Level .Control  System* 

.- Preheater Temperature Control Valve 
-. Bl  owdown Conducti v i  ty Control, System 

- Steam Pressure Rel. ief(s) . . 

- O i l  System Rupture Disc 
- O i  1 p i p i n g  Interconnects Between Components 

- Steam P i  p ing  Interconnects Between. Components . . 

. . - Thermal I n s u l a t i o n  

Turbine/Generator Including: . . .. . 

- High Pressure Turbine 

- Low Pressure Turbine 

- Gear Reducer 

- Turbine Discount Coup1 ing(s )  

- Generatdr ( o r  ~ l t e r n a t o r )  

- Turbine Bypass Control .System - . . .  . . 

- Automatic Synchronization Sys tem 

. . - Turbine ' ~ r o t e c t i . o n  System 

- Generator Pro tec t ion  System 

- Turbine Control System 

- Automatic S tar tup  System 

- Thermal I nsu la t i on  . . 
. . 

@ a  Condenser Inc luding:  

- Pressure R e l i e f  'Valve(s1 . . .  . 

- Condensate ~ e v e l  Control  System .' 

* A l l  con t ro l  systems i n c l u d e  Cont ro l le r ,  Sensor and 'Control- valve 
. . . .  

. . . . 

. . 
. . . . 

3-1 05 



. . 
TABLE 3.4-2 (continued) 

e Condenser Incl uding:  (Continued) 
- Condensate Pump(s ) 
- Air Removal Equipment 
- Thermal Insulation 

e Deaerator Incl udl ng : . . 

- Pressure Control System 
- Condensate Level Control System 
- Pressure Relief Valve(s) 
- A1 r Removal Equipment 
- Thermal Insul atf on - Boiler Feed Pumps 

' e Condensate Return Unl t ~ n c i u d i n ~ :  
- Condensate Return Tank 
- -Cond'ensite "R"eturrl P u W p s  

&*,. . 

- Condensate Level Control System 

e Feedwater Heater 

@ Feedwater ,Temperature Control System 

e Steam P i  p i n g  

@ Steam P i p i n g  Insulation 
I 

@ Feedwater P i p i n g  , .. ~ * . , , , ,  , .~ 

@ Feedwa t e r  Flowme ter  

e Feedwater P i p i n g  Insulation 

@ Isolation Valves . . 

@ Local Instrumentation . 
,@-- 



CONDENSER NJD CONDENSATE ' RETURN . . , . . . , 

The steam surface condenser i s  a package uni t cons is t ing  o f  tubes., she1 1, frame, 

water boxes, hotwel l ,  vacuum pump a i  r ~ e ~ e c t o r ,  dual condens.ate 'pumps, ' re1 i e f  

valves and the necessary val ves and cont ro ls  f o r  .pr%per operation. I t  i s  s i zed  

to condense and cool 5234 pounds per  hour o f  steam'with an enthalpy o f  1092 Btu  

per  pound to condensate a t  156.4"F when suppl ied w i t h  approximately 250 gpm o f  

100°F coo l ing  wa,ter. The condenser i s  designed so t h a t  the coo l ing  water w i l l  

leave the condenser a t  140°F. The condenser .a lso  . is capable o f  operat ing w i t h  

68°F coo l ing  water t o  reduce the  condenser pressure and increase the generator 

output  during the e l e c t r i c a l  gene'rati on mode,. . .- 

The condensate re tu rn  u n i t  i s  a' c o l l e c t i o n  tank i n t o  which a l l -  unpressurized 

condensate re tu rn  l i n e s  are directed. Inc luded are re turns  from ' t he  absorpt ion 

c h i l l e r ,  various t raps and seal leakages, . .  .. and . . the makeup water. The u n i t  i s  

s ized by the cooling. season load when i t  R u s t  handle' the absorptio'n . . c h i l l e r  

condensate i n  add i t ion  t o  makeup and mi scel laneous condensate,, returns. 
. 

- . :,. 

. . *, - 

DEAERATO R 

The deaerator -package consists o f  the deaerating tank, b o i l e r  feed pumps, spray 
. .  . 

nozzles, pressure reducing s t a t i o n  and necessary instruments and cont ro l  . I t  i s  

s ized t o  d e l i v e r  6000 pounds per hour o f  deaerated feedwater produced from 5234 

pounds per hour' o f  condensate from the condenser a t  156O.F and. 395 pounds per hour 

o f  condensate from the feedwater a t  290°F. To heat these condensate streams t o  

the 22 psia sa tura t ion  temperature o f  230°F requires 370' pounds per hour o f  65 

p s i  a saturated steam. 

FEEDWATE R HEATER 

The feedwater heater  i s  a s h e l l  and tube heat exchanger w i t h  feedwater i n  the 

tubes and low pressure' steam on the s h e l l  s ide. I t  i s  s ized"to.heat  6000 pounds 

per hour o f  230°F feedwater .to 290°F, approximately 1 30°F below satura t ion  

temperature a t  315 psia. 
. . 



PUMPS 
. . /- 

Two d l  f f e r e n t  si z e s ' o f  feedwater pumps have been s e l e c t e d  becauie of  the d i f f e r -  
ing opera t ing  condi t ions between .the high temperature and the intermediate  tem- 
pera ture  opera t ing  modes. The high pressure pump, used during high temperature 
opera t ion ,  is a mu1 t i - s t age  (approximately 25 s t ages )  d i f f u s e r  type.$ w i  t h  a 
10 hp motor. I t  i s  s i z e d , t o  d e l i v e r  6000 pounds pe rahour  (12 gpm) . a t  355 ps i a  

. . 
(750 foo t  head). 

The low pressure pump used during intermediate  temperatyre opera t ion ,  i s  a l so  
a mu1 t i - s t a g e  (approximately 17 s t ages )  d i f f u s e r  type' w i t h  a 1 hp motor. I t  
is s i z e d  t o  d e l i v e r  4000 pounds pe r  hbur ( 8  gpm) a t  85 ps ia  . ( l50 -foot  head). 

Condensate- Pumps: 
pumps, each s i zed  
of .5234 l b / h r  from 

The condenser is equipped w i t h  two condensate 
to. deli, ve.r! the , to ta l  peaking -condensate flow . - 
the condenser hotwell t o  the deaerator .  

Condensate Return Pump: Two d i f f e r e n t  s i z e s  o f  condensate re turn  
pumps have been s e l e c t e d ,  one f o r  the hea t ing  season and one f o r  . 
the cool ing season. The cool ing scason pump i s  si 7ed f o r  
approximately 2200 Ib /hr  t o  handle the absorpt ion c h i l l e r  conden- 
s a t e ,  makeup, and  trapped condensate and sea l  leaking.  The heat-  
ing season pump, which does no t  have the absorpt ion c h i l l e r  
condensate, i s  s i z e d  a t  approximately 200 lb /hr .  . .This small pump 
is  requi.red t o  prevent the "slugging" of cold makeup water  i n t o  
the deaera tor  which would occur  i f  the l a r g e r  pump were used. 

1 .  PIPING AND VALVES 

Piping and. va.l.ves i n  t he  Power Conversi0.n .Subsystem w i l l  conform t o  American 
National Standard Code f o r  Pressure Piping. Oil piping wi l l  conform t o  Sec- 
t i o n  3, Chemical P l an t  and R e f i n i ~ g  Piping, ANSI 831.5. All o the r  piping wi l l  
conform to Sect ion 1 ,  Power Piping, ANSI 831.1. 

. . 

Piping f o r  300 ps ig  steam wi l l  be Schedule 40 w i t h  300' pound c l a s s  f langes.  
Piping f o r  50 ps ig  steam w i l l  be Schedule 40 w i t h  150 pound 'c lass  f langes.  

. . 
Condensate and feedwater p ip ing ,  w i  11 be Schedule 80'. 

' r . . u .  

After i n s t a l  l a t i o n ,  piping w i l l  be h y d r o s t a t i c a l l y  t e s t e d  a t  1-1/2 times 
ope ra t i ng  pressure.  

. . . . . . . , 

~. 



Pipe s izes range from 1-in. f o r  co.ndensate . t o  4-in. , f o r  steam. . . .  ,. . . . . ,  : .  

" .  . . . ' .  . 
. . 

INSTRUMENTATION AND CONTROLS . . 

Flow Element Trammi t t e r  . 

I n - l i n e  f lange mounted i n s t r t k n t s  w'ith an output  o f  4 t o  20 .nd type(;) a w i l l  be 

speci f ied i n  Phase I V .  

Thermocouples are grounded junc t ion  and metal sheathed w i t h  ceramic. insu la t ion .  

The type w i l l  be spec i f i ed  in.Phase I V .  

- . , . 

A we1 ded in-p lace thennowel 1, o r  d i  r e c t  inser t3on using a compression f-i t t i n g  , 
, ,;... z , .  

. . 
. . . . .  

w i  11 be .used. 
. , . . .  , . . . . '. ' ' 4  

.& . i 
. . . . .  

Thermometer . . . . . .  . , . .  . ( .  . , . 
. . . .  , 

Mercury type' w i  t h  9- inch scale. 

Pressure ~ r a n s m i t t e r  

Transmitters w i l l  produce an output  of 4 t o  20 mA. Tne type w i l l  be spec i f i ed  

i n  Phase IV. 

. . 

I n s t a l  l a t i o n  w i  11 be i n t o  procesi  1 ines w i t h  taps (welded o r .  plug) , and into 
.. . .. , .  

1 i '  components a t  f langed par ts  o r  p lug  taps. 
. . 

Pressure Gage 

Type to  be spec i f i ed  in. Phase I V .  

, . 
Level. Transmi t t e r s  ,, . 

Transmitter w i l l  produce an output o f  4 t o  20,-mA. Type w i l l  be s p e c i f i e d  i n  

Phase IV. 
. . . . 

I n s t a l  l a t i o n  w i l l  ' be t o  f langed par ts .  . . 



. . 

Level Switch . ' . . 

Fl.oat-type w i t h  adjustable l inkage and microswitch(~es).. . 

, 

~ n s t a l ' l a t i o n  w i l l  be t o  f langed pa'rts. . . 

Level Glass 

Scale t o  be s p e c i f i e d  i n  Phase I V .  

Conduct iv i ty Probe 

Type t o  be spec i f i ed  i n  Phase I V .  

Analog Control l e r s  

Rack-mounted analog c o n t r o l l e r s  rece iv ing  an analog 4 t o  20 mA signal ,  and 

ou tpu t t i ng  a 4 t o  20 mA con t ro l  s ignal .  Types w i l l  be speci f ied. , in  Phase I V .  

. - . .. . . .- . . 
Con tro7. .-V.a-lye-s 

Three-way mix ing type,. a i r -operated by 3 t o  15 ps ig  a i r  using an 
I / P  valve pos i t i one r  ( 4  t o  20 mA input )  

8 Solenoid valves 

a Pneumatic con t ro l  valves w i t h  I / P  valve pos i t ioners  

AUXILIARY SYSTEMS . , 

The Power Conversion subsystem requi res the  f o l  l o w i n g  support i  iij systems :,, 

(I Ni t rogen ( i n e r t i n g )  

0 Instrument a i r  ..  

a Cool ing water ' 

(I AC power 

80 ILER FEEDWATER/CONDENSATE CHEMICAL TREATMENT . 

Water chemistry con t ro l  w i t h i n  the PCS w i l l  ' fo l ' low rou t i ne  i ndus t r y  p rac t i ce  

fo r  r e c i  r c u l  a t i n g  boi' lers us ing makeup and blowdown to ,  keep chemical 
. . . . 



concentrations i n  the b o i l e r  w i t h i n  proscribed 1 i m i  ts .  Demineral i zed  water 
w l l l  be used for  makeup w i t h  hydrazine. added f o r  oxygen scavenging and morpho- 

l i n e  added for  pH contro l  ; This a i l  v ~ 1 , a t i l i s  treatment ( A n )  w i l l  no t  con t r i -  

bute any so l ids  to the b o i l e r  wate'r. Specif ied rates o'f blowdown w l l l  ensure 
t ha t  impur i t ies  i n  the feedwater due to condenser in-leakage and corrosion . ' 

products do no t  accumulate i n  the bo i le r .  Makeup and b o i l e r  water. chemistry 

speci f icat ions are given i n  Table 3.4-3. Maintenance o f  water chemistry w i t h i n  
these specif icat ions, and per iod ic  b o i l e r  inspection and cleaning should r e s u l t  
i n  trouble-free b o i l e r  operat ion over. the design l i f e t f  me o f  the plant.  

TABLE 3.4-3 

WATER CHEMISTRY 'REQUIRED WITHIN M E  POWER CONVERSION SUBSYSTEM 

Makeup Water Speci f icat ion:  

a ~ o n d u c t i ~ v i t y ' ( c a t i o n )  " 

a SuspendedSolids 
a S i l i c a  
a Chlorides 
a Oxygen 
a Sodium 

Boi l e r  Water Speci f icat ion (Blowdown) 

o Conductivi ty (cat ion) . . . . 

Suspended Sol i ds  
a S i l i c a  
a Chlorides 

Sodium 
o Free hydroxide (as tacoj) 

a Morphol ine  

@ pH 

. .. . , 

3-111 . 

. . . . 

. . . . 

I pmhdjcm a t  25'C (ma'x). 

0. I ppm ihax) , 

0.2 ppm (max) 
0.1 ppm (max) ' 

P. 1 PPm (ma4 ' .. . 

0.01 ppm (max) 
. . 

2 .pmho/cm a t  .25OC (max) 

1 PPm (ma4 
1 PPm ( y x )  : 
0.15. ppm (max) . . ' .  . . 
0. I ppm:(max) . 
0.15.ppm ( m x )  ' 

B.I)pm,fmin) . 

9.0 to '9.6 



3.4.5 POWER CONVERSION SUBSYSTEM OPERATION 

3.4.5.1 NORMAL OPERATION 

HIGH TEMPERATURE OPERATING MODE 

High temperature operat ing mode i s  character ized by the  PCS rece iv ing  h igh  

temperature (550°F) o i l  f r o m  the  thermal storage subsystem and producing steam 

a t  300 p s i g  and 500°F (78" superheat). This steam i s  passed through the  h igh  

pressure turb ine,  exhausting a t  65 ps ia  t o  the low pressure heater.  A small 

percentage o f  t h i s  65 p s i a  steam i s  b l e d - o f f  t o  the deaerator and the feed- 

water  heater. The balance i s  f e d  t o  the low pressure tu rb ine  and, i n  season, . 

the  absorpt ion c h i l l e r .  The low pressure tu rb ine  exhausts t o  the condenser 

a t  4.9 ps ia  f o r  ho t  water production. The absorpt ion c h i l l e r  discharges , 

condensate t o  the condensate re tu rn  u n i t  a t  180°F. 

Steam Generator 

' r  . Preheater: o i l '  f low t o  the preheater i s  regu la ted  t o  heat  the 
b o i l e r  feedwater t o  w i t h i n  several  degrees o.f the sa tu ra t i on  
temperature a t  3iS p s l a  (421°F). - 

B o i l e r :  O i l  f low' t o  the b o i l e r  i s  regulated t o  b o i l  enough water 
in b o i l e r  sec t ion  t o  mainta in a pressure i n  the h igh  pressure 
steam header o f  315 psia. B o i l e r  operat ions i s  load  fo l l ow ing  

- s ince  an increase i n  load  (steam f l ow  ra te )  causes a reduc t ion  
header pressure t h a t  causes an increase i n  o i l  f low ra te ,  which 
increases steam production. 

e Superheater: O i l  f low t o  the superheater .is regulated t o  main- 
t a i n  a steam o u t l e t  temperature o f  500°F. 

Feedwater Flow: Feedwater flow t o  the steam generator i s  regu- 
l a t e d  t o  mainta in a constant water l e v e l  i n  the. b o i l e r .  

: . 

e High-Pressure Turbine: The governor valve i n  back pressure con- 
t r o l  regulates steam f l o w  through the tu rb ine  t o  maintain 65 ps ia  
i n  the low pressufe steam header. 

e Low Pressure Turbine: The governor valve i n  p o s i t i o n  cont ro l  
regulates steam f low through tu rb ine  t o  maintain approximately 
5 ps ia  i n  the condenser. Speed o f  both tu rb ines  i s  regulated 
by the 60 cyc le  g r i d  frequency seen by the generator. I f  the 
generator i s  n o t  .Synchronized t o  the  g r i d ,  both tu rb ines  are 
operated i n  speed con t ro l .  



I f ,  during the cooling season, the hot water storage tank beconks f i  1 led, the 
low pressure turbine and condenser are secured and all of the h i g h  pressure 
turbine exhaust i s  directed to the absorption chiller,  deaerator and feedwater 
heater. The low pressure turbine.is uncoupled from the generator a t  this 'time. 

. . 

.Condenser - and Condensate Return ' 

condenser pressure i s  controlled either by the governor valve of the low pre$ 
sure turbine as described above or by the outlet cooling water temperature: In 
the event the turbine i s  not operational, a turbine bypass valve and pressure 
controller performs the same function.  eat removal from the condenser i s  
controlled by the Hot waterm~eating subsystem. Water level in the, condenser 
hotwell i s  controlled by a level controller that operates a modulating valve. 
downstream of the condensate pump. Non-condensable gases are removed by a 
vacuum pump operating intermittently. 

Condensate from the .various traps and drains and," in the cooling season from 
the absorption chiller,;!.are collected in the condensate return t ank .  A level 
switch controls the 'condensate return pump that transfers the collected con- 
densate back to  the deaerator. 

. . 

Deaerator 

.Deaerator pressure i s  maintained a t  22 psia by steam supplied from the low 
pressure heade.r through a pressure control valve. Non-condensable gasses, 
stripped from the feedwater in the deaerator, are vented to  the atmosphere. 

, . 

Water level in the deaerator hotwell i s  maintained by the makeup water sub- 
system. The deaerator hotwell serves as the main condensate storage volume 
for the loop. 

Feedwater Pump- and Heater ,, 

The high pressure boiler feed pump operates continuously t o  supply feedwater 
t o  the boiler. 



The feedwater heater uses low pressure steam t o  heat the feedwater t o  290°F 
p r i o r  t o  i n j e c t i o n  i n t o  the preheater. Steam flow i s  regulated by a t h r o t t l e  

valve t ha t  i s  responsive t o  feedwater temperature leaving the heater. 

INTERMEDIATE TEMPERATURE OPERATING MODE 

Intermediate temperature operation i s  characterized by the PCS receiv ing i n t e r -  
mediate temperature (438°F) o i  1 f r o m  the thermal storage subsystem and producing 
dry, saturated steam a t  65 psia. This steam bypasses the high pressure turbine 

and i s  fed d i r e c t l y  t o  the 65 psia loads described i n  the high temperature opera- 
t i o n  section; i ie . ,  deaerator, feedwater heater, low pressure turbine and/or the 
absorption chi1 l e r .  

Steam Generator Operation 

0 - Preheater: O i l  f low t o  the.peheater i s  regulated t o  heat the 
b o i l e r  feedwater t o  w i t h i n  several degrees o f  the saturat ion 
temperature a t  65' ps ia (298°F) . ... .... . . .. , . .. . . . . . - .. . - - , . . .. . - . .. 

e Boi ler :  O i l  f low to the b o i l e r  i s  regulated to b o i l  enough water' 
in b o i l e r  sect ion t o  maintain a pressure I n  the hlyt i  pi*ssuw 
steam header o f  65 psia , . . . ,  . 

. .  . 

Su erheater: The superheater i s  not  used during intermediate 
operation. O i l  f low i s  shut o f f  and the saturated 

steam from the b o i l e r  passes through the superheater sect ion 
wi thout  hcat addi t ion '  

0 Feedwater Flow: To the steam generator i s  regulated t o  maintain 
a constant water l eve l  i n  the b o i l e r  

o High Pressure Turbine: Not used during intermed.iate temperature 
operation. The high pressure turbine bypass i s  -.opened t o  pass 
the 65 ps ia  s team'd i rec t ly  t o  the low pressure steam header. 
The turbine output sha f t  i s  uncoupled from the.gear reducer t o  
prevent f r i c t i o n  and windage losses. 

a Low Pressure Turbine: Operation i s  the same as discussed under 
I Section 3.4.5.1. 

Condenser and Condensate Return 

Operation i s  the same as discussed under Section 3.4.5.1. 
. . . . . . . 

% .  



Feedwa t e r  Pump and Heater 
. . 

The low pressure boi ler  feed pump operates continuously to supply feedwater to 
the boiler. Note that  this is a different punp from that  used during high tern 
perature operations ( the reduced flow and head requirements results i n  a pump 
of approximately 1/10 the horsepower). Feehater  heater operation is the same 
as described i n  Section 3.4.5.1. . , .  

ELECTRICAL GENERATION MODE 

~ i e c t r i  cal generation modes occur at '  both h i g h  and i n  termed! ate  temperature 
operations and are characteri zed..by lower-than-normal condenser pressure. .   he 

reduced condenser pressure is achieved by 1 oweri ng the condenser cool i ng water 
temperature i n  the 'Hot Water Heating Subsystem via cooling tower operation,. 

The reduced condenser pressure of this operating mode results i n  increased 
power from the low pressure turbine and increased electr ical  -output fmm the 
generator. 

Operation of components other than the condenser are the same 'as i n  high 
and intermediate temperature operations.. 

3.4.5.2 STARTUP AND SHUTDOWN 

INITIAL CONDITIONS FOR STARTUP 

o Power Conversion Subsystem cold and depressurized 

a .  Thermal Storage Subsystem available i n  the intermediate temper-. . . . . 
ature mode 

a ' condenser cooling water available. . 
. - 

a Makeup watersystemavailable 
, . 

a Util i ty power available 
. . 

a Plant control system available 



FILL AND VENT . '  

e Close nitrogen 'overpressure control, valve . . 

Using makeup water and condensate return u n i t ,  establish proper 
water level i n  deaerator 

. . 

Using low pressure boiler feed pump, establish proper water level 
i n  boiler 

.,. : 

Establish proper water chemi-stry i n  boiler by makeup and bl.owdown 

Star t  intermediate temperature o i l  flow to boiler;  establish 
25 psia steam pressure 

e Vent non-condensable gases from a1 1 steam 1 ines ,. steam generator, , 

- turbines, condenser and deaerator . , . -'b' 

. , 

CONDENSER AND DEAERATOR STARTUP 

Place t u b i n e  bypass i n  pressure control a t  4.9 psia condenser 
pressure 

- - 
e Star t  condenser cooling water flow to reduce condenser pressure 

to 4'.9 psia 

e Star t  condenser vacuum pump 

S tar t  condensate pump to maintain cundenser hotwell water level 

0 .Increase steam pressure to 65 psia , . 
1 

Make final check of boiler water chemistry; PCS i s  now a t  hot 
standby condition 

. . 
,- . 

INITIAL CONDITIONS FOR SHUTDOWN . t 

I , PCS i s  in h 0 . t  standby condition 

0 Adjust system water chemistry for layup 

Secure oi 1 flow to steam generator 

e I# rapid cooldown i s  desired, s t a r t  condenser cooling water flow 

. . 



A 

, . ,. . .....,,- ' 

*Ill_ i!, .1. ( . . . . . .  . 
. I 

0 Sec'ure blowdown ' .  . ,, 

When steam pressure reaches. 25 psia, open turbine bypass valve : 

.Open ni t rogen overpressure supply valve . .. . . 

'When. steam pressure reaches 20 psia, secure condenser cool ing 
water, condensate ,pump and b o i l e r  feed pump . . 

. . . . ! 

When system pressure 'reaches 17 ps i  a, n i t rogen system w i  11 main- 
, - t a i n  t h i s  pressure; PCS i s  now shut down . , 

I 
, . 

3.4.5.3 ABNORMAL OPERATION . . s  . ! .  

MANUAL OPERATION 

Su f f i c ien t  l oca l  instrumentat ion and analog cont ro l le rs  w i l l  be provided t o  

permit 'the manual operat ion o f  the PCS . in.. L , .  .the . . in te&dia te  * . .  tkmpera.t"re . .. m'de. 

This feature w i l l  permit the thermal loads o f  ,the f i v e  bu i ld ings t o  be sa t i s -  

f i e d  i n  the event the p l an t  d i g i t a l  contro l  system i s .  inope.rative. Operation 

o f  the turbine/generator dur ing manual o p e ~ t i o n  i s  ' a t  the d iscre t idn o f  the 
. . . . 

operator. 
. . 

A turb ine bypass 1 ine and contro l  valve are provided '-,a permit the operation 

o f  the condenser t o  sa t i s f y  thermal loads i n  the event the turbine/generator 

i s  inoperative.' The bypass contro l  valve i s  operated by a pressu're c o n t r o l l e r  

to maintain the proper condenser pressure. Turbine bypassing , i s  permitted 

only i n  the intermediate. temperature operat ing mode. , . . 

3.4.5.4. HOT STAND-BY OPERATION 

Hot stand-by operation maintains stean pressure a t  65 psia and'a minimum o f  

steam f low to  keep the l i nes  hot  and the deaerator pressurized' a t  22 psia. 

Water l eve l  i s  maintained i n  the bo i le r ,  the condenser hctwel l  and the deaerator 

wh i le  steam flow t o  absorption c h i l l e r  and cool ing water flow t o  the conden,ser 

are turned o f f .  . , 



3.4.6 POWER CONVERSION SUBSYSTEM INTERFACES - 

3.4.6.1 SUBSYSTEM INTERFACES 

The interfaces of the PCS w i t h  adjacent subsystems are  defined as follows with 
numbers referring t o  the s t a t e  points shown on the Subsystem Flow Diagram. 

Fluid conditions a t  the interfaces are  tabluated by s t a t e  point number i n  

Section 4.2. I 

THERMAL STORAGE SUBSYSTEM 

. 20. Interface to the hot o i l  i n l e t  l ine  p t  the i n l e t  to the super- 
heating i n l e t  check valve 

21. Interface to the cold o i l  return l ine  a t  the ou t le t  of the o i l  
flow control valve 

7. Interface to the steam i n l e t  of the absorption c-h-i-11-er--a-t-. the 
steam th ro t t l e  valve i n l e t  

8. Interface to the condensate ~ L u r w  1 ine  a t  the cond~nsate connec- 
tion of the absorption ch i l l e r  

18. Interface to the condenser cooling water supply l ine  a t  the 
condenser nozzle 

19. Interface to  the condenser cooling water r e t u n ~  l ine  a t  the 
condenser nozzle 

iNSTRUMENTATION AND CONTROL SYSTEM , 

A1 1 e lec t r i ca l  I&C channels interface w i t h  the local 1/0 and microprocessor. 
As described i n  Section 3.6.4.2,. the 1/0 provides a1 1 signai conditioning 

functions. In addition, cer ta in  channels a1 so interface with local analog 

control l e r s  t o  provide iontrol signals for  cer ta in  valves. 
. ,  

AUXILIARY SYSTEMS 

50. * Makeup water connection a t  the condensate return tank 
' . . 

51. Blowdown connection a t  the bo i le r  drain o r  blowdown nozzle 



52. O i l  pressure r e l i e f  l i n e  a t  rupture disc flange 

53. ~ i t r o g e n  connection a t  the i n l e t  to the nitrogen check valve . .  . 

3.4.6.2 KCHANICAL INTERFACES 

STEAM GENERATOR 

kchan i  cal interfaces between the steam generator and i t s  foundati on, fee&ater 

l ine, steam l ine, o i l  l ines, blowdown l i n e  and r e l i e f  valves w i l l  .be defined'on 

the steam generator vendor drawings to be supplied during the procur~ment phase. 

TURB I l E  GENERATOR 

Mechanical interfaces between the t u h i n e  generator &d i t s  foundation and . 

steam nozzle deffni t ions w i l l  be included on the turbine generator vendor draw- 
i n g  to be supplied during the procu&dnt phase. 

CONDENSER 

Mechanical interfaces between the condenser and i t s  foundation and the def ini-  
t i on  o f  steam, cooling water and condensate connections w i l l  be included on 

condenser vendor drawings to be supplied during the procuremnt phase. . 

3.4.6.3 ELECTRICAL POWER INTERFACES 

The e lec t r i ca l  power interfaces i nc l  ude: 

8 12,470 volt, %phase, & w i r e  t i e  i n t o  the ex is t ing Fort Hood base 
and .a 12,470 volt, 3-phase to 480/277 volt,  %phase, $-wire 

' 'transformation a t  the STES plant  ' 
', . . 

8 A system by which power from the STES generator , i n  excess o f  tha t  
required by the STES plant load, can be fed back i n t o  the 
Fort Hood base t o  reduce peak demand requirements and consumption 
on the base system 

8 A system t o  assure safety o f  personnel and. protection o f  e uip- 9 ment i n  the event o f  a loss o f  base system, yet  conditiona l y  
provides the a b i l i t y  for continued operation o f  the STES . plant 's . 
1 oads . 

. . 



The STES p l a n t  w i l l  be served . e l e c t r i c a l l y  by  connect ing i n t o  t he  base 

12,470 vo l  t pr imary d i  s tri b u t i  on' sys tem and by extending s e r v i c e  t o  a new 

300 kVA t ransformer  (12,470V t o  4801277 v o l t ,  3-phase, 4-wire) f o r  t h e  STES 

bui1ding;as shown on  rawin in^ 8-13 i n  volume 111. 

A sensor and r e l a y  w i t h  an upper c u r r e n t  l i m i t  t o  de tec t  n e t  reverse c u r r e n t  

f l o w  back i n t o  TP&L and F o r t  Hood d i s t r , i b u t i o n  system w i l l  be prov ided.  The 

r e l a y  w i l l  be i n s t a l l e d  on the  l i n e  s i d e  o f  the  new t ransformer  t o  .detect '  n e t  

reverse c u r r e n t  due' t o  a f a i l u r e  o f  the  F o r t  Hood base system r a t h e r  than merely 

t he  f a c t  t h a t  the STES p l a n t  generator ou tpu t  exceeds l o a d  requirements f o r  t he  

STES p lan t .  I f  n e t  reverse  c u r r e n t  i s  detected, ACB "A1' w i l l  t r i p .  

. . 
A zero sequence over -vo l tage  r e l a y  w i l l  be connected through a Y-open d e l t a  

connected p o t e n t i a l  t ransformer  on the  12,470 vo l  t sys tem t o  ' t r i p  480 vo l  t, 

ACB "A" upon phase t o  phase o r  phase t o  ground f a u l t s  and t o  i s o l a t e  f a u l t  from 

STES systems. To ta l  separate i s o l a t i o n  o f  t he  STES F a c i l i t y  w i l l  be by means 

o f  a new 12KV o i l  c i r c u i t  breaker p laced ahead o f  the new t ransformer .  

Serv ice  from the 300 KVA, 12,470 v o l t  t o  4801277 v o l t ,  3-phase, 4-wire t rans -  

former w i l l  be underground ' to  the STES switchboard.  

I STES PLANT POWER DISTRIBUTION SYSTEM 

The STES P l a n t  Power D i s t r i b u t i o n  System and c o n t r o l  sequences are i l l u s t r a t e d  

an Drawings 8-14 and 8-15 (Volume 111) The STES p l a n t  power d i s t r i b u t i o n  
system cons is ts  o f  th ree  pa r t s :  . . 

o The feed i n t o  the main switchboard f rom the  base se rv i ce  

a The feed  i n t o  the main switchboard f rom the generator  source 

o Branch c i r c u i t  d i s t r i b u t i o n  w i t h i n  the STES f a c i l i t y  and a t  t he  
s o l a r  co l  l e c t o r  f i e1  d 



THE 480 VOLT BASE SYSTEM SERVICE 

The feeder from the 480 v o l t  base serv ice  i s  connected t o  a i r  c i r c u i t  breaker 

ACB "A". The fo l low ing metering w i l l  be provided on the l i n e  s'ide o f  ACB "A" 

i n  the switchboard: 

I Recording ivatt-hour meters t o  measure power i n  and power o u t  - - 

I, A vol tmeter  t o  measure each o f  three phases 

An ammeter t o  measure each o f  three phases 

. . . . 

. The operat ion of  ACB "A" w i l l  be as f o l  lows: 

I Normally closed h i t h  base serv ice  energiz ing main bus i n  STES 
p lan t ;  ACB "A" w i  11 open upon: 

I - Reverse power i n d i c a t i o n  

I - Faul t on base system 

I 
- Abnormal over-vol tage ,, under-vol tage o r  frequency on the main 

bus i n  the STES p l a n t  

Genera t o r  Source' 

Service from the 480 vo l t ,  3-phase gene.rator w i l l  be fed through a 480 v o l t ,  

3-phase t o  480 vo l t ,  3-phase, 4-wire i s o l a t i o n  transformer (used t o  prov ide 

s h o r t  c i r c u i t  p ro tec t i on  and t o  reduce harmonics) t o  the main switchboard 

through ACB "B" .  The generator w i l l  feed the main bus as described i n  pre- 

ceeding sections. Excess power generated. ( t h a t  which . i s  i n  excess o f  the 

power requi red by the STES p 1 a n t ) ' w i l l  be ' f ed  i n t o t h e  Fo r t  Hood Base system 

to  a s s i s t  i n  shaving peak demand on the system and reducing t o t a l  consumption. 

Actual hours o f  operat ion o f  the generator w i  11 be determined as .the STES 

design progresses. The generator package w i  1.1. inc lude the f o l  lowing: 

A generator neu t ra l  grounding transformer w i t h  r e s i s t o r  used t o  
prov ide ground f a u l t  p ro tec t i on  f o r  the generator and suppress 
unwanted resonances. Transformer and r e s i s t o r  r a t i n g  t o  be as 
spec i f ied  a f t e r  se lec t i on  o f  the generator and transformer. 

Ground fau l t '  r e lay  t h a t  w i l l  shut generator down and open e lec-  
tri ca l  l y  operated power c i  r c u i  t breaker ACB "B" .  



a A time delay ground f a u l t  r e l a y  c i r c u i t  t h a t  w i l l  t r i p  ACB ."BI8, 

a A ser ies  o f  p ro tec t i ve  relays: phase~overvo l tage ,  phase 
imbalance, generator over-vol tage, and reverse power whi ch w i  11 
t r i p  ACB 'ID1 and shut  the generatdr down. 

Metering on the generator s ide  o f  ABC "B" w i l l  inc lude the fo l low ing:  

a An amneter f o r  each o f  three phases 

a '  .A .  recording vol tmeter  f o r  each o f  three phases 

o A record ing watt-hour meter t o  measure power o& . , 

a A recording wattmeter 

e A recording VAR meter 

a A record ing frequency meter 

Recording meters w i l l  be provided i n  the Central  Control System. _ __. _ __ .__ . ._-.I..I_-..-- - -.---- ).. .. -.--.-- 

Synchronizer Switches and ~ r e a k e r  Operations . 

A s i n g l e  s e t  o f  Synchronizer switches and i n d i c a t o r  ( inc luded as a p a r t  o f  the 
Y 

generator) w i l l  be provided. 

A synchronized cond i t ion  across both secondary breaker9 (ACB "B" for the 
generator and ACB "A" ' f o r  the base 480 v o l t  source) and the main bus must be. 

met before the STES f a c i  1 i t y  main 480 v o l t  bus can be connected t o  both sources. 

If ACB "A" (480 v o l t  base source breaker) i s  closed and STES main bus i s  

energized from base source, ACB "8" (generator source breaker) cannot be closed 

unless generator output  i s  synchronized w i t h  the base source. If base source 
' i s  down and ACE "A" (base soljrce breaker) i s  closed, then ACB "B" (generator 

source breaker) cannot be closed a t  a l l ,  i.e., ACB "B" (generator source 
breaker) can connect generator output t o  STES bus on ly  i f  (a)  i n  sync w i t h  the  

base source o r  (b)  i s o l a t e d  from base source. 

Likewise, i f  STES main bus i s  energized from generator on l y  ( through ACB "B"), 
ACB "A" (base source breaker) cannot be closedunless synchronized w i t h  generator 



source. I n  t h i s  case, generator must manual l y  be brought i n t o  sync w i t h  base 

source and ACB "A" must be manually closed. 

Under normal operat ing condit ions, the synchmniz ing func t ion  i s  t o  be c a r r i e d  

o u t  automat ica l ly .  This cond i t ion  e x i s t s  when the STES main bus i s  normal ly 

energized by the base system and when generator comes up as programed. Once 

i n  sync w i t h  base source, the generator i s  automati.cally connected i n t o  the 

STES main bus and the base system by the  c los ing  o f  ACB "B". A shutdown o f  the 

generator, whether due to  normal o r  abnormal circumstantes., i so la tes  the 

generator from main bus by  t r i p p i n g  the 'generator source breaker ACB "B". 

D i s t r i b u t i o n  With in the STES F a c i l i t y  and t o  the Co l l ec to r  F i e l d  

D i s t r i b u t i o n  w i t h i n  STES and to the c o l l e c t o r  f i e l d  w i l l  comprise standard 

e l e c t r i c a l  power feeder breakers and con t ro l  p&er connections. The sys te rn  

fed can be broken down as fo l lows:  

Motor con t ro l  center  which includes pump motor loads f o r  the 
s o l a r  co l  l e c t o r  subsys tem, thermal storage subsystem, power con- 
version subsystem, domestic h o t  water and make-up water 
s ubsystems 

e Power panel f o r  the s o l a r  c o l l e c t o r  f i e l d  

o B u i l  d ing 1 i ght ing  panel and miscel laneous power panel 
,. 

. 'Secur i ty  l i g h t i n g  f o r  the STES p l a n t  c o l l e c t o r  f i e l d  and 
, .surrounding area 

An emergency panel b a t t e r y  .powered t o  feed. emergency l i g h t i n g  
c i  r c u i  t s  . 
A s ' ta t i c  Un in te r rup t i b le  Power Supply System t o  power , the  . 
c r i t i c a l  l oad  o f  the I C S .  

STES Bu i l d ing  Power Plan (~rawing.8-16, Volume 111) . i nd ica tes  equipment. requi r- 
i n g  power connecti,ons. Branch c i r c u i t  d i s t r i b u t i o n  f o r  t h i s  equipment and 

d e t a i l s  o f  e l e c t r i c a l  cont ro l  w i ' l l  be completed i n  Phase I V .  

The Power Conversion Subsystem inst rumentat ion consis ts  o f  l oca l  i nd i ca t i ons ,  

instrument s igna ls  t h a t  are processed by the l o c a l  microcomputers and 



. . 

con t ro ls ,  some of which are l o c a l  analog contro ls ,  and some o f  which are 

d i g i t a l '  con t ro ls  through the microcomputers. There are two microcomputers 

pmv ided  fo r  the PCS. ' One i s  loca ted  near the steam generator, and the o the r  

i s  loca ted  i n  the STES bu i ld ing .  Each -communicates w i t h  the cent ra l  

min i  computer. . . 

Each PC p rov i  des several .functions. Measurements of important subsys tem para- 

meters are made by the UC and are  p e r i o d i c a l l y  t ransmi t ted .  t o  the cent ra l  

computer. The parameters are compared against p l a n t  l i m i t s  and, i f  a para- 

meter i s  out o f  bounds, the cent ra l  computer i s  n o t i f f e d  and p ro tec t i ve  ac t ion  

i s  i n i t i a t e d .  Control  funct ions provided ,by the pC are generated by the PC 

using in format ion about ove ra l l  system s ta tus  and desi red operat ing modes pro- 

vided by the cent ra l  computer and the measurements made by the Control  

outputs are t ransmit ted by the p C  t o  the p lan t .  

3.4.7.1 SUBSYSTEM CONTROL ALGORITHMS 

Power conversion subsystem operar l  on mudes die 'Je tii.mined by thc . cneray manay- 

ment program tha t  operates i n  the cont ro l  computer. This program determines 

an operat ing mode f o r  the e n t i r e  STES based upon energy inventory, an t i c i pa ted  

energy supply and demand, and equipment operat ional  s tatus.  The desi red 

operat ing mode i s  t ransmi t ted  t o  the PCS pC con t ro l l e rs  t h a t  then a l i g n  the PCS 

t o  the desi red operat ing mode by s t a r t i n g  up desi red equipment and es tab l i sh ing  

operat ional  setpoints.  

3.4.7.2 SUBSYSTEM BLOCK DIAGRAM . 

. . 
The power conversioq subsystem block diagram, sheet 2 of Drawing No.. f02E14.5, 

Volume I I 1  ,. ' shows the instrument s ignal  s  being measured by the micrqcbmputer . - 

o r  being processed by analog c o n t r o l l e r s  t h a t  are.deve10'~ed by the m i c ~ o c ~ o m p u t ~ r  

o r  by the analog c o n t r o l l e r s .  



3.4.7.3 INDIVIDUAL COMPONENT CONTROLS 
. . 

STEAM GENERATOR CONTROLS 

Preheater Ou t le t  Temperature 

The preheater o u t l e t  temperature i s  c o n t r o l l e d  by ad jus t ing  the f low of o i l  

through the preheater tubes by ad jus t ing  the p o s i t i o n  o f  a 3-way modulating 

valve on a preheater bypass l i n e .  The modulating valve i s  con t ro l l ed  by the 

PC which measures.preheater o u t l e t  temperatureland compares t h i s  against a 

desired temperature t h a t  i s  generated. in the cent ra l  computer. 

Steam Pressure . . 

Steam pressure i s  contro l  l e d  by ad jus t ing  the f low , o f  o i l  through the bo i  l e r  

tubes. The o i l  flow r a t e  i s  c o n t r o l l e d  .. ., by a . modulating valve t h a t  cont ro ls  the  

f low o ' f  o i l  t o  t h e  steam generator.  he modulating valve p o s i t i o n  i s  con t ro l l ed  

by the based upon the measuredsteam pressure and a desired pressure 

generated i n  the cent ra l  computer. 

Superheater Ou t le t  Tenperature 

Superheater o u t l e t  temperature i s  con t ro l l ed  by ad jus t ing  the f low o f  o i l  

through the  superheater tubes by ad jus t ing  the pos i t i on  o f  a 3-wqy modulating 

valve on the superheater bypass l i n e .  The modulating valve i s  con t ro l l ed  by 

the PC whi ch measures superheater o u t i e t  temperature and compares t h i s  against 

a desired temperature t h a t  i s  generated i n  the cent ra l  computer. 

. . . . - . . . . . . . . .  . . , .  . - . . . . . - .. . . . . . . . . .. . 

B o i l e r  Water Level 

B o i l e r  water i eve l  i s  con t ro l l ed  by adjust fng the f e e h a t e r  f low regu la t ing  
, . 

valve.  he valve i s c o n t r o l l e d  using a conventional analog c o n t r o l l e r  t ha t  

, 
measures water l eve l .  'Backup contro l  i s  provided by l o c a l  manual con t ro l  o f  

: the feedwater f low i e g u l a t i n g  valve. 

a Back Pressure .Control :  Steam f low through . the  tu rb ine  i s  regu- 
1 . a t e d . b ~  the governor valve t o  maintain a constant tu rb ine  , , 

exhaust pressure.' 
. . .  . . 

. . . . 

. . 
. .  . 
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S eed Eon tm l :  Steam f low through the tu rb ine  & regulated by 
-valve t o  maintain a constant tu rb ine  speed. 

ass Control : A low .pressure tu rb ine  by-pass valve i s  pro- 
v i  ed f o r  use dur ing p l a n t  s ta r tup  and shutdown. It can a lso  be @"-g---- 
used t o  s a t i s f y  thermal loads i f  the tu rb ine lgenera tor  i s  
inoperat ive.  .. . 

Automatic Startup: A cont ro l  'system t h a t  automat ica l ly  s t a r t s  
turb inelgenerator ,  i nc lud ing  vent ing and dra in ing,  and 

br ings i t  up t o  operat ing speed. 

a Automatic Synchronization: A cont ro l  system t h a t ' a d j u s t s  
turb inelgenerator  speed t o  match generator output  frequency and 
phase angle t o  t h a t  o f  the u t i l i t y  g r i d  and then autorwi t ica l ly  
connect the generator output t o  the gr id .  

CONDENSER CONTROLS 

Condenser Hotwel l  Level Control  
_ _ _ _ _ _  _ _  _ _ _  __.  _ _ _ _  _ . _ . _ . _  . . _ _ ._. _ _ _ _  _. _. 

The condenser ho twe l l  i s  drained by two condensate pumps operat ing i n  p a r a l l e l .  

The f i r s t  pump I s  turned on by the UC when the condenser begins operation. The . 
second pump i s  s t a r t e d  by a l e v e l  swi tch i f  the condenser hotwel l  l eve l  i s  too 

high. The f low i s  c o n t r o l l e d  by a cont ro l  valve a t  the common condensate pump 

discharge. The valve i s  con t ro l l ed  by an analog c o n t r o l l e r  w i t h  a ho twe l l  

l e v e l  feedback. 

Con denser Vacuum Pump -- 
... -- -. . .. . . . . . . . , . . . . . - . , 

The condenser vacuum pump w i l l  be operated i n t e r m i t t e n t l y  as requi red to  remove 

non-condensabl es from the condenser. 

DEAE RATOR CONTROLS 

Deaerator pressure Control  l e r  

The deaerator pressure i s ,  con t ro l l ed  by  a modulating valve t h a t  cont ro ls  the 

ra te  ,of steam f low to, the deaerator from the low pressure steam header. This  

valve i s  regulated by an analog c o n t r o l l e r  reac t ing  t o  deaerator pressure. 



' Deaerator Level Control 

Level control . is provided f o r  low level  by drawing water f r o m  the makeup water 
subsystem t o  the condensate return u n i t  t ha t  then sends the water t o  the 
deaerator. The f lw  o f  water f r o m  M e  makeup water subsys tein i s  regulated by 
a control  valve M a t  i s  operate'd by an analog con t ro l le r  which Msponds t o  low 
deaerator level .  No provis ion i s  made f o r  automatical ly dealing w i t h  high 
water. leve l  because high water leve l  i s  no t  expected t o  occur. 

Condensate Return Untt 

The water leve l  I n  the condenrate return unl ' t  (CRU), I s  cont ro l led by an analog 
con t ro l le r  on a valve i n  the condensate return pump out le t .  There are two 
pumps; the f i rst I s  turned on by the uC when the und t I s  placed i n  operation. 
The second i s  placed I n  serv l  ce by a loca l  control  l e r  when the CRU water' l eve l  
exceeds a high leve l  se t  point.  

Feechater tieater Temperature Control 

Feedwater heater water o u t l e t  temperatura i s  regulated by adjust ing the flow . 
rate o f  low pressure steam to  the unl t. The steam flow rate I s  cont ro l led by ,  
a mdu la t lng  valve tha t  i s  ngu la&d by an analog. con t ro l le r  responding t o  
o u t l e t  water temperature. 

a 3.4.8 MAINTENANCE REQUIREMENTS 

Ma1 n tenance requi rernen t s  for  the Power Conversion Subsystem I ncl ude rout ine 
inspection and serv ic ing , o f  mechani ck l  components as we1 1 as period1 c perform- 
ance tes t ing o f  the major subsystem components. The designated performance 
tes ts  and maintenance requl remnts  are judged to  be 1 dentlcal , o r  very slmi l a r  
t o  those required of conventlonal plants o f  the same capacity. I t  i s  an t i c i -  
pated tha t  the complete subsystem performance tes ts  w i l l  provide the informa- 
t i on  for  appraising the performance o f  the major components so t ha t  separate 
tes t ing  .o f  each component I s  not nasessary. The p lant  process computer can 
be used to provide a p r in tou t  o f  the p(rf~rmance data necessary t o  asreis p lant  

,.,'-J . 

and component performance, so special performance t es t  runs w i l l  no t  be 
requlred. 



Most of the rou t ine  major maintenance operations can be scheduled f o r  perform- 

ance i n  the spr ing  and/or fa1 1 when thermal loads'  on the system are l i g h t .  

This w i l l  reduce the impact o f  iospect ion and maintenance on o v e r a l l  system 

operat ion. 

The maintenance requi remen t s  f o r  the Power Conversion Subsystem are discussed 

i n  the ensuing paragraphs, and are summarized i n  Table 3.4-4, which a lso 

include's an estimate o f  the annual cost  o f  replacement par ts .  These estimates 

show a known annual l abo r  requirement o f  527 man-hours and a par ts /suppl ies 

cost  estimate o f  $180, 

3.4.8.1 COMPLETE SUBSYSTEM 

PERFORMANCE TESTING (6-MONTH INTERVALS, SPRING AND -FALL) 

A) Start-up and operate over the load range w i t h  PCS connected to  
the u t i l i t y  g r id .  Ve r i f y  proper mechanical operat ion of a l l  
components. Measure and record thermal inputs and outputs ( f low 
rates, pressures and temperatures, and e l e c t r i c a l  output  para- 
meters) a t  se lcc tad  Isad po in ts .  Estimated manpower requirement, 
cxc l  uding startup,  f o u r  crew-hours. 

B) Repeat A) w i t h  PCS n o t  connected t o  the u t i l i t y  g r i d .  Ve r i f y  
frequency cont ro l  (speed con t ro l )  accuracy. Estimated manpower 
requi wment, same as A), above. 

C) Simulate contingencies (TBD, such as l oss  o f  u t i l i t y  g r i d  con- 
nec t i  on) and check-out emergency response opera t i  on. Manpower 
requi rement, TBD. 

ROUTINE INSPECTIONS 

A) P e r i o d i c a l l y  check and record pressure drop i n  in terconnect ing . 
p i p i n g  as a check against deposit  formation o r  o ther  blockage. 
Estimated manpower requi rement, 112 manhour per  check. 

El) Pe r iod i ca l l y  inspect  p i p i n g  connections fo r  evidence o f  leaks, 
espec ia l l y  a t  gasketed j o i n t s .  I nsu la t i on  jackets (muffs) should 
be removed dur ing a p l a n t  down-time to. reduce personnel hazard. 
Estimated manpower requi rement, 4 manhours per  connection. 



TABLE 3.4-4 
. . . . 

. . MAINTENANCE ESTIF~ATES-POWER CONVERSION SUBSYSTEM ' 

, . 
ESTIMATED ANNUAL MAINTENANCE LABOR Ann'ual 

Time NO. Per Labor 
. Task . (Hours) Year (Man-Hours) 

. . 

I. system . . 

A. Performance Test ing and ~ ~ ~ r a i s a l  48.0 
. .. . .  . , 

2 96.0, 

B. Leakage Inspect ion 200.0 0.2" 40.0 . 
C. Emergency Response TBD 2 TB B 

. , 

2. ' Steam Generator ' ' 

A. Thermal E f f i c i e n c y  -------"" P a r t  o f  1 .A ----------- 
B. Pressure. Drop Tests . ' ------ ---- P a r t  of ].A ----------- . '. , 7  ., . . I . . I .  . . . 

C.  low Control  valve Test ing (3)** 1.0;val ve 1 3.0 

Safety Valve Inspect ion (1 )  ' - ' 

' 

Water Level ~ o n ' t m l '  (1) : 
Valve & Instrument Packing' 
Inspect ion (1  3) 

Pressure Gauge Ca l i b ra t fon  (6 )  

Pressure Transducer' Ca l ib ra t ion ' .  (5) 

Temperature Gauge (The'rmome t e  r )  
Ca l i b ra t i on  

Temperature Transducer Cal i b r a t i  on 
(9  
Flow Control Valve Inspect ion (3)  
A i r  F i l t e r  -Ins & Cleaning/ . . . 

Replacement (5 

0.25/ i tem 12 
.. . 

1.5/gauge 1 

None None None 

3. Turbine Generator 

A. Performance ~ e s t i n ~  ' .  ---------- Par t  of  1 .A ----------- 
B. Steam I n l e t  S t ra ine r  2.0 . 1 2.0 

C. Gove.rnor 'Sys tem (Mechani ca l  ) (2) 1 .O 2 4.0 

D.  overn nor System ( ~ ~ d r a u i i c )  (2 )  ' , ' 0.5 12 12.0 

*Assumes 50 j o i n t s  t o  inspect  and 20 percent' o f  p l a n t  inspected each year., 
**Nu&ers i n  parentheses .() i nd i ca te  nu&er of un i t s  i n  the p lan t .  



TABLE 3.4-4 (Contlnued) 
Annual 

Tlme No. Per Labor 
Task . A  ours) Year   an-HOU~S ) 

3. 'Turbine Generator (Continued) , . 

E. Overspeed T r l p  Inspection/Cleaning 
(2) 0.25 2 1.0 

F. Lube 011 Chemistry (3) 4 2 '  24.0 

G. Lube 01 1 Level , Inspection/Repleni sh- 
ment, A l l  0.25 

H. Clutch Inspection (2) 2.0 ' 

'4. Condenser Condensate Return., Deaeratort 
Feedwater Heater 
A. Performance Testing ,,,,-,---- Par t  of 1 , ~  ----------- 
8. Leak Tests (Condenser & FeadrJater 

Heater) 
C. Level Controls (Condenser & Conden- 

sate Return) .- . - ,*. 4,0/each 2/each . 16.0 
... . - ,, - 

0. Deaerator Vent Inspection ' O O . 3  . -- ,.2 . -1 .; 0, . 

5. Condensate & 801 l e r  Feedwater Pumps 
A. Bearing Lubricant (4) 

1) Inspection (4) 0.125/each 4 2.0 

2) Replenishment (4) 0,. 25leach 2 4.0 

B. Seals (4) , 

1) Inspectlon (4) 2.0 2' 4.0 

2) Replacemnt (4) 8.0 0.2* 6.4 . 

6. Piplnq. Valves and F i t t i nas  
A. Power Actuated Valves 

1) Response to Control Signaln (LIZ) 1 .O/valve 2 24.0 

2) Parer Required (A l r  Actuated) 
' -----.-.-- Part  of, 6 .A, 1 ---------' (6) 

3) .Pack1 ng Inspect1 on (1 2) ,,,~~~~-~, Part  of 6 . ~ ~ 1  --------- . 

4) Pack4 ng Rep1 acement 4.O/val ves 0,2*** 9 . 6 ,  

*Assumes Seal L i f e  o f  5 years 
**t,by be Par t  o f  A.1 

***Assumes 5-Year Packlng L i f e  . . . , 

. , 

. . 
C . . .  

. . 



TABLE 3,3-4 (Continued) 

Annual 
Time + No. Per L a b ~ r  

Task burr 1 Year [Man-Hours) 

6. Piping, Val ves and F i t t i n g s  (Continued) 4 

B. Manual Valves (20) 

1 ) Packing Inspect ion .0.25/valve . 2 10.0 

2) Packing Rep1 acement 2.0/val ve 1 * 4.0 
< 

7. Instruments and Controls TB D TB D TB D 

Unscheduled Maintenance & Contingencies 60 1 60 
. . . SUBTOTAL: ANNUAL I4AINTERANCE -. . . . .  , . . . . . . . .  ., . . . . . .  491  

. . 

Steam' Generator (Cleani ng, P l  uggi ng 
160 Leaks; 0.8) f .  0.1* 16 

Turbi.nes 100 b . l.* 10 

E l e c t r i c a l  . . Generator' . 50 0.1 5 

10 Motors, Pumps .O. 1 ' 1 
~ n s u l a t i o i  (Thermal) . 20 0.1 2 

20 ' , Feedwater Heater. Condenser, ~ e a e r a t o r  
. . 

- ' 0 .1  2 

SUBTOTAL: MAJOR OVERHAUL (ANNUAL BASIS) . . . . . .  ; . . . . . . .  36 

(Conti'nued) . . 



TABLE 3.3-4 (Continued) 

ESTIMATED ANNUAL REPLACEMENT PARTS COSTS . 

No. Per Annual 
P a r t  Estimated Q s t  ($1 ' .year Cost ($1 

Pump Motor 

Beari  ngs , Turbine (9) . 

Beari  ngs , Generator (2) 

~ e a r i n ~ s ,  Pumps (4) 

Seals, Turbine (4) 

Seals, Pumps (4) 

Packi ngs , Valves 

- Power .Actuated (1 2) 

- Manually Actuated (20) 5 0.1 10.00 

Insu l 'a t ion  25 0.1 2.50 

Gaskets (5)  10 0.1 50.00 

Miscellaneous (Nuts;Bolts, Tubing, etc , )  50 0.1 5 .OO 

Lubr icants ,  . . . . . .  ' 40 4.00 0.1 
. ' .  . . .  . . 

, . 

TOTAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $180.00 



3.4.8.2 STEAM GENERATOR 
. . 

The steam generator i s  an un f i red  b o i l e r  , that' . contains nb moving' parts. It 

consists o f  a preheater plus a combination evaporatorand superhedter, each of 

which i s  comprised o f  a U-tube heat exchanger containing hot  o i l  on the primary 

side and water and/or steam on the secondary side. blhi l e  the preheater w i ' l  1 . 

each have single-phase f l u i d  on both the $rimary and secon,dary sides and i s  

expected t o  exh ib i t  no s i gn i f i can t  ,operational ' throughout the 1 i fetime 

of the plant, per iodic tests and inspections are indicated t o  confirm continuing 

e f f i c i e n t  operation.   he evaporator s e c t i o n o f  the steam generator w i  11 con ta i n  

single-phase f l u i d  ( o i  1 ) on the primary side and two-phase f l u i d  (wateristeam) 

on the secondary side. Some. problems associated ri t h  the boi  1 i "g o f  water can 

be ant ic ipated i n  the evaporator section, even though the water chemistry w i l l  be 

c losely cont ro l led and "atei cleanliness w i l l  be maintained, by per iod ic  blowdown 

operations. Typical problems i n .  the evaporator sections are sludge deposits and 

chemical hide-out. Sludge i s  formed when minute par t i c les  .of  d i r t  are " l e f t  

behind" as water evaporates; these par t i c les  can b u i l d  up on the evaporator 

tubes reducing heat t ransfer  efficiency, o r  i n  flow channels, increasing the 

flow pressure losses. Chemical hide-out can occur i n  regions poorly flushed 

by the water (such as. i n  the crevices between tube bundle support plates and 

tubes) ; t h i s  .leads t o  higher chemical -1e.vels . . i n  these regions., which can accel- 

erate corrosive 'attack and, i n  turn  lead t o  tube leakage. The, per iodic inspec- 

t ions are designed t o  detect these types o f  conditions. The superheater section 

w i  11 have single-phase f l u i d  ( o i l )  on the p.rimary side and may have two-phase 

f l u i d  (steam plus some carry-over water) on the secondary side. ' Superheater 

operation can cause "plate-out" of so l ids  and chemicals on the superheater, . 

tubes. The plate-out can a f f e c t  superheater e f f i c iency  .   he per iodic tests. 

are designed t o  detect . th is  condition. 

PERFORt.fiIJCE TESTING (SEIII-ANNUAL) 

Thermal Ef f ic iency 
. . 

Start-up and operate the steam generator a t  several load points. Measure ' ' .  . 
. .  ' 

and record primary f l u i d  ( o i l )  equi l ibr ium i n l e t  and ou t l e t  temperatures and ' 
' 

. 
f low rates i n  each section o f  the steam generator a t  each load point.  



Sinul taneous ly measure and record t h e  secondary f l  ui d (wa ter/s team) in1 e t and 
out le t  te~peratures  and flow rates in each section of the steam generator a t  
each load point. 'Use the' data obtained to monitor. the heat transfer efficiency 
of the steam generator;' the data may be obtained from the overall plant t e s t  
l i s t  of Section 3.4.8.1 ; Estimated manpower requirement; one crew shi f t .  

C 

Pressure ~ r o ~ .  Tes tsa . . 

These tests  should be performed concurrently with the thermal' efficiency t e s t ,  
above. A t  each load point, measure and record the in l e t  and out let  pressures 
of tile primary and secondary fluids a t  each section o f  the steamgenerator. 
These data will reveal any flow ,blockages before they become cr i t ica l  to  plant 
operation. Estimated manpower requi rement; none, i f  performed as part of 
Thermal Efficiency, above. 

Flow Control Valve Operation 

1 The oi 1 and water flow control valves will be operated remotely and. observed 
. . .  _ _  _ _  .. . . ......... - -  .... - 

1 locally for proper operation,. Estimated manpower requirement; one manhour per 
valve. 

ROUTIlJE INSPECTIONS 

Steam Safety Valve (Annual ) 

The steam safety valve wi 11 be removed from the unit, cleaned i f  necessary, 
checked for l i f t -of f  ( fu l l  flow) set t ing,  and reset i f  necessary by an organi- 

.zation authorized to  ~ O ~ S O  (ASME licensed shop). Estimated man-power requirement; 
four man-hours. 

I Boiler Water Level Control (Semi-Annual). 

The boiler water level control will be calibrated over the flow range and 
. reset i f .  p q u S  red. Estimated man-power requi renent; eight man-hours. . , 

Val ve and Instrument Packings (Monthly) 

I All valves and instrument packings, primary and secondary, wi 11 be inspected 
for  leakage and 'tightened as necessary. Estimated man-power requi rement; 
one-fourth man-hour per i tem. 

. . 



Pryssure- Games and Transducers 

Pressure gauges w i  11 be ca l  i b r a t e d  .annual ly; pressure transducers w i  11 be . 
, 

c a l i b r a t e d  as ind ica ted i n  Sect ion 3.4. .8.7, Instrumentation. 

Temperature Gauges and Transducers 

Temperature gauges (thermometers,) used f o r  l o c a l  temperature i n d i c a t i o n  w i l l  
n o t  normally require se rv i c ing  o r  inspect ion o ther  than possib le cleaning t o  

mainta in l e g i b i l i t y .  ~ h ; s  i s  considered inc identa l .  Temperature transducers 

(thermocouples and/or resistance temperature detectors) w i l l  be inspected and 

maintained as ind ica ted i n  Section 3.4.8.7, ' Instrumentation. 

O i  1 Control. Val ves 

Each o i l  f low cont ro l  valve w i l l  be operated through i t s  s t r o k e .  proper 

response t o  the con t ro l  s igna ls  w i l l  be ve r i f i ed .  

A i r  F i l t e r s  (Mqnthly) . . .. . 
, . 

F i l t e r s  i n  the a i r  .supply f o r  pneumatic valve actuators w i  11 be i n ~ p e c t e d ' a n d  

cleaned, o r  replaced as required. 

The turbine/generator has a h igh  r e l i a b i l i  ty and w i l l  n o t  i o & l l y  require, a t  

i n t e r v a l s  o f  less  than '10 years, .any major maintenance invo lv ing  :removal/ 

replacement o f  ro tor ,  buckets, diaphragms, bearings, seals, valve o r  governing 

mechanism. Such major maintenance,. i f needed, should be perfoimed .iinder ' the 

supervision o f  the manufacturer's representative. 

. . 
PERFORMhNCE TESTING 

The performance t e s t i n g  w i  11 ' be done as p a r t  o f  the complete .sys tem per fom 'nce  

tes ts  . 
i I . . ~. . . -., , . . -  



ROUTINE INSPECTIONS AND MAIIJTENANCE 

Inspect and clean, i f  necessary, the steam i n l e t  s t r a i n e r  a f t e r  
the f i r s t  day and f i r s t  week o f  operat ion and annual l y  t he rea f te r  

0 Clean and l u b r i c a t e  exte'rnal p i vo ts  of governor system; replenish 
l u b r i c a n t  i n  l e v e r  system bearings once per  month 

0 Check o i l  l e v e l  i n  hydrau l ic  governor system once per  month 

o 'Check ou t  over-speed t r i p  on each tu rb ine  once per  month; clean 
and l ub r i ca te ,  i f  required, outs ide moving par ts  o f  over-speed 
t r i p  con t ro l  

0 Test o i  1  n e u t r a l i z a t i o n  number, f l ash  po in t ,  v4scosi ty ,  etc.  
(every s i x  months) 

' Maintain o i l  levels ,  as required, i n  tu rb ine  bearing reservoi r ,  
speed reducer gear box, generator bearing reservoi r ( i f  requi red) 

e Inspect c lutches semi-annual l y  f o r  wear e f f e c t s  

e Review data from Section 3.4.8.1.1 t o  detect  wearldeposit ion 
e f f e c t s  

3.4.8.4 ,STEAM CONDEIqSER, CONDENSATE RETURN, DEAERATOR AND FEEDWATER HEATER 

These u n i t s  contain n o  moving par ts ,  and'are. expected t o  requ i re  very l i t t l e  
maintenance over the design l i f e  of the plant(except pumps associated w i t h  

"packaged" u n i t s )  . 

PERFORNAIJCE TESTING 

The condensate re turn  tank does n o t  requ i re  performance test ing.  Thermal 
performance t e s t i n g  o f  the remaining u n i t s  w i  11 be done as p a r t  o f  the system 

. . 
pe r f o  tests'. . . 

. . 

ROUTINE Il4SPECTIOi4 AND H4INTEIJANCE 

r Leak Tests: The steam condenser and feedwater heater w i l l  be checked fo r  
leak- t ightness a t  i n t e r v a l s  o f  no t .  l e s  than s i x  months ; leaking 
tuoes ' w i  11 ' be repai  re8 as requi red. " A t 1' uniits w i l  l' be ' inspected 
for external  leakage a t  i n t e r v a l s  o f  no t  less than one year. 

e Condensate re tu rn  and condenser hotwel l  l eve l  cont ro ls  w i l l  be 
. inspected and ca l i b ra ted  a t  i n t e r v a l s  o f  no t  less  than s i x  months. 



Deaerator vents w i l l  be inspected and cleaned as requ i red  a t  
. 

i n t e r v a l s  .of no t  less  than 6-months. 
. . . . 

a Deaerator re1 i e f  valve w i l l  be inspected and ca l i b ra ted  a t  i n t e r -  
va ls  o f  s i x  months. 

. ' 

Data from system performance t e s t s  (Sect ion 3.4.8.1.1) w i l ' l  be 
eval uated t o  assess steam condenser and feedwater heater thermal 
performance. 

3.4.8.5 CONDENSATE AllD BOILER FEEDWATER PUMPS 

These u n i t s  are r o t a r y  pumps t h a t  .are h i g h l y  r e l i a b l e  and should requ i re  very 

l i t t l e  maintenance dur ing the design' l i f e  o f  the p lan t .  

PERFORMANCE TESTING 

Fol lowing i n i t i a l  p l a n t  checkout o f  flow/head/power charac ter is t i cs ,  no perform- . '  

ance t e s t i n g  i s  ant ic ipated.  

ROUTINE INSPECTION AND MAINTENANCE 

0 Bearings are e i t h e r  grease-packed o r  o i  1 - lubr ica ted  and w i l l  be 
checked on a semi-annual basis. Annual 1 ubr icant  replenishment 
i s  ant ic ipated.  

e Seals are  desi.gned f o r  long l i f e  and should no t  requ i re  replace- 
ment a t  i n t e r v a l s  o f  less than f i v e  years. Seals w i l l  be - 
inspected f o r  evidence o f  leakage semi-annual l y  and replaced as 
necessary. . . 

, 3.4.8.6 PIPING, VALVES AND FITTINGS . , 

- . I _. .. 
System and component p i p i n g  and f i t t i n g s  are s t a t i c  elements t h a t  i h o u l  d n o t  

. ' 

: 

requi re any maintenance except a t  gasketed j o i n t s .  Three categories o f  val  ves 

are present i n  the system: 

a Manually. operated i s o l a t i o n  and shu t -o f f  valves 

0 Power actuated con t ro l  valves 

0 Sel f-actuated re1 i e f  valves 

Re1 i e f  valve 'maintenance has been discussed i n  conjunct ion w i t h  the equipment 

t h a t  they are designed, t o  protect .  Manually operated valves shou'ld requ i re  



l i t t l e  more maintenance than the pipes and f i t t i n g s ;  some a t t e n t i o n m u s t  be 

given t o  the i tem packings. The power-actuated c o n t r o l  valves w i l ' l  r equ i re  

pe r iod i  c maintenance as indicated.  

P E R F O R ~ ~ ~ N C ' E  TESTING, 

No speci f i ' c  performance t e s t i n g  i s  requi red for  manual valves, pipes and p ipe 

f i t t i ngs . .  Test ing o f  r e l i e f  valves have been described. Performance t e s t i n g  

o f  power actuated val ves should include: 

Response o f  valve actuator  t o  cont ro l  's ignal (semi-annual) 

o Measurement of power ( a i r  pressure) requi red f o r  valve ac tua tor  
(semi -annual ) 

ROWTIHE INSPECTIOI4 AND EUIIJTENANCE 
. :  

Pipes, f i t t i n g s  and manual valves w i l l  no t  requi re rou t ine  inspect ion o r  main- 

.$enance-except--fo-+-ob.se.rva-t on-of--gas-ke-te-d--jo.i-nts. (and packi ngs ,. for  val ves ) 

f o r  leakage. Requiremnts f o r  r e l i e f  valves have been discussed. For power 

actuated valves, the fo l l ow ing  inspect ion and maintenance are indicated:  

r 'AI r f i l t e r  inspect ion and replacement, i f  required, f o r  pneumat- 
i c a l  l y  actuated valves 

Valve steam packings w i l l  be inspected and adjusted f o r  leak- f ree 
operat ion on a semi-annual basis. Packing replacement i s  
an t i c i pa ted  a t  no t  less  than f ive-year  i n te rva l s .  

- -  3.4.8.7 INSTRUME~~TATION AND CONTROL . 
. , 

' o Per iod ica l  l y  inspect  t h e  ~ n e ' r a l  cond i t ion  o f  a l l  I & C  equipment,, 
i nc lud ing  cab1 i n g  and connectors. Unsat is factory condit ions 

' , w o u l d  be s u b j e c t ' t o  immediate maintenance,, 
. , 

.' .,' Per iod ica l  l y  reca l i b ra te  each I & C  equipment i tem o r  channel. 
. . . . , . Thi.s includes ,confirmation of  se tpo in t  accuracies, deadband, 

etc.", f o r  swl t ch ing  functi"ons. 
. . 

* ,  . 0 

?. . _ , .a I "  Perform rou t i ne  maintenance, and/or repai.r/replacement as recom- 
. mended by  maintenance' manual . 

. , 



3.4.9.1 HEALTH AND SAFETY . . . ., . . ,  . 

Steam Genera t o r  
I ., . 

The steam generator w i l l  be suppl ied and constructed i n  accordance w i t h  tt;e 

Class R Rechanical standards o f  the tubu lar  ~xchanger  Mariufactureris Associa- 
. . 

: L 

t i o n  and, the ASME- Code f o r  u n f i  red  p r e s s u h  'vessels. 
. . I . .  

I n  addi t ion,  the  packaged b o i l e r  w i l l  b e  provided w i t h  the fol1:owing features: 

0 ASME Steam Safety Valve 

a Valve vent and dra in  connections arranged t o  completely dra in  
the b o i l e r  of a l l  water 

Blow-off  connection and tandem blow-of f  val ves 

a Each tube bundle head w i  11 have a 1-1/2 i n .  rup ture  d i s c  s e t  t o  
r e l i e v e  excess pressure 

a Standard instrumentat ion and cont ro l  i nd i ca to rs  t o  g ive  ind ica t ions  
of possi b l  e hazardous generat i  ng condi t ions 

The tu rb ine l i ene ra to r  . .; w i  11 be provided a s  a packaged : i k i  d-moun'ted uni t using 
. .  . 

standard single-stage tu rb ine  designs and a standard generator ra ted a t  approxi- 

mately 350 kW. Design pressures and temperatures (315 psia, 500°F) are low i n  

comparison t o  the conventional i n d u s t r i a l  TG systems, thus reducing the inherent  

hazards of i n d u s t r i a l  power plants. . . However, the designs o f  the turbi.ne/ 

genera t o r  w i  11 meet 'ASME, ANSI., N FPA, NEW and. OSHA requi  remen tk :- I n  addi t i  on, 

procedures o f  safe operat ion w i l l  be incorporated i n t o  the design'and i n t o .  the 

actual  operat ing sequences. Special features 1 i ke Automatic .Turbir.e S t a r t  (ATS) - .  
over-speed contro l ,  load contro l ,  speed cont ro l  and iut0rnati.c synchronizat ion 

t o  the u t i  1 i t y  g r i d  w i l l  be provided f o r  the safe ope'ration o f  the tu rb ine /  

generator. Also, ind ica t ions  of generator output'power, voltage'and frequency 

w i l l  be displayed on a contro l  panel and pro tec t ion  against  over/under voltage, 

over/under frequency and reverse cur rent  w i l l  be incorporated i n t o  the generator 

p ro tec t i ve  sys tem. 



The ski d-mounted design of the turbine/generator package w i  11 minimi ze the 
boundary available to.  local e lectr ical  ,.shocks. Where necessary, barriers Gill., 
be - i,ncorporated and, in ter1:ocks used. on.- e lec t r i  ca1 power and control panels.. ; 

Signs identifying potential electric,al;.snock hazards will be posted i n  areas 
where personnel access becomes necessary. These signs will warn of. ,the, . . 
speci f i  c hazard and request "authorized .personnel (trained for maintenance o r  

. :  . .  . . . ,  . . , 
repair) only. " 

. . 

~ondense'r and Condensate Return System 

The coildenser will operate a t  approximately 5 psia and wil.1 be provided . . w i t h  , 

an atmospheric rel ief  valve to  prevent excessive shel.1 pressure i n  the event of . , 

primary instrumentation failure.  A vacuum. alarm will be provided to  warn. operators 
- in time for corrective action such as shutdown of. vacuum pump. 

P ip ing  and Insulation . .. 
. . 

Proper insulation will be used to prevent accidental bums due to local contact 
w i  t h  hot water and/or steam: 1 ines. . 

In~ula t ion  will also give partial  .protection and i n  some instances. reduce the 
.hazard caused by rupture or leaks i n  piping, pumps or  turbines. Piping runs 
will be made i n  accordance w i t h  the proper codes, including ASME, ANSI and 
OSHA requirements. P i p i n g  between equipment will be run to  minimize personnel 
exposure, to leakage of hot- water o r  steam. 

Pressure rel ief  devices w i  11 be instal led in the steam generator, condenser 
and associated , p i  ping to  prevent possible leakage or' rupture caused by oi 1,  
hot water or steam. In addition to operational instrumentation, which wi 11 
give continuous and early 'indications o f ,  an off-design ( i  .e., h i g h  pressure, 
high temperature) condition, instrumentation will .be designed to detect and 
mitigate effects of steam-release from leakage or  rupture of the various 
equipment. 

8 



., .. , . . . 

3.4.9.2 ENVIRONMENT .. ., .,: . . 

The PCS has been designed' t o  keep discharges t o  the envi mnment t o  a minimum. 

The:fo l lowingare the discharge pointsof4;the subsystem and the environnkntal:'. . 
. . .  

) : I .. ' . . .  . . .  treatment' o f '  each: . ., . . . 

I , .  . . 
r o i l  ' drains on the steam - co l l ec ted  i n  an"& 1 dratn . ' . ~ ' 

tank 

r O i l  rupture discs on steam genera'tor - discharge i s  manifolded t o  , .!.. . 
a pressure r e l i e f  tank . . ,  

r Boi'ler' blowdown - treatment as ne'cessary t o  comply w i th  EPA 
, . - . . standards and discharge t o  drain; 

< *  .. .. ' ' 

r Steam re l ' i e f  valves - .vent to atmosphere 
. . . . 

I . ,  
r Condensate re1 i e f  val ves - vent. t o  drain 

r Condenser vacuum pump - vent t o  atmosphere 



. 3.5. HEATING/CHILLED .AIiD DOMESTIC HOT WATER SUBSYSTEM 

3.5.1 SUMMARY DESCRIPTION 

The e x i s t i n g  F o r t  Hood steam and c h i l l e d  water system f o r  the f i v e  se lec ted  

b u i l d i n g s  w i l l  be abandoned f o r  a more e f f i c i e n t  t o t a l  energy h e a t i n g / c h i l l e d  

and domestic h o t  water~subsystem. The e x i s t i n g  systems w i l l  remain i n  p lace 

and i n  operat ing cond i t i on  to  serve as a redundant backup f o r  space cool ing, 

heat ing  and domestic h o t  water needs. 

The f i v e  se lected bu i l d i ngs  w i l l  be served by a new two-pipe, change-over 

system; chi1 l e d  water i n  the coo l ing  season; h o t  water i n  the heat ing  season. 

The two condi t ions cannot occur simul taneously as the same p a i r  o f  pipes (supply  

and re tu rn )  are used f o r  both seasons. 

The heat ing /ch i l  l e d  and domestic h o t  water subsystem in te r faces  mechanically, 
h y d r a u l i c a l l y  o r  thermal ly  w i t h  . the Power ConversionSubsystem, Makeup Water 

Subsystem and . ex.i.st.i.ng.. c o l d  w a t e r  ma.keup sys.tem,~i-le. a t i n k  iJater System and . . . . .  
Chi1 l e d  Water System. 

. .  . 

3.5.2 FUNCTION. . " .  

3.5.2.1 HEATING WATER 

The funct ion o f  the heat ing  water system i s  t o  prov ide heat ing  water.  t o  the 

e x i s t i n g  F o r t  Hood f i ve  se lec ted  bu i l d i ngs  and the STES bu i l d i ng .  

The func t ion  of  the domestic h o t  water  system i s  t o  provide r e c i r c u l a t i n g  

potable h o t  water t o  F o r t  Hood f o r  three o f  the b u i l d i n g s  and f o r  t he  STES 

bu i l d i ng .  Two bu i l d i ngs ,  87014 and 8701:6, have small e l e c t r i c  domestic water  

heaters which w i l l  remain.. 

., 3.5.2.3 CHILLEU WATER 

The funct ion of the  c h i l l e d  water s.ystem i s  t o  orov ide c h i l l e d  water t o  the  

e x i s t i n g  F o r t  Hood f i v e  se lected bu i l d i ngs  and the  STES bui ld ing. .  



3.5.3 DESIGN REQUIREMENTS . 

3.5.3.1 HEATING WATER 

The 66,000 ga1l:on e f fec t ive  heati.ng water storage capacity in two tanks is 
25,000 gallons and 41,000.'gal lons (shared with the chi.l.led water system). . (From 

, . 
e i t h e r  co.ol.ing tower heat exchanger o r  heating system return.) , , .  

a Heating water entry t o  condenser a t  ' 1 0 0 " ~  

a Heating water e x i t  from condenser to be controlled a t  140°F 

I e Heating water storage tank wi l l  be a thermocl ine :type' . 

DO!.ESTIC HOT WATER 
. , 

40-gal 1 on/day/person dai 1 y usage 

3660-gal lonslhour peak demand . . 

6 20 x 10 Btu-hr/day energy requi rements 

2-4hour supply of domestic hot water 

140°F temperature i n to  storage 

75°F makeup water temperature w i t h  seasonal variat ions 

796 people 

. . 

CHILLED WATER 

41,000-gallons e f fec t i  ve chi 1 led .water storage capacity 
. ,. 

chi l led  water return t o  absorption c h i l l e r  a t '  58OF 

Chilled water e x i t  from absorption c h i l l e r  a t  42°F 

Chilled water storage tank wi l l  be a thermocline type 

Steam supply a t  65 psia and 298°F 

Steam mass flow ra te  - 1992 Iblhr  



3.5.4 SUBSYSTEM DESCRIPTION 
. . . . 

3.5.4.1 OVERALL SUBSYSTEM 

A1 1 o f  the major components, o f  the subsystem do n o t  operate simul taneously, 

therefore,  the heat ing  water, domestic h o t  wate?, c h i l l e d  water and secondary 

thermal d i s t r i b u t i o n  components are described separately herein. 

FLON DIAGRAMS 

Flow diagrams i d e n t i f y  s ta te  po in ts  and schematical ly i l l u s t r a t e  p ip ing  arrange- 

ments, points  o f  in te r face ,  major system components and f low paths f o r  p a r t i c u l a  

systems. The following diagrams are given i n  Volume'I I- I :  

' Drawing 5-2 - Heating Subsystem Flow Diagram 

Drawing 5-3-.Domestic Hot WaterSubsystemFlow Diagram 

e Drawing 5-4 - Cooling Subsystem Flow Diagram 

e Drawlng 5-6 - Thermal D i s t r i b u t i o n  Flow Diagram 

Drawing 5 - 7 -  HeatingICool ing and ~ o m e s t i c H o t  Water Subsystem 
Mode Diagram . 

HEATING WATER COMPOf4ENTS 

The heat ing water p ip ing  i s  i l l u s t r a t e d  i n  Flow ~ i a g r a m  . Draw- 

ing.5-2, and Process and Instrumentat ion Drawing 5-1 i n  Volume I I I. Heat.i'ng 

water i s  pumped through a primary loop. I n  t h i s  path, heat ing water. enters 

the surface condenser and absorbs thermal energy from the steam t u r b i n e  d i s -  

charge steam, w i t h  the heat ing water discharge temperature con t ro l l ed  a t  1 40°F. 

The.140°F'water w i l l  be ava i lab le  from the primary loop t o  the secondary heat- 

i n g  water pump f o r  supply through the new underground secondary thermal d i s t r i -  
bu t i on  piping, as described here ina f te r ,  t o  the f i v e  selected bu i ld ings .  

During off-peak periods, the heat ing water storage.tank and/or the heat ing/ 

c h i l l e d  water storage tank i s  charged w i t h  heat ing water.   he' p ip ing  and f low 

con t ro l  arrangements a t  these tanks i s  such t h a t  dur ing peak demand periods, 

flow i s  reversed through the tanks .and s tored heat ing water may be supp l ied  t o  

the primary loop. 



During periods when a l l  of the energy ava i l ab le  i n  the surface condenser i s  n o t  

remved by the heat ing water pr imary loop, p a r t  o f  the f low f r o m  the surface 

condenser can be d i ve r ted  through the condenser heat exchanger where excess 

energy i s  t ransferred t o  coo l ing  tower water t o  be d iss ipa ted  by the coo l ing  

tower. 

DOMESTIC HOT WATER COIIPONENTS 

The domestic h o t  water p i p i n g  i s  i l l u s t r a t e d  on Flow Diagram Drawing 5-3 and 

P&ID Drawing 5-1 given i n  Volume 111. Heating water i s  pumped from 

the pr imary heat ing water loop through the 'donest ic  h o t  water heat exchanger by 

the domestic h o t  water pump. A thermal energy exchange takes place a t  t h i s  

po in t ,  from the heat ing medium t o  the domestic h o t  water subsystem. 

Domestic hot  water i s  suppl ied t o  the . ,ex is t ing  b a r ~ a c k s  bu i ld ings , th rough a new 

underground supply and r e c i r c u l a t i n g  system t h a t  connects t o  the e x i s t i n g  c o l d  

water i n1  e t  a t  the e x i s t i n g  hot  water '  generator.   hi's new underground p ip ing  

w i l l  be i n s t a l l e d  i n  the same t rench w i t h  the new secondary thermal d i ,s t r ibu t . ion  

p ip ing.  A new domestic' ho t  w a t e r ' r e ~ i r c u l a t i n ~  pump w i l l  be i n s t a l l e d  i n  the 
new STES b u i l d i n g  t o  insure  t h a t  a uni form water temperature i s  ava i l qb le  t o  the 

three e x i s t i n g  barracks bu i ld ings .  

~ a k e u ~  water w i l l  be suppl ied t o  the domestic ho t  water supply 1 i n e  i n  the  new 
. . .  . . - .  . .  . 

STES bu i ld ing .  

, . . , . . 

I n  the event the new domestic ho t  water subsystem i s  ou t  o f  service, the new 

automatic two-posi t ion steam valve w i l l  open a l lowing steam t o  enter  the e x i s t -  

i n g  ho t  water generator. As steam enters the e x i s t i n g  hot  water generator,.a 

new automatic valve in. . the STES hot  water supply '1 i n e  closes and a new automatic 

valve i n  the e x i s t i n g  co ld  water i n l e t  opens. 

 hee existing e l e c t r i c  water heaters suppiying bu i l d ings  X87014 and ~87016  are 

t o  remain i n  service. 



CHILLED WATER COI~lPONEl4TS 

The c h i l l e d  water p i p i n g  i s  i l l u s t r a t e d  i n  Flow Diagram Draw- 

i n g  5-4, and Process & 1nstrumenta.tion Drawing 5 -1  given in.' Volume 111. Steam i s  

suppl ied t o  the absorption c h i l l e r  from the Power Conversion Subsystem. Con- 

densate f r o m  the absorpt ion c h i l  l e r  i s  returned by g r a v i t y  t o  the Power Conver- 

s ion  Subsystem. C h i l l e d  water i s  pumped through a pr imary loop. I n  t h i s  path 

c h i l l e d  water returns t o  the absorption c h i l  l e r  a t  58°F and re jec ts  thermal 

energy t o  the re f r i ge ran t ,  a1 lowi  ng the chi 1 l e d  water leav ing  temperature t o  

be con t ro l l ed  a t  42°F. Thermal energy absorbed by the r e f r i g e r a n t  i s  t rans-  

ferred t o  the condenser water. . , 

A t  f u l l  load, the condenser water enters the absorpt ion c h i l l e r t a t  85°F and 

e x i t s  a t  90.5"F. The condenser water i s  conveyed t o  the cool ing tower by a 

condenser water pump where thermal energy, absorbedl~fron the re f r i ge ran t  i s  

re jec ted  t o  the atmosphere. The 42°F c h i l l e d  water w i l l  be ava i lhb le  from the 

pr imary loop t o  the secondary c h i l l e d  water pump f o r  supply through the new 

underground secondary thermal d i s t r i b u t i o n  p ip ing-  to - the .  f i v e -  p r o j e c t  bu i  1 dings. 

During off-peak periods, the h e a t i n g l c h i l  l e d  water storage tank i s  charged w i t h  

c t . l i l l ed  water. The p i p i n g  and f low cont ro l  arranagement a t  these tanks i s  such 

t h a t  during peak demand periods, flow i s  reversed through the  tanks and s tored 

c h i l l e d  water may be suppl ied t o  the pr imary loop. 

SECONDARY THE WWML DISTRIBUTION COtSPONENTS 

The new secondary heat ing water pum, o r  c h i l l e d  water pump takes water f r o m  the 

pc inary heat ing o r  c h i l l e d  .water loop and suppl ies water to..the f i v e  bu i l d ings  . .. . 

th.rough new underground p ip ing,  re fe r red  t o  here in as hea t i ng /ch i l l ed  water 

p i  ping. 

'The h e a t i n g l c h i l l e d  water p ip ing  enters new va.lve p i t s  t o  be constructed a t  each 

o f  the three e x i s t i n g  5arracks bui ld ings.  and connects t o  the e x i s t i n g  p ip ing  

w i t h  .new automatic three-way two-posit ion i s o l a t i o n  valves; A new bypass arrange- 

ment w i t h  new automatic two-way, two-posi t i o n  bypass valve connects the e x i s t i n g  

supply and r e t u r n  p ip ing .  When the h e a t i n g l c h i l l e d  water i s  being suppl ied t o  the 

mechanical room from the new h e a t i n g l c h i l l e d  water 'p ip ing ,  the path o f  f low from 



the e x i s t i n g  h e a t i n g l c h i l l e d  water  i s  blocked by the new three-way valves. 

When water i s  suppl ied from the new STES f a c i 1 i . t ~ .  the f low path o f " w a t e r  i n  

the e x i s t i n g  p i p i n g  i s  through the new two-way by-pass valve, which causes no 

e f f e c t  upon the f low charac te r i s t i cs  o f  the  e x i s t i n g  c h i l l e d  water pump and 

water supply t o  bu i ld ings  being served by the e x i s t i n g  system. 

Ex is t i ng  three-way valves i n  the h e a t i n g l c h i l l e d  water p i p i n g  w i l l  be f i t t e d  

w i t h  automatic val ve posi t i one rs  where, deemed' possible,, otherwise the ex is t ing .  

val ves w i  11 be replaced w i t h  new automatic val ves. The funct ion o f  ..these 

three-way valves i s  t o  f a c i l i t a t e  change0ve.r from the e x i s t i n g  heat ing t o  the.  new 

. heating/cool i n g  water supply system. 

P ip ing  arrangements s i m i l a r  t o  those described above f o r  the barracks b u i  ld ings  

are requi red  f o r  b@ 1 dings Y87014 and U87016 (Admini s t r a t i o n  and supply) , e,xcept 

connections t o  , the  e x i s t i n g  piping. w i l J  occur i n  the  e x i s t i n g  mechanical rooms. 

I n  addi t ion,  two new automatic three-way, two-posit ion valves w i l l  be i n s t a l l e d  
i n  the e x i s t i n g  h e a t i n g l c h i l l e d  water p ip ing  'to supply heat ing water on l y  t o  

new u n i t  heaters i n  the storage areas o f  -bui ldings #8701.4 and #87016 only; : 

Ex i s t i ng  a i r  handling u n i t s  w i l l -  remain i n .  serv ice wi,th the steam heating only 

c o i l s .  serv ing.as a backup t o  new h e a t i n g l c h i l l e d  water p ip ing  t o  e x i s t i n g  water 

co i  1s being served by the STES. 
. . 

A new automatic two-way, two-posi t i o n  valve w i  11 b e  i n s t a l  l e d  i n  t h e  e x i s t i n g  

steam supply l i n e  and a check.valve w i l l  be i n s t a l l e d  i n  the e x i s t i n g  pumped 

condensate . . r e t u r n  l i n e  serv ing the f i v e  p r o j e c t  bu i ld ings .  The new s t e a m ~ a l v e  
w i  11 be sequenced t o  open t o  fu rn i sh  steam. t o  the e x i s t i n g  bu i l d ing  converters'  

if heating water i s  no t  ava i lab le  from the so la r  t o t a l  energy heating subsystem. 

. . 



PERFORMANCE PARAMETERS 

The Heating/Chi 1 l e d  and Romesti c  Hot Water Subsystem w i  11 be capable o f  the 

fo l lowing:  

8 Heating water e f f e c t i v e  s t  rage capaci ty  o f  66,000 gal lons o f  8 water a t  140°F, 90.05 x 10 Btu/day 

Chi l . led water e f f e c t i v e  s orage capacity o f  41,000 gal lons of .  E water a t  42"F, 71.15 x 10 Btu/day 

Domestic ho t  water supply t o  the three e x i s t i n g  bu i ld ings ;  
67 t o t a l  gal lons per  minute a t  135" w i t h  a r e c i r c u l a t i n g  r a t e  
of 6 gal lons per minute 

6 Heating water supply t o  the e x i s t i n g  f i v e  bu i ld ings ,  325 gal lons 
per  minute a t  140°F 

8 C h i l l e d  water supply t o  the e x i s t i n g  f i v e  bu i ld ings ,  325 gal lons 
per minute a t  42OF 

PROCESS AND INSTRUMENTATION DIAGRAMS 
. . 

~ r o c e s s  and inst rumentat ion diagrams schemati cal  l y  i 11 us t r a t e  p i p i n g  arrange- 

ments, major system components 'and f low paths. Signal t ransmi t te rs  , gauges, 

sensors, computer con t ro l  ' in ter faces and the i c t i o n  of  valves and motors are 

i nd i ca ted  sy l rbo l i ca l l y  on' drawings included i n  Volume 111: 

Drawing 5-1 - Heat ing/Chi l led - and Domestic Hot'Water P&ID 

Drawing 5-5 - Thermal D i s t r i b u t i o n  'P&ID . . 

3.5.4.2 COMPONENTS 

The major components o f  the heat ing/cool i n g  and domesti c  h o t  water  subsystems 

are the absorpt ion c h i l l e r ,  the coo l ing  tower, the heat exchangers (one f o r  

heat ing  domestic h o t  water and one f o r  heat re jec ted  from the steam surface 

condenser) , the outdoor tanks f o r  heat ing and heat ing lch i  1 l e d  water storage 

and pumps t o  move water through the subsystem. 



. . . , 1 ABSORPTION CHILLER 

I The absorption chil ler  i s  a 385-ton two-stage unit of hermetic design, factory 

I assenbled and leak tested, to be operated a t  175-tons capacity with 65 psia 1 . steam. 

The chil1e:r uses a double effect,  two-stage concentrator., The heat of refrigera- 
tion generated in the f i r s t  stage i s  used generate additional 'refrigerant in 
the second-stage concentrator. The first-stage concentrator i s  ASME construc- 
tion w i t h  stainless steel tubes; the second-stage concenerator uses copper 
tubes. 

Steam i s  to be introduced into the fi,rst-stage concentrator to provide heat to 
boil out the refrigerant (which i s  water) from a dilute solution of distilled 
water and lithium bromide sa l t .  This refrigerant vapor i s  used as 4 psig steam 
to heat the second-stage concentrator. .. . 

~ i l u t e  lithium brnmide solution from rhe abosrber sectlo". of the machine i s  sent 
to the first-sta~econcentrator, where i t  i s  partially concerkrated,and,then . 

to the second-stage co'ncentrator, where the concentration process i s  completed. 

Cooling water from the cooling tower flows through the tubes of the condenser 
to condense the refrigerant generated in the second-stage concentrator. This 
refrigerant i s  conbined with the refrigerant that i s  condensed in the tubes of 
the second stage concentrator, and i s  passed through an orifice in the 
evaporator section. 

The refri gerant effect ' is produced in the evaporator. section, because the ' 
pressure in the evaporator i s  substantially lower than in ..the second-stage 
concentrator and condenser section of the machine. Refrigerant ,passing through 
an orifice from the high- to low-pressure ,side causes this refrigeration effect. 

Returned water flows through the evaporator tubes and i s  chilled by refrig- 

erant t o  approximate1.y 400F sprayed over the tube bundle. Transfer heat t o  



the ref r igerant  causes the ref r igerant  t o  vaporize. . The vapor i s  drawn 

into  the absorbe'r section where i t  iti labsorbed i n  the concentrated l i  t h i  um 
bmmide solution. 

The absorption c h i l l e r  is  provided w i t h  a control panel w i th , e l e c t r i c  relays, 
gauges and indi ca t i  ng 1 i gh t s  t o  indicate operating conditions. 

. . 
THERMOCL I'NE TANKS 

Chi  1 led and heated water storage uses thermocli ne-type tanks. These tanks 
d i f f e r  from normal storage i n  t h a t  when: water of the desired temperature i s  
removed, . i t  is replaced by,water from the system return. That i s ,  water tha t  
has given up i t s  thermal heat o r  become less  ch i l l ed  due t o  absorbing heat. 
Normal storage tanks woul d remove water and rep1 ace. the water vol ume w i t h  a 
gas. For each normal supply tank, a second return storage tank i s  requ,ired to  
s to re  the displaced water. Thermocline tanks eliminate the second tank by . . . . ... - 

s tor ing return water i n . t he  same tank. Since the supply water and return water 
a re  a t  d i f fe ren t  .temperatures, a s t r a t i f i e d  thermal p rof i l e  (thermocline) 
ex i s t s  i n  the tank. Hot water is on top, 'cold on the bottom. Hot ( o r  warm) 
water is removed o r  returned to  the top while cold water flows to  o r  from the 
bottom. 

The required e f fec t ive  storage capacit ies are 41,000 gallons f o r  the hot/ 
chi1 led water storage tank and 25,000 gallons f o r  the hot water storage. These 
values were obtained by calculat ing and prof i l ing daily heating and cooling 
requirements shown i n  Section 4.1 . I .  The hotlchi l l ed  water tank s ize  i s  based 
on the ful l-load cooling requirements. The hot water tank s ize  is based on 
the domestic hot water requi rements during the cool ing season, as described in 
Section 4.1.1. 

Effective storage is tha t  amount of storage produced during charging mode 
(off-peak demand) tha t  can be used i n  the system during the discharge mode 
when the load exceeds the capacity of the STES plant. 



Because o f  thermal conduct iv i ty ,  unavoidable mix ing and other  non-ideal e f fec ts ,  

' t he  thermocline tank must be somewhat l a r g e r  than the normal storage"tank. 

P re l  iminary computer modeling ind ica tes  tha t ,  considering steady-state f lows 

and no w a l l  e f fec ts ,  the he ight  o f  the  non-usable sect ion o f  water i s  1.4-feet 

f o r  the  col'd storage tank and 2.1-feet f o r ' t h e  ho t  storage .tank. For the  

. purposes o f  design, these values are doubled. S i d e a l l  e f fec ts  'could be sub- 

s t a n t i a l l y  e l iminated by the  use o f  i n t e r n a l  i nsu la t i on ,  and i n t e r n a l  manifolding 

could minimize f low disturbances . 

Since the storage tank and d i s t r i b u t i o n  system f l u i d  contents vary i n  tempera- 

ture, the f l u i d  volume varies. This requires expansion room i n  the system. 

The storage tanks have e x t r a  room t o  accommodate the expansion. The space 

above the l i q u i d  l eve l  i s  f i l l e d  w i t h  ni trogen. The tank does no t  breathe 

n i t rogen;  i t  operates as a closed pressure vessel. 

Tank design parameters are given i n  Table 3.5-1. Geometric parameters w i l l ,  be 

re-examined dur ing the d e f i n i t i v e  design phase. 

HEAT EXCHANGERS 

Two heat exchangers are used i n  t h i s  subsystem. 'One i s  f o r  the domestic h o t  

water, which i s  heated by an exchange of heat w i t h  c i r c u l a t i n g  heat ing water 

f lowing from the steam surface condenser a t  140°F, o r  f rom stored heat ing 

.water. This raises the temperature o f ' t h e  incoming c i t y  water t o  1.35OF f o r  

d e l i  very ' t o  the three .barrack bu i ld ings  served. A hot  water r e c i  r c u l a t i n g  1 i n e  

returns from the bu i  1 dings 'approximately 6 gal lons per  minute. The amount 
L 

o f  'water de l ivered t o  the bu i ld ings  i s  the 6 gpm f o r  r e c i r c u l a t i o n  plus the 

amount required t o  s a t i s f y  the demand 'by,'the showers and lavator ies  as the h o t  

water i s  used. 

 h he o ther  i s  the condenser heater exchanger. This' i s  used t o  r e j e c t  energy 

from the surface condenser when the storage tanks are f u l l .  I n  the event 

the condenser heat exchanger i s  used t o  cool the  c i r c u l a t i n g  water discharged 

from the condenser from 140" t o  100°F. Cooling water from the cool ing tower 

passes through the, exchanger and cools the warm water discharged from the 

condenser. 



TABLE 3.5-1 

THERMAL STORAGE TANK PARAMETERS 

Cold Tank 
. , . . . . . . . . .  .e. Hot Storage Temperature 58°F 

. . . . . . . .  o Cold Storage Temperature 42°F 
. . . .  E f f e c t i v e  Storage Volume Required 41,000 gal lons 

. . . . . . . . . . . . . . . .  Diameter 22- feet  
. . . . . . . . . . . . . . . . . . . .  0 He'ight 19- feet  

. . . . . . . . . . . . . . . . .  s Steel Tank Thickness 114-inch 'P la te  

. . . . . . . . . . . . . . .  e I nsu la t i on  2-inch Fiberglass (external  ) 
e Minimum Hot Side Temperature Acceptable . 54°F 

Maxi mum Col d S i  de Temperature Acceptabl e. 44OF 

. . . . . . . . . .  e Cycle (11-hour Charge) 42OF F l u i d  I n  

. . . . . . . . . .  58°F F l u i d  Out 

Followed by 13-hour Discharge . . .  ; . .  42°F F l u i d  Out 

. . . . . . . . . .  58OF F l u i d  I n  

. . . . . . . . . . . . . . . . .  Period 24-hours 

Hot Tank -.- 

. . . . . . . . .  e Hot Storage Temperature 140°F 

e Cold Storage Temperature . . . . . . . .  100°F 

. . . .  e E f f e c t i v e  Storage Volume Required 25,000 gal lons 

. . . . . . . . . . . . . . . .  e Diameter 18-feet 

. . . . . . . . . . . . . . . . .  e Height 19- feet  

. . . . . . . . . . . . . . .  Insu la t i on  2-inch Fiberglass (ex terna l )  

e Minimum Hot Side Temperature Acceptable . 135°F 

r Maximum cpl d Side Temperature ~ c c e ~ t h b l e .  105OF 
. . . . . . . . .  e Cycle (11-hour Charge) 140°F ~ l u i d  I n  

100°F F l u i d  Out 

. . . . . .  Followed by 13-hour Discharge 100°F F l u i d  In.. 

. . . . . . . . . .  140°F F l u i d  Out 

. . . . . . . . . . . . . . . . . .  Per iod 24-hours 



COOLING TOWER 

The cooling tower i s  used to reject heat from the absorption chiller.  GIhen 
the steam surface condenser cannot be used i n  providing domestic hot water o r  
water for  heating the five building complex, the cooling tower rejects the 
energy absorbed from the surface condenser into the atmosphere. The tower i s  
an induced draf t  cross-flow type w i t h  a propeller fan a t  the top of the tower 
and water distribution basins on each side. Mater flows over the honeycomb 
f i l l  below the water distribution basins where i t  i s  cooled by evaporation i n  

contact with the direct a i r .  The cold water a t  85OF or  cooler i s  collected 
i n  a below-ground sump for  reci rculation to  the condenser of the absorption 

chi l le r  and/or to  the condenser heat exchanger. 

PUMPS 

1 .  Primary Heatinq Water Pump: Electric motor driven, end suction, 
vertical s p l i t  case frame mounted, flex 
coupled bronze impel l e r ,  stainless steel 
shaft. 

Electrical : 480 volts, 3-phase, 60 Hz, 5 h p  motor 

Capaci ty : 253 GPM vs. 49.9-ft water column 

2. Domestic Hot Water Pump: Electric motor dr;ven, end suction, i 

vertical s ~ l i t  case frame mounted, flex 
coupled brbnze impel l e r ,  stainless steel 
shaft. . . 

. . Electrical: 

Capacity : 

480 volts, 3-.phase, 60 H Z ,  3 h p  motor . . 

253 GPM vs. 29-ft .water col umn 

3. Primary Chilled Water P u q :  Electric motor driven., end suction, 
vertical s p l i t  case frame n~unted,  flex 
coupled bronze impeller, stainless steel 
shaft. 

Electrical : 

'Capaci ty : 

480 volts, 3-phase, 60 H Z ,  5 h p  motor 

371 GPM vs. 26.4-ft water column 



4. Secondary Heating Water E l e c t r i c  motor dr iven, end suct ion, 
P ump: v e r t i c a l  s p l i t  case frame mounted, f l e x  

coupled bronze impe l le r ,  s ta in less  steel  . 

shaf t .  - 
I .  

3 ,  

E l e c t r i c a l  : 480 vo l t s  , 3-phase, 60 Hz, 15 hp motor - 

Capacity : 325 GPM vs. 112.4-ft water  column 

5. Secondary C h i l l e d  Water E l e c t r i c  motor driven, end suct ion,  
Pump: vers ica l  s p l i t  case frame mounted, f . lex 

coupled bronze impe l le r ,  s ta in less  s tee l  
shaft. 

. E. lectr ica1: 480 vo l ts ,  .3-phase, 60 .Hz,' 15 hp motor 

Capacity : 325 GPM vs. 112.4-ft water  c o l u m  

6. Domestic Hot Water ~ l e c t r i c  motor driven, end suct ion,  
Reci r c u l  a t i n g  Pump: v e r t i c a l  s p l i t  case frame mounted, f l e x  

, , _ .- -.-..- ., . . _ .. -. . ca-wpled bronze impel ler ,  s ta in less  s tee l  . : 
shaft. . . 

E l e c t r i c a l  : 480 vo l t ,  3-phase, 60 Hz, 2 hp motor 

Capaci t y  : 6 GPM vs. 112- f t  water c o l u m  

7. Condenser Water Pump t o  Mu1 t i s t a g e  v e r t i c a l  turb ine,  bronze 
Absorpt ion C h i l l e r  Uni t :  impe l le r ,  cast i r o n  discharge head, 

s tee l  p ipe column, s ta in less  s tee l  shaf t .  

E l e c t r i c a l  : 480 v o l t ,  3-phase, 60 Hz, 25 hp motor 

Capa'ci t y  : 1250 GPM vs. 50.5-ft water  column 

8. Condenser Water Pump t o  Mu1 t i s t a g e  v e r t i c a l  turb ine,  bronze 
Condenser Heat Exchanqer: impel ler ,  cast  i ron discharge head, 

s tee l  p ipe column, s ta in less  s tee l  shaft :  

E!ectrical : 480 v o l t ,  3-phase, 60 Hz, based on 530 gpm 
hp motor . . 

Capaci. ty. TBD 



PIPIMG, VALVES, AND .FITTINGS 
. . 

' Underground Heat ing/Chi 11 ed Water P i  p i ng ,  . ,, 

Schedule 40 b lack  s t e e l  p ipe ASTM A-53, Grade B, f ac to ry  encased i n  polyurethane 

foam i n s u l a t i o n  w i t h  a r i g i d  PVC ou te r  . jacket.  Gasketed j o i n t s  w i l l  be used. 

The system w i l l  s a t i s f y  the dual temperature requirement f o r  an operat ing range 

of  42" t o  140°F and a working pressure r a t i n g  .o f  150 ps i .  

Underground Domestic Hot Water and Hot Water Reci r c u l  a t i  ng P i  p i  n q  
. . 

Type K, hard drawn copper p ipe  ASTM 8-88, f ac to ry  encased . i n  1/2-inch polyule-  

thane foam i n s u l a t i o n  w i t h  a r i g i d  PVC ou te r  jacket.  Jo in t s  i n  s t r a i g h t  p i p i n g  

w i l l  be of  the gasketed o r  O-ring type.. The system w i  11 s a t i s f y  the require- 

ments f o r  a temp.erature r a t i n g  o f  140°F and a working pressure r a t i n g  o f  150 ps i .  

F i t t i n g s  w i l l  be wrought copper,s i lver  soldered w i t h  f i e l d  app l ied  i n s u l a t i o n  - .  .. 
and jacket .  

Pipe Above Grade 

Hot water, c h i l l e d  water and condensing water p ip ing;  b lack carbon s t e e l  ASTM 

A53 Grade B Schedule 40, except water p i p i n g  8-in. and l a r g e r  w i l l  be 

Schedule 30. Domestic h o t  water and r e c i r c u l a t i n g  h o t  water p i p i n g  w i l l  be 

Type L hard-drawn, wrought copper f i t t i n g s  w i t h  s i l v e r  soldered j o i n t s .  

Above Grade P ip ing  J o i n t s  and F i t t i n g s  

F i t t i n g s  i n  copper pipe w i l l  be wrough? copper, s i l v e r  soldered j o i n t s .  Jo in ts  

i n  p i p i n g  2-in. and smal ler  s tee l  p ipe  w i l l  be screwed. F i t t imgs  w i l l  be 

125-lb r a t e d  standard cast  i ron o r .  159 ra ted  standard ma1 leab le  iron'. ~ o i n t s  
i n  p i p i n g  2-1/2-in. and' l a r g e r  w i l l  be welded, except f langed o r  grooved end 

j o i n t s  w i l l  be used a t  connections - t o  eq'uipment. . Flanges w i l l  be forged s tee l  

ra i sed  face,weld ing neck, class 150 conforming t o  ANSI 816.5. Flange gaskets 

w i l l  be asbestos composition. Grooved end f i t t i n g s  w i  11 be malleable i ron .  

F i t t i n g s  2-1/2-in. and l a r g e r  w i l l  be bu t t - type carbon s tee l  conforming t o  

ANSI 8.16.9 and ASTM A234 and the same schedule as the pipe. Factory made 



f i t t i n g s  w i l l  be used f o r  reducers and elbows; mi t e r  w i l l  not/.be used f o r  

t u rns  b u t  machine-made bends may be used. Factory made tees will be used f o r ,  

branch connections , except t h a t  forged steel welding saddles  may be used on 2-112-in. 

a n d l a r g e r  mains where the  branch i s  smal le r  than the  main. Unions will be 

provided a t  connections t o  equipment. ~ k s s u r e  ra t i ngs  of unions w i l l  equal 

o r  exceed the  r a t i ngs  s p e c i f i e d  f o r  o t h e r  f i t t i n g s  i n  the  system. Unions 2-in. 

and smal le r  w i l l  be threaded end ground j o i n t  type; unions 2-112-in. and l a r g e r  

w i l l  be bo l ted  f l angGtype  with gaskets ,  o r  grooved end couplings may be used 

a s  unions. 

Valves 

Gate valves w i l l  be 150-lb union bonnet, bronze body, s o l i d  wedge, screwed end 

type f o r  2-in. piping and sma.ller. valves 2-112-in. and l a r g e r  wi l l '  be f langed 

end, i r on  body, s o l i d  wedge, bronze f i t t e d ,  non-rising stem, 125-lb c l a s s .  

B u t t e r f l y  valves 2-112-in. and l a r g e r  w i l l  be 1 ug type,  c a s t  i ron  body, a1 urninurn- 

bronze d i s c ,  s t a i n l e s s  s t e e l  stem, f l e x i b l e  seat-1 i n e r ,  150-lb water  wooking 

pressure.  Bu t t e r f l y  valves l a r g e r  than 4-in. w i l l  have ,worm gear  opera t ion ,  

4-in. and smal le r  wi 11 have l e v e r  handie 'and a l . 1  valves used f o r  balancing 

w i l l  have m . m r y  s rops .  check  valves w i  11 be swing type,  regr inding metal d i s c ,  

same make and construct ion as  ga te  valves.  Check valves a t  pumps wi l l  be 

sp r ing  loaded non-slam type. Ball  v a l v e s  2-in. and smal le r  wi 11 have threaded 

ends,  bronze body, b a l l  and stem, s t e e l  handle,  t e f l on  s e a t s ,  packing and 

gasket  . 

S t r a i n e r  

2-in. and smaller :  Y pa t te rn  250-lb c a s t  i ron o r  semi-steel screwed ends,  

screwed cover and s t a i n l e s s  s t e e l  . o r  m n e l  sc reen ,  1132-in. openings. S t r a i n e r s  
2-112-in. and l a rge r :  Y pa t t e rn  semi-steel o r  c a s t  i r o n ,  125-lb f langed ends,  
bo l ted  cover,  b r a s s  screen with 1116-in.,openings. 

Pipe s i z e s  vary from 2- t o  10-inches. 

. , 



INSTRUMENTATIOFi AND CONTROL . . . 

v , 1. Temperature Ind i ca to rs  : Bimetal1 i c  thermometers, mounted l o c a l l y .  

f .. 
2. Pressure Ind ica tors :  .He1 i x  type Bourdon tube pressure gauge, 

mounted l o c a l l y  
' . 

Temperature Transmitters : 

Primary Element: Thermocouple housed i n  thermowell on 
p rocess 

Amp l i f i e r :  EMF/current converter and t ransmi t te r  

E l e c t r i c a l  : 110 vo1t.a.c. power i n p u t  

Signal : 5 t o  20 'm i l  liamps. output  

~. 
4. pressure Transmitters: 

Primary Element: t k t a l l  i c be1 lows-type pressure sensor 

Amp1 i f i e r :  Current amp1 i f i e r  I 

E l e c t r i c a l  : 110 v o l t  a.c. power i n p u t  

Signal : 5 t o  20 m i l  l iamps output 

5. Flow Transmitter:  

Ampl i fi er :  

E lec t r i ca l  . . : 

O r i f i c e  p l a t e  w i t h  high- and low-pressure 
taps . , 

. . ,  

D i f f e r e n t i a l  pressure t ransmi t te r  with% 
. . h j  gh- .and low-pressure taps 

. . .  . . 
110 v o l t  a.c. power i n p u t  ' , . ,, . .  . . . 

Signal : 5 .to 20 m i  11 iamps output  I 
6. Level Transmitter:  

Pr imary- Element: Diaphragm w i t h  two".p.ressure chambers and 
hi'gh- and low-pressure: taps ' . . .  



6. Level .Transmitter: (Continued) 

Ampl i f ie r :  D i f f e r e n t i a l  pressure t ransmi t te r  w i t h  
high- and low-pressure taps 

E l e c t r i c a l  : . . . 110 v o l t '  a.c. ,power i n p u t  
, s 

Signal : : 5 t o  20 m i  l l i amps output  

7. Transducer: M i l l i a n p  cur ren t  s igna l  t o  pneumatic a i r  
s igna l  converter 

A i r  Supply: 20 p s i  

Signal 1n'put: 5 t o  20 m i  l l i amps 

Signal 0utp.ut: 0  t o  15 ps i  

8. Control  Valve Posi t ioner :  a Pneumatic operator  w i t h  c o n t r o l l e r  and 
s u ~ ~ l v  a i r  i n l e t s .  Mechanical stem l i n k  
att 'ahment f o r  redundant feedback posi-  . . .- .. 

. .. .. .... .- . . . .ti on . control-; - - . .  ,. . . .. - 

HEAT TRANSFER FLU1 D TREATMENT 

The coo l ing  water t h a t  i s  c i r c u l a t e d  from the  steam surface condenser through 

the heat  exchange? and the storage tanks w i l l '  be t rea ted  t o  prevent corros ion 

and scale development. This water w i l l  be t rea ted  w i t h  corrosion i n h i b i t o r s . '  

and pH adjustment chemicals. Cool ing water t h a t  i s  c i r c u l a t e d  through the 

tower w i l l  be t rea ted  w i t h  b ioc ides t o  k i l l  s l ime and algae and w i t h  corros ion 

i n h i b i t o r s  and pH adjustment chemica l i ' t o  ,prevent c o r r o s i o n  and scale.  

Current ly ,  the water - treatment a t  the 87000 complex consis ts  o f  t h e  f o l  lowing: 

e C h i l l e r  - Bromine N i t r i t e  used i n  c h i l l e d  water  as corros ion 
i n h i b i t o r  and pH cont ro l  

Cooling Tower Water - Hydro-Chem 1340 composed o f  T r i  Sodi um 
Phosphate, A c r y l i c  Polymer; Organic Phosphate, Sodi um Hydroxide 
and Sodi um Lingnosul fanate i s  used a t  r a t e  o f  300 ppm 

 oilers - Sodi um Hydroxide i s  used i n  the b o i l e r  f o r  a c i d  con- 
t r o l  ; Cyclo Hexylamine i s  used as a  corros ion i n h i b i t o r  i n  the 
condensate 



A water treatment wi-ll be used which i s  compatible w i t h  those above where the 
possibil i ty of STES water mixing with existing Central Energy Facility exists.  

3.5.5 SUBSYSTEM OPERATION 

This subsystem operates to  provide 24-hour supply of domestic hot water, heat- ', 

ing water for building heating during the winter months, and chilled water for 
building cooling during the summer months. Heating water and chilled water 
are not supplied simultaneously, b u t  are supplied seasonally. The supply and 
'return piping to  the five buildings i s  a two-pipe system and can han'dle only 
one-tempe'rature water a t  a time. The domestic hot water i s  supplied 24-hours 
a day a l l  year. 

3.5.5.1 NORMAL OPERATION . . 

Normal operation of the heating/cooling and domestic hot water subsystem i s  
controlled from the microprocessor and the main computer. Each component in 
the system i s  started from the' main computer control room and i n  normal opera- 
tion; continues until manually s.topped a t  the end of the winter o r  summer 
season. The domestic hot water.sys.tem will.'operate. throughout the year. 

HEATING WATER SUBSYSTEM 

In normal operation, the heating water subsystem will run continuously through- 
out the heating season and will operate so tha t  heating water i s  generated a t  
a constant temperature and a varying rate dependin'g on' the operational mode 
of the steam surface condenser. A constant rate of flow of heating water 
w i t h  varying te,mpeiature i s  supplied to the buildings 24-hours a day every ' 

day of the heating season. Return water from the buildings will be a constant 
100°F. The varying supply temperature i s  accomplished by mixing the 140°F 
water fmm the condeiser o r  fmn  the storage tanks w i t h  100°F return water. 
The supply -water temperature i s  reduced as the outdoor temperature rises so  
that the return temperature can be held constant. 

During the day, excess thermal energy rejected from the steam surface condenser 
and not required to heat the five buildings will be retained in the storage 



tanks. When the energy ava i l ab le  f r o m  the surface condenser i s  n o t  s u f f i c i e n t  

t o  meet the heat ing demand, the heat ing water w i  11 be suppl ied from the h o t  

water storage tanks. 

CHILLED WATER SUBSYSTEM 

I n  normal operation, the chi  l l e d  water subsystem w i  11 run cont inuously through- 

o u t  the coo l ing  season and w i l l  operate so t h a t  ch i1  l e d  water i s  generated a t  

a constant r a t e  and temperature 24-hours a day every day o f  the coo l ing  season. 

A constant r a t e  o f  f l ow  o f  c h i l l e d  water w i t h  varying temperature i s  suppl ied 

t o  the bu i l d ings  24-hours a day every day o f  the coo l ing  season. Again the 

r e t u r n  temperature i s  h e l d  constant ( a t  58OF). The varying temperature i s  

accomplished by mixing . the  4Z°F water f r o m  the c h i l l e r  o r  storage tank w i t h  

58°F . re tu rn  water. The supply water temperature i s  increased as ' the outdoor 

temperature decreases so t h a t  the r e t u r n  water temperature can be h e l d  constant. 

During the n igh t ,  excess ch i  1 l e d  wate,r produced b u t  n o t  requ'i red  t o  c o o l  the 

f i v e  bu i ld ings .  w i l l  be re ta ined i n  the storage tank. During the day, when the 

peak coo l ing  load occurs, t h i s  ch i  1 l e d  water i s  used t o  supplement the absorp- 

t i o n  c h i l l e r  ou tpu t  i n  meeting the load. 

. . 
DOMESTIC HOT WATER SUBSYSTEI.1 . 

The domestic h o t  water  subsystem normal ly operates t o  prov ide domestic h o t  

water t o  the three barracks bu i l d ings  24-hours a day a l l  year. The temperature 

o f  incoming c i t y  water  i s  increased i n .  the heat exchanger, w h i c h  uses ho t  water  

from the steam surface condenser o r  from storage as the energy source. The 

domestic ho t  water r e c i r c u l a t i n g  pump w i l l  run cont inuously t o  maintain a 

constant f low of re tu rn .water  from the b u i l d i n g  so t h a t  ho t  water i s  ava i l ab le  

when requi red w i thou t  considerable delay. The amount o f  domestic h o t  water 

f low ing through the heat exchanger i s  the conbinat ion o f  w c i r c u l a t i n g  water 

and the makeup from c i t y  water due t o  the consumption o f  h o t  water a t  showers 

o r  1 avatories. The output  temperature o f  the donestic h o t  water heat  exchange'r 

w i l l  be c o n t r o l l e d  a t  135OF by varying the f low r a t e  on the heat ing  water s ide  

o f  the heat exchanger. 



START-UP AND SHUTDOWN . 

I n i t i a t i o n  o f  s tar t -up 'and shutdown w i l l  be accomplished f o r  each p a r t  o f  the 

heat ing/cool ing and domestic h o t  water subsystems from the .main cont ro l  com- 

pu te r  t ransmi t t ing  cont ro l  s igna ls  through the appropriate microprocessor. 

HEATING WATER SUBSYSTEM 

'The heat ing water subsystem s ta r t -up  w i l l  requi re t h a t  the valves a l lowing 

heat ing water t o  flow t o  the f i v e  bu i l d ings  be' pos i t ioned so. c h i l l e d  water 

flow i s  prechecked. These valves are posi t ioned automat ical ly  f r o m  the STES 

cont ro l  room. The primary and secondary heat ing water pumps w i l l  be star ted.  

When these pumps have been s tar ted ,  steam w i l l  be admitted t o  the condenser 

and h o t  water begins t o  f low e i t h e r  t o  the storage tanks o r  o u t  t o  the 

bu i  ldings. 

Shutdown i s  essen t ia l l y  the reverse o f  start-up. As soon as the steam stops 

being de l ivered t o  the condenser, the c i r c u l a t i n g  ,pumps w i  11 be stopped, and 

the system w i l l  be o u t  o f  service. 

CHILLED WATER SUBSYSTEM 

For s tar t -up  o f  the c h i l l e d  water subsystem, the c h i l l e r  w i l l  be brought i n t o  

serv ice as steam becomes ava i l ab le  f r o m  the power conversion subsystem. The 

steam con t ro l  valve w i l l  be energizea and the primary c h i l l e d  water pump w i l l  

be brought i n t o .  service. The condenser water  pump-and the coo l ing  tower w i  11 

now be star ted.  . The cont ro l  valves w i l l  be pos i t ioned t o  permit the f low o f  

chi1 l e d  water t o  the storage tank. The system secondary c h i l l e d  water pump 

w i l l  be s t a r t e d  and c h i l l e d  water w i l l  begin t o  f low t o  the bui' ldings. 

shutdown::of thi i ' :chi  l i led  W a b r  sys ten i s  essent ia l  l y  the reverse o f  s tar t -up.  

The steam cont ro l  valve i s  de-energi zed, 'and t h e . l h i i  l e r  and appropr iate pumps 

are turned o f f .  



DOI4ESTIC HOT WATER SUBSYSTEM 

The domestic hot water subsystem must operate a l l  year 24-hours of every day. 
Accordingly, start-up w i  11 be infrequent and will  only .be req'ui red when the 
plant goes i n to  service fo r  the f i  rst :tine' o r  has to be re-started because of 
a necessary shutdown. Start-up will  ..take place a f t e r  steam i s  available'  from 
the power conversion subsystem. The domesti c hot water reci rculating pump 
will  be s tar ted,  and the heating water pumps - if  not already running - will 
be. s tar ted.  . . 

. . 

Shutdown of the domestic water system is .essent ia l ly  the reverse of start-up 
and consists of stopping the two' pumps. associated w i t h  the domestic hot water 
sys ten!, . , 

3.5.5.2 ' ABNORMAL OPERATION ' 
. .: . J 

. .  In the event of loss  of flow t o  the buildings i n  the case of the heating water 
--. . or.chill,ed-water,-.an--ala.m-sjgna.1--wj.ll .be--.transmi-tted to the con-t,r?ol. .morn .to -. -.- 

a l e r t .  the f a c i l i t y  operator, Corrective , action . will then be taken to deal , . 

with the s i tuat ion.  

In the .event of . a  deviation'from s e t  output temperature of the heating water o r  
chi l led  water being delivered to  the building system, an alarm signal likewise 
wi l l  be transmitted t o  a l e r t  the operator. . . The operator may take corrective 
ac t i on  to  correct  the condition. other alarms will  be transmitted to warn the 
operalar  of other '  abnormal conditions such as loss . . .. . . of . . . . control . . - . , . - a i r  .. - . . pressu're, . . . . 

. .pump* motor con tac t s  not ciosed, e tc .  

3.'5.6 .'I ' SUBSYSTEM INTERFACES 

~h'e. Heating/Cool ing and Domestic Hot Water Subsystem interfaces thermally , 
hydraul i cal ly and mechani cal ly w i t h  the Power. Conversion Subsystem a t  the i n l e t  
and ou t l e t  connections t o  the surface condenser and the steam supply and 
condensate return connections t o  the absorption chi 1 l e r .  Their interface 
points are i den t i f i edon  Flow Diagrams 5-2.and 5-4.(Volume.III). . ' 



EXISTIdG SITE SYSTEMS 

Heating Water 

Inter face w i t h  the ex i s t i ng  heating water p ip ing occurs i n  the form of f i , t t i ng  

ex i s t i ng  manual three-way heat inglchi  1 l e d  water changeover val ves i n  the . . 

t h e e  selected barracks bui ld ings.  equipment rooms w i t h  new automatic actuators 

o r  replacing the ex i s t i ng  three-way valves w i t h  new, automatic three-way valves. 
. . 

A new automatic two-way, two-posi t i o n  valve w i l l  be i n s t a l l e d  i n  the ex i s t i ng  

steam supply l i n e  and a new check' valve w i l l  be i n s t a l l e d  i n  the ex i s t i ng  pumped 
c condensate return l i n e  serving the f ive  selected bui ld ings.  

Chi 11 e'd Water . . .. . 

In ter face w i t h  the ex i s t i ng  c h i l l e d  water p ip ing  supplying the three selected 

barracks bui ld ings occurs i n  new valve p i t s  t o  be constructed adjacent t o  the 

three ex i s t i ng  barracks b u i l  dings. (See Figure 3.8-4 f o r  l oca t ion  of new 

valve p i ts . )  I n  the new p i t s ,  new automatic three-way, two-posi t i o n  iso lahf  on:, 

valves w i l l  be i n s t a l l e d  i n  the ex i s t i ng  c h i l l e d  water supply and re turn  l ines.  

A new by-pass arrangement w i th  a new automatic two-way, two-posi t i o n  by-pass 

valve connects the ex i s t i ng  c h i l l e d  water supply l i n e  t o  the ex i s t i ng  c h i l l e d  

water re turn  1 ine. In ter face occurs a t  the po in t  o f  connection o f  the .new 

valves and by-pass p i  ping t o  the ex i s t i ng  piping. 

In ter face w i t h  the ex i s t i ng  chi 1 l e d  water p ip ing  supplying bu i ld ings #87014 and 

#87016 (Company 'and Administrat ion Bui 1 dings) i s  o f  the same arrangement as . 

described above f o r  the three p ro jec t  barracks bui ld ings,  except t ha t  there are  no 

new valve p i t s  a t  these bui ld ings and the int,erface occurs i n  the ex i s t i ng  

mechanical equipment mom. Another 'point of i n te r face  occuk  a t  the p o i n t  
where new automatic three-way, two-position contro l  val-ves -are t o  be i n s t a l l e d  

i n  the ex i s t i ng  c h i l l e d  water p ip ing  t o  supply heating.water only t o  new uni, t  . . ( '  

heaters . 



Domestic Hot Water 

In ter face w i t h  the ex is t ing  domestic hot  water system occurs i n  the mechanical 

equipment rooms o f  the three p ro jec t  barracks bui ldings, w i th  new domestic hot  

water supply and r e c i  r c u l  a t i  ng connections t o  the ex is t ing  hot  water generators 

and the add i t ion o f  a new dra in  valve. 

INSTRUMENTATION AND CONTROL 

The Heating/Cooling and Domestic Hot Water Subsystem instrumentation inter faces 

w i t h  the I C S  a t .  the terminal board o f  the microprocessor cabinet. The absorp- 

t i o n  sh . i l l e r  steam control .  valve, which phys ica l ly  inter faces w i t h  the power 

conversi.on subsystem, i s  control  l ed  from the absorption ch i  11 e r  control  panel . 
Data co l l ec t i on  f o r  stored energy a v a i l a b i l i t y  and load demand forecasts are 

obtained and transmitted t o  the energy management and control  .system through 

the microprocessor. 

3.5.6.2 MECHANICAL INTERFACES 

S i t e  in ter face occurs along the route of the new secondary heat ing/chi l led 

water underground d i s t r i bu t i on  piping. , This w i  11 involve replacement o f  

paving and sidewal k ha te r i a l  removed and reseeding areas where grass i s  

removed and generally res tor ing the s i t e  t o  i t s  o r ig ina l  condition. Founda- 

t i o n  in ter face occurs a t  the base o f  the new heating water storage tank and 

chi 1 led/heating water storage tank. Both storage tanks r e s t  on concrete 

foundations. In ter face occurs from the cool ing tower basin.and supporting 

s t ruc ture  foundation. Interface also occurs between the overhead ex te r io r  

p ip ing  and supporting s t ruc ture  foundation. 

3.5.6.3 ELECTRIC POWER 'INTERFACE 

In ter face w i th  the E lec t r i ca l  D i s t r i bu t i on  S.ystm occurs a t  the motor control  center 

housing s ta r te rs  f o r  the fo l lowing equipment: 

' Primary Heatin$ Water Pump . . . . . . . . . . . . 480V, 36,. 5 hp 

e Domestic Hot Water Pump . . . . .' '. . . . . . . . 480V, 34, 3 hp 



e Primary Chilled Water Pump . . . . . . . . ? . . . 480V. 34, 5 hp 

a Secondary Heating Water .Puw . . . . . . . . -. . . 480V, 34, 15 h p  

a ,Secondary Chilled Water Pump . . . . . . . . . . . 480V, 349 15 hp . .  

a . Domestic Hot Water Recirculating Pump . . . . . '. 480V, ,3$, 2 hp 

a Condenser Water Pump to Absorption Chiller . . - . . 480V, 3$; 25 h p  
. . 

a condenser water Pump t o  Condenser Heat Exchanger . 480V, 341, 7-1/2 hp' 

a Cooling Tower Fan (two-speed motor) . . . ', . . . . .480V, 34, 20 hp 

Interface will also occur a t  power connections to absorption chi l le r  control 
cabinet. 

I 3.5.7 INSTRUMENTATION AND CONTROL. 

I 3.5.7.1 OVERALL SUBSYSTEM CONTROLS 

Instrumentation and control components for  the heating/chi 1 led and. domestic hot 
water subsystem are i l lustrated i n  the Process and Instrumentation Drawing 5-1 in 

'Volume I I I. The contra1 requirements for the heating/cool i ng and domestic 

hot water subsystem includes not only providing the five selected bul ldings w i t h  

more e f f ic ien t  automatic total  energy system, b u t  a lso  data collection for  
stored energy avai 1 abi 1 it'y and load demand forecasts. 

L 

The operator interface a1 lows for  operational flexibi 1 i ty along w i t h  s e t  point 
and control parameter override. The control ling sequences for  each system are 
di scossed herein. 

The subsystem changeover controls' from heating to cooling cycles are handled . '  ' 

through the m i  ~ m ' ~ r o c e ~ s s o r  o r  manually. from the control room., An exterior 
temperature sensor measures the prevailing weather conditions and ,relays them 
t o  the m i  cmprocessor. once- acti,vated, the s ubsys ten changedve'r con t ro ls  di  vert ' 

the flow i n  the supply and return l ines of the.secondary thermal distribution 
component by reverse ope'rati'ons of the  two modul ating temperature 'con:,tr%l val ves 
&head of each subsystem's primary, loop. Two additional valves located a t  the, 
out let  and in l e t  l ines of the heating wate'r component and chilled water . , 

. . 

. . 



component interfaces t o  the h o t / c h i l l e d  water storage tank operate trans- 

versely t o  d i v e r t  the f low o f  the tank. Another two-way valve i so la tes  the 

domestic h o t  water component o f  the primary ho t  water loop during the coo l ing  

season. 

HEATING WATER SUBSYSTEM CONTROLS 

A con t ro l  system associated w i t h  the surface condenser maintains a constant 

140°F a t  the o u t l e t  o f  the condenser by ,varying the i n l e t  temperature i n  a 

manner t h a t  i s  inverse lypropor t iona l  t o  the  amount of energy being added i n  

the condenser. The va r ia t i on '  i n  ' i n l e t  temperature i s  accompl ished by mixing 

140°F w a t e r  f r o m  the condenser o u t l e t  w i t h  100°F water being returned from the 

bu i l d ings  o r  from the thermal storage tanks. I n  t h i s  . manner, . 9 constant 

140°F supply temperature t o  thermal storage and a constant 100°F re tu rn  tem- 

perature from thermal storage are accommodated whi l e  keeping the f low r a t e  

through the condenser h igh enough f o r  good heat t rans fer .  

I n  a s i m i i a r  manner,. the temperature of water being supplfed t o  the f i v e  selected 

bu i l d ings  (and STES) i s  var ied  t o  maintain a constant 100°F .return gmpe-ratu 
' 8  . _ . _ . . . . ... . ..- - -  . .  . . .  ' 

. . 

a t  a constant c i r c u l a t i o "  . rate. The va r ia t i on  i n  supply temperature i s  

achieved by b lending 100°F re turn  water w i t h  140°F water f r o m  the condenser 

o r  thermal storage tanks. 

During periods when the thermal storage tanks are f u l l y  charged and tu rb ine  

operat ion i s  t o  continue ( e l e c t r i c a l  generation mode) condenser cool.ing water 

i s  d i ve r ted  to the condenser heat exchanger. I n  t h i s  operat ing 

mode, condenser o u t l e t  temperature i s  no t  con t ro l l ed  b u t  permi t ted t o  f a l l ,  

which reduces condenser pressure and increases tu rb ine  output  power. 
- .  

2 .  

DOMESTIC HOT 'WATER SUBSYSTEM CONTROLS . . , . 
. ' . * .  

. *  . , _  

The domestic h o t  water subsystem pumps 1 4 0 " ~ ~ h e a t e d  water 'from the primary 

h o t  water loop through the domestic h o t  water heat exchanger by the cont inuously 

running domestic h o t  water pump. A modulating temperature control. valve 

located between the domestic h o t  water pump and the domestic heat exchanger i s  



cont ro l  l e d  by a thermocouple a t  the domestic h o t  water o u t l e t  of the heat 

exchanger. As demand drops, the  amount of f low through the temperature 

c o n t r o l  valve a lso  drops proport ionate ly ,  thus maintaing the d o m s t i  c h o t  water 

a t  a constant temperature. As demand surpasses heat ava i lab le  from the primary 

loop, two temperature d i v e r t i n g  valves a l low ho t  water t o  be taken from the 

charged ch i l led /heat ing  water storage tank. 

CHILLED WATER SUBSYSTEM CONTROLS , 

Control o f  the c h i l l e d  water subsystem i s  s i m i l a r  t o  t h a t  o f  the heat ing water 

subsystem. C h i l l e d  water f low i s  maintained through t h e  primary c h i l l e d  water 

loop by the cont inuously l~operat ing primary c h i l l e d  water pump. Constant f low 

r a t e  i s  maintained through the absorption c h i l l e r  by means of a by-pass loop 

w i t h  a modulating f l ow  cont ro l  valve. C h i l l e r  o u t l e t  temperature i s  he ld  

constant a t  4 2 . 0 ~  by t h r o t t l i n g  the  steam supply t o  the c h i l l e r .   or or d e t a i l s  

of the c h i l l e r  controls, see Section 3.5.7.3. ) 

The secondary c h i l  l e d  water loop, l i k e  the heat ing system, maintains a constant 

'flow r a t e  and constant re turn  temperature (58°F) w i t h  var iable.  supply tempera- 

t u r e  t o  the bu i ld ings ,  which are dependent upon the thermal load. Temperature 

v a r i a t i o n  i s  achieved by mixing 4 2 ' ~  water f h m  the c h i l l e r  o r .  thermal storage . . 

tank w i t h  58°F re turn  water. C h i l l e d  water i n  excess o f  t h a t  which i s  needed 

to  s a t i s f y  the thermal l oad  i s  s tored i n  the  c h i l  l e d  water tank f o r  use when 

the thermal load exceeds the capacity o f  the c h i l l e r .  
8 8 

3.5.7.2 SUBSYSTEIJ~ 'BLOCK DIAGRAM 

The HeatingICool i n g  and Domestic Hot Water Block Diagram Drawing 5-9, i n  Vol-,. 

m e  181) schernatically % > i 11 ustrates the i n te r face  between f i e l d  and l o c a l  l y  . . 
mounted instruments and cont ro l  components w i t h  the STES cont ro l  and energy 

management system. Types o f  instruments, method o f  contro l ,  nunber of 

components , and appropriate subsystens are shown. 
. . . . * .  



3.5.7.3 INDIVIDUAL COMPONENT CONTROLS 

ABSORPTION CHILLER CONTROLS 

In addition t o  packaged controls, the ch i l le r  will be controlled i n  a t  least  
two modes o'f operation from the main computer. The f i r s t  mode will .be ON/OFF; 
when ON, the ch i l le r  will be operated a t  full  load to make the most eff ic ient  
use of available steam. The output temperature control will remain a t  a fixed 
s e t  point (approximately 42OF), and the return water temperature will be held 
stea& a t  the maximum chi l le r  load value, The second mode of control is used 
tn nndrrlatc! the chi l le r  lnad, based ;on a varying return water temperature. . . . . 
The second mde, modulating control, occurs when the outdoor chilled water tank 
i s  fully charged w i t h  chilled water and there i s  no other place to  p u t  chilled 
water other than through the buildings. This type of control i s  available, b u t  

will not be normally used. 

In any event, the chilled water flow through the ch i l le r  will remain constant 
a t  approximately 370 gallons per minute. A modulating valve controll2d by a 
flow controller, which wi 11 sense flow through the chi 1 ler ;  .wi.l.l regulate . . the 
amount of water i n  a "runlamund" bypass, s o  that thebypass water and return 
water will add up to a constant flow of. 370 gpm in e i ther  mode of operation.. 

COOLING TOWER 

The cooling tower and associated condenser water lines incorporate four modes 
of .  operation o r  a conbination thereof to maintain 85OF condenser water leaving 
the cooling tower. 

A tnermocouple located between the mixed condenser water junction and the 
modulating three-way temperature control bypass val ve se ts  the mode of opera- 
tion. Peak heat dissipation occurs w i t h  the two-speed cooling tower fan 
operating on h i g h  speed. A second speed can be used on other than ful l  load 
day heat dissipation. I f  deemed desirable, the cooling tower fan can be 
total ly  stopped, relying upon gravity, feed. Finally, any portion of the 
condenser water flow can be diverted for  the least  heat dissipation, o r  w i t h  

any other mode, to maintain the maximum 8 5 ' ~  output condenser water s e t  point. 
m .  



3.5.8 MAINTENANCE 

Instal lation and maintenance manuald. will be obtained from the manufacturers 
of each piece of'major equipment and will  be provided to  the STES operating 
perionnel 'as part of a permanent library of necessary information. In addi- 
tion, specifications for  each piece of this  equipment w i  11 be written to 
require each manufacturer to  provide the services of technical personnel to  
instruct  the designated station personnel i n  the operati on and maintenance of 
equipment suppl ied by that manufacturer. To the greatest extent possible, 
station personnel will perform preventive maintenance on equipment to  insure 
that  equipment will operate properly and eff ic ient ly  and will be out of service 
for the shortest length of time. 

As a part of a preventive maintenance prgram, s h i f t  supervisors will be trained 
to make a brief inspection of equipment when they come on duty and to examine 
the log of the previous s h i f t  for  any item that indicates a developing need for  
specific maintenance. 

It i s  estimated that the . average . daily manpower required for  maintenance of 
the heating/cooling and domestic hot water subsystem will be one-half man-hour. 
Annually, the manpower' for  the enti re year, excl udinq daily requi rements, will 
be 80 man-hours. The annual cost of maintenance supplies for  this subsystem 
will vary depending on the hours of use of the system and will probably vary 
between $500 to $1000. . . 

. . . . .. . . . . ' .  . .  

3.5.8.1 ABSORPTION CHILLER 

The manufacturers' maintenance manual will be used as a text for  teaching 
maintenance of the absorption chiller.  In addition, once a month the machine 
will be checked for  purge pump and motor 'puliey alignment, V be1 t checked for 
tension and adjusted, the purge pump o i l  changed, u n i t  s t ra iner  cleaned, 
inspect the main'control valve for  binding and proper operation. Annually 
the purge pump motor would be 1 ubricated,' absorber additive added, control 
sett ings checked for  adjustment, inspect absorber tubes and condenser tubes. 
Consideration woul d be given to contracting for annual service inspection 
and maintenance w i t h  the manufacturers ' service department in order to keep 
the machine up to date and . in  good working order over many years. 



The two outdoor water storage tanks f o r  heqting water . . and chi1 ledlheat ing water 

w i l l  be used as t h e r k c l i n e  tanks w i th  a blanket of n i t k g e n  gas a t ' t h e  top 
' 

. . .  . . 

o f  the water o f  each one. ' Normally these tanks requi re  very li tt lemaintena ice;  . " .  

however, they woul d be inspected external l y  a t  least  once a k t h  f o r  any 

signs o f  deter iorat ion o f  the insu la t ion o r  breakdown i n  the insu la t ing  jacket. 
. . 

. . 

3.5.8.3 HEAT EXCHANGER 

The two heat exchangers w G l d  be inspected externa l ly  monthly . t o  , determine the 

condi t ion o f  t h e i r  insulat ion, supports and weatherproofing' jacket. At  tha t  
time, a review'of the performance ?cord of each u n i t  would be made. t o  determine 

' : 

i f  there has been any change i n  the 'thermal performance o f  e ich excha,nger. A 
' 

deter iorat ion o f  performance indicates 'possible sca l ing  o f  tubes; blocking o r  

other trouble. The exchangers would be' cleaned, descaled, i f  necessary, and 

any in terna l  problems" corrected. 

3.5.8.4 COOLING TOWER . .. . -  . -  
, _ . _ _ _ _  .. 

The coo l ing. tnrer  would be inspected' once a week during any per iod'  i n  which i t  

i s  operating. The motor and dr ive would be inspected t o  determine tha t  i t  i s  

i n  proper operating conditon; the upper basin inspected f o r  algae formation; 

the lower basin inspected i n  the same manner for  algae and scale; general ' 

condit ion observed throughout. 

The motor and fan dr ive would be. 1 ubricated i n  accordance w i th  the manufacturers ' 
recommendations .-. The..coo.l.i-ng tower so'und woul d be observed - a sudden change i n  

, _ . _ _  . - - -. 

sound o r '  unsual v ibra t ion indicates some other change t ha t  would be investigated. 

Annually the tower would be inspected i n te rna l l y  f o r  condit ion o f  f i l l ,  . ' 
structure, t ightness of bol  ts , condi ti on o f  basins -and general overa l l  soundness. 

3.5.8.5 PUMPS 

Pumps and t h e i r  motors would be "1 istened to"  d a i l y  f o r  any change i n  t h e i r  usual 

sound which can ind icate  developing t rouble .. Annual l y  , pump performance would be 

checked and i f  deter iora t ion i n  performance i s  found, the pump would be disassembled 

and checked f o r  in terna l  conditions o f  wear, corrosion o r  other causes, and 

indicated repairs made. . . . . . . 



3.5.8.6 PIPING, VALVES AND FITTINGS 
. .  . 

I . . .  . .  . . . 

p iprng valves and f i t t i n g s  would b e  inspected v i sua l l y  d i i l y  f o r  leaks. once 

a month an inspection would b e  made not ing the  condi t ion o f  supports, insulation., 

val ve mechanism and packing, and: general condi ti on. 

. - 

3.5.8.7 INSTRUMENTATION At40 CONTROL .. . 

The manufacturers' maintenance informatior1 w i l l  be used togdevelop a maintenance 

brogram f o r  . .  the . . various instruments . . and contro ls i n  the hea t ing lcoo l ing  and 
domestic ho t  water subsystems. 

. . 
3.5.8.8 HEAT TRANSFER FLU1 D CHEMI CAL TREATMENT . . 

The chemi ca.1 treatment equipment f o r  the heat i  nglcool i ng and domesti c hot  water 

subsystem'consists o f  simple i n j e c t i o n  equipment f o r  . introducing i n h i b i t o r s  . %. 

i n t o  the c i  r cu la t ing  water and cool ing tower treatment. The i n j e c t i o n  equipment 
i s  t o  be kept clean when no t  i n  use. The cool ing tower equipment w i l l  be 
inspected weekly for  i t s  condi t ion w i t h  a t ten t ion  t o  any developing corrosion ,. 

c a l i b ra t i on  o f  sensing elements and t ightness o f  p ip ing  and e l e c t r i c a l  wir ing.  

3.5.9 SPECIAL FEATURES AND PRECAUTIONS 

3.5.9.1 HEALTH AND SAFETY . ,  

i io heal th hazards w i l l  e x i s t  i n  the STES Fac i l i t y .  

Safety hazards are 1 i m i  t ed  t o  bums personnel may receive from contact w i t h  

steam o r  ho t  water p ip ing o r  the leakage o f  steam o r  ho t  water therefrom. The 

p o s s i b i l i t y  o f  i n j u r y  i s  l i m i t e d  through the use o f  thermal i nsu la t ion  on hot  

pipe surfaces. As p ip ing systems w i l l  be leak tested a f t e r  i n s t a l l a t i o n  and 

a1 1 leaks must be repaired and retested, no leaks i n  p ip ing  systems are expected 

t o  occur. 

3.5.9.2 ENVIRONMENT 

Thermal energy and a l i m i t e d  quant i ty  o f  moistureare re jec ted t o  the atmosphere 
f r o m  the cool ing tower. This resu l t s  i n  a humid condi t ion i n  the immediate 

area of the cool ing tower, bu t  i s  deemed t o  ~ roduce  no adverse environmental 

e f fec t .  



3.6 OVERALL INSTRUMENTATION AND CONTROL . . 

3.6.1 SUMM4RY DESCRIPTION . u., i - r '  

J " , . 
The . Instrumentat ion and Control. 'Subsystem ( ICS)  i s  comprised, of . .  a cent ra l  

process i n g  u n i t  (CPU) , r e a l  t ime operat ing software sys t&, associated computer 

input lou tput  (110) . . devices, an operator cont ro l  console, and as cont ro l  panel, [s) 
' I  ' 

l oca ted i n  the  STES cont ro l  room, and c e r t a i n  l o c a l  cont ro l  panel(s) such as on 
the  o i l  f i r e d  heater and absorpt ion c h i l l e r .  

. I  

Dis t r i bu ted  process u n i t s  (DPU) are located i n  the  major subsystems.they moni tor  

'and contro l  . The DPU (microprocessors) are 1 inked t o  conventlonbl instrumenta- 

t i o n  i n  the subsystems v i a  s ignal  condit ioned 1/0 terminals and data l fnes.  The 

DPU's are  a l so  l i nked  t o  the CPU v i a  independent data transmission l i nes ,  and 

there fore  a re  located between subsys tern instrumentat ion and- cont ro l  actus to rs ,  

and t h e  master computer (CPU) . 

a he operator co'ntrol console and panel, and the computer 110 terminals, provide 

110 cont ro l  and monitor capabil, i , ty t o  the  STE-LSE operator. 
. . ' ' 

3.6.2 DESIGN REQUIREMENTS 

For the  I C S  t o  operate properly.  the fo l l ow ing  are required: 

The design w i l l  provide means o f  data acqu is i t i on  o f  system 
measurements and performance evaluat ion 

The 'design w i l l  make use o f  conventional computer hardware and 
software 

' > 

The design w i l l  make use o f  standard conventional cont ro l  
devices 

The design w i l l  provide alarms f o r  system mal funct ion 

The design wi.11 provide automatic pro tec t ion  f o r  f au l ted  or:  

. . alarmed . . condi t ions - . . . . .  : . 

i '  The design w i l l  prov ide operator over r ide  o f  automattc cont ro l  
-' . . .  .A , 

0 The .design w i l l  p rov ide '  l oca l  'manual- cont ro l  - . '  

r E l  e c t r i i a l  power avai 1 abl'e and 'backup power for emergency 
: conditi.ons. . . 

. . 
. . . . . . .  . . 

. . 



. . . ,  
. , . , 

, , .  . 
Inst rumentat ion must have s igna l  condi t ions 

r Inst rumentat ion should be c a l l  brated 
. . 

. . ~ i ~ t r i b u t e d ~ r o c e s s  u n i t s  l o i a t e d  k x t b n a l  t o  STES ihbu ld  be 
_ , ,  . .  enclosed i n  cabinets f o r  p ro tec t i on  against  environment. . . . . .  .. , 

. , _  .. 
r STES con t ro l  Room must have teparate a i r  condt t iontng 

. . . . . . . . . . 

3.6.3 ' FUNCTIONS 

The I C S  .system- . . provides remote automatic and l o c a l  manual con t ro l  i n t e r f a c e  for  
. .  . 

, r l . 1  .. . s.ubsystems , .pl a,nt system operat ional  mode . < :  . ,  sel'ecti,on . . and energy management . r ::.:, . . .  
o f  th,e STE-LSE p lan t .  . . . . I 

. '.' . , . 4i ' :.t.' 
.> , 

. , .  . . 

The I C S  - w i l l  pr0vid.e f o r  storage o f  ,data a n d  inst rumentat ion f o r  measurement . f of 

system parameters and perform ca lcu la t ions  f o r  evaluat ion o f  p l a n t  performance 

and experimental data. 

.. I 

The ICS hardware and ~ o f t w a r e  w i l l  provide f l e x i b l e  p l a n t  operat ional  modes t o  

s a t i s f y  e l e c t r i c a l  and thermal load demands, and a l l ow  f o r  experimental and 

p ro to t yp i ca l  con t ro l  eval uat ion.  . . 

The 1k w i l l  prov ide i n t e r a c t i v e  operator communication w i t h  the  pl'a.nt con t ro l  

system. . . 
.. . 

. . . . - .  . 
3 .6 .3 .  I INSTRUMENTATION .. . . ... . . . -, 

. L 

The major components o f  the  con t ro l  system a re  the operator c o k r o l  console, 

the cen t ra l  processing " n i t  , and the  d i s t r i  buted processing u n i t s ,  The sub- 

system insetrumentat ion consis ts  o f  conventional analog and d i g i t a l  s igna ls  and 

s ignal  cond i t ion ing  c i r c u i  tiy. Typical r e k i n g  elements a r e  posi t i o n  encoders; 

temperature; pressure and f low. transducers; b inary  s ta tus  switches.; and voltage, 

power and frequency ind ica tors .  The command condit ioned s ignals a re  conven- 

t i o n a l  analog and d i g i t a l  s i g n a l s  of appropr iate format and scale t o  d r i v e  the  

various current ,  pneumatic and hydraul i c  actuators .. . ., 



3.6.3.2 CONTROL 

The I C S  i s  b a s i c a l l y  a computer based, software drfven, con t ro l  system w t t h  
- < .  

t he  cbpabi l i . ty  t o  prov ide on /o f f  c o n t r o l  and s e t p o l n t  commands t o  conventtonal 

hardware-orientated (analog) s y s t h s .  . '  . 

The ICS analog con t ro l  subsystem consis ts  o f  conventional con t ro l  components 

where s t ra igh t fo rward  feedback con t ro l  i s  appl i c a b l  e, and where f a i l  -safing 

the  syst&n i n  case o f  computer f a i l u r e  o r  power f a i l u r e  i s  necessary. 

The I C S  d i g i t a l  con t ro l  subsystem provides f l e x i b i l i t y  and v e r s a t i l i t y  t o  the  

o v e r a l l  p l a n t  con t ro l  by system con f i gu ra t i on  con t ro l .  The I C S  may be recon- 

f i gu red  by changing software o r  changing c o e f f i c i e n t s  v i a  operator 1/0 terminals 

(CRT) thereby e l im ina t i ng  c a l i b r a t i o n  o f  analog modules a t  remote locat ions.  

3.6.3.3 DATA ACQUISITION 

The I C S  generates a data base v i a  measured data received v i a  DPU and meteoro- 

l o g i c a l ,  energy and weather fo recas t ing  data v i a  operator o r  e x i s t i n g  system 

data storage devices. The data base i s  used f o r  performance and experimental 
. . . . . . . .. . - . .. -. . . .. . - 

eva'l.uation -0-f th-e'0Tant as we l l  as fo r  ov&al l  system con t ro l  and 
energy management. 

- .  

The measured data i s  received from the  inst rumentat ion t ransmi t te rs  a t  the 1/0 

terminals  o f  the  DPU's and i s  f u r t h e r  condit ioned ( i  .e., reference j unc t i on  
, , 

f o r  thermocouples) i f  necessary. 

The i n p u t  data i s  converted i n t o  d i g i t a l  format v i a  mu1 t i p lexed  analog-to- 

d i g i t a l  convertors. .The data . i s - tempora r i l y  s tored i n  the DPU and is -  averaged - 

o r  l i n e a r l i z e d  over a given t ime per iod u n t i l  CPU requests data input .  The 

CPU operat ing system then performs the desired engineering scal ing, s t a t i s t i c a l  

analys is  and o ther  engineering ca l cu la t i ons  p r i o r  t o  output  o r  storage o f  the 

data. 

The data output  i s  s tored automat ica l ly  on d i s k  and then t rans fer red  to:; * 

, 

magnetic tape on a d a i l y  operating, basis. Hard copy o r  CRT d i sp lay  of  key 

parameters i s  provided automat ica l l y  o r  under .operator con t ro l .  



3.6.4 OVERALL INSTRUMENTATION AND CONTROL DESCRIPTION 
. . 

The inst rumentat ion and ' con t ro l  subsystem i s  cdmposed o f  comput~rs  and con t ro l  

equipment'. With t h i s  equipment the c o n t r o l  and operat ional  progrims a re  
implemented. 

The operator has u l t i m a t e  . . con t ro l  of t'he equipment. He has over r ide  power over 

most automatic functions and can assign modes'of operat ion o r  system s ta r tup  o r  

shutdown, and i s  a  backup i n  the event o f  f a i l u r e  o f  a  lower l e v e l  component. 

He communicates w i th ,  t h e .  cen t ra l  computer v i a  CRT terminals, the  cont ro l  panel 
, . 

and the various other  readout devices. ' ~ f  s  cbmmands aye g.enerated v i a  the  

te rmina l .  keyboard and by cont ro ls  on the con t ro l  'panel. . . . . 

. , 

The second l e v e l  b f  the con t ro l  equipment i s  the cen t ra l  computer. The cen t ra l  

computer receives orders from the  operator  and receives data from the d i s t r i b u -  

t i v e  processing u n i t s  . It processes the  data, s tores data, generates, displays; 

communicates w i t h  the  operator and downloads in format ion t o  the DPU's. The 

cent ra l  computer i s  described more f u l l y  i n  Sect ion 3.6.4.3.  

The t h i r d  l e v e l  i s  the d i s t r i b u t e d  processing u n i t s  (DPU). The.DPU1s, along 

w i t h  t h e i r  associated input /output  devices, receive data from the  p l a n t  equip- 

ment, send' commands t o  the p l a n t  equipment, and communicate w i t h  the  cen t ra l  

computer. The DPU's are  located i n  the  f i e l d  near the equipment that '  they ' 

control, and are described i n  Sect ion 3 . 6 . 4 . 3 . ' .  * .  

The lowest l e v e l  i n  the  con t ro l  equipment a re  the instrument transducers t h a t  

convert  p l a n t  parameters t o  e l e c t r i c a l  s ignals.  t h a t  can be i n te rp re ted  by the 

DPU 1/0 equipment and ,the cont ro l  actuators t h a t  t u r n  on o r  o f f  motors, open 
. . 

o r  shut valves, etc .  This. l e v e l  a lso includesTanalog c o n t r o l l e r s  f o r  some 
. . equipment . 

The h ighest  l e v e l  o f  con t ro l  o r  operat ional  program i s  created i n  the operator 

by t r a i n i n g .  The operator makes decisions on ove ra l l  operat ions.us ing informa- 

t i o n  t h a t  may no t  be ava i l ab le  t o  the computer i uch  as the appearance o f  a  

l a rge  stor. c loud t h a t  could cause r l oss  o f  i nso la t i on ,  a  repo r t  t h a t  a  pump 
. . 

. . 



i s  making unusual noises,-and the f a c t  t h a t  a specia l  t e s t  fr b e w g  planned. 

The operator has the a b i l i t y  t o  s e l e c t  operat ing modes and t o  cb,nge con t ro l  

set-points . 

The second l e v e l  o f  operat ional program, the energy management program, I s  

implemented i n  the cent ra l  computer. This program selects a mode o f  operat ion 

f o r  the p l a n t  based upon informat ion on the  inventory o f  energy i n  the storage 

tanks and the an t ic ipa ted  energy demand and so la r  a v a i l a b i l i t y  t h a t  a re  

derived .from weather forecasts. 
. . 

- 
I he next l eve l  i s  a supervisory program t h a t  i s  a l so  located i n  the cen t ra l  

computer. This program implements the  mode o f  operat ion determined by the  

energy management program o r  by the operator and.transmits i ns t ruc t i ons ,  

rev ised setpoints ,  and ra tes  o f  changes t o  the DPUs. The supervisory program 

monitors the  ove ra l l  system status, performs sa fe ty  funct ions and communicates 

w i t h  the operator.  

The fou r th  l eve l  o f  operat ional  program i s  located i n  the d i s t r i b u t e d  process 

un i t s .  These DPU1s incorporate the con t ro l  a1 gort.thms t h a t  cont ro l  equlpment 

operat ion and send out  s igna ls  t o  operate fh'e p l a n t  valves, motors, etc.  The 

DPU programs a l so  c o l l e c t  data f o r  transmission f o r  the  supervisory program 

and perform l i m i t  checking f o r  sa fe ty  purposes. 

3.6.4.1 PLANT SUBSYSTEM CONTROL CONCEPT SELECTION 

. The descr ip t ion  o f  t he  I C S  gi,ven here in gives an evaluat ion o f  a l t e r n a t e  con t ro l  

designs t h a t  were considered and presents the selected cont ro l  system 

conf igurat ion.  

3.6.4.1 .1 SELECTED CONTROL DESIGN 

The inst rumentat ion and con t ro l  subsys tem consis ts  o f  analog and d i g i t a l  con t ro l  

elements combined and i n te r faced  through the CPU t o  form the ove ra l l  p l a n t  

con t ro l  system. 



The choice o f  d i g i t a l  o r  analog cont ro l  o f  a  subsystem o r  a  subsy-stw component 

i s  based on. the fo l low ing:  

e Analog c o n t r o l l e r s  a re  used when they are  a  convenient and con- 
vent ional  p a r t  o f .  a  vendor's hardware package, and do no t  
requ i re  s i g n i f i c a n t  mod i f i ca t i on  t o  prov ide i n t e r f a c e  t o  t h e .  

. . o v e r a l l  con t ro l  system. These analog elements are  t y p i c a l l y  " 

turned .on /o f f  and provided a  s e t  p o i n t  v i a  the  cen t ra l  process 
u n i t  (CPU). , . 

@ D i g i t a l  con t ro l  of components and subsystem i s  used where f l e x i -  
b i l i t y  and v e r s a t i l i t y  a re  requi red i n  the con t ro l  loop. These 
are  the components t h a t  a re  c r i t i c a l  t o  con f i gu r ing  operat ional  
modes, energy management s t ra tegy  and changes t o  con t ro l  algo- 
r i thms requi red f o r  system s t a b i l i t y .  

. . 

The fo l l ow ing  i s  a  1  i s t  o f  major component cont ro ls .  
. . 

Analog Control  E l  ements 

e ~ u r b i n e  - Generator 

e B o i l e r  Feedwater Valve 

e Cool i ng Tower , . 

Absorption C h i l l e r  

e A u x i l i a r y  Heater 

e Condensate Return U n i t  
. .. . . . . .  . . 

o Condenser 

e Deaerator 

e A l l  o i l  and.water t ranspor t  pumps 

Minimum con f i gu ra t i on  con t ro l  valves 

~ i g i t a l  Control 

e Solar  f i e l d  c o l l e c t o r s  and associated f low 'valves 

Steam Generator 

e "  Power conversion subsystem and f low con t ro l  valves 



Domestic ho t  water subsystem f l ow  con t ro l  valves 

Ho t / ch i l l ed  water heat ing subsystem valves 

Thermal ,storage subsystem valves 

3.6..4.1.2 BLOCK DIAGRAM OF SELECTED DESIGN 

The I&C System Block Diagram ( Drawing No. 102E14.5 i n  Volume 111). i s  a schematic o f  the 

system hardware: Sheet 1 shows the con t ro l  room equipment, " the  un in ter rup tab le  

power supply," and the pa ra l l e l - se r i es  data bus c o ~ u n i c a t i o n s  l i n k  t o  the micro- 

processors a t  l o c a l  s ta t i ons  i n  the f i e l d .  Sheet 2 contains block diagrams f o r '  

the  so la r  c o l l e c t o r  and thermal storage subsystems, and Sheet 3 contains the 

power conversion and heat ing and coo l i ng  subsystems. Each subsystem diagram 

ind ica tes  the microprocessor, types and quan t i t i es  o f  instruments, the  s ignal  

l e v e l  requi red t o  cont ro l  each instrument, and the t y p i c a l  1/0 s ignal  condi- 
t i o n i n g  devices requ i red  f o r  each type o f  instrument. 

For reasons.of c l a r i t y ,  the block diagram does not  show hard-wired redundant, 
- _ _, _ _  _ _ _  _ .  _ -.. . - - .- ... - .. -. . - . - .. . - 

instruments. and'.-c03tr~l'leC;s' that'-are- requi red i n  the event of computer ma1 - 
funct ion. The ex ten t  o f  t h i s  redundancy i s  described i n  the fo l l ow ing  sections.. 

3.6.4.1.3 .DESIGN TRADE-OFFS 

The block diagram represents the selec ' d design conf igurat ion' .  The fo l l ow ing  

paragraphs exp la in  the a l t e rna t i ves  t h a t  were considered and the ' r a t i ona le  f o r  

the  selected design: 

ANALOG VERSUS DIGITAL 

The ICS represents the bes t  combination of analog and d i g i t a l  con t ro l  
- 

techniques. Several analog con t ro l  c i r c u i t s  w i t h  d i g i t a l  se t -po in t  cont ro l  

have been b u i l t  i n t o  the basic d i g i t a l  cont ro l  system. A t  these po in ts  

the  add i t i ona l  in te r faces  requi red t o  'use d i g i t a l  cont ro l  were more complex 

and c o s t l y  than the  conventional analog cont ro ls  suppl ied as a p a r t  o f  a 

vendor package. The d i g i t a l  system selected there fore  a1 lows more fl ex i  b i l  i ty 

than an analog system t o  be programmed, and i s  easier  t o  change by reprogramming. 



The d i g i t a l  system a l so  al lows extensive automatic operatio'nal. i n t e r l o c k  

sequencing t o  be b u i l t  i n  and then eas i i y  modified as experience- i s  gained 

w i t h  the  system. . . . .  . 

. . 

A t o t a l  analog con t ro l  system was estimated t o  cost  20 t o  25 percent more than 

the  selected design. This system inc luded an automatic r e l a y  sequencer and a 

d i g i t a l  data a c q u i s i t i o n  system. Due t o  these cos t  considerat ions and the  Pact  

> t h a t  i t  would requ i re  s i g n i f i c a n t l y  more operator.  a c t i o n  i nc lud ing  operator  
, . 

se lec t i on  o f  system operat ing mode and s e t  p o i n t  adjustment t o  a l l ow  f o r  opera- 

t i o n  under d i f f e r e n t  p l a n t  operat ing condi t ions,  a t o t a l  analog c o n t r o l  system 

was. no t  selected. 

' ' ,  

CPU VS. DPU . . 

The d i g i t a l  con t ro l s  o f  the I C S  a re  d i s t r i b u t e d  i n  a s t a r  network t o  meet t h e ' :  

STES e f f i c i e n c y  needs. The CPU hand1 es t h e  cen t ra l  ized' funct.ions o f  operator 

i n t e r a c t i v e  communication, cen t ra l  con t ro l  .display, data co l l ec t i on ,  and fo r -  

mating t o t a l  system e ' f f i c i e n c y  and pro tec t ion ,  cont ro ls  and i n te r l ocks .  ' These 

functions requ i re  a h igher  l e v e l  o f  computer i n t e l l  igenee w i t h  the  a b i l i t y  t o  

swi tch complex .tasks e f f e c t i v e l y  and e f f i c i e n t l y ,  and t o  handle l a r g e  quant i  -: 
t i e s  o f  data. ... . The 'DPU's. which ape l o c a l  t o  each subsystem a l l ow  an.80 .. . t o  90 per- 

cent  cab1 i n g  cos t  savings, s ince hard-w i r ing  each ' instrument t o  the cen t ra l  

con t ro l  room i s  el iminated. The d i s t r i b u t e d  i n t e l l i g e n c e  ' o f  the  p a r a l l e l  DPU's. 

a1 lows e f f i c i e n t  i n i t i a l  process . o f  data and f a s t  r e a l  t ime con t ro l  . The DPUI:S, 
f r e e  the CPU t o  p r o j e c t  supp1.y and demand,.and, coordinate and se lec t  system- . . . .  

/ 

wide operat ion. The DPU c a p a b i l i t y  t o  operate independently i f  ,th'e CPU, , w i t h  

d i r e c t  operator input ,  provides a po ten t i a l  means o f  con t ro l  redundancy. 

. . 

LOCAL VS. REMOTE . 

The e n t i r e  system i,s a combination p f   local'^^^'^' a t  each ,subs,ysteh and the ,. 

remote CPU i n  the con t ro l  room. A l l  i nd i ca t i ons  can be remotely 'd isp layed f o r .  

the  operator i n  the cont ro l  room through the  CPU.via CRT's o r  t he  p a r t i a l l y  . ,  

redundant, hard-wired con t ro l  board. Some remote i nd i ca t i ons  are  dup l ica ted  , , '  

by a l o c a l  device a t  each sensing po in t .   he DPU uses the  measurements . . 

l o c a l l y  for  cont ro l  and sends them t o .  the  CpU f o r  remote d i sp lay  and storage. 



The DPU's l o c a l  con t ro l  i s  setup and adjusted by the CPU which has u l t i m a t e  

con t ro l  through the  operator 's  cons01.e. The operator may 'manual l y  . con t ro l  . c 

the  CPU1's se lec t i on  o f  the  STES mode o r e v e n  s e t  i nd i v idua l  va lve and motor: - 

s ta tes,  and con t ro l  s e t  points .  Otherwise the  program ' i n  the CPU w i l l  auto- 
mat ica l  l y  t e l l  the  DPU's how t o  run  the  STES. 

Without the  CPU each DPU i s  i n  f u l l  con t ro l  o f  i t s  subsystem wi thout  automatic 

remote coordinat ion. The system also provides an op t i on  o f  operat ing t h e  l o c a l  

DPU1s by means o f  a por tab le  keyboard and CRT unit: .. . 

PARTIAL VS. FULL 

Cbnsiderations o f  system redundancy "1 t imate ly  reduce t o  those o f  cos t  ' p e r f o h -  

ance and safety.  Two f a i l u r e  modes r e q u i r i n g  redundant equipment were i n v e s t i -  

gated, l oss  o f  g r i dpower  w i thout  t he  STES tu rb ine  generator operat ing, and 

i n t e r n a l  f a i l u r e  o f  computer components. 

The loss  o f  g r i d  power can be momentary ( l ess  than a second) o r  f o r  l onge r '  

per iods o f  t ime. Momentary i n t e r r u p t s  causing loss  o f  temporary core memory 

can be s a t i s f i e d  by a small motor generator s e t  w i t h  an i n e r t i a l  f l y  wheel 

d r i ven  by g r i d  power o r  an Uninterruptable Power supply (UPS); continuous 

operat ion i s  thus maintained. I f  power i s  l o s t  f o r  longer periods o f  ' t ime,  

an ~ n i n t e r r u p t a b l e  Power Supply (UPS) f o r  the  data a c q u i s i t i o n  system (not  

pump o r  valves) cons i s t i ng  o f  a b a t t e r y  i n v e r t e r  cambination would permi t  

fc i l lowing the system coastdown t o  a'ssesi a r e s t a r t .  A 10 tWhr system capa- 

b i l i t y  i s  estimated f o r  one-half  hour operat ion t o  p'rovide t h i s  funct ion.  

This  op t i on  o f  one-ha1 f hour operat ion ' w i t h  l oss  o f  g r i d  i s  approximately 

f i v e  times more c o s t l y  than supplying power f o r  momentary i n t e r r u p t s  only.  

Due t o  cos t  considerat ions, i t  i s  recommended there fore  t h a t  momentary l oss  

of g r i d  power be s a t i s f i e d  w i t h  an MG s e t  or.UPS and t h a t  loss  o f  g r i d  power 

f o r  longer  periods o f  t ime wi thout  the tu rb ine  generator operat ing w i l l  r e s u l t  

i n  unassessed system shutdowns. 



In the.event t ha t  the control system has a component failure. (fai led board.,., 
shorted comnunications l i ne ,  e tc . ) ,  a "fai l-safett  operating mode ts defimed. ~' 

t o  beoperat ion of . the steam a t  the low pressure(60 psia)  mode w i t h  
energy being supplied by the auxi l iary  heater (col lec t ion f ie ld .  i s  stowed).; 
T h i s  is expected t o  meet typical m i n i m u m  requirements of , a  prototyptcal LSE 
application. Three levels  of backup analog redundancy were considered i n  order 
t o  determine th is .  fail.-safe operating mode; . fu l l  redundancy for, a1 1 modes of 
operation, par t ia l  redundancy w i t h  remote control a t  the control room, and*. 
par t ia l  redundancy w i t h  control a t  local control panels t o  .minimize wiring 
costs. Full redundancy (not DAS) would increase the cost  of the basic systen 
by 60 t o  70 percent. Part ial  remote redundancy has a re la t ive  increase~of  . 
20. to  30 percent, and the  par t ia l  local redundancy amounts t o  a 5 t o  10 percent 
"increase i n  cost .  This, l a s t  option was selected dbe . . t o  cost  consideration and 
i t  defines the operational capability of the when computer f a i l u r e  occurs. 
under conditions of a fa i l ed  CPU, the  SCS i s  placeid i n  a safe  con.figuration' 
and the  auxi l iary  o i l  heater is operated. A backup operator i s  assigned t o  the ' 

thermal storage area t o  operate the Thermal Storage Subsystem as well as the 
auxi l iary  o i l  heater a t  the local control panel. Another operator i s  assig. .~.? 
t o  the Power Conversion Subsystem control panel. Various control signals an - 
s ta tus  conditions a r e  hard-wired back t o  the control room for the control r m 
operator's use to  insure sa fe  plant operation as well as  directing local rmn -n' 

operations. These c r i t i c a l  indications a r e  provided to  the control roor 
since operating conditions of the other subsystems a re  not available ., 
local control panel operators. Conununication 1 inks a re  provided from E :h 

system t o  the central control room. . . 

COLLECTOR FIELD COHTROL CONCEPT SELECTION 

The .distr ibutive f i e ld  configuration concept reference i n  Section 3.2..4.:1 was 
selected on the basis tha t  s t ab le  flow control and thermal condi tioning are: 
more eas i ly  achieved, and i t  a l so  provides protection against over-temperature 

due t o  cloud cover changes. 

The control concept i s  based on conditioning. the subfield i n l e t  temperature to 
achieve acceptable ou t l e t  temperatures via adjust*ent of f i e ld  flow based on 
maximum solar  insol at ion condi t ions . . . .  



Figure 3.2-2 shows the, collector field layout and instrumentation, qnd as shorn 
the total  fdeld scheme i s  separated Into a serfes  and parallel f l o w  arrangement, 
F i rs t ,  a feed forward path i s  provided for thermal condttioning of eachf te ld  
in1 e t  temperature. . Second, a h i g h  temperature rtoragb p a t h  is provided from 
each f ie ld for storage when each field yields the demanded fteld ext t  tempera- 
ture conditions . Finally, a low or intermedlate temperature or rectrculatton 
path i s  provided. .for conditions of low insolation, b u t  contatnt,ng eno,ugh energy 
for either storage or for conditioning f teld in le t  temperature to maxlmfze. 
final fie1 d exi t  temperatures. Figure 3.6-1 shows the control function schematic. 

, . . .=.= 
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Figure 3.6-1. Collector Positioning Controller 

b 

Temperature control of the field segments (subfields 1,  2 and 3) consist of 
set t ing the field flow rates to correspond to maximum temperature differences 
(TmaX) allowable under "perfectu insolation conditions. This prevents a sudden 
change i n  cloud cover to cause an over-temperature i n  any f ie ld string. The 
f ie ld in le t  th ro t t le  valve i s  se t  to a1low.a flow s p l i t  between fields 1 ,  2 . 4 .- 
and 3. Part of the flow goes to f ie ld one and the remaining flow difference 
i s  diverted to the feed forward path (FFP)  which sp l i t s  f ields 2 and 3 depending 
upon in le t  temperature and flow requirements needed, and the solar insolation 
conditions of each f ie ld.  The feed forward flow mixes w i t h  an amount of the 
previous field exi t  flow to achieve the desired in le t  temperature. Depending 
upon the amount of mix necessary to  achieve this  temperature, a portion of the 
previous exit  f ie ld flow may be dumped to either the h igh  temperature storage 
(HTS) path, the low-intermediate storage path, or the recirculation (LIR) path 
as conditions dictate. Therefore, f ie ld in l e t  and exi t  temperatures are 
controlled via only five flow control valves which feed forward, dump and/or 
mix flow for thermal conditioning. All components a re  controlled via DPU's . 
located i n  the f ie ld ,  as shown i n  Section 3.2.4.1. 

Measured Position Position 
Measurement . . . . . . . . . . ... 



This  concept was chosen o v e r  a two-para1 l e l  segment f i e ld  w i t h  para l le l  flow 
. . 

modulation s t r ings .  Table 3.6-1 ihows a comparisbn of p e r f ~ m i n c i  features , 
. , . .  I , ' '  

for  the coll  ector f i e ld  configuration. 
. . 

3.6.4.1.4 DESCRIPTION OF MAJOR CONTROL LOOPS 

The major control loops i n  the plant a r e  introduced ' i n  t h i s  section. ' The task 
inputs. and outputs for  each loop a r e  ident i f ied .  Safety l imi ts  and protective 

.. , 

, , . .actions a r e  identif ied.  A control block diagram i s  presented for these control . . 

loops,. Development of specif ic  control algorithms will be based on use of the  
system simulation programs described in Section 3.6.9. Detailed information on 
the physical implementations of the  various control 'loops i s  presented as  a 
part  of the appropriate subsystem description. 

COLLECTOR POSITIOrl IMG 

Task: The task of the col lector  positioning control system is three-fold. - 
Fi r s t ,  the col lector  is directed t o  track the sun. Second, the col lector  i s  
directed to  a desteer position, and f i na l l y  the col lector  is directed t o  stow. 

I 

Each of these' i s  accomplished in a similar  manner by comparing a directed 
position against a measured position and then operating the  motor drive system 
a s  required. Collectorpos ' i t ioning i s  on a group b i s i s  where each group i s  
control 1 ed independently. 

Inputs : The f n p u t i  to  the col lec tor  posi t ibning contiol system are  a directed 
position and a measured posit ion.    he d i iec ted  poi.itio'n i s  obtained from 

> .  

another control program. The measured position i s  derived from an a6solute 
position encoder on each col lector  group. 

. . 

Outputs: The output of the  col lector  position controller  i s  a motor operate 
signal tha t  i s  Forward, Reverse o r  Off, w i t h  a lso  possibly a Fast 'or Slow 
control , depending upon the design. 

. .  . 

cont ro l  Functio'n: The control  function i s  to  control the collector position 
by operating a drive motor iri Vesponse to  a desired position command. ~ k e  
block diagram is  shown schematically i n  ' ~ i ~ u r e  3.6-1. . . 



TABLE 3 . ~ 1  

COMPARISON OF PERFORMANCE FEATURES FOR COLLECTOR FIELD 

Para1 l e l  F i e l d  Segments w i  t b  D i s t r  Ibuted. F Ie ld -  Conf igurat ion 
Performance Feature Para1 l e l  Flow Modulation (Sel ected Concept) I 

Over-temperature due t o  , High Risk - dependent on f i e l d  LON Risk - el iminated by design 
change i n  i n s o l a t i o n  t ransport  t ime 

Over-temperature due t o  Small Risk 
l oss  o f  f low 

Small Risk 

Temperature con t ro l  Continuous modulation o f  16 valves Temperature cont ro l  external t o  f i e l d .  
performance f o r  e x i t  temperature opt imizat ior;  Also, nunber o f  cont ro l  valves reduced 

creates tendency f o r  cont ro l  t o  5. Decreased s e n s i t i v i t y  when a 
c i n s t a b i l i t y  s t r i n g  i s defocused . 

W 
I 
d 03 Maintain desi red o u t l e t  temperature Out le t  temperature d i f f e r s  f o r  some 
. P f o r  a l l  s t a t i c  operat ing condi t ions s t a t i c  cperat ing condit ions. 

Flow 'cont ro l  s t ra tegy  

'Pumping Power 

Instrument and Control  
Costs 

Highly  dependent on temperature Flow con t ro l  i s  more adapt ive v i a  us ing 
feedback from set  thermocouple f o r  f i e l d  temperature d i f f e rence  as .we1 1 as 
optimum energy c o l l e c t i o n  f t e l d  e x i t  temperature f o r  ob ta in ing  

optfmum energy co l l ec t i on .  Each f i e l d  
i n l e t  temperature and f low can be 
independently regul  a ted  . 

Fixed by c o l l  ec tor  s t r i n g  length  Re la t i ve l y  higher due t o  add i t i ona l  
and connecting manifolds and p l p i n g  p lp ing,  manifolds, mix ing tees and 

cascading pressure leve ls .  

The d i f f e rence  . i s  r e l a t i v e l y  small t o  o v e r a l l  1.K cost; l ess  than 5 percent, 



. . 

L i m i t  Values: There a re  l i m i t s  t o  the  a l lowable t r a v e l  a t  each t h a t  the  

c o l l e c t o r  must n o t  exceed. This l i m i t  i s  determined by the  p o s i t i o n  detector .  

I n  add i t ion ,  i f  the  c o l l e c t o r  i s  d i rec ted  t o  move, bu t  the p o s i t i o n  detector  

does no t  detect  motion, the motor w i l l  .be d i rec ted  t o  s top . t o  prevent any 

f u r t h e r  physical  damage o r  t o  avoid overheati'ng the  .motor. 

P ro tec t i ve  Actions: The p r o t e c t i v e  a c t i o n  i s  t o  stop the  d r i v e  motor. 

Contro l  Alqorithm: The an t i c i pa ted  con t ro l  a lgor i thm i s  t o  d r i v e  the  motor 

f o r  a ca lcu la ted  t ime based upon the  p o s i t i o n  e r r o r  i f  the p o s i t i o n  e r r o r  i s  

beyond a spec i f i ed  dead-band. 

COLLECTOR FIELD FLOW AND TEMPERATURE CONTROL 

Task: The c o n t r o l l e r  f o r '  the f i e l d  f low and temperature ' is '  a  combined c o n t r o l l e r  - 
t h a t  simultaneously con t ro l s  f lows and d i v e r t i n g  valves w i t h  the  ob jec t i ve  of 

d e l i v e r i n g  a spec i f i ed  o u t l e t  temperature t o  the  storage tank. 

Inputs: Temperatures are  measured a t  t he  , f i e l d  i n l e t ,  a t  the  i n l e t  to  each sub- 

f i e l d ,  and a t  the f i e l d  o u t l e t .  Flow i s  measured a t  each s u b f i e l d  i n l e t  and a t  . 

the  t o t a l  f i e l d  i n l e t  o r  o u t l e t .  

Outputs: The f i e l d  o u t l e t  temperature i s  con t ro l l ed  by cont ro l  1  i n g  s u b f i e l d  

f lows and by mix ing sub f i e ld  f lows. The lowest  l e v e l  output  i s  con t ro l  va lve 

pos i t ions .  . . . . - - . . - . .- . . . - . - .- . . . - 

Control  Function: The. c o l l e c t o r  f i e l d  cont ro l .  func t ion  consis ts  o f  a nest o f  

con t ro l  funct ions and p l a n t  responses. , 

The f low and temperature cont ro l  a lgor i thm for  the c o l l e c t o r  f i e l d  has no t  y e t  

been completely formulated. However, several basic p r i n c i p l e s  have been 

establ  ished. F i r s t ,  a  temperature feed-forward cont ro l  approach determines a 

se t  o f  f low demands. These demands are  met by f low cont ro l  1  ers around each :o f  

the con t ro l  valves. A minimum f low t o  each .subf ie ld  is.determined t o  l i m i t  

the o u t l e t  temperature o f  an acceptable value based on a maximum i n s o l a t i o n  

t h a t  i s  determined based upon long-term weather condi t ions,  t ime and date. 



Flow from the feed-forward path i s  mixed w i t h  o u t l e t  f l ow  from the  previous 

s u b f i e l d  t o  cond i t ion  the i n l e t  temperature t o  t h a t  f i e l d .  The maximum al low- 

able sub f i e ld  i n l e t  temperature i s  l i m i t e d  by the  o b t a i . h b l e  f low through t h a t  

s u b f i e l d  and the  s u b f i e l d  i n l e t  temperature should be as h igh  as possib le I .  

w i t h i n  t h a t  l i m i t .  

Excess f low , leaving a  subf ie ld  i s  sent t o  a  bypass path. Depending upon i t s  

temperature, i t  i s  sent t o  e i t h e r  the' co ld  bypass o r  the  ho t  bypass path. 

This cont ro l  f unc t i on  i s  shown schematical ly i n  Figure 3.6-2. 

L i m i t  Values: Over-temperature can occur i f  the  f low i s  too low o r  : the i n l e t  - 
temperature i s  too high. I f  low s u b f i e l d  f low o r  h i g h , s t r i n g  o u t l e t  tempera- 

t u r e  i s  measured, p ro tec t i ve  ac t i on  i s  required. The maximum a1 lowabl e  out1 e t  

temperature w i l l  be determined ...................... response studies dur ing d e f i n i t i v e  
.. ..-...- . . .  -des'i'g".. .. 

P ro tec t ive  Act ion: The p ro tec t i ve  ac t i on  f o r  a  s t r i n g  w i t h  h igh o u t l e t  tempera- 

t u r e  0 r . a  s u b f i e l d  w i t h  low f low i s  t o  desteer the s t r i n g  or .  s u b f i e l d  t o  l i m i t  

the  heat input .  To do th.is,.a s ignal  i s  sent t o  the p o s i t i o n  c o n t r o l l e r .  , 

Control  Algorithm: The. cont ro l  a lgor i thm w i l l  be developed based upon the 

basic c o n t r o l .  func t ion  described above and w i l l  be tested by s imulat idn.  
.. -. 

. . . . . . . . . . . . . . . . . . . .  . , :  . . . . . . .  : . 
,-,. .. 

STEAM GENERATOR CONTROL 

Task: The primary ob jec t i ve  o f  the steam generator cont ro ls  i s  t o  supply - 
steam a t  a  demanded f low r a t e  a t  a  desi red pressure and temperature. There. 

a re  several i nd i v idua l  parameters t o  be con t ro l l ed  t o  accomplish t h i s  ob jec t ive .  

These are  b o i l e r  water l e v e l ,  b o i l e r  pressure, preheater temperature and super- 

heater temperature. Each o f  these has i t s  own c o n t r o l l e r  bu t  s ince they a l l  

i n t e r a c t ,  they w i l l  be considered.together'. 

Inputs : 

For t h e w a t e r  l e v e l  cont ro l ,  the  i npu t  i s  the. obsebved water 
1  eve1 

. . 

... 



Figure 3.6-2.  Coll ector Pie1 d Flow and 'Temperature Control 1 er 
. . 



0 For the boiler pressure control ,  the i n p u t s  a r e  observed pressure 
and demanded pressure 

o For the preheater temperature control., the Inputs a re  observed 
temperature and demanded temperature 

For the superheater temperature control, the  inputs a re  super- 
heater temperature and demanded temperature 

Outputs : 

The output of the  water level controller  i s  the positlon of '  the 
A - feedwa t e r  flow val ve 

The output of the boiler. pressure co.ntroller ' i s  the'pos,lLton o f  ' . . 

the o i l  flow valve 

0 The output of the preheater temperature control ler  is the posi- 
tion of the preheater o i l  bypass control valve 

0 The output of the superheater temperature controller  i s  the 
position of the, superheater o i l  bypass control val ve 

Control Function: The control function for  each of the controllers i s  similar ,  

and i s  shown i n  Figure 3.6-3. 

Des-i red Value Variable * 
I. 

Figure 3.6-3. Steam Generator Control 1 e r  

L i m i t  Values: The primary variable . ,  tha t  . , has safety significance i s  boiler  
ou t le t  pressure which has a maximum allowable value. Low water level i s  

f 

undesirable since i t  can lead to  deposition of scale  on the tubes. 
"I 

. 0 -  



Protective Actions: The protective action for high boiler pressure i s  to  stop 
o i l  flow. For low water level the protective action i s  to stop steam flow. 

Control Algorithm : The water level will be controlled using a conventional - ~ 

analog controller. .The other parameters will be control led by algorithms' i n  

the control microcomputer. 
. . 

DEAERATOR PRESSURE 'CONTROL 

Task: ..The deaerator receives water from many sources a t  various temperatures. - .  

The water is heated w i t h  a steam flow that bypasses the turbine. Suff icient . .  
steam flow must be provided.to heat the incoming fluid.  The measure of the . . 

heating i s  the saturation pressure i n  the deaerator. 

., , 

Inputs: The i n p u t  to  the pressure controller i s  the deaerator pressure. 

Outputs: The output of the pressure controller i s  the valve .position of the 
steam flow control valve. 

Control Function: The block diagram i s  .given in Figure 3.6-4. 

Des i rec' n--- -..-- - Va.lve Positio 
Controller I , . . 

. . 

I I 
. . 

. . '. .. Measured pressure , .[=I. 

. . . .  . 
~i gu*e 3.6-4.. ~ e i e r a t o r  pressure Control 1 er , 

L i m i t  Values : The deaerator i s  protected against overpressure by re1 ief  valves . 
However, i t  i s  prudent to avoid the need fo r . th i s  overpressure protection. 

i Therefore, the controller will alarm a t  a h i g h  pressure below the re l ie f  valve 
I 

se t  point. 



Protective Action : The protective actlon, aside from re l le f  valves, 1s to  
stop steam flow into the deaerator. It will he desirable to  shu t  off the 
feedwater pumps to  prevent cavitation tfyt could occur wfien the pressure 
decreases w i t h  the steam valve s h u t  off.  

The chi1 l e r  i s  supplied w i t h  i t s  own con.tro1 system. The only control necessary 
i s  a val.ve upstream of, the ch i l le r  to  supply steam slowly to  the ch i l le r  t o  

.. avoid overload on the remainder of the steam supply. Sl'mtlar ra te  control will 
be used during shutdown. 

Task: The chi l ler  steam supply flow valve will control the ra te  of change of - 
steam flow during startup and shutdown to avofd strong perturbations throughout 
the steam supply system. 

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

Inputs: The control valve positlon will be based on steam flow n e a s u r k n t .  
Rate command may not be satisfactory because of the 1 ikely non-1 inear valve 
characteristic and the possibil i t y  of interaction wSth the chi'ller control 
valve. Since steam flow i s  measured for energy management, I t  wlll he used. 
for control also. 

-. 

Outputs: The output i s  chi l ler  shutoff valve positton. 

Control Functi-on: The chi 1 l e r  controller schematic i s  shown in Figure 3..6-5. 

b , Valve .-- - -  
Startup Flow Error Flow 

,' C 

. , 
. J  I 

Measurement 
- * .  - .  .. +I - ' . I 

t b .  . I  j ;  . r l  4' . . 
Figure 3.6-5. Chi1 l e r  Control 1 er 



. . A l l  scanning fo r  l i m i t s  w i l l  be performed i n  the prepackaging c h i l l e r  u n i t .  
' 

. Only an alarm' output  w i l l  be 'provided.- . . .. >: . .  . -< . .  
. . ,,. . 

( ' .  .. . . . . . 
. . . . 

P ro tec t ive  ~ c t i o n :  'Theresponse t o c h t l 1 : e r  a l a M  w t l l  be  t o  s h u t t h e  f n i e t '  

con t ro l  va l  ve. 

CONDENSER CONDENSATE LEVEL CONTROL . 
' 

.Task: - ' The task o f  the  condenser condensate l e v e l ,  con t ro l  i s  t o  con t ro l  the 

water l e v e l  i n  the  condenser ho t  we1 1. A secondary t a s k  t s  t o  l f m t t  t h e  r a t e  

o f  change o f  condensate f l o u t 0  the deaeratdr whfch could r e i u l t  i n  loss  0 1  

adequate suc t ion  pressure t o  the' feed pumps. . . 

Input :  , The i npu t  t o  the 1 evel con t ro l  1  e r  I s  condenser ho t  we.1 1 1 evel . 
. . 

, . , . . . 

Output: The output  o f  the  l e v e l  c o n t r o l l e r  f s  a t h r o t t l e  va lve  pos t t f on  and 

a s igna l  t o  operate the  second pump i f  required. 
. + 

. . 

Control  Function: The block diagram o f  the  con t ro l  ' funct ion i s  given ' i n  ',. 

. . 
F jgure 3.6-6. . . 

, . - Valve Posit. 
l eve l  Setpoint  Level 

Control  1  e r  

. . 
F igure 3.6-6, Condenser Condensate Control 1  e r  

- -  . -  

Pump O ~ e r a t e  I Condenser ( Level 

' ~ i m i t  Values.: The hotwe1 1 l e v e l  c d n  90 out  o f  cor i t ro i  htgh o r  low. 
. . 

. .. 

Measured Level 

Pro tec t ive  Act ion: ~ i g h  'water i e v e l  i s  unacceptable because It w l l l  b lanket  

the  tubes and p o t e n t i a l l y  lead t o  overpressur izat ion o f  the  condenser. The 

. . 

Lev e l  . . 

. e  . .  . 

, - ,  
, . 

- ;  
, . 

Measurement 



response t o  h igh  1 eve1 i s  t o  shut o f f  steam f low t o  the  condenser. Low . level '  

i s  acceptable t o  the condensate pump which a re  designed t o  work under cavi  ta -  

t i o n  condit tons; however, an in format ional  message w i l l  be sent t o  the  operator.  

HOT WATER HEATING SUBSYSTEM COt4TROL 
.., " I . . 

Task: The ho t  water heat ing subsystem encompasses the  condenser cool fog  f low, - 
the h o t l c h i l l  ed watert storage tank and the  connection t o  the heat ing . system. . 

The task o f  the  c o n t r o l l e r  t o  t he  ho t  water heat ing subsystem i s  t o  e x t r a c t  

heat from the  condenser a t  a desi red temperature, d e l i v e r  ho t  water to.  the  

heating system, s to re  the excess heat o r  e x t r a c t  the  needed heat from the  hot /  

c h i l l e d  water storage tank, and con t ro l  the  temperature o f  water returned from 

the  heat ing system t o  the storage tank. 

Inputs: There are  a number o f  inputs  t o  the con t ro l1  e r  f o r  the  ho t  water' sub- 

system. These are  f o r  the  condenser heat exchanger, i n l e t  and o u t l e t  tempera- 

t u r e  and f low. For the  ho t  water storage tank, a number o f  temperature sensors 

def ines the energy storage. Flow and temperature sensors measure the f low and 

energy t rans fe r  i n t o  and ou t  o f  the tank. Flow and temperature sensors measure 

the  energy usage o f  the heat ing system. Add i t iona l  'measurements i d e n t i f y  the  

f lows and temperatures t o  the  coo l i ng  tower and t o  the domestic ho t  wa te r .  

sys tem . 

Outputs: The output  o f  the ho t  water system c o n t r o l l e r  i s  a valve conf igura- 

t f o n  which w i l l  g ive  the appropr iate energy t r a n s f e r  ra tes  and r e t u r n  water 

temperatures. 



Control    unction,: The HWS C o n t r o l l e r  i s  shown i n  F igure 3.6-7. 

F igure 3.6-7. HWS Con t ro l l e r  
. . 

. . 

L i m i t  Values: P ro tec t i ve  l i m i t s  are '  loss  o f  f l o w  t o  condenser, t o  domestic 

h o t  water, o r  t o  the  s i t e  heat ing sys.tm. A r e l a t e d  system l i m i t  i s  condenser 

pressure. High o r  low.  temperature o u t  o f  the condenser, t h e  h o t  water system, 

- o r  t o  the  heat ing system are cause fo r  in fo rmat iona l  alarm. 

Operat ing 
Mode 

Pro tec t i ve  Act ions : The p ro tec t i on  aga ins t  h igh  condenser o u t l e t  temperature 

o r  l oss  o f  condenser o u t l e t  temperature o r  l oss  o f  condenser f l ow  t s  to s top  

steam f low t o  the  condenser. 
. , < .  . .  

Ck-iLiEd. WAiER S"BSYSTEi;, CONTROC . . 

Task: The c h i l l e d  water subsystem c o l l e c t s  c h i l l e d  water from the  c h i l l e r ,  - 
del ive rs  c h i l l e d  water t o  the  bu i ld ings ,  e i t h e r  s tores o r  draws upon s to red  

c h i l l e d  water depending upon the  demand, and re tu rns  water f r om the  bui ld i r tgs.  

t o . t h e  c h i l l e d  water storage tank a t  the  desi red temperature. 

Temperature + 
se tpo in t s  Qe' , Valve 

Contro l  1  e rs  

Inputs:  ~easurements a re  made o f  f low and temperature i n  var ious pa r t s  o f  

the  c h i l l e d  water system.. 

Outputs: The outputs o f  the  ch i ' l l ed .water  system c o n t r o l l e r . a r e  va lve  pos i t i ons  

I 4 
. . ?  

. . 

Valve 
p O s f ~ ~  

t o  con t ro l  f low ra tes .  

'. 
"Ot Water 
Subsys tem , Flows, Temperatures, , 



Control  Function: The schematic o f  the  CWS i s  given i n  Figure 3.6-8. 

Desi red  Temperature ma% 
e r r o r  

, .  F igure 3.6-8. CWS Con t ro l l e r  

~ o n i r o l l  e r  1 Valve Posl 

!+leasuredTemperature 

L i m i t  Values: There are no safety r e l a t e d  l i m i t s  assoctated w i t h  the c h f l l e d  
- . .  

water system. Informat ional  s igna ls  may be produced due t o  h igh  o r  low- temper- 

a tu re  ou t  o f  the c h i l l e r  o r  de l i vered t o  the buildi'ngs. Also, low inventory o f  
. . . . the stored water i n  t h e  stordge tank w i l l  be annunciated. , . . .  . 

Tempera.ture 
Measurement 

Pro tec t ive  Actions: No p ro tec t i ve  act ions are requ i red  i n  the c h i l l e d  .water 

sys tem . 

FEEDWATER HEATER CONTROL 

Task.: The task o f  the  feedwater heater i s  t o .  heat the feedwater t o  a desi red - 
temperature f o r  d e l i v e r y  t o  the preheater. . . 

Inputs: The i n p u t  t o  the feedwater heater c o n t r o l l e r  i s  measured . , o u t l e t  

temperature. 

output:. The output  o f  the feedwater heater c o n t r o l l e r  i s  t h e  low pressure 
" .  

steam supply con t ro l  va l  ve. 
. . 

I .  



. . 

Control  Function:. The b lock diagram given i n  ~ i ~ u ~ e  3.6-9'shows t h e  con t ro l  
. . 

funct ion.  . . 'I 

. . 
Desi red  . . -Out1 e t  

. Temperature' Temperature *' 
. . 

. . 

1 ,  . . 

Measured Temperature Temperature 

Figure 3.6-9. Feedwater Heater Contro l  1 e r  
.. . 

L i m i t  Values : . . The feedwater out1 e t  temperature cannot. ob ta in  dangerous 1 evels;. . 

however, i riformation alarms should be generated f o r  h igh  o r  low temperature. 

. . 
. .  . . . . 

. . . .  
P ro tec t ive  Act ion: None 'required. . 

. .  . 

31 6.4.2 CONTROLS ANALYSIS 
, 

The con t ro l s  analys is  i s  accomplished through a process of de r l v i ng  l o g i c  

diagrams, developing o f  t rans ien t  s imu la t ion  o f  the t o t a l  p lan t ,  us ing t h i s  

mathematical model t o  study various con t ro l  s t ra teg ies  and response t o  per tu r -  

bat ions, and' l a k t l y  t o  impose on the model var ious system malfunct ions t o  

d i termine the con t ro l  1 ed response. 

Log ic .  Diagrams 

Operational Logic Diagrams are provided for  the  various sub,systems t h a t  comprise 

the STES a t  F o r t  Hood. A1 1 operat ional  decis ions as we1 1, as selected con t ro l  
functions are incorporated i n t o  a 'software f lowchart hterarchy.' Flowchart ing 

i l l u s t r a t e s  how each subsystem cycles through the.startup/run/shutdown 

sequence. 



I t  should be noted tha t  as each subsystem cycles through the logic diagram, 
decisions are being made w i t h  consideration to  overall plant operatidg condi- 
tions that  a re  present a t  the time of decision. Depending on the  decision, 
d i f fe ren t  logic paths will be followed. A t  the same time, data from a l l  sub- 
systems a re  being fed in to  the Overall Plant Control Logic. The Overall Plant 
Control Logic then can in terrupt  into the cycle of any subsystem to  control 
path deviation so tha t  operation response i s  i n  accordance w i t h  ov'e;all plant 
control and energy management. A flow schematic of overall plant operation 
i s  given i n  Figure 3.6-10 t o  i l l u s t r a t e  how control information will be trans- 
ferred between various I&C components. Subsystem logic diagrams a r e  presented 
in  Figures 3.6-1 1 through 3.6-19. 



8 . .  . . .  . .  . . . Figure 3.6-10. Overal l  P lan t  Operational Flow Schematic 
! . . 
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I... 

' ' , ' .F igure 3.6-12. ' SCS Flow Control Logic . . . . .  
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F igu re  3.6-1 3. 'Pump c o n t r o l  ~ o g i c  Diagram 
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Figure 3.6-14. TSS Tank Storage ~ o n t r o i  Logic Diagram 
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;,Figure, 3.6-18.. , HWS Thermal ~ t i l  izatio" control Logic Diagram 
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Transient Model ,. 

An analytic model has been developed t o  provide -time transient responses of 
. . 

the Fort Hood STES. 

The tool can be used t o  obtain system frequency responses in evaluating 
a1 ternate models as we1 1 as providing overall systems responses "for the 

- ~ 

development of control system algorithms and strategies, and alio ]to be ' , , . ' 

. , 

. . . A  

. . . *  .. . 
used in deneloping energy management control schemes.., , . 

The energy equation and conservatism o f  mass and momentum have been used t o  
generate di fferentlal equations t h a t  'repr&ent the thermal-hydraul i c dynami cs 
of the Fort Hood' System. .The system.of.-equitions'.has been divided into two 
djscrete portions a t  the thermal storage subsystem interface for the purpose 
of transient response and malfunction analysis, The two sections can be 
.connected as required , .. for energy management analysis, 

The system of equations in Section 3.6.:9 have been incorporated into a 
. .  . general purpose s.imuiatiori program which sol ves :.. 

Stea4y-state - by a matrix method Bing partial derivations and 
iterates t o  a so1,ution. ..:I . .. . . . 

. ,  . . . . 

e Fwquen.cy responses . b . by using a matri.x method , . ,. . ' ' , 

. . 

o Tim transient responses - by using a "ariable t&, step with 
high order Runge-Kutta numerical integration 



3.6.4.2.1. TRANSIENT RESPONSE OF THE POWER CONVERSION SUBSYSTEM 

To demonstrate the dynamic capabi 1 i t i e s  and t e s t  prel imi nary control 
al'gorithms fo'r the plant power con.v'ersion subsystem, [PCS), and the hot 

' 

water heating subsystem,a mode transit ion t ranstent  was made using the 
transient model and associated controllers described in Section 3.6.9. 

Figures 3.6-20 t h r u  3.6-26 show system temperatures, flows and pressures 
fnr the component5 i n  the PCS. The transient begins with in i t i a l  conditions 

identical to the heating season high temperatur-e peakPny ~~~crde and changes 
under demand control t o  the heating season high temperature normal mode as given 
in (Tables 4.2-3 & 4.2-4). Basically th is  involves a change in a thermal 
load demand reduction and reduced electrical power generation. Load 

changes and power requirements do not require relatively f a s t  changes to  the 
power conversion subsystem. Therefore, control of mode changes were made 

on the basis that a smooth transition from one mode'to another i s  most 
desirable. 

The control and transient results, used s t a t e  point data from Table 4.2-3 of th is  

report to calculate system heat transfer and pressure drop coefficients. The 
preliminary control system design gains and time constants are based on. step 
response data contained i n  t h i s  section. Also Table 3.6-2 contains model 
assumptions used in the transient case presented. 

The high and low pressure turbine flow rates are controlled via changes i n  hand 

valves or position valves to ref lect  changes in load demand. condenser 'coolant 
flow rate i s  controlled to  maintain condenser pressure, deaerator steam flow i s  
controlled to  maintain pressure and feedwater heater steam flow i s  controlled 
to  maintain temperature. The control change of these variables reflects the 
thermal load and power generation demand changes. 

As the flow rates decrease while following lower thermal load demand. for 

the normal mode operation the oi l  th ro t t le  valve closes to  maintain boiler 
pressure. a t  365 psia. The superheater and .weheater o i  1 . flow valves 
open and close as required to  maintain superheater ex i t  steam temperature, 



TABLE 3.6-2 

MODEL ASSUMPTIONS FOR TRANSIENT 

i A l l  valve character is t ics  are l i n e a r  (ie. f low i s  proport ional  . 
. . . . 

t o  valve .posi t ion) 

0 '.Turbine and pump dynam'ics are neglected 

0 Thermal t ransport  delays between components are neglected 

a .Instrumentation lags and delays are not  considered i n  feedback . . 

- ,control loops a1 ong w i th  actuator? dynamics and characteris t i c s  
. . 

a A l l  con t ro l le rs  are e i t h e r  proport ional - ' i n tegra l  type o r  . ' . 

i n t eg ra l  type elements 

Feedwater f low control  i s  based on ' an assumed time lag  between 

steam f low and feedwater fie. 

Actual cont ro l  demand signals are precalculated and entered 

as se t  points ra ther  than being calculated from actual load 

change, 

a Turbine f low cont ro l  i s  v i a  f low demand ass~med f o r  governor 

valve pos i t i on  control  mode o f  t u r b i n r c o n t r o l  system 

. -0 .,.Turbine e f f i c i ency  .. . . .  . assumed constant 

a Condenser pressure cont ro l led v i .a  condenser coolant f low ra te  

a O i l  f low dynamics neglected 

a Consensate leve ls  are constant (i.e. no pump operation 

simulated) 
I .  

. . 

. . 
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Figure 3.6-20. Turbine and Steam Temperatures During Plant Mode 
Change Transient - High Temperature Peaking Mode to 
High Temperature Normal Mode 
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Figure 3.6-21. O i l  Flowrates During Plant  Mode Change Transient - 
High Temperature Peaking Mode t o  High Temperature 
Normal Mode i 
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' igure 3.6-22. Steam Flowrates During Plant  Mode Change Transient - 
High Temperature Peaking Mode t o  High Temperature Normal 
Mode 
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Figure 3.6-23.. steam Pressures During P lant  Mode Change ~ r a n s i e n t  - 
High Temperature Peaking Mode t o  High Temperature 
Normal Mode. 
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Figure 3.6-24. , Condenser and Deaerator Temperatures During Plant Rode 
* ,  

' 

Change Transient - ,High Temperature Peaking Made to 
High Temperature . . Nopal' Mode .. 
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Figure 3.6-25. Steam Generator 011 ~ e m p e r k u r e s  During ~l ant  Mode 
Change Transient - High Temperature Peaking Mode t o  
High Temperature Normal Mode 



Figure 3.6-26. PCS Steam Temperatures During P lant  Mode Change Transient - 
High Temperature Peaking Mode t o  H igh  Temperature Normal 
Mode . . 



and preheater e x i t  water temperature a t .  5 ' ~  subcooled (boiler saturated water 
temperature -5'~). 

Similarly, the deaerator and feedwater heater steam flow modulating 
valves close to maintain deaerator pressure and feedwater heater ex i t  
water temperature. 

As shown i n  figure 3.6-78 the high pressure turbine exhaust pressure 
(Low Pressure header) changes t o  compensate for turbine flow changes. 
However, the pressure changes are relatively small (<lo%) and do not seem 
to  cause adverse conditions. All other system pardmeters follow thermal 
load changes without adverse behavior. The overall net result  is a stable 
transition from one operating mode to another. 

Figures 3.6-27 t h r u  3.6-33 show a similar plant mode transition transient w i t h  
condenser coolant temperature control added. The in le t  coolant flow i s  mixed 
w i t h  storage or return fluid to  obtain desired in le t  temperature. This transient 
s t a r t s  from time = 110 seconds and terminates a t  $275 seconds. 

The major difference i n  the two mode transition cases i s  that the condenser 
ex1 t cool ant temperature is- control 1 ed to 145'~ by decreasing condenser 

inlet  coolant temperature to %97O~ while coolant flow decreases to 
match load demand. 

. . 
STEP RESPONSE 

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

Figures 3.6-34 thru 3.6-49 show steam generator and turbine parameter 
responses to large step changes i n  o i l  in le t  temperature and flow 
rate a t  the in le t  to the'steam generator. The plant operating mode 
conditions are for the heating season h i g h  temperature peaking mode. 

Step changes occur a t  time = 5 seconds.. 

The. transient responses are the results of either stepping inlet  oil  
temperature -SOOF, Figure 3.6-41, or  oi.1 flow rate -501, Figure 3.6-34, 
while malntalning constant feed water temperature or 'drum water level 

. . 
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Figure 3.6-27. SteamIWater Temperatures During Mode Change Transient 
(With Condenser Coolant Temperature Control ) . 



( i e .  feed f l ow  = steam f low)  and wi  thout  system cont ro l  le is ; .  (Ope" .lo&) 
' p . " '  

. , 

The r e l a t i v e l y  l a rge  values i n  step s i ze  were chosen t o  demonstrate t h a t  

t he  system i s  reasonably l i n e a r  and we l l  behaved.. Also, the r e s u l t s  . . prov ide 
a dynamic check o f  the  t rans ien t  model as we l l  as prov id ing  pre l im inary  

data , f o r  cont ro l  system .synthesis . 
An i n t e r e s t i n g  r e s u l t  o f  the step change i n  o i l  f l ow  (Figures 3.6-34 

t h r u  3.6-40) i s  noted by the  increase o f  superheater e x i t  temperature 

(Figure 3.6-35). This i s  due t o  an increase o f  heat f l u x  caused by a 

decrease i n  steam i n l e t  temperature, which y i e l d s  a l a r g e r  mean AT between 

t h e  o i l  and steam i n  the superheater. The decrease i n  steam temperature i s  

the' r e s u l t  o f  the  decrease i n  f l u x  --- t o  the  . steam b o i l e r  which lowers 
. . 

sa tura t ion  condi t ions i n  the  b o i l e r .  The ne t  e f f e c t  o f  t h i s  causes steam 
f l ow  t o  decrease 36% r a t h e r  than  'an an t i c ipa ted  50%. 

Figures 3.6-41 t h h  3.6-49 are system responses: t o  a - 5 0 ' ~  step change 

i n  i n l e t  o i l  temperature. 

The comparison o f  Figures 3.6-45 and 3.6-48 shows t h a t  the preheater water 
e x i t  temperature ( i n l e t  t o  the b o i l e r )  remains a t  l e a s t  2 ' ~  below the 

steam satura t ion  temperature o f  t he  b o i l e r .  This ind ica tes  an inherent  

design fea ture  e x i s t s  t h a t  gives a temperature margin i n  preheater water 

temperature w i thout  the  a i d  o f  o i l  bypass f l ow  contro l ,  which i s  a 
desi red fea ture  f o r  t r a n s i t i o n  t o  a f a i l  safe conf igura t ion  mode. 

. i 
The superheater e x i t  temperature has a 6 ' ~  overshoot due t o  the change 

i n  mean temperature d i f fe rence i n  the superheater and the  decay o f  stored 

energy i n  the  b o i l e r  along w i t h  the  sudden change i n  o i l  i n l e t  temperature. 

The .remaining f i gu res  i l l u s t r a t e  t h a t  the PCS i s  a reasonably we l l  behaved 

system and t h a t  l a rge  pertubat ions do no t  cause adverse e f fec ts .  
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, Figure 3.6-28. Turbine Temperatures During Mode .Change Transient 
, c - ,  wP . (With Condenser Coolant Temperature Control ) 



T I E  - SEC. 

Figure 3.6-29. , steam Generator O i  1 Temperatures During Mode Change 
. . . . ' Transient. (With Condenser Coolant. Temperature Control)  
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Fi gure 3.6-30. . Condenser and Deaerator Temperatures During Mode 
t Change Transient (With Condenser Coolant Temperature 

Control ) 
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F,igure 3.6-31. Steam Pressure During Mode Change Transient 
(With Condenser Coolant Temperature. Control 1 . , 
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Figure 3.6-32. Steam Flowrates During Mode Change Transient 
(With Condenser Coolant Temperature Control ) 
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. Figure 3.6-33. Steam Generator Oil Flowrates During Mode Change 

'Transient (Wi th Condenser Cool ant Temperature' 
Control ) 
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gure 3.6-35. Boiler Saturation ~emperature Response to Oil 
Flow Step of -50 Percent 



~ i ~ u r e  3.6-36'. Boiler Steam Pressure Response to OF Flow Step 
of -50 Percent '_ . . 
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Figure 3.6-37. Superheater. E x i t  Steam Temperature ~esponse t o  
O i l  Flow Step o f  -50 Percent 



. ,  , . .  , Figure . .  . . 3..6-38. Preheater Exit Water Temperature Response to 
' "Oi 1 'Flow Step of -56 Percerit - 
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Figure 3.6-39. Response o f  Steam Flow t o  O i l  Flow Step o f  -50 Percent 
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F igure  3.6-40. Preheater E x i t  Oil Temperature Response. t o  
Oil fl'ow Step o f  -50 Percent 
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Figure 3.6-41 Turbine Inlet Pressure ~ e s ~ o n s e , . t o  Oil Flow Step of 
-50 .Percent. 
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Figure 3.6-45. Steam Flow Rate Response t o  Oil I n l e t  
j . . .Temperature Step o f  -50 Degrees 
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Figure  3.6-48. B o i l e r  Steam Temperature Response t o  O i l  
I n l e t  Temperature Ctep o f  -50 Degrees 



Figure  3.649. Superheater .Exi t lSteam Temperature Response t o  
011 I n l e t  Temperature Step o f  -50 Degrees 
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OPEN LOOP FREQUENCY RESPONSE 

Preliminary frequency response results were calculated for  the power 
conversion subsystem to determine system dynamic characteristics 

a and relative s t ab i l i t y  of the system w i t h  respect to  control variables 
such as oil flow rate and temperature, and feedwater flow rate and 
temperature. No controllers were used for  these responses so the results 
are  open loop results. Bode plots of response of steam generator para- 
meters . ; t o  . feedwater flow, o i l  flow and feedwater temperature are shown in 

' Figufes 316-50 t h r u  3.6-63. The steady s t a t e  conditions are for  the high 
temperature peak mode (heating season). 

CLOSED LOOP .FREQUENCY RESPONSE 

. Based on the open loop system frequency response data, proportional and integral 

control elements described in Section 3.6.9.6 were added to the system transient 
for  model validation and for preliminary transient analysis. 

~i gures ?.9-64 thru-.3,6-67 .are..Bode p l o t s .  of.c!.os.ed ... !oop..fre&!ency response .. . ... - , -. . . . . . . 

.. of the power conversion subsystem. The in i t i a l  conditions are identical 
t o  the high temperature peaking mode , (heating season). 

The results shown are responses of system pressures w i t h  respect to 
. . 

change in boiler pressure demand w i t h  a l l  PCS control elements active. 

As indicated proportional control U. iion i s  needed to provide more phase 
margin in the pressure control elements. T h i s  will be incorporated as 
system hardware and design sizing i s  updated. As well as control design for 

other operation modes. 

3.6.4.2.2 SOLAR COLLECTOR FIELD TRANSIENT . ANALYSIS 

Analysis of the solar collector f ie ld  was conducted using the model of 
the f ie ld  and the controller described i n  Section 3.6.9.1 of th i s  report. 
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Ffgure 3.6-59 Open Loop Frequency RaSponse of $"perheater ExSt Steam PreS$Upe to Feedwater Flow 
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The basic conclusion of this  analysis i s  that t h e  controller performs 
as well for  transients as i t  does for steady s t a t e  evaluations. Exc-ept 
for  certain I .  unusual situations there is no tendancy to  overshoot the 
design temperature.  here is no pronounced tendancy for the temperature' 
to  undershoot the temperature t h a t  would occur for an  equi valei t  steady 
s t a t e  condition. Some problems were observed w i  t h  t h e  controller, the 
analysis model and the system design, b u t  they are a1 1 considered t o  be' 
relatively minor and will be further addressed i n  future analysis. 
Previous analysls of response, of a single col lector subfiel d was reported 
i n  DM: DA-0568 of September . . 11 , 1978. .' 

TRANSIENT EVALUATIONS 

Insolation ~educed. To Half-All Subfiel ds  

Several basic transients were run to  characterize the response of the solar 
collector f ie ld  w i t h  the controller. The f i r s t  of these i s  shown i n  
Figure 3.6-68. T h i s  transient was i n i  t ia ted from-a -steady s t a t e  sondi tion 
a t  maximum insolation. The insolation was reduced to half i n  a l l  subfields 
a t  the s t a r t  of transient. Field 1 outlet  temperature dropped from the in i t i a l  
value of 305'~ t o  229'~ af te r  the f i e ld  1 basic response time of about 
600 seconds. T h i s  condi tton was mai'ntained u n t i l  a t  about 1800 seconds 
recirculation caused the f ield 1 in le t  temperature to  begtn to  increase 
slowly. T h i s  temperature increase was matched by a corresponding small 
flow increase so there was no increase i n  f ie ld 1 outlet  temperature. 

The temperature that reaches the f ie ld 2 Pnlet mixing junctl'on (-at node 61 
ts the temperature that  leaves f i e ld  1 but delayed by a large transport 
delay. A t  this time,the t r a n s p o ~ t  delay is modeled as a tank node a t  
the out let  of f ie ld  1 i n  flow path 3, and as a tank node in flow path 4. 

This causes the temperature enterimg node 6 t o  be a slowly varying 
function rather than a more papid change delayed i n  time as would be a 
better representation of transport delay. Future analysis will have a 
string of nodes to give a better representation of th is  time delay. 
Table 3.6-3 shows the magnitude of the transport times i n  the collector 
f ie ld ,  including the effect of the pi'pe heat capacity. 



TABLE 3.6-3 
. . 

SOLAR COLLECTOR SUBSYSTEM TRANSPORT TIMES 

FIELD 1 . 378 sec. a t  5.3 kg/sec. 
FIELD 2 , 157 sec. a t  9.2 kg/sec. 
FIELD 3 67 sec. a t  9.9 kg/sec. 
PUMP TO FIELD 1 342 sec. a t  10.9 kg/sec. 
FIELD.l  TO FIELD 2 . 694 sec. a t  . 5 .3  kg/sec. 

. . .  . . . 

FIELD 2 TO FIELD 3 204 sec. a t  9.2 kg/sec. 



The i n l e t  f low and temperature f o r  f i e l d  2 are conditioned by the 
. f i e l d  c o n t r o l l e r .  As the temperature of the f l u i d  a r r i v i n g  from f i e l d  1 

decreases, the con t ro l l e r  acts t o  simultaneously reduce the f low i n t o  

f i e l d  2 and t o  increase the i n l e t  temperature t o  f i e l d  2 (above t ha t  which 

would occur w i th  no con t ro l l e r )  by decreasing the amount o f  cold f l u i d  

being added through path 12. Thus, the i n l e t  temperature t o  f i e l d  2 does 

not  f a l l  a s  qu ick ly  as the temperature leaving f i e l d  1. 

Due t o  t he  reduced inso la t ion  t o  f i e l d  2, the f i e l d  2 temperature 
r i s e  drops from an i n i t i a l  value of 235'~ i n l e t  t o  299'~ o u t l e t  

(AT = 64'~) t o  228'~ t o  259'~ (AT = 31°c) a t  30 minutes i n t o  the 

t ransient .  Thus, although the inso la t ion  was reduced by h a l f  and. the 
e f f ec t i ve  heat col  lec ted was reduced by more than ha1 f, the temperature 
out  o f  f i e l d  2 only dropped by 40°c. . $  

The f l u i d  t ha t  reaches the f i e l d  3 dnlet  junct ion , i s  the temperature 
t ha t  leaves f i e l d . 2  delayed by the t ransport  delay. .This f l u i d  i s  

conditioned by the con t ro l l e r  by f i r s t  reducing the amount o f  co ld  

f l u i d  t ha t  mixes w i th  the f i e l d  2 outlet. f low, and then, when t h i s  f low 
reaches zero, by reducing the f low enter ing f i e l d  3 by bypassing f low 

through path 13. These act ions reduce the decrease i n  temperature 
leavlng f i e l d  3. The i n i t i a l  temperature r i s e  across f i e l d  3 was 

from 287'~ a t  . . -. the . i n l e t  . .. . t o  .- 299'~ (AT = 14Oc). A t  30 minutes, the inlet temp- . . . . - . - 

erature had dropped t o  255'~ and the o u t l e t  temperature' was 269'~ (AT = 14'~). 

With no cont ro l le r ,  the f i e l d  o u t l e t  temperature w i th  h a l f  i'nsolati.on would be 

about 227'~ so the con t ro l l e r  reduced the s ize  o f  the out temperature drop by 

about half. .The performance of the con t ro l l e r  would be improved a t  longer 

times as r ec i r cu l a t i on  f low becomes e f f ec t i ve  a t  increasing the f i e l d  

. . ' , . ou t le t  temperature. 
. . 

. . 

Inso la t ion Increased from 0.5 t o  1.0 - A1 1 Fie lds 

1 . Figure 3.6-69 shows a continuation o f  t h l s  same t rans ient  w i th  inso la t ion  ' 

1 reduced t o  h a l f  and then restored a t  2350 seconds. The temperature 

I and flows re turn  t o  the design condit ions w i t h  no s f gn i f i can t  overshoot 

which demonstrates t ha t  the con t ro l l e r  i s  performing as desired. 
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Figure 3.6-68.b. Flow Response With Closed Loop F i e l d  Control 
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Figure 3'.6-69.a; , F i e l d  . l  Temperature 
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Figure 3.6-69 .,b. . F i e l d  2 .Temperature 
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Insolation increaed from 0.5 Q max ' t o  1.0 Q,max a t  2350 seconds 
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. . . Figure 3.6-69.c. Field 3 ~em~eratu're 



Insolation increased from 0.5 Q max to .1  .O Q max a t  2350 seconds 
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Insolation increased by 0 . 5  Q .ax to 1 .0  Q max at 2350 teconds 
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Figure 3.6-69 . e .  Field 2. Flow 
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Inso la t ion  increased by 0.5 Q max t o  1.0 Q max a t  2350 seconds 
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Figure 3.6-69.9. Valve ~ o s i  t i o n  



The strange behavior in' f ie ld 3 outlet  temperature a t  2600 t o  2800. ~ 

seconds i s  caused by a faul t  i n  the computer program which allows a 
leakage of about 0.5 kg/second through path 14 w i t h  val've 5 closed. 
This causes the inlet  temperature t o  f ie ld  ,3', and thus the outlet  temoerature, 
to  be low by about 8'~. This i s  corrected a f t e r  2900 seco"ds when valve 5 
begins t o  control the flow i n  path 14. 

~nsolat ibn Reduced to 0.0 i n  Field 1 
" 

A second transient shows better performance for the f ie ld.  This 
transient, 'which is  shown i n  Figure 3.6-70' was also .initfated a t  
steady 'state with maximum inso1ation"over 'the entirLe 'f ield.  A t  the 
s t a r t  of -the transient,  the insolation . to fie1 d 1 was reduced to zero 
while f ie lds  2 and 3 are maintained .a t  maximum: insolation. ~ i e l d  1 
outlet  tem.perature dropped to 1 4 ~ ~ c : a t  abolrt 600 seconds., This is 

-..-.::.- ..bel.ow:-:hhe - I nl et:-+empera.ture -due .-to-cont:i-nu+ng --heat losses . 
.. c 

The fluid reaching f ie ld  2 from field 1 slowly dropped i n  temperature 
to about 165'~ a t  3600 seconds. Until <about 1800 seconds, the flow 
controller was.conditSoning the flow t o  f ie ld 2 by reducing the amount 
of cold f1ui.d added through path 12. when th is  flow reached zero, the 
valve in path 11 opened to further reduce the flow in toaf ie ld  2 to  
preserve the desired f ield temperature r i se  across f ie ld 2 ,  i f ,  as the 
case i n  this example, maximum insolation occurs a t  f ie ld 2. The desired 
result  i s  obtained that f ie ld 2% outlet  -temperature remains a t  very nearly 
the design value throughout the transient. 

Although the. outlet  temperature from fi,eld 2 i s  nearly constant, the 
flow through f ield 2 decreases. '   his . causes .. the flow controller t o  act  
to reduce the inlet  temperature and'f'low through f ield 3 so that i t s  
temperature i s  maintained a t  i t s  desired value. Field 3 outlet  . 

temperature i s  nearly unaffected. 
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I n i t i a l  Condition: Maximum, Insolat ion A l l  F ie lds,  Then : F i e l d  1, 
Insol  ati,on t o  Zero, Continue Maximum Insol  a t ion  t o  Other Fie1 ds 
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Figure 3.6-70.a. Temperature Response With Closed Loop F i e l d  Control 
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1ni t i .a l  Conditi.on: Maximum Insolat ion A l l  Fiields, Then ~ i e l d  1,  
Insolat ion To Zero. Continue Maximum Insolat ion to  Other F ie lds  

TIME - SECONDS 

Figure 3.6-70.b. Flow Response With Closed Loop F i e l d  Control 



. . - 

Even though the f ie ld  outlet  temperature remains near 300°c, the amount 
of energy collected i s  reduced because the total  f ie ld flow rate is 

reduced. This i s  shown by the reduction i n  flow through . .  f ie ld  3. 

Insolation Increased From 0.0 to 1.0 i n  Field 1 

Figure 3.6-71 shows a continuation of the same transient as before w i t h  

the insolation to f ie ld  1 reduced to zero: The insolatton was restored 
a t  1330 seconds. This transient shows that  the temperatures were restored . . 

to  their  original values w i t h  no detectible overshoot. The transient '  
also had l i t t l e  effect on f ield 2 or 3 outlet ,  temperatures, although8 the 
in le t  temperatures and flow were affected. . 

Startup Transient 

One simple startup transient has been .run Figure 3.6-72. This started 
w i t h  a l l  temperatures i n  the f ie ld  a t  the. cold tank temperature of 160'~. . 

. . . . . . . . . . . - -  
"Insolation was added a t  tialT the-miii'mum value. - The value of maximum 

2 
insolation i n  the controller was the design maximum of 0.806 ~ W / M  . 
Throughout the transient,which ran for  s l ight ly over an hour, a l l  f l u i d  
was recirculated and none was del ivered to the 'cold tank' because the fluid . 

temperature d i d  not reach the 265'~ setpoint a t  the outlet  of the f ie ld 
which i s  required to direct flow to the hot  tank, although the temperature 
was approaching this setpoint. 

The f ield 1 outlet  temperature increased t o  230'~ i n  about- 600 seconds. 
Fluid was recirculated from the outlets of a l l  three fields to the 
in le t  of fi'eld 1 so the f ie ld  1 tnlet  temperature began to r i se  a t  
about'300 seconds. Due t o  the r i se  t n  in le t  temperature, the flow 
through. f ie ld 1 was increased by the controller from an in i t i a l  value of . 
5.6 kg/sec to  nearly double t h i s .  rate. This caused a reduction in the 
f ie ld  1 temperature rise. which continued until the f ie ld  1 in le t  flow . ' 

control' valve reached its ful l  open position at '  3200 sec. 



INSOLATION IN  FIELD 1 INCREASED FROM ZERO TO 
1.0 kx, OTHER FIELDS REMAIN AT 1.0 Qmax 
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Figure 3.6-71. a. F l e l  d '1 Temperature 



INSOLATION I N  F I E L D  1 INCREASED FROM ZERO TO 
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INSOLATION IN  FIELD 1 INCREASED FROM ZERO TO 
1.0 kx, OTHER FIELDS REMAIN AT 1.0 Lx . 
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Figure.  3.6-71 . c .  F i e l d  3 Temperature 



INSOLATION IN FIELD 1 INCREASED FROM ZERO TO 
1.0 Qm,, OTHER FIELDS REMAIN AT 1.0 Q,, 
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Figure 3.6-71 .d. F ie ld  1 Flow .' 



INSOLATION IN FIELD 1 INCREASED FROM ZERO TO 
1 .O Qmax, OTHER FIELDS REMAIN AT 1.0 QmaX . . 
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Figure 3 .6-71.e .  F i e l d  2 Flow 



INSOLATION IN  FIELD 1 INCREASED FROM ZERO TO 
1.0 om,, OTHER FIELDS REMAIN AT 1 .0  &, 

Figure 3.6-71.f. F ie ld  3 Flow 



Startup from 160°C 
Insolation a t  0.5 Q max, Controller used 1 .0  Q max 
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Figure 3.6-72 .a .  Field 1 Temperature 



Startup from 160°C 

Insolat ion a t  0.5 Q'max, Control ler  used 1.0 Q max 
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Startup from 160°C 
Insolation a t  0.5 Q max, Controller used 1.0 Q max 
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Figure 3.6-72.c. Field 3 Temperature 



Startup' from 1 60°C 

Insolation at 0.5 Q max'. Controller . . ,  used 1 ,O Q max . . 
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'Figure 3.6-72.d. ~ i e l d . 1  Flow 



Startup from, 1 60°C 

Insolation 'at 0.5 Q max., Controller used 1.0 Q max 
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Figure 3.6-72.e. Field 2 Flow 



Startup from '1 60°C 

~ n s o l a t i o n  a t  0.5 Q max, Cqnt ro l le r  used 1 . 0  Q max 
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Figure 3 .6-72. f .  ~ i e l d 3 F l o w  



Startup from 160°C, . .  

Insolation at 0.5 Q max,.Controller used 1.0 Q max 
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Figure 3.6-72 .g. Valve Position 



The inlet temperatures t o  field 2 and 3 also increased resulting i n  an 
increased flow .and decreased temperature rise for these fie1 ds . 

The response of the- field and controller to this transient are not the most 
desirable. To s ta r t  w i t h ,  the controller was n o t  se t  t o  charge fluid to 
the intermediate temperature tank during warm up. As a consequence of 
this ,  611 of the fluid i n  the field i s  heated to around 250'~ which 
i s  undesirable because the field drobably would not be able to compensate 
for an increase i n  insolation t o  the design maximum. Also, i t  i s  
undesirable to store a l l  of ,this fluid a t  such a high temperature i n  the 

piping. Changes to the controller that are suggested for startup are to 
direct outlet flow to either the cold or intermediate. tank rather than 
to the pump inlet.  Also, the field 1 inlet  temperature should not be allowed 
to increase as high as i n  this case. Further, i t  i s  desirable to use a 
maximum insolation value closer t o  the attainable maximum, particularly i n  

the morning when i t  i s  desirable t o  increase the temperature at the output 
as quickly as possible. These aspects will be considered further in the 
next phase of development. 

, . . . 

Clouds 

The previous analyses have been directed toward understanding the performance 
of the collector field and controller under certain simple and easily 
understood circumstances. The true tes t  of the controller and field 
design i s  the response to clouds passing over the .field. This i s  shown i n  

Figure 3.6-73. 

A cloud pattern was defined for this transient which consisted of a random 
seties of clouds. The clouds were normally distributed with both the cloud 
and clear spaces having mean lengths of 500 meters with a standard deviation 
of 300.meters. The clouds d r i f t  across the field from south to north (the 
predominant wind direction a t  F t .  Hood) a t  6 m/sec (about 15 mph).   he 
mean cloud duration was 83 seconds. . The clear portion had an insolation 
of .l .O times the design. value and the clouds had 0.2 times the design value 
of insolation. The average insolation was 0.6. 



. .  , 

The primary r e s u l t  o f  t h i s  t rans ient  i s  t h a t  the f i e l d  was we l l  behaved. 

The o u t l e t  temperature var ied from about 262 t o  288 '~  w i t h  a ro,ugh average 

of about ,277 '~  (530'~). These temperatures are reasonable f o r  co l l ec t i on  on 

t h i s  r e l a t i v e l y  heav i ly  ciouded day. There i s  no evidence o f  temperature 
overshoot o r  u n s t a b i l i t y  i n  the con t~o l l e r . '  Figure 3.6-73.h shows . . .  

the instantaneous energy del ivery '  r a t e  t o  the hot  tank. This i s  the 

product o f .  the hot  tank f l ow w i th  the t o t a l  f l e l d  temperature r i s e .  i h i i  
funct ion '  tends t o  respond t o  a longer term average o f  several clouds., ' 

The value f o r  steady s ta te  a t  maximum inso la t ion  i s  about 1500-kg - 'c/sec 

so the co l lec ted energy dur ing t h i s  t rans ient  i s  a l i t t l e  more than h a l f .  

o f  t ha t  value. . .  

Future Analyt ical  Considerations 

The current  studies have disclosed a number o f  areas f o r  fu tu re  development 

of., the model ; o f  the con t ro l l e r  and o f  the f i e l d  design. The most  s i g n i f i c a n t  
of these i s  t h a t  a strong e f f o r t .  should b e  made t o reduce  the i n t r a - f i e l d  ' . 

p ip ing volumes and thus reduce t ransport  delays. .This w i l l  s t rong ly  help 

s tar tup t ransients and reduce the energy wasted during shutdown v ia  losses 

t o  ambient. The second po in t  i s  t ha t  valve V p  i s  only open when the 

temperature o f  the f l u i d  i s  below 200'~ due t o  th.c design o f  t h e c o n t r o l l e r .  

~ h u s ,  there i s  no need t o  send f l u i d  fr'om t h i s  path t o  the Rot tank 'so 
valve V6 and path 19 can be eliminated. A t  t h i s  time it' i s  not  , c l ea r  
whether valve V7 and path 16 are required because the temperature- o f  f l u i d  
i n  t h i s  p a t h  i s  higher and the valve Vc shutoff po in t  i s  more variable. , This 
w i l l  be studied f u r t he r  i n  fu ture  analysis. 

The b a s i i  f i e l d  con t ro l l e r  appears t o  work qu i te  well, a t  t h i s  time. . . , 

  ow ever; mow a t ten t ion  i s  required t o  the programming o f  the on-off. valves 

for  s tar tup and shutdowns. Also, a funct ion should be added. t o  temporari ly 

maintain high f low a f t e r  an i n l e t  temperature decrease to '  prevent overshoot 

o f  temperature. o f  "old" o i l .  The temperature a t  which the on-off .  valves. 

change s ta te  should be based on a stronger foundation. 
. . 
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Model ing o f  the f n t r a f i e l d  . transport .delay should be improved by e i t he r  

including more mixing nodes o r  usf ng other techniques i n  these paths. 

This also includes adding t ransport  l ag  between the mi.xing junct ion a t  the 

i n l e t  o f  the f i e l d  and the actual f ie13 i n l e t .  

Fie1 d hydraulics w i l l  be revised based on recent f nformation which reduces 

the co l  1 ec tor  resistance by about one-fourth.   ore rea l  i s t i c  valve 
loss factors w i l l  be incorporated. Some changes t o  the hydraul ic network 

connections f o r  the bypass paths w i l l  be considered. 

The equations which pred ic t  the f i e l d  temperature r i s e  are a l i n e a r  fit over 

a given range and have resul ted i n  steady s ta te  o u t l e t  temperature 

dif ferences o f  the subflelds o f  about 5'~. A be t te r  f i t  w i l l  be generated 

f o r  the fu ture  analysis. 
. 

. . . . .  . - _ _  . - - .  . - 

K'very simple con t ro l le r  has been implemented f o r  the control  valves which 

feedback on a desired flowrate. No account has been taken f o r  any potent ia l  

s t a b i l i t y  problems o f  these control lers.  Par t icu lar ly ,  momentum pressure 

changes have been neglected i n  the f low paths. This. aspect w i l l  be 

evaluated i n  the next phase. 

I 

With these modeling and con t ro l le r  changes a f u l l e r  set  o f  t ransients w i l l  

be evaluated t o  be t te r  characterize f i e l d  performance. 
-. - . -- - . . .. .__ _.. . .... 

-.. .- 

3.6.4.2.3 MALFUNCTION ANALYSIS 

MALFUNCTION OF SOLAR COLLECTOR FIELD 

Loss o f  Flow' 
. . 

The most severe malfunction t ha t  can occur i n  the solar  co l lec to r  f i e l d  
. . 

i s  a loss .,of . f low (not inc luding loss o f  coolant due t o  a pipe rupture 

which would be a '  casual ty .  ) Figure: 3.6-74 shows, the response o f  the . f i r s t  

subf ie ld  t o  a complete loss o f  f low w i th  maximum insolat ion.  The i .n i t fa1 

f l u i d  o u t l e t  temperature was 300'~. With loss o f  f low the f l u i d  temperature 

increased by 1°c f n about 3.6 seconds. When t h e  f l u i d  temperature reached , : 
. . ,  . ," 

. ,. . . . . .. , " .  
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Figure 3.6-74 Malfunction': Loss of Flow i n  F i e l d  1, Maximum Inso la t i on  



t h e  - t r i p  p o i n t  at" the e x i t  o f  the  c o l l e c t o r  s t r i n g  a t  180 seconds, t he  . . 

c o l l e c t o r  began t o  defocus. The t r i p  p o i n t  was a r b i t r a r i l y  es tab l i shed  
, 

a t  350 OC f o r  t h i s  t rans ien t .  The c o l l e c t o r  defocused i n  10 seconds 

and the' heat losses t o  ambient immediately began t o  cool  t he  p i pe  wal l .  

Since the p i pe  wa l l  temperature was i n i t i a l l y  higher, the  f l u i d  temperature 

cont inued t o  increase reaching a peak of 358 OC about one minute a f t e r  

t he  c o l l e c t o r  was, defocused. Much o f  the  reason f o r  t he  l a r g e  d i f ference 

between p i p e  and f l u i d  ' temperatures i s  due t o  t he  f l o w  decrease which . . 

lowered t he  heat t r a n s f e r  c o e f f i c i e n t  between the  f l u i d  and pipe. A 

minimum heat t r a n s f e r  c o e f f i c i e n t '  o f  10% o f  t he  normal c o e f f i c i e n t  i s  

imposed i n  t he  program. The f l u i d  temperature overshoot should be inc luded 

i n  t he  cons idera t ion  when es tab l  i s h i n g  t he  overtemperature t r i p  po in t .  

EFFECTS OF CONTROLLER MALFUNCTION 

F i e l d s  2 and 3 cannot e a s i l y  be subjected t o  a l oss  of f low unless the  

pump would f a i l .  However, a f a i l u r e  of t he  f i e l d  i n l e t  temperature 

c o n t r o l l e r  can cause lower f l o w  and h igher  i n l e t  temperature than desired. 

The t r a n s i e n t  was i n i t i a t e d  from an I n i t i a l  steady s t a t e  cond i t i on  a t  

maximum inso la t ion .  The i n l e t  temperature c o n t r o l l e r  f o r  f i e l d  2 f a i l e d  

and demanded h igher  i n l e t  temperature t o  f i e l d  2. The r e s u l t  was t h a t  

V2 opened and V3 shut (F igure  3.6-75.f.). The f low t o  f i e l d  2 (F igure  

3.6-75. d . ) decreased- frod;-7-k-g+s-ee-to--lr4-kg/ sec - and--the-f iP1-din-Fet- - 

temperature (F igu re  3.6-75.a.) increased from 235 OC t o  273 OC as a 

r e s u l t  o f  these va lve  act ions. Since t he  i n s o l a t i o n  had no t  changed, 

t h e  temperature o f  the  f l u i d  i n  f i e l d  2 increased from an i n i t i a l  o u t l e t  

temperature o f  297 OC t o . t h e  f i e l d  t r i p  p o i n t  o f  310 OC i n  about 40 

seconds. The i n s o l a t i o n  was decreased t o  f i v e  percent  i n  f i e l d  2 i n  

response t o  t he  t r i p  s i gna l  by desteer ing the  c o l l e c t o r s  i n  t h i s  f i e l d .  

Th i s  case i s  . i n t e r e s t i n g  because a f a u l t  a t  t he  i n l e t  t o  f i e l d ' 2  caused 

a temperature excursion i n  f i e l d  3 .  A t  t he  s t a r t  o f  t h i s  run, f i e l d  
3 was being suppl ied w i t h  almost a l l  o f  i t s  f l o w  (F igure  3.6-75.e.) 

f rom the  o u t l e t  of f i e l d  2, 9 . 5 k g l s e c  a t  297 OC (F igure  3.6-75.b.), 

and on l y  a small f low from the  c o l d  bypass 1 i n e  through. va lve 5, 0.7 kg/sec. 

a t  160 OC.  he f i e l d  3 i n l e t  f l o w  was 10.2 kg lsec a t  287 :OC. . When 

t he  f i e l d  .2 f low :decreased t o  1.4 kglsec, ' the f i e l d  3 i n l e t  c o n t r o l l e r  



r e a d j u s t e d  i t s  va lves and estab l ished.  a  new c o n d i t i o n  o f  3.2 kg lsec  

a t  a t g m p e r a t u r e  of 218 Oc'which would have an acceptable temperature 

r i s e  i n  steady s ta te .  However, t h e  f l u i d  i n  f i e l d  3  was a t "  a  temperature . . 
t h a t  r e q u i r e d  a  h i g h  f l ow r a t e  t o  avo'id overtemperature. I n  t h i s  t r a n s i e n t .  

. . 
t h e  o u t l e t  . . temperature rose  f rom a n  i n i t i a l  299 OC t o  a  peak' o f  3 0 7 " ~  

a f t e r  100 . . seconds then decreased t p  a  . . va lue  ' o f  2 9 7 ° ~  a f t e r  600 seconds. ' .. ' 

I t  i s  judged t h a t  t h e  magnitude o f  t h e  peak'bvert 'emperatur< i n  t h i s  
i , 

case was underp i&d ic ted.  F i e l d  3  i s  s imula ted by o i l y  2 m ix ing  modes. ' 

Therefore,  p e r t  o f  t h e  e f f e c t  o f  reduced i n l e t  temperature would reach '  , ,  

t h e  f l u i d  e x i t  e a r l i e r  i n  t h e  model than i n  t h e  ac tua l  case. T h i s  i s  
. .  ' 

compensated by longer  t ime a t  h igh  temperature. T h i s  w i l l  be co r rec ted  
. . 

f o r  f u t u r e  eva luat ions.  

POWER CONVERSION SUBSYSTEM MALFUNCTION 

M a l f u n c t i o n L ~ u r b i n e  T r i p  

Whi le i n  . t h e  h i g h  temperature peaking mode., ( h e a t i n g  season) a  h i g h  pressure 

t u r b i n e  t r i p  due t o  a system ma l func t ion  i s  s imula ted b y  s tepp ing t u r b i n e  

f l o w  t o  zero a n d  a l l o w i n g  t h e  bypass v a l v e  t o  open t o  c o n t r o l  t h e  low 

pressure-header  pressure. Ten seconds a f t e r  t h e  t r i p  occurs t h e  b o i l e r  
,' 

pressure.demand is , ramped f rom 365 p s i a  t o  . . 65 p s i a  a t  10 psia/sec.  

A t  t h e  .same t i m e  t h e  o i l  f l o w  i s  swi tched f rom t h e  _, h i g h  temperature 

tank t o  t h e  low temperature tank. The change i n  oi.1 i n l e t  temperature , 

t o  t h e  steam generator  i s  s imula ted by . n r.amping t h e  temperature from 

550 OF t o  438 OF a t  10 'Flsec. . . . . 

. . . . , , 

One o ther  c o n d i t i o n  i s  imposed on t h e  system t o  maint .a in a  reasonable 

amount o f  o i l  f l o w  t o  t h e  steam generator, and t h i s  i s  t o  s e t  a .30 p e r  cen t  

minimum l i m i t  on t h e  o i l  t h r o t t l e  v a l v e ,  i n .  t h e  steam genera t ing .  system. ., 

F igu res  3.6-76 t h r u  3.6-81 show t h e  t r a n s i e n t  r e s u l t s  f o l l o w i n g '  t h e .  

t u r b i n e  t r i p  ( T r i p  Time = 3.0 seconds). 

As shown, the' system, recovers  f rom t h e  i n i t i a l  e f f e c t  o f  t h e ' h i g h  pressure 

t u r b i n e  t r i p  and beg ins t r a n s i t i o n  :to hea t ing  season in te rmed ia te  normal . , 
I 

I mode o f  o p e r a t i o n  as d e f i n e d  i n  Table 4.2-5. F i r s t ,  t h e  superheater bypass 
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Figure  3.'6-75.b. F i e l d  3 Temperature 
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Figure 3.6-76. O i l  Flow Rates i n  Steam Generator During Turbine Tr ip  Malfunction 







Figure 3.6-79.a. Steam Tenperdtures During Turbine Trip Transient 





Figure 3.6-80. Steam Generator Oil Tenperatvres Ouring Turbine Trip Translent 



Figure 3.6-81. Steam/Water 'Temperatures During Turbine Trip 



valve closes (t = 16 sec) removing the superheater f r o m  the system heat 
t ransfer  and f low path. The system fol lows the steam pressure and f low 
demand f o r  *I00 seconds. However, the demand f o r  power generation which 
remained f i xed  a t  the high temperature peak mode se t  point, becomes larger  
than the energy available. This causes o i l  f low control valves t o  become 
saturated a t  f u l l  open positions, and the PCS system t o  become uncontrollable 
since the demand f low required f o r  pressure and temperature control cannot 
be met. Therefore, the pressure and temperature i n  the low pressure header 
begin t o  collapse, as wel l  as the terminal temperature d i f f e r i nce  i n  the 
feedwater heater which becomes dangerously small, and would probably cause 
tube burnout a t  the less than 7 ' ~  difference. 

The probable cure f o r  the adverse r e s u l t  fo l lowing the t r i p  would be t o  
change the power generation set po in t  ( ie.  f low demand t o  low pressure 
turbine), and change the feedwater heater temperature demand t o  track low 
pressure header temperature conditions by some 5 ' ~  difference. This would 
lower energy demands t o  turbine and feedwater heater. Also, more detai led 
analysis i n  the control system i s  needed t o  adjust f o r  gain changes 
required t o  s ta te  point  operating conditions. 

PartSal Loss o f  Steam Generator O i l  Flow 

The hypothetical p a r t i a l  loss o f  o i l  f low t o  the system steam generator 
caused by system control valve fa i lures,  flow blockage, o r  loss o f  
pump f low se t  po in t  o r  other events tha t  lead t o  a 50% change i n  f low 
can be interrupted f r o m  the step response data i n  Figures 3.6-34 thru 
3.6-41. 

The step response data a fu r ther  ins igh t  i n t o  the inherent 
system design safety. As shown i n  the f igures a large step change i n  
system flow does no t  cause unsafe o r  adverse operating conditions, but  only 
an undesired system operating point. The important resu l t  i s  t ha t  the 
system responds and s e t t l e  t o  a new operating po in t  a t  a lower energy level. 
The only period of time where t h i s  may be a problem i s  when the h o t l c h i l l e d  



water storage tank i s  depleted, and t h i s  loss  of energy ava i lab i l i ty  would 

thereby create a s i tuat ion where the thermal .load demand could not be met. 

3.6.4.3 -DESCRIPTIOU OFCOMPONENTS 
. . 

 he components of ICS span from the con t ro l  room t o  each subsystem's 

instrumentation. The central control . i s  .in the CPU tha t  communicates w i t h  

the operators control console and the .DPU4s. The DPU's monitor the instru- 
ments and control the subsystems under the .guidance of the CPU, through the 

I/O channels and signal conditioners. . . 

I Central Processinq Unit (CPU) 

The description of the STES CPU includes the central minicomputer mainframe and 
the central computer peripherals as well. The mainframe i s  sized with 64K words 

of memory to a1 low e f f i c i en t  operation of a' real-time mu1 tiprocessing, disc- 

based operating system executive. Efficient  f loating point capability allows 
data conversion and formating as well as calculations fo r  energy management. 
Additional features include: real -time clock; power fa i  l / r e s t a r t ;  1/0 inter-  
rupts; d i rect  addressing of words, bytes and b i t s ;  memory management; expansion 
capabil i ty t o  128K words; memory byte pari ty e r ro r  detection; and operating 
panel. The single re l iable  link has 80 MB of storage fo r  formatted data, 
operator communications and display formats, and program storage. To reduce 

downtime i f the disk fa i  1s. the 80 MB may be di v i  ded between two discs. The 
system default  I/O w i  11 be the programmers CRT w i  t h  keyboard, t ha t  w i  11 a1 so 
allow program maintenance and may include EPROM programing hardware fo r  DPU 

mai n tenance . 

The major 1/0 devices of the CPU, outside of the operator console, are  the 

magnetic tape drive, the l ine  pr inter  and the card reader. The nine-track , 

magnetic tape drive will  handle 2400-foot reels  a t  e i t he r  1600 o r  800 B P I .  I t  

will be useful f o r  large program input and data output. The density i s  se lect -  
able so tha t  the capabil i ty to match the BPI ra te  of other f a c i l i t i e s  where 
detai led data analysis i s  to  be pursued. The card reader i s  an easy, re l iable  

input device fo r  small amounts of data o r  control and provides backup to  the 

3-31 7 



magnetic tape i n p u t .  The medium speed l ine  p r in t e r  provides hard copy output 
as the system demands. I t  wi 11 be used f o r  program maintenance, selected 

data output, and hard copy of sequence of alarms. 

Distributed Processing Unit (DPU) 

The DPU nardware i s  purposely unspecified so as not to  1 imit the design to  
match a certain vendors products.   he ' functional requi remen'ts of local control 

and data gatherings however are specified. Each DPU i s  envisioned as a micro- 
computer containing control algorithms and data storage areas. The DP.U has 
complete local control over i ts assigned subsystem and responsibility fo r  
monitoring i t s  instrumentation. I t  wi l l  accept and Implement 'commands from 
the CPU specifying the mode of subsystem automatic operation and specif ic  
component operation. When polled i t  wil l  provide the CPU w i t h  current data 
from i t s  instrumentation. 

CONTROL CONSOLE 

The Control Console i s  located i n  the main control room of the STES building. 
Panel meters, system s ta tus  l igh t s ,  and alarms that  are hard-wi red from the 
f ie1 d locations are  mounted on the Control Console. The Control Console a lso  
contains two CRTs with in teract ive  keyboards fo r  operator use. One of the CRT 
units i s  dedicated fo r  display of alarm functions while the second i s  f o r  
general use t o  the operator fo r  display of a l l  data system parameters. Space 
i s  also provided for  d igi ta l  meters f o r  6ontinuous display'of selected system 
data. These digi ta l  meters are driven by the CPU 1/0 system. The ten foot 
Control Console and the.  dedicated recorders and displays are incorporated in to  
a typical control room layout shown i n  Figure 3.6-82. 

Input/Output Channels and Signal. Conditioners 

The 1/0 ports f o r  the DPUs are shown on Drawing 102E145 of Volume 111. 
A1 though the i n p u t  and output signals of each DPU varies, a. description o f .  the 

r, 

signal types i s  presented. The 1/0 ports and the microprocessors are par t  of 
the overall DPU. 
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Two types o f  analog s igna ls  are t ransmi t ted  t o  the I 1 0  ports.  One o f  these i s  
a  low-level s igna l  f r o m  the thermocouple sensors;' the o ther  i s  f r o m  f i e l d  

t ransmit ters t h a t  have an output  o f  4 t o  20 mil l iamps. The low-level thermo- 

couple s igna ls ' a re  i n i t i a l l y  received a t  the i n p u t  p o r t  a t  a  thermocouple 

reference u n i t  which establ  ishes a  reference temperature from which i n p u t  

s i  gnals are de r i  ved.' These s ignals are then mu1 t i p l e x e d  (scanned) by the 

low- level  mu1 ti plexer,  amp1 i f i e d  a n d t r a n i n i  t t e d  t i  the AID- converter. The 
A I D  conve'rter changes the analog s ignal  t o  a  d i g i t a l  format t h a t  i s  avai1abl.Q. 

ti the microprocessor data bus. Tiansmi t t e r  cur ren t  s igna ls  terminate a t  

dropping r e s i i t o r s  a t  the i n p u t  t o  the mu1 t i p lexe r .  These cur ren t  s igna ls  a r e  

i n t e r p r e t e d  as high voitage i n p u t  s ignals o f  one. t o  f i v e  vo l ts .  Since no 

ampl i f i ca t ion  i s  required, these s ignals go d i r e c t l y  t o  the  A I D  converter from 

the h igh- leve l  mu l t i p lexe r  and are handled i n  . .  the - same manner as described 
. . . .. 

above . . . 

Analog output  s igna ls  are provided by- the output  po r t s  o f  the 110 system. . 
. , 

D i g i t a l  s ignals from the m i ~ r o ~ r o c e s s o ~ a r e  converted t o  4 t o  20 mi l l lamp , ' 

s igna ls  by the D/A c.onverter.. These. s ignals are d i s t r i b u t e d  t o  the respect ive 

con t ro l  channels by the de-multiplexer. where they are. used f o r  anaiog s e t  p o i n t  

cont ro l ,  d i r e c t  valve p o s i t i o n  coht ro l ,  o r  conve,rted t o  pneumatic s igna ls  f o r  
. ' 

val ve, contro l  purposes .. 

c o n t a c t  c losure i n p u t  por ts  as we l l  as d i g i t a l  i n p u t  p o r t s  from p o s i t i o n  

encoders are provided a t  the  110 por ts .  These s igna ls  are bas i ca l l y  the  

same and are handled as s ing le  b i t s  of information. These d i g i t a l  b i t s  are 

t ransmit ted t o  the microp'rocessor bus d i  rec't ly. 

. . 

Contact closure output  po r t s  are provided and the d i g i t a l  s ignals are bu f fe red  

by r e l a y  dr ivers  t h a t  energize con t ro l  relays. Contacts from the re lays are 

then used f o r  power ONIOFF contro ls ,  so lenoid and c i  r c u i  t. breaker cont ro l ,  

pump m t o r . a n d  f a n  motor contro ls .  Optional power d r i v i n g  outputs from t r i a c  

devices may be u t - i l i  zed as required. 



3.6.4.4 INSTRUMENTATION 

Inst rumentat ion descr ip t ions  as a component o f  the o v e r a l l  I&C are g iven i n  

de ta i  1  i n  each subsystem descr ip t ion  and are no t  repeated here. However, 

inc luded i n  t h i s  sec t ion  i s  the  MRL summary. I n  the preceding descr ip t ion ,  
a l l  instruments t h a t  are rebu i red  t o  moni tor  and/or measure se lec ted  para- 

meters f o r  con t ro l  were discussed and are l i s t e d  i n  the Measurement Require- 

ment L i s t .  The d e t a i l s  are given i n  Sect ion 3.6.6. Instruments are c l a s s i -  
f i e d  by funct ion and are arranged by subsystem. Various subsystem con t ro l  
loops are i d e n t i f i e d  by channel numbers. A l l  instruments car ry  a channel 

nunber and those insLruments belonging t o  a given con t ro l  loop can be iden- 

ti f i ed .  Table 3.6- 4 summarizes the type and nunber of instruments requi red 

t o  con t ro l  the STES a t  F o r t  Hood. 

3.6.4.5 POWER SUPPLIES 

Various power suppl ies requ i red  by the computer system are prov ided by the 

computer equipment supp l ie r .  Separate 45 Vdc power suppl ies are prov ided f o r  

use w i t h  the inst rumentat ion t ransmi t ters .  S u f f i c i e n t  vol tage i s  prov ided by 

the inst rumentat ion power supply t o  d r i ve  separate loads such as l o c a l  and 

remote readout devices as we l l  as the i n p u t  t o  the DPU. I n  add i t ion ,  capa- . . 

b i l  i t y  f o r  d r i v i n g  op t i ona l  b i s tab les  f o r  alarm funct ions i s  a l so  provided. 

3.6.4.6 AUXILIARY SYSTEMS, - 
4 

To insure  t h a t  hard t o  de tec t  f l uc tua t i ons  and i n t e r r u p t i o n s  i n  commercial AC 

power.do no t  af fect  the computer systems operat ion, a  reverse t r a n s f e r  s t a t i c  

UPS i s  provided. Transient  power 1 i ne  disturbances of ten a f f e c t  memory contents 

such t h a t  computation er ro rs ,  an i n a b i l i t y  t o  breakout o f  a  command loop, an 

unexpected branch o r  jump, an unexpected program h a l t ,  a  reduced throughput 

ra te ,  o r  an i n a b i l i t y  t o  read data p rev ious ly  recorded on d i s k  o r  tspe can occur. 

A1 though some minicomputers have c i r c u i t s  which i n i t i a t e  a power-down sequence 
when the  suppl i e d  DC vo l tage moves ou t  o f  to lerance f o r  more than a few m i l  1  i- 

seconds, t o  p r o t e c t  against  these d i s t o r t i o n s  o f  data s tored i n  memory, there 

are many cases when these vol tage de tec t ion  c i r c u i t s  command a power-down 



sequence' for a  t rans ien t  t h a t  poses no th rea t  t o  the computer system, causing 

an unnecessary i n t e r r u p t i o n  i n  service. 

The reverse t r a n s f e r  s t a t i c  UPS insures continuous computer operat ion w i thout  

f requent  manual o r  automatic r e s t a r t  by, p rov id ing  p ro tec t i on  against comon- 

mode noise, normal mode noise, vo l tage f luctuat ions,  vary ing 1  i n e  frequency, 

b lackout  and brownout condi t ions.  The UPS w i l l  be ra ted  a t  20 KW a t  a  minimum 

and 28 KW a t  a  maximum and w i l l  regu la te  the operat ing vol tage and frequency 

t o  120 VAC 2 10% @ 60 HZ 2 1 Hz. 

3.6.5 INSTRUMENTATION AND CONTROL OPERATION 

The .Instrumentation and Control  Subsystem (ICS) improves ove ra l i  p l a n t  perform- 

ance by maximum u t i l i z a t i o n  o f  ava i l ab le  s o l a r  energy and the e f f i c i e n t  conver- 

s ion  o f  s o l a r  energ)i t o  thermal and e l e c t r i c a l  power. 

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

-.The---Ener-a Management and'contro l  (EMAC) program i s  a  software c o n t r o l l e r  t h a t  

contains necessary cal cu la t ions  t o  determine heat balances, energy avai 1  - 
a b i l i t y ,  energy load demands and energy forecast ing on a  subsystem and t o t a l  

system basis. The energy management and p l a n t  contro l  i n te r face  provided by 

the I C S  i s  composed of  both harddare and software cont ro l  funct ions. 



TABLE 3.6-4 

MEASUREMENT REQUIREMENT L I S T  SUMMARY 
. . 

Subsys ten: Temperature Pressure 

So la r  Col l e c t o r :  

- -Co l lec tor .  F i e l d  107(TE) 

- A u x i l i a r y H e a t e r  ' 2(TS) 1(PT) 
2(TI )  ' ' . l (PS) 
I (TSH) 9 ( p I  
I (TC) . I  (PSH) 

. I  (PSL) 

Thermal Storage 32(TE) 

Power Conversion 16(TI) 
13(TE) 
1.N TT) 

l(TC) 

15 (TE) 
Hot Water Heat ing 15(TT) 

8(TI )  
16(TE) 

Chi1 l e d  Water 16( TT) 
Cool ing 

Control  OnIOf f 
Flow Level Valves Valves -- 

5 TCV :D '3 3WAY 
s l a L l  slzwnyl 
5(ZSH) 5(ZSH) 

S(ZSL) 

I (F1)  1(LG) 2(TCV) :A 
l(FSL) 1 (LS) 2(FCV) :A 

22(FC! 1 (LAHL) 2(PCV) :A 

IO(PT) 2(FT) 3(LT) 
3(PAHL) 3(LI)  

3(LAHL) 

7(PI) 2(FI )  l (LS) 
7(PT) 2(FT) 4(LT) 
l(PD1) l ( F I T )  l(LSH) 

1 (LSL) - 4(L'G) 
: 4(LC) ' 

1 ( CCV) :A 
4(LCV) :A 
1 (PCV) :A. 
2(TCV) :D .' 
1 (TCV) :A 
l(PCV) :D 
7 ZSH) 
7 I ZSL) 

Motor 
Comnands Other 

168 (10 B i t  
P o s i t i o n  
I n d i c a t i o n )  

. . 

1 (CC) 

1 (CT) 
.1 Voltmeter 
4 Watt Hour 

Meters 
20 ( IY )  E lec t .  

D i s t r i b u t i o n  " 

1 Volt lamp 
Regulator 

Domes'tic Hot .  5(TT) 2(PT) . l(TCV1;D 2( IY)  
Water 1(TI )  2(ZY) 

TOTAL . 19(IY) 168 Encoder 
O u t ~ u t s  

17ip1j  8 7 ( ~ s j  ~ ( L G )  Outputs 20 E lec t .  

2(TC) 
24 20(EY) Pos i t i ons  D i s t r i b u t i o n  

' 4(LC) ( ZSH/ZSl) ::$!! 1 Voltmeter 

4 U a t t  Hour 
Meters 



3.6.5.1 NORMAL OPERATION 

The computer based control system re l i es  on both se r ia l  and parallel  control 
operation i n  real time by allowing non-critical calculations to  proceed in the 
s e r i a l  fashion of computer logic and i n  parallel fashion with the control 
1 oops. The se r ies  program execution consist of 1 ogi c control , energy cal cul a- 
t ion,  control algorithms, s e t  points, data calculations and data input/output. 
The parallel  execution of the program i s  based on interrupts generated by e i t he r  
the real time clock ( i n t e rna l ) ,  one of the process interrupts (exte 'mal) ,  o r  a 

r 
software controlled in terrupt  (program logic).  The jnterrupt capabil i ty of the 
system provides the function of allowing the system to change from ser ies  t o  
"para1 l e l "  operation. The in terrupt  process causes the normal sequence of 
program/control instructions t o  be temporarily suspended while a higher pri - 
o r i t y  calculation, data t ransfer  or  control function can be performed. 

Figure 3.6-83 shows the functional operations of EMC. Proceeding froni l e f t  
to  r i g h t  of the diagram defines the se r ia l  operation of the control program. 
The upper to lower vert ical  levels are divided into:  level ( I ) ,  avara11..system 
energy management and control ; level ( 2 ) ,  measurements; and level ( 3 ) ,  sub- 
system control. The interconnecting l ines  beween blokks and levels show flow 
path of control, measurement o r  data information. Also, several blocks are 
shown that  generate program interrupts such as the real time clock, .operator 
control console, and alarm indicators. 

The EMAC level divisions are defined as follows: 

Level (1) - Overall System Control (Main C P U  

8 Input/output data, operator information 

o CPU peripheral 1/0 control 

0 System on/off procedures 

Data acquisition 

i Support programs and calculations 

0 . Control algorithms and strategy 



@ Monitoring systems, a l a r m ,  e tc .  

e Diagnostics (plant)  . 
.. . 

e Auxiliary component control functions 

Energy management 

@ Local manual control selection 

e System clock. - * .  . < 

. - 

Level (2)  - Instruments and Measurements (Harchare) 
\ 

Computer peripheral diagnostics 

e System clock 

e Interrupt control 

e Input/output device control 

@ Inputloutput data t ransfer  control (Micro to main CPU) 

Level (3)  - Subsystem Control le-rs (Microprocessors) 

o Microprocessor 1/0 device control 

e O u t p u t  command to subsystem actuator 

e Input feedback measurement 

e Input subsystem measurement 

a Input subsystem alarms 

o . Input subsystem s ta tus  

e - Calculate contrpl system errors and check against l imi ts  

e Store measurement data 

e Transfer control data 

e On-line diagnostic (when able) 



3.6.5.2 STARTUP AND SHUTWWN 

The ICS contains an "automatic controller" t ha t  sequences subsystem startup/  
shutdown procedures through i n i t i a t i on  of onloff commands and s e t  points t o  
the dis t r ibut ive  processing units (DPU) which i n  turn transmit signals t o  the 
subsystem actuators, motors and component analog controllers.  Based on 
operator mode selection,  the automatic controller  will sequence appropriate 
val ving and sys tern flow rates. During the s tartup/shutdown sequence, key 
system parameters are  monitored to determine i f  plant capabil i ty wi 11 be 
inhibited by the subsystems as they come "on-line" o r  go "off-line." I f  so, 
i t  i n i t i a t e s  plant protective functions and alarms the operator. 

The ICS also  contains a "master control logic program" tha t  monitors the 

various, subsystems and determines the operating mode of each subsystem, rate 
of change of key parameters, and operating levels. The "control1e.r" also 
contains a ser ies  of interlocking functions such tha t  in case of fa i lures ,  o r  
when rate 1 imi t s  are exceeded,. .an..automaiic trip..-function .waul d .be..-i-ni.ti atedi- _ _ _  - _  . . _ . _  _ _  . - - -  - -  
The interlock function would only permit return to normal s tar tup mode by 
operator action. 

3.6.5.3 ABNOfUvlAL OPERATION 

To allow f o r  safe operation and subsystem component protection, certain key 
features are provided fo r  in the ICS fo r  plant control i n  the event of loss 
of e lec t r i ca l  power, loss of a DPU, or  loss of the central processing unit. 

LOSS O F  ELECTRICAL POWER 

The ICS i s  designed such that  in case of e lec t r i ca l  power fa i lu re  ( loss  of 
grid;  turbine generator unoperational) a l l  control valves, pumps. and major 
subsystem components will go to a fai  1 -safe position and the plant wi 11 
coast to an unaccessed shutdown. 

The fa i  1 -safe position features incl ude : 

r Automatic turbine - generator t r i p  

r Valves (both pneumatic and e l ec t r i c )  going to  predefined s t a t e s  
t h a t  y ie ld  the fai  1-safe shutdown configuration 



Figure 3.6-83. Functional Operations 
o f  EPMC 



A l l  pumps t r i p p i n g  

@ Stowage o f  the. c o l l e c ~ o r s  

DPU OUT-OF-SERV ICE 

I n  the event o f  a . f a i l u re  i n  a d i s t r i b u t e d  process un i t ,  the system I10  and 

instrumentat ion'  w i  1 l l a t c h  on the 1 as t  comanded output  ( se t  po in t  condi t i ans )  

and the operator  w i l l  be alerted. The subsystem w i l l  remain i n .  t h i s  s ta te  
1 

u n t i l  the malfunction i s  corrected o r  u n t i l  the operator takes appropriate 

ac t ion  (i .e., places the subsystem urider l oca l  analog con&-rol i f  p rov i  &dl.  

CENTRAL PROCESSOR OUT-OF-SERVI CE 

I A minl'mum amount o f  redundant measurements. w i l l  appear on the operator  cont ro l  

panel f o r  moni tor ing system operation and performance. I n  the event o f  the 

CPU f a i l i n g  o r  being out-of-service, the system w i l l  be configured t o  operate 

i n  the defined f a i  1-safe operat ing mode. 

3.6.6 OVERALL INSTRUMENTATION AND CONTROL INTERFACES 

A1 1 o f  the Fo r t  Hood STE-LSE subsystem instrumentation and cont ro ls  in ter face , 
w i t h  the Overal l  Instrumentation and Control sukystem a t  the l oca l  DPU's. 

The f o l  lowing subparagraphs def ine the interfaces. 

3.6.6.1 SUBSYSTEM INTERFACES - MEASUREMENTS REQUI REPENTS 

The measurement requirements f o r  each o f  the subsystems are i d e n t i f i e d  i n  the 
fo l lowing tables. Abbreviations used i'n the MRL tab les  are' de'fined i n  Table 
3.6-11. 

SOLAR COLLECTOR SUBSYSTEM 

The Solar  Co l l ec to r  Subsystem (SCS) .measurement w q u i  rements are i d e n t i f i e d  

i n  Table 3.6-5. 

THEWL STORAGE SUBSYSTEM 

The Thermal Storage. Subsystem (TSS) , measurement requi  rements are i dent i  f i e d  

i n  Table 3.6-6. 



- 

POWER CONVERSION SUBSYSTEM 

The Power Conversion Subsystem (PCS) measurement requi rements are i d e n t i f i e d  
. 

i n  Table 3.6-7. 
. . 

H'EATI~G/COOL~NG AND DOtIESTIC HOT WATER SUBSYSTEMS 

The measurement requirements f o r  the water systems are separately d iv ided and 

are i d e n t i f i e d  as follows: 

0 Hot Water System - Table 3.6- 8 

0 Chi l l ed  Water System - Table 3.6-9 

Domestic Hot Water System - Table 3.6-10 

AUXILIARY SYSTEMS 

Provisions f o r  various aux i l i a r y  system have been provided i n  the main control  

mom. Space f o r  the system f i re alarm annunciation as wel l  as display f o r  

heating, vent i la t ion,  and a i r  condit ioning parameters w i th in  the STES bui  1 ding 

are provided w i t h i n  the main control  console and ver t i ca l  equipment racks. I n  

addition, space i s  provided f o r  comnunications systems such as telephones, 

intercoms and publ ic  address systems. Radio comnunications w i l l  also be pro- 

vided as a backup comnunications system by means o f  walkie-talkies. These 

hand-he1 d radio devices w i  11 be required during inspections and mi ntenance 

of the Solar Col lec tor  Subsystem and Thermal Storage Subsystem, and a t  various 

f a c i l i t y  locat ions as needed. I t  i s  expected tha t  frequencies o r  channels 

w i l l  be dedicated f o r  use by the STES f a c i l i t y  wi thout  interference from 

other For t  Hood sys tems. 

I 

INSTRUKNT AND. CONTROL. INTERFACES , 

The I C S  interfaces e l e c t r i c a l l y  and mechanically w i th  the so lar  ~ o l l ~ c t o r  

'subsystem, thermal storage subsystem, power conversion subsystem, domestic hot  , 

water subsystem, ch i l led/hot  water subsystem, makeup subsystem, and meteoro- 
: ' .  

l og ica l  s ta t ion  subsystem.  hi ICS' also. inter faces w i th  the T P ~ L  g r i d  through 
. . 
an ~n i 'n , ter rupt i  b l e  power . . 

. . 



TABLE 3.6-5 

SOLAR COLLECTOR SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

INSTRUMENT 
NUMYF W 

TE1000 
TElO(r1 
t l v t  0 0 2  
ff. lO0Z 
T E l  0 0 4  
T E l U n S  
TE 1 OOb 
TEIOO? 
NV1O08 
TL 1 0 0 8  
1E11J89 
t t ' l 0 l V  
T F l O l l  
NVt  0 1 2  
T t l O l L  
F T l U l  J 
I T l O t c l  
F T 1 0 1 5  
F l l O t b  
F l l O l t  

TCV1018 
ZSMlOl .8 
Z S L I U l 8  

. T C Y l U l V  
Z S M l U l P  
Z S L 1 0 1 9  
l C V l O Z 0  
ZJM l ULO 
ZSL1OCO 

. T C V I U ? l  
ZSM1081 
L 3 L l U L l  
1 C u l l ) t Z  
2 3 M 1 0 2 2  
ZSL 14122 
PTlOhJ 
F T l U Z U  

. F l l u 2 S  
F l l 0 Z b  
l t  1 u Z 7  
l t  1 OZP 
L T l U 3 U  

, Z l l O 3 t  
2 l l o J Z  

. Z T l U l J  
2 1  l o3u 
2 1 1 0 3 5  
z r l n q t  

SCUSIIW-~EHPLRATURL' 
StN9fJR-r EkPERATURE . 
IINIIJFF VALVE - 3 W A V  
SENSI)R-TEMPERATUDE 
SENSOR-TFrPERhTURE 
SENSflR-TEMPERATURE 
SENSOR-TEMPERATURE 
3EN3IlR-TFMPERATURE 
ONIUFF VALVE 3 nAY 
SENSllR-TFMPLRATURE . 
SENSIlR-1 E H P t  RATURE 
SENSOR-TFHPERATURE 
SENSOP-TEMPERATURE 
ON/OIF  VAL.Vf m 3 WAY 
SERSOA-ltMPER4TtJRE 
TRANSMITTER-FLOW 
TRANSMITTER-FLOW- 
TRANSMITTER-FLOM 
TRANSMfTTEa-CLOb 
TRANSMITTEA-FLUK 
CUNTUOL v r L v t  - ILIIW 
8 w l l C n  -HIGH P O S I T I O N  
8J ITCM -LOW P U 9 1 1 1 0 N  
CIINTROL VALVE-FLOW 
SNITCM -HIGH P O S I T I O N  
sw I T C M  -t.u* POSI T ION 
CONTROL VALVF-)LO* 
S w I t C M  -MIGn P O 9 I T 1 l I N  
S ~ I T C M  -ur P~JSITION 
CUNTROL VALVE - FLOW 
3 * l T C M  -HIGt4 P f l S I T I O ~ ,  
S r l l C ?  -LOU . P U 3 I T I O N  
C c i r T n u L  V A L V E  - FLU* 
S r l f c n  - n I O H  P f l S I T I o c u  
S * l  l C n  -LI.I* PfJ9111ON 
TRANSMIT TER-FLlM 
T44NS* ITTFa-F  L f l *  
T R A t 4 S M ~ l  TER-CLf!* 
TWAHSMIl lER-FLO* 
SENJ(lR-Tf *PC r(4 1 l lRE 
9) NSrlR-TEhPERATURE 
EtrCl.lOER - POSIT 1fJN 
EYCCIDER - P t ~ S l T l l l h  
cWCUI?E P - PIIS1 T l t l k  
f +rC(JlltR - Pl1S1TI f lb l  
FNCl l l lEe - Pl:3 J 11!)h( 
EvCUI>f:? - Pl.1!31 1 l c l s  
ENCl lDtQ - PI131 7 1 f " r  

SERVICE DESCRIPTICIN 9VS LOC 

I N L E T  O I L  f I t L O l  SC3 F 
OUTLET n11 F I E L D 1  SCS F 
ENIT OIL FIELD 1 SCS F . 
t tUTLE1 O I L  F I E L D 1  SCS . F 
FDFWD, INLET O x L F r t L o Z  S C ~  F 
I N L E T  U I L  F I E L D 2  9C8 F 
I N L E T  O I L  F I E L D 2  SCS F 
U U T L E l  O I L  F I E L O 2  3 C 9  F .  
E X I T  O I L  F I E L O  2 SC9 F 
OUTLET O I L  F I E L O 2  3CS F 
FOP UO I N l f  T O I L  F l E L U 3  SCS I 
I N L E T  U I L  F I E L D 3  SC9 . t 
I N L t  T O I L  F I E L D 3  8CS F 
ENIT OIL FIELD 3 scs I 
O U t L t T  O I L  F I E L D I  S C S '  F 
I N L E T  O I L  F I E L D  I SCS f 
1 U I L  F I L L 0  1 ¶CS F 
I N L E T  O I L  F I E L D  2 SCS I 
C X I t  O I L  F I E L D  2 .SCS f 
I N L E T  O I L  F I E L O  3 SCS F 
INLET UIL 1 SCS F 
PIUPORTIONAL FCV PUS* SCS , F 
PRCPORTIOWAL FCV PUS, SC3 F 
C R I T  O I L  F I E L D ,  1 SC9 F 
PROPORTIONAL FCV POS, SCS F 
PROPORTIONAL FCV PUS. SCS F 
I N L F T  O I L  f I L L 0  Z SC9 F 
PRUPOQTIONAL FCV PUS, 9CS I 
PYOOORT I W A L  FCV PtIS, SCS C 
E X I T  U I L  F I E L D  Z SCS t 
P R I I P U R T I U ~ A L  FCV PO$, SCS F 
PW~JPURTIUNAL FCV PUS, SCS F 
I N L L I  O I L  F I E L D  3 S t 9  F 
PPUPtlRTTONAL FCV PQS.' J C 3  F 
P R L l P O R T I U ~ 4 L  FCV PUS. SCS F 
f P F * o  I N L E T - F I E L D  2 
F Df WD I ~ L E T - f  I E L 0 3  SCS P 
OUTLET O I L  - F I E L D S  9 c s  f 
I~ILE r CIIL-PIIMPITANUS s c 3  , F 
~IIITLLT r . l l L -F IELO9 3 C S .  F 
I IILFT I.IIL-PUMP/ TANUS SCS F 
CLJLL~CTIIW ANGLE SCS F 1A 
COLLEC rciu AI+GL E 9c .q  F I H  
L C ~ L L F C T I ~ P  A ~ G L E  3CS F I C  
C ~ ~ L L L C  f f l n  4 ~ l i l . f .  SCS . F 11) 
C I I L L ~ C T ~ I U  ANGI t scs  F ~f 
Cf lL l -ECl f lR A:JGl t SC.9 f I F  
C ( l ~ l . f . C T f l ~  Al+f. 3CS F 2 A  



TABLE 3.6-5 f Continued) 

1NSTRUMkNT DESCRIPTION SERVICE DESCRIPTION 
D E V I C t  VARIAULE 

Evcr ioER - 
ENCObER - 
ENClIOER - 
ENCODER - 
ENCUOEP - 
E w c u o E a  - 
ENCODER - 
e l u c o o e n  - 
ENCODER - 
ENCODLR - 
ENCODER -. 
tNCODER' - 
ENCUnER - 
ENCODER - 
ENCODER - 
ENCODER - 
t N c u n t n  - 
ENCUDeR - 
ENCODER - 
ENCODER - 
EIJCUDER - 
ENCODER - 
ENCODER - 
ENCODER - 
ENCODER - 
ENCODER - 
ENCODER - 
ENCODER - 
LNCOOER 
ENCIJDER - 
ENCOOEr) - 
ENCUDER - 
ENCODER - 
CNCIJDER - 
EWCUDE4 - 
EQCUDER - 
CNCUOER - 
ENCllDER - 
ENCODER 9 

EhlClIDCR - 
LNCllDER - 
ENccloEa - 
ENCIJDER - 
E NCl l l j tR  - 
ENCIJ~ER - 
E'ICUI)ER - 
EFICIJDER - 
t ~ c t l n e n  - 

P O S I  1 1UN 
PUSIT~~IN 
PUS I T  I O N  
P~ISJ T IC~N 

P11311 I O N  
PUS1 1 Ink 
PUSI 1 ION 
PUS1 1 I O N  ', 

PUS I T  I O N  
P11SI T I O N  
POSIT I O N  
P O I I T I O N  
P O S I T I U N '  
P O S I T I O N  
PO3 I T  I O N  
PUS1 J I O N  
P U S I l l O N  
P O S I T I O N  
PUS1 T I O N  ' 
PUS1 T I O N  
POSIT I O N  
PUS1 TION 
P O S I T I O M  
PUSIT ION.  
P~JSI 1 ION 
P l I S I  T I O N  
P U S I T I U N  
P I I S I T I O N  
P O S I T I O N  
P O S I ~ I O ~  
P U S I T  I O N  
PfJS' iTION 
p i131  TICIN 
PIJSI I O N  
PUS1 T IOK 
P U S I T I U N  
PUS 1.1 I O N  
P O S I T I O N  
P l I S I  T I f I N  
Pl!SI TIllhc 
P r l S l T l U N  ' 

P o s l  T ION 
Pf.191 T I l l N  
Pt tSJ 1 I O N  
PI131 1 I IJN 
PltS I T l f lN 
P1t31 1 [ I l V  

Pl.13 [ I  l l l h  

C q L L t c T o a  ANGLE 
C(ILLEC10R ANGLE ' 
COLLECTOR AkGLE 
CrlLLCCTOR ANGLE 
CIILLEC l n R  ANGLE 
CULLECTOR ANGLE 
COLLECTOR ANGLE 
C n L L E c T o n  A ~ G L E  
COLLECTOR ANGLE 
COLLECTOR ANGLE . 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE . . 
COLLECTOW ANGLE 
COLLECTOR A W L E  
COLLECTOR ANGLE 
COLLECTOR ANCLE ' 

COLLECTOR ANCLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE , 

COLLECTOR ANGLE ' 

COLLtCTOR ANGLE 
Ct l lLECTOR ANGLE ' 

COLLECTOR ANGLE 
COLLECTOR bNCL; 
COLLECTOR A~ IGLL  . 
COLLECTOR ANGLE, 
CULLECTOR ~ ~ G L E  
CULLECTOR ANGLE 
CfJLLEClUR ANGLE 
COLLECTOR ANGLE .. . ;. . 
COLLECTOR ANGLE 
CoLLEcTnR ANGLE 
COLLECTIJR ANGLE . 
CDLLECTOR .ANGl E 
COLLECTOR .bNGLE . 

CflLLECTnR bNGL E : 
COLLECTOR ANGLE 
COLLECTOR ANGLk 
Ct lLLEClOR AwGLt 
COLLECTOR ANGLt 
C r l L L E c l o R  A ~ G L E ,  
C(lLLECTI.IW ANG1.t 
Ct11 LECTLIW ANGLE 
c [JLL t i cTnn A N G l  t 
C n L i L c t I t u  ~ N C L E .  

S t 3  F Z R  
SCS F ZC 
SCS f 20 
SCS . I ZE 
SCS F. ZF 
SCS I 3 A  
SCS F . 3 H  
SCS F 3C 
SCS t 3 D  
scs , r SE 
S C S .  ? 3 t  
SCS r & A  
SCS I o n  
SCS ? 4C 
SCS ' I. 4D 
SCS . . f 
SCS F 4 I  
SCS I. SA 
3CS F S B  
SCS F S C  
SCS F 9 D  
SCS F' 5E 
S C S .  ? SF 
SCS F bA 
SCS C b R  
SCS ? b C  
S C S '  F bO 
S C S .  ' ' ~ ' b t  
S C S .  F . b F  
SCS I 7A 
SC3 F 7 8  
S C S .  I 7C 
SCS ... L .7.O 
SCS r 7 r .  
scs P ' 7 P  
SCS ' . 'ti 8 4  
SC3 , f , 8 R  
SCS . ' .F;  8C 
scg . * F  AD 
SCS' : .  I of. 
S C S .  t 8F 
SCS . , F 9A 
SCS ' F PR 
SCS. .' F PC 
SCS F 91) 
SCS ' F  PC. 
scs  "' r qr 
s c s '  ' F I U A  



TABLE 3.65 (Continued) 

Z I l O Q U  
z t 1 o o s  
ZT lOQb 
Z t l O P t  
Z T l O 9 8  
ZT 1 1 0 0  
z T i i o i  
Z T l l b 2  
Z T l l O l  ' 

Z l l  1 0 4  
Z f i l o 5  
Z T l l 0 7  
ZT l i b 8  
ZT 1 1 0 9  
Z f l l l O  
Z t l l l l  
L T l l l Z  
Z l l l  1.u 
z t i i l s  
Z T l l l d  
Z T l l l ?  
Z T l l l O  
Z T 1 1 1 9  
Z l l l Z l  
Z T l l Z L  
2 7 1 1 2 3  
ZT l ,120  
Z 11.1 2 5  
ZT11,2b , 

ZT 1 1 2 8  
Z T l I Z P  
ZT 11.30 
2 1 1  1.31 
Z T 1 1 3 2  
2 1 1'1 3 1  
L t 1 1 3 5  
211.136 
Z T l  1.3.7 
2 1 1 1 3 8  
ZT1 1?9 
Z T 1 1 0 0  
Z T I I G ~ .  
Z l l l u 3  
z t i l e u .  
z t 1 1 4 5  
Z f  1 l U b  
Z T l l l J 7  
Z T l  l U Q  

INSTRUMENT DESCRIPTION 
DEVICE VARlAbLE 

ENCODER - PUSIT 
BNCODER - PUSIT 
ENCODER - P l l S I T  
EIJCODER - P t l S I T  
ENCODER'- PO911 
ENCOnER - P O 8 1 1  
E N C U D ~ R  - POSIT 

.ENCODER - P U S I T  
ENCUOER - P U S I T  
ENCODER - POSIT 
ENCODER - POSIT 
ENCODER - POSIT 
ENCODER - POSIT 
ENCUDER - P u S r t  
ENCUOER - P U S I T  
ENCODER - POSIT 
E blCOOER - P U S I T  

'ENCODER - POSIT 
ENCODER - P U S I T  
ENCODtR - POSIT 
ENCODER - P U S I T  
E+4COOtR - P O I I T  
ENCUOER - P f l 8 J T  
ENCODER - P O 9 1 1  
ENCODER - POSIT 

.ENCODER 0 P O 9 1 1  
ENCODER - POSIT 
eNClJDtR - P l I 8 I T  
ENCODER - POSIT 
ENCODER - POSIT 
ENCUOER - POSIT 
ENCUPER - P U S I T  
ENCODER - P U S I T  
tYCODER - POSIT 
ENCIIOER - P U 9 1 1  
ENctrDER - PUS11 
ENCUOER - ~ 0 9 1 1  
ENCODER c P D S I T  
~ N C ( J O E R  - P U S I T  
ENCllnER - P11SI 1 
PNCUDER - POSIT 

. f-'NCljDtR 0 POSIT 
ENCUOER - Pl!SI 1 
ENCIJPER - P U S I T  
ENCllDER - P O S l T  
tNCI1f)ER - P1!91 T 
EtrCfJDER - POSIT 
tNC(lDER - PU91T 

tot4 
1 ON 
I ON 
1 Oh 
[US 
[ O N .  
[fJN 
I ON 
1 ON 
1 ON 
[ o r ,  
1 IJN 
10N 
t ON 
[ON 
I ON 
ON 

1 UN 
[ClN 
1 ON 
I ON 
I ON 
;ON 
:ON 
,ON 
: 1)N 
:ON 
:ON , 

:ON 
:ON 
;ON 
. O N .  
:Oh 
: OY 
: or1 
ON 

,ON 
O N  
ON 
ON 

.ON A 

.ON 
ON 
ON 
('N 
ON 
I IH 
fILI 

9ERVlCE D E S C R I P T I ~ N  9 V 3  LUC 

CnLLECTOR ANGLE 
COLLECTOR A r u L E  
c o L L t c t o n  ANGLE 
COLLECTOR ANGLE 
C!JLLECTOR ANGLE 
CflLLECTOR. ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLL 
COLLECTOR ANGLL 
COLLECTOR ANGLE 
COLLECTOR ANGLL 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLtCTOR ANGLE 
c o L L C c t o n  ANGLE 
COLLECTOR ANGLE .. . . . . - 
COLLECTOR ANGLE 
COLLECTOR ANOLE 
CflLLCCTDR bNGLE 
COLLCCTOR ANOLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
c u L L e c T o n  ANGLE 
C u L L E c t n R  ANGLE 
COLLECTOR ANGLE 
CnLLECTOR ANGLE 
COLLECTOR ANGLE 
cf.lLL~cTrlR ANOLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
C!ILLECTtIR ANGLE 
COLLECTOR ANGLE 
COLLECTCIR ANGLE 
COLLECTOR ANGLE 
ClILLECTOR ANGLE 
COLLECTOR ANGLE 
CULLECTOD ANGLE 
COLLEClI lR ANGLE 
COLLLClOR ANGLE 
CflLLECTnR bNGLE 
Cf lLLEClf lR ANGLE 
C!lLLECIOR 4,kGCt 
CIILL t c T n a  ANGLE 
C f l L L k C l ( l U  ANGLE 

9C9 
9 c s  
9 c  9 
SCS 
9C 3 
SC S 
9C S 
SCS 
SC9 
SC S 
SC S 
sc S 
SCS 
S t  S 
SC 3 
SCS 
S f  9 

-- 3CS - 
SC 3 
SC S 
8CS 
SCS 
SC S 
SC S 
SC S 
SES 
sc S 
3C 9 
SC 9 
SCS 
SC 3 
SCS 
SC 9 
SCS 
SC 9 
9C9 
9CS 
9C S 
9C 9 
SCS 
9C 9 
9L 9 
s t  9 
9 c 9  
SCS 
s t 3  
s t  9 
scs 

r lOA 
F l U C  
F l O D  
F 1 OE 
f l O f  
f l l A  
F 1 1 8 .  
f l l C  
f l l D  
F 1 l C  
F 1 lf 
f l 2 A  
f 1 2 8  
f l Z C  . 
F l O O  
f l Z E  
f 1 z r .  
F l . fA  - ... -. 
C 1 3 0  
f l 3 C  
F 1 3 0  
F l f E  
F 1 f F  
f l O A  
f l a 0  
F 1 o c  
F 1 UD 
F 1 4 E  
F l G F  
F 15A 
F 13R 
P l 5 C  . 
P13D 
F l S t  
f l S F  
f 1bA 
f lbfJ 
F16C . 
f l b O  
F l b t  
F l b F  
F l 7 A  
F l ? B  
F l 7 C  
f 1 7 0  
F l t E  
F l 7 f  
F 1'6A 



TABLE 3.6- 5 (continued) 

2 1 1 1 6 4  
Z T l l b 5  
Z f l l b b  
Z T l l b 7  
Z T l l b 6  
Z T l l T O  
Z T l l 7 1  
2 1 1 1 7 a  
Z T l  l 7 J  
Z T l 1 7 U  
ZT1 1 7 5  
Z T l l T ?  
Z T l l 7 8  
Z f l l 7 9  
Z T l l b O  
Z T l 1 8 l  
Z T I l b L  
Z T l l e U  
2 1 1 1 8 5  
zr i i e b  
Z T l l 8 7  
2 1 1  1 8 8  
Z T l l 8 9  
111 1 9 1  
Z T l l O t  
2 1 1  1 9 1  
2 1 1  l Q U  
2 1 1  1 9 5  
Z T l l Q I  

, 2 1 1 1 9 8  
Z T l  l o 9  
ZTlZOO 
L T l Z O l  
2 1  1 2 0 2  
2 1  1 2 0 3  
L l l  2 0 s  

T INSTRUMENT D E 8 C R I P T l O N  
DEVICE VARIAHLE 

ENCODER - P O S I T I O N  
ENCOOER 0 P O S I T I O N  . 
ENCODER - P O S I T I O N  
ENCODER - P U S I T I O N  
ENCODER - P O I I T I O N  
LNCOOER - P O S I T I O N  
ENCODER - P O S I T I O h  
ENCODER - P O S I T I O N  
ENCODER - P O S I T I O N  
ENCODER - P O 8 l T I O N  
ENCOOER - P O S I T I O N  
ENCODER - P O S I T I O N  
CNCODER - P o s r t x o a  
ENCODER - P O S I T I O N  
ENCOOER - P O S I T I O N  
ENCODER - P O S I T I O N  
ENCODER - P O I I T I O N  
ENCODER - P O I I T I O N  
ENCODER - P O S I T I O N  
ENCODER - P O S I T I O N  
ENCODER - P U S I T I O N  
ENCODER - P O S I T I O N  
ENCODER - P O S I T I O M  
ENCODER - P O S l T l O l c  
ENCODER - POSITION 
ENCODER - P O S I T I O N  
FNCODER - P O S l t l O N  
ENCODER - P U S I T I O N  
ENCODER - P O S I T I O N  
ENCUDER - P O S I T I O N  
ENCUDCR - P U b I T I O h  
ENCUDCR - P U S X I I O N  
ENCOOER - P O S I T I O N  
F u c o o e R  - POSITION 
ENCODER - P O S I T I O N  
ENCODER - P O S I T I O N  
ENcuoeR - POSITIO~ 
ENCUoER - P U S I T I O ~  
t ~ C 1 ) o t R  - P I J S I T I O N  
E ~ c r l o E R  P l l 9 1 T I O N  
ENCODER - P I J S I T I O k .  
ENCUDtR - PIJSITIO+J 
ENCODER - P U 9 1 1 1 1 1 ~  
ENCODER - P U S I T I O N  
Ef~Ci lOER - PUS1 T l O h  
INCt lDER - P U S I T  I O N  
ErlCiloER - pcla I T IO~J  

I NCf!nER - PUS1 I (IN 

S E R V l C t  UESCRIPTION 9YS 

COLLECTOR ANGLE 
COLLECTOM ANGLC 
COLLECTOR ANGLE ' 

CtJLLECToR ANGLE 
CULLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANOLE . 
COLLECTOR ANGLE 
COLLECTOR ANGLt . . 
COLLCCTOR ANGLE 
COLLECTOR &NULL 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 

.COLLECTOR ANGLE 
COLLECTOR ANGLE 

. COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE. 
COLLECTOR ANOLC 
COLLCCTOR ANGLE 
COLLECTOR ANOLE 
C O L L t C t O R  AMOLE 
COLLECTOR ANGLE 
COLLECTOR ' ANOLE 
COLLECTOR ANOLE 
COLLECTOR ANGLE 

 COLLECTOR ANGLE 
COLLECTOR ANGLt 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COL,LECTflR ANGLE 
ClILLEClf. lR ANGLE 
C n L L E c t o w  ANGLE 
CULLFCTOR A W L €  
COLLCCTOU ANGLE 
CULLECTflR ANGLE , 

C n L L t C l O R  AkGI.E 
COLLECTOR ANGLF 
CflLI.ECTI.IR AkCLE 
CCILLEC lf.lU Ah( iL t  , 

CtlLLEC IOU ANGLC 

SC S 
SC S 
SCS 
SCS 
SC S 
SCS 
8CS 
8C S 
SC 3 
SCS 
SC S 
SC 8 

.SCS 
SC 8 
SCS 
8CS 
8C8 
8CS 
8C S 
8C 8 
SC 8 
SC8 
8C 8 
8CS 
SC S 
SCS 
SCS 
8C 8 
SCS 
8C 8 
SC 3 
9 c s  
SCS 
SC 9 
3C 9 
SCS 
SC9 
SC 5 
9C 3 
SC 9 
9C9 
9 c  9 
SC S 
3C9 
3C 3 
9C 9 
SC 3 
SL 9 

I 1.80 
F l 8 C  : 
r i b 0  
r l 8 E  
? 1 6 F  
F 1 OA 
F l 9 B  . 
P l V C  
l l 9 D  
r l9i: 
1 1 9 1  
t 1 O A  
raoa 
raoc 
r 2 0 0  
PZOE 
r 2 0 f  
l Z l A  
r z l 8  . 
F 2 l C  
t i l o  
I 2 l E :  
P Z l f .  
r ZZA 
?ZZB 
FZZC 
r 2 1 D  . 
r 2 2 t  
? 2 2 F  
.FZSA 
F 1 3 R  . 
r z ~ c  
F Z J D  
FZ3E 
F 2 3 f  .' 
F.21A 
F Z l B  
F24C . . 
FZ4 l )  
F 2'UE . . 
FZOF I 

F 2 5 4  , 

C ? a @  
f Z S C  , 

F ES 1) 
F?5E 
r Z S F  
FZbA 



INSTRUMEh 
NUMBER 

TABLE, 3.G 5 (continued) 

T INSTRUMENT D E S C R I P T I O N  SERVICC D E ~ C R I P T I O N  
n t v t c L  VARIABLE 

ENCODER - PU9111UN 
ENCClnER .- P O S I T  lf!N 
ENCUnER - P U S I T I O N  
ENCODER - P O 9 I T I O N  
ENCODER - P O a I T f O N  
ENCODER-PU,SITION 
ENCOOLR-POSITION 
ENCODER-POSITION . 
ENCODCR-POSITION, 
ENCODER-POSITION 
ENCODtR-POSIT ION 
LNCUDER-POSITION 
ENCODER-POSITION 
~NCUDER-PO~ITION 
C ~ C 0 0 L R - P O S I T I 0 N  
ENCODER-POSITlON 
ENCODLR-PO8ITION 

' SENSOR - TEBPERATURE 
SENSIIR - TEMPERATURE 

SENSOR - T C ~ P E R A T U R E  
SENSOR - TEMPERATURE 

3ENSOr( - 
SENSOR - 
SEN90R - 
SENSOR - 
SENSOR - 
SENSOR - 
SENSOR - 
SENSOR - 

. SENSOR - 
SENSOR. - 
SENSOR - 
9ENSOR - 
9CN9I.lR - 

. SFN3OR - 
9 E h 9 0 R  - 
SENSOR - 
SCNSnR - 
9ENSnR - 
9EW90W - 
SE113r)R - 
SEN90R - 
SENSOR - 
SENSIJR - 

TEMPERATURE ' 
TEMPERATURE 
TEMPERLTURC 
TEMPERATURE 
TEMPERATURE 
T e r P t R A T u a t  
TtMPERATURE 
TEMPERATURE 
TEMPERATURE 
TEMPERATURE 
TEMPERATURE 
TEMPERATURE 
TE MPERATUfiE 
TL9PE RATbRL 
TFMPC RATURE 
TLMPt RATURE 
T C M P ~ R A T U R E  . 
T t P P E R A T U R t  
T E ~ p e a A T u n t  
T € ~ P t R A T U R C  
~ E H P C R A  T l l Q t  
T Z M P ~ . R A T U ~ ~  
TEPPF R A  r u u E  

CnLLECTOH ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE. 

' COLLECTOR ANGLE . 
COLLECTOR ANGLE 
caLLtclon ANGLE 
COLLECTIIR ANGLE 
COLLECTOR ANGLE 

- 
COLLECTOR ANGLE 
COLLECTOR ANOLC. 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE - . 

- COLLECTOR ANGLE 
COLLECTOR ANGLE 
COLLECTOR ANGLE 
9 T R I N G  OUTLET TEMP ' .  
OTRING OUTLET TEMP 
STRING OUTLET TEMP 
8 T R I N G  OUTLET TEMP 
STRING OUTLET TEMP . 
~ T R I N G  OUTLET T e n P  
STRING OUTLET TEMP 
8TR1N6 OUTLET TEMP 
STRING O U T L E r  TEMP . 
STRING O U T L E l  TEMP 
STRING OUTLET TEMP 
S I R I N G  OUTLET TEMP 
STRING OUTLET TEMP 
8 T R I N G  OUTLET TEHP 
9TR1FIG OUTLFT -TEMP 
STRING OUTLFT TEMP 
STRING OUTLET TEMP 
STRING OUTLET TEMP 
STRING OUTLET l E h P  

. STRING ~ I ~ T L E T  TewP 
, STRING ~IUTLC.T TEMP. 

9 T R I N G  U U f L F T  TEMP 
. S T R I Y G  n U T L F 1 '  TEMP 

STRING (IUTLEI .TEMP 
9 t w I r 1 G  C l u T L t l  TEMP 

, STRING Dl lTLET.  .tC MP 
S T R I L G  OUTLET TEMP 
9 T R I N C  f . I U I L t 1  TEMP 

I  RING O U t L F I  l t * F  . 
. .STRIFIG C l l l l L E l  1EMP 

STNltdG f lUTLE I I E H P  

9CS 
a t 9  
SC 3 
SC S 
SC 9 
SCS . 
9c 3 
SC S 
SC 3 
SC9 
sc S 
SC S 
SCS 
SC S 
SCS 
SCS 
SC S 
8 C 8  
SCS 
8C S 
SCS 
sc a 
3CS 
9C S 
SC S 
3C S 
SC S 
8 C 9  
SC 3 
SC S 
acs'  
SC9 
SCS 
9CS 
SC S 
SCS 
SCS 
acs 
9 c 9  
SC 9 
sca 
9C S 
9C 9 
sc a 
SC9 
SCS . 

. S C 9 .  
9 c s  

F Z b e  
F.2 bC 
f ZbO 
f 2 b E  
f 2 b F  
I Z 7 A  
F Z 7 0  
F Z 7 C  
F Z 7 O  
I Z 7 E .  
I Z 7 F  
I Z O A  
F 2 0 0  
FZOC 
r ZOO 
I Z O E  

.-.?2OF 
F 1C 
I ZC 
f 1C 
r ac 
P 4C 
F bC 
f 7 c  
P 8C 
I OC 
F l O C  
I 1  l C  
r i a c  
F l 3 C  
F 1 4  
f 1 5 c  
F.1 b C  
f l 7 C  
F l e t  
f 19C 
PZUC 
r 2 1 c  
F ZZC 
F 23C 
FZUC 
F ZSC 
F 2bC 
f 27C 

'FZPC 
F f E  
C ZE. 
6 JF 



TABLE 3.6- 5 (Continued) 

INITRUMEN 
r u w e e u  

TE 1 2 5 6  
~ ~ 1 2 3 7  
TE12'18' 
TE 1 2 9 0  
TE 1 2 6 0  
TE1261  
TE 1 2 6 2  
T t l Z b J  
1 0 1 2 6 4  
t f  1 ZbS 
T E l 2 6 b  
TE'12b7 
TE 1 2 6 8  
7 t  1 2 6 9  
l e t  270  
T C l 2 7 l  
T t l Z 7 Z  
TE127J 
I t 1 2 7 4  
t E  1 2 7 5  
1 E l 2 7 b  
TE 1 2 7 7  
T E t 2 7 8  
t E  1 2 7 9  
l E l 2 I O  
T E i a s i  
TE 1 2 8 2  
TE 1 2 8 3  
T E l  2 8 4  
T t 1 2 8 5  
T E l t 8 b  
T E l 2 8 7  
TE 1 2 0 s  
TE 1 2 8 9  
f E f Z 9 l  
TE 1 2 9 2  
TC 1 2 9 3  
TE 12Q4, 
TE 1 2 9 5  
T E l E P b  
TE 1 2 9 7  
TE 1 2 9 8  

"TE 1 2 9 9  
T e i i o o  
T E l 3 6 1  
t E 1 3 0 2  
T E f J n J  
~ € 1  i n o  

IT r .  ~YSTRUMEYT OESCRI PT ION 
OEVICE v m r r e t t  

SENSOR - TEMPERATtlRE 
SENSOR - TEMPERI'IURE 
SENSOR TEhPERATURO 
SENSOR - TPMPCRAtuRt 
SENSOR - TLMPCRATURE 
SENSOR - TEMPERATURE . 
SENSOR - TEMPERATURE 
SENSOR - TEMPERATURE 
SENIOR - TEMPERATURL 
SENSOR - TEMPERATURE 
SENSOR - TtMPLRAtURE. 

' SENSOR - TEMPERATURE 
SENSOR - tl!MPLRATURE 

:r 

STRING bUTLET 
8 T R I N 6  OUTLET 
STRING OUTLET 
8TRING DUTLE I  
STRING OUTLET 
STRING OUTLET 
8TR1N0 OUTLEI  
STRING OUTLEI  
8TRING OUTLET. 
8TRlNO OUTLET 
8TRINO OUTLET 
STRING OUTLET 
8TR lNG OUTLET 

t L n P  
i t n p  
I CUP 
IEMP 
r t  HP 
TEMP 
'TEMP 
TEMP 
TEMP 
TEMP 
t E n P  
TC n P  
t f  wP 

SENSOR - ~ ~ ~ P ~ R A T U R ~  ~ T R ~ N G  OUTLET TEBP 
8EN8OR - TENPERATURC 8TRlNO OUTLET TEMP 
SLNSOR TCMPLRATURE 
SENSOR - TE*PERATURL 
SENSOR 0 TEMPCRATURE 
SENSOR - TEHPtRbtURE 
SENSOR - TEMPERATURE 
SENSOR = TEMPERATURE 
8EN8OR 0 TEMPERATURE 
SENSOR = TEMPERATURE 

1 ~ 6 1 ~ 0  OUTLET T ~ M P  
STRING OUTLET T r n P  
~TRINO OUTLET t t n p  
~TRINO OUTLET 
8TRINO OUTLET ?EMP 
8TRINO OUTLET TEMP 
~TRINO OUTLET TEMP 
~ T R ~ N Q  n u t L t T  TEMP 

$ € N ~ o N .  - T ~ M P I R A T U R ~  ~TRING O U T L ~ T  T ~ M P  
SENSOR - TEMPERATURE 8TRtNC OUTLET TEMP 
$ENOOR = ' T ~ M P L R A T U R ~  
SENSOR - TEMPERATURE 
S E N ~ O ~  = TE~PLR*TURE 
SENSOR - TEMPERATURE 
SENSOR - T tnPERAtuRe  
SENSOR - T t M P e R A t u w  
SENSOR TE*PERATURE 

TEMPERATURE . 
' SENSOR 

SENSOR TFMPERATURE 
SENSnR TEMPERATURE 
SENSOR fFMPeRATURE 
SENSOR TEMPERATURE 
SENSOR tEMP€RA TURt 
SENS0R TCMPCRA 1 U R t  
SENSOR TEnPERATURt ' 

. ' SCN90R TFMPtRATUR€ 
SENSOR TEMPLRATURt 
SENSOR TEHPERATURE 
SENSllR Tf MPf.RbTC)RE 
SEN9l)R TEMPERATUR~ . ' 

QENS(IY TFMPERA TIIRE 
SENSOR t E w p E a r r u a t  

8 ~ R i ~ 6  0 ~ ~ 1 ~ 1  TEMP 
STRING OUTLET PCMP 
~ T R I N C  OUTLET t t np  . 
8 t R t ~ G  OUTLET t e m p  
STRING OUTLET TEMP 
STRING OUTLE l  TEMP 
STRING OUTLET TEMP 
STRING 0 ~ 1 ~ ~ 1  TEMP 

A STRING OUTLEI TEMP- 
8TRlNO CIUTLLI TEMP 
STRING OUTLET T t n P  
8TRlNO OUTLET TtMP 
STRING OU~LLI tcnp 
STWINC O U T L t l  IEHP 
STRING OUTLE T IEMP 
STA IN0  OUTLET TEMP 
STRING OUTLLT I E k p  
STRING o u T L e 1  TCMP 
STRTNG ~ l l l L E 1  TEMP 
STRING (JUTLC f ICMP 
91R114G I I I J ~ L ~ I  T?nP 
S rR ING n l l l L E 1  7 fMP  
STW1N6 f l l J T l t  1 T t  MP 

SCS 
SC S 
8C S 
SCS 
SCS 
SC8 
SC 3 
SCS 
SC8 
SCS 
SC S 
SC 3 
SC S 
SC 8 
8C 3 
SC8 . 
8C8  
8C S 
8C3  
I C  S 
SC 3 
8CS 
SC 3 
SC 9 
SC 8 
SC8 
SCS 
SCS 
8CS 
S t 3  
SCS 
SCS 
SCS 
.SL.... . 
S t  S 
SCS 
SC9 
SCS 
3C 9 
SC 9 
SC S 
SCS 
S t  S 
SC 9 
SC 3 
SC 9 
sc s 
9 L  9 

1. OC 

_ I' 

F 4E 
.I 9r. 
P b t  
F ' 7 E  
? 8E 
F QC: 
. ? l o t  
F l l E  
r i z c  
? i s €  
f 1 4E 
f 1st 
f 1 b E  
f l 7 E  
F  t.8E 
f l 9 E  
. ? t o t  ' 

F Z l E  
F22E  
t 2 3 C  
f Z Q t  
? 2SE 
FZbE  
F 2 7 E  
f Z8E 
f I F  
. f  2F 
. F  3F 
F 4 f  
f SF 
f b F  
F 7 p  
C OF 
? --9F 
1 1 0 1  
F l l F  
F l Z F  
F l J F  
F I U F  
F l S C  
F l b F  
F 1 7 F  
F l 8 F  
F l V F  
r Z o F  
F 2 1 F 

. F.?2f 
FZJF 



TABLE 3.6-5 (Continued) 

a w l r c n  - FLU- 
S W I I C M  - FLOW 
s w x t c n  - FLOW 
s w r t c n  - rLo* 
S * I t C H  - FLOW 
SwITCM - FLOW 
SWITCH - CLUw 
S w l t C n  - I L O *  
8WlTCM - F L U *  
S w r t c n  - PLOW 
S # I T C M  - FLOW ' 
S h I T C M  - I L O *  
SNITCH - r L O r  
S r I T c n  - FLOW 
S * l T C M  - ?LO* 
s w r t c n  - FLOW 
S N I T C M  - FLOW 
S w I t c n  - r L u w  
S ~ I T C W  - PLOW 
S W I T C H  - FLOW 
SWITCM - FLOW 
s w l t c n  - r L o w  
S w I t c n  - r L u w  
S * I T C H  - F L U *  
S w t t c n  - ?LON 
9 w l T C M  - FLOW 
S w I t C n  - FLOW 
s r r t c n  - FLOW 
9 w I T C H  - FLOW 
s v l r c n  - FLOW 
~ w t r c n  - FLOW 
9 w I T C M  - FLOW 
S~IICH - r w w  
9 u I T C U  - FLOW 
SWITCM - FLOW 
s * I T c n  - F L n w  
S N I T C H  - FLUW 
S v I T C H  - f LUw 
S w r T c u  - F l u *  
S U I T C H  - FLO*  
s u x t c n  - FLII*  
S d l T C H  - FL lJn  

J I I ( 1 W l r  ?LU- 
STRING FLO*  
8 T R I N O  FLOW 
8 T R I N Q  FLOW 
STRING ?LOW 
8TRZNG FLOW 
8 1 R I N 8  ?LOW 
STRING ?LO* 
8 T R I N G  ?LOW 
8 1 R I N G  ?LO* . .- 
S T R I N B  PLOW 
~TRINO F L u r  
STRING ?LOW 
8 T R I N 6  FLOW 
8 T R I N O  ?LO* 
8 T R I N G  FLOW 
8 T R I N O  F L O *  
8 T R J h O  ?LO* 
STRINO t L O M  
S T R I N O  I L O *  
S T R I N G  ? L o n  
8 T R I N G  CLON 
~ T R I N G  r L o w  
S T R t N 6  FLOW 
STWlNO FLOW 
S T R I N G  FLOW 
STRING r L n w  
STRING r L n n  
STRING FLOW 
STRINO FLOW 
STRING FLOW 
S T R I N G  FLOW 
S T R I l r G  FLII* 
9 T R l N G  FLOW 
STRING FLOW 
S T R I r G  F L O W  
STRING FLOW 
STRING FLOW 
3 1 R l ~ G  FLO*  
S T R ~ I U G  FLCI* 
Q I R T ~ G  r L n w  
~ T R I ~ U G  FLOW 

. , JbJ ? 
8CS I 

S C S  f 
8CS f 
8 C 8  I 
8CS I 
SC8 I 
SCS I 
8CS , F  
SCS ? 
SCS F  

,. SCS I 
8CS I 
S C S '  I 
SCS r 
8 C 8  , I 
8CS F  
SCS ? 
SCS I 
SCS F  
SC3 f 
8CS F  
SCS P 
8CS F  
SCS F  

. . .SC9 F  
SCS . F  
S t 9  . F  
8CS F  
9 c s  I 
9CS P 
9CS f 
9 C 9  ' F 
SC9 F  
s c3 -  F  
SCS F  
s c 9  F  
9 C 3  F  
9 C 9  F 
9C9 F 

. . 
9 c ; s  F  

9 C 9  ;f- 



TABLE 3.6- 5 (con t.inued) 

INSTRUMENT 
NIJMBER 

: 1 ~ 1 3 s ~  
F 3 1 3 S 4  

, f 3 1 3 5 5  
F 3 1 3 9 6  
F 3 1 3 5 7  . 
c s 1 3 s e  
I S 1  3 5 0  
f 3 1 3 b O  
I 3 1 3 6 t  
F 3 1 3 b 2  
F ' S l  f b 3 '  
F S l l b Y  
I S 1  3 6 5  
I S 1 3 6 8  
F 3 1 3 b 7  
I a l S b l  
P S l 3 b 9  . 
P S I  S T 0  
F 9 1 3 7 1  
I S t 3 7 2  
F 3 1 3 7 3  
F 3 1 3 7 4  
I 3 1  3 7 9  
P 3 l J 7 b  
P S I 3 7 7  
F s l s T e  
F S 1  3 7 9  
I S 1  3 8 0  
1 3 1 3 8 1  
y s t  ~ e z  
F S l S 6 3  
F 3 1 3 6 4  , 
I S 1  3 8 5  
. F S l f B b  
F 3 1 3 8 . 1  
F S I  3 8 6  
F 3 1 3 8 9 ,  

,FS1390  
F 3 1 3 9 l  
F S l 3 Q L  

. y 3 1 5 9 3  
TElUOO 
T E l U O l .  
T E 1 4 n Z  
T E 1 4 0 1  
T E l u n r  
TE t lens 
Te I r n b  

INSIRUMENT O C S C R I P l I O N  
D E V I C E  V A R I ' A B L t  

s w x t c n  - FLOW 
S d t l C n  - FLOW 
SWITCH - FLOW, 
SWITCH - r L u w  ' 

' S u I T C n  - FLOW . 
. S w l l C n  - F L t l w  
S w I T C n  I L O *  
s w r t c n  - FLOW . 
a w r t c n  - FLOW 
swtrcw - rLur 
SUITCW . -  r L o w  
SWITCH - ? L o w  
SWITCH - FLOW'  . 
S w r t c H  - FLOW 
S ~ I T C H  - rLuu 
3w11CH - ?LOU 
~ w x i c n - r ~ o w  
SWITCH-FLU* 
a r t  rcn-?LOM 
Sw11CH-FLOW 
8UITCH-FLOU 
S * l  r C H - F l o w  
8wITCH-FLOw 
SWI TCM-ILOM 
3*11CH- ILOw 
S* I Ten-f LO* 
S w l T c H - F L U *  
S w l  T C n - F L I P  
SUITCM-FLUN 
S w l  TCM-FLOW 
SwITCW-PLOW 
s * x r c n - r L u w  . . 
S w l  TCH-FLOM 
S ~ I  lcn-FLOW 
SwITCn-FLOM . . 
SWI ICH-FLOW 
S w t  TCn-FLOW 

I 

~ w l t c n - r ~ u r  
S w l l c n - F L O W  
S~ITCM-FLOW 
SW 1 TCn-f LO* 
SENSOR-l tWPER4TURt 
SENSOR-IEMPERCTURE' 
SENSOW-TCnPERATURL 
3FNSIIP- ICnPERbTURE . . 
SENSIJR-TFMP~RA~URE 
S E r S ~ l R - I E H P E R A ~ U R E  
SENSOR-TFMPERATURL 

S I R  
STR 
S I R  
I T R  
STR 
STR 
a 1 R  
8TR 
I T R  
8 1 R  
8TR 
8 1 R  
aTR 
8 1 R  
8TR 
8TR 
8TR 
8TR 
S7R 
8 T R  
STR 
STR 
8 t R  
STR 
STR 
8TR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
3 1 R  
3TR 
3TR 
3TR 
3TW 
3TR 
STR 
STR 
S1H 
fiTW 

tG. . 
NG I b O *  
NG FLOW 
NO FLON 
NG FLOW 
NG ?LON 
N 6  ?LO* 
NG I L O *  
N 6  FLOW 
NO ?LOW 
NO FLOW 
NU ?LO# 
N 6  ?LOW 
NO I L O n  
NC F L O h  
NG FLOW 
we ?LON 
N@ ?LOU 
NO F L U *  
NO F L O *  
NO I L O *  
NG FLOW 
NO ?LOk 
N9  FLOW 
NG FLOW 
NG ?Low 
NO FLOW 
NG r L o w  
NO FLOW 
NO ?LO* 
NO FLOW 
NO I L O *  
NG PLO* 
NO FLOW 
NG PLOW 
NG FLOW 
NG I L o r  
NG FLOW 
NG CLO* 
NG F L n u  
NG FLOW 
NG f L O *  
NG PROF I L F  
NG P R O F I L C  
rrG PRnF I L L  
NO PRI I f  I L E  
NG PRLlFILC. 
NG PRrlF ILE 
rte PWIIF ILL 

3 C 3  
SC S 
SCS 
SC 3 
SC S 
SC 3 
SC9 
SCS . 
SCS 
SCS 
ac S 
acs 
SCS 
a c S  * 
SC8 
SC S 
SC S 
SC S 
3 C S .  
SCS 
acs. 
3CS 
SC S 
SC8 
SCS 
acs 
SC S 
SCS 
SC 3 
SC S 
SC 9 
8C 3 
SC S 
SC 3 
SCS 
SC 3 
SC3 ' 
SCS 
SCS 
SC 3 
3C S 
3C S 
8C 3 
3C9' 
s t 9  ' 
JCS - 
J C 3  
SC 3 

LOC 

'. y 

.F 
I 
f 
F: 

, F 
I 

,. F 
'I 
I 
I 
t 
I 
I 
I 
I 
? 
I 

. 
I 
:I 
I 
f 
I 
I 
I 
F 
I 
F 
f 
I 
F 
I 
P 
I 
t 
P 
F 
F 
F 
F 
F 
I 2 A  
f LR 
F ZC 
F 1 u r  
F 1 4 A  
r 1 u c  
F 2 7 A  



TABLE 3.6-5 (Continued) 

INSTRUMENT INSTRUMENT O E S C R I P T I O N  SERVICE D E S C R ~ P ~ I O N  
NUMHER D E V I C E  V A R I A B L L  .; 

f E t u o 7  
TE 1 4 0 8  
f T l U l U  
f t l a l l  
F 11 4.1 2 
N V l 5 0 l  
NV 1 5 0 5  
N V 1 9 n b  
N V I S O 7  
NV 1 SO8 
P I t 7 0 0  
P I  1 7 0 1  
P I 1 7 0 2  
P t  1 7 0 3  
F I l 7 O O  
T I 1 7 0 5  
T S 1 1 0 b  
l C 1 7 0 7  

T C V l 1 0 7 R  
TCV1707A 

3 1 7 0 8  
FC t T O O  

F C V l 7 0 9  
F S L l 7 O V  

T I l t l l  
F C l t l Z  

. F C V l t l Z  
P I 1 7 1 3  
P e t 7 1  4 
P I 1 7 1 9  
P I l 7 1 b  
P I 1 1 1 7  

P C V 1 7 1 8  
P S L 1 7 1 9  

P I 1 7 2 0  
P S H 1 7 2 1  
P C V l 7 Z Z  

P I 1 7 2 3  
B A l t Z 4  
~ ~ 1 7 2 4  
RE 1 7 2 4  

TSM1729  
L G l  7 Z b  

L A H L l  l 2 7  
L 3 1 7 ? 8  

COUNT 

SENSOR-TEMPERATURE 
SENSOR-TEWCeRATURE 

: TRAN8MITTl!R-FLO# 
TSAMSMITTER-FLO* 
TRANSMITTER-FLOh . 
~ N - U F ~  V A L V E  
U N - U f f  VALVE 
ON-OFF VALVE 
'ON-Uf f VALVE 
ON-UFF VALVE 
INOICATOR - PRESSURE 
INOICATOR - PRESSURE 
INOXCATOR 0 PRLQBURC 1 
T R I N S M I t t E R  - PRCS8URL 
INOICATOR 0 I L O k  
INDICATOR - .  TEMP . 
S u : t c n  - TEMP 
CONTROLLER - TEMP 
CUNlROL VALVE - TCNP 
CONTROL VALVE - 1EMP' 
SwITCM - TEMP 
CONTROLLER - rLuu 
CONTROL VALVE - F L O h  
S N I T C H  - LO* - I L O *  
I N D I C A T O R  - TEMP 
CONIROLLER - n o w  
CONTROL VALVE - FLOW 
INDICATOR - P a t S s u n t  . '  

" ' S W I T C H  PRESSURE , .  

I N D I C A T O R  - PRESSURE 
I N D I C A T O R  - PRESSURE 
INOXCATOR - PRCSSURE 
CONTROI. VALVE-PRESSURE. 
SWITCH-LOW-PRtSSURE 
I N O I C A T O R  0 PRESSURE 
SMITCH-HIGH-PRESSURE 
CONTROL VALVE-PRESSURE 
INO[CATOR - PRESSURE 
ALARM - BURN 
CONTROLLER - RURN , .  

ELEMENT - BURN 
' S w f t c n  - H I G H  - TEMP 

GAUGE - L E V E L  ' 

V L A R M  - H I G H  - L E V E L  
S * I l C H  - LEVEL 

029 

BTRXNG PWDPILE 
STRING P R O F I L E  
~ T R I N G  FL~IW-F ICLOI 
STRING FLOW-FIELD 1 
STRING ?LO*-? 1 L L D l  
I N L E T  O I L - F I E L D 1  
E X I T  O I L - P I E L O 3  
E x r t  OIL-AUX HIR 
E X I T  OIL -AUX HTR 
INLET OIL-AUX MTR 
I N L E T  O I L - 4 U X  HTR PUMP 
E X I T  O I L - I U X  HTR PUMP 
CU FOR AUX HTR PUMP 
C* FOR AUX HTR PUMP 
AUX HTR PUMP BYPASS 
AUX HTR PUMP BYPASS 
AUX HTR 
e x i t  OIL-lux HTR 
NATURAL are-FUEL LINE 
INLET r u e L  OIL 
e x 1 7  OIL-AUX 
E X I T  OIL-AUX HTR 
RECIRC LINE-AUX ntn 
E X I T  OIL -AUX HTR 
E X I T  O I L - I U X  MTR 
AIR-FORCED DRAFT F A N  
AIR-FORCED DRAFT F A N  
c o w  AIR INLET-AUX HTR 
COMP I I R  INLET-AUX M l R  
I N L E I  FUEL U 1 L  
I N L E T  FUEL 011 
INLET FUEL OIL 
NATURAL GAS-FULL L I N E  
NATURAL GA8-f l l E L  L I N E  
NATURAL GAS- fUEL L I M E  
NATURAL GAS-FUEL L I N E  
NATURAL 0 1 9  I N L E T  
NATURAL GAS I N L F T  
A I J ~  n t R  U N I T  
AUX n t R  UNIT 
AUX H T 4  U N I T  
FXHAUST-AUX w T R  
CXPANS1flN T ~ N N  
EXPANSIOfd l A N U  
EXPANSION TANR 

scs r ~ 7 e  
SCR f 2 7 C  
9CS F 2 
scs 
8CS r r 7  
RCS F 
SCS r 
3 C 8  I '  
SC8 I 
SCS f 
SCS L 
SCS L 
BCB ' L  
SCS L .  
SCS L 
SCS L 
8CS L - 
SCS L 
SCS L .  
8CS L 
SCS L 
SCS L 
BCS L 
QCS L 
SCS L 
SCS L 
SCS L 
SCS L 
SCS L 
SCS L 
SCS L 
SCS L 
9CS L 
SCS L 
SCS L 
SCS L 
SCS L *  
9CS L , . 
SCS L 
SCS L 
SCS L ' 

3CS L 
SC9 L 
SC9 L 
SCS - L  

BY VENOOR 
8V VENDOR 
BY VEhOOR 
e y  VENDUR 
BY VENDOR 
RY VENDOR 
BY VENOOR 
BV VENOOR 
BY VCNOOR 
BY VENDUR 
RY VLNOOR 
0Y VENDOR 
BY VENDUR ' 

BY VENDOR 
R Y  v e n o o a  
BY VeNDOR 
RY VENOOR 
BY VENDOR 
BY VENDOR 
ev VENDUR 
RY VCNOUW 
BY VENDOR 
BY VENDOR 
RY VENDI.IR 
BY VENl)OR 
RV VENDOR 
@ Y  VtNnOR 
BY VENDllR 
RY VENOOR 
R Y  VLNOIIR 
B V  VENDIJR 
8 1  VENOUR 
B Y  VENDIJR 
BY VENDllW 
R V  VENnIIR 



I N S T  W H E N  
NUMBER 

TEZlOO 
T E Z l O l  
t c Z i o Z  
T E 2 1 0 3  
7 9 2 1 0 4  
TEZIOS 
T t Z l O b  
T E 2 1 0 7  
L I Z 1 1 9  

" L T Z l I S  
L A H L Z I  19 

ZSM2170 
Z J L 2 1 7 0 .  
29MZ172 
Z S L Z 1 7 2  
z s n ~ . i v a  
Z S L Z 1 7 4  
Z S M Z l T b  
Z 9 L Z l 7 b  

P A H L Z l 9 0  
7EZZOO 
T E 2 2 0 1  
t E 2 2 0 2  
T E Z L 0 3  
t E Z Z o a  
TEZZO9 
TEE2Ob 
T e Z Z 0 7  
L I Z 2 1 5  
L I Z 2 1 5  

L i n ~ Z t l S  
Z8MZZ70 

" Z S L Z Z 7 0 .  
z s n n t z  

' ZSLZE72 
ZSHZZ7Q 
ZSLZLTU 
z s n a a r b  
Z S L Z Z 7 b  
z s n 2 2 7 8  

. Z 9 L Z Z 7 8  
z s n z 2 8 n  
Z S L Z Z ~ O  

P A ~ L Z ~ O  
TEZJOO 
TEZSOI 
T E Z l O Z  
t E 2 3 0 S  

TABLE 3.6-6 

THERMAL STORAGE SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

2. 
I INSlRUMENT DESCRIPTION 

DEVICE VARIABLE 

SENSOR-TEMPERATURE 
TEMPERAIUPE SENSOR 
TEMPERATURE SENSOR 
T ~ M P E R A T U R C  SENSOR 
TEMPEMATURL SENSOR 
TEMPERATURL SENSOR 

1 ICATOR-LEVEL 
~ N S M I T T E R - L L ~ E L  
IRH-LEVEL t+xon/Lnw 
TCM-OPEN VALVE PUS . 
TCw-CLOSE VALVE PO8 
TCH-OPEN VALVE PUS 
TCH-CLOSE VALVE PO8 
TCM-UPEN VALVE PO8 
1CM-CLo lL  VALVE POS 
lCM-OPEN VALVE PUS 
TCM-CLOSE VALVE POS 

iRM-PRES-HIGH/LOM 
~ S n R - T E n p E @ r t u p E  

TCMPERATURL SENSOR 
TEnPERATURt SENSOR 
TEMPERATURE SENSOR 
TEMPERATURE SENSOR 
TEMPERATURE SENSOR . 

' TEMPERATURE SENSOR 
TEMPERATURE SENSOR 
INDICATOR-LEVEL 

 TRANSMITTER-LEVEL 
ALARM-LEVEL MIGn/LOM 
SWITCH-UPEN v r L v t  P U S .  

--Sw.ITCBlC.L"S€- VALVE PO8 
SHITCn-[)PEN VALVE PUS 
SWITCH-CLOSE VALVE P o 3  
SUITCM-OPEN v r L v E  pas 
SJITCM-CLOSE VALVE PI18 
BWITCH-UPEN VALVE PO3 
SBI I~CU-CLOSE VALVE PUS 
Swl lCM-UPEN VALVE P l l s  
SBI I rcu-CLOSE VALYE POS 
SBII~CM-I !PEM VALVE PO3 
S ~ ~ I ~ C ~ - C L O S E  v r L v e  PIIS 
ALARM-PRES-HlGH/LUu 
SENSIIR-TEMPERA rUR€ 
TEMPtMAl l IRE ' SFN3UR 
TEMPERATURt SL"J3llY 
TEMPFMbTURC StNSl lH  

INLET O t L - n t T  
TEMP OF TANK T I 
TEMP OF T.ANI( T 1 
TEMP O? TANK 1 
TEMP OF r r N r  t I 

. '.TEMP 01 TANK T 1 
TEMP OF TANK T 1 . 
TEMP 01 TANK T 1 
LIQUID LEVEL n t r  
rrouto LEVEL t r N n  i 

. L I Q U I D  LEVEL ' M l t  
I N L ~ T  OIL ICS-MTT 
INLET OIL ~ 8 ~ 8 - H T T  
e x 1 7  OIL MTT-PCS 
E X I T  O I L  MTT-PES 
N I l R O G E N  COVER .GAS 

-NITROGbN COVER 0 4 8  
r o v - n t t  . . 
BDV-MTT 
nr T 
I N L E T  O I L - I t 1  
TCHP OF TANK 2 
TEMP O f  TANK Z 
TEMP 01 TAN# 2 
VEMP OF TANK 2 
TtMP OF TANK i? 
TEMP O f  TANK 2 

* .  TEMP O f  TANK Z 
L I Q U I D  LEVEL I T T  
L I Q U I D  LEVEL TANK 2 
L I ~ U I O  LEVEL JTT 
E X I ~  ~ I L  ITT-PCS 
E X I T  O I L  .!IT-PCS 
I N L E T  O I L  SCS-117 

. I N L E T ,  O I L  SCS-ITT 
I N L E T  O I L  P C S - I l l  
x rLET:  OIL PCS-I 1 7  . 
NITROGEN COVER GbS 
PI1 JRUGEN CUVEW GAS 
e o v r l t l  
a o v - I T 1  

. tilt O I L  171-SCS 
E X I T  111 O I L  I l l - S C 9  

I N L E T  UIL 'LT1 
r C r P  OF ~ A N M  1 3 
1EhP OF TANk 1 3 
IEMP OF l4 lJK 1 3 

SYS LOC 

T a b  F 
TSS F 
TSS I 
8 ' F 
TSS I 
TSS F 

.TSS C 

1 8 5  I , * 

TSS , r . - 
1 9 9  I 
TSS r: < 

TS9 .F 
1 3 9  F 
139 , F , . -  
1 5 s  . f 
1 3 9  ' F . 



TABLE 3.6- 6 (Continued) 

INSTRUMENT 
NUMMCR 

INSTRUMENT DESCRIPTION SERVICE OESCRIPTION 
OEVICC V A R l A U L t  

TEMPERATURE SENSOR 
TEMPE R I  TIIRE SENSOR 
TE~PGRATURE 3LNSOR 
1LMPFRAl.URE SENSOR 
TRANSMITTER-PREBSURL 
TRANSnlTTER-PRt88URE 
INOICATUR-LEVEL . 
TRANSMI1TER-LEVEL 
ALARM-LEVEL HIGMILOw 
arr~cn-OPEN V A L V E  POS 
SwlTCn-cLO8C VALVE P O I  
SWITCH-UPEN VALVE PO5 
~ w ~ ~ c n - c ~ u s t  VALVE POS 
SulTCn-UPEN VALVE PUS 
SWITCM-CLOSE v r L v L  POI 
SU! TCH-UPEN- VAL,VE PUS . 
SwITCM-CLOSt VALVE P0S 
SwITcn-OPEN v A L v e  PUS 
SWITCH-CLOSE v l L v e  POS 
ALARM-PRES-HIQW/LUW 
TEMPERATURE SENSOR 
TEMPLRAlURL SENlOR 
TEMPERATURE SENSOR 
TRANSI~ITTEA-PRESSURE 
1RANSUlTTER-PRESSURE 
SENSOR-TEMPERATURE 
SENSOR-FLOW 
TRANSMITTER-FLOW 
J w I T C ~ - O P E N  VALVE PUS 
SWITCH-CLO~E VALVE POS 
SWITCH-OPEN V A L V E  p u s  
SnlTCn-CLOSE VALVE POS 
TEMPERATURE 9EN30R 
TEMPERATURE SENSOR 
TEVPERATURE SEN90W 
T R A ~ S M I T T E R - P R E ~ ~ U R L  
TRAN9Vl lTER-PReSSURt 
SEN9I l4-TEMPERAlURt 
SENSOR-FLlM 
THANSMIT tER-CL l l?  
T A A ~ S H I T T E R - P Q t 9 S U R E  
TRANSrITTER-PRESSURE 
SWITCH-OPEN VALVE PUS 
9mIICH-CLOSE V4LVE PllY 
S n I  ICM-l1FE.N VALVE PtJ9 
9 ~ 1  l t n - C L O S C  VdLVE PO9 
l w A u 9 n l T T t R - P R C S 3 u R E  
TwArdswI r T E R - P n E s s u r t  

9 6 

TEMP OF TANK 1 3 
TEMP OF T A W  T 3 
TEMP OF TANU 1 3 
TEMP OF TANK 7 3 
C l N C  PRESSURE FRUM N I T  
N I  IROGCN SVSIEM PRLSSIJ 
L I Q U l D  LEVEL L l T  
r rou lo  LEVEL T A N R  J 
L I Q U I D  LEVEL L 1 1  
e o v - L  TT 
BDV-L IT  
NITROGEN covtn G A S  
NITROGEN COVER GAS. 
I N L E T  O I L  SCS-LTT 
I N L E T  O I L  I C S - L T T  . . 

' I N L E T  O I L  PC9-LTT 
I N L E T  O I L  P C B - L T l  
e x 1 7  0x6 LIT-scs 
e x 1 1  O I L  LTf-SCS. 
l.11 
BV-PA88 O I L  TEMP TANK. 
COLD PUMP TEMP A. . 
COLD PUMP TEMP I 
PUMP I N L E T  PRESSURE LO 
PUMP OUTLET PRESSURE L 

'EXIT  OIL PUMP-scs 
LOW TEMP OIL FLOW 
LO* TEMP O I L  FLOW 
LO* TEMP PUMP ev-PASS 
LOW TEMP PUMP e l - P A S S  
INLET FLOU SCS-PUMPS 
INLET r L o n  SCS-PUMPS 
R Y - P A ~ S  OIL 1 t r P  TANI 
nor pump T c r P  A 
HOT PUMP TEMP 0 
PUMP I N L E T  PRESSURE H I  
PUMP DISCHARGE PRE33UR 
E X 1 1  O I L  T9S-PCS 
E X 1 1  O l L  133-PC9 ' 

,EXIT  u r L  r s s - ~ c s  
SEAL WATER PHESSuRC. 
SEAL *ATE@ PRESSURE 
HIGH TEMP PUMP fly-PAS9 
H I G H  TEMP PUMP AY-PAS9 
E x r T  OIL P U M P ~ - H I T  
~ X I T  OIL PUMPS-HIT 
SEAL wAlES PRFSSURE 
s e r L  W ~ ~ E R  P C F S ~ U S E  

9 v 9  LOC 

TSS F 
1 9 3  F 
1 8 5  f 
TSS . f 
TSS f 
TSS.. - . f. . - 
TSS f 
TSS f 
TS9 f 
1 9 5  f .  

TSS F 
1 3 5  F 
TSS F 
1 9 9  F 
1 9 3  F 

TSS F 
7 9 5  F 



INSTRUMENT 
N u n e c w  

TABLE 3.6-7 

POWER CONVERSION SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

~NSTRUMENT D E I C R I P T I O N  S E R V I C t  D L S C P I P T l O h  
DEVICE VARIABLE 

TRAN 
I N 0 1  
I N 0 1  
TRAN 
I N 0 1  
TRAM 
I N 0 1  
TRAN 
INOX 
T R I N  
I N 0 1  
TRAN 
I N 0 1  
TRAN 
I N 0 1  
I N 0 1  
YRA? 
CUNT 
a r t 7  
9 M I t  
I N 0 1  
OAUQ 
CON1 
TRAN 
CON7 
TRAY 
CON7 
S U I T  
S U I  t 
I N 0 1  
tRAN 
CUM1 
SWIT 
s w s  t 
r NO I 
TQAN 
I N 0 1  
XNDI 
I N 0 1  
TRAN 
I NO 1 
CfJNT 
ELEM 
TR AN 
C I l N l  
I N 0 1  
1 ~ 4 0 1  
TYAN 

I n I T t e u - t C n p  
:ATOR-TEMP 
:ATOR-P@CSSURE 
IMITTER-TEMP 
:ATOR-TEMP 
IMITTER-TEMP 
:ATOR-TEMP 
I n I t t t R - t E w P  
:ATOR-tEMP 
IMITTER-TEMP 
:ATOR-T LMP 
WIT tea-TEMP 
:ATOR-TE MP 
) r ITTER-TEMP 
: A T O a * T e ~ P  
:ATOR-PRESSURE 
IWI TIER-temp 
IOL VILVE-TEMP 
:M-MIOH P O S l T l O N  
:n-LOU POSI T ION 
:AtUR-TEMP 
:-LEVEL 
IOLLER-LCVEL 
l n l t v t R - L t v c L  
IOL VhLVE-LEVEL 
InITTER-TEMP 
IoL VALVE-TEMP 
:n-n~on PUSITION 
:n-LOW m a t  T t o w  
:ATOR-TEMP 
In lTTER-PRESS 
I u L  VALVE-PRESS 
:w-OPEN VALVE PUS 
'H-CLOSE VALVE PIIS 
:ATOR-PRESS 
Ir I T  TER-FLOW 
:ATOR-PRESSURE 
:ATOR-OIC PRESS 
E ATOR-PRESSURE 
IMrTTER-CLOw 
r ruR-TEMP 

1OLLF R-CllbnUC 1 
NT -CONI)IJCT 1 V 1  TI 

l r ITTER-CUNOUCT 
IUL VALVE-CI.lNulJC 1 
A TOP-FLllh 
ATl>U- l tMP 

141 1 IEQ-PYF99UUE 

O I L  I N L E T '  T I I  PC8 
O I L ' I N L E T  TO PC8 
O I L  I N L E T  to PCS 
exit O I L - s ~ n r ~  
EXIT U r L - a P n t u  
I N L E l  O I L - B O I L L R  
I N L E T  U l L - B O I L E R  
E X I T O I L * B O I L t R  
E X I T  O I L - 8 U I L E R  
I N L E T  OIL-PRWTR 
I N L E T  O I L - P W T R  
E X I T  O I L - P R n t R  
E X I T  OIL-PRMlR 
EXIT n I L - L A s t  VALVE 
E X I T  O I L - L A 8 l  VALVE 
E X I T  U l L - P C 9  
E X I T  ?O*TR-PRMtR 
E X I T  O I L  PRMlR-SUAV 
E X 1 1  O I L  PRWTR-3*AV 
E X I T  O I L  PRMtR-3'lAY 
t x r t  FD*TR-PRHTR 
e o x L e a  rowtu LEVEL 
BOILER CO*tR LEVEL 
BOILER FOWTR LEVEL. 
I N L F T  TO PRHTR 
EXIT s t t r w  
E X I T  0 1 L  SPMTR-S*AV 
E X I T  O I L  SPMTR-3*AV 
E X I T  O I L  SPMTR-S*AV 
L X l T  STEAM 
EXIT ITEAM 
E X I T  O I L  PCS 
P C V - ~ X I T  OIL PCS 
PCV-EXIT OIL PCS 
EXIT S t e r n  
t X I t  STEAM 
I N L E T  U I L - P C 9  
ACROSS STMGENERATOR 
B e f n R E  ENIT r c v  
RFFORE E X X I  PCV 
I N L E T  COWTR TI1 PRn7R 
B l l l L t R  RLOWDUWN 
HOILER B L O ~ O U ~ N  , 
BI-JIC t u  ~L(IWOUYPI 
HUXLf R RLO*OU** 
1NLfT  9 1 * - 1 / 4  
I Y L F I  STH-?/G 
H I P 1 9 9  W,P, 1/G 

SVS LOC 

PCS L 
PC8 L 
PCS L 
PCS L 
PCS L 
PC3 L 
PCS L 
PC8 L 
PC9 L 
PCS L 
PCS L 
PCS L 
PCS L 
PC8 L 
PC8 L 
PC8 L 
PC8 L 
PC8 L 
PC8 L 
PC8 . L  
PC3 L 
PCB L 
P C B '  L 
PC8 L 
PC8 L 
PC3 L 
PC9 L 
PC8 L 
PCS L 
PC9 L 
PCS L 
PCS r 
PC9 ? 
PCS F 
PCS L 
PC5 L 
PCS P 
PCS C 
PC3 I 
BCS F 
PC8 P 
PCS t 
PC9 C 
PC3 I 
PC3 I 
PC9 ' F  
PCS' F 
PC9 . 



TABLE 3.6- 7 (Continued) 

IN9TRUMENT INSTRUMENT DESCRIPTION SERVICE DESCRIPTION 
NUMBER DEVICE VARIABLE 

INDICATOR-PRESSURE 
INDICATOR-TEMP 
TRANSMITTER-TEMP 
INDICATOR-TEMP 
TRANSMITTER-PRESSURE 
PELAV-CON1 ACT P O S I T f t l N  
INDICATOR-LEVEL 
CONTROL RELAY 
SWITCH-LEVEL 
RELAY-CONTACT P O S I T I O N  
CONTROLLER-LEVEL 
TRAN3MITTER-LEVEL 
CUNTROL VALVE-LEVEL 
CONTROL RELAY 
RCLAV-CONTACT P U S I T I O k  
TRANSMITTER-TEMP 
INDICATOR-TEMP 
TRANSMITTER-PRESSURE 
CONTROL VALVE-PRESS 
Sw ITCH-OPEN VALVE POS 
S*ITCM-CLOSE VALVE POS 
I N O I C  ATlJR-PRESSURE 
TRANSMITTER-TEMP 
INDICATOR-TEMP 
INDICATOR-LEVEL 
CONTROLLER-LEVEL 
TRANSMITTER-LEVEL 
CUNTRUL VALVE-LEVEL 
SMITCM-UPEN VALVE PUS 
SNIICH-CLOSE VALVE PIIS 
TMANS/ lhD-FLOW 
INDlCI1OR-TEYP ' 

TRANSUITTER-PRESSURE 
INDICATUC-PRESSURt , 

CONIROLLER-TEMP 
TRANSMITTER-TEMP 
CONTRUL VALVE-TEMP 
S*ITCH-UPEN VALVF PUS 

' S ~ I l C H - C L O S t  VALVt  PO9 
CIINTRIIL RELAY 
RELLY-CUBTACT P O S l T l U N  
CONIROL RELAY 
RCLAV-CllNTACT PLlSIT11)N. 
lWANSM1TTER-PRF39URt ' 

LI.ICI( OUT RELAY 
1.0. OVERCIJRRtNI WELAV 
GHOUNU FAlJ1.1 YFLA '1 
V1Il.T WETF.i; 

B r P A S S  T / G  
BYPA89 T / G  
I N L E I  STM-CONDECSER 
l N L t T  STM-CONDECSER 
VACUUM I N  CONDENSER 
A I R  E J t C l  VACUUM PUMP 

" W ~ T E R - H O T ~ E L L  
a u k  CUNDENSA ~t P u r p i  
WATER-WOTWLLL 
RUN CONDENSATE Pump1 
WATER-HoTwELL 
WATER-MOTmtLL 
I N L E T  COND-DCAERATOR 
RUN CONDERSATE PUHBZ 
RUN C O N D t N I A l C  PUMP2 
E X I T  WATER-HUT*ELL 
8TEAM-DEARATOR 
8TM - DEACRATOR 
I N L E T  STM-OCACRATOR 
8TM VALVE-DEAERATOR 
8TM VALVE-DEALRATOR 
8TLAM-OEAERAIOR 
WATER-DCAERATOW 
RATER-DEAERATIJR 
WATER-DEAERA TOR 
M A  IER-DEAERAIOR 
DATFR-DEAERATnR 
I h L E T  MK-UP HTR-CRU 
MK-UP WTR VALVE-CRU 
WK-UP *TR VALVE-CWU 
I N L E T  FDWTW-fDNTR HTW 
I N L E T  FOMTR-FDMTA HTR 
I N L E T  FDWTR-FDnTR HTR 
?NLET F D n T R - f D h l R  MTR 
.NUETA STEAM-CDYTR HTR 

'' E X I T  POWTR-FDuIR HTR 
' S t t r M  V A L V E - F D ~ T R  n t R  

3TM V A L V E - F O W T R  n t R  
3TM V A L V E - F D W T R  M T R  
F O r T R  P U n P l  
F o r t n  PUMP; 
f D ~ T R  Pump,? 
F D W T U  runp,? 
STtAM I N  F O * I R  HTR 
T R I P 3  ACE A-bCl i  H 
bflv wuuro F A ~ I I  T 
[;€I1 GwtlllrtIl F 4UL 1 
GEI( VIJLTAGE 

SYS LUC 

PC3 F 
PCS r 
PC9 L 
PC8 L 
PCS L 
PCS L 
PC8 L 
PC9 L 
PC8 L 
PCS L 
PC8 I 
PCS L 
PCS I 
PCS L 
PC8 L 
PC3 F 
PC8 L 
ecs - L 
PCS I 
'PCS P 
PC3 F 
PC9 L 
PCS L 
PCS L 
PC9 L 
PCS F 
PC3 L 
PC8 F 
PC9 F 
PC9 F 
PC9 F 
PC3 F 
PCS F 
PCS F 
PCS f 
PC3 F 
PC9 F 
PC9 F 
PC9 P 
PC9 L 
PC9 L 
PCS L 
PC3 L 
PC9 L 
PC9 L 
PC9 L 
PC9 L 
PC9 L 



TABLE 3.6- 7 (Continued) 

IN8TRUMENT XNSTRUHENT DESCRlPTlON ~&RVICL  DE8CRXPTIOQ arb L O C -  
NUMBER DEVICE VARIbOLE 

J 0 1 9  
E l C 3  

1 1 3  
l Y 3  
r v l  
1 V 3  
I v 3  
I Y 3 

5 0 1 3  
I V 3  
I v 3  
1vs 
!V3 
1 v 3  
I V 3  
1 V 3  
1 v3 

J Q I 3  
J o t 3  

1 r 3  
I Y S  
x v 3  
LGS 
1 7 3  

LSH3 
L S L 3  

L C 3  
L T 3  

LC 113 
zsns 
t S L 3  
I Y 3 

COUNT 

W L ~ T M O U R  NETOR 
v u L l / r r P  REGULATOR 
OVERCURRENT RELAY 
a t v c m t  POWER RLLAL 
REVERSE PMA8C RELAV 
OV~RVOLTAOE RLLAV 
U N I t  D I F B  PMA8E RCLAV . 
T,D,. OVERCURRENT. RELA-V 
WATTHOUR METER 
bVERlUNDkR VOLT RELAY 
OVERtUNDIR PREO RELAY 
GROUNO CAUL1 RELAY 
TR IP  C O I L  RCLAV 
REVERSE POWER RELAV 
LOCK-OlJl RELAP 
OVLRVOLTAGL RELAY 
T,D,OVSRCURRENT RELAY 
WATOHUUR METER 
WATTHOUR MLTER 
TR IP  cntL RLLAV 
G I  OUNO f AUL T R C L I  V 
CONTROL RELAY 
INDICATOR-LEVEL 
CIJNTROL ReLAv 
LIMIT a m r t c w n r e n  
L x n t t  ~WITCW-LOW 
CONTROLLER-LEVEL 
TRANSMITTER~LEVLL 
CONTROL VALVE-LEVEL 
SwtlCM-OPEN VALVE PO3 
8 w r  TCn-CLOSE VALVE POB . 
COMTROL RELAY 

128 . 

i t r r  POWER 
REACTANCE ADJU8lMEhT 
T R I P 8  ACO B 
T R I P 8  ACE B 
T R I P 8  ACB b 
T R I P 8  ACB 0 
T R I P 8  ACE b 
oen QRUUND FAULT-eue 
POWER OUT OEN BUS T I E  
T R I P 8  ACB6-LCD b 
T R I P 8  ACCA*ACB 8 
T R I P 8  ACB B 
T R I P 8  3 5 1  
 era^ SOURCE V R r r e  3 5 1 ~  
TRIPS 291 AND ACE A 
T R I P 8  ACB A 
OROUND FAULT 
P ~ I ~ E A  IN 
POWER OUT 
T R I P 8  AC8 A 
t R I P 8  bC8  A 
tnxca 3 5 1  AND ACB B 
CON0 1N  CRU 
60ND RETURN PUMP1 
CON0 !N ERU 
CON0 I N  CRU 
CON0 10 DtAtRbTOR 
COND rn cru 
CONO 10 UEAERATOR 
LCV-CON0 TO DEAERAlOR 
LCV-CON0 TO DEAERATOR 
CONO RCTURN PUMP2 

PC8 L 
PC8 L 
PC8 . L 
PC8 L 
PC3 L 
PCS. L 
PC8 L 
PCS L 
PC8 L 
PC8 L 
PC8 L. 
PCS L 
PC8 L 
PC8 L 

.PC3 L 
PC8 L 
PC8 L 
PC8 L 
PC3 L 
PC4 L 
PC3 L 
CCS L 
PC8 L 
PC8 L 
PC8 L 
PCS L 
PC3 C 
PC3 L 
PCS C 
PC3 F 
PC3 f 
PC8 1 

BV.  VCMOUR 
BY VENDOR 
0 1  VtNOOR 

. bV VENDOR 
BY VENDOR 
BV VENDOR 



TABLE 3.6-8 

HOT WATER SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

INSTRUMENT I N S ~ R U M E N T  D E S C R I P T I O N  S E R V ~ C E  DESCRIPTION 
NUM0eR ~ E V I C E  V A R I A ~ L E  

ELEMENT - TEMP 
INDICATOR - TEMP 
T R A N I M I T T E R  - TFMP 
SENSIJR - PRkSSURE 
THAN$MITTER - PWtssURE 
ELEMENT - TEMP 
INDICATOR - TEMP 
TRANSMITTER - TEMP 
ELEMENT - TEMP 
INDICATOR - TEMP 
T R A N S M I l T E R  - TEMP 
ELE'MENT - TEMP 
I N O I C A T U R  - TEMP 
TRANSMITTER TEMP 
ELEMENT - TEMP 
I N D I C A T O R  - TEMP 
TWANSM11,TLR 0 TEMP 
~ e ~ s . 0 . ~  .--. PRESSURE 
TRANSMITTER - PRESSURE 
TRANSMIT~CR - LEVEL 
SENSOR 0 FLOW 
TRANSMITTER 0 F L O h  
SENSOR - FLOW 
T R A N S M I l T E R  - FLOU 
ELEMENT - TEMP 
TRANSMITTER TEMP 
ELEMENT - Te*P 
TRANSMITTER - TEMP 
ELEMENT 0 TEMP 
T R A N S M I T f e P  - TEMP ' 

3 e ; ~ S 0 R  - PRESSURE 
TRANSMITTER - PRF.sSURE 
ELEMENT TEMP 
T R A N S M I ~ T E R  - TEMP 
SENSOR. - PReSSURf 
1 w r ~ s n I T t E R  - PRESSURE 
CLEMENT - TEMP 
THANSMITTER - TEMP 
ELEMENT - TEMP 
T R A N S ~ I T T E R  - TEMP 
SEN90R - FLUw 
TWANSMITTLR 0 F L U *  
FLEMENT - TEWP 
I t JD fCATUR - f k M P  
T R b ~ s n I l l t P  - TFbP 
SENQIIR - PMES911WF 
t H A k S n f T T C R  - PRLSSUR€ 
ELEMFMT - TEMP 

SVS ' LUC 

MOT k T R  TANK - ML 
n o 7  W T R  T A N K  - n L  
HOT k T R  TANK - H L  
WUT nTR TANK - ML 
HOT WTR TANK - ML 
nor M T R  TANK - MIL 
MOT WITR T A N K  - nIL 
not W T R  T A N K  - MIL , 

HOT WTR TANK -- 1L 
HO1 WTR TANK - I L  . 
HOT W T R  t r r r n  '- IL 
MOT wTR TANK - L I L  .:. 
HOT * r e  TANK - LIL 
MOT WTR T l N K  .- L I L  . '  
HOT wTn TANK - LL 
MOT r t a  TANK - LL 
HOT WTR TANK - L L  
HOT WTR -TANK-.-- L L  
MOT WTR TANK - LL 
HOT MTR TAhK - L L  
I N L E T  MOT WTR TANK . , 

I h L E T  MU1 WTR TANK 
HOT UTR FROM COND 
not M T R  FROM CONO 
I N L E T  CON0 kTR-MT EXC 
I N L E T  CON0 WTR-MT EXC 
I N L E T  L I N C  1'; PUMP 
INLET LINE T O  P n w p  
ENIT COND wtn-n~ E X C  
E X I T  COOD 'TW-MT EXC 
EXIT C *  - nt E X C  
E X I T  C* - UT EXC 
EX.11 Cw - U f  E x t  
EXIT cu  - nv E X C  
I N L E T  C* - M I  EYC 
IKlLET c w  - M l  t x c  
INCET C* - M1 EKC 
1NLE.T CW - MT kXC 
n u 1  r t n  A M E A O  UMUL 
n u 7  wTR n n E r o  DHUL 
Mr)f *tM TANU I t 4 l E T  
H t l l  U t F )  l b N R  X k L E l  
E Y l  1 MOT mTR - CI.IFID 
E X I T  H t t f  i l N  - CCIEID 
E X I T  H1.11 h l U  - CfJkL, 
? # I T  bUT w l R  Cl lNI l  
t X 1  T  Ml.11 * I ' M  - CI.lrv0 ' 

L I h E  A F T C H  PHwP 



, ' INSTRUMENT 
NUMllER 

TABLE 3.6-8 (Continued) 

1YSTRUMENT OESCRIPTION 
DEVICE v A R 1 ~ B L E  

I 

I N O I C A ~ O R  - VtMP 
TRANSMITTER - TEMP 
CONTROL RELAY 
IEkAV-CONTACT POSIT IOY  
ELEMENT - TEMP 

.INDICATOR - TEMP 
TRINSWITTLR - TEMP 
CONTROL RELAY 
RELAY-CONTACT POSIT ION 

. SENSOR PRESSURE 
TRANSMITTER - PRESSURE 

, CONTROL RELAY 
ELEMENT - TEMP 
TRbNSMlTTER - TEMP 
RELAY-CONTACT PU91110N 
SENIOR - PRfSSURE 
TRANSMITTER - PRESSURE 
SENSUR - FLU* 
TRANIMITTER 0 FLU*  

b7 * 

3ERVIEE' DESCRIPTION 

LINE.' - ~ F T E R  PHWP 
L I N E  AFTER PnWP 
PnwP - ITARTER 
PnwP - STARTER 
MOT d fR  .SUPPLY L I N E  
not *TR IUPPLY LINE : 
MOT i t @  supplr LINE 
anwe S t r R t e R  
SMWP STAPTLR 
MOT WTR RETURN L I N E  . 
HOT hTR RETURN L I N E  ' 

COND r t R  P u n e  S T A R T E R  
n o 7  wrR RETURN LINE 
HOT RTR RETURN L I N E  
CON0 wTR PUHP STARTER 
HOT * f A  $UPPLV L I N E  . 
MOT WtR IUPPLV L I N E  
HOT '  W T R  ' ~ U P P L Y  LINE 
H O l  . *TR SUPPLY L I N E  



INSTRUMENT 
NUMflER 

TT3100  
TTS101 
TTS lOJ  
CT5lOO 
P t 5 l O S  
L l S l O b  

' 1 1 5 1 0 7  , 

t E 3 1 0 8  
t T S t O 8  
P E S l l O  
P I S 1 1 0  
P T S l l O  

PCV5110 
1YS111  
z v s i i i  
TES l l iC  
T T S l l I  
P E S l  1  J 
P T S l l  J 
r s 5 1 1 u  
P E S l l S  
P l 5 l t S  
T E S l l b  
1 1 3 1 1 b  
r r s i  i 7 
Z V 5 l l t  
PC91 1 8  
P T S l 1 8  
TES118 
T f S l l 9  
PC3120 
PT9120  
T E S l 2 l  
Y T S l Z l  
P E S l Z Z  
p t t i r a  
FSS123  
Z V S I Z J  
rcs iau  
TTS lLO  
TE512S 
1 1 5 1 2 5  
I Y 5 1 2 7 B  
I Y S l Z O ~  
ZYS lZ7R  
Z Y S ~ Z ~ A  

' 3'15128 
ZY9129 

TABLE 3.6-9 

CHILLED WATER SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

I N S I R U M N T  DESCRIPTION 
DEVICE VARIARLE 

TRANSMITTER - TEMP 
TAA~SMITTER TEMP 
TRANSf4ITfER-TEMP 
.TRANSMITT~R - FLOW 
t n r a a w t t t t R  - PREBSURE 
TRANSMITTER 0 LEVEL 
TRANSMITTER - FLOW 
ELEMENT - TEMP 
TRANSMITTER TEMP 
SENSOR - PRESSURE 
INOICATOR - PRESSURE 
TRANSMITTER - PqtSSURE 
CONTROL VALVE-PRtSbURE 
CUNTROL RELAY 
RELAY-CONTACT PO8ITIOW 
ELEMENT - TEMP 
TRANSMITTLR - TEMP 
SENSOR - PRESSURE 
TRANSMITTER PRESSURE 
SWITCM - r L u M  
SENSOR - PRESSURE 
TRANSMITTER - PRESSURE 
ELEMENT - t t r p  
TRANIMITTER TEMP 
CONTROL RELAY 
RELAY-CONTACT POSIT ION 
SENSOR - PRESSURE 
TRANSMITTER - PREISURE 
ELEMCNT - TEMP 
TRANSMITTER - TEMP 
SENSOR - PRESSURE 
TRANSMITTER 0 PRESSURE 
ELEMENT - TEMP 
TRANSMlTTER TEMP 
SENSUR - PRESSURE 
TRANSMITTER 9 PRESSURE 
s w ~ t c n  - r L o w  
RLLAY-CONTACT'PUb 
CLEMENT - 
TRANSMI.TTER - TEMP 
ELFMCNT 0 TEMP 
TUANSMTTTLR 0 TEMP 
CI lN lRoL RELAY 
CONTROL RELAY 
RELAY-CON1 ACT PUSIT ION 
R E L A Y - C O ~ J T A C ~  P u s 1 t I O ~  
CONT4OL RELAY 
RELAY-CtlNlAC l P U S 1 1 1 0 t ~  

CM WT9. SUPPLY L I N E  
cn W T R  RETURN LINE 
CMANGt OVER CONTROLS 
CM *TR SUPPLY L I N C  
cn IITR SUPPLY L I ~ E  
CM WTR TANK - L L  
CH *TR T A W  8 /R  
CM WTR L I N E  - PCWP 
CM WTR L I N E  - PCwP 
EXIT CH IITR L t n t  
E X I T  EM WTR'L INE 
EX IT '  CH MTR L I N E  
CM wTR LOOP 
PC*P STARTER 
PCWP STARTER 
INLET  Cn  MTR - A0 C n  
INLET  CH WTR - A0 CM 
INLET  CM .wTR - A0 CM 
INLET  CM *TR - A8 cn 
E X I T  C n  wTR AD cn 
EX17 CM WTR - AD CM 
E X I T  CM WTR 0 A0 CM 
EXIT CM W T R  - AB cn 
E X I T  CM WTR - A0 CM . 
SCWC STARTER 
S C l P  STARTER 
CM WTR SUPPLY L INE  
cn r t a  SUPPLY LINE 
INLET COND M T R - ~ e  cn 
INLET  CONO WTR-AB CM 
INLET  CON0 MTR-A0 CM 
INLET  CON0 wTRoA8 CM 
E X I T  CONO wTR-A0 CM 
E X I T  CONO MTR-A6 CM 
E X I T  CONO WTR-A0 C k  
E X I T  CUM0 hTR-AR CW 
E X I T  CONO WTR-AB CM 
A8 CM LOW TEMP ALARM 
E X I T  CM wTR - AR CM 
E X I T  CW *TI4 - AB CH 
V t X f O  CON0 WfR L I N E  
MIXED c t l r ro  WIR LINE 
CT FAk  HIGH S P k t D  
C l  FAN LU*  SPEED 
CT FAN HIGH SPEED 
CT FAN LOU SPEED 
ChP TO Cl4 UN IT  
Cup  1 n . c ~  U1111 

S LOC 

C*S 



INSTRUMENI  
NUMBER 

T t S l L V  
T 1 S l Z V  
T l S l Z V  
P E 9 1 3 0  
P I 5 1 3 0  
T E S t f l  
1 1 9 1 3 1  
7 1 5 1 3 1  
T E 5 1 3 1  
1 1 5 1 3 2  
t T S 1 3 t  
T E S t l S  
T I 5 1 3 3  
1 1 9 1 3 3  
P E 5 1 3 4  

.. P T S l f I )  - 
T E 9 1 3 5  
1 1 5 1 3 5  
T T 5 1 3 S  
TE5 l 3 b  
T T S l 3 b  
F E 9  1 3 7  
F l S l 3 7  
F E 5  1 3 8  
F T 9 1 5 8  
F E S I  39 
F 1 5 1 3 V  
f 1 5 1 4 0  
t Y S l U 0  
I V 5 1 4 1  
z Y 5 l o l  
1 v s i a 2  
ZVS lu i !  
Z Y S l O P  
P C 7 3 0 1  
P r s s o  1 

PCVSSO 1 
CUUNY 0 

TABLE 3.6- 9 (Con ti nued) 

INSTRUMENT D E b C R I P T I O N  ~~RVICE. D E S C R I P T I O N  
O E V I C L  VARXABLt  

ELCMCNT - TEMP . . 
1NOICATOR;Tt~P. 
TRANSMITTER - t t n r  
SENSOR - PRESSURE 
T R A N S M I T f t R  -. P R t S d U R E  
ELEMENT - T€MP 
I N n I C A T O R  - TEMP' % . 
TRbN8MITTCR - TEMP : 
ELEMENT - I E * P  
INOICATOR -. TEMP 
1RANSMITTER TEMP 
C ~ t n Z n t  - TEMP 
I N O I C A T O a  - TEMP 
TRANSMITTER - T C ~ P "  
9ENSOR PRkSSURE 
TRANSMITTER - FRES8URE 
CLEMENT - TCMP 
I N D I C A T O R  - .TEMP 
TRANSMI?TLR - TEMP 
L L t M E N t  - t t M P  
TRANSMITTER - TEMP. 
SENSOR - FLU* 
THANSMITTLR - FLOW 
T R A n 3 r l T t F R  - F L O W  
T R A H ~ M I T T E R  r FLOI 
SENBOQ - f L O u  
TwANSMITTER - FLrJ* 
CUNlROL RELAY 
RELAY-CONTACT PUS ;, 
CO*T?OL RELAY 
KELAY-CUNTACJ PUS 
CUNTRtIL. RELA'Y 
RELAY-CONTACT PUS' 
RELAY-CONTACT PUS, 
C I jNTaOl  LER-PmEB8UaE- 
TNANSMI lTER-DQESbURt  
CONTROL VALVE-PRESS 

8 s 

. ' C M  W ~ R  TANK nL. 
CH WTA TANK ML 
cn w v a  t r N r  nL 
cn W T R  TANK nL 
CH WTR. TANK nL . . 
cn w r n  r r N r : -  n t L  , 

. ..EM NTR TANK-  - nrL : 
cn! r T R  T A ~ K  -' M,IL 
CM WTR TANK 1L . . 
CM *TR TANa - I L  
CM YTR TANR - XL' . . 
cn W T R  T A N K  - LIL 
en urn TANK - .LIL 

... cn, WTR TANK. LIL 
CM YTR TANK - LL 
CH WTR TANK - LL 
CH TANR, - LL 
CM w a  T A W  - LL 
cn w r p  T A ~ K  - LL .: 
cn WTR TANK - 
CH uTR T'ANK -, 8 / R  
EXIT. cn ~ T R  - re- cn. 

. EXIT..CM r:TR t AB cn 
re' cn LOOP LINE 
AB C n  LOOP. L I N E  ' 

I ~ L E T  CONO w l a - b e  CH 
, l!JsLE1 CON0 WlR-AB, CH 
. r e  C M  UPIT 

AR. cn U N I T  
PIJWOE PUMP 

, . PURGE P.UMP 
A R  cw  UNIT PUMP ! 

A R  . c n  UNIT PUMP 
AR CH LON REP ALARM. 
t k ~ ~ i  s t c , r m - O t A t a , A l o n  
STEAM-OEAFRA TIIW 
I N L C T  STEAw-OLALRATOW 



TABLE 3.6-10 

DOMESTIC HOT WATER SUBSYSTEM MEASUREMENT REQUIREMENT L I S T  

INSTRUMENT DESCRIPTION 
O E V I C t  VARIABLE 

CLEMENT - TEMP 
TRANSMITTER m TEMP 
t R l N s w r T r E R  - TEMP 
TUANSMITTER - t t r p  
SENSOW - PRLlSURE 
IRAM8MITTER m PREbbURc 
CONTROL RELAY 
RELAv-CONTACT POS 
ELEMtWT - TEMP 
INDICATOR TEMP 
TRAN$MtTTER T E n c  
C U N ~ R O L  V A L V ~  - TEMP 
E L E M ~ N T  - TEMP 
TRAN8MITTER 0 

SENSOR - PRESSURE 
TRANSM~TTER - PRt8SURC 
ELEMCNT - TCNP 
YRANSMITTER TEMP 
CUNTROL RELAV 
RELAY-CUHTACT POS 

2 0 

S t R V I C L  DESCRIPTION 

EXIT HUT *TR-nr  E X C  
E X I T  HUT n T R - H l  EXC 
r N L c l  nut ~ T R - M T  E X C  
INLEI not WTR-HT L X C  
C ~ L D  u r n  TO ens 
COLD W T R  TO owe 
o n 8  nor r T R  PUMP . . 
one mot W T R  P u r P  
EXIT on* nt c x c  
E X I T  onw HT cxc  
rxlt DHW NT EXC 
c x r t  DM* nT t x c  
COLD WTR. TO DHS 
COLD WTR 10 OH8 
DMW SUPPLV L f N C  
DH* 8UPPLV L i N E  
OMS RETURN L I N E  
DM8 RETURN L I N E  
DM8 RETURN PUMP 
owe RETURN Pump 

915 LUC 

DHS 

COUNT e 429 . 



TABLE 3.61 1 

MRL ABBREVIATION DEFINITIONS 

AB CH ....................... Absorption C h i l l e r  

ALT ......................... A1 terna t e  

......................... AUX Aux i l i a ry  

BDV ......................... 'Blowdown Valve 

CH WTR ...................... Chi l l ed  Water 

COND ........................ Condensate ' 

cRU ......................... Condensate Return Uni t  

........................... CW Cooling Water 

FDFWD ....................... Feed Forward 

FDWTR ....................... Fee &ate r 

GEN .......................... Generator 

HIL ......................... High Intermediate Level 

HTT' ......................... High ~emperature Tank 

HL .......................... High Level 

HT EXC .....'................. Heat. Exchanger. 

HTR ......................... Heater 

.......................... HW Hot Water 

I L  .......................... Intermediate Level 
. . ITT ......................... Intermediate ~ e m ~ e r a t u r e  Tank 

L IL  ......................... LOW Intermediate Level 

LIT .......................... LOW Temperature Tank 

LL .......................... LOW Level 
,- 1 

MK-UP WTR ................... Make-up Water 

PCWP .......... ... ............ Primary Ch i l l ed  Water Pump 

.......................... PHWP Pri'mary Hot Water Pump 

POS ......................... POS i ti on 
. . .  PRHTR ........................ Preheater 

SCWP ......................... Secondary Chi l l e d  Water Pump 

SPHRT ....................... Superheater 
. . 

S/R .......................... Supply/Return 

STM ......................... Steam 

S f M  GEN ..................... Steam Generator 

........................... T/G Turbine Generator 



The con t m l  system in te r faces  e l e c t r i  ca l  l y  w i  t h  the above subsystems instrurren- 

t a t i o n  v i a  e l e c t r i c a l  s igna ls  t h a t  terminate a t  the 1/0 terminal ,boards o f  the 

d i s t r i b u t e d  process u n i t  (DPU) o r  the 1/0 racks behind the operator  cont ro l  

panel/console. The 1/0 terminal  board connectors and transmission cabl es are 

the mechanical i n te r faces  between subsystem inst rumentat ion cabl i n g  and the 

computer based cont ro l  system, 

3.6.6 r 2 ' ELECTRICAL POWER 

Power fo r  the computer con t ro l  system c r i t i c a l  load i s  der ived from a reverse 

t rans fer  s t a t i c  UPS. Under normal operation, the c r i t i c a l  load receives AC power 

from the UPS ferroresonant i n v e r t e r  i n  order t h a t  AC f i l t e r i n g  i s  provided t o  

p r o t e c t  against sho r t  term vol tage t rans ien ts  and frequency deviat ions.  Should 
the  UPS f a i l  o r  a l a r g e  amount of cu r ren t  be necessary fo r  c lea r ing  fau l ts ,  a . 

s t a t i c  t ransfer  swi tch i s  provided t o  automat ica l ly  switchover t o  c o m e r c i a l  

AC power, unput power t o  d r i v e  the UPS i s  provided by the f a c i l i t y  u t i l i t y  

230 VAC, 3 phase, 60 Hz source t h a t  i s  connected t o  a common d i s t r i b u t i o n  system. 

The UPS system s h a l l  be located i n  an area outs ide the main con t ro l  room.. 

3.6.7 SYSTEM SOFTWARE 

The ICS cont ro l  i s  implemented a s  operat ing system ar.d cont ro l  system software 

i n  the 'CPU, and as con t ro l  system software o r  hardware i n  the DPUs. The operat- 

i n g  system,software w i l l  be suppl ied and maintained by the computer hardware 

s u p p l i e r  as a standard item. This operat ing system provides the software base 

and too l s  requi red t o  implement the unique Fo r t  Hood STES cont ro l  system 

software t h a t  w i l l  be developed dur ing Phase I V .  

3.6.7.1 .'OPERATING SYSTEM SOFTWARE REQUIREMENTS 

system software w i l l  be modularly constructed and con t ro l l ed  by a p r i o r i t y  

o r i en ted  real  time mu1 ti programing execut i  ve. 

A l l  u n i t s  o f  software furn ished as p a r t  o f  t h i s .  system w i l l  have been success- 

f u l l y  used i n  a t  l e a s t  two 'documented p r i o r  appl i ca t ions .  

The software w i l l  support  h igh- level  language program development 
and maintenance fo r  the host computer and the DPU's i nc lud ing  a 
t e x t  e d i t i n g  and a debugging c a p a b i l i t y  , 



a The software, w i l l  ,be capable o f  generating an operat ing system . .. 

based on conbinations of routin'es , f r o m  a . l i b r a r y  o f  basic 
f a c i l i t i e s  

. . 

The software w i l l  provide program a s s e h l y  capabi l i ' ty  f o r  the 
host  computer and. the DPU's 

. . 
The software w i l l  provide c a p a b i l i t y  t o  download data and 
comnands to the DPU's f r o m  the  host  computer 

The software w i l l  provide input /output  task scheduling, f i l e  
management, task swapping memory a1 locat ion ,  over lay capab i l i t y ,  
and memory pro tec t ion  

The software w i  11 pmvide i n t e r r u p t  handl ing capab i l i t y  and 
support a t  l e a s t  f ou r  l eve ls  of p r i o r i t y  f o r  task execution. 
The p r i o r i t y  l eve l  o f  any task ,may be. a1 te red by operator o r  
programmer i n te rven t ion  

The software w i l l  prov ide, for ,  the cont ro l  o f  d isc.  t o  tape and 
tape to d i sc  t ransfers,  and o the r  such u t i l i t y  routines, i n c l  ud- 
i n g  1/0 w i t h  per ipherals such as CRT terminals, card reader; etc. 

 he executive w i l l  con t ro l  a l l  app l ica t ion  programs and execute 
them a t  frequencies and p r i o r i . t i e s  t o  be spec i f i ed  by the 
purchaser 

The software w i l l  support i n t e r a c t i v e  communication w i t h  the 
operator through h i s  CRTs and keyboard 

A compiler f o r  ANSI Standard FORTRAN I V  (ANSI X3.9) w i l l  be 
provided, i nc lud ing  the rea l  t ime extensions o f  I S A  S61.1. The 
FORTRAN language w i l l  be capable of on-1 i n e  assembly language 
coding.and b i t  and by te  manipulation. A run time diagnost ic 
package w i  11 be included. . . . . 

Mathematical and u t i l i t y  program.l . ibrar ies w i l l  be provided f o r  
both the CPU 'and DPU's. 

Device independent input /output  capabil i t y  w i l l  be provided and 
s p e c i f i c  software, d r ivers  w i l l  be provided f o r  a l l  hardware 
furnjshed w i t h  the computer system inc lud ing a l l  
pbr iphera ls  and CPU options such as the  rea l  time clock, f a i l /  
. r es ta r t  funct ion, d i  r e c t  d i  g i  t a l  contro l .  

. . 
. . 

F u l l  d iagnost ic  rout ines w i l l  be provided f o r  the host computer 
and a l l  opt ions and per ipherals furnished.' The diagnost ics w i l l  
prov ide an exercise o f  a l l  funct ions o f  each s p e c i f i c  piece o f  
hardware as we!l as serve to locate  h.ardware malfunctions i n  
de t a i  1 . 



Real time, run time and d iagnost ic  rout ines w i l l  be provided f o r  
the hos t  computer and the DPU's t h a t  w i l l  de tec t  e r ro rs  and 
f a i l u r e s  i n  a l l  per ipherals  t o  the host  computer espec ia l l y  the 
data l i n k  and DPUs. 

0 Software modules t o  program and check DPU software w i l l  be 
prov i  ded 

3.6.7.2 CONTROL SYSTEM SOFWARE ' .  ' .. . 

The cont ro l  s o f b a r e  i n  the 'CPU w i l l  be modularly b u i  1 t and implemented t o  

f u l  f i  11 the funct ions below. 

ENERGY WNAGEMENT 

The energy supply and load demand w i l l  be pred ic ted  p e r i o d i c a l l y  dur ing d a i l y  

p l a n t  operat ion to  provide d a i l y  and longer range i npu t  t o  the mode se lec t i on  _ _  _ _  _ _ _  ___ 
to e f f i c i e n t l y  meet immediate and pro jec ted  energy needs. The weather s t a t i o n  

and the instrumentat ion o f  each subsystem provide the cur ren t  data. Also the 

operator  may provide cur ren t  data as w e l l  as i npu t i ng  specia l  in fo rmat ion  t o  
the predic t ions.  

OPERATOR COMMUNICATIONS 

Through the CPU the operator  has complete cont ro l .  The CPU w i l l  com- 

mand data to f a c i  1  i t a t e  operator  commands and reduce operator  i n p u t  e r ro r .  The 

operator  may over r ide  automatic ' k d e  se lec t ion  w i t h  h i s  own choice o r  even 

cont ro l  i n d i  vi'dual component operation. The CPU w i l l  prov ide the operator  w i t h  

warning alarms as we l l  as l i m i t  alarms and no t i ce  o f  automatic actions'. The , 

operator  may d isp lay  on h i s  CRT data about the ove ra l l  system o r  about a de ta i l ed  

se lec ted  area. I n  addi t ion,  the operator  can request data t rending o f  key system 

parameters . 

The alarm handler w i l l  keep the  alarm C R T ' U ~ .  t o  date; f l a s h i n g  nevi a1 arys and 

showing cleared alarms as space al lows. A hard copy o f  t he  sequence o f  the 

alarms w i l l  a l so  be output.  



STES MODE SELECTION, ALARM AND PROTECTION LOGIC 

This so f twar~modu le  w i l l  govern automatic mode Zelect ion and provide in te r lock  

and protect ion l og i c  f o r  operator ac t ion  and ind iv idua l  DPU act ion.  The energy 

supply and demand modules ,outputs w i l l  be used here t o  automatical ly se lec t  the 

system mode o f  operation. The selectio'n l og i c  w i l l  account f o r  current  status 

including operator imposed conditions and any hardware tha t  i s  out  o f  service, 

and demand and load predict ions t o  se lec t  the mode f o r  best  overal l ,  system 

ef f ic iency.  The operators commands f o r  mode, select ion w i l l  override the auto- 

matic select ion bu t  ind iv idua l  component comnands must pass through the i n te r -  

lock l o g i c  which, f o r  safety reasons, may t r i gge r  addi t ional  comnands and/or 

alarms. Ind iv idua l  DPU actions and alarms w i l l  also pass through 'the in te r lock  

l og i c  .to provide system wide response. 

STES M)DE CONTROL INCLUDING-MODE TRANSITION CONTROL 

Each o f  the DPU's down-loaded comnands and software w i l l  be formatted and w i l l  
reside i n  a software module. Triggered by automatic actions and operator cow 

mands tha t  come through the in te r lock  logic,  the overal l '  contro l  program w i l l  

assenble and transmit the appropriate DPU cbmmunications. ' ordered mode changes 

may require a .special t iming o f  comnands including intermedtate steps, t ha t  
w i l l  be timed, assembled and transmitted by t h i s  module. 

3.6.8 ' MAINTENANCE 

~~~i cal iy the instrumentation and control system i s  designed w i th  sol i d  s ta te  

e. lectronic equipment. This equipment includes the Central Processor Unit,' 

D is t r ibuted Process Units , (whi ch i n c l  udes the microprocessors and. i nput/output 

channel s) , components w i th in  the control: consol.e, and power suppl ies. It i s  

expected tha t  spec i f i c  "plug i n "  un i ts  may f a i l  over the l i f e  o f  the equipment, 

the design %an-time-to-repair w i  11 be two hours. A l l  par ts t ha t  may require 

servicing, repa i r .  o r .  rep1 acement during the 1 i f e  o f  the equipment are accessible 

f o r  replacement o r  . repair.. . Access t o  these parts, w i th  a drawer withdrawn o r  

access doo rs  open,. i s  from the front o r  back o f  cabinets o r  consoles. s u f f i c i e n t  
, : 

. . 
clearance i provided . . f o r  maintenance 'access t o  any .panel. 

. . 
. . . . . .  . 



Spare par ts  f o r  f a i l e d .  components w i  11 be made ava i l ab le  per the recommended 

spare par ts  l i s t  from t h e  various equipment 'suppl iers.  A l l  items removable from 
/ 

t h e  equipment, such as assembl i es  o r  subassembl ies,  e l e c t r i c a l  p a r t s ,  and hard- 

ware, w i l l  be physical l y  and e l  e c t r i c a l  l y  i nterchangiabl e w i t h  correspond.i ng 

items. The replacement o f  any p a r t  w i ' l l  no t  cause the equipment t o  depart from. 

i t s  A d  spec i f ied  .,., I . perfoflance. It i s  expected t h a t  per iod ic  diagnost ics w i l l  be 

performed a t  appropr iate ly  convenient times on speci f i  c components and systems 

t o  insure  t h a t  system operat ion i s  w i th in .  required speci f icat ions.  . A l l  main- 

tenance functions may. be f u l f i l l e d  by the coriiputer maintenance contract.  Two 

types o f  hardware maintenance contracts are normal l y  avai lable, dai l y  mainte- 

nance service and on-cal l  service. Service coverage w i l l  be provided t o  a l low 
the best  serv ice p lan f o r  each appl icat ion.  

For the maintenance program f o r  the instruments. located i n  the various subsystems 

re fer  t o  each' subsystems dedicated section. 

Maintenance o f  the a u x i l i a r y  systems w i  11 be performed a t  the i n t e r v a l s  pre- 

scr ibed by the various equipment suppl iers. Rechargeable ba t te r i es  w i l l  be 

avai l a b l e  f o r  equipment as needed. F i  1 t e r s  on equipment racks and consoles w i  11 

be replaced o r  cleaned a t  frequent i n t e r v a l s  t o  insure-adequate f low o f  cool ing 

a i r  t o  operat ing equipment. Maintenance on r o t a t i n g  machinery w i l l  be performed 
as prescribed by  the equipment manufacturer. Maintenance records w i l l  be kept  

on a l l  I&C equipment t o  insure t h a t  maintenance has been performed a t  the 

prescribed i n t e r v a l s  as requi red. 



3 6 1 9 TRANSIENT MODEL DEVELOPMENT 

3.6.9.1 SOLAR COLLECTOR FIELD DYNAMIC MODEL DESCRIPTION 

INTRODUCTION . . 

A d ig1 t a l  computer model o f  t h e  F o r t  Hood co l ' lec tor  f i e l d  has been developed t o  

study t rans ien t  reponse and f i e l d  cont ro l  l a b i  1 i ty .  This' model includes simula- 

t i o n  o f  the hydraul ic  p ip ing  network t h a t  connects' the f i e l d s  a i d  variouh f i e l d  

bypasses, inc lud ing pressure drop, f l b w ,  and' energy t ranspor t  c a l c ~ l a t i o n s ' .  A 
nodal i r e d  model o f  the so la r  co l l ec to rs  i s  included t o  represent t h e '  c o l l e c t o r  

f i e l d .   ina ally, a f i e l d  f low and temperature c o n t r o l l e r  t h a t  adjusts valve 

pos i t ions  . to cont ro l  f lowrates i s  inchded.  . . 

, 

The model i s  used i n  t h i s  repo r t  t o  describe f i e l d  t rans ien t  response t o  various 

basic t ransients.  It w i l l  be used t o  f u t u r e  studies t o  develop a more def ided 
f i e l d  cont ro l  algori thm. . . . . .  . . .  . . 

MODEL DESCRIPTION 

The c o l l e c t o r  f i e l d  model shown i n  Figure 3.6-84 i s  composed o f  several basic 

parts. The f i r s t  p a r t  i s  the  f l ow  network. The f l ow  network consists  o f  f l ow  

paths, j unc t i on  nodes and cont ro l  valve's. A f low path i s  represented by a- mass 

f lowrate, W, a  path temperature, PT, and a pressure drop. A path j unc t i on  i s  

represented by a temperature, TJ, and a pressure, P. Flow con t ro l  valves are 

represented a t  various places i n  the  f low network. There are two types o f  

valves - cont ro l  valves t h a t  introduce a var iab le  f l ow  res is tance i n  a f l ow  

path, and two-posit ion valves t h a t  switch f low on o r  o f f  i n  a p a r t i c l u a r  f l ow  

path. 

The second p a r t  o f  the  f i e l d  ~ i m u l ~ t i o n  i s  the so la r  rece iver  simulat ion. This 
. . 

consists  o f  nodes t h a t  represent the ac t ive .  so la r  co l l ec to rs  and absorb heat 

from the sun, l o i e  heat to. ambient,. and t ranspor t  energy t o  the  next  node i n  

the s t r i ng .  Other components i n ' . t he  model are the thermal storage tanks, which 

supply co ld  f l u i d  and absorb heated f l u i d ,  and the  pump t h a t  c i ~ c u 1 ' ~ t e s  the  

f l u i d .  

. . 

. . 
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Figure 3.6-84. Collector Fie1 d Geometry ' . 



Thecollector field node1 equations are  solved by a ~ e s t h ~ h o u s e  Electrlc 

Corporation program called TAF (Time and ~requency), TAF .is a general purpose 
program for solving ordinary differential  equattons. The dtfferenttal  equattons 
are  written to  provide a value for the f l r s t  derivative of each 'variable i n  terms 
of the values of the other variables, time and other program values. TAF pro- 
vides steady s t a t e  solutions , t h e  transients, and frequency responses. 

FLOW NETWORK FLOW S~LUTION 
. . 

The flow network has 26 flow paths that are  joined a t  .19 junctions. r t  includes 
five control valves and five on/off valves; three of the l a t t e r  are  three-way 
valves. .There i s  a flow, W ,  associated w i t h  each flow path and a pressure 
associated w i t h  each node. A flow continuity equation t s  written a t  each node. 

where : 

i = All flow paths that meet a t  the junction 

W i  = Flow i n  flow path i 

X i  = +l i f  postive flow (as defined on Figure 3.6-84) i s  toward the node 
for flow path i ;. -1 .otherwise 

. JUNCTION NODE 

FLOW 

One equation of this  type its written for each of the 19 nodes, except.for. the 
nodes a t  the three storage tanks that may accumulate o r ' l o se  mass. For these 
three nodes, an equation relating the node pressure to an assigned constant 



va lue  i s  given: 

An equat ion i s  w r i t t e n  f o r  each f l ow  pa th  r e l a t i n g  t he  d i f f e r e n c e  i n  pressure 

a t  the ,  junc t ions  a t  t h e  ends o!.the paths t o  t he  f l o w  and hyd rau l i c  rests tance:  

where: - .  . .. 

Pi = Upstream node pressure 

Pj 
= Downstream mode pressure 

f = F r i c t i o n  f ac to r  as a f u n c t i o n  o f  t h e  Reynold's number, RE, and . . . c  

roughness t o  diameter ra t io . , ,  ED, fo r  f l o w  path k 
, . 

= Rat io  o f  l eng th  t o  equ iva len t  diameter 

PIPEK'~ = K-loss f a c t o r  f o r  path k .  
. . 

VALVEK = K-loss f a c t o r  f o r  path k as a f u n c t i o n  o f  va lve  pos i t i on ,  VP, 
i f  app l i cab le  

IWOLDk1 =, Absolute va lue o f  f l ow  from prev ious f l ow  i t e r a t i o n ,  Wk, f o r  
.path k 

p = F l u i d ' d e n s i t y  as a. func t ion  o f  path temperature, PT, f o r  pa th  k 
. . 

AREAk = Flow pa th  area . . 

G = G r a v i t a t i o n a l  cons tan t  



Other Path Propert ies: ~ r e a ;  Roughness; Temperature; ~ e n s l t y  

The f low paths w t t h  on/off valves have no f low t&en the  valve t s  shut, so t h i  
C 

equation i s  modi f ied t o  , .  

To solve the  19 c o n t i n u i t y  equations and the 26 flow/pressure drop equattons, 

a ma t r i x  s o l u t i o n  method i s  used. The 45 unknowns (19 pressures and 26 f lows]  

a re  assigned posit ions'  i n  the  column vector  x. Each equation becomes one row 

i n  the  c o e f f i c i e n t  ma t r i x  B .pf the  form 
. .. . . 

where: 

n = Number o f  unknowns, 45 
. . 

D j  = Any constant i n  the  equation' 

. . .  

For instance, Equation (2) ( j  = 2). f o r  c o n t i n u i t y  a t  node 2 i s :  

W1 occupies post ion 20 i n  the  vector,  s i m i l a r l y :  
. . .  

W2 = X21 and W25 = X44 
. . 

The eq&t ion t h e n  becomes.: . . . . . . . .. . .. 



The elements o f  row j = 2  a r e  a1 1  zero except B 2 i S 2  = +  9 B21 ,2 = -1 and 

B44 ,2  = 5. Also, D2 = 0. The form o f  t h e  m a t r i x  equat ions i s  BY = D; To 

so l ve  t h i s  ma t r i x  us i ng  standard techniques requ i res  t h a t  t he  c o e f f i c i e n t s  be 
2 known. The pressure drop equat ion t h a t  normal ly  conta ins a  term W i s  r ev i sed  

t o  IWOLD~XW,  where IWOLD~ i s  the  va lue o f  W from t h e  prev ious s o l u n o n .  A f t e r  

a  so lu t i on ,  t h e  va lue o f  1  WOLD^ i s  updated us ing  an under-relaxation,method: 

where RELAX i s  the  re1 axa t i on  parameter t h a t  can range, from 0  < RELAX < 2. 

Good r e s u l t s  have been obta ined us ing  RELAX = 0.6, even when t he  s i g n  o f  t h e  

i n i t i a l  guess o f  WOLD was i n c o r r e c t .  

The m a t r i x  i s  solved by a  standard m a t r i x  s o l u t i o n  a v a i l a b l e  i n  t h e  Westinghouse 

computer l i b r a r y .  

. ~ 

The f r i c t i o n  f a t t o r ,  f, i 's ca l cu la ted  from an equat ion t h a t  i s  a. curve f i t  t o  

t h e  Moody diagram pub1 i shed  i n  Chemical Engineering, November 7, 1977., by 

S t u a r t  W. Chu rch i l l .  

Th is  equat ion was mod i f ied  t o  avo id  unreasonably l a r g e  numbers f o r  t h e  computer 
6 by adding 180 t o  t he  RE and s e t t i n g  "B" t o .  "0" f o r   RE.^ ess than 10 . These ' . 

mod i f i ca t i ons  r e s u l t  i n  a  n e g l i g i b l e ,  change i n  t h e  r e s u l t i n g  f r i c t i o n  f ac to r .  

. .  . 

The va lve  c h a r a c t e r i s t i c s  have n o t  y e t  been determined. A t  t h i s  t ime t he  va l ve  
. . 

k - loss  i s  c a l c u l a t e d  -as:  , ' , . .  . . . 
. . . . 

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

. . . . 
. . .. . . , '  KOPEN VALVEK =(-;p9) ' . ' 

:" 

, . . . . . 
. , 



wd t h  a maximum value of 100 KOPEN a t  10 percent valve opening .(VP) . 

PUMP HEAD R O W  CHARACTERISTICS , 

The p re l im inarydes ign  head and f low have been developed by GIT but  the slope 

of the head f low curve i s  no t  established. For the cur rent  study, i t  was 

assumed tha t  the curve i s  parabol ic i n  shape w i t h  a slope o f  zero a t  the shut- 

off  head po in t  (zero flow), and t ha t  the shu t -o f f  head i s  1.25 times the design 

head. . The resu l  t i n g  curve, inc lud ing the' pump a f f i n i t y  laws f o r  speed var ia-  

t i o n  (f), i s :  

H P ' =  ? x 1.25- HDESIGN - 0.25 HOESIGN ($)2 
(QOESIGN)~ 

, ,  _ . ) .  
For rap id  convergence on hydraul i t  i t e r i t i b n s  i t  i s  assumed ' t h a t  ' the e n t i r e  

. . 
co l l ec to r  f i e l d  resistance 'curve i s  parabol ic. 

. . . . . .  
where the constant, C, i s  found f r om the f l r s t  f lbw re 'sul  , , t, OF1., t h a t  iesul , ts9 

' 

from the guess, HF1. The next  guess f o i  pumd head.: H F ~ ;  i s ~ o b t a l n e d  by equat-l . . . : ' . '  . 
. . . . I  

I ng  pump f low and f i e l d  flow, arid so lv ing f o r  head. T h i s  reil l  t s " i "  a new . - . . 

head guess:, 



HF = 1.25 f2 HDESIGN x C 
Ha 

I FIRST GUESS 
H ' 

. PUMP HEAD CURVE 

CURVE 

n o w  PATH TEMPERATURE CALCULATION 

There i s  a temperature associated w i t h  each flow path i n  the  c o l l e c t o r  f i e l d .  

Since the re  i s  a l a r g e  volume o f  f l u i d  i n  many of t h e  pfpes, t h e  p ipe  tempera- 
t u r e  i s  modeled as a node t h a t  contafns the heat capaci ty  o f  both the  f l u i d  

a& the pipe. The energy conservat ion equation i s  w r l t t e n  f o r  the  path ten- 

p h i t u r e  node: 
. . 

d PTk 
[EPCk + VOLPTHk x RHO (PT,) x SCP (PTk)] 7 - - W, (TJi - PTk) x SCP (PTk) 

where : 

EPCk = Total  p ipe heat capaci ty  f o r  k '  
. .  a . . .  

RHO = ~ l d d  density as a f u n c t i o n  o f  path temperature i n  path k, PTk . . 
r ' .  . I 

s 

S C P  . ,. = F l u i d  hea t  . . capac i - tyas  a funct ion,  o f  path temperature i n  p a t h  k, ' , 

- PT . . .  . . , , , I' . . .  . . . . .  . 
. . .  . . ,. .c 45: . * .  . . . . . .  . . 

. . .  . . . . . . .  VOLPTH~ = . .  ~ l u , i d  > yolume.in: path k '  . . . . . . .  . _ . ,.. 
. 1 : I .  . - . . . . , * _  . , . . 

. . . . .  . . . . 

Wk= Flow i n  path k 

TJi = ~emperature o f  j unc t i on  upstream of path k (downstream f o r  negat ive Wk) 



d PTk . . .  . - 

The equatton i s  solved f o r  -7 and TAF solves f o r  PT. 

The j unc t i on  temperature 3s solved by tak ing  an instantaneous energy balance 

o f  the  f lows enter ing  the  junc t ion .  
WjPTj 

TJi= 
Cwj j. 

. . , . ,  . ,. 

where j i s  a l l  f l b w  paths' f l o w i n g  - i n t o  the  junct ion.  The equation can be 

w r i t t e n  i n  t h i s  s i m p l i f i e d  form because f l u i d  enthalpy i s  approximately l i n e a r  

w i t h  teinperature"0ver th'e ' temperature range 'o'f' j 'n terest  . . . 

For f l ow  paths t h a t  inc lude a co l l ec to r . sub f i e ld ,  these equations are modified. . . 
The temperature of t he  f l " i d  i n  t h e  receivers i s  cal 'culated by the  recei;er 

equations. The p a t h  temperature then  represents on ly  the..&i ping*'from' the '  e x i t '  

o f  the c o l l e c t o r  t o  the  junct ion.  The f i e l d  o u t l e t  temperature i s  used i n  

place o f  upstream junc t i an  temperature t o  ca l cu la te  the path temperature. 8 



SOLAR-,RECEIV,ER CALCULATIONS 
. . 

The c o l l e c t o r  sub f i e ld  model i s  based upbn a  deslgn using ~ c c u r e x  co l l ec to rs .  ' 

This assumption 'was made . t o  ob ta fn  representat ive r e s u l t s  for the  cur ren t  

studies. When the c b l l e c t o r  vendor i s  selected, t he  model can e a s i l y  be 

rev ised t o  incorporate the  actual  geometry. 

The sub f i e ld  a re  arranged w i t h  28 para1 l e l  s t r i n g s  o f  c o l l e c t o r s  i n  each sub- 

f i e l d .  ..Subfield .I has 36 modules per s t r i n g ;  Subf fe ld 2. has 26 modules per 

s t r i n g ;  and Subf ie ld.3 has I? modules per s t r i n g .  Each s u b f i e l d  i s  modeled -'. 
as a  s i n g l e  s t r i n g  o f  nodes. There are  e ight ,  ' four  and two nodes i n  Su6- 

f i e i d s  1 ,  2  and 3, respect ive ly .   he model i s  f l e x l b l e  i n  t h a t  the number of 

nodes i n  a  s t r i ngsand  the number o f  s t r i n g s  i n  a  s u b f i e l d  can 6e changed r e l a -  
. . 

t i v e l y  easi ly .  The t o t a l  number 'o f  nodes' may be increased as. requtred. 

Each node i n  the  s u b f i e l d  represents t h e  rece iver  .-for--one .module--w-$dth-- and -..f.s.-- 

an incremental length ( i  .e., the  proper t ies are  i n  terms o f  X per meter!. 

When mu l t i p l i ed '  by the  number ,of  s t r ings 'and a  l,ength, the  node represents a 

f i n i t e  p a r t  o f  the subf ie ld .  

The model o f  a  .rec.eiver node i s  shown i n  the fo l l ow ing  diagram. 



. . .  
The' model consis& b a s i c a l l y  o f  a  p ipe wa l l  temperature, s o l u t l o n  p o i n t  t h a t .  

receives ne t  so la r  i nso la t i on ,  QR,, loses heat t o  ambi.ent, QL, and t rans fe rs  

heat t o  .the heat t r a n s f e r  o i l ,  QO, and a  f l ' u i d  node t h a t  has,a volume f i l l e d  

w i t h  o i l  t h a t  r e c e i v e s  heat from the  p ipe  wa l l  and gains o r  loses energy by . 

mass t ranspor t  down the  pipe. 

The rece iver  model incorporates several assumptions. It i s  assumed t h a t  a x i a l  , 

conduction o f  heat along the length  o f  the  p ipe i s  neg l i g ib le . '  I t  i s  assumed, 

t h a t  the glass envelope around the  rece iver  can be neglected as l ~ g  as i t s .  

ne t  a f f e c t  on the  heat t rans fe r  t o  the rece iver  tube i s  c o r r e c t l y  accounted 

fo r .  The main reason f o r  t h i s  assumption i s  t h a t  the  glass.temperature var ia -  

t i o n  i s  r e l a t i v e l y  small dur ing  normal , c o l l e c t o r :  operat ion. It i s  a l so  .,. .,., 

assumed t h a t  the emiss iv i  t y  and abso rb t i v i  ty o f  the  -. . p ipe 'sur face are  i.ndepen-.; 

dent o f  p ipe wa l l  temperature. It i s  assumed t h a t  the conduction and convec- 

t i o n  heat losses from the  rece iver  are a  l i n e a r  func t ion  o f  the p ipe wa l l  .-to.. 

ambient temperature d i f f e rence .  Node temperature i s  ca l  cul'ated us ing a  mixing, 

tank model and thus represents the o u t l e t  temperature o f  the p.ipe section,. . . 

Heat losses are based on the  average between the node temperature (which 

represents the out1 e t )  and the node i n 1  e t  'temperature. ' , 

The net  heat received from i n s o l a t i o n  f o r  node i, ORi, i s  ca lcu la ted  from: 
' 

where: 

QRi= QNIP x  TOD x  ANGLE x  Qi x WDMOD x OC 

QNIP = Maximum value o f  normal i nc iden t  r a d i a t i o n  

TOD = Mu1 t i p 1  i e r  t h a t  var ies  through the day t o  r e f l e c t  the changing 
incidence 

ANGLE = Mul.tip1 i e r  t h a t  depends on the..an'gl . . .  e' between the c o l l e c t o r .  normal 
and the sun . . 

Qi = M u l t i p l i e r  t h a t  can be var ied f o r : d l f f e r e n t  nodes t o  simulate 
. . p a r t i a l  o r '  vary ing cloud cover..or defocusing a  po r t i on  o f  a  f i e l d  

. . . . 
. - 

WDMOD = Aperture width o f  a  c o l l  ec tor  module 

OC = Opt ica l  constant f o r  r e f l e c t o r  type; r a t l o  between inso la t i on ,  
i nc iden t  on the c o l l e c t o r  t o  t h a t  i nc iden t  on the rece iver  tube 



The heat losses a r e  d i v i d e d  between convect ive,  QL1, and r a d l a t l v e  lcsses ,' QL4. 

The convect ive losses a r e  ca l cu la ted  t o  match t h e  manufacturers performance 

data. The constant,  C1, i s  fit, t o  t h a t  data a f t e r  t he  o t h e r  parameters have 

been ca lcu la ted .  She convect ive heat l o s s  term i s  p ropo r t i ona l  t o  t he  wal'l t o  

ambient temperature d i f f e r e n c e  f o r  'node i. The l o s s  i s  ca l cu la ted  on a  per u n i t  

l e n g t h  bas is  and f o r  a  s i n g l e  module width.  

The r a d i a t i v e  l oss ' t e rm ,  9L4, i s  ca l cu la ted  us ing  a  t ,yp ica l  emiss' iv i  ty f o r  

b lack  chrome o f  0".1'2. A  view f a c t o r  o f  1  ..0 i s  assumed and t h e s u r r & n d i n g  te,m- 

pe ra tu fe  - i s '  assumed t o  be ambient . ( these assumptions a r e  n o t  q u i t e  cor rec t ,  

b u t  they lead  t o  small. and acceptable e r r o r s  a t  t h i s  stage o f  ana l ys i s ) .  

4  = 0.12 x ITBOLT x APG [ (  + 2 7 3 . 1 ~ ) ~  - (TA + 273.11)4] 

where: 

STBOLT = Stefan-Bol tzmann constant  

APG = Outer c i r cumfe ren t i a l  su r face  area o f  t h e  p i pe  

TW = E f f e c t i v e  w a l l  temperature o f  t he  p ipe  t h a t  i s  .,the average 
w a l l  temperature ' 

. . 
, . 

. .TA = ~ m b i  en t  temperature 
. . 

. . 
Heat t r a n s f e r  from t h e  p i pe  t o  t he  o i l  i s  ce l cu la ted  "sing' t h e f l u l d  f i l m  . . . 

. . 

temperature drop. The temperature drop :through t h e  p i pe  w a l l  I s  on. t h e  o rder :  . ,  ;.. 

o f  2.0°C and i s  t he re fo re  neg le i t eda ;  i t o n l y  a f f e c t s  t he  heat  l o s s  terms. 
. . . . 

The heat t r a n s f e r  c o e f f i c i e n t  'is based upon a  vendor 'suppl i e d  va lue o f  . . . . 

1.629 k ~ / m ~ - ? C  a t  a  f l ow  o f  0.2016 kg/s. Th is  va lue i s  assumed t o  vary  as 

t h e  0.8 o f ' t h e  f l o w  . r a t e  per  t h e  D i t t us -Boe l t e r  equat ion w f t h  .an 
. . . .  . 

a r b i t r a r y  minimum o f  1 0  percent  of  t h e  re ference '  values. Th is  ' r e l a t i o n  w t l l  

be improved f o r  f u t u r e  ana lys is .  
I '. 

kW UARF = 1  .629 - 
m2-oc 



WRF = 0.2016 &- 
set 

F i n a l l y :  

Pre l iminary s tudies were performed w i t h  the  pipe. node temperature being the  

r e s u l t  o f  a d i f f e r e n t i a l  equation s o l u t i o n  i n v o l v i n g  the  p ipe heat capaci ty .  

I t  became qu ick l y  apparent t h a t  the, t ime constant o f  conduction o f  heat..from 

the pipe' wa l l  t o  the  f l u i d  was an order  o f  magnitude l ess  than t h a t  o f  f l u i d ,  

t r anspor t  through. a f l l i d  a x i a l  . node. ~ h e r e f o ~ e , .  a f t e r  some conf irmatory< 

studies repor ted i n  DRM: DA-0568 dated September 11, 1978, t he  p ipe  wa l l  node 

was e l iminated and i t s  heat capaci ty  combined w i t h  t h a t  o f  the  f l u i d .  
. .  . . . . . .  . . . .  

The wa l l  temperature was obtained by s e t t i n g  the  sum o f  the heat f lows i n t o  

and ou t  o f  the  p ipe wa l l  t o  zero 

The s o l u t i o n  o f  the preceeding heat balance equation f o r  mi i s  complicated 

by the f o u r t h  order term due t o  r a d i a t i o n  heat losses. Since TW does no t  change 

r a p i d l y  and s ince QL4 i s  a r e l a t i v e l y  small term, the  r a d i a t i o n  heat l oss  term 

i s  approximated us ing the d e r i v a t i v e  o f  the l oss  term w i t h  respect t o  TW 

evaluated a t  t he  previous t ime step. 

QL~(TW) = QL4 (TWOLD) t '(Tw - .  TWOLD) . .  . 

> . .  . 

The . r e s u l t i n g  1 inear  equation . i s  then 'solved f o r  TW. Then, QO i s  obtatned from 

know1 edge 'o f  TW and s o l u t i o n  f o r  TF can .proceed. . . 

. . 

The conservat ion o f  energy equation i s  w r l t t e n  f o r  the  f l u i d  node incorporat!ng 

the p ipe  heat capacity,  CPP. 



d TF Wi x .COP Tin 
(CPP + RHO0 x CPO x VOLO) ,d = QO + 

( - TPi) .,- 

ALONG 

where: 

CPP = Heat capaci ty  o f  the p ipe 

RHO0 = Density o f  o i l  

CPO = Spec i f i c  heat capaci ty  o f  o i l  

VOLO = Volume o f  o i l  i n  pipe node 

ALONG = Length o f  pipe node 

. .  . . . 
(Note: CPP and VOLO .are on a Itper u n i t  lengtht t  basis) 

  his equation neglects t h e  change i n  mass inventory i n  the f l u i d  due t o  changes 
- . . .. . - - -- - . . - -. - - - -- - - -. - - - - .. -. .- . . - - . . . . -. . - .. - . - - . - - .- - . . 

i n  densi ty  so the mass f l ow  i n  equals 'the mass f l ow  out. This i s  judged t o  be 

a reasonable assumption. , 

HYDRAULIC SYSTEMS DESIGN 

It i s  important t o  desfgn proper hydraul ic  resistances i n  the bypass f l ow  paths 

t o  a l low the cont ro l  valves t o  operate i n  a reasonable range o f  valve posi t ions.  

Addi t ional  f i x e d  res is tance i s  required i n  the  f l ow  paths t h a t  are p a r a l l e l  w i t h  

the  co l  1 ec tor  subf i e l d s  t o  approximately match the  re1 a t i v e l y  1 arge pressure 
- - -  

-drop through the  subf ie lds.  

The architect-engineer, Heery & Heery, provided pre l im inary  estimates o f  

hydrau l ic  parameters f o r  the  main f low path through the  f i e l d ;  paths two through 

nine. Character is t ics o f '  the col..l.ector subf ie lds  were obtained from vendor data. 

The pressure drop term f o r  the  co l l ec to rs  was considered t o  be e n t i r e l y  f r i c t i o n - .  

a1 pressure drop; shock loss  pressure drop was assumed t o  be neg l ig ib le .  Addi- 

t i o n a l  a f f e c t s  due t o  f l e x i b l e  hoses, connectors o r  i s o l a t i o n  valves were 
. . .  

neglected. The .equivalent k - fac tor  f o r  the  f i r s t  s u b f i e l d  i s  725 .based upon 

the actual  rece iver  f low area. 



The f l ow  r a t e  i s  determined by the  f lows i n  the bypass paths, 
. . . . '  

r- 

W 5 =  W3 + W12 - Wll Eqn B 

r 

The temperature a t  the  i n l e t  t o  f i e l d  2, TJ6, i s  approximated by an energy . .  

balance as 

Eqn C 

Equations A and C are solved fo r  TJ6 and se t  equal. t o  each other ,  a lso  W5 i s  
> .. . . . a . . 

e l iminated using equation B. 

Hydr iu l i c  s tudies were conducted by ex t rac t i ng  the  hydrau l ic  so lu t i on  subrout ine 

from the main program and running t h i s  as a separate program. Various f l ow  

condi t ions  were evaluated a n d  valve and p ipe k-factors were modified' t o  otj ' tain 

these f lowrates. Then the  range o f  k-factors required t o  s a t i s f y  the  .various 

f low condi t ions i n  a p a r t i c u l a r  path was found and these fac tors  were entered ' 

i n t o  the main program.. 

SOLAR COLLECTOR FIELD. CONTROLLER 

Subf ie ld # I  

'The steady s ta te  temperature r i s e  through sub f ie ld  #1 can be approximated t o  a 

f i r s t  order i n  the  normal operat ing. range as . .  

:. , . . 
where : 

. . ' Q  i s  f r a c t i o n  of maximum inso la t i on  (0.806 kW/m2) 
, . 

, .  - W i s t o t a l  sub f ie ld  f l ow  r a t e  i n k 6 i e c  



Assuming t ha t  Q i s  sp.ecified and the desired ou t l e t  temperature i s  302' (575OF), 

the required f low can be calculated (use Q = 1 .O.  f o r  now) a 

The control ' ler  f o r  valve V1 w i l l  contro l  t o  t h i s  f low rate. 
, . 

Subfield #2 
. . 

S imi lar ly ,  the steady s ta te  temperature r i s e  i n  subfi.el.d #2 i s  approximated as 

Thus, f o r  Q = 1.0 and f o r  a desired o u t l e t  temperature o f  302OC, the desired f low 

r a t e  i s  . 

Eqn A 

Eqn D 

This i s  an equation i n  the two unknows Wll: and W12. The fu r ther  r e l a t i on  i s  

added tha t  the i n l e t  temperature should be t h e  maximum at ta inab le  without 

v i o l a t i ng  equation D w i th  both Wll and W12 being pos i t i ve  o r  zero. 

By examination o f  equations C and D i t  i s  determined t ha t  t h i s  r e l a t i on  i s  

sa t i s f i ed  when only' one o f  W1, and W12 i s  pos i t i ve  and the other i s  zero. 

I f  W12 i s  zero, equation D reduces t o  

Eqn' E 



; I ". . .  . 

I f  W1 i s  zero, equation, D reduces to:; . . 

. . . . . . . .  . 
It turns out  t ha t  both Wll and W are zero a t  

12. .. 

Eqn F 

If equation G i s  greater than zero, Wl1.is.greater than zero per equation E and 

W12 i s  less than zero per equation F so W12 i s  set t o  zero. The inverse o f  t h i s  

a1 so appl i e's. 
. . . . . . ,  

Thus the equations E a n d  F provide desired values f o r  Wll and W12 which are 

. ,  1 i m i  ted .. to. pos i t i ve  values o r .  zero. . , . . . . . . . .  

Subfield #3 

The desired-flows f o r  subf ie ld  #3 are determined I n  the -same manner as f o r  
subf ie ld  #2. Thetemperature r i s e  . is  - - .  ' . . . .  

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

The resu l t i ng  re - la t ions  f o r  w , ~ ,  and w , ~  are . 
+ . . .  . . 

Recirculat ion Valves V6, V7, and V8 

These are two pos i t i on  valves. I n  pos i t ion '  0 the f l u i d  i s  sent t o  the hot  tank. 

I n  pos i t ion 1 the f l u i d  i s  sent t o  the rec i rcu la t ion  l i n e  o r  t o  the intermediate 

o r  cold tank. 



I t  ii assumed (arbi t rar i ly  a t  th i s  time) that above 265'C (509'F) the. f luid i s  
sent to  the, .hot tank and below. 255OC (491°F). the flu.id i s  sent to  the recircula- 
tion path. Between these temperatures the valve position does not change. 

Intermediate and Cold Temperature Tanks, V9 and V10 

These valves are  inactive in the shut position a t  present b u t  will be programmed 
w i t h  hysteresis as Valves 6, 7 ,  and 8. 

Valve Positioning Model 

The modulating control valves i n  the collector f ie ld ,  valves V1 through V5 on 
Figure 3.6-84 are to  control flow in the paths in which the valves reside. The 
flow i s  determined from the valve position and the resultjng valve K-factor and 
the system hydraulics. The i n p u t  t o  the valve position controller i s  the desired 
flow and the output i s  valve position. For the current analysis, no attempt 
was made to d-eyel-op_-a-real-ist-is--mode-1 of- the -  valve control-ler; the objective was 
t o  model a stable f ie ld  controller. Future analysis will be conducted to  deter- 
mine the characteristics of an actual valve position control 1 er. This analysis 
should consider other effects such as fluid iner t ia  which are neglected i n  the 

current model. The objective of the current model is to  demonstrate the 
acceptabi 1 i ty  of coll ector fie1 d temperature control . The effects of valve 
positioning dynamics are so much faster  than temperature change dynamics as .not 
to affect the' temperature transients . Therefore, the val ve positioning dynamics 

. . are not discussed further. . . . .  - .  
_.._. -. . . .. 

3.6.9.2 THERMAL STORAGE SUBSYSTEM 

The thermal stonage subsystem provides two basic functions. Firs t ,  the sub- 
system transfers the thermal energy collected i n  the solar collector ff eld to 
the power conversion capability of Sun 21 o i l .  

The -following equations define the mass storage and energy inuentb+y.orp. mass 
storage tanks as well as tank ouflLet conditions. 



HIGH TEMPERATURE TANK 

@ -Assumes a l l  f l u i d  from so la r  f i e l d  and a u x f l l a r y  heater charge . ' .  

- ,  storage tank 

No heat l oss  i n  p i p i n g  

Tank heat l oss  - f r a c t i o n  o f  t o t a l  ava i l ab le  heat 
. , . . .  . . 

No r e c i r c u l a t i o n  f l ow  
- 2  

. , . , 

Incompressible f low 

a Pipe hydrau l ic  losses (form and f r i c t i o n )  p ropor t iona l  t o  f l ow  ' ' 

square . . 

Constant cover gas pressure . : 

Tanks c y l  i n d r i c a l  ( v e r t i c a l  ) 
, , I 

Discharge valve a t  bottom o f  tank 

i . Assume pe r fec t l y  mixed f l u i d  . . 

STORAGE TANK 
.. . 

. . 
, . 

. . . ,, - TRANSPORT PUIIP 
h t 

OUTLET 
. * ,  

no, t io '  To, P 

. . . . .  . .  . Mass Balance . 

.. ' , '  ' 

"- Ci-3 :. " .  ; . 1  . . /  . . .  . .  . . x ht 

where: . . 

: Mht = Mass o f  o i l  i n  h igh  storage tank (1 b) : . . . . 

l i = Mass f low i n t o  tank ( l b l sec )  

kio ='-Mass f low out  o f  tank (lb/sec) 



where: 

Aht = Cross sec t ion  area o f  tank = f(Hhtl . . 
Phi  = Dens,ity o f  o i l  ( l b / f t 3 )  

. i n  . . 

'ho = Density o f  o i l  (I b / f t 3 )  ' ,  ou t  . 
H,, = Tank L i q u i d  Level ( f t )  

~ n e r ' i i  Balance 
. . .  

where: ., . _. . - 

Et = Stored energy i n  Tank (Btulsec) 

Hi = Enthalpy o f  f l u i d  i n t o  tank (Btulsec) 

Ho = Enthalpy o f  f l u i d  ou t  o f  tank C ~ t u / l  b)  

Tank Out1 e t  Pressure 

p * h s  
Pht. = -m + PC. 

where : 

P C  = Nitrogen cover gas pressure (psla) 

h S  = Hht + Lht e leva t ion  

p = O i l  dens i ty  (1b / f t 3 )  

Intermediate tank and low temperature storage tanks are  def ined w f th  s i m i l a r  

equations. 

. . Nomenclature: . 1 .  . . 

h t  = High temperature tank . . ' "- 

m t  = Intermediate temperature tank 
. . 

, . 
. . 1$ = Low temperature tank 



Total O i l  Flow 

where : 
, ,. . 

= Lumped f l u i d  inher i tance c o e k i k i e n t  

= gz r (where 1 i s  the  d i sc re te  nodal p ipe  areas and, 1 engths 
i dependent upon f low.  path) . 

K = Lumped pressure drop c o e f f i c i e n t  . .. 

. . 

= Sum o f  ' f r i c t i o n ,  form and value loss  fac tors  

LpiAhi = S t a t i c  . . head due t o  el,evat'ibn changes 

K = K1 + K2 + K j  + K4 = .Sum o f  equivalent  p ipe  loop losses and value 
loss  ' coe f f i c i en ts  . . . . .  

I .  ' 

Pump E x i t  Pressure 

3 .  

AP Pump = Pump ~ e a d  = Hd =  AN^ - B < ~ ~  

A and B Pump Performance Coeff ic ient 

where: 

HDC A = Shut-off  head/design head = , ,  . . 

HDC - HD B = A - l =  
H D 

N = Pump Speed = Constant 

. . * - 

' Pump suct ion  Pressure 
. . 

3 

K i  Valve and L ine  Loss Coeff ic ient 



FROM FIELD 

SUPERHEATER BYPASS 1 ~ s f i  O J r " ~ ~ '  STEAM 

SUP. HTR 

I 

K4 . -- - . . . .-.. . 
THROTTLE PREHEATER FEEDWATER 

1 
VALVE BYPASS VALVE 

TO FIELD 

3.6.9.3 POWER CONVERSION SUBSYSTEM 
. . . - 
As shown in" t h e  model schematic be1 on, t h e  power conversion s'ubsys tern '-' 

converts the thermal energy co l l ec ted  and stored i n  the thermal storage sub- 

system i n t o  usefu l  e l e c t r i c a l  energy, i n t o  process steam o r  ho t  water t h a t  can 

be u t i l i z e d  f o r  space heat ing and cool ing, and domestic hot. water f o r  the  

Fo r t  Hood complex. The power conversion model subsystem i s  composed o f  the 

fo l l ow ing  c'omponents: preheater, bo i  1 er, superheater, h igh  pressure t 'urb i  ne, 

low pressure turb ine,  condenser, condensate pump, deaerator, b o i l e r  feed pump 

and feedwater heater.. 
. - . . .- . . 

STEAM GENERATOR 

e Includes preheater, b o i l e r  and superheater 

e Assumes single-phase f low except i n  b o i l e r  and deaerator 

Neglect f l u i d  dynamics i n  superheater steam reg ion  

r As a f i r s t  est imate two s&am/water nodes and two o i l  nodes per 
superheater and preheater i s  assumed adequate f o r  heat t r a n s f e r  
ca l cu la t i ons  ' 

e Neglect tube wa l l  temperature, assumeJ 1 inear  ~t across wa l l  



' _  . 

. I 

FROM FEED :VALVE 

ww : . 

STORAGE TANK 
SUPERHEATER BOILER PREHEATER 

Preheater 
Flow - O i l  Side: 

- 5 ' 

W~ 
= 20.79 (vPRE) ' ' 

Where : . , 

VPRE o r  . = Posi t ion  o f  Preheater Bypass Valve 

Temperature - O i l  Side: 
. - 

Tol = o i l  s ide i n l e t  (from drum e x i t )  = TB3 . 

TRET = o i l  t o  storage = (W To + Wop To,)/Wo 
P 3 

, .. 
Temperature -Water  Side: 

Tw3 = Feedwater Temperature 1 .  '. . a 



Node De f in i t i on :  TO 

O i l  i = 0, (1 = 1, 2, 3  i n l e t  t o  e x i t )  BOILER 

Water i = Wi (i = 1; 2,. 3  e x i t  t o  i n l e t )  

UA1 = Overal l  heat t rans fe r  c o e f f i c i e n t  

UAZ3 = Overal l  heat t rans fe r  c o e f f i c i e n t  2 2 
UA12 = UA,, = UAP ( w , ) ~ * ~  

UAP = Heat t ransfer  c o e f f i c i e n t  of o i l  
3 

= E f f e c t i v e  heat conductance 
McpO ( o i l  s ide)  

I 

= E f f e c t i v e  heat conductance " 

VPRE FROt1 
Mcpw (water-side) STORAGE FCEDWATER 

(\Ip (Ww 

C ~ w  
= Speci f ic  heat o f  water ,  

= S p e c i f l , ~  heat o f  o i l  
PREHEATER NODAL DIACIMII 

cpO . . ~ CpZ,Cpj = Specif ic heat of o i l  

I Ww = Feedwater f low (1 b/sec) 

Pw3 = Feedwater pressure . . 

2  Pwl = Pw3 - Kw Ww 

Wo = Heat t ranspor t  o i l  f low r a t e  

KO = E f f e c t i v e  pressure loss c o e f f i c i e n t  ( o i l  s ide)  

Kw = Ef fect ive pressure loss  c o e f f i c i e n t  (water s ide)  

B o i l e r  

Steam drum energy valance assume. constant volume. 

l 
a .  

Vol ume : 



'Mass i n  Drum: .... . . . . 

- + Ma 
. M ~ ~  - Mliq vap 

. . 
where: . 

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

Ws = M ,&Vteam f l ow)  
. . . .  . . . . . . .  , . 

.' i 

= qi$Feed f l ow )  W, 
, . 

V L =  Water s p e c i f i c  volume 
. . .  ., . . . . . . .  . . .  . . .  

VS . = . Steam , s p e c i f i c  volume 
. . 

Energy Balance:..(Wat.er 'side)..:', 

. . 
' '  A- E W HW - WsHG * QOW 
, d t  dR= w .., t .  . . 

Q1 = UABl 
(Tbl + Tb2 - Tsa t )  

2 

Q2 = UAB2(Tb2 + Tb3 ' - Tsa t  + Twl ) . . 

2 2 

d .-Tbl + Tb2 
QOW = Ql + 92 

MCp 
TB2 = WoC (Tbl - Tb2) - UABl : ' . .  :2 .  

P - 4 ~ a t  

d - Tb3 = W&p(Tb2 - Tb3) - UAB Tb2 + Tbg - Tsa t  + Twl 
MCp d t  ( 2 2 

t 

. . .  . . . ,  6 . . .  . _  ; .  . . . . 
where: 

2 
Qfi = Heat f l u x  ( B t u l s e c - f t  ) . . t !. .;.., .. ... . . .  

. . .  . . . .  *:, Y . . *  . 

AT = Average temperature d i f f e r e n c e  between sa tu ra ted  water and o i l  
i n  tubes 



~ b ~ '  = E x i t '  from superheater = WBS (Tsol)  + NOS (TsoB)/Wo 

u*= UA$= Overa l l  heat t r a n s f e r  c o e f f i c i e n t  (Btul°F-sec) = UAB .(wo)O:? 

MCp = Overa l l  heat conductance c o e f f i c i e n t  ( B ~ U ~ O F - S ~ C )  
. , 

Energy Balance ( O i l  Side): 

Hwl = 0.94 + Twl 

. I . .  

Where: 

. UDd. = I n t e r n a l  Energy (BTU/~  b) 

Drum Pressure: (from ASME' Steam Tables) : .' 

. . . . . _ . . .  -. PDR = PSAT = f (UDR) 
1 

f o r  UDR > 392.79 , 

PDR 300 + (UDR - 392.8) / K PDR 

f o r  298.08 < UDR c 392.79 

PDR = 2.111 (UDR) - 529.2 

f o r  UDR c 298.08 

PDR = 1.0384 (UDR) - 209.52 

Where: 

kPDR = 

Drum ~emperature:  (from ASME Steam Tables) 

TDR = T sa t  = f (P s a t )  

Steam Enthalpy: ( f rom ASME Steam Tables) . . 

H~ = f (P sa t )  

fo r  PDR > ' I 0 0  

HG = 1168.36 + 1.8833 ( P D R ) . ~  

, ' f o r P D R < 1 0 0  . . 
. . . . . . 

. . . .  . . . . 
. . 

HG 1164.09 + 0.2314 (PDR), . . . .  . ( . . . 

~ i q u i d  Enthalpy: L I . ,  , .  . ,  . . . . . . .  
. . ( V  , 0 . ' 1 8 5 :  HDRUM = uDR . + i~ DR DR) . . . . . . . . . . 

. . . . . . 
. . 

. . . .  . . . .  



Superheater 

. . . . ' O i l  Side:.  

dTso3 Tso2 (Tsw3 + 
= N  :C (Tso2 - Tso3) - UAS. - 

MCpso d t  0s p '  2 2 

where: 
. . 

MCpso = Overa l l  heat conductance c o e f f i c i e n t  (Btul°F-sec) 

UAS2 = UAS2 = Overa l l  heat  t r a n s f e r  c o e f f i c i e n t  (Btul°F-set)=. UAS (Wos)o*8 

Cp = S p e c i f i c  heat o f  o i l  ( ~ t u ' / l b - ' ~ )  

Steam Side: 

where: 

MCps = Overa l l  heat conductance (Btul°F-sec) 

cps, = S p e c i f i c  heat o f  steam ( B t u l l  b-OF) 

O i l  .S ide Pressure Drop: 

where: 

= Pressure l o s s  c o e f f i c i e n t  ( o i l )  Kso . . 

Ksw = Pressure l o s s  c o e f f i c i e n t  (steam) 



Water Side: 

Nomenclature: 

Tso,' = O i l  Temperature 

Tsw, = Steam Temperature 

OIL STEAM 

SUPERHEATER NODAL DrAGRAM 



STEAM TURBINE 

Equations app ly  f o r  hig'h and low pressure turb ines.  . . 

. . , ~. Turbine Flow : . . 
.. I. 

where:. . 

Sv = ~ a t G  o f  valves open l to ta l  number o f  valves 

Kv = Flow c o e f f i c i e n t  

Tti = Tsw + 460°F 

E x f t  pressure: . 

I n l e t  Pressure: 

. =  K ..P 
Pti t v  so 'TV 

where: 
. . .  

. . 
Ktv = Turbine valve f l ow  c o e f f i c i e n t  

Power Extracted from Steam: . . 
. . . . . .  .-. 

Pwrt = WtiNt (Hti - H is )  

where: 

= Enthalpy o f ,  i sen t rop i c  expansion o f  . i n l e t  t o  t u rb ine  o u t l e t  
Hts pressure 

Hti = F(Tsw,, Ptj) Turbine i n l e t  enthalpy 

E f f i c i ency :  . . 
. . . . 

. . . . . . .  . . N t '  = .NrNb. 



I N r  = 0.85 (nominal value) 

Nb = Generator andmechanfcal losses 

= K *US o r  constant 
t g 

US = Shaft ve loc i t y  

.- . . . . . . . . . . .  ,. -. . 

STEAM TURBINE MODEL FLOW SCHEMATIC 

CONDENSER 

'Condenser In1 e t  Steam Pressure: 

Tc2 = TTE 

Where: . . 

TTE = E x i t  Steam Temperature from Low PressureTurbine 
. . . . . . . . . . . . . . .  . . . . .  . . 

condenser E x i t  Enthal py :. . . 

- 
H~~ - "c i  - UAC (THEACM)/Wsc 

Where 

= I n l e t  Steam Enthalpy Hc i ~ UAC = Overall Heat Transfer Coefficient 

Wsc 
= .Steam Flow   ate ' t o  condenser 

THEACM = Log mean p p e r a t u r e  difference 



Water Side E x i t  Temperature: 

MCpc dTc4 - - WcCpc (Tcq - Tc41 + UAC (THEACM) - . . d t 

Where 

MCpc = Ef fect ive conductance coe f f i c ten t  

Wc ' = -  Coolant Water.Flow Rate 

Tc2 = Condenser In1  e t  Cool ant  Temperature 

Condensate E x i t  Temperature: 

Tc3 = 32.1 + Hco .. .% 

FROM TURBINE EXHAUST 
OR LOW PRESSURE HEADER 

1 .  

DEAERATOR 

STORAGE 

Tc4,  Mc, Hcwo 

I I T=*. Wc, Hcwl 

I 
I 

FROM STORAGE 

. . . ,TO DEAERATOR 

CONDENSER MODEL FLOW SCHEMAT'C . ' . . 
. . . .  , 

. . 
. . 

. . 

Energy ~a lance : .  ,, . . , 



Steam Flow Rate: 

WDEA = WTLP + Wfs + W S ~  - . 

Where: 

Wfs = 0.1092 (Vfs) 

Wsd = 0.1028 (Vsd) 

Enthal py : 

HDEA = W TLP (Hco) + ~ f s  (HCfhm) + Wsd ( ~ s d )  

(W TLP + Wfs + Wsd) ' , 

Where: 

Wsd (Hsd) = Energy en ter ing  deaerator from condenser 

Wfs (Hcfhm) = Energy en ter ing  deaerator from condensate r e t u r n  u n i t  

W TLP (Hco) = Energy en ter ing  deaerator from tu rb ine  

Ww = Feedwater f l ow  

. . Temperature: . ' . . *. 

TDEA = 33.826 + 0.9896 (HDEA) 

Where: 
TDEA = Saturated Temperature of f (HDEA) 

[Steam Tab1 es] 

Pressure: 

PDEA = 0.41275 (TDEA) - 74.091 

DEAERATOR MODEL FLOW SCHEMATIC 

. . Where'. . . . 
PDEA = f (TDEA) [ ~ t e a n i  ~ a b l  e i ]  

~ p ,  . ,(TURBINE EXTRACTION) 
Hco . ..'. W ' ' ." HCFHM 

fs ,  . 
Ww ,HDEA j - .  

. . 
. .  . .- FROM CONDENSER 

t 'FROM CONDENSATE 
RETURN UNIT 

FEEDWATER HEATER +-- 

. . 

. . 

. . . PDEA 

b 



FEEDWATER HEATERS 

Water Side 

dTfo 
MCpf T- ' W,,,Cpf(T+i - T~~ + UAFH (BM) 

where : 

C,++ S p e c i f i c  heat  ( ~ t u l l b - O F )  = 1.0 

OM = Log mean temperature d l f f e r e n c e  (OF) = Ts f '  + Tcfm - Tfi - T f o  
2.0 , .. \ , .  . . 

M C p f  = E f f e c t i v e  heat conductance (Btu/OF-sec) 
. . . .  

Overa l l  Heat T rans fe r  C o e f f i c i e n t :  

UAF" =.fIJat,s TSt,"M) 

. . 
~ v e r a ~ e '  F i lm  Temperature: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . .  .f. . . '  .=. .T . -. .0.8 OM. . . . . .  
s a t  s f  

where: 

Tsae Saturated steam temperature 
. . .  

. . 

Steam Side . . . . 
. . 

. ' Condensate ~ r i t ~ ~ " d i t i o " s :  . ' ,  

. . 
. . 

HCfh= t$o . e M '  ' ' 

. . . . . . . . . . . . . . . . . . .  - . . . . f s .  ' .  

. . , . . . .  . . .  . where: . . .  . . . . . . . . .  . . . . . .  . . . . 
. . 

. . . .  1 H t ~ = f ( T , f , , P , , f ) ~ t e a m i n l ~ t ' [ ~ ~ ~ ~ , ' ~ t . e a n T a b l e s ~ ; . ,  . . . . 

. . 

Tcth= f (Hcf h c o n d i n i i t e  ~ii t [ ASME Steam ~ a b l  e i  J 



- 

TSf .Wsf*Hsf 
.. 

b 
CONDENSTATE LEVEL 

FEEDWATER HEATER MODEL FLOW SCHEMATIC 

3.6.9.4 DOMESTIC HOT WATER SUBSYSTEM 

The domestic h o t  water subsystem model i s  comprised . o f  

t he  condenser, domestic' ( ho t )  water s torage tank, domestic water c i r c u l a t i n g  

pump, domestic water pump, assoc ia ted p ip ing ,  and con t ro l  and i s o l a t i o n  valves. 

Th ls  subsystem i s  connected t o  a c i t y  water makeup l l n e  t h a t  prov ides a -supply ' 
- 

o f  water t o  t he  tank and condenser t o  f u l f i l l  t he  domestic ho t  water ~ requirements . 

~ 'STORAGE WATER SIDE EXIT TEMPERATURE 

d 
MCpd a5 Tdo = 'dheCp (Tdi  - Tdo) - UAOM 

DOMESTIC WATER SIDE EXIT TEMPERATURE . .  
- - . .  . . - . . .  

d ) + UAOM . Mcpdh T d h i  "Wdhcp (Tdhr .' Tdhl  

. . 
where: ' . 

. . 
O M  = Average temperature' d l  f fe rence  (%) 

. . . . 
. . 

U A  = E f f e c t i v e .  heat  trcinsfer!cb&'flcieht . ( ~ t " / ' ~ - s e c )  . 

MCpdh = E f f e c t i v e  heat  conductance domestic water s i d e  (Btul°F-sec] 

NCpd = E f f e c t i v e  heat conductance s torage water s i d e  (Btu/OF-sec) 



Tota l  Q t o  Domestic Hot Water: 

where: . ' 

Q P U ~ P  
= Wdhe*(Hpi - H ) Pump f l o w  work 

PO 

Tcwo = Condenser coo lan t  water e x i t  temperature (OF) 

'dhe = Storage system water f l o w  '(lb/sec,) 

Wdh = Domestic water .  f l ow  ( lb /sec)  
; .. 

DOMESTIC HOT WATER, STORAGE TANK .. . . . . 

Hot Water Storage Tank Energy:' 
. . 

d 
df Ehw = 'hwiHhwi - 'hwo + Hcwo 

Flow I n t o  Tank: .. 

- 
'hwi ' 'cd - 'cde - "sp - Wdhe 

. . 

'hwo ' 'id - 'sp. 

Tank I n1  e t  Entha.1 py: . . 

.. Tank E x i t  Enthalpy: . . 
. . 

. . 

dMhw - = Whwi ' d t hwo 
. . . . 

. . .  : where: . . . . . ,  . + ' . . . . . . . . 

, . W d h e  = Flow - t o  dohes t i c  , . .  I h o t  water heat exchanger 
. . 

= Net f l o w  t o  space hea t ing  . . 
W s ~  

' A  

= Condenser coo lan t  water f low. . . 

Wcde = Condenser f l o w  t o  coo1,ing tower heat exchanger 



3.6.9.5 HOTICHILLED WATER SUBSYSTEM . ' . . . . 

The chi 11 ed water cool i n g  subsystem provides cool i n g  (a ir  condl tioning) to  the 
Fort Hood complex. -The subsystem model' is comprised of the followfng components: 
two-stage absorption chi l le r ;  hot (or chilled) water storage tank; heating (or 
chi 1 led) water circulating pump; hotlchill ed water storage tank; cool 1n;"water 
pump; cooling tower and chi l ler  condenser pump; . .  , ... 

COOLING TOWER 

QH20 = F(TCti,  wet) . .  . . 

where: 

QH20 ,=  eat rejected to a i r  , '  

.r ... . 

Air Flow Required in Cooling Tower: 

- - 
QH*O 

-'85 - 'wet bulb , . . 
* I  . . .,,. 

Air Enthalpy Inlet  to . Tower: . 

where: 

Hg5 = Air exi t  enthalpy . = 

Cooling Tower E x i t  Water Temperature: 

Air Wet Bulb Temperature: . ,. . . .  

- 
, Hwet b u l b  - Kair*cTair  - 78) 

. .  '. ,. . where: 

* " Tair  = Ambient a i r  temperature. ..+ .-- - 
< ,  

I 

Kair  = 1 .I25 (from properties table f i t )  



Cool ing Tower Water Inlet Temperature: 

where : 

Wct = Total coolfng tower flow 

'ct a 'eta + 'cte 

WCta = Flow from chiller 

Wcte = Flow from condenser/tower heat exchanger 

COOLING TOWER HEAT EXCHANGER 

Cooling Side Fluid E x f t  Temperature: 

Condenser Side Fluid E x f t  Temperature: 

where: . . 

eM.= Log mean temperature difference 

Wcte = Cooling tower water flow rate 

P 
= Specific heat of H20 . .  . 

MCpe = Effective conductance cooling side . . . . .  . . 
. . 

. . 
. . 

MCped = Effective conductance hot sfde . . .  
. . 

UAct = Overall heat transfer coefficient 
. . . . . . .  

'cde = Condenser side flow rate 
. . 



where: 

= Thermal losses . . 

Qso 

I n l e t  Flow: 
. . - 

','sti - 'spi - 'spr Heati,ng Season 

- 
'st1 - 'chr ' 'chi Cool i,ng Season 

E x i t  Flow: 

= 0 I I Cool i ng Season 
. . 

Kh = F( nh) Heat ing Season 

. .... K ' =- f.( ) - .CooI.ing Se'ason - - _ _ . . - -. C nc-l I . = 0 Heat ing Season 

WSto = Ka 4- 
( 

STORAGE TANK EXIT WATER CONDITIONS 

Heating Season 

Hsto = Ech'"ch [ASME Steam Tables] 

WSto = Kc 4- Cool i ng Season 
\ 

TS t o  = F(HStO) [ASME Steam Tab les ]  

Storaqe Tank Mass: . . _ . .. . - -. . . 

ABSORP.TION CHILLER 

Required .Cooling ( tons) :  

where : 

Cop = c o e f f i c i e n t  performance 



Steam Rate: 

. Us, = F1 (Qr) [from Table3.6-121 

: ' .  
Condensate 'Temperature : 

. . 
= F2 (Qr) [from Table316-131 

where : 

Hsa = F(Psa, Tsa) [ASME Steam Tables) 

Hca = F(PCa; Tca) [ASME Steam Tab1 es] 

TO COOLING -* Tcto TOWER 
I 

FROM STEAM 
* 

SUPPLY VALVE 
I I 

I I 

I I 

I 
I 

I 
I 

I 
I 
4 

i T c t i s  FROM COOLING 

'c t a  TOWER 

TO DEAERATOR jdbTc0 OR SPACE CONDENSING HEATING 



TABLE 3.6-12 

ABSORPTION CHILLER. - STEAM RATE 

Steam Rate ( I  b/hr-ton) Load (9,) ( ton )  

' TABLE 3-6-13 

ABSORPTION .CHILLER - CONDENSATE TEMPERATURE 

: .  
,. . Condensate Tem : . 

. ' (BtuL°F , . 

Load. (Q 1 
( t 0 n l P  



3.6.9.6 POWER CONVERSION SUBSYSTEM CONTROLLERS . , .. , . . ,  .. 

B o i l e r  Pressure Control . . .  . , , _ _ .  . . 

The o i l  t h r o t t l e  valve i n  the  power conversion subsystem i s  provided f o r  

the  contro.7 o f  stea,m b o i l e r  pressure. . . , . .  

... . . . , 

The cont ro l  a lgor i thm (Figure 3.6-85) developed from the p re l im ina ry  step 

response data contained i n  Section 3.6.4.2.1 i s  a ' proport ional ' - in tegral  (P & I )  
. , . .  

type cont ro l  l e i  f o r  the h igh  temperature operat ing mode. 

AP = Pressure E r ro r  
. . 

AP = 'demand ' "boi 1 e r  

. . .  . . . . . . . . . .  - . . . . . . . .  , Y O  = . . , o i l .  f low r a t e .  

'demand = 365 ps ia  , . 

, .  , = .:. S - operator var iab le  . . . . . . . .  

. . . . .  . . 
Superheater O i l  Flow cont ro l .  . 

Superheater ., o i  1 modulating valve (Figure 3.6-86) i s  -provided f o r  the:control 

, 
o f  superheater e x i t  temperature. Step responsedata contained, i n  sect ion . . 

3.6.4.2.1 was used t o  develop p re l  iminary cont ro l  algori thm. . . .  
...... . . . . . . . . . . . . . . . . . . . . . . .  . . . , 

The P & I cont ro l  a lgor i thm i s  as fo l lows:  
. . . . 

. . ,  
T = 8.15 sec.. i 

, , . .  
AT = Temperature E r ro r  = Tdemnd - TSwi 

S - operator var iab le  



I . . . % , A *  . .' T h r o t t l e  . 6 .  

'den = 365 Valve 
Posi t ion 

O i l  
Kc 

Bot ler  

1 3  Kv -- Process 
, Flow P r w r e  - 

LC v 

i i 

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

. . . " 

. . . \. , .. ... 
... Figure '3.6-85 : .  . Power conversion .~ubsistem ~ o i j  e r  pressure Control 1  e r  Block Diagram 

. , .  , . . . 



Superheater .. 

F'igure 3.6-86 Superheater .,Steam Temperature Control Block Diagram 

Steam. -Superheater., , . . 
. . .  Tempera t u r e i  ' Oi'l Bypass superheater Demand = 500 F rn . . Valve * " .  :Of1 

Temperature . . 
v .- KC Pastt ion ': Flow * 1 + x  

*- Kos * 
& 

Steam . . . . . 
Temperature'. .. 

. . T S l )  . . . 
. . . . . . . . 

Process 



. , 
Preheater E x i t  Water Temperature Control 

Preheater e x i t  water temperature contro l -  - ( f igure.  3.,6-87,) j s provided ... t o  

maintain b o i l e r  i n l e t  watek temperature t o . G 0 ~  subcooled o f p i h e  b o i l e r  
sa tura t ion  temperature by con t ro l  o f  the  o i l  f l ow  valve. ' 

The P & I cont ro l  a lgor i thm derived from step response data f o r  s teady 

s t a t e  control .  i s :  . , ."  

. 6 L . I  

= 0.84 lb/OF Kc 

I = 3.5 sec. . . 

i 
- - .  - Tdemand '; T w i  

. . ... . 
Tdemand = TSat - 5 ' ~  

S . -  - operator va r iab le  

High and Low Pressure Turbine Steam Hand'Valve Control 

The h igh  and low pressure tu rb ine  power generation' i s  cont ro l led ,  v i a  

steam f low cont ro l  w i t h  use o f  hand. valves e i t h e r  manual . . lyi cont ro l led  o r  w i t h  
tu rb ine  governor cont ro l  . ., . , ., 

The p & 1 cont ro l  [ ~ i ~ u r e  3.6-88, and 3.6-89) f o r  i t h e  tu rb ine  
. . 

valve i s :  

t l ) '  

' i = 6.396 sec 

O v i s  valve pos i t i on  

*'e ' 'demand - 'tip 
S - operator var iab le  



Figure  3.6- 87   re heater Water Temperature Control Block Diagram 
. . 

. . 

i 
a .  .c? ,r-W4 . 

I *. . 4 . . 
. . 

. . Prehea f e r  ! Preheater 
Wa'ter . 
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. . Water Temperature 
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- process KP a 



i '  I . . .  
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. . . . . . 
. . 

. .  , 
, . High Pressure , ,' 

. .._ Turbine . :  . . Hand : 
Flow . . 

, . 
Valve 

. . 
Turbf ne. ~ u r b f  ne 

Kc . . - K t t i  ~ r o e e i s  A ,  
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ow ' 

r . *  

F.igure 3.6- 88.. High Pressure Turbine Posi. t i o n  Control Block D f  agram 
. . 

, . .  . .  
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I . .  
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. . 

i 



Figure 3 .'6- 89. , Low Pressure Turbine control 

. ' . - Low Pressure 
Turbine Hand , 

F l  ow Valve Turbi ne Turbi ne 

Block Diagram 

Impedance Flow 
A 

Process v LC 

h 

Kc Posit ion 
+ rn - 

- 
K t  a. 

b i  
W J 

W 
I 
P 

- 
S 

I 



Turbine Steam Bypass Vhlve 

Turbine bypass val-ve i s  provided to control the pressure i n  the low 
pressure steam header. The P & I control plgorithm (F-igure 3.6-90) i s  , . 

. . 
pressure feedback and is: 

37.16 sec. ' i 
0 v valve position 

.. Pt.odemand = - 6 5  psis. 
. .  .. . 

. .. . . ., . , . .  

S'  - operator variable 

Condens'er. Pressure Control 

Condenser pressure control i s  provi.ded by throttle of the.coidense+ coolant 
flow. . . 

. . .- The control algor.ithm. (Fi-gure 3.6-91) i s  an integral type controller 
until further analysis can be completed. . . 

KC 
= 1 psi/lb/sec. 

' i = 10 sec. 
- 

"e - "demand - 'e 
. . 

. . . . 

Pcdem,nd ' = 4.9 psia , , . . . . . :  
. ,. . . 

. . . . . P e  : . . - condensor 'pressure , :, . . , . . . . .  . .. . . . 
. .. .. . . .  . : . .  

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

.. . . .  . . . . . . 
. . .  . . S.  - . operatpr variable . . 



' Low Pressure' 
Header 

Figure 3.6-90. High Pressure Turbine' Back Pressure Contro l le r  Block Diagram . . 

. . 
Pressure By pass Steam ' Low Pressure, Demand = 65 rn T'Header7 . ~-- - '  . Valve Bypass b 

i 

/ .  

.. . 

: 

.. . 

.? :  7 

. . 
. . 
: . i.: ._. . . . "  . . 

. . .  . 
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'condenser . 

Pressure 

Figure 3.6-'91.' Condenser Pressure Control 1 er Block Diagram 

Demand Condenser 
Valve - , Coolant Condenser 

1 Posi tton - - 
T S - 

condenser . A: * .  
W 
I 

' P  . .  - 
0 " 1' 

P . - 
. - ' r' . - .. .C , , .. .r l :  

. . 
. . 

' .<: -. . . . . 
. . 

. 4 
. . . , 

r .  . . .. 

Process 
L 

Pressure - v Kc 
Flow - 



Deaerator Pressure Control 

Flow cont ro l  o f  steam f l ow  t o  the deaerator, i s  provided t o  mainta in 

cont ro l  of deaerator pressure and condensate temperature. . The i n t e g r a l  
con t ro l  a lgor i thm (Figure 3.6-92) i s  p re l im inary  u n t i  1 f u r t h e r  analys is  can be 

completed. 
. . 

- 
*'e - 'demand ' 'dea 

.' . . . 

'demand = 22.0 ps ia  

eSd valve p o s i t i o n  (% o f  design) ': , .  

S - operator var iab le  
. - . . 

~eedwater  Heater Temperature Control 

cont ro l  o f  feedwater steam f low t o  maintain feedwater temper'ature / i s  

provided v i a  con t ro l  o f  the  modulating steam valve i n  the low pressure .header. 

._ . . . . . . . . . _ .  . . . . . . . . . . .  - ........ . .  

The i n t e g r a l  cont ro l  a l g o r l  thm (Figure 3.6-93) i s  pre l iminary u n t i  1 f u r t h e r  
analysis i s  completed. . . 

Tfod = Temperature demand I = . .  2 9 0 . 1 ~ ~  

= Feedheater e x i t  temperature " 
- T f o  , . 

= Steam valve p o s i t i o n  (% o f  des ign)?  
Osf - . , ,  , - 
Wsf - Ksf esf (Feedwater Heater i t e a r n - ~ l  ow) 



& .  

Figure 3.6-92;. Deaerator Pressure Con.trol1 e r  Block Diagram 

L" , . ~ 
. .% 

Deaerator 
.. . . Pressure Deaerator ~ e a e r a t o r  . 

Demand = 22 Valve Steam Deaera t o r  

1 Posi t ion - *- 
r S 

Pressure 
' Measure 

PDCA 

Process Pressure - w - Kd : 

i b 

Flow r- 



,. , - . 
Figure 3.6-93 . Feedwater Heater Temperature Control Block 'Diagram 

Feedwa t e r  Steam Feedwa t e r  
. . L t 

I. Ex1 t Valve , Steam 

Process 
Temoeraturs ic ' A 

i 

Posl t l o n  p 

_I - K f  s 

a' 
I 
P 
0 ' 

. w - 
. . . . 

. . . - .  
. . 

. . . . 



Condenser Coolant Water E x i t  Tempepature 

The condenser cool an t  water temperature i s  con t ro l  1  ed by a valve which' mixes 

ch i1  l e d  water w i t h  the condenser flow,. (F igure 3.6-94.). .. 

  he p r e l  iminary model uses i n t e g r a l  con t ro l  of va lve pos i t ion .  

- A t c  - d s  

0 CW - - c h i l l e d  water va lve p o s i t i o n  

A t c  - - e x i t  temperature e r r o r :  

~i - - t ime constant of i n t e g r a t o r  



Figure 3.6-94 . Condenser coolant Water E x i t  Temperature Control 1 e r  Block Diagram : 

. . 

. .  . .  . . 

Condenser . . . . 
. . 
. .  . - . ~ o o l ' a n t  Mixed Mean 

Mixing C h i l l e d  Cool a n t  
w 

'. . 
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- 
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. . 

", 

U .  
- . I  

p :  I . .  0 - 
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Boiler Level Control 

The feedwater flow rate is'controlled via a feedwater 
throttle valve to maintain boi.ler: wate,r. level. 

. . 

.For the present analysis the controller i s  assumed to lag steam flow or: 
. . 

= 50 sec. 
'l i 

Tab1 e 3.6-14 summarizes the control 1 er parameters. 



. , .  : r: ,  . . .  CONTROLLERS ' GAINS;TIME CONSTANTS . ' 

AND VALVE COEFFICIENTS 

. , 
1 .. : . .. , 

Kc T i Kv 

" propor t i  ooal Time Val ve 
Constant . Constant . Constant 

;. , -  . . 
a : , : .  :. . . 

1 . ) Superheater steam temperature .047 ' 

2. ) Bo i le r  pressure 2.158 13.8 20.8 

3. ) Preheater water temperature 0.84 34.9 20.8 

4. ) Turbine bypass valve 

5.) H.P. turbine hand valves .063 6.4 sec .I 721 

6. ) L.P. turbine hand valves .063 6.4 sec .616 . : 

7. ) .Condenser pressure --- 10 sec 30. 

8. ) Condenser ex i  t temperature --- 10 sec 1. '. 

9. ) Deaerator pressure --- 50 sec .lo23 

10. ) Feedwater temperature - - - 50 sec .I092 

11 .) Bo i le r  Level Control --- 50 sec --- 



3.7 OPERATION AND MAINTENANCE 

3.7.1 SUMMARY DESCRIPTION 

The fac i  1  i ty i s  a  h i g h l y  automated energy process system r e l y i n g  on'-extensive 

parameter sensing, c losed 1  oop analog and- d i g i t a l  controls,  programmed microproces- 

sors  and a  master computer t o  operate the  system e f f i c i e n t l y  i n  many d i f f e r e n t  

ope ra t i ng  modes, each appropr ia te  t o  a  . se t  o f  energy supply and demand cond i t ions .  

The f a c i l i t y  i s ,  the re fo re ,  l a r g e l y  automatic and dependent on a  few s k i l l e d  

operators .  

Dur ing t h e  i n i t i a l  two-year per iod, .engineers w i l l  be present  t o  a s s i s t  i n  oper - . -  

a t i ng ,  t r o u b l e  shoot ing, and c o r r e c t i n g  t he  i n e v i  tab1 e  e l e c t r i c a l  , , c o n t r o l  , hydrau- 

l i c ,  mechanical and l o g i c  problems. Th is  w i l l  produce a  body 07 knowledge and a  

smooth opera t ing  system f o r  t h e  t r a i n e d  operators .  

The f a c i l  i t y  w i l l  operate on a  24-hourslday basis.. Most o f  t h e  e f f o r t  r equ i red  

by operators,  p a r t i c u l a r l y  9n t he  c o n t r o l  room, cons is ts  o f  mon i t o r i ng  t h e  system 

and seeing t h a t  t he  appropr ia te  mode o f  opera t ing  i s  se lected and enacted. 

Whi le t h e  amount o f  mechanical equipment i s  ,not extensive, i t  w i l l  r e q u i r e  mainte- 

nance by s k i l l e d  personnel. Equipment such as t h e  turb ine-generator  and components 

such as mechanical pump seals,  w i l l  r e q u i r e  care  and s k i l l  t o  r u n  p roper ly .  Having 

t he  proper maintenance, these components w i l l  show a  good p roduc t i ve  l i f e .  

3.7.2 OPERATIONAL REQUIR.EMENTS 

The bas ic  aim o f  t he  STES i s  t o  c o l l e c t  and use as much s o l a r  energy as poss ib le  

t o  produce thermal and e l e c t r i c a l  energy f o r  , - t h e  87,000 barracks complex. 

Operat ion i s  t o  achieve t he  g rea tes t  thermal e f f i c i e n c y  poss ib le  r e l a t i v e  t o  

o the r  energy sources. To t h i s  end, co-generat ion, t he  p roduc t ion  o f  e l e c t r i c a l  

energy and the  use o f  i t s  r e j e c t e d  heat  f o r  thermal energy, i s  t o  be maximi zed 

f o r  a f i x e d  f i e l d  s i z e  o f  125,000 square f e e t  aperture.  



Operati ons are  conducted according t o  the f o l  lowing p r i o r i t i e s  : 

@ ' S a t i s f y  thermal loads 

. Maximize the use o f  so la r  energy t o  s a t i s f y  thermal loads and 
minimize f o s s i l  f u e l  consumption 

Provide e l e c t r i c a l  power peak shaving c a p a b i l i t y  

Maximize e l  e c t r i c a l  energy product ion 

System operat ion i s  intended t o  by h i g h l y  automated. The energy management 

program i s  requ i red  t o  use the  c o l l  ected energy e f f e c t i v e l y .  A s ide  b e n e f i t  of 

t h i s  automat i on  i s  reduced manpower requirements. The con t ro l  room operator 

w i  11 perform a management ' func t ion  f o r  the  system. The operators '  a c t i v i t i e s  are  
. . . . 

described i n  Section 3.7.7.1. , . 

. . . . . . 

The s t a f f i n g  requirements f o r  operat ion (not' i nc lud ing  cu ra t i ve  maintenance) may 

be der ived from the fo l l ow ing  s h i f t  breakdown. 

S h i f t  Control  Room Outside. Supervlsor 
Operator Operator 

..,.Day (8:OO a.m. -. 4:00 p.m.) 1 

,Evening (4:OO p.m. - 12:OO p.m.) 1 

Night  (12:OO p.m. - 8:00 a.m.) 1 

The f a c i l i t y  w i l l  run  24 hourslday, 365 daylyear. Day s h i f t  a c t i v i t i e s  f o r  out-  , 

s ide operators w i l l  inc lude equipment a t t e n t i o n  as we l l .  as ass is t ing '  the  con t ro l  

room operator (see Sect ion 3.7.7.2). , The outs ide operator f o r  the evening and 

n i g h t  s h i f t  w i l l  a lso have outs ide dut ies,  but  w i l l  tend t o  remain c loser  t o  the 

con t ro l  room than dur ing the day. During day operat ion, two outs ide operators' . ' 

a re not  necessary f o r  operat ion alone.   ow ever, t o  respond qu i ck l y  t o  problems '. 

and t o ' p r o v i d e  safety for  the s ing le  necessary operator, a second o p e r a t o r ' i s  

recommended. 

3.7.3. NORMAL OPERATION 

There are two general s i t u a t i o n s  covered by Sect ion 3.7 concerning' operat ion. 

The hour-to-hour steady-state operat ion i s  descri.bed i n  t h i s  sect ion and the 



. . 

t r a n s i t i o n a l  operat ion such as s ta r tup ,  shutdown, and changing from one de.f.ined 
. 

operati,ng mode t o  another i s  described i n  Sect ion 3.7.4. 

During steady-state normal operat ion, the  STES i n  any o f  the  defined'modes requ i res  

t h e  operator  t o  a c t  as a monitor only,  s ince system con t ro l  i s  almost e n t i r e l y  

automatic. Once the  mode i s  spec i f i ed  the  computer system w i l l  mainta in con t ro l  . 

by mon i to r ing  process cond i t ions  and making adjustments according t o  the  requ i re -  

ments speci f ied under t he  g iven mode. When operat ion i s  no ' longer w i t h i n  the l i m i t s  

d.efihed f o r  a g iven operat ing mode the  system's con f i gu ra t i on  w i l l  au tomat ica l l y  

change t o  a mode t h a t  opt imizes energy u t i l i z a t i o n .  

3.7.3.1 OPERATING MODES 

The 'STES .has .a number o f  def ined operat ing modes which are  1 i s t e d  below: 

. . . .  ..... - -  - .,.. . . . 
.e High Temperature Part-Power . . 

0 High Temperature Peaking 

Intermediate Temperature Part-Power 

r . ~n te rmed ia te  Temperature Peaking 

E l e c t r i c a l  Generation 

e Hot standby 

These modes are def ined f o r  each subsystem i n  t h e i r  corresponding sect ion. The 

grea tes t  d i f f e rence  among the  def ined operat ing modes i s  the  v a r i a t i o n  i n  f l ow  
) 

paths between the  var ious subsystem components. 

.. . 

Since the  STES operates on a 24hrlday bas.is the  se lec t i on  o f  the  desi red operat ing 

mode i s  based upon the  pred ic ted  i n s o l a t i o n  fo r  t he  day, t h e  pred ic ted  tnermai 

load  for  t he  day and t h e  pred ic ted  so la r  i n s o l a t i o n  f o r  the  f o l l o k i n g  day. Typica l  

examples of d a i l y  operat ion.  based on pred ic ted  i n s o l a t i o n  a re  given i n  the s e c t i o n i  

t h a t  fo l low. .  

It i s  understood t h a t  o n l y  by operat ing the  f a c i l i t y  under var ious condi t ions,  w i l l  

t he  knowledge t h a t  i s  requ i red  t o  make a se lec t i on  among the var ious operat ing modes, 

fo r  optimum energy u t i l i z a t i o n  be gained. 



3.7.3.2 SUNNY DAY OPERATION 

Sunny 'day i nso la t i on '  i s  d e f i n e d  t o  de l . i ver  more than 100 m i l l i o n  Btu t o  t h e  h o t  - . 

o i l  storage fo r  use i n  supply ing.  the  requ i red  loads. The r a t e  o f  de l i ve ry ,  except 

i n  e a r l y  morning and 1 a te  afternoon, is s u f F i c i e n t  t o  operate the  PCS i n  the . ' , 

h igh  teniperature peaking mode and s to re  any excess amount o f  h igh  temperature 
. . 

(550°F) o i l .  
, , .  . 9  

The Power Conversion Subsystem i s  switched t o  the  h igh  temperature mode ' ' . 

as soon as a minimum l e v e l  i n  the  h igh temperature storage tank i s  achieved. ' 

water storage tanks a re  f i l l e d  as r a p i d l y  as possible, keeping a minimum l e v e l  

i n  the, h igh temperature o i l  tank. When o i l  f l ow  from the  c o l l e c t o r  f i e l d  exceeds 

the  design o i l  f low r a t e  t o  the  steam generator, the  excess i s  s tored i n  the h igh  

temperature tank. ;If t he  h igh  temperature4~tank.:becomes b f i l  l e d  wh i le  operati:ng"3nG 
- 

the peaking mode, a p o r t i o n  of the  so la r  c o l l e c t o r  f i e l d  must be stowed o r  desteered t o  

reduce c o l l e c t o r  f low t o  equal t he  design f l ow  t o  the steam generator. 

When the water tanks reach thermal ca,pacity the coo l ing  tower i s  placed i n  operat ion 

t o  cont inue tu rb ine  generat ing operat ion. ~s water i s  drawn from t h e '  tanks t o  sat-  

i s f y  thermal loads, they are  p e r i o d i c a l l y  r e f i l l e d  thryoughout the day. Near the  

end o f  the  so la r  day, i f  any o f  the  c o l l e c t o r s  have been stowed or desteered, they 

are  again brought i n t o  focus t o  mainta in design f low t o  the st'eam generator and 

keep the h igh temperature tank f i l l e d .  

The weather forecast  f o r  the fo l lowing day i s  used t o  decide the  mode o f  operat ion 

fo r  the n igh t .  I f  a good i n s o l a t i o n  day i s  forecast,  h igh temperature peaking i s  

continued u n t i l  the h igh  temperature tank i s  empty and then the in termediate tem- 

perature peaking mode i s  continued throughout the  n igh t .  If poor o r  no so la r  inso- 

l a t i o n  i s  forecast, t he  water storage tanks are f u l l y  charged anh the PCS i s  

switched t o  ho t  standby. The PCS operat ion i s  then i'ntermi'ttent . wh'ile . con t i nu ing ,  

t o  supply thermal loads. 

3 .7 .3 .3  PARTLY CLOUDY OR HAZY DAY OPERATION 

For p l a n t  operat ing purposes, a p a r t l y  cloudy o r  hazy day i s  defi,ned as having 

i n s o l  a t i o n  o f  between 5 mi 11 i o n  and. 100 m i l  1 i o n  Btu's of co l l ec ted  energy . ' .  Be1,ow 



5 m i l  1 ion Btu's t h e  day i s  coniidered cloudy, that is,  too cloudy to  warrant '' 
operati on of the solar coll ectors . 

During a partly cloudy day, the Solar Collector Subsystem i s  in i t s  most var.iable 
s ta te .  The percent coverage'may vary 'from one f i e ld  segment t o  another in a 
relatively unpredictable manner. Collectors which are i n  cloud shade will pro- 
duce no energy'while those i n  the sun can produce a t  a rate equivalent to  a clear 
day. The control system configures the flow path through the subfields and 
adjusts the flow rates to  produce acceptable f ie ld  ex i t  temperature. 

I f ,  a t  the s t a r t  of the solar day, collection i s  predicted to be less  than 100 

I million B t u  and collection on 'the following day i s  predicted to- be good, high 

I temperature part-power operation i s fs ta r ted .  I f . t h e  collected.:energy .exceeds 

I that  required to  meet PCS thermal demand, the excess hot o i l  i s  stored i n  the 

I h i g h  temperature tank. During periods of peak electrical demand, flow rates w i t h -  

I i n  the PCS are increased to the i r  design value (the peaking mode) so additional 
e lec t r ic i ty  can be produced. Oil flow from the h i g h  temperature tank must be 
available to supplement that from the collector f i e ld  during this period. When 
the electrical demand drops t o  normal, power conversion is again reduced to the 
level required to  meet thermal loads only and the hot oi l  storage tank i s  re- 
plenished for the next peak in electrical demand. This procedure i s  repeated 
until  a l l  of the 550°F oil  has been expended, a t  which tjme intermediate tempera- 
ture part-power operation i s  started. 

A t  the end of the solar day, the overnight thermal load prediction and the weather 
forecast for the following day are used to  determine the operating mode to be used 
during the night. If  the load i s  expected to be h i g h ,  a load following operation 
would be'selected. If the load i s  light.'and a good day i s  forecast for the next 
day, ' i ntermedi a te  temperature peaking operation woul d be used to  t h e  extent neces- 
ary to empty the 'intermediate temperature tank before the s t a r t  of the next solar 

1 T 
day. I f  the load i s  l igh t  b u t  no sola'r collection i s  forecast for. the next day, . ,.  
a load following operation would be used. to  ,conserve the stored' energy for use i n  

. . 
meeting the next day's thermal loads. I f ,  a t  any time, the h i g h  and intermediate 
tanks are emptied and the water storage tanks are forecast to reach a'low limit,  

. . . . 
. . 



the auxil iary .heater i s  placed in operati on to  generate intermediate temperature 
, . 

oi l  for  meeting the thermal loads. 

3.7.3.4 CLOUDY DAY OPERATION 

Cloudy days are those w i t h  less than 5,million Btu/day of collected heat available. 

In essence, the heat losses and the power required t o  operate the f ie ld  would . '  

exceed the collected energy. Therefore, the solar collector f ie ld  i s  not operat- 

ed on cloudy days. 1 
On these cloudy days, the' energy conta.ined in the storage system will be uti l ized 

until the water storage tanks are depleted. The auxiliary oi l  f ired heater i s  

then placed in operation to  generate intermediate temperature (438OF) oi.1. .This 

oi 1 is. used by the PCS in the i ntermedfate- ,temperature, operation mode as re- 

qui red to  sat isfy .thermal loads. 

3.7.4 TRANSITIONAL OPERATION 
. , 

Transitional operation includes startup , shutdown, and cha.nging modes of opera- 

tion. Changing of rates within a defined limit  during a given mode of operation 

i s  not considered a transit ion. 
. . 

3.7.4.1 STARTUP . . 
. . . . .  . . . . 

Startup i s  defined as the rout.ine startup which would occur' on a daily basis. 
. . . . .  - . . .  . . . . .  . . . . .  . . . . . . . . . . . .  . . .  . . 

Ini t ia l  f ac i l i t y  startup (or startup -af ter  a prolonged shutdown,) i s  discussed in 
. . Section 3'.7.4.5. 

SOLAR COLLECTOR SUBSYSTEM . . 
. . .  

The Thermal Storage Subsystem acts as a b u f f e r  between thecol lect ion and use of . . .  
. . 

energy in the STES. ' Thus ,  operation of the Solar Collector Subsys.tem i s  depen- . . 
- . .  

dent on the TSS conditions and solar insolation and operated in a way so as to  

maximize the collection of useful energy. , Operation of the solar Col 1 ector Field, 

however, i s  independent of the PCS since i t s  startup and shutdown are determined 

on the basis of ava'lable solar insolation, not upon thermal ,loads. 



Star tup o f  t h e  SCS i s  cont ingent upon two condi t ions:  

0 There i s  s u f f i c i e n t  s o l a r  i n s o l a t i o n  f o r  use fu l  co l l ec t i on .  

The inventory o f  o i l  i n  the TSS i s  such t h a t  t he  SCS can be , ' 

operated f o r  one hour. 

With the cont ro l  system i n  o p e r a t i ~ n ~ s t a r t u p  o f  t he  c o l l e c t o r  f i e l d  i s  accomplish- 

ed by c los ing  t h e  r e c i r c u l a t i o n  valve t o  the  pump suc t ion  and s t a r t i n g  the  co l -  

ec to r  f i e l d  c i r c u l a t i n g  pump. The valve alignment a t  t h i s  t ime w i l l  d i r e c t  the 

o i l  f l ow  through the  three subf ie lds  i n  ser ies  and r e t u r n  i t  t o  the low tem- 

perature storage tank. Once f l ow  has been establ ished, t he  c o l l e c t o r s  can be 

unstowed and o i l  heat ing begun. As the  i n l e t  temperature se tpo in ts  a re  reached 
I 3 .  

i n  the  second and t h i r d  subf ie lds,  the  con t ro l  system responds i n  i t s  normal 

fash ion  t o  blend f lows and mainta in the proper s u b f i e l d  i n l e t  temperatures. 

When any s u b f i e l d  o u t l e t  temperature reaches 525OF, the  cont ro l  system d i r e c t s  

the o i  1 t o  the h igh  temperature storage tank. A t  t h i s  t ime the  flow path t o  

the in termediate tank i s  closed and the  r e c i r c u l a t i o n  valve l o g i c  i s  act ivated.  

The system i s  now i n  i t s  normal operat ion conf igurat ion. 

THERMAL STORAGE SUBSYSTEM 

The TSS, by i t s  nature, i s  n o t  s t a r t e d  and stopped on a d a i l y  basis bu t  i s  i n  

continuous operat ion a f t e r  i n i  ti a1 iza t . ion  basis. I t s  'pumps are s ta r ted  and , ' 

stopped i n  response t o  the demands o f  the SCS and the PCS and the  subsystem has 

been designed t o  accept these s t a r t s  and stops as normal operat ion. 

POWER CONVERSION SUBSYSTEM 

L i k e  the TSS, the  PCS does no t  go through a d a i l y  s ta r tup  and shutdown. Rather, 

dur ing  those periods o f  when thermal loads are s a t i s f i e d ,  the subsystem i s  placed 

i n  a "Hot Standby" condi t ion.  I n  t h i s  mode, pumps are  run  on ly  as requ i red  t o  

keep f l u i d  l e v e l s  w i t h i n  l i m i t s ,  steam f low i s  reduced t o  on ly  t h a t  requ i red  t o  

mainta in condenser and deaerator pressure, and no e l e c t r i c i t y  i s  generated. I n  

.., t h t s  'manner, paras i ' t i c  power' comsumption . i s  mi'nimi zed. 



I ' T r a n s i t i o n  o f  t he  PCS from h o t  standby t o  t h e  in te rmed ia te  temperature pa@-power . .. . 

I opera t ing  mode i s  de f ined  a s  a  s t a r t u p . o f  t h e  PCS and i s  accomplished as f o l l ows :  

e S t a r t  condensate, condensate r e t u r n  and ,small b o i l e r  feed pumps t o  
e s t a b l i s h  proper water l e v e l s  i n  t he  PCS. 

.. . 

8 S t a r t  pr imary h o t  water pump i n  the  h o t  water subsystem. 

With st&m pressure c o n t r o l l e r  s e t  a t  65 ps ia ,  s t a r t  i n te rmed ia te  
temperature o i l  f l o w  through t he  steam generator.  E s t a b l i s h  65 ps ia  
i n  t h e  steam header. The t u r b i n e  bypass i s  i n  pressure c o n t r o l  t o  
ma in ta i n  4.9 ps ia  condenser pressure. 

0 Issue. " s t a r t "  command t o  low-pressure t u rb i ne .  . Second . s tage automat ica l  l y  
comes up t o  opera t ing  speed i n  speed c o n t r o l .  

Issue "synchronize" command t o  second stage c o n t r o l  system. System w i l l  
au toma t i ca l l y  synchronize and connect t o  g r i d .  Low pressure t u r b i n e  t h r o t t l e  
va lve  w i l l  a d j u s t  t o  a  p rese t  p o s i t i o n .  

The PCS i s  now i n  in te rmed ia te  temperature part-power opera t ing  con f igura t ion .  . 
Steam i s  a v a i l a b l e  f o r  t he  opera t ion  of t he  absorp t ion  c h i l l e r  and/or t he  L.P. 

t u r b i n e  as t he  thermal loads d i c t a t e .  

HOT WATER SUBSYSTEM 

The h o t  water subsystem, i n  t h e  hea t ing  season, operates con t inuous ly  t o  s a t i s f y  

t he  hea t ing  l oad  o f  the  f i v e  se lected b u i l d i n g s  and t h e  STES b u i l d i n g .  Thus 

t he re  i s  no d a i l y  s t a r t u p  and shutdown o f  t he  h o t  water subsystem; however, t he  

pe r i od i c  product ion o f  h o t  water by t he  condenser r equ i res  a  s t a r t i n g  and s topping 

o f  t he  pr imary c i r c u l a t i n g  pump upon demand. 

I n  the  coo l i ng  season t he  h o t  water subsystem suppl ies energy f o r  domestic ho t  

water. Again, opera t ion  o f  t he  pr imary h o t  water pump i s  s ta r t -and-s top  i n  

response t o  condenser operat ion.  

CHILLED WATER SUBSYSTEM 

Operat ion o f  t he  c h i l l e d  water subsystem, l i k e  the  ho t  water subsystem, i s  on and 

o f f  i n  response t o  t he  thermal demands o f  t he  bu i l d i ngs .  I n  t h i s  case t he  "on" 

and " o f f "  commands a re  sent  t o  t h e  pr imary c h i l l e d  water pump, 
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c h i l  1 e r  concienser wafer' pump and the  absorpt ion c h i l  1 er. Star tup  of these ~ n i ' t s  occurs 

au tomat ica l l y  'upon r e c e i p t  of the  "on" command from t h e  cont ro l  system. 

Un l ike  the hot  water subsystem, the c h i l i e d  water subsystem requi res a seasonal 

s ta r tup  and shutdown. 

The seasonal s ta r t -up  involves conver t ing the  secondary thermal d i s t r i b u t i o n  

system ( the  underground d i s t r i b u t i o n  system t o  the  P ive  p r o j e c t  bu i ld ings)  and 

one' of t he  thermal storage tanks t o  c h i l l e d  water usage. 

The d i s t r i b u t i o n  system i s  converted by changing three-way i s o l a t i o n  valves i n  

each b u i l d i n g  as explained i n  Sect ion 3.5. These valves have automatic 
pos i t i one rs  so t h a t  the system can be changed from the con t ro l  room. 

The storage tank i s  a lso  converted from Heating Water Subsystem use t o  the C h i l l e d  

Water Subsystem by rea l i gn ing  automatic i s o l a t i o n  valves from the con t ro l  room. 

Since the same water and same p ip ing  w i l l  be used i n  the C h i l l e d  ~ a t e r " ~ u b s y s t e m .  

as I n  the  Heating Water Subsystem, no special  system cleanouts o r  precautions 

a re  requi red.    ow ever, the seasonal s ta r tup  o f  the  absorpt ion c h i l  l e r  should 
inc lude a maintenance check t o  assure t h a t  i t  i s  i n  proper operat ing cond i t ion .  

. . 

3.7.4.2 SHUTDOWN 

D a i l y  shutdown i s ,  i n  general, t he  reverse o f  normal d a i l y  s tar tup.  Note t h a t  

s ta r tup  of t h e  Thermal Storage and ~ o t l ~ h i i l e d  Water Subsystems i s  discussed 

i n  ,Sect ion 3.7.4.1. 

SOLAR COLLECTOR SUBSYSTEM 

Shutdown o f  t h e  SCS w i l l  normal ly occur when s o l a r  i n s o l a t i o n  has f a l l e n  t o  the 
p o i n t  where c o l l e c t i o n  i s  no longer p r a c t i c a l  o r  the  thermal storage subsystem 

has become f u l l y  charged and can no longer supply low temperature o i l  t o  the 

SCS . 



. If the reason for shutdown i s  low insolation, the control system i s  recirculating 
a large percentage of the f ie ld  flow to  maintain the desired out let  temperature. 
When insolation drops to  a point where the required out let  temperature reaches a 

shutdown limit,  the recirculation valve i s  commanded to  close. This drops the 
f i e ld  in le t  temperature to  316OF. The control system will then direct  the flow 
to the appropriate storage tank as f ie ld  out let  temperatures decrease. Once the 
out let  temperature drops below 300°F the co.lPectors are stowed and flow i s  
stopped. . 

If the reason for  shutdown i s  a ful ly  charged storage system, the shutdown i s  
' 

accomplished by stowing the collectors and stcipping the collector f ie ld 
circulating pump. In. t h i s  case, recovery of the energy i n  the f ie ld  a t  shut- 
down i s  not justified.  .:. , 

. POWER CONVERSION -SUBSYSTEM. . . 
- -  . . .  

Transition of the PCS to hot standby i s  defined as the shutdown for  the subsystem. 
I t  i s  accompl ished by stopping the turbine generator and/or absorption chi1 1 e r  
As the steam demand drops, the control system reduces oi l  flow to  the steam 
generator and the level controller reduces feedwater flow. The various corn- 
ponent controllers continue in the i r  normal f u n c t i o ~  until the system stabi l izes  

.. i n  a no load condition. A t  th is  time the oi l  pump in the TSS, the feedwater 

, pump, ' the condensate pump., and the condensate return pump are stopped. The 
subsystem. is..  now . i n  - hot standby. Only i f  steam pressure or water 1 eve1 i n  one 

of the components reaches a prescribed limit will a pump be restarted to  
maintain the hot standby status.  In th is  manner, parasit ic loads are kept to 

. a m i n i m u m  while maintain.ing the subsystem i n  a ready condition. 
. . 

. .  . 

3 . 7 . 4 . 3  MODE CHANGING 

Mode changi,ng reconf igures the Thermal Storage, Power ~cnvers  ion, and Hot/Chi 1 led 
~ater 'subsystems. There are two basic operating modes that configure the STES: 

I the . h i g h  temperature operating mode and the intermediate temperature operating 

1 mode. Additional operating modes have been defined to  identify special sub- 
system configurations that  can occur i n  ei ther the h i g h  o r  intermediate tempera- 
ture mode. "Peaking" and "Part-Power1' identify separate power levels of the 



Power Conversion Subsystem that are a .result of whether the subsystem i s  operat- 
ing a t  or  below rated capacity respectively. Electrical generation identifies 

I.. '. ' I .  

a particular configuration of the' H o t / ~ h i  l'led water' subsystems. ' transi 6 o n  
from one operating made t o  another results i n  a, system reconfiguration. System . . . . 
kconf igurations are identified be1 ow for  each possible operating mode transi - 

, : 

tion. 

. . .  . . .  

INTERMEDIATE-TO-HIGH TEMPERATURE MODE,  '. 
' 8 .  . . . . . 
This mode change i s  ini t ia ted by five command signals from the control system:.,, .. 

0 Oil supply to  the steam generator i s  switched from the .inter- . 

mediate temperature tank to the h i g h  temperature tank. 
...A, . . 3 . 
0 Oil titurn'' from t h e '  itearn ien'kr8th i s  switched from the low 

temperature tank to  the intermediate tank. 

Steam pressure demand i s  switched from 65 psia to 315 psia. 
.. . - - .  . - . . .. ,.. . . . . , , . - . . . . . . . . . . . - 

6 The steam outlet  temperature control is  activated w i t h  a 
setpoint of 500°F. 

The low pressure boiler feed pump i s  turned off and the high 
pressure pump i s  turned on. 

Once these commands are issued:, steam.- pressure s ta r t s '  to  r i s e  w i  t h  steam flow 
being control1 ed by the high p.rkssure . . turbine bypass. When i t  reaches 100 psia, 
a s t a r t  comnand i s  issued to  the high pressure turbine. This comnand s t a r t s  the 
turbine, - brings i t  u p  to  speed, and engages the clutch to t h e  reduci i g  geiii,  which 

. .. 
connects i t ' t o  the load. The turbine i s  then switched into back pressure control 
and the turbine bypass i s  closed. The subsystem i s  then in the high temperature 
mode. No'te, th i s  mode change does not require - .  any change i n  the Hot/Chi 1 led 
Water Subsystem. 

HIGH-TO-INTERMEDIATE TEMPERATURE MODE 
. . . . , .  

This iod6'change i s  ' ini t ia ted by four co'kand signals from the control system: 

a O i l  supply to  the steam generator i s  switched from the h i g h  
temperature tank to the intermediate tank. 

Oil discharge fromthe steam generator i s  switched from the 
intermediate temperature tank to  the 1 ow temperature tank. 



r Steam pressure demand i s  switched from 315 psia t o  6 5  psia.  
. . 

r Steam o u t l e t  temperature control  i s  deactivated. - .  . . .  

when M e  steam pressure has decayed t o  100 psia, ' the high turb ine bypass 

i s  opened and the high pressure turbine i so l a t i on  valJe i s  closed. 

When 65 psia i s  reached, the low pressure b o i l e r  feed pump. i s .  s tar ted and the . 

h igh pressure b o i l e r  feed pump i s  stopped. The system , i s  ilow i n  the intermediate 

temperature mode. 
, . 

I CHANGING TO ELECTRICAL GENERATION MODE . . 

This mode change regui res only a change i n  the Hot/Chil led water Subsystem as 
: , :  

. '. 

. . fo l1  ows : 

r Star t  the cool ing tower w i t h . a  sump temperature se t t ing  o f  60°F. 

r Star t  c i r cu l a t i on  o f  coo i ing  tower water through the cool ing 
tower heat '  exchanger. 

r Switch condenser' cool ing water f low from the hot  water storage':  , 

' 

loop t o  the cool ing tower heat exchanger loop. This removes the 
condenser discharge temperature control  l e r  from the system and . ' 

a1 lows condenser temperature (and pressure). t o  drop t o  a value . . . .  

which can b e  maintained by. the heat removal capacity o f  the,  . . .  
. . 

cool ing tower. The actual. condenser pressure at ta ined'  i s  . . 

dependent upon ambient wet bul b tem#erature. . .  . : . . . . .  . . 
. . . . 

. . . , 

The syst'em . . i s  now i n  the e l e c t r i c a l  generation mode.  he amount o f  e l e c t r i c i t y  
generated i s  control l e d  by the p o s i t i o n  se t t i ng  of t h e  goveinor valve, o f  t h e  

. . .  . . . .  . . 

low pressure, turbine. . . .  When t h i s  v a l v e  i s  wide: open,. e l e c t r i c a l  generatlon is ' .  
. . .  . . . . . . 

. . .  . . . . 
. . .  . . maximum. . . 

. . 
. . . . . . . . 

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

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

. : CHANGING FROM ELECTRICAL: GEN,~ATION. .. :. 1 . . . . . .  
. . . . . . .  . . :, . . ,  . . 

. . . . 

' This mode change i's the reverse o f  the peaking t o  e' l&ctr i .cal .'generation mode 
. . . . . . , " I  . . 

change "descfi bed previbui ly. ; ' . ' . . . . . .  . . 

. . 
, b 



3.7.5 INITIAL FACILITY START-UP 

A thorough p lan  w i l l  be developed f o r  t h e  system's i n i t i a l  s t a r t - up  i n  o rder  t o  

reduce hazards o r  poss i  b l  e equtpment damange. Th is  p l  an w i  11 i nc l ude  a component 

by component check o u t  i n  which many o f t h e  p a r t i c u l a r s  w i l l  be p rescr ibed  by .; 

equipment manufacturers. .  A general  l i s t  o f ' check  i tems i s  g iven  below fo r  se lec ted  

system components. 

PUMPS 

Ensure pump and d r i v e r  a r e  mechanica l ly  secure. ' . . 

0 Lubr ica te .  

0 Check a1 ignment and d r i v e  coup1 i ng. 

0 Check mechanical seals .  

0 Rotate by hand t o  assure f r e e  t u rn i ng .  

0 Check motor w i r i n g  and supply  vo l tage.  

o Check r o t a t i o n .  Bump, do n o t  r u n  dry .  I , .  

m Check c o o l i n g  water on h i g h  temperature o i l  pumps. 

0 When o i l  i s  ava i l ab le , . . s t a r t  pump i n  t h e . f i e l d  and check discharge . ' 

pressure and f o r  leaks.  
. .  . 

0 Check remote s t a r t i n g .  

0 ..Check bear ing.  tempe,rature' p e r i o d i c a l l y  du r i ng  f i r s t  few hours o f  operat ion.  
I 

. . 

CONTROL. VALVES . . 
. . 

. . 
' A . s t roke '  valves' . : in ' f i e i d  . , 

B.. Check va l ve  packing . . 
. . 

C.. S t r o k e .  . . v a l v e s  from: cqnt r61 room w i t h  f i e l d  observa t ion  
. . 

, PIPING 

. -. - . .. . . . .  . . . 
. . . . a  'o' i5- P ip ing .  . . . . 

P r i o r  t o  i n s t a l l i n g  i n s u l a t i o n :  
, ,  . 

- Secure .a1 1 f lange  bo l  t s  t o  proper torque. 



. . - Remove any deb r i s  o r  d i r t  f rom tanks and vessels.  

- Block i n  p i pe  segments and pressure t e s t  w i t h  a i r .  
Locate 1 eaks w i t h  ha1 ide,  ammonia, u l t r a s o n i c  de tec to rs .  
Repair. 

- Be sure l i n e  s t r a i n e r s  a r e  i n s t a l l e d ;  c lean  as necessary. 

- Charge c o l d  o i l  and pump through system. 

- Check f o r  leaks .  F i x .  

- I n s t a l l  i n s u l a t i o n .  

- When h o t  o i l  i s  a v a i l a b l e  (produced by t he  a u x i l i a r y  hea te r )  
pump o i l  through t h e  system a t  e levated pressures. It would 
be h e l p f u l  t o  r a i s e  t h e  o i l  temperature i n  steps so t h a t  t h e  
thermal expansion o f  p i p i n g  can be observed. 

- Check f o r  leaks.  F i x .  

- I n s t a l l  f l ange  i n s u l a t i o n .  

e Water P ip i ng  

The checkout can be s i m i l a r  t o  t he  o i l  p ip ing ;  A i r  pressure t e s t s  

can be omi t ted  except where water leaks  would be a problem. Under- 

ground l i n e s  a r e  t o  be t es ted  p r i o r  t o  c o v t r i n g .  

e A t r  and N i t rogen  P ip i ng  

- Blow l i n e s  ou t  w i t h  compressed a i r .  

- Block i n  segments and pressure t e s t  w i t h  a i r .  

- L o c a t e l e a k s .  F i x .  

o Steam and Condensate P ip i ng  
I 

I The checkout can be s i m i l a r  t o  t h a t  used f o r  c i l  p i p i ng .  
* .. 

TANKS 

Th i s  inc ludes  t he  o i l  storage, water storage, f u e l  o i l ,  a u x i l i a r y  heater  expansion 

tank, condensate .pumps, and coo l  i ng tower pump, 
- 



Enter  a l l  tanks,  v i s u a l l y  inspec t ,  and remove deb r i s  and d i r t ,  sand, 

s t r i n g ,  paper, c i g a r e t t e  b u t t s ,  e tc .  

Charge t h e  tanks w i t h  t h e  app rop r i a t e  c o l d  f l u i d  ( o i l  o r  wa te r ) .  

See HEAT TRANSFER FLUID INITIAL FILL fo r  charg ing  t h e  o i l  tanks.  

Th is  should be done p r i o r  t o  i n s u l a t i n g  i f  poss ib l e  so t h a t  any 

leaks a re  immediately obvious. Th is  i s  p a r t i c u l a r l y  impor tan t  f o r  

t he  o i l  tanks where a  t i n y  o i l  l e a k  w i l l  develop i n t o  a  se r ious  

f i r e  hazard a f t e r  severa l  months o f  seepage. 

a On tanks w i t h  ven t i ng  va lves and emergency r e l i e f  valves,  b lock  i n  

t h e  tank  and pressure w i t h  compressed a i r  t o  t e s t  t he  valves.  Ad jus t  

o r  r e p a i r  as necessary. 

.- . . . . . .  . . -  . . ....... . 
SOLAR COLLECTO'RS . .  . 

o . V i s u a l l y  i nspec t  each c o l l e c t o r  module and s t r i n g  a f t e r  i n s t a l  l a t i o n  

f o r  mechanical soundness. 

e With motor mechanica l ly  disconnected, check motor ope ra t i on  and t r a c k i n g  

c o n t r o l  s  . 

e With motor connected, operate  each c o l l e c t o r  s t r i n g  through f u l l  t r a c k i n g  

movement and d the r  c o l l  e c t o r  movements. F ie1 d  observa t ion  '(and opera t ion ,  

i f  poss ib l e )  i s  necessary t o  assure proper performance and t o  i n t e r r u p t  

opera t ion .  i f  a  p rob l  em occurs. 

The c o l l e c t o r s  should be t e s t e d  h y d r a u l i c a l l y  a long w i t h  t h e  o i i  p' iping. 

AUXILIARY .HEATER 
. . . . . . . 

- Check o u t  combustion con t ro l s .  

Check o u t  fue l  o i l  and c i r c u l a t i n g  o i l  pumps as o u t l i n e d  i n  PUMPS, 

Page 

8 Check o u t  fo rced  d r a f t  fan.  



- Check t h a t  fan and d r i v e r  a re  mechanical ly secure. 

- Check fan  and d r i v e r  al ignment and b e l t  tension. 

- Lubr icate.  

- Rotate fan by hand t o  assure f r e e  tu rn ing .  

- Check motor w i r i n g  and vol tage. 

- Check fan r o t a t i o n  by t u r n i n g  fan  on. 

e Check o u t  t he  hydrau l i c  s i de  by methods used t o  check o u t  o i l  p ip ing .  

0 Assure t h a t  t he  C02 ex t ingu ish ing  system i s  opera t iona l .  

0 Once the  r e s t  o f  t he  o i l  system (p ip ing ,  pumps, tanks, c o n t r o l s )  

i s  h y d r a u l i c a l l y  ready, s ta r t -up  the  heater and checkout t he  o i l  

f i r i n g  model . 

COOLING TOWER 

e Pumps. See Page 3-424. 

@ Fan 

- Check t h a t  fan and d r i v e r  a re  mechanical ly secure. 

- Check fan and d r i v e r  f o r  al ignment and proper adjustment. 

- Lubr icate.  

- Rotate fan  by hand t o  assure f r e e  tu rn ing .  

- Check motor w i r i n g  and vol tage. 

- Check fan  r o t a t i o n  by tu rn ing  on. 

- Check t h a t  two-speed operat ion i s  ava i l ab le .  



The i n t r o d u c t i o n  o f  t h e  heat  t r a n s f e r  o i l  i n t o  t he  Thermal s torage Subsystem 

must be done w i t h  case t o  avo id  contaminat ion o r  promoti,ng of  ox ida t ion .  

I n  add i t ion ,  two add4 t i o n a l  ob jec t i ves  m ~ s t  be accomplished dur1,ng cha.rg!ng. 

These are:  

e The f l u i d  must be "degassed" w h i l e  t he  t r ans fe r  i s  t a k i n g  place, 

e .' The e n t r y  o f  the  f l u i d  must be. c o n t r o l  l e d  such t h a t  t h e  maximum 
amount o f . r e s i d u a 1  oxygen i n  t he  vessels i s  b l ed  t o  t h e  ou ts ide  
of  t he  vessels.  

.To accomplish t h e  requ i red  ob jec t i ves ,  and t o  i n s t a l l  t he  subsystem storage f l u i d ,  

the ac tua l  procedures would f o l l ow  the  general approach as o u t l i n e d  below. 

@ I n i t i a l  Condit ions: 

- Vessels empty and clean. 

- All remote valves v e r i f i e d  f o r  remote and f i e l d  func t ion .  

- A l l  va lves l ead ing  from vessels a re  open. 

- N i t rogen  supply system f u l l  and prepared t o  de l  i v e r  n i t r ogen  
a t  4- inch water column. 

- Storage f l u i d  a v a i l a b l e  from " a t  s i t e "  t r u c k  tankers o r  from 
" a t  s i t e "  r a i l  tankers us ing t r u c k  tanker  t r a n s f e r  u n i t .  

- . Vacuum degassing u n i t  set-up and ope ra t i ona l .  - 

8 Procedure: 

  he f l u i d  i s  placed i n t o  t he  in te rmed ia te  temperature vessel f i r s t  

by pumping t h e  f l u i d  from the  connected t r u c k  tanker  through t h e  

vacuum degassing u n i t  and i n t o  t h e  vessel us ing  the  tanker  pumping 

- system. 

- Close a l l  1  i n e  va lves ad jacent '  t o  t h e  in te rmed ia te  temperature 
vessel except f o r  t he  atmospheric b l  owdown va l  ve . 

- Connect d e l i v e r y  tanker. t o  spec ia l  A P I  f i t t i n g .  



- Pump f l u i d  from t r u c k  tanker  through vacuum degassing u n i t ,  and 
i n t o  verse1 u n t i l  vessel  i s  f i l l e d  t o  t op  o f  c y l i n d r i c a l  body 
sect ion,.  . .or  a l l  o f  f l u i d  charge i s  added. 

- Close atmospheric blow-down va lve  and simultaneously,  open vessel 
t o  n i  t regen . f low; b r i n g i n g  u l l a g e  pressure t o  4 i n c h  water column. 

I - Flush u l l a g e  space u n t i l  oxygen con ten t  i s  below one percent.  

Pump f l u i d  from in te rmed ia te  temperature vessel i n t o  low temperature 
vessel us ing  system pumps and bypassing t h e  So la r  C o l l  ec to r  Subsystem 
and t h e  a r x i l i a r y  k a t e r ,  w h i l e  s imul taneously  a l l o w i n g  the  a i r  i n  
t h e  low temperature vessel  t o  blow t o  atmosphere, u n t i l  t h e  low tem- 
pera tu re  vessel i s  f i l l e d  t o  the  t op  o f  t h e  c y l i n d r i c a l  body s e c t i o n  
o r  a l l  f l u i d  t h a t  can be t r a n s f e r r e d  i s  i n  t he  low temperature vessel .  

~ i m u l t a n e o u s l ~  c l ose  t h e  atmospheric blow-down va lve  and open t he  
vessel t o  t he  n i t r o g e n  system. A l low u l l a g e  pressure t o  reach .4 
inches o f  water column. 

Flush u l l a g e  space u n t i l  oxygen con ten t  i s  below one.- percenOtt.. . ... -. . - 
. - .-..-- . -. 

Pump f l u i d  from the  low temperature vessel t o  t he  h i gh  temperature 
vessel w h i l e  s imul taneously  ven t ing  t he  a i r  from the  h i gh  temperature 
vessel . 
When f l u i d  l e v e l  reaches t h e  t op  o f  t he  c y l i n d r i c a l  vessel sec t i on  
( i f  vessel i s  an API 650 vess.el ) ,  o r  t he  top-most l e v e l  i n  t h e  vessel 
head ( i f  vessel i s  an ASME Sect ion V I I I  vessel ) , s top  o i l  f l o w  i n t o  
t he  vessel .  

Simultaneously c l ose  t he  vessel t o  t he  atmospheric vent  and open t he  
u l l  age . t o  t he  n i t r o g e n  system. A1 1 ow t h e  u l l  age pressure t o  reach 4 
inches o f  water column. 

F lush u l l a g e  space w i t h  n i t r ogen  u n t i l  oxygen con ten t  i s  below one 
percent.  

Pump the  o i l  i n  t he  h i gh  temperature vessel . i n to  t he  low temperature 
vessel .  

S e r i a l l y  open f l o w  paths from the  f u l l  low temperature vessel t o  t he  
Steam Generation Subsystem, t he  C o l l e c t o r  Subsystem, and t h e  a u x i l i a r y  
heater  t o  f i l l  a l l  f l u i ' d  channels and spaces by ven t i ng  "h igh  po in t s "  
t o  atmosphere. 

System i s  now prepared f o r  i n i t i a l  o i l  heat  up. 



e I n i t i a l  System S ta r t up  

The appropr ia te  procedures f o r  i n i t i a l  system s t a r t u p  'are bes t  

accomplished us ing the  a u x i l i a r y  heater  r a t h e r  than t he  So la r  

~ o l l  e c t o r  Subsystem s ince  the  aux i  1 i a r y  heater  can be modulated 

t o  a low ou tpu t  l e v e l  which a l lows  f o r  c a r e f u l  and caut ious i n i t i a l  

system heat ing. 

The i n i t i a l  hea t ing  approach would f o l l o w  a r e l a t i v e l y  slow schedule where no t  

more than 50°F temperature increments a re  imposed on the  system f o r  each " o i l  

pass." Th i s  would be accomplished a long t h e  f o l l o w i n g  procedural  l i n e s :  

- O i l  would be pumped from the  low temperature vessel a t  a spec i f ied  
r a t e  through t he  a u x i l ' i a r y  heater  where i t  would be heated by 50°F, 
and would f l o w  i n t o  t h e  h i gh  temperature vessel .  

- Simultaneously,, b u t  a t  a lower  r a te ,  t h e  o i l  would be pumped from 
the  h i gh  temperature vessel through t he  Steam Generation Subsystem 
(no steam generat ion b u t  f i l  l e d ' w i  t h  water) ,  ,and i n t o  t he  in te rmed ia te  
temperature vessel .  

- When the  h i gh  temperature vesse l .  i s  f i l l e d  t o  maximum l e v e l  , the  
f l u i d  discharge r a t e  would be increased t o  t he  i n l e t  l e v e l .  

- The balanced f l o w  would cont inue u n t i l  a l l  o f  t h e  f l u i d  was ex t rac ted  
from the  low temperature vessel ,  heated by 50°F, passed through t he  
h igh  temperature vessel and i n t o  t h e  in te rmed ia te  temperature vessel 
u n t i l  a l l  o f  t he  f l u i d  i s  t r a n s f e r r e d  - to  t he  in te rmed ia te  temperature 
vessel .  

- A t  t h i s  p o i n t ,  t h e  temperatures b f  t he  h i gh  temperature and interme- 
d i a t e  temperature vessels a r e  approximately 50°F above t he  low tem- 
perature vessel .  The f l u i d  i s  then pumped from the  in te rmed ia te  tem- 
perature v,essel through t he  So la r  C o l l e c t o r  Subsystem and i n t o  t he  
low temperature vessel .  

- The c y c l e  i s  repeated (approx imate ly  s i x  t imes)  u n t i  1 a1 1 t h ree  
vessel s a r e  approximately 31 6OF. 

- A t  t h i s  p o i n t  t h e  low temperature vessel i s  e l im ina ted  from f u r t h e r  
hea t ing  and t he  f l u i d  . i s  c i r c u l a t e d  i n  a s i m i l a r  manner through t he  
h igh and in te rmed ia te  temperature vessels u n t i l  both vessels,  the  
Solar  C o l l e c t o r  Subsystem and the steam generator, ,  a r e  approximately 
438" F. 

. . 



- Next, the  f l u i d  i s  pumped a t  a spec i f i ed  r a t e  from the in termediate 
temperature vessel and through the  a u x i l t a r y  heater, heated t o  ap- 
prox imate ly  500°F, .and placed i n  the  h igh  temperature vessel u n t i l  
i t  i s  f i l l e d  t o  maximum l e v e l .  

- When the  h igh  temperature vessel i s  f i . l l e d  t o  maximum l e v e l ,  f l ow  
f rom. the  h igh  temperature vessel i s  i n i t i a t e d  through the  steam 
generator where superheated steam i s  generated a t  a c o n t r o l l e d  r a t e  
such t h a t  t he  returned . f l u i d  t o  the  in termediate temperature vessel 
i s  approximately 438OF. This i s  continued u n t i l  a l l  o f  t he  f l u i d  
charge has passed through $he a u x i l i a r y  heater. 

- . Next, t he  f l u i d  i s  heated t o  550°F us ing the  a u x i l i a r y  heater 
(438OF and 550°F) and again, when the  h igh  temperature vessel i s  
f i l l e d ,  superheated steam i s  generated and the f l u i d  i s  returned 
t o  the  in termediate temperature vessel a t  438OF. 

- When a l l  o f  the  f l u i d  has been heated t o  550°F.and has been used t o  
generate superheated steam, and re tu rned . to  the  in termedai te temper- 
a tu re  vessel, the  f l u i d  i s  then pumped from the  intermediate.temper- 
a tu re  vessel through the  steam generator'where saturated steam i s  
generated and the  f l u i d  i s  returned t o  the low temperature vessel 
ay 31.6OF. 

- A t  t h i s  p o i n t  the  TSS i s  completely preheated' t o  normal operat ing 
condit ions, the  c o l l e c t o r  f i e l d  has been heated i n i t i a l l y  t o  about 
438OF, the  a u x i l i a r y  heater performance has been ve r i f i ed ,  t h e  - 

. 

steam generator has. operated thrqugh two complete cyc les (h igh  and' . . .  
low. pressure generation) and the  TSS i: ready t o  perform the  normal 
operat ions . 

Addi t i o n a l  check i tens f o r  componhts no t  mentioned "ill be spec i f i ed  by the  . . 

selected: manufacturers and a thorobgh checkout o f  a l ' l  ' comporients. w i l l  be performed: ' 

p r i o r  t o  and fo l lowing i n s t a l  l a t i o n .  A checkout' w i l l  a l so  be :performed on a 
. . 

system l e v e l  for  the  Computer Control  System, the  Ni t rogen Cover Gas System, the  

Water Makeup System, and the Compressed A i r  Supply System. . . 

3.7.6 ABNORMAL OPERATION 

Abnormal Operation o f  the  p l a n t  i s  def ined t o  be opeyi"ti'& under . % 

tvio cdndi t i ons  ; . . + ' 

l o s s  o f  e l e c t r i c a l  power, and l oss  o f  the computer system: I f  ' the .  computer . . 
system: . .' ." 

. . /  
f a i l s  o r  i s  n o t o p e r a t i o n a l ,  operat ion o f  the  p l a n t  i w i t c h 0 s : t o ' t h e  ir i termediate 

' . ~ 



. . 

temperature part-power mode w i t h  the auxi 1 iary  heater ,  supplyi ng the  thermal ; 
i n p u t  (the' Solar Collector ~ u b s y s t e .  i s  already i n  the  stowed posltion or will 

be p u t  there) .  This i s  abnormal operation 'since the necessary . components . 
which 

a re  normally controlled by remote d i g i t a l  control a re  now operated by local analog 
control 1 ers  (addi tipnal operator interfaCe i n  the f ie1 d being required).. 

4 

When elect r ical  power from the u t i l i t y  is l o s t ,  the plant '  i s  operated i n  the same 
way provided the low pressure turbine i s  on l i n e  to  supply the ,  necessary power 
requireh for system operation. I f  t he low  pressure turbine i s  unable to  supply 

the required paras i t ic :  loads, the system will c o a s t  down t o  a f a i l  safe  shutdown 
configurati.on, (more detai led information i s  given i n  Section 3.6.4). 

The en t i re  system will be largely automated to  operate i n  a variety of modes 
(or  mixtures of subsystem modes). Ideally, the operator i s  a monitor checking 
the system, looking for mechariical ,. elect r ical  , process and control problems ' . . . . . 

before they jeopardize system operation. W i t h  any' system, par t i cu la ry  a newly.  
designed, development f a c i l i t y ,  the role  of. the operator will be much more demand- 
i n g  due t o  system "bugs" and lack of operating knowledge and experience. A 1  though 

. - 

many aids will be- avai.lab1 e ,  one of t h e  most c r i t i c a l  operating demands w i  11 be 
t o  decide upon the m i x  of operating.modeswhich i s  the most a'ppropriate -for any 
given day or  portion of a day. Much of the time the decision will be c lear  cut. 
For example, sunny d a y s i n  midsummer requi& cool i n g  and have energy available 

fo r  producing el e c t r i c a l  power. However, part ly cloudy days introduce the problems 
of how t o  best use the available energy and whether to  augment the. solar  energy 
w i t h '  the aux'il i a ry  heater. These decisions are  f i r s t  made by the automatic control 

I .  ' 

sy'st& . w i t h  the operator as 'backup. 

3.7.7.1 . CONTROL ROOM ACTIVITIES 

Control room ac t iv i  t i e s  will involve: 

Monitoring s y s t q  displays. 
. . 

Observing the  mechanical areas.. . . . . . . . , < . .  . . . < a ,  . . 



Adjus t ing  process condi t ions if ,r.equl'red: - ' , . 

I1 Changing operat ing modes. ' . 

Diagnosing process o r  system problems.. 

. . .  
Occasionally, operat ing. por t ions  o f  the. system manual l y ,  , - 

S t a r t i n g  up and shu t t i ng  down subsystems and equipment.. 
. . . , 

' . . 
Recordi ng se l  ected data. 

. . 

Developing operat ing s t ra teg ies  for :periods l a t e r  i n  the. day o r  for  the .'. 

next day. 
' . . . . . 

. . 

Communicating w i t h  f i e l d  operators. 

, .  . 

. : . . .  .-... ......... . ... . . . .  ........... 
. -3 . .7.- 7. 2. -. .F.I:EkD- ACTI-V-I-Tf-ES . - - _ +_ L . . .  

. , 

L i k e  the  cont ro l  robm 'operator, operators assigned t o  the  f i e 1  d' (and"'outside area) 

a re  p r imar i l y ' i n te res ted '  i n  moni tor ing the  system t o  ensure t h a t  i t  i s  operat ing 

proper ly .  A c t i v i t i e s  w i l l  inc lude:  

r L is ten ing  t o  and observing r o t a t i n g  equipment ( ~ o m ~ r e s ' s o i s ,  pumps' and 
fans) f o r  unusual sounds, v ib ra t ions ;  leaks and o ther  signs o f  f a i l u r e .  . 

r Observing smoothness of co l  1 ect'or t rack ing  and operat ion. 

r Noting leaks ( p a r t i c u l a r l y  i n  the  o i l  system) e s p e c i a l l y  a t  . f langes, . 
f l e x i b l e  be1 lows, connections, pumps, va lve stems, etc .  

. , 

Checking f l u i d  l e v e l s  (e.g., .condensate sumps, n i t rogen tank,. l u b r i c a t i o n  
. s  ,. . eyes and bo t t l es ,  etc.). 

. , .  

. r Checking proper sequencing and operat ion o f  the campressor and a i r  . .  d ryer  
equipment; check r e l a t i v e  .humidity o f  compressed air ' .  

r Observing temperature and pressure gauges; record ,  be1 ected . I  va r iab les .  . ,  

a Observing coo l ing  water f low t o  pumps. . . . . .  . . . 
* . / . . .  . . 

r Checking compressor sa fe ty  valve. 
. . , . , - .  

. I  

r .Draining compressed a i r  d r i p  legs; blowing down 'fil'ters. 
:* . . 

i .  O . 
r Changing a i r  f i l t e r s ,  desiccants ,recording c h a k ' ,  . e t c  ." . 



a Checking b e l t  dc ivers f o r  wear and tension. 

'a - .  Checking f i e l d  s e t  'points..: ... ' - 
. . .  
' . . . 

. . 

1n"conjunction w i th . .cont ro l  room operator, "checking 'operat ion o f  
. . equipment, 1 i m i  t switches , cont ro ls  , etc.  

a I n  conjunct ion w i t h  con t ro l  room operat ing, diagnosing system problems. 

Adding chemicals (e.g., water treatment).  

Lubr ica t ing  equipment, coupl ings, etc .  

a Obtaining f l u i d  samples (e.$. , o i l  t o  check contamination). 
. . . . 

0 Observing a u x i l i a r y  heater tubes f o r  soot formation. 

- @ Observing cond i t ion  o f  . ins."l 'ation (e.g., . f o r  breaks, etc . )  . 
. p a r t i c u l a r l y  a t  f langes and s l i de .  po in ts  f o r  thermal expansion. . . 

a' ' .a Inspect ing p'ump/motor coupl i nqs, v i b r a t i o n  i n s o l  a to rs  , equipment mounts 
and ,supports. 

. . . . . . . . . . . . . . . .. . . . . - . - . . . . . , . . . . - -. . . 

i' 'vent ing non-condensabl es from the. c h i  1 l e r  oncelweek; 

3.7.8 . MAINTENANCE 

The object i .ve of t h i s  sec t ion .  i s  t o  prov ide an. overvi,ew o f  t he  maintenance 

approach and 1 eave . the p a r t i c u l a r  maintenance deta i  1 s f o r  .each subsystem - to :be-  

covered i n  those sect ions (3.2 through 3.6). 

During the  i n i t i a l  shakedown of t h e  system considerable maintenance type a c t i v i -  

t i e s  w i l l  be requ i red  by the contractors and the  operat ing crew as p a r t  of t h e i r  

t r a i n i n g .  A f t e r  the shakedown; maintenance a c t i v i t i e s  a re  expected t o  be minimum 

and comparable t o  a normal power p lan t .  The one except ion i s  the  s o l a r  co l l ec -  

t o r s  and the need f o r  r e f l e c t i v e  surface cleaning. 

. . . " 
The on-si  t e  maintenance crew w i l l  r equ i re  s k i  11s i n  mechanical components, piping, 

e l e c t r i c a l ,  instrumentat ion, cont ro l ,  and f l u i d  chemistry areas. 



The maintenance, ac t iv i t ies  can be consi dred i n  three parts namely, inspection, 
preventive and curative. . The inspection and preventive mi ntenance ac t iv i t ies  
will be done by the, s i t e  crew, wi.th the possible exception of the computers. Much 
of the curative maintenance will be done by the component suppliers under war- 
ranty or contract., . , 

3.7.8.1 INSPECTION' MAINTENANCE 

Inspection i s  very important and ttie most cost effective maintenance act ivi ty .  I t  

involver observat ion~(visua~ and audio) of the physical features of the plant and 
.components for trends towards abnormality. This is done by the operating crew as 
:they walk thr~uugh the p i a n t  including planned' routes and points for obskrvation. 

Eva? uati on of performance data for  degradation trends i s  another important source 
of inspection. The data acquisition system can be used to  correlate and display 
selected parameters for  trend observation such as heat exchanger effecitveness 
for foul i n g ,  solar coll ector efficiency for  ref1 ective surface soiling , energy 
storage vessel performance for insul ation deterioriati  on, e tc  . These observations 
can be made i n  s i tu .  

Preventive maintenance are those planned periodic ac t iv i t ies  resul t i n g  from ' 

recornendations from component suppliers and similar plant operating experiences. 
Such i tems as lubrication, changing o i l  and f i 1 t e r s ,  cleaning solar collectors, 
calibrating instruments, adjusting electronic c i rcu i t s ,  checking and adjusting, 
fluid chemistry and responding to  special situations uncovered by the inspection 
maintenance (3.7.8.1 ) are typical of preventive. maintenance. 

The. preventive maintenance plan ( I  tems and, frequency) w i  11 ini t i a l  l y  +be con-. <. ' .  : 

servative and wi t h  experience beimproved to  ref lect  t h z  true main- 
. . .  , tenance .required;, .i .e. ,,' an expected reduction',in effort . .  . . . . .  . . . .  . . :  
. . .  . . . .  . . . . . . . .  . - .  . " .  . . , . . .  , 



3.7.8.3 CURATIVE MAINTENANCE . , .  
. . . 3 .  

Curative maintenance are those' actf v i  t i  es involving significant repair and/or 
rep1 acement of components principal ly due to  weak, fai lure  or accident. These ac t iv i t ies  
~ 1 1 1  be the most costly per incident. To the extent that inspection and pre- 
ventive mai.ntenance foretell  of curati,ve maintenance, th.ey,.can be scheduled , to  

. . .  

minimize the cost. Such. items as replacing pump seals and .valve packing, de- 
coking 'auxi 1 iary heater tubes in case .of serious overheat, repair . t o  . insulation 
and refractory 1 ineys, replacement of rotating equi p e n t  . bearings, . repl ac&nent 

, .  - 
of solar collector drive components, replacement of..valves, e tc: ,  are typical of 
th is  level of maintenance. 

. . . . 
. . .  ' # 

. . . . 

Typical of qintenance to  be done by  the component suppliers, involve compiteys; . . ,  . ... . .  . 
and,.possibly, major repairs to  the tubine generator, solar coll ectors , and 

. . ... 
chi 1 ler .  



3.8 FACILITY AND BUILDING DESIGN . . .' . 

3.8.1 SUMIARY DESCRIPTION :. - .  . . . . ' 

. . . . .  
There are a nunber of points t ha t  must be exdmiried i n  the development o f  the 

STES , f a c i l i t j '  design. Because t h i s  f a c i l i t y  i s  an experimental p r o j e c t . i n .  
4 A ' ,  ' ' 

s o l a r  energy, i t  i s  i @ o r t a n t  t ha t  it f u n i t i 6 " s  correct ly  from an engineerin4 ' , 

standpoint. , It i s  aiso o f  great i lnportance'that t h i s  t y p e  o f  f a c i l i t y  gain 

acceptance f r o m  the general "publ'ic and from'the surioundi'ng i o f i u n i t y .  1 f  ' ' 

so lar  energy i s  t o  be accepted as a po ten t ia l  primary energy source, then'one . . . 
acceptance c r i  t e r i on  i s  t ha t  a f a c i  1 i t y  o f  t h i s  type be exhi b i  red as a pleasant 

asset t o  the surrounding community - a f a c i l i t y  t ha t  a res iden t ia l  community . ' 

would not  object  t o  as a close neighbor. A d i f f e r e n t i a t i o n  must be made between 

t h i s  type d f  f a c i  1 i t i  and the widel) ac'kepted - .  image i f  energy generation f a c i  . , 1 i - , 

, . . .  i s  - 1 - .  ' - ,  _ .  . . . . 
t i e s  o r  fue l  storage f ac i l i t i e s . .  

# . .- .. - - -  , - - -.-. .. -. . . 

Because o f  the potent ia l  f o r  pub l i c  exh ib i t i on  o f  t h i s  f a c i l i t y ,  i t  i s  important 

t o  in tegra te  the v i s i t o r  i n t o  the system as much as possible, t o  demonstrate no t  

only funct ional  aspects, bu t  a lso the pleasant, safe q u a l i t i e s  o f  the system. 

The major e f f o r t  t o  in tegra te  the v i s i t o r  i n t o  the.system has been t o  a l low the 

v i s i t o r  to  walk near the equipment, view equipment f r o m  various observation 

points, walk under p ip ing.  runs, and observe presents t i  on material  t h a t  explains 

the more detai l .ed aspects o f  the engineering design.,:. 

3.8.2 FUNCTIONAL OBJECTIVES 

The overa l l  s i t e  armnpement shown i n  Drawing 1-1 invo lume I11 i s  la rge ly  

d ic ta ted by the pos i t i on  o f  the so lar  co l lec to r  f i e l d .  .The heated o i l  storage 

system tanks a r e  l o g i c a l l y  located '  between the . co l l e c to r  . f i e l d  and the 87000 

Bui ld ing Complex, near the midpoint o f  the co l lec to r  f i e l d  i n  order t o  minimize 

1 ength o f ,  pipe and pi,pe sizes, , thereby m i  nimi zing energy 1 osses . . . 

. . . . 

.  he STES Bui l d i ng  i s  located c lose t o  the Therinal . . storage Subsystem tanks, 

since steam i s  piped t o  t h e  equipment w i t h i n  the bui ld ing.  ' A parking l o t  f o r  

: v i s i t o r s  and enployees ii located t o  the nor th  o f  the STES Bui 1 ding and i s  . . 

access'ible from .' F i  fteenth Street. 



The water storage tanks and the cooling tower are located to . the . north of the 
STES Bui 1 ding close to the equipment ,inside the bui 1 din'g associated w i t h  each. . .  

, , . !. . . . . . .  

The dike surrounding the. oi 1 storage tanks has sufficient . volume ,/. t o  contain the . . 

oil in case of a tank rupture. The berm t o  the east and south of the collector 
field will contain any oil spi l l  i n  case of a, rupture i n  the solar coilector . p 

field. 

! - .  
The STES building has been' located in a position between t h e  Thermal storage Sub- 

system and the water storage tanks and adjacent to the solar collector field. - 

The building i s  approached by a walkway between the water storage tanks and 

heat exchangirs. The mechanical equipment i nsi de i,s ' vi sib1 e through the glass 
north wall. The gr%und level ' contains $=' tontrol 'Room office, Training1 . . . " . .  . *:. , , . . 
Conference Room. Public ~ o i l e t s  and a vending   red; a l l  *of whichre-quire . . direct  
access for both visitors and employees f ;om the 'ground level entrance. 

. . . . . . . . . . . . . . _ .  ... 
When proceeding u p  theramp eastward, the-expanse of s o l ~ a r ~ ~ c o l l e c t o ~ s  and. . .  
a'ssociated piping can be viewed; and by con'tinuing up the ramp westward, entrance 
t o  the upper level of the building i s  gained. The upper level contains t h e ,  ' 

Visitor's Area (display/observation) and the Control Room. The upper level 
location allows a better view of the surrounding s i t e  for the vtsitors and 

. Control Room operato'rs. The 'exterior wall of the observation level i s  clear . . 

glass to provide an unobstructed view. Visual observation of the collector ' ' . 

field and the Thermal Storage Subsystem equipment by the Control '~oom operators 
. . 

- - - - i s  .neces.sa.ry (-is-provide-d).. a t . a l1  times. 
, L 

. . 
3.8.3 STES BUILDING DESIGN . . . . 

The Energy Conversion Equipment Control Room and Office, Training ~lassroon/ 
Con fererke Room, Visitors Center/Observati on Area must be housed.. l h k  bui 1 ding 
is  ui vided iaf o bro distinct 'sections. One section will house energy conversion 
equipment and wi 11 serve as a mechanical equipment room. The other section of 
the building contains the public portion, which will be accessible to. both 
vi s i  tors and employees. 



The ex te r io r  materials have been selected t o  respond to the general appearance 

and v i s i b i l i t y  i-equiremnts. A coh jha t i on  i f  b r i c k  and glass w i l l  be used. 

The south and nor th  wal ls  of the mechanical area w i  11 be a conbination o f  s o l i d  
. ., 

glass; operab1.e wintlows and l o h v e k  a t  ' the b-ask b f  the walls.  he west wall'. ' 
. . . ., 

w i l l  b e  cinstGuct-ed o f  b r i ck .  The glass wai selected pdma i i  ly f o r  the M*imum 

v i s i b i l i t y  both i n t i  and out  Of the mctianical room,. Because the mechanical 

room i s no t  cooled o r  heated (except by equipment), 118 inch and 

3116-inch th ick  glass i s  used, which i s  much less expensive per square foot 
. . 

than i s  a masonry wall .  
. , 

, ~ 

The habitable section o f  the bu i ld ing  has i n  ex te r i o r  wal l  constructkd 'of a 
combination o f  518-inch insu la t ing  and ' k s o n r j .  The upper l e v e l  i s  

' . ' I  . 

surrounded by t h i s  i r k u l a t i n g  glass while the iower leve l  i s  mostly kschhr);'' 
. . . . . . .  

construct ion w i th  i on .  operable ki&lows. 
. , 

The f l o o r  plan layout o f  the STES Bui ld ing has been car r ied out  i n  a response 

to the intended functions o f  the bui id ing.  spaces provided are summarized 
~. . 

below: 

L0WE.R LEVEL ' 

a Mechanical Room . . ' . . . . . . . . . . . .  ; . . . . . . .  3030 sq - f t  . .  

. . i 

0 TrainingIConference Room . . . . . . . . . . . . . . .  362 s q - f t  
. . 

. a Control Room Off ice . . . . . . . . . . . . . . . . . . . . . . . .  120 sq - f t  - 

. . . . . . . . . . . . . . . . . .  a 'Men's T o i l e t  Room. 104 s q - f t  

a Women's T o i l e t  Room . . . . . . . . . . . . . . . . . .  104 sq - f t  
. . . . 

a VendingIBreak Room . . . . . . . . . . . . . . . . .  64 sq - f t  

SUB-TOTAL (NET) . . . . . . . , . . . . . . . . . . . . .  3780 sq- f t  
' , 

. . . .  SUB-TOTAL (GROSS) . . . . :  .' . . . . . . . . . . . . . . .  4449 sq- f t '  

. . .  
I . . . . 



UPPER LEVEL 

. . . . . . . . . . . . . . . . . . . . . . .  ... Control Room 780 sq - f t  

r . Observati on/Displ.ay Room . . . . . . . . . . . . . .  828 sq - f t  

SUB-TOTAL (NET) . : . . . . . . . . . . . . . . . . . . .  1608 sq- f t  

SUB-TOTAL (GROSS) . . . . . . . . . . , . . . . . . . .  1664 sq - f t  

e TOTAL Bui ld ing Gross sq - f t  . . . . . . . . . . . . .  61 13 sq - f t  

r TO7AL Bui ld ing Net sq - f t  . . . . . . . . . . . . . .  5392 sq - f t  

C i  rcu la t ion Space, In te r io r '  Par t i t i ons  , . 

Ex te r io r  Walls . . . . . . . . . . . . . . . . . . . .  721 sq- f t  

The square footage al located t o  the various spaces i n  the bu i ld ing  have been 

based' on a combination o f  code requirements and sound arch i tec tura l  judgments. 

There are a n u h e r  of code requirements tha t  have had an e f f e c t  on the design 

o f  the STES Building. The Unifonn Bui ld ing Code 1976, the Uniform Plumbing 

Code 1976, and the ANSI A117.1 - 1961 Code have been the main influences on 

the design requirements. The Uniform Plumbing Code and the ANSI A11 7.1 - 1961 

Code have 'establ ished c r i  t i e r a  f o r  the t o i l e t  room design. 

The Uni form Bui ld ing Code requires that  an assembly mom ( ~ b s e r v a t i o n / ~ i s ~ l  ay 

Room) on a second f loo r  w i t h  an occupant load o f  10 o r  more people must have 

Wo separate and remote means o f  egress. The Uniform Bui ld ing Code also 

requires tha t  a n  upper leve l  asseb l y  .room i n  a pub1 i c  use bu i ld ing  'be accessi.- 

b l e  t o  handicapped persons by means . o f '  a ramp o r  an elevator. Given the 

requirements by the bu i ld ing  code for  'two means o f  egress and access ib i l i t y  by 

physi cal l y  ' handi capped people, an ex te r i  o r  ramp has been devi sod t o  respond 

t o  those req'ui rements. The ANSI A11 7.1 - 1961 Code states cer ta in  c r i t e r i a  

governing slopes' and landings o f  ramps making them usable by the phys ica l ly  

handicapped. This has determined the length and width o f  the ramp. 



. . 

3.8.3.1 CONTROL ROOM/OFFICE . . 

The Control Room i s  designed t o  accomnqdate monitor ing and computer'equipment. 

The space designated i s  required to accommodate the computer - .  equipment . and 

al low c i r cu l a t i on  around the various pieces o f  .equipment. . , . A s t a i r  i s  provided 

to maintain access from this room to the mechanical room, the con t ro l  room 
. . 

o f f ice;  and t he ' ex te r i o r  mechanical areas. 

The Control Room Of f i ce  i s  t o  accommdate. the supervisory and access'to the 

mechanical .room, the ex te r i o r  funct ions and the, control mom upstairs. The 

Control Room o f f i c e  i s  located i n  a t ha t  allows easy access t o  each 

o f  these areas. An o f f i c e  o f  t h i s  nature. requires a space o f  between 120 ft2 
2 and 150 ft . . . . 

. . 
3.8.3.2 TRAINIflG ROOt.l/CONFERENCE ROOM. , . ' . . , . . . .  

. . - - -- 
%. . . . . 

The Train ing ~odm/~onference ' ~oom i s  designed t o  accommdate 10 t o  12 

personnel i n  t r a i n i ng  for the operation of the STES f a c i l i t y ,  and t o  also 
I .  

funct ion a s a  conference room f o r  v is i t ing 'pmfess iona ls .  The mom may also 

be used as a space t o  show s l i de  presentations o r  f i lms  as a pa r t  o f  the info- :  
. . 

mation dissemination funct ion o f  -the V is i to rs  Center. Rooms o f  t h i s  type 

general ly require a minimum square'footage allotment o f  about 15 square-feet . . 

per person, which neans the riom as designed could accomnodate up t o  20 people 

i n  a classroom seating arrangement. 
. I .  

r; ... ,. - '  

. . 
3.8.3:3 MECHANICAL SPACE .LAYOUT 

. " . .. ' >  . 

The .mechanical equipment mom layout  i s  designed t o  p,rovide the most e f f i c ien t  

arrangement o f  equipment w i t h  adequate access f o r  maintenance and,. serv i  ce. - 
. . .%; . 

. . 
I .  

Access a is les  are 10,cated t o  provide capabi.1 . , . .. i t y .  t o  move ,a1 1 compqnent's : o f  .. . 
1 : 

the mechanical system wi.thin and o u t  of the b u i l d i n g  wi thout .d is turb ing any 

o ther  components i n  the e q u i p k n t  room. . . ' ,. . . - .  , ,  . ' *; 

Access space requi red for  equipment service, heat exchanger, tube p u l l  , contro l  ' -  

, . 

panel. observa t i bn ,  and safety clearances, i s  p m v i  ded i,n accordance w i  t h  equ i  p- 
. .  . 

. merit manufacturersl reconmendations, . cbdeaUthOri . t i e s  and good engineering 
. . 

pract ice. .  , . . .  



Access is  provided t o  a1 1 operating control val ves, panels; electrical switches 
and safety devices to  FnSure operator quick and safe access t o . a l l  operating . , ,. , .  . 
controls. 

I 

The mechanical equipment room will be cooled by a ventilating exhaust fan for  
warm weather and will be provided w i t h  minimum heating equipment to.preveqt 
freezing of components i'f the system i s  down during severe weather. 

VISITOR CENTER 

The Vlsltor Center provides space for  display of solar  energy descriptive 
materi a1 s. Graphic presentations of the overall STES operation and design 
considerations will be an important aspect of the Vlsi t o r  Center; The use of 
flow diagrams, charts, verbal presentations, recorded presentations, sl ides,  
models of various functions, e tc . ,  are anticipated. 

The Observation/Display Room i s  designed to "accommodate visitors in groups of 
from 20 to 30 people. The size of the group of people expected (20 to 30) i s  
based on having a bus-load of people corn to the s i t e  from a distant location. 
Local schools and area colleges and universities may also bring bus loads of 
students on f ie ld  t r ips  to  this type of faci l i ty .  

A Vendi ng/Break Room area has been provided .to accomnodate a soft-drink vend-. 
irig machine and coffee-making a.ppliances. This area is intended to s,erve 
ernpl.oyees, both f ie ld  personnel ..and' con'trol room operators, as we1 1 as visit.ing 

- . . . . . . . . 
public using e i ther  the display'.area"or the conference room. 

. . 

The Mens :arid Womens Restrooms have been desi.gned in accordance wi t h  appl i - 
cable codes to make these faci 1 i t i e s  accesiible to handicapped employees. o r  
visitors.  The square footage of both rooms has been determined by the space 

. 'required for  'the pluhing . f ixtures ,  as .  out1 ined in the Uniform Building Code, 
and the :space requi red to make those fixtures accessible to -the physical ly 
handicapped. 



3.8.3.5 HEATING, VENTILATION AND AIR CONDITIONING 
. . 

~ 1 1 :  occupied spaces o f  the STES Bu i l d ing  w i ' l l  be provided w i t h  mechanical 'spa& 
. ' ( .  . . . 

heat ing and coo l ing  systems. Design condit ions are: 

Summer . . . Winte.r . .: . : 

Outside 9g°F D.B'. ' 25OFC D'.B.. " '  . . 
, . .  > .  .. . 77OF W.B. . . 

. : .. 

Ins ide  

, - A l l  occupied areas except 
, .  I 

78"'FD.B. 68OFD.B. 
.,. , 

, . '  
Control-Room . 50% R.H. 

- Control Room . . . , Z5OF D.B. . .75OF D.B.. . . 

. . . :.. . %: +.. . -. c :.. 55,% R.H. 55% . R.:H,. , :;, t.-;:, . 

. . . . 

TWO separate H.V.A.C. systems w i  11 be provided; one, f o r  each o f  the two 

occupied f loors .  . . . . , . . . 

, . .  . . . . . 
. , , . I ,  : 

The H.V.A.C. system serv ing the f i r s t  f l o o r  w i l l  * be -  a single-zone fan coi l :  . u n i t  

w i t h  c h i l l e d  water and heati'ng ho t  water suppl ied f r o m  t h e  STES system.. , , . 
Supplementary e ' l e c t r i c  heat, w i t h  power from the For t  Hood gr id,  w i l l  be pro-: 

v ided t o  prevent f reez ing and subsequent damage dur ing the heat ing season 

should the STES be shut  down fo.r an extended period. o f  time. . , -  

. . . . . ' I  

The H .V.A. C. system serv ing the second,-floor?, which. includes. the Control. .Room, 

w i l l  a lso be a single-zone u n i t  w i t h  a d i r e c t  expansion r e f r i g e r a n t  c o i l  and 

h o t  water heat ing c o i l ,  and a remote-mounted c h i l l e d  water c o i l .  C h i l l e d  
water and heat ing water w i l l  b .e suppl ied. f r o m  the STES system. The d i r e c t  ;. . 
expansion .,refri.gerant coo l ing  c o i l  w i 1 . l  be used as back-up whe.n. c h i l l e d  wate,r 

i s  no t  ava.ilable... The condensing . . u n i t  w i l l  .be cgnqected t o  the e x i s t i n g  F o r t  

Hood power g r i d  and w i l l  be used. on l y  -when power. from. the  STES i s  not  avai lab1 e. 

An e l e c t r i c  heater, also. connected t o  : t he  exis t ing.  F o r t  Hood gr id ,  . w i l l  .be ,in- 

stal.1 ed t o  .prevent freezing. : .  . . ,  . . . 

B o t h  H.V.A.C. sys temswi l l  have100 percent outside a i r  c a p a b i l i t i e s  t o  provide 

, a n  .a i  r -s ide  economizer fo r  f ree  coo l ing  when anbient condit ions are. be1 ow 

55OF. 



An exhaust system w i l l  be provided t o  exhaust t o i l e t s ,  lockers and the j a n i t o r ' s  

c loset .  

A1 though the STES Bu i l d ing  does n o t  f a l l  under the j u r i s d i c t i o n  o f  ASHRAE 90-75, 

the b u i l d i n g  w i l l  be designed t o  meet t h i s  standard whenever possible. 

The H.V.A.C. cont ro ls  w i l l  cons i s t  o f  the fo l low ing:  

Space thermostat t o  modulate the heat ing lch i  1  l e d  water v a l  ve 
. . 

' Outdoor a i r  sensor t o  a c t i v a t e  economizer prov is ions 

e I n t e r l o c k  t o  ac t i va te  emergency power connection from e x i s t i n g  
power g r i d  t o  operate emergency heat  and backup e l . ec t r i  ca l  a i r  

' . cond i t ioner  

3.8.3.6 LIGHTING AND ELECTRICAL 

L i g h t i n g  w i t h i n  , t he  STES B u i l d i n g  w i l l  u t i l i z e .  h igh - in tens i t y  discharge lamp 

sources wherever possib le f o r  maximum energy e f f i c i e n c y  and lowest maintenance 

costs. High-bqy l i g h t i n g  w i t h i n  the mechanical room w i l l  be open bottom, 

p r i sma t i c  glass re f lec tor - type f i x tu res .  I n d i  r e c t  l i g h t i n g  sources w i l l  be 

used w i t h i n  the cont ro l  room. E x t e r i o r  l i g h t i n g  w i l l  be by  means o f  high- 

i n t e n s i t y  discharge f i x tu res '  u t i  1  i z i n g  a  type f i v e  d i s t r i b u t i o n  pa t te rn  f o r  

g rea tes t  spacing r a t i o s  w i t h  a  sharp c u t - o f f  angle t o  avoid glare. An emer- 

gency b a t t e r y  powered back-up 1  i g h t i n g  system w i  11 be i n teg ra ted  i n t o  the 

normal l i g h t i n g  system f o r  times o f  ,lwer outages. 

Powerv 'd is t r ibu t ion  w i t h i n  the STES B u i j  d ing w i l l  u t i l i z e  2771480 vo l t s  f o r  

l i g h t i n g  and heavy mechanical loads, and 1201208 v o l t s  f o r  miscellaneous power 

requi  remeri t s  . 

. . 

3.8.3.7 . . STRUCTURAL 

Appl icable Bu i l d ing  Codes f o r  the STES Bu i l d ing  are: Uniform B u i l d i n g  Code, 

1976 Ed i t ion ,  and Bui, lding Code Requirements f o r  Minimum Design Loads i n  Bu i ld -  

ings and o ther  ' ~ t r u c t u r e s .  . . (ANSI A58.1 . - . 1972). ,. . . 
. . .  . . . . . . . . . . . .  

. . 
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Design ,Loads 

. . . . . . . . . . . . . . . . . . .  a L ive  Load on Roof 20 psf . - 

. . . . . . . . . . . . . . . . . . .  e Pip ing Load on Roof 20 psf 
, . 

. . . . . . . . . . . . . . . .  e L i v e  Load on Mezzanine 100 p s f .  

e Wind Load on H o r i i o n t a l  Pro jec t ion  . . . . . . . .  ., . 20 p s f  
. . 

. . 

The b u i l d i n g  foundation w i l l  be spread foot ings bearing on the, f rac tu red  l ime- 

stone underlying parent materi  a1 , which occurs approximately three feet below 

e x i s t i n g  grade. Design pressure f o r  the foundat ion ' i s  5 ks f .  

The s i t e  i s  located i n  Seismic ~ i s k  Zone 1, as def ined by ANSI  A58.1 - 1972. 

Framing systems f o r  the STES Bu i l d ing  are as!.follows: , . 

e Roof - bletal deck on ba r  j o i s t s  t h a t  span between j o i s t  girders. 
J o i s t  g i rders  are supported by- p ipe collums. 

a Mezzanines - Cast-in-place concrete s lab (2-112 inches t h i c k )  on. 
corrugated metal center ing spanning between bar  j o i s t s  t h a t  span 
i.n turn '  t o  s tee l  beams. Beams are supported by p ipe col  umns. ' . 

. . 

e Latera l  Loads - Diagonal bracing and moment i -es is t ive frames 

. . 
3.8.4 FACILITIES DESIGN 

I . .  

3.8.4.1 SOLAR COLLECTOR FIELD 

The design features concerning the layout  o f  the c ~ l ' f e c t o r s ,  and the f i e l d  

segments are covered i n  Section 3.2, So lar  Co l lec tor  Subsystem. Other features 

(e.g., p ip ing  layout,  grading, access, erosion contro l ,  etc.) are covered i n  

the fo l l ow ing  paragraphs. 

Supply and re tu rn  p i p i n g  i n  the f i e l d  area w i l l  be supported approximately 

one f o o t  above the ground l e v e l  except a t  road crossings where a 12- foot  

clearance w i l l  be maintained. The c o l l e c t o r  headers w i l l  be placed subgrade. 

i n  a shallow concrete d i t c h  o r  trough ... Vehicles w i l . 1  cross the t.rough on 

fabr ica ted decks. 



The f i e l  d w i  11 be graded to  slope evenly to the ea s t  and south, as shown on 

'Draw-ing ? .4 . ( V o l u m e  11 1) 1. In accordance w i t h  recommendations from the American 
Technological University, erosion protection and o i l  s p i l l  protection wi l l  be . 
provided by a f i e ld  surface .treatment consisting of compacted subgrade, 4- to 
5-inch base course material (e.g., crushed limestone), topped by a single 
penetration course (oi  1 .and aggregate). 

Runoff protection will consist of an earth .berm on the north, e a s t  and south: 
sides t o  contain runoff and a weir s t ructure  tha t  r e s t r i c t s  the outflow 
to  conform to. preconstruction flow rates.  The outfa l l  s t ructure  wi l l  be con- 
s t ructed so as to  prevent o i l  s p i l l s  o r  f loat ing o i l  f i lms.  from escaping. 
O i l  skimming apparatus wil l  a lso  be ins ta l led.  

Access to  the col lector  f i e l  d f o r  maintenance is provided by perimeter roads 
on the south, west and north sides,  and an east-west road through the f i e ld  
middle. Collectors are  spaced so tha t  when t h e  collectors are itowed, a 
vehicle can dri ve between the cot l ec to r  rows. 

Security will be provided by a chain link fence around the en t i r e  f i e ld .  The 
fence will r u n  along the top of the earth berm of the north and. south sides 
of  the collector f i e ld .  Landscaping in the form of .a low ground cover wil l  be 
necessary to ' s t ab i l i ze  the so i l  of the sloped bern. A possible ground cover 
i s  honeysuckle, which woul d stabi  1 i ze the berm with its vi ne-1 i ke qua1 i ty  and 
form a 'pleasing landscaped perimeter edge t o  the ent i  re coll.ector f i e l  d. 

3.8.4.2 THERMAL STORAGE .AREA 

T h i s  area contains the Thermal Storage Subsystem equipment, the auxil i'ary 1.1 

- heater(SolarCol lector~ubs~stem) ,  and the~team'~enerator(Power'~on~ersion 
Subsystem). Many design constraints corhined to produce the layout and design.. 
indicated or. .Drawing 1.-1 and 3-1 in Volume 111. 

Since tank ruptures are a poss ibi l i ty ,  the storage tanks are placed inside a 
diked area. The area i s  divided into two parts:  a c i rcu la r  area around the 
storabe tanks (depth about 2-feet) and a rectangularbasin (depth about 4-feet),  . . 



to t he  :south. The basin:  will hold t h e  contents  .of t he  l a r g e s t  tank whi le  .lCav- 

'-ing' the  c i r c u l a r  a r ea  unflooded. Should a l l  . t h e  o i l  i n  the  system be re leased ,  

t he  s a f e t y ,  margin on t h e  d ikes  i s  about 1-1'12 f e e t  o f  f r e e  board above t h e  
. . f l o o r  .level. . 

The storm dra in  for the  e n t i r e  a r ea  i s  placed i n . t h e  southwest corner  o f  t he  

rec tangular  basin.  I t  i s  equipped with automatic devices t o  allow water ,  bu t  

no t  o i l  t o  pass. The f l o o r  of t h e  diked a r e a  i s  s loped to drain t o  t he  s torm 

drain.  

The fuel  o i l  tank o u t s i d e  t he  diked a r ea  w i l l  be buried. 

F i r e  s a f e t y  a s  enforced by codes inf luenced the  design. A1 though the  hea t  

t r a n s f e r  o i l  i s  a Class 111-B l i q u i d  when co ld ,  i t  is handled and s t o r e d  above 

i ts  f l a s h  po in t  when termed ho t  (550°F) o r  in te rmedia te  (438QF). (The f l a s h  

po in t  i s  between 415" and 445°F according t o  manufacturers V a t a . )  As a con- 

sequence, the  f l u i d  is c lassed  a s  more flamnable. According t o  NFPA 30-76, 

Sect ion 5-7 ( E l e c t r i c a l  Equipment) appl ies  t o  Class  I11 l i qu ids  when s t o r e d  

o r  handled above the  f l a s h  point.  (At ambient temperatures,  t h i s  Sec t ion  a p p l i e s  

to Class  I l iqu ids . )  Consequently, e l e c t r i c a l  desigrl w i l l  follow Sect ion 5-7. 

The Uniform Building Code ind i ca t e s  t h a t  a Class I11 l i q u i d  handled and s t o r e d  

above the f l a sh  po in t  w i l l  be t r e a t e d  as  a Class  I1  l i qu id .  For s to rage  design 

purposes i t  w i l l  be considered Class I1  and meet code requirements in  

NFPA 30-76, Sect ion 2-2. Tank spacing,  d i s tances  from publ ic  a reas  and bui ld-  

ings ,  and drainage ( i n  case of rupture)  a l l  meet code requirements. In addi- 

t i o n ,  t h e  tanks w i l l  be placed on two-foot high crushed s tone /ear th  pads t o  

p r o t e c t  t he  base from poss ib le  f i r e s .  These r a i s ed  a reas  a l s o  permit poss ib le  

access  t o  valves during a s p i l l  incident .  The pumps a r e  a l s o  r a i s ed  s l i g h t l y  

above the  f l oo r .  

The aux i l i a ry  o i l - f i r e d  h e a t e r  is  placed ou t s ide  t he  diked a r ea  and set  back f a r  

enough to s a t i s f y  Code requirements. I t s  s i t e  i s  graded t o  dra in  t o  t h e  diked 

area i n  case o f  a s p i l l .  
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Tht! storage tanks are placed as fa r  west f m m . t h e  c o l l e c t o r  f i e l d  as possib le 

to reduce l a t e  afternoon' shadowing. However;, the tanks are n o t  l i n e d  up 

north-south along 15 th .S t ree t  (Redbud Avenue) since t h i s  would g rea t l y  extend 

p i p i n g  runs and reduce v i s i b i l  i ty g rea t l y .  ' 
. .. ' 

Visual access'or v i s i b i l i t y  o f  a l l  components i n  t h e  storage area . i s  important 

f o r  'operation,: maintenance and pub1 i c  viewing. A l l  pumps and the "working end" 

o f  equi pment are located and or iented,  to achieve maximum v i s i b i  1 i ty. conse- 

quently,  the cont ro l  room operator  has f u l l  v i s i b i l i t y  o f  the area, a l lowing 
' 

observat ion o f  equipment and personnel , an important sa fe ty  conslderatibn. 

Equipment i s  l a i d  o u t  t o  assure a c c e s s i b i l i t y  by personnel and equipment 

(e. g., vehicles -and 1 i . f t i ng  equi pment).. P ip ing  i s  about chest-hi gh where 

possib le t o  reduce support costs and increase access ib i l i t y .  Location o f  , . 

equipment and tanks attempts t o  reduce t o t a l  p ip ing  length and h o t  p ip ing  

length p a r t i c u l a r l y .  

The ea r th  berm enclosed o i l  re ten t ion  a r e i  i s  landscaped w i t h  a ground cover 

t o  s t a b i l i z e  the s o i l  o f  the sloped surface. The ground cover.mate.ria1 used 

w i l l  add a tex ture  t o  the perimeter surface o f  the slope which w i l l  def ine 

the c i  r c u l  a r  form o f  the re ten t ion  area. The c i r c u l a r  form. was generated as 

a simple geometric shape th.at would v i s u a l l y  contain the complexity o f  the. 

o i l  storage tanks, p ip ing  runs and pump equipment. , The 1 i g h t  co lo r  o f  the .  

crushed stone base o f  the re ten t ion  a-rea w i  11 a lso cont ras t  w i t h  the textured. 

landscaped edge f u r t h e r  emphasizing the  .enclosure area. 

3.8.5 FACILITY INTERFACES AND SITE PREPARATION 

The s i t e  preparat ion t h a t  w i l l  be necessary t o  construct  the STES w i l l  occur 

i n  two phases. The first phase w i l l  cons is t  o f  the re locat ion  o f  the e x i s t i n g  

park ing f a c i l i t i e s ,  park and power l i n e s  t o  the south s ide  o f  Ba t ta l  ian Avenue, 

and s i t e  preparat ion i n  t h e  area o f  the o i l  storage 'tanks. ' -Th is  woik w i l l  . :  

cons i s t  o f  some minor grading t h a t  w i l l  be necessary t o  construct  t he  ' 

ii~ the new locat ion,  and f i n i s h  grading i n  the o i l  s:torage tanks. ' The 

recommended soi  1 cement subbase' and aspha l t i c  concrdte and curbing can' 
. . .. . . . then be i n s t a i  led. . . 



. . .  
. ,..( . .  . 

The powe,r l i n e s  are to be completely rerouted by  F o r t  Hood and should n o t  .be a 

constra int .  to the construct ion program. ,. . . .  

Once' the park ing  has been relocated, construct ion can proceed by the i n s t a l l a -  

t ion ,  of  eros ion cont ro l  measures and the s t r i p p i n g  o f .  the grass and vegetat ion 

from the  s i t e .  .. . 

3.8.5.1 DEMOLITION, STAKING AND GRADING . , 

A f t e r  construct ion o f  re located park ing  l o t s ,  t he  demol i t ion o f  the e x i s t i n g  

park ing l o t s  w i  11 be done i n  phases t o  a1 low the cont rac tor  access t o  the ' s i t e  

and probide him w i t h  a paved surface from which t o  work; ' The i n i t i a l  paving . ' 

t o  be removed w i l l  be i n  the area of the .bui 1 d ing and underground u t i l  i , t y  ,. 
. 

, , . s  . . .  
1 ines. .'..., < ' 

. .. 

The s o i  1 s. exi.sti.ng on .the .s i te .  .are~mostl.y..o.f. the De.n.ton.-Ass.oci:a.t.i.o.n.. 0.f' the__Soi_l 

Conservation Service system o f  c l a s s i f i c a t i o n .  S o i l s  i n  t h i s  ' c l a s s i f i c a t i o n  

have a surface. layer ,  usua l ly  about 18 ' inches th i ck ,  o f  dark g rey /b rown-s i l t y  

c l a y  and a secondary l a y e r  o f  dark brown s i l t y  clay, extending normal ly t o  about 

36-inch depth. The parent 'mater ial  under ly ing the so l  1 i s  f rac tu red  1 imestone. 

I n  f i  ve bor ings performed by American Soil-s, L imi ted  o f  Houston, .Texas, and 

recorded i n  t h e i r  repo r t  dated October 26, 1977, the l a y e r  of  s o i l  covering. the  

weathered l imestone was found t o  be from two t o  three f e e t  th ick .  The ,underly- 

i n g  l imestone l a y e r  was .found to be f r o m  three t o  f i v e  f e e t  th ick .  These two 
. . ..  - . -  . . . -  

l ayers  are under la in by a l t e r n a t i n g  layers o f  c l a y  and l imestone and e i i s t  i n  . 

a1 1 the borings w i t h i n  the 25-foot depth examined. 
, . .  . , 

Grading f o r  the s o l a r  c o l l e c t o r  f i e l d  can q - proceed immediately as soon as the 

vegetat ion i s  str ipped. Due t o  the shallow nature o f  the surface s o i l s ,  grading 

has been he ld  to a minimum and consis ts  o f  shaping the f i e l d  t o  a t r u e  plane 

which slopes toward the southeast comer  o f  the s i t e  and construct ion o f  storm 

water di tches f o r  the handl ing o f  storm water on and o f f  the site.. 

The drainage fo r  the proposed STES w i l l  , f o l l o w  the  same general pa t te rn .  



Three 24-inch equivalent  concrete p ipe arches have recen t l y  been i r k t a l  l e d  

under Park Avenue t o  the  no r th  o f  the s i t e  and'conduct o f f - s i t e  water onto the. 

s i t e .  This water f lows across the  s i t e  and f i n d s  i t s  way through the 30-inch 

c u l v e r t  t o  the South Fork o f  Nolan Creek. Drainage f o r  the 87000 Complex 

has been handled by means o f  a storm water p ip ing  system'that.conducts the .. 

water along B a t t a l i o n  Avenue t o  under Mar t in  Dr ive  t o  the South Fork 'o f  

Nolan Creek. The drainage from two e x i s t i n g  paved park ing l o t s  i s  handled . .  

by t h i s  system. 

The drainage f o r  the proposed ,STES w i l l  f o l l ow  the same pat tern.  The o f f - s i t e  

water  i s  t o  be conducted v i a  a swale t o  the 30-inch c u l v e r t  separate ly  . f rom 

tne runof f  o f  the s o l a r  f i e l d .  The r u n o f f  from the proposed v i s i t o r  park ing 

area, b u i l d i n g  and storage area w i l l  be handled by the storm drainage system 

handl ing the e x i s t i n g  paved park ing area. The runo f f  from the s o l a r  c o l l e c t o r  

f i e l d  w i l l  be .. . d i ve r ted  - a long.  the south and east  boundaries t o  the ex is t . ing  

c u l v e r t  l oca t i on .  ~t t h i s  po in t ,  a f low regu la t i ng  w e i r  w i l l  be constructed 

so t h a t  the maximum r a t e  o f  r u n o f f  f r o m  the proposed f i e l d  approximates the 

maximum r a t e  o f  r u n o f f  from the e x i s t i n g  open f i e l d .  

As soon as the plarre i s  shaped; and .foundat,ions i n s t a l  led, the permanent eros ion 

con t ro l  cons is t ing  of four t o  f i v e  inches o f  crushed l imestone bas.e course 

mater ia l  and a s ing le  o i l  penetrat ion course, as recommended by American Techno- 

l o g i c a l  Un ivers i ty ,  should be i n s t a l l e d  t o  minimize erosion from the  s i t e .  

3.8.5.2 CONSTRUCTION ACCESS AND FACILITIES 

Construct ion access can e a s i l y  be accommodated by means o f  the e x i s t i n g  park ing  

areas and driveways. Removal of these should on ly  occur as necessary t o  i n s t a l l  

new f a c i l i t i e s .  The e x i s t i n g  paving w i l l  provide a convenient l o c a t i o n  f o r  

cons t ruc t ion  t r a i l e r s ,  as we1 1 as the staging '  o f  equipment and suppl ies. 

3.8.5.3 STES INTERFACES 

WATER - .. 
. . 

A new connection w i l l  be made t o  the e x i s t i n g  underground water  main west o f  
. . 

F i f t e e n t h  S t ,  ,north of the STES f a c i l i t y .  From t h i s  po in t ,  .the new underground : . . 

' 



water 1 i ne  passes under ~ e d b u d  Drive, turvs south and enters the northwest 

comer  of  t h e  STES bu i l d ing .  (See Drawi.ngs 1-6 . and . 1 - 7  i n  -Volume 111.) - 
' 

SANITARY SEWER 

A new connection w i l l  be made t o  the e x i s t i n g  manhole near the southeast corner 

of  the e x i s t i n g  Feed Service F a c i l i t y .  The e x i s t i n g  manhole w i l l  receive a 

new san i ta ry  l i n e  f r o m  the new STES f a c i l i t y ,  which w i l l  be routed under ! I  

Redbud Drive. 

NATURAL GAS 

A new connection w i l l  be made t o  the e x i s t i n g  underground natura l  gas l i n e  west 

of 15th S t ree t  (Redbud Drive) approximately i n  1 i ne  w i t h  the south end o f  the 

e x i s t i n g  Central  Energy F a c i l i t y .  From t h i s  po in t ,  the new underground natural : .  

gas . l i n e  passes under 1.3th St ree t  turns north, then south t o  the STES f o r  
use a t  the f la re .  (See Drawings 1-6 and 1-7 i n  Volume I'II..) 

ELECTRIC POWER 

The new STES f a c i  1 i t y  w i l l  receive power from the new transformer ('T-11) loca ted  

adjacent t o  the new STES b u i l d i n g .  T-11 w i l l  be fed  f r o m  the power g r i d  a t .  
the , e x i s t i n g  transformer, T-4, by new underground 1 i nes. (See Drawilng '8-13 

i.m .Val ume I 1.1.. ) 

COMMUP! ICAT IONS 

In te r face  w i l l  occur w i t h  the e x i s t i n g  Fo r t  Hood telephone and f i  re  alarm 

sys tem. 

The prime components o f  ' the e x i s t i n g  energy sys terns i n  the f i v e  selected b u i  1 d- 

ings being served by . the STE-LSE a t  Fo r t  Hood are e f f e c t i v e l y  u t i l i z e d .  These 
components inc lude the heat ing and ch ' i l  l e d  water p ip ing ,  a i r  handl ing un i t s  

w i t h  heat ing and/or coo l ing  costs, the domestic h o t  water system, .and the 

e l e c t r i c a l  system. Where the e x i s t i n g  chi1 l e d  water and steam ,system i s  n o t  
. . 

d i r e c t l y  u t i l i z e d ,  i t  i s  used as an emergency back-up system. 



  he e x i s t i n g  underground steam and c h i l l e d  water p i p i n g  w i l l  be used i n  the 

operat ion o f  the STES. The e x i s t i n g  c h i l l e d  water, steam and condensate p ip ing  

w i l l  become a back-up system. This would be accomplished by i n s t a l l i n g  a two- 

way/two-posit ion s h u t o f f  valve i n  the e x i s t i n g  steam and a check valve i n  the 

condensate l i n e ,  'as i nd i ca ted  i n  Figure 3.8-1.. The c los ing  o f  t h i s  valve w i l l  

i s o l a t e  the e x i s t i n g  steam p ip ing  t o  the f i v e  bu i ld ings  served by STES from 

the balance o f  the e x i s t i n g  steam p ip ing  systems. The e x i s t i n g  c h i l l e d  water 

supply l i n e s  w i l l  have a new by-pass connection t o  the e x i s t i n g  c h i l  l e d  water 

r e t u r n  1 ines , w i  t h  new two-posi t i o n  automatic by-pass val ves. I n  addi t i on ,  

the e x i s t i n g  c h i l  l e d  ,water supply and re turn  l i n e s  w i l l  have new two-posi t i o n  

automatic three-way valves i n s t a l l e d  on the b u i l d i n g  s ide o f  the new by-pass 

connection a t  each bu i l d ing .  These valves a1 low i s o l a t i o n  o f  the e x i s t i n g  

ch i  1 l e d  wdter p i  p ing  sys tem w i  thb& d i s tu rb ing  the operat ing character is  t i c s  

o f  the 87018 cen t ra l  energy f a c i l i t y  chi  1  l e d  water pumping system. The new 

c h i l  led/heat ing water p ip ing  from the STES w i l l  connect t o  the e x i s t i n g  c h i l l e d  

water p ip ing  a t  each o f  the f i v e  selected bu i ld ings ,  as ind ica ted  i n  Fig- 

ures 3.8-2 and 3.8-3. The valves w i l l  be remotely con t ro l l ed  by the  STES 

control/moni to r ing .  

blew h o t  water u n i t  heaters w i l l  be provided i n  the Three Company Adminis t rat ion 

and Supply Bui 1 ding and the Five Company Adminis t rat ion and Supply Bui 1 ding. 

The new u n i t  heater  p ip ing  w i l l  be connected to  the e x i s t i n g  chi l l e d l h e a t i n g  

water p i p i n g  w i t h  a new two-position/three-way valve t h a t  w i l l  a l low f low t o  

the u n i t  heaters dur ing heat ing months, and w i l l  s top f low to  the u n i t  heaters 

dur ing cool ing months. This arrangement i s  i 11 us t ra ted  i n  Figure 3.8-3. 

Domestic h o t  water f o r  the three bu i l d ings  t o  be served w i l l  be transported 

t o  the bu i l d ings  i n  a new underground p ipe system. The new p i p i n g  system, as 

shown i n  Figure 3.8-4, w i l l  f o l l o w  the  rou te  o f  the new c h i l l e d  hot  water under- 

ground d i s t r i b u t i o n  system. The e x i s t i n g  domestic ho t  water generators w i l l  be 

used as hot  water storage spaces. Figure 3.8-5 shows ' the proposed new..pi ping. 

arrangement f o r  the e x i s t i n g  domestic h o t .  water generators. This f i g u r e  a lso 

ind ica tes  t h a t  the steam p i p i n g  w i l l  be l e f t  i n t a c t  t o  provide standby. 
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F igure  3.8-1. P i p i n g  Modi fi cat ions 
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BARRACKS MECHAN l CAL ROOM 

. . 
. . 2: CONNECTION P O I N T  FOR NEW CHILLED/HEATING SUPPLY & RETURN P I P I N G  TO EXISTING CI I ILLED WATER SUPPLY & 

~ . . , , -  , : :  . . , , .  . . 
RETURN SHALL BE ADJACEFIT TO BARRACKS MECHANICAL ROOM WALL I N  NEW VALVE P I T .  . ,. 

. . . -. 
. . . . F i g u r e  3.8-2. P i p i n g  D i a g r a m  - B a r r a c k s  B u i  l d i n g  - .  



. . 
NEW P I P I N G  ' ' 

HWS 
TO NEW UNIT  HEATERS FOR HEATING ONLY 



BUILD ING 

DESIGNATES MECHAN I CAL 
EQUIPMENT ROOM. 

BUILDING,  8 7 0 1  5 ' 

E X I S T I N G  D ISTRIBUT ION SYSTEM 

E X I S T I N G  CENTRAL NEW. UNDERGROUND CI I ILLEDI I IEATING 
ENERGY. F A C I L I T Y  . . 

WATER SUPPLY AND RETURN,DOMESTIC 
.HOT WATER SUPPLY:& RECIRCULATING 

NEW STES 
. . F A C I L I T Y  

. . .  ' , - , t '  . . , . * ~. 
Figure '3.8-4. New, p i p i n g  S y s t e m  

. .  



NOTE 1 

. . 

EX1 ,ST ING '  . . 

BUILDING SUPPLY 

HOT WATER. 
GENERATOR 

DOMESTIC HOT WATER 

MAKEUP 
NOTE 5 

STES RECIRC. NOTE 3 1 

EXIST ING STEAM P I P E  TO REMAIN . I N  PLACE FOR. STANDBY ONLY,. 
EXTEND STES-DOMESTIC HOT WATER P IPE TO COLD WATER-INLET AND CONNECT . 

TO HOT WATER GENERATOR TANK. . . 

EXTEND STES DOMESTIC WATER RECIRCULATING PIP.E TO 'EX IST ING HOT WATER 
GENERATOR DRAIN' AND CONNECT. ADD. DRAIN VALVE. 
THIS  UT IL IZAT ION OF THE EXISTING TANK ACTUALLY INCREASES THE. STORAGE 
FACTOR OF THE STES STORAGE/GENERATOR SYSTEM. 
VALVE NORMALLY CLOSED. OPENS ONLY I F  EXISTING STEAM COIL ACTIVATED.. 

.. ' 

F i g u r e  3.8-5. B a r r a c k s  D o m e s t i c  W a t e r  S y s t e m  



B U I  L 

NEW P I P I N G  SYSTEM TO 
FOUR BUILD INGS 7 

FOOD SERVICE F A C I L I T Y  

4 E X I S T I N G  P I P I N G  

E X I S T I N G  
MANHOLE B U I L D I N G  8 7 0 1  6 

I CCH 
CSS 

CENTRAL ENERGY F A C I L I T Y  

E X I S T I f j G  TRANSFORMER f -4 

I 

STES . - 
1 A 

NEW CH/HWSIR, DOM. HY & RECIRC. FROM STES 
F A C I L I T Y  

1 . ALL TOPOGRAPHIC INFORMATIO~ TAKEN FROM DRAWING' "FT. HOOD' SOLAR TOTAL ': 
ENERGY TOPOGRAPHIC & S I T E  SURVEY ". AND PREPARED. BY DUNLAP & ASSOCIATES, 
CONSULTING ENGINEERS, K ILLEEN,  TEXAS F I L E  NO. K - 7 8 1 M  , SHT. NO'S. 1 , '  

THRU 4, DATED JUNE 1 9 7 8  AND C E R T I F I E D  BY JAtIES D. 'LEE, TEXAS R.I.S. , 

# I 4 6 7  OH JUNE 30 ,  1 9 7 8 .  
- .  2. SEE FIGURE 3 .3 -6A FOR LEGEND. 

F i g u r e  3.8-6. U t i l i t y  I n t e r f a c e  P o i n t s  , I 
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. . 
LEGEND 

+--- 1 = EXISTING PIPE TO REMAIN IN SERVICE - = NEW P I P I N G  
ss  = SANITARY SEWER . , . .=. ., .-A :A - . 

.G = GAS 
W = CITY WATER SUPPLY . 

. CHIHHS = CHILLED WATER/HEATING.WATER SUPPLY 
CHIHIIR = CHILLED.WATER/HEATING WATER.RETURN 

c w .=  COLD WATER (DOMESTIC) 
HW&R = HOT WATER SUPPLY & RECIRCUCATING ('DOMESTIC.) . . . ' . .  :- .. . .  - . -  

css  = CONNECTION POINT NEW SANITARY SEWER TO EXISTING 
CG = CONNECTION POINT NEW GAS L I N E  TO EXISTING 
CM . = CONNECTION POINT NEW MAKE-UP WATER TO EXISTING CITY WATER 
C CH = CONN. PT. NEW CHILLED/HEATIP.IG WATER SUPPLY & RET. TO' EXISTING 

. . . T  = . TELEPHONE 
F A  = .  .F IRE ALARM . . 

E P  = . ELECTRICAL PRIMARY 12,470 VOLTS 
E S  = ELECTRICAL SECONDARY 4 8 0 / 2 7 7  VOLTS 3j!J,. 4~ 

. . 

. . . . . . 
. , 

, . 
. .. . . . - . .  . 

. . 

a . ,  . . 

. .  . 
. . 

. . 
. . . . 

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

I :, 

F i g u r e  3.8-6a. ~ e ~ h h  for F i g u r e  3.8-6 

3 -459  



3.8.6 FACILITY SUPPORT INSTRUMENTATION 

Smoke and - f i r e  detect ion and alcirm systems w i l l  be consis tent  w i t h  Base require- 

ments and appl icable codes, and t i e d  i n t o  Base System a t  appropriate points.  

3.8.7 bZAINTEMANCE . ~ 

. .  . .. . . 

3.8.7:.1 FIELD ACCESS AND BEN6 . . 

Maintenance o f  the access roads would be. minimal. The on ly  maintenance that ' 

would be requi red would be the add i t i on  o f  a topping l a y e r  o f  aspha l t i c  concrete 

paving mater ia l  approximately 10 t o  15 years a f t e r  construct ion. This addi- 

t i o n a l  paving would be more than s u f f i c i e n t  t o  replace m a t e r i a l ' t h a t  has , 

f a i l e d  due t o  fat igue.  . .  . . ,  - 

Maintenance o f  the berms w i l l  be qui te,  simple. The ground cover on the berms 

w i l l  requi're a f e r t i l  i zat ion program. coupled .w i th  a .disease and i nsec t  c o n t r o l  

program which could vary from year t o  year. I r r i g a t i o n  w i l l  a lso  be necessary. 

., 3.8.7 :2 STES BUILDING 

Maintenance o f  the STES Bu i l d ing  would be minimal. Other than the normal 

j a n i t o r i a l  services, the on ly  maintenance t h a t  would be requ i red  f o r  the b u i l d -  

i n g  w i : l l  be ~ ~ a i n t i n ' ~  o f  the i n t e r i o r  p a r t i t i o n s  a f t e r  f ou r  o r  f i v e  years 

(depending on use); , .  . 

Tne IJV,4C sys ten] must be p e r i o d i c a l l y  inspected. and 1 u b r i  cated. i n  accordance 

r;li t n  manufacturers ' recommendations. These recomnendations w i l l  be inc luded 

- i n  the STES operator 's  manual. 

3.88 SPECIAL FEATURES AND PRECAUTIONS 

T h e  design o f  the STES b u i l d i n g  has taken i n t o  account the desi re t o  have the 

b u i l d i n g  t o t a l l y  accessible t o  handicapped persons - both employees and pub1 i c  

v i s i t o r s .  This has been accompl ished through the use o f  a ramp fo r  access t o  

the upper 1 eve1 observat iohld i  sp l  ay room. and through the desi gn of the t o i  1 e t  

,' .\ 



f a c i l  i t i e s  making them usab:l e by the physical l y  handi cappe'd. The des ign . .  

requi remen t s  f o r  access by  physical l y  handicapped persons have been based on 

requirements o f t h e  Uniform Bu i ld ing  Code 1976, and the ANSI A117.1 - 1961 
Code. . , 

3.8.8.1' HEALTH AND SAFETY' ' ' . 

Health and safety i s  assured by meeting the design codes spec i f ied  f o r  the 

STES Bui lding. . . Of special concern i s  access to  the, equipment i n  the mchani cal  
. . 

room. However, f o r  the safety of v i s i t o r s ,  the mechanical room i s  separated 

f rom the habi table po r t i on  o f  the bui ld ing.  

3.8.8.2 ENVIRONMENT . , , =  . _ . . ! t . . , c z .  

. . 

There are a number of  featu:res i n  the design o f  the STES complex tha thave  

addressed, environmental con.cems. Earth berms hrve been* incorporated t o  r e ta i n  
o i l  i n  the event o f  a rupture o f  e i t h e r  an o i l  storage tank o r  p ip ing  carry ing 
o i  1. , The earth berms. contain the o i  1 on the s i t e  u n t i l  i t  can be c l .kned up. 

The surface treatment o f  the ground around any equipment us ing,q i  1 o r  contain- , . , 

i ng . .o i l  h a s  been se1e:cted t o  prevent any l o n g - t e n  damage t o  surrounding-soi l  
..a'kas, . .:, : , , . . . . 

. . 

. . . . . . .. . 

. . Landscaping has alsobeen .incorporated t o  a i d  i n  the s t a b i l i z a t i o n  o f  bened  
areas and, t o  v isual lyenhance t h e  surrounding comnunity. The use o f  landscape 
materials w i l l  soften the harsh, f l a t  character o f  the surrounding site; 

. . .  . . 
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