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FORE WARD 

This document (Vol 11) presents Phase I 1  Planning developed under 

DOE Contract EG-77-C-03-1604, "Solar Central Receiver Prototype 

He1 ios ta t s "  . Companion documents inc lude the F ina l  Technical Report 

(Vol I) and Commercial Plant Cost Estimates (Vol 111). The primary 

ob jec t ive  o f  t h i s  study was t o  develop a pre l iminary design of 

he l i os ta t s  which i s  consis tent  w i t h  product ion quan t i t i es  and ra tes  

projected, f o r  f u t u r e  commercial u t i  1  i zat ion  o f  so la r  energy. Work . 

under t h i s  Phase I contract  was i n i t i a t e d  on October 1, 1977, and i s  

scheduled f o r  completion on June 30, 1978. Program management was 

performed by the DOE o f f i c e  i n  Oakland, Ca l i fo rn ia ,  and technical  

performance was monitored by Sandia Laboratories i n  Livermore, Ca l i f o rn ia .  

This repo r t  complies w i t h  the cont rac t  Reporting Requir.ements Checkl ist .  
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1.0 MANAGEMENT PLAN . 
. . 

1 .1 . INTRODUCTION 

This Management Plan defines the program objectives', the technical 

approach for accompl ish ing  the objectives', and the management p lan fo r  

assuring t h a t  a l l  ob jec t i ves 'o f  the Solar Central Receiver Prototype 
' 

He l i os ta t  Phase" 1.1,'~rogram are achieved w i t h i n  contract  costs and schedules. 

This p lan provides the.  l og i ca l  de ta i  1 breakdown o f  tasks against which 

manpower resources, costs, and schedules are i d e n t i f i e d  t o  provide manage- 

ment cont ro l  and both contractor  and Sandia cont inuing v i s i b i l i t y  o f  

program status. 

The Program Management and Control w i l l  be based on the Integrated 

Management System (IMS) as adopted fo r  use by Boeing fo r  ~ a n d i a / ~ ~ ~  

programs. This system, as described i n  Section 1.4, i s  f u l l y  responsive 

t o  Sandia's repor t ing  requirements and w i l l  be the source o f  Boeing and 

Sandia management vis4 b i l  i ty. . 

. . . ,  
-. 



1.2 PROGRAMOBJECTIVES 

1.2.1 Program Desc r i p t i on  

The ~ e ~ a r t m e n t  o f  Energy has sponsored programs which have evaluated 

t h e  t echn i ca l  f e a s i b i l i t y  o f  So la r  Cent ra l  Receiver concepts f o r  

e l e c t r i c  power generat ion.  A c u r r e n t l y  p l  annpd DOE program wi 11 develop 

and cons t ruc t  a 10 MWe P i l o t  P l a n t  t o  demonstrate the  f e a s i b i l i t y  and 

opera t iona l  c h a r a c t o r i s t i c s  o f  So la r  Cent ra l  ,Receiver Power Geiieia'tlon. 

The f i e l d  o f  he1 i o s t a t s  i s  a major element o f  t h e  Solar  Cent ra l  Receiver 

Power Generat ion system. The r e f l e c t o r s  i n  he1 i o s t a t s  r e d i r e c t  sun1 i g h t  

t o  con t inuous ly  focus t he  suns energy on a c e n t r a l  r ece i ve r  (heat  ex- 

changer) l oca ted  w i t h i n  o r  ad jacent  t o  the  f i e ' l d  o f  he1 i o s t a t s .  

The program descr ibed he re i n  i s  Phase I 1  o f  a two-phase program. 

The pr imary o b j e c t i v e  o f  the  e f f o r t  i s  t o  e s t a b l i s h  and v e r i f y  t he  

manu fac tu rab i l i t y ,  performance, d u r a b i l i t y ,  and maintenance requirements 

o f  t he  commercial p l a n t  h e l i o s t a t  design de f ined  i n  Phase I. End products 

o f  the  16 month Phase I 1  e f f o r t  inc lude:  ( 1 )  design, f a b r i c a t i o n ,  and 

t e s t  o f  he1 i o s t a t s ;  ( 2 )  p r e l  im inary  designs o f  manufacturing, assembly, 

I n s t a l  lLlti011, ar~d ~ ~ ~ d i r ~ t e r i a n c e  processes f o r  q u a n t i t y  product ion;  

(3)  d e t a i l e d  design o f  c r i t i c a l  t o o l i n g  o r  o the r  spec ia l  equipment f o r  

such processes; ( 4 )  r e f i n e d  cos t  est imates f o r  he1 i o s t a t s  and maintenance; 

and (5)  an updated commercial p l a n t  he1 i o s t a t  p r e l  im inary  design. 

1.2.2 Technical  Goals 

A sunlmary o f  l echn ica l  goa ls  t o  be accomplished fo'l'lows: 

@ Ve r i fSca t i on  o f  p red ic ted  image s i z e  f o r  o p t l m a l l y  gravi ty- . .  

focused r e f 1  ectors ;  

V e r i f i c a t i o n  o f  2mr (16)  beam p o i n t i n g  accuracy; 

@ Se lec t i on  o f  p re fe r red  technique f o r  attachment o f  dome t o  base; 



Ver i f i ca t ion  o f  enclosure leak ra te  predictions; 

Demonstration of sat isfactory operation of a i r  supply system; 

Ver i f i ca t ion  o f  s t ruc tura l  design performance including dome 
deflect ion, base structure deflect ion, r e f l  ector/pedestal 
dynamics, p i 1  ing load capabi 1 i ty, and gimbal/actuator 1 oad 
performance; 

Ver i f i ca t ion  o f  thermal design analyses; 

a Ver i f i ca t ion  o f  predicted overal l  he1 i o s t a t  r e f l  ectdon 
ef f ic iency;  

Es tab1 l shlng b re l  i m i  nary mai ntenance requirements (4 month 
basis); 

I, Verl f i c a t i o n  of manufacturabi 1 I t y  and assembly/i nstal  l a t i o n  
procedures. 

Figure 1.2.3-1 provides the preleiminhry master program schedule f b r  

Phase XI. 

The major features indicated by t h i s  schedule are: 

1 ) Imed ia te  order o f  required long-1 ead materials and purchased 
componBnts f o r  prototype he l ios ta t  fabricat ion. 

2) Imnediate s t a r t  on design of too l ing f o r  manufacture o f  
prototype he1 iostats.  

3) Detai l  design review 3 months a f t e r  rece ip t  o f  order (ARO). 

4) I ns ta l l a t i on  o f  t es t  he l ios ta t  a t  the Boeing, Kent f a c i l i t y  
9 1/2 months ARO t o  ver i fy  compat ib i l i ty  of interfaces and 
t o  prove-out i ns ta l  1 ation/mai ntenance processes and t e s t  
equipment. 



F&wre 1.3.3 1. Phase 11 Master Schedule 



5) I n s t a l  l a t i o n  o f  demonstrat ion/ test  he1 i o s t a t s  a t  t he  STTF 

11 months ARO. 

6) S u f f i c i e n t  t o t a l  program t ime t o  accomplish the  s i g n i f i c a n t  

c r i t i c a l  t es t i ng .wh i ch  w i l l  then i n f l uence  t he  design update 

o f  the commercial h e l i o s t a t  and a l l o w  update, where necessary, 

o f  the t o o l  i n g  and equipment p r e l  im inary  design. 

7 )  Completion o f  t e s t i n g  a t  the  STTF 14 months ARO. 

8)  Oral  reviews w i t h  Sandia a t  key po in t s  i n  t he  program. 

- Program Plan Review one-month a f t e r  go-ahead. 

- D e t a i l  Design Review 3-months a f t e r  go-ahead. 

- Hardware Review 8-months a f t e r  go-ahead. 

- Test. Resul t s  Review 12-months a f t e r  go-ahead. 

- F ina l  Report Review 15-months a f t e r  go-ahead. 

9)  Monthly management repor ts ,  an I n t e r i m  Technical Report 

8 months a f t e r  go-ahead, and a F ina l  Technical Report 15 

months a f t e r  go-ahead. 

1.2.4 Cost Object ives 

Time-phased a l l o c a t i o n  o f  costs  i n t o  c o s t  accounts w i l l  be prov ided 

i n  response t o  a Sandia Request f o r  Quotat ion. The key c o s t  ob jec t i ves  

w i l l  be: 

Ma in ta in  continuous v i s i b j l i t y  over c o s t  s t a tus  o f  each cos t  

account. 

Provide f l e x i b i l i t y  t o  r e a l l o c a t e  funds, i f  appropr ia te ,  t o  

complete c r i t i c a l  tasks. 

Mainta in  reserve fund i n  management account t o  support  c r i t i c a l  

tasks i f  required. 

,Prov ide monthly cos t  s t a tus  v i s i b i l i t y  t o  Sandia w i t h i n  20 

days f o l l ow ing  s ta tus  r e p o r t  per iod. 

Complete t o t a l  program w i t h i n  con t rac ted  c o s t  estimates. 

Accomplish Phase I1 ob jec t i ves  w i t h  a minimum c d s t  e f f o r t .  



1.3 TECHNICAL APPROACH 

The t e c h n i c a l  approach t o  be u t i l i z e d  i n  accompl ish ing Phase, I 1  

o b j e c t i v e s . w i l 1  be t o  f a b r i c a t e  and t e s t  a  p r o t o t y p e  h e l i o s t a t  des ign  

which b e s t  rep resen ts  t h e  commercial p l a n t  des ign developed i n  Phase I. 

I n  t h e  f i r s t  t h r e e  months, d e t a i l e d  des ign  drawings w i l l  be prepared 

u s i n g  p r e l i m i n a r y  des ign  drawings f rom Phase I as a  bas is .  Design 

n ~ o d i f i c ~ i ; i c n s  w i l l  be r e q u i r e d  t o  p e r m i t  manu fac tu rab i l  i t y  i n  p r o t o t y ? e  

q u a n t i t i e s ,  t o  i n c o r p o r a t e  t e s t  i ns t rumenta t ion ,  and t o  a l l o w  i n s t a l l a t i o n  

and t e s t  w ' t h o u t  development o f  spec ia l  equi,pment. A d d i t i o n a l l y  i t  i s  

recommcn~ec' t h a t  severa l  z l t c r n a t i v e  des ign o p t i o n s  be i n c l u d e d  i n  t h e  prototype 

he1 i o s t a ? : ~  t o  p e r m i t  f u l l  sca le  e v a l u a t i o n  and comparison. 

Comrnercis.1 p l a n t  p r e l i m i n c r y  d e s i g n o p t i o n s  which a r e  under 

C ~ n S i d e r z t i o n  f o r  t h e  above reasons i n c l u d e :  

F a b r i c a t i o n  o f  domes from gores r a t h e r  than  thermoforming. 

o Fabr . i ca t ion  o f  domes f rom two a l t e r n a t i v e  m a t e r i a l s ;  

u l t r a v i o l e t  s t a b i l i z e d  o r j e n t e d  p o l y e s t e r  f i l m ,  and Kynar 

( p o l y v i n y l  idene f l o u r i d e ) .  

@ = a b r i c a t i o n  o f  base s h e l l  f rom f a b r i c  r e i n f o r c e d  lamina te  

rather  than sheet s t e e l .  

'abr - ica t ian . o f  dnt I - t f l e c t o r  incor-pot-ating u vut- iubl e tcr,r.iort 

dev ice  f o r  a d j u s t i n g  f o c a l  l e n g t h .  Membrane t e n s i o n  ( f o c a l  ' 

' eng th )  o f  o t h e r  r e f l e c t o r s  w i l l  be p r e - s e t  f o r  the  STTF 

!;arget range. 

F a b r i c a t i o n  o f  t-wo a - l t e r n a t i v e  dome at t$chment dev ices t~ 
p e r m i t  f u l l  s c a l e  e v a l u a t i o n  o f  c o m p e t i t i v e  designs.  

@ ~ a h r i c a t . i n n  n f  nne r ~ f l e c t . n r  w i  t.h a p r n t . ~ c t . i v ~  rnn t . ing nn 

t h e  a1 uminized sur face.  Other r e f l e c t o r s  w i l l  u t i l  i z e  an 

unpro tec ted  a1 uminized r e f l e c t i v e  surface. .  



The f i r s t - he1  i o s t a t  fab r i ca ted  w i l l  be i n s t a l  l e d  a t  the  Boeing/Kent 

Environmental Test Laboratory.  Th is  i n s t a l l a t i o n ,  as descr ibed i n  t h e  . 

Phase I 1  t e s t  plan, w i l l  i n c l ude  assembly j in tegra t ion  t es t s ,  o p t i c a l  

performance t es t i ng ,  s t r u c t u r a l  t es t i ng ,  and checkout o f  t he  c o n t r o l  

system. Fo l lowing thorough checkout o f  the  h e l i o s t a t  a t  Kent, two addi-  

t i o n a l  he l - ios ta ts  w i t h  d i f f e r i n g  design features w i l l  be  i n s t a l l e d  a t  

t he  STTF. These h e l i o s t a t s  w i l l  be evaluated over a  4 month t ime pe r i od  

f o r  o p t i c a l  /mechanical performance, env i  ronmental e f f e c t s ,  maintenance 

requirements, and c o n t r o l  sys tern performance. 

The expe r t i se  o f  se lected subcont ractors  and consu l tan ts  w i l l  be u t i l i z e d  

t o  support  t he  p l a s t i c  f i l m  development, and t he  h i gh  r a t e  p roduc t ion  

techniques t o  achieve low cost .  Add i t i ona l  ly,  p r e l  iminary  design o f  

t he  g imbal /actuator  assembly may be subcontracted. 

U t i l i z i n g  experience gained i n  h e l i o s t a t  f a b r i c a t i o n  and t e s t ,  design 

o f  manufactur ing processes and maintenance equipment w i l l  be c a r r i e d  

t o  the  PD-level, d e t a i l  designs w i l l  be prepared f o r  c r i t i c a l  t o o l i n g ,  

commercial p l a n t  p r e l  im inary  design w i l l  be updated, and commercial 

p l a n t  c o s t  est imates w i l J  be r e f i ned .  

A program l o g i c  f l o w  network w i l l  be prov ided i n  response t o  a  Sandia 

Request f o r  Quota t ion .  



1.4 PROSRAM KANAGEMENT AND CONTROL 

The management c o n t r o l  system w i l l  ensure t h a t  techniques and procedures 

a re  a v a i - a b l e  t o  mon i to r  t echn i ca l ,  schedule, and c o s t  performance. 

Program Management and Contro l  w i l l  be based on t he  I n teg ra ted  Management 

System (iKS) as adopted f o r  use by Boeing f o r  var ious DOE and ' ~ a n d i a  

programs. Th i s  system has rece ived government ( t r i  se rv ices )  va l  i d a t i o n  

and w ' l l  b d h e  source of  Boeing and Sandia v i s i b i l i t y . '  

The IMS prov ides a  f u l l y  i n t eg ra ted  cos t  and schedule system and i s  f u l l y  

responsive to' Sandia 's r e p o r t i n g  requirements. De ta i l ed  data i s  auto- 

m a t i c a l  l y  1y.enerated f o r  t he  f o l  lowir ig month1.y s t a tus  r epo r t s :  

Technical  S ta tus  Report 

Cost Management Report 

Yannower Management Repor t  
Monthly M i les tone  P lan  and Management Report 

Con t rac t  Management Summary Report 

The key t o  e f f e c t i , v e  management c o n t r o l  i s  t o  d e f i n e  the program i n t o  

f i n i t e  wor? packages which a re  scheduled, budgeted and f o r  which d e f i n i -  

t i v e  perroynel  r e s p o n s i b i l i t i e s  a re  assigned. These management t o o l s  

a re  d e f i r e ?  i n  t h e  fo l low 'ng  paragraphs. 

1.4.1 W?rk Breakdown S t ruc tu re  

The Work 3reakdown S t ruc tu re  (WBS) i s  t h e  framework f o r  p lanning, per-  

formance mcn i t o r i ng  and repo r t i ng .  The WBS f o r  t h i s  Phase I 1  study 

i s  prov ided i n  Table 1.4.1-1. 

Leve ls  1 a ~ d  2 of the  WBS represent  the  mg,jor t a s k s  as de f ined  by the 

c o n t r a c t  Statement of Work. Leve ls  3 and 4  represec t  t he  subsets o f  

these tasks.  



TABLE 1.4.1-1 

CENTRAL RECEIVER PROTOTYPE HEL IOSTAT 

,PHASE' I 1  WORK BREAKDOWN STRUCTURE 

WBS . . 

L'EVEL 

1 2 3 4  

0 0 0 0  CENTRAL RECEIVER PROTOTYPE HELIOSTAT, 

1 0 0 0  TASK I -- PROTOTYPE HEL IOSTAT DEVELOPMENT 

1 1 0 0  Design 

1 2 . 0  0 Tool i ng Development 

1 3 0 0 '  .. Prototype' Fabr ica t ion  

1 4 0 0  Prototype I n s t a l  1 at ion.  

'Prototype Test ing 

TASK 11 - MANUFACTURING, DEPLOYMENT AND OPERATING 
PROCESSES 

2 , 1 0 0  , , Prel  iminary Deslgn 

2 2 0 0  D e t a i l  Design ~ r i  t i c a l  .Tool ing/Equipnent 

3 0 0 0  TASK. 111 - COST ESTIMATES 

3 1 0 0  Capi ta l  costs 

3 2 0 0  Maintenance Costs 

4 0 0 0  TASK I V  - PROGRAM MANAGEMENT AND REPORTING 

4 1 0 0 .  Management 

4 2 0 0 . .  Technical and S ta tus  Reports. 
. . 



1.4.2 Program Schedules 

D e t a i l e d  program schedules w i l l  be developed f o r  each major task  and 

r e l a t e d  t o  t h e  master program schedule (F igure  1.2..3-1) upon r e c e i p t  o f  an RFQ 
from Sandia. 

1.4.3 Program Cost Accounts 

Major  elcments o f  t h e  WBS are  u t i l i z e d  as Cost Accounts. These accounts 

a re  es tab l i shed  a t  WBS l e v e l s  2 o r  3 , for  whlch management personnel accounta- 

b i l  i t y  i s  assigned. The cos t  accounts and r e s p o n s i b i l i t i e s  f o r  t h i s  

e f f o r t  a re ' p rov i ded  i n  Table 1.4.3-1. 

Time phased budgets f o r  each cos t  account w i l l  be es tab l i shed  by manload- 

i n g  and ma te r i a l  es t imates i n  response t o  a Sandia Request f o r  Quotat ion.  

1.4.4 Management S t ruc tu re  

The f o l l o w i n g  paragraphs descr ibe t he  o rgan iza t iona l  s t r u c t u r e  and 

t he  personnel r e s p o n s i b i l i t i e s  and q u a l i f i c a t i o n s  which w i l l  be app l i ed  

t o  t h i s  program. 

1.4.4.1 Cont ractor  Organizat iona l  Elements 

Boeing Engineer ing and Cons t ruc t ion  w i l l  achieve t he  ob jec t i ves  o f  the  

Sol a r  Cent ra l  Receiver Proto type He1 ios  t a t  Phase I I pro j 'ec t  througk 

an o rgan i za t i on  of capable and experienced personnel t h a t  a re  backed 

by firm corporate  commitment. These people have been suppor t ing  pre- 

v ious DOEISandia h e l i o s t a t  c.ontracts, and t he re fo re  a re  .experienced i n  

s o l a r  technology and i n  i n t e r f a c i n g  w i t h  Sandia. 

A l l  work i n  t e r r e s t r i a l  s o l a r  power i s  assigned t o  Boeing Engineer ing 

and Const ruct ion (BEC), a D i v i s i o n  of The Boeing Company. I n  t h i s  r o l e ,  
they  have an in-house s t a f f  and a l s o  have access t o  a wide range o f  

techno log ica l  capab i l  i t i e s  from a l l  the o the r  d i v i s i o n s  o f  The Boeing 

Company, Boeing Aerospace Company, co-1 ocated w i t h  BEC, suppl i e s  
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TABLE 1 .4.3-1 PROGRAM COST AC:COUNTS 

TITLE 

Des i gn 

Tool i ng Development 

Prototype Fabrica~ion 

Prototypel Instal  1 ation 

Prototype Testing 

Manufacturing, Deployment. and Operating Processes 

Cost Estimates . . 

RESPONSIBLE 
MANAGER 

4000' Program Management and Reporting 



manufacturing support. This i s  p a r t i c u l a r l y  advantageous f o r  access ,.  

t o  a  f u l l  spectrum o f  manufacturing technology s k i l l s  on ly  as needed, 

and f o r  minimizing long term p r o j e c t  commitments f o r  personnel t h a t  

are r e q u i r e d ' f o r  on l y  shor t  times. 

Figure 1.4.4-1 shows the re la t i onsh ip  o f  BEC t o  The Boeing Company 

organizat ion. Figure 1.4.4-2 'shows the re la t i onsh ip  o f  the Solar .Central 

Receiver Prototype H e l i o s t a t  p ro jec t  t o  other  elements o f  the BEC 

organizat ion.  

With the .firm support o f  H. K. Hebeler, ~ i c e , ' P r e s i d e n t  and General 

Manager of BEC, M r .  R. B. G i l l e t t e  has been assigned . t o  head the Solar 

Central  Receiver.. Prototype He1 i o s t a t  Phase I I p r o j e c t  team and has - . 

complete a u t h o r i t y  t o  draw upon the necessary company resources t o  ensure 

a l l  problems and def ic ienc ies  are resolved i n  a  t ime ly  and cost  e f f e c t i v e  

manner. 

With t h i s  a u t h o r i t y  as p ro jec t  manager, M r .  G i l l e t t e  w i l l  be able t o  

ob ta in  personnel w i t h  specia l ized s k i l l s  as the need ar ises, secure 

add i t iona l  f a c i  1  i t i e s  and equi pment, and i n  general, assure the success 

o f  the  h e l i o s t a t  p ro jec t .  M r .  G i l l e t t e  has coordinated w i t h  Boeing 

Aerospace and has received commitments f o r  assignment o f  d i sc re te  s k i l l s  

andlor  p a r t i c u l a r  personnel fo r  spec i f ied  periods o f  t ime f o r  i d e n t i f i e d  

contracted a c t i v i t i e s .  

With these arrangements, M r .  G i l  l e t t e .  can obta in  the manpower and 

. f a c i l i t i . e s  t o  co r rec t  technical  and/or schedule de f ic ienc ies  as they . 

are i d e n t i f i e d  and, conversely, can r e a d i l y  t rans fe r  personnel back 

t o  t h e i r  func t iona l  organizat ions as work i s  completed. 
. . 

i 

The deta i  1 ed p r o j e c t  organizat ion char t  w i  11 be ~ r o v i d e d  i n  'response' t o  

RFQ from S a r ~ d i d .  
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I n  ca r r y i ng  ou t  these bas ic  r e s p o n s i b i l i t i e s  t he  p r o j e c t  manager w i l l :  

1 )  Coordinate p r o j e c t  a c t i v i t i e s  w i t h  t he  Sandia con t rac t i ng  

o f f i c e r '  and techn ica l  manager as appropr ia te .  

2 )  Provide management v i s i b i ?  i t y  t o  Sandia and t o  BEC management. 

3 )  prov ide  techn ica l  and admini s t r a t i v e  d i r e c t i o n  f o r  t he  conduct 

o f  a l l  p r o j e c t  tasks and a c t i v i t i e s .  

4 )  A l l oca te  and c o n t r o l  a l l  budgets, i n c l u d i n g  those f o r  su?port  

elements. 

5) Approve and moni tor  a l l  p r o j e c t  schedules. 

6)  Approve a l l  formal r e p o r t s  and documentation. 

7 )  Organize and c h a i r  i n fo rma l  reviews, support  the  Sandia 

Program Manager i n  t h e  o rgan i za t i on  and conduct o f  formal 

reviews, and i n i t i a t e  c o r r e c t i v e  a c t i o n  as requ i red .  

8)  Ensure t h a t  the re  i s  t i m e l y  communication between The. Boeing 

Company and Sandia. 

The p r o j e c t  o rgan i za t i on  has been s p e c i f i c a l l y  designed t o  meet the  

p r o j e c t  requirements and t o  s a t i s f y  t he  f o l l o w i n g  ob jec t i ves :  

e A core o f  p ro jec t -ded ica ted  personnel who a re  co- located and 

d i r e c t l y  respons ib le  t o  t he  p r o j e c t  manager f o r  cost ,  schedule 

and. techn ica l  performance of s p e c i f i c a l l y  assigned work 

breakdown s t r u c t u r e  packages. 

0 '  Appropr ia te  pa r t - t ime  u t i l i z a t i o n  o f  f unc t i ona l  s p e c i a l i s t s .  

Compa t i b i l i t y  o f  t he  Proto type H e l i o s t a t  Phase I 1  p r o j e c t  

w i t h  o the r  DOE/Sandia Cent ra l  Receiver Solar  Thermal Power 

System programs. 



1.4.4 .2  Personnel R e s p o n s i b i l i t i e s a n d Q u a l i f i c a t i o n s  

The names, posi t ions and a description o f  the re la ted  experience o f  key 

personnel who w i l l  be responsible for performance o f  Phase I 1  task a c t i v i t i e s  

w i l l  be provided i n  response t o  an RFQ from Sandia. 



1.4.4.3 Subcontractor E l  ements 

Consistent w i t h  Phase I a c t i v i t y ,  i t  i s  c u r r e n t l y  planned t o  i nvo l ve  

p e r t i n e n t  commercial i ndus t r y  t o  the  maximum ex ten t  poss ib le  i n  Phtse 11. 

. Th is  w i l l  be .done by cooperat ive development e f f o r t  and subcontracts.  

A t  the p resen t ' t ime subcontracts are planned f o r  the f o l l o w i n g  he1 i o s t a t  

components : 

Domes; 

Re f l ec to r  membrane coa t ing  and assembly. 

(Not i nc l ud ing  attachment t o  t ubu la r  support  s t r uc tu re ) ;  

Steel  p ipe  support s t ruc tu re ;  

Base she1 1 ; 

Concrete p i l i n g  foundations; 

Gimbal/actuator assembly 

Upon r e c e i p t  o f  a Request f o r  Quota t ion  from Sahdia, d e f i n i t e  subcontrac- 

t i n g  plans and costs  w i l l  be developed. 



1 .4 .5  I n t eg ra ted  Management System 

The I n teg ra ted  Management System ( IMS) i s  a  method01 ogy estab l  i shed 

f o r  Boeing programs which assures con t inu ing  management v i s i b i l i t y  and 

capabi 1  i t y  t o  e f f e c t i v e l y  con t ro l  resources t o  accompl i s h  program 

o b j e c t i v e s  w i t h i n  schedule and cost .  The I M S  has been t a i l o r e d  t o  en- 

compass a l l  a c t i v i t i e s  o f  Phase 11. 

The I M S  prov ides the  d i s c i p l i n e  t o  accomplish the f o l l ow ing :  

Implement a  system o f  p r o j e c t  reviews 

0 Define tasks and responsi b i l  i t i e s  i n v o i  ved i n  the performance 

o f  t h e  p r o j e c t  

@ Estimate, schedule and budget work packages 

0 Author ize work 

@ Moni tor  p r o j e c t  s ta tus  f o r  schedule and cos t  performance 

and t h e i r  i n t e r r e l a t i o n s h i p  

@ Provide v i  s i b i  1  i t y  regard ing  cost ,  schedule and techn ica l  

performance 

Problem ana l ys i s  

Repor.Li rry 

A schematic o f  the  I M S  and i t s  i n t e r f a c e  w i t h  the  program i s  shown 

, i n  F igure  1.4.5-1. Th is  schematic shows the closed l oop  i n t e r f a c e  

between t h e  Boeing P r o j e c t  Manager and the Sandia P ro jec t  o f f i c e  which 

assures con t inu ing  s ta tus  v i s i b i l i t y  and d i r e c t i o n .  The upper management 

o f  BEC a l so  has the  v i s i b i l i t y  through s ta tus  repo r t s  and pe r fod i c  

reviews t o  prov ide guidance and commit resources where requi red.  
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The cont rac t  instrument def ines , t he  ove ra l l  statement o f  work, the 

system spec i f i ca t ions ,  and the t o t a l  program schedule and budget con- 

s t r a i n t s .  The statement o f  work i s  then def ined t o  d e t a i l  elements o f  

work - the WBS. The WBS ' f o r  Phase I 1  i s  provided i n  Sect ion 1.4.1. 

Each i tem o f  the WBS i s  then scheduled and budgeted as provided i n  

Sections 1.4.2 and 1.4.3. 

The complete hierachy o f  schedules and budgets ensures l o g i c a l  schedule 

basel ine c o n t i n u i t y  from the top l e v e l  program requirements t o  WBS 

elements and the d e t a i  1  schedule and cos t  account/work package 1  eve1 . 
Each successive lower l e v e l  o f  t i e r  schedules r e f l e c t s  and i s  res t ra ined 

by per t inent  h igher  l e v e l  t i e r  schedule milestones and forms the basis 

o f  summation f o r  cont rac t  schedule cont ro l  and status v i s i b i l i t y .  

Schedules may'be revised, as required, t o  r e f l e c t  any new commitments 

w i thout  l o s i n g .  the v i  s i b i l  i t y  o f  the o r i g i n a l  contract  scheduie milestones. 

1.4.5.1 I M S  Work Authori 'zat ion and Accountab i l i t y  

Work t o  be performed w i l l  be authorized through the formal BEC work 

au thor iza t ion  system. Author izat ion begins w l t h  the rece ip t  o f  contract  
o r  a  formal change no t i ce  by the BEC cont rac t ing  organizat ion. This 

au thor iza t ion  i s  f o rma l l y  documented i n  the Work Author izat ion Document 

which includes: (1  ) The cont rac t  r e c e i p t  a t  go-ahead; (2) The cont rac t  

SOW; (3) T t~c  contrtact bd8S1 ('I) Contractural  schedules, and (5)  The l i s t  

o f  del  i verab le  i tems. 

SOW task 'packages are 'assigned work order numbers .at appropriate WBS 

l e v e l  s  and become the  basis  f o r  cos t  accounting. Work Authorizat ions 

(EWA) ".A1! sheets are budgeted and assigned by the Pro jec t  Manager t o  

each i nves t i ga to r  respons ib le ' f o r  a  given task. I f  the work needs.to 

be f u r t h e r  d iv ided or some sub-tasks performed by other  organizations, 

the i nves t i ga to r  w r i t es  EWA "B" sheets f o r  these elements o f  h i s  cost  



account, p rov id ing  budget accountabi 1  i ty  f o r  these subtasks. EWA 

"B" sheets i n c l  ude time-phased budgets, schedules and d e f i n i t i o n  o f  

measurable events. These schedules prov ide i n p u t  in fo rmat ion  f o r  the 

event l o g i c  network t h a t  ensures compatab i l i t y  o f  a l l  scheduled tasks. 

F igure 1.4.5.1-1 i l l u s t r a t e s  . the  I M S  Work Au thor iza t ion  System. 

Boeing has estab l ished a  p o l i c y  which permits ob ta i n i ng  products o r  

serv ices by one d i v i s i o n  from another, through i n t e r - d i v i s i o n a l  t r ans fe r s  

where requ i red  s k i l l s  and serv ices are available.. For Phase I 1  t h i s  

i n c l  udes any tes t ing ,  computing and manufactur ing support. 

These i n t e r - d i v i s i o n a l  work t ransac t ions  are f o rma l l y  agreed upon between 

the  prime and support d i v i s i o n  through an I n t e r d i v i s i o n a l  Work Au thor i -  

za t i on  (IDWA), which i d e n t i f i e s  the  requirements, r e s p o n s i b i l i t i e s ,  

commitments, cos t  schedules and techn ica l  performance ta rge ts .  The 
. . 

pr ime d i v i s i o n  exercises su rve i l l ance  o f  the support o rgan iza t ion  i d e n t i -  

c a l  t o  . t h a t  which i s  per fomed over ou ts ide  supp l ie rs .  

A  va luable cos t  con t ro l  t o o l  i s  t he  Management Est imate a t  Completion 

(MEAC). P e r i o d i c a l l y  the  p r o j e c t  manager w i l l  f o rma l l y  est imate the 

costs  requ i red  t o  accomplish the  tasks remaining t o  complete t he  con t rac t .  

These est imates and t h e i r  va r i a t i ons  from the res idua l  budget a re  examined 

a t  var ious l eve l s ,  and summed t o  the t o t a l  con t rac t  value. Such reviews 

can be the bas is  f o r  budget r e d i s t r i b u t i o n  w i t h i n  the  program t o  r e f l e c t  

improved understanding o f  more c r e d i b l e  planning. Such r e d i s t r i b u t i o n ,  

i f  e f fec ted ,  i s  done w i t h  customer knowledge and concurrence and v i s i b i l i t y  

o f  i n i t i a l  basel ine i s  maintained. Th i s  account ing system the re fo re  

provides data f o r  a l l  monthly management s ta tus  repor ts .  



Figurn 1.4.5.1- 1. IMS Wonl. Au~oniiition 
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1.4.6 Repor t i ng  

Repor t i ng  c o n s i s t s . o f  month ly  Management S ta tus  r e p o r t s ,  p e r i o d i c  

o r a l  reviews w i t h  Sandia and'docurnented Techn ica l  Reports per  t h e  

c o n t r a c t u r a l  r e q u i  rements. 

1.4.6.1 Month ly  Manayelllent S ta tus  Repotsts 

' F i f t e e n  ~ n o n t h l y  r e p o r t s  w i l l  be subliii t t e d  t o  Saridia. These r e p o r t s  

i n c l u d e :  

Techn ica l  Sta tus  Reports - Th is  r e p o r t  h i g h l i g h t s  t h e  

a c t i v i t i e s  d u r i n g  the  r e p o r t i n g  pe r iod .  

Cost Management Report  - DOE Form 533M 

Manpower Management Report - DOE Form 534M 

Month ly  M i l e s t o n e  P lan dnd Managenlent Report  .- DOE Form 535 

Con t rac t  Management Su~nl~iary Report  - DOE Forlii 536 

The i n i t i a l  i s s u e  o f  these forms, t o g e t h e r  w i t h  the  Cost P lan (DOE For111 

533P) and t h e  Manpower P lan (DOE Form 534P) w i l l  be p rov ided  i n  response 

. t o  a  Sandia RFQ, and w i l l '  be updated on t h e  20th  day o f  each month 

f o l  l ow ing  the  month ly  r e p o r t i n g  pe r iod .  

1.4.6.2 Oral  Reviews 

F i v e  o r a l  rev iews w i t h  Sandia a r e  scheduled t o  c o i n c i d e  w i t h  key schedule 

m i les tones  o f  the  program. Agenda's f o r  these rev iews w i l l  be p rov ided  

t o  Sandia f o r  approval  t h r e e  weeks p r i o r  t o  t h e  scheduled rev iew.  

These reviews w i l l  a l l o w  Sandia v i s i b i l i t y  o f  t e c h n i c a l  p rogress ,  

accomplishments o r  problems and p r o v i d e  t h e  in terchange f o r  f u r t h e r  

. p r o j e c t  d i r e c t i o n  by Sandia. 



1.4.6.3 Technical  Reports 

The f o l  l ow ing  r e p o r t s  a r e  c o n t r a c t u a l  l y  requi red:  

I n t e r i m  Techn ica l  Progress Report ( D r a f t )  

T h i s  r e p o r t  i s  submit ted 8 months a f t e r  c o n t r a c t  award. ' 

The r e p o r t  communicates t h e  r e s u l t s  o f  t h e  R & D  study a c t i v i t y  

t o  date. It i s  requ i red  t o  support the  Technology T rans fe r  

and d i ssemina t i on  program o f  SandiaIDOE. 

F i n a l  Technical  Report (P re l  i m i  nary)  

Th i s  report Ss s u b l ~ ~ i t t e d  15 months a f t e r  c o n t r a c t  award f o r  

Sandia rev iew  and concurrence o r  comments. Comments a r e  

r e q u i r e d  w i t h i n  10 days t o  a l l o w  r e v i s i o n s  i f  necessary. 

F i n a l  Technical  Report (Release) 

BEC w i l l  i n c o r p o r a t e  Sandia comments as r e q u i r e d  and re lease  

t h i s  f i n a l  r e p o r t  16 months a f t e r  c o n t r a c t  award. 



2.0 PRELIMINARY TEST PLAN 

This sec t ion  describes the  i n d i v i d u a l  t e s t s  planned i n  support  o f  the  

Phase I 1  program. The purposes o f  t he  t e s t  program'are t o  p rov ide  data 

f o r  d e t a i l  design e a r l y  i n  the  program, v e r i f y  component performance 

l a t e r  on, and demonstrate h e l i o s t a t  performance near the  end o f  Phase 11. 

2.1 Ma te r i a l s  Tests 

Acceptance t e s t s  w i  11 be performed on the  enclosure and r e f l e c t o r  

ma te r i a l s  as they a re  received from suppl iers .  Included w i l l  be o p t i c a l  

(specul a r  t ransmit tance and specul a r  re f lec tance)  and mechanical ( y i e l d ,  

u l t ima te ,  e longat ion and th ickness)  measurements of the  mate r ia l  s a t  

var ious pos i t i ons  along the  de l i ve red  r o l l  stock. 

2.2 Foundation P i l e  Test 

Tens i le  and compression t e s t s  on a s i ng le  foundat ion p i l e  w i l l  be 

performed e a r l y  i n  the program. Test data w i l l  be used t o  support  

design analys is .  Tens i le  load ing w i l l  be performed us ing a crane w i t h  

a load c e l l  i n  ser ies.  Dead weights w i l l  be used f o r  compression 

loading. As load i s  applied, de f l ec t i on  w i l l  be monitored. 

2.3 Enclosure/Basewall Attachment Test 

P r i o r  t o  f i n a l  design completion a sec t ion  o f  the  enclosure t o  basewall 

attachment w i l l  be f ab r i ca ted  w i t h  representat ive ma te r i a l s  and several 

con f igu ra t ions .  This attachment w i l l  be subjected t o  t e n s i l e  loading, 

leakage measurement and general handl ing evaluat ion.  



2.4 R e f l e c t o r  S t r u c t u r a l  J o i n t  Test 

P r i o r  t o  f i n a l  des ign completion, f u l l  sca le  t e s t s  on r e f l e c t o r .  s t r u c t u r a l  

j o i n t s  w i l l  be performed. Inc luded w i l l  be t e n s i l e  and t o r s i o n a l  t e s t i n g  

o f  t h e  e lect romagnet ic  swaged j o i n t s  used a t  r im-to-spoke and spoke-to-hub 

connect ions.  

2.5 Gimbal Mechanical Test 

Tests w i l l  be conducted t o  eva lua te  gear lash, t h e  o r t h o g o n a l i t y  o f  

t h e  e l e v a t i o n  and azimuth axes, and t h e  thermal performance and s u r v i v a b i l i t y  

o f  the  gimbal assembly. The gear l ash  and a x i s  o r t h o g o n a l i t y  t e s t s  

w i l l  be used I n  assessing mechanical c o n t r i b u t l o n  t o  system po4ntJng 

error, 

2.6 Ref1 e c t o r  S t r u c t u r a l  Dynamic Test 

The na tu ra l  frequency, s imple mode shapes, and dynamic response f rom 

d r i v e  motor i npu t s  w i l l  be measured on t h e  r e f l e c t o r  assembly which 

inc ludes  t h e  r e f  l e c t o r ,  pedestal  and gimbal d r i v e  assembly. The r e f 1  e c t o r  

and pedestal  w i l l  be instrumented w i t h  accelerometers. Th is  t e s t  w i l l  
be performed w i t h  t he  r e f l e c t o r  i n s t a l  l e d  i n s i d e  t he  p r o t e c t i v e  enclosure.  

2.7 He1 i o s t a t  I n t e g r a t i o n  

A l l  assemblies o f  t h e  p ro to type  h e l i o s t a t  w i l l  be assembled indoors  

i n  a l a r g e  h i gh  bay. The bu i l d -up  w i l l  be accomplished i n  a stepwise 

fash ion  f o r  f i t  and clearance v e r i f i c a t i o n s .  Handling, assembly and 
disassembly opera t ions  w i  11 be formulated and demonstrated. Funct iona l  

opera t ion  o f  t he  d r i v e  and c o n t r o l  and a i r  supply system w i l l  be performed 

A f t e r  s a t i s f a c t o r y  func t iona l  performance demonstrat ion t he  he1 i o s t a t  

w i l l  be r e l oca ted  ou ts ide  i n  a f i e l d  a t  the  Kent s i t e  f o r  f u r t h e r  t e s t i n g  



2.8 Pressure and Leak Rate Test 

The enclosure w i l l  be pressur ized t o  design pressure and inspected f o r  

conformi ty  t o  design con f i gu ra t i on .  A f l o w  meter w i l l  be i n s t a l l e d  

on the  b l  ower/ f  i 1 t e r  i n 1  e t  t o  measure f l o w  and determine he1 i o s  t a t  

1  eakage. 

Next, t he  enclosure pressure w i l l  g r adua l l y  be increased u n t i  1  s t resses 

i n  the  dome f i l m  have reached the  maximum design c o n d i t i o n  (TBD). 

The i n t e n t  o f  t h i s  t e s t  i s  t o  v e r i f y  s u r v i v a l  under combined p ressu r i -  

z a t i o n  and maximum wind loading. 

2.9 Control  System Tes t ing  

Control  system sof tware w i l l  be developed du r i ng  the  f i r s t  seven months 

o f  the  con t rac t .  Hardware w i l l  a l s o  be f ab r i ca ted  by t he  7 t h  month. 

Bench t e s t i n g  o f  t h e  c o n t r o l  system w i l l  f o l l ow .  Th is  invo lves  end-to-end 

v e r i f i c a t i o n  us ing  the  developed software, computer, he1 i o s t a t  c o n t r o l  1e r  
. 

and a gimbal assembly. A l l  modes o f  opera t ion  ( no t  r e q u i r i n g  sun) 

w i l l  be exerc ised and v e r i f i e d  p r i o r  t o  i n s t a l l a t i o n  i n  the  Kent Test 

S i t e  h e l i o s t a t .  

2.10 A1 ignment and Tracking Tests 

The Kent s i t e  h e l i o s t a t  w i l l  be a l igned  by l a s e r  geodo l i te .  A l l  d r i v e  

and con t ro l  system manual and automat ic c o n t r o l  modes w i  11 be demonstrated. 

The STTF he? i o s t a t s  a1 ignment wi  11 be coord inated w i t h  STTF personnel 

and equipment. A l l  c o n t r o l  modes w i l l  be demonstrated. One o f  t he  two 

h e l i o s t a t s  w i l l  be dedicated t o  an extended pe r i od  o f  continuous t r ack i ng .  

Image scans would be taken throughout t he  f u l l  day, f o r  several  days 

p e r i o d i c a l l y  spaced over a  two month per iod.  



2.11 Opt ica l  Performance Tests a t  Kent S i t e  

An o p t i c a l  scanner, consi s t !  ng of a  radiometer capable o f  t rans la t i on  

i n  two axes i n  the  v e r t i c a l  plane w i l l  be used t o  map the  r e f l e c t e d  

image. This scanner w i l l  be located on the top o r  side'  o f  a  h igh  bu i l d ing  

near the he l i os ta t .  The iso-so lar  map provided by the scanner w i l l  

be used t o  evaluate non-uniformities and g rav i t y  focusing ef fects.  

The var iab le  tension r e f l e c t o r  w i l l  be i n s t a l l e d  i n  the Kent h e l i o s t a t  

and the  e f f e c t  o f  membrane tension on focal length  w i l l  be evaluated. 

2.12 Environmental Tests 

Envi ronmental e f f e c t s  w i  11 be moni tored and recorded per iod ica l  ly. 

Included w i l l  be: 

1) Enclosure and base r i n g  def lect ion due t o  wind loading. 

2) C r i t i c a l  component temperatures. 

3)  Ins ide  and outs ide r e l a t i v e  humidity and temperature. 

4)  I n te rna l  and external dust accumulation mater ia l  samples 

w i  11 be p e r i o d i c a l l y  removed for  laboratory evaluat ion o f  

re f lec tance and t ransmissiv i  ty , 

5.13 Maintenance Requirements and Cleaning .Tests 

Methods f o r  washing the dome w i l l  be tested. A small a r ray  o f  spray 

nozzles w i l l  be fabr ica ted and used t o  fur ther  def ine washing techniques, 

procedures and cleaning water requirements f o r  a f u l l  scale washing 

f a c i  1  i ty. Maintenance experience w i  11 be documented f o r  f u t u r e  use 

i n  development o f  procedures. 



3.0 RECOMMENDED RESEARCH AND DEVELOPMENT 

Research and development a c t i v i t i e s  which should be pursued t o  complement 

the  Phase I! mainstream e f f o r t  a re  summarized as f o l l ows :  

- Thermoformi ng of P ro tec t i ve  Enclosures (Domes) 

Small sca le '  thermoforming o f  domes from po l yes te r  f i l m  has been 

deinonstrated. s tud ies  have shown t h a t  thermoformin i  i s  compat ib le 

' w i t h  h i g h  r a t e  product ion processes and w i l l  be ve ry  c o s t  e f f e c t i v e  

f o r  l a r g e  commercial q u a n t i t y  product ion.  The technique and process 

c o n t r o l s  need t o  be developed fo r  f u l l  -sca le  domes thermoformed from 

po lyes te r  o r  o ther  low-cost,  h i gh  t ransmi t tance m a t e r i a l s .  The 

r e f e r r e d  i n i t i a l  ma te r i a l  form needs t o  be selected, and t he  r e -  

s u l t i n g  mechanical and o p t i c a l  p rope r t i es  need t o  be proven. 

Th is  development i s  expected t o  be c a r r i e d  ou t  under a  r e l a t e d  

'Sandia con t rac t .  

g P l a s t i c  F i lm  Se lec t ion  

3evelopment and t e s t i n g  o f  candidate enclosure and r e f l e c t o r .  

p l a s t i c  f i l m s  must cont inue t o  eva luate and s e l e c t  the  optimum 

ma te r i a l s ,  v e r i f y  design parameters and p r e d i c t  1 i f e t i m e .  The p l a s t i c  

i n d u s t r y  i s  cooperat ing i n  t h i s  development e f f o r t  as a  r e s u l t  of 

i n t ens i ve  l i a i s o n  i n i t i a t e d  du r i ng  Phase I. For t he  enclosure,  a  

low-cost,  h igh-s t rength,  h i gh - t r ansm iss i v i t y ,  l o n g - l i f e  f i l m  must 

be se lected which i s  compati b l e  w i t h  thermoforrning processess. 

For t he  r e f l e c t o r ,  a  low-cost,  u l  t r a v i o l e t - s t a b i l  ized,  long-11 i f e  

coated meta l ized r e f l e c t o r  membrane must be se lected.  Proof o f  

ma te r i a l  c a p a b i l i t i e s  r equ i r es  acce lerated and long  term env i ron-  

mental exposure t e s t s .  



Spherical  Segment Base Shel l  

The c u r r e n t  concept o f  s t r e t c h  forming the  base s h e l l  from 

s tee l  sheet i s  f e a s i b l e  and appears t o  be c o s t - e f f e c t i v e  f o r  

commercial q u a n t i t y  product ion.  An a l t e r n a t e  concept o f  forming 

t h e  base s h e l l  f rom an impregnated f a b r i c  sandwich ma te r i a l  has 

c e r t a i n  advantages t h a t  should be evaluated. F i r s t ,  t he  f l e x i b l e  

f a b r i c  concept prov ides no t r anspo r ta t i on  r e s t r i c t i o n s  and can be 

manufactured o f f - s i t e .  The ma te r i a l  would be s i m i l a r  t o  t h a t  used 

i n  a i r - i n f l a t e d  s t r uc tu res .  Use of a  f ab r i c  base s h e l l  cou ld  

e l  im ina te  some i n i t i a l  investment i n  t o o l  i n g  and f a c i l i t y  'costs. 

Second, the  f a b r j c  d i s h  could be of l i g h t e r  weight than the  s tee l  

dish, thus, reduc ing shipping costs .  A d d i t i o n a l l y ,  i t  i s  be1 ieved 

t h a t  the f a b r i c  s h e l l  w i l l  be cos t  e f f e c t i v e  f o r  low q u a n t i t y  

production ~ c h  a z  a demnnstrat ion p l a n t  quan t i t y .  

Contamination Evaluat ion 

Q u a n t i t a t i v e  d i r t / d u s t  accumulation data i s  needed f o r  h e l i o s t a t s  

loca ted  i n  a  rep resen ta t i ve  deser t  environment. These s tud ies  should 

q u a n t i f y  contaminants i n  t he  environment, assess t h e i r  i n t e rac t i , on  

w i t h  h e l i o s t a t  components, and determine requ i red  c leaning frequency 

over an annual cyc le .  Th is  study i s  requ i red  t o  e s t a b l i s h  a i r - supp l y  

f i l t e r  requirements, and t o  p rov ide  suppor t ive data f o r  s e l e c t i o n  o f  

su l  t a b l e  c lean ing  processes. 

Dome Cleaning Process Development 

Requirements f o r  dome c leaning t o  ma in ta in  h igh  specular t ransmi t tance 

could become a  s i g n i f i c a n t  increment o f  l i f e  c y c l e  cost .  Dome 

c leaning .could a l s o  have an environmental impact i f  s i g n i f i c a n t  

amounts o f  water a r e  requ i red .  Accord ing ly ,  the o b j e c t i v e  o f  t h i s  

e f f o r t  would be t o  develop a  design o f  c lean ing  apparatus which 

mainta ins the  h ighes t  annual-average specular t ransmi t tance f o r  

minimum l i f e - c y c l e  cos t  and water consumption. Recovery and reuse 

o f  water would be considered i n  design s tud ies.  Design suppor t ive 

t e s t s  should be r u n  t o  v e r i f y  c lean ing  performance and asscss cnv i ron-  

mental e f f e c t s .  

This e f f o r t  would be complimentary t o  thecontaminat ion Evaluat ion task. 
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