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ABSTRACT 

Th i s  Phase 11 DOE program has  r e s u l t e d  i n  t h e  i n s t a l l a t i o n  of . a  s o l a r  energy 

c o l l e c t i o n  system f o r  provid ing  p roces s  hea t  t o  a  t e x t i l e  d ry ing  process .  , The 

s o l a r  c o l l e c t i o n  subsystem u s e s  700 squa re  meters (7500 square  f e e t )  of para- . .. 
b o l i c  t rough ,  s i ng l e - ax i s  t r a c k i n g ,  concen t r a t i ng  c o l l e c t o r s  t o  hea t  water  

i n  a  h igh  tempera ture  water  (HTW) loop. The s o l a r  c o l l e c t o r s  nominal ly  , .  

6 gene ra t e  1 9 3 ' ~  (380'~) water w i t h  t h e  HTW loop  a t  1 . 9  x 1 0  Pa (275 p s i ) .  

A steam gene ra to r  i s  fue l ed  w i th  t h e  HTW and produces 450 kg/hour (1000 pounds 

per  hour) of p roces s  steam a t  t h e  nominal des ign  po in t  cond i t i ons .  The s o l a r -  
6  genera ted  process  steam i s  a t  0.5 x  1 0  Pa (75 p s i )  and ' 1 6 0 ~ ~  (321 '~) .  . . .  It. 

6 
i s  p red i c t ed  t h a t  t h e  s o l a r  energy system w i l l  p rov ide  1 ; 2  x 1 0  MJIyear 

9  (1 .1  x 1 0  B t ~ / ~ e a r )  t o  t h e  process .  Th i s  i s  46 percent  of t h e  d i r e c t  i so -  

l a t  ion  a v a i l a b l e  t o  t h e  c o l l e c t o r  f i e l d  dur ing  t h e  o p e r a t i o n a l  hours  (300 'days/ 

year )  of t h e  F a i r f a x  m i l l .  

The p roces s  heing s o l a r i z e d  i s  t e x t i l e  d ry ing  us ing  can d r y e r s .  The can 

d r y e r s  a r e  p a r t  of a  "s lash ing"  o p e r a t i o n  i n  a  Westpoint P e p p e r e l l  m i l l  i n  

Fa i r f ax ,  Alabama. Over 50 percent  of a l l  woven goods a r e  processed through 

s l a s h e r s  and d r i e d  on can d r y e r s .  

The c o l l e c t o r s  were f a b r i c a t e d  by Honeywell a t , a  p i l o t  p roduct ion  f a c i l i t y  

i n  Minneapolis,  Minnesota, under a  3000-square-meter (32,000-square-f oo t )  

product ion run.  The c o l l e c t o r s  and o t h e r  system components were i n s t a l l e d  

at tile slte by rhe Bahnson S e r v i c e  Company and t h e i r  subcon t r ac to r s ,  a c t i n g  

a s  t h e  p r o j e c t  gene ra l  c o n t r a c t o r .  System checkout and s tar t . -up was conducted. 

Pre l iminary  system performance was determined from d a t a  c o l l e c t e d  du r ing  

s t a r t -up .  
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SECTION 1 . 0  

SYSTEM DESIGN 

1.1 INTRODUCTION 

1.1.1 Program Obj e c t  i v e  

The o v e r a l l  o b j e c t i v e  of t h e  Appl ica t ion  of So la r  Energy t o  I n d u s t r i a l  Drying 

o r  Dehydration Processes  program, under which t h i s  T e x t i l e  Drying p r o j e c t  

is  funded, i s  t o  s t i m u l a t e  and g i v e  impetus t o  t h e  growth of i n d u s t r y  i n  a r e a s  

capable  of supplying s i g n i f i c a n t  amounts of i n d u s t r i a l  p roces s  hea t  through 

t h e  u s e  of s o l a r  energy. 

The s p e c i f i c  o b j e c t i v e s  of  t h e  T e x t i l e  Drying p r o j e c t  a r e  t o  des ign ,  b u i l d ,  

i n s t a l l ,  and e v a l u a t e  t h e  a p p l i c a t i o n  of s o l a r  energy t o  t e x t i l e  d ry ing  and 

t o  provide  an  a n a l y s i s  of t h e  economic b e n e f i t s  t o  be  gained by such a p p l i c a t i o n .  

1 .1 .2  Phases  of t h e  Program 

Th i s  document i s  t h e  F i n a l  Report f o r  Phase I1 of t h e  T e x t i l e  Drying p r o j e c t .  

Phase I included t h e  process  d e f i n i t i o n ,  d e t a i l e d  des ign  of t h e  s o l a r  energy 

system, development of s p e c i f i c a t i o n s  and i n s t a l l a t i o n  b l u e p r i n t s  f o r  t h e  

system, and an economic a n a l y s i s  of t h e  s o l a r  a p p l i c a t i o n .  

Phase I1 included t h e  procurement and assembly of t h e  system components and 

subsystems, t h e  i n s t a l l a t i o n  of t h e  system a t  t h e  MARTEX* towel  m i l l  of 

Westpoint Peppe re l l  a t  F a i r f a x ,  Alabama, t h e  system s t a r t - u p  and checkout ,  

and t h e  development of a  p l an  f o r  tests t o  be  conducted i n  Phase 111. 



Phase I11 w i l l  i nc lude  ope ra t ion  of t h e  system f o r  a  12-month per iod  of supplying 

p roces s  hea t  t o  t h e  dry ing  a p p l i c a t i o n ,  c o l l e c t i o n  of system operaCing d a t a  

dur ing  t h a t  pe r iod ,  and eva lua t ion  of system performance and system economics 

based on t h e  d a t a  c o l l e c t e d .  

1 .1 .3  Design S t a t u s  

The Phase I F i n a l  Report ,  "Tex t i l e  Drying Using Solar ized  Cy l ind r i ca l  Can 

Dryers ,"  documented t h e  d e t a i l e d  design of t h e  s o l a r  process  steam system 

a t  t h e  conclus ion  of Phase I. Since  t h a t  t ime,  improvements of t h a t  des ign  

h a v e  been r e a l i z e d ,  bo th  p r i o r  t o  and during cons t ruc t  ion.  The fol lowing 

subsec t ion  d e s c r i b e s  i n  gene ra l  t h e  d e t a i l e d  design "as b u i l t  ." Sect ion  5.0  

c o n t a i n s  t h e  s p e c i f i c a t i o n  and drawing package t h a t  d e f i n e s  the. d e t a i l e d  

des ign  of t h e  system. 

1 .2  DETAILED DESIGN 

The s o l a r  system designed t o  provide process  steam f o r  t e x t i l e  drying con- 

sists of f i v e  major subsystems: 

The c o l l e c t o r  f i e l d ,  

The h igh  tempera ture  water (HTW) p ipe  loop,  

6 The steal11 generator, 

The steam p i p e  loop ,  

The process .  

F igure  1-1 is an  i l l u s t r a t i o n  of t h i s  system combining a  s imp l i f i ed  system 

schematic and photographs of t h e  subsystems. 



Figure 1-1. Process Steam System 



The co l l ec to r  f i e l d  cons i s t s  of 24 concentrat jag trough co l l ec to r s  arranged 

on t h e  weave room roof t o  provide 7500 square f e e t  of co l l ec to r  aperture.  

The co l l ec to r  f i e l d  is aligned along t h e  building coordinates, and spacing 

between co l l ec to r  axes is  10 f e e t  8 inches, which el iminates shadowing from 

adjacent co l l ec to r s  unless  t h e  sun is below 22' elevation.  

The co l l ec to r ,  i l l u s t r a t e d  i n  Figure 1-2, uses a half-parabola mirror concen- 

t r a t o r  t o  focus s o l a r  energy on an insula ted tube receiver.  The mirror is  

constructed of aluminum honeycomb with a r e f l e c t i v e  surface applied. Four 

20-foot by 4.3-foot mi r rors  per co l l ec to r  r e s u l t  i n  313 square f e e t  of a c t i ve  

mirror aper tu re  per co l l ec to r  un i t .  The co l l ec to r  r o t a t e s  through 270' t o  

allow stowing. A motor/gearbox dr ives  t h e  mirror assembly v i a  a torque tube 

under con t ro l  of a sun t racker .  The pivot a x i s  is  a t  t h e  middle of t h e  mirror 

chord t o  minimize wind loads  on t h e  d r ive  system. The receiver/absorber is  

attached t o  t h e  mirror d r i ve  and r o t a t e s  with t h e  un i t .  The receiver  uses 

calcium s i l i c a t e  insu la t ion  and an etched soda g l a s s  window t o  reduce thermal 

losses.  

The co l l ec to r  f i e l d  is under control  of t h e  system con t ro l l e r  and individual  

co l l ec to r  con t ro l le r s .  System start-up is i n i t i a t e d  by a preset  minimum in- 

so l e v e l  and maximum wind leve l .  A t  s tart-up each co l l ec to r  acquires  

t h e  sun (po in t s  a t  t h e  sun) and i n i t i a t e s  tracking.  The co l l ec to r s  t r a ck  

individual ly  throughout t h e  day. High wind o r  low l i g h t  l e v e l  w i l l  cause 

t h e  system con t ro l l e r  t o  command t h e  co l l ec to r s  t o  stow. I n  t h e  stowed 

posi t ion t h e  mi r rors  look downward t o  protect  t h e  surface from t h e  weather 

and reduce wind loads  on t h e  co l l ec to r  support s t ruc ture .  

The high temperature water (HTW) loop t ranspor t s  t h e  thermal energy t o  a steam 

generator and includes t h e  so la r  receivers .  The loop is a closed system pres- 

surized t o  275 p s i  t o  allow f o r  HTW t ranspor t  without t he  formation of vapor 

(boil ing).  A supply header feeds  t h e  co l l ec to r s  from one edge of t h e  f i e l d  

and a r e tu rn  header runs down t h e  other  edge of t h e  f i e l d  t o  form a "C" loop 



Figure 1-2. Collector 



Plow pattern.  Valves a t  t h e  co l lec tors  are used t o  balanee t h e  flows in 

t h e  co l lec tors  and isolat ion.  Design flow is 2 gpm in  each col lector  (48 gpm 

system flow). The HTW loop is szoped t o  enhance elimination of a i r  bubbles and 

contain8 manual a i r  vents, an a i r  t rap ,  and an air eliminator. A 5-hp pump 

provides t he  48-gpm f i e l d  .flow against  a 22-psi head. An expansion tank allows 

f o r  d a i l y  expansion and contract  5on of t h e  HTW f lu id .  A water-to-steam package 

boi le r  (steam generator) is fueled by the  HTW and provides t he  process s t e a m ,  

The steam generator is t h e  in te r face  between the  HTW loop and the  process 

steam loop. It i s  a commercially avai lable  package boi ler  t h a t  generates 

76 p s i  steam when fueled with 380% water. Feedwater fo r  t he  steam generator 

is taken from a steam condensate tank. The steam generator is located on 

the  weave room roof near t h e  col lector  f i e ld .  

The steam loop t ransports  the  so la r  steam from the  steam generator in to  t h e  

building and t o  t he  process. Steam flow is controlled by a check valve tha t  

allows displacement of fossil-fuel-generated steam when solar-generated steam 

is available.  When so la r  steam is not generated, the  exis t ing steam system 

suppl ies  the  process steam. Completing t h e  steam loop i s  the feedwater line 

pumped from a condensate receiver. 

The s lasher  steam manifold i s  maintained a t  70 p s i  by a pressure regulator 

off  t h e  main high pressure steam line. The drying cans a r e  set a t  some 

pressure ( l e s s  than 60 psi)  t o  maintain a proper drying r a t e .  The s lashers  ' 

operate 24 hours a day, 6 days a week, except fo r  stoppage t o  unload and load. 

1.3 DESIGN CHANGE RECOMMENDATIONS 

Although formally a Phase I11 task,  several  design change recommendations 

a r e  documented herein because they were developed during the in s t a l l a t i on .  



1.3 .1  Co l l ec to r  Support Adjustment's . . I  . 

construct ior i  and i n s t a l l a t i o n  t r a d e s m e n  a r e  'no t  experienced a t  ' wokking t o  

t h e  f r a c t i o n s  of an inch  s p e c i f i c a t i o n s ~ .  r equ i r ed  f o r  . i n s t a l l a t  i o n .  of con- 

c e n t r a t i n g  c o l l e c t o r s .   heref fore, two problems. a r i s e :  . 1) t h e y b i d  t h e  j o b  

h igh  because achiev ing  t h e  s p e c i f i c a t i o n s  w i l l  b e . d i f f  i c u l t  ; 2) t h e y  do no t  
. : 

achieve'  t h e  accuracy r e q u i r e d .  t o  meet . t h e .  s p e c i f i c < t i o n s .  i here fore:, t h e  
. '  . 

c o l l e c t o r  support  mechanism~must' have freedom f o r  adjustment  i n  a l l  d i r e c t i o n s ,  

and t h i s  adjustment should be. a t  ' l e a s t  .+ 1' inch.  , .' . . - . . 

1.3.2 - Penthouse P.iping : 
, . 

. . 
. . 

Due t o  c o n s t r a i n t s  i n  t h e  penthou'se and convenience in. p ip ing ,  t h e  HTW'pipe 

. in t h e  penthouse was no t  r.outed on a cont inuous s loping  p i t c h  a s  designed.  

Therefore ,  . spec i a l  'measures'. were taken  ' t o  a l l ow vapor t o  be e l imina ted  a t  

high p o i n t s  i n  t h e  system. ' ,.On s h i l a r  systems i n  ' t h e  f u t u r e , .  a l t e r n a t i v e  
. . .  

HTW equipment l o c a t i o n s  and p ipe  . r o v t i n g s  . should be considered,  f o r  s i m p l i c i t y  
. . .  . 

.of des ign .  

I. 3.3  ' Photographic ~ n s t r u m e n t a t  ion  

A d e s i r a b l e  a d d i t  ion t o  t h e  ins t rumenta t  ion  package would b e  t h e - l a p s e  
, '  

p h o t o g r ~ p h y ,  e i t h e r  t racking '  the '  sun o r  an " a i l  s k y "  type  of camera. Sub- ' 

j e c t  ibe i n t e r p r e t a t  ion  of . the  "type. of day" cannot be obta'ined from. t h e  ' 
i n s o l a t i o n  senso r s  alone'; and u n k n o k  events  .which appear  i n  t h e  d a t a  l e a v e  

t h e  a n a l y s t  .with t h e  d e s i r e  t o  have 'a weather observer  .at: the  s i t e  at a1L.1, 
. . 

t imes.  , A t ime-lapse photographic record  could t h i s  v i s u a l  in£ ormat ion. 
.. . . . 

. . 



SECTION 2.0 

PHASE I1 ACTIVITIES 

2.1 INTRODUCTION 

Phase I1 was initiated on 18 July 1977. Based on the bids received during 

Phase I, the Bahnson Service Company, a Division of Envirotech, Winston- 

Salem, North Carolina, was selected as the general contractor for installation 

of the system at the site. 

At a preconstruction meeting with DOE on 27 July, Honeywell suggested the 

collector field be comprised of 24 80-foot-long collectors rather than the 

48 40-foot-long collectors originally specified. This modification was 

approved and the specification package was modified accordingly. 

. . 
Collector parts procurement was conducted by Honeywell. System parts procure- 

ment was conducted by Bahnson. System installation was scheduled in two parts: . . 

1) collector support installation; 2) completion of system installation, to . . 

allow WestFoint Pepperell to reroof the weave room roof (at their cost) after 

the supports were installed and before winter weather. 

2.2 COLLECTOR FABRICATION 

Honeywell initiated parts procurement fbr the 24 concentrating collectors in 

August 1977. This procurement was done in concert with procurement of parts 

for collectors for other projects. In all, parts for 3000 square meters 

(32,000 square feet) of collector were procured (77 collector rows of various 

lengths). 



In 0ctober 1977, the pilot ,production line for the concentrating -collectors 
. . 

was set up in Minneapolis.. This line produced collectors through the months 

of November and ~ecember - 19.77 and January and February 1978. Once established, 

the fa~ilit~.~roduced collectors at the rate of 900 square meters per month 

(lO,.000 square feet per month). ' The coi'lectors were shipped to the site in 

several truckloads .during ,February and early March :1978. 

Figure 2-1 is a photograph.taken at the pilot production, site showing (from 

the left) a 20-foot mirror assembly being fabricated.on a fixture, a stack 

of 'painted torque tubes,. a secdnd 20-foot mirror assembly being fabricated on 

a fixture (partly hidden by torqle. tubes), ' a receiver .assembly table, completed 

mirror assemblies awaiting shipment, and crates'of mirror panels; This facility 

produced 128 of the .20-foot mirror asse~~iblies (and an assoc2ated 128 20-foot 

receivers) per month, representing 32 collectors (80-foot-long) per month. 

The mirror assemblies are fabricated by placing two prefabricated 10-foot 

mirror panels . (aluminum honeycomb) on :an :alignment fixture and attaching a 

'20-f oot 'tqrque tube with aluminum. honeycomb ' ribs, as shqwn, in Figure 2-2. All 

interfaces on the aluminum honeycomb .are bonded . . with adhesive.. Sheet metal 

screws hol'd the components. in place until 'the adliesiire has set. The torque 

tubes are premanufactured with flanges and shafts for attachment to the gear- 
. . 

box, other mirrors, and. bearings. . 
. . 

The receiver assembly being fabricated in Figure 2-3 consists' of an aluminum 

extrusion (shown) in which is placed calcium silicate insulation and the, ' 

. . 

selectively coated absorber tube. Ah etched 'glass window .compietds. the 
. . 

assembly. Like the mirror assemblies, the receivers are fabricated 

in 20-foot lengths and joined at t'he site into a*, 80-foot-iong collector. 



Figure 2-1. P i lot  Production Facil ity 



Figure 2-2. Mirror Assembly 



Figure 2-3. Receiver Assembly 



2.3 INSTALLATION DETAILS 

2.3.1 Collector Supports 

The building atop which the col lec tor  f i e l d  is ins-zalled w a s  b u i l t  i n  1916 

and is of wood construction. Although the col lectors  e r e  r e l a t i ~ e l y  l i g h t  

and pose no s t a t i c  load problem, the dynamic loads from winds were a major 

consideration i d  designing the support s t ruc tu re  and the structure/roof 

in te r face .  Because towels a r e  woven i n  the room beluw the col lectors ,  leaks 

i n  the  roof could not  be tolerated.  

The collectoks themselves a r e  designed t o  withstand 30 mph winds when 

operating and 100 mph winds i n  the  stowed posit ion.  The s t ruc ture  supporting 

the  co l lec tors  was designed fo r  worst-case loads resu l t ing  from these winds. 

To reduce the ro t a t i ona l  forces  a t  the  steel a t ructurelwn~d rnnf beam S n t ~ r f a r p ,  

the co l lec tors  were paired and supported by an H-shaped s t ruc ture  (sketched i n  

Figure 2-4). The long (10 foo t  8 inch) lever  arm converts the  drag forces  t o  

l i f t  fo rces  (both upward and downward) ra ther  than ro ta t iona l  forces, thereby 

minimizing the loads on the  co l lec tor  support structure/roof interface.  Each 

post is constructed i n  a p i tch  pan, a s  shown i n  Figure 2-5. The complete roof 

was covered with a new urethane roof t o  assure t ha t  no leaks would occur a t  

the  posts. The H-shaped support s t ruc tures  w e r e  shop fabr icated t o  the  

drawings t o  reduce f i e l d  construcgion costs. 

Figure 2-6 shows the col lector  supports as delivered t o  the  s i t e  i n  October 

1977. The center post is fabr icated from 5-inch schedule 40 pipe t o  support 

the  motorlgearbox un i t  and withstand the  torque moments imposed by wind loads. 

The outer  posts (four per co l lec tor )  a re  fabricated from 3 112-inch schedule 

40 pipe t o  support the  co l lec tor  bearings. The posts were fabricated over- 

s ized ( in  length) so t h a t  they could be s ized and leveled i n  the  f i e l d  t o  

adjust  f o r  uneveness i n  the  wood beam roof. 
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Figure 2-4. H-Shaped collector Support 
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Figure 2-6. Collector Supports at Site, Octaber 1977 



The early status of the support installation is shown in Figure 2-7, a photo- 

graph taken in November 1977. Supports for eight collector rows are installed 

(six shown). Pitch pans for the remaining 16 collector rows are evident on 

the roof. 

Installation of the collector supports was completed in November, allowing 

Westpoint Pepperell to reroof the weave room roof (at their cost) during 

December. The completed supports and .the reroofing activity are shown in 

Figure 2-8. The dark areas are the old roof and the light areas are the 

polyurethane foam roof being applied. Note that the foam is sprayed up and 

over the support post pitch pans to assure a watertight roof. The polyurethane 

foam was then covered with a silicone foam for protection. Figure 2-9 shows 

the roof in December with all supports installed and the reroofing nearly 

complete. 

2.3.2 Collector Installation 

Installation of the collectors on the support posts was initiated in April 1978, 

and the mechanical installation was completed in May. Bahnson elected to 

assemble the collectors on the posts first, then build the high temperature 

water loop around them to allow easy access to the collector field during this 

critical installation. Figure 2-10 shows the collector bearing plates installed 

and leveled prior to mirror installation. The penthouse steel structure can 

be seen in the background. ~igure-2-11 shows the gearboxes installed on the 

center posts and leveled. 

Mirror assemblies were lifted from the shipping crates to the roof with a 

crane, as shown in Figures 2-12 and 2-13, and hand-carried to the supports 

for assembly, as shown in Figures 2-14 and 2-15. Support arms and receivers 

were installed using a template for proper spacing (Figure 2-16). A completed 

unit was rotated (under manual control) to focus the sunlight as a demonstra- 

tion for site personnel (Figure 2-17). 



Figure 2-7. Collector Suppart Installation, 'iJowember 197? 



Figure 2-,. d o l i S C - ~ ~  OUyyuLL I ~ S L Q L A ~ L I U ~  C o m p l ~ t e - - ~ e ~ ~ ~ ~ i n g  m Progress, November 1977 



Figure 2-9. Collector Supports Installed--Reroofing 
Nearly Complete, December 1977 



Figure 2-10. Collectog  eari in^ Plates Installed A t z q  Support Posts, April 1378 





Figure 2-12. C.ollector Mirror Assembly Being Lifted from Shipping Crate, April 1978 



Figure 2-13. Collector Mirror Assembly Being Lifted 
~ ~ t b  Roof - April 1978 



Ffgtl~a 2-U. iolbetor $Sir&%? lhruablj Being  b d - C a r r i S d  to Supports. 
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Collector leveling, mirror alignment, receiver alignment and tracker alignment 

were conducted in June, July and August .as weather and other site activities 

permitted. 

Installation of the electrical components of the collector began in May 1978 

and continued until September 1978. This activity. is discussed below in 

Subsection 2.3.7. 

2.3.3. High Temperature Water (HTW) Piping 

The HTW piping was built around the collector field at the conclusi,on of 

collector installation. It consists of two 2-112-inch headers, a collector 

supply and a collector return. Figure 2-18 illustrates the HTW loop outside 

the penthouse. Detail at each collector interface consists of a.valve (bal- 

ance and/or isolation), a flex hose, and a swivel joint. 

' Pipe brackets were fabricated and hangers were installed as part of the HTW 

piping installation. The pipe is anchored at two locations--the penthouse 

, 
and,the center of the field. Pipe expansion under heating is accomodated by 

"Z" ball joints at the penthouse end of the field and by the freedom to ex- 

pand outward at the far end of the field. 
. . 

The HTW piping in the penthouse is shown as a schematic in Figure 2-19. The 

HTW piping,forms a pressurized closed loop with a nitrogen blanket to elimi- 

nate oxygen from the system. Upon completion of the HTW loop, a pressure test 

at 300 ,psi'was conducted to demonstrate the integrity of the welds and joints. 

2 .,3.4 Penthouse 

The penthouse is a three-sided, prefabricated metal building that is set 

against a brick wall of the textile mill to form the fourth wall. It contains 

the vast. majority of the process steam equipment, iucludiug HTW loop accessorie's, 
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F i g u r e  2-19. Schematic o f  HTW P i p i n g  i n  Penthouse 



steam loop accessories, electrical equipment, and data collection equipment. 

Figure 2-20 is a layout of the equipment in the building. 

Figure 2-21 is a photograph of the outside of t h e  completed penthouse. It has 

a service door, an overhead door facing the collector field, and ventilation. 

The building's steel structure and wood floor are supported above the weave 

room roof to allow normal drainage of the roof as well as access to the roof. 

2.3.5 Equipment in Penthouse 

The equipment in the penthouse falls into five categories: 

HTW equipment, 

Steam equipment, 

ElecL~ical equipment, 

Data collection equipment, 

Other accessories. 

HTW Equipment--Figure 2-22 is a set of photographs taken in the penthouse 

showing most of the HTW equipment. Starring at the Germination of the col- 

lector return header, A, high temperature water at 193OC (380°F) enters the 

penthouse, passes through an air trap, B, and drops to the inlet side of the 

steam generator, C. The air trap is connected to the expansion tank, D, to 

bleed vapofS Our of rhe f l u l d  ard ~ L L O  the expanston 'tank, E. 

The steam generator is a Patterson-Kelley Series 380, Model 307 Package Boiler. 

The heat transfer surface is a six-pass stainless steel tubing bundle. Fluid 

exits the steam generator, F, at 167OC (333OF) and passes to an air eliminator, 

G. Vapors extracted from the fluid stream are carried to the expansion rank, 

E, while the fluid progresses to the suction side of the recircularion pump, 

H. Between the air eliminator and the pump are a gate valve, capped tee, 

and strainer. 
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Figure 2-22. r'hotos of HTW Equipment i n  Penthouse 



On the pump outlet is another capped tee, the HTW loop balance valve, J, a 

pressure relief valve, K, and a fluid flow meter, M. Drains are included at 

low points in the HTW loop piping. Manual relief valves are included at high 

points in the system to bleed out entrapped vapors. 

The recirculation pump is a Buffalo Can-0-Matic Model HCR-H66058 pump with a 

5-hp, 600-volt, three-phase motor. This pump will deliver 60 gpm against the 

system pressure drop (balance valve open). In operation the balance valve 

is adjusted to maintain the fluid flow at 48 gpm. 

The expansion tank is a 400-psig, 100-gallon unit with sight glass, liquid 

level control, and pressure sensor. A nitrogen charge system provides a 

nitrogen blanket for the closed HTW loop expansionttank. 

Steam Equipment--Figure 2-23 is an illustration of the steam loop, including a 

photograph that highlights the steam equipment in the penthouse. The Patterson- 

Kelley Package Boiler is the source of the steam. This steam exits the boiler 

at N. Equipment in this steam line includes pressure sensor, stop and check 

valve, temperature sensor, steam flow meter and associated gate valves, 

strainers, steam traps, and condensate lines. Feedwater enters the boiler-. 

under control of a liquid level sensor in the boiler. 

Electrical Equipment--The electrical panels are mounted on the brick wall of 

the penthouse, as shown in Flgure 2-24. These panels are: 

HC - Heating Contactor Panel 
IP - Instrumentation Panel 
SC - System Controller 
DC - DC Power Supply Panel 
ELL - 208-volt Panel 
EHI* - 480-volt Panel 
LL - Lighting, Receptacle Panel 
RP - Recirculation Pump Panel 
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Figure 2-23. Illustration of Steam Loop 
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Figure 2-24. E l e c t r i c a l  Panels in Penthouse 



Data Collection Equipment--Instrumentation in terms of sensors, transducers, 

and ttansmitters is described below in Subsection 2.3.8. Other data collec- 

tion equipment in the penthouse consists o& the data logger and its peripheral 

equipment. The data logger is an Esterline-Angus model 2064. It outputs 

paper tape containing all sensor values (15 channels) at preset intervals. 

Other Equipment--Other equipment in the penthouse includes collector field 

lighting switches, ventilating fan, and a space heating unit. Figure 2-22 

shows the fan aad louvers in the wall. Figure 2-20 shows the location on 

the fan, exhaust, and fresh.aAr vents on the flwr plan. Figure 2-24 shows 

the heater hung frm rhe crllirrg. 

The equipment in the mill consists of four types: 

a Electrical service, 

a Feedwater pump, 

a Annunciator panel, . 

Steam tie-in. 

Electrical Service--The electrical service panels are located on the first 

flnnr ~f the miLl in the compressor room. Figure 2-25 shows the service panels 

and the standby generator, arld illustrates the location with respect to the 

solar collector field. The panels are: 

MDP - Main Distribution Panel, 
a ONAN - Standby Generator Panel with automatic transfer switch, 

T1 - Transformer. 
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Figure 2-25. Photo of Electrical Service Panels 
and Standby Generator 



The standby generator is an Onan 30-kw, 480-volt, three-phase diesel fuel 

powered unit with a 60-amp automatic transfer switch. This unit powers the 

system controls and automatically stows the collectors when service power is 

interrupted. 

Feedwater Pump--The feedwater pump is an Aurora E5T pump with a 3-hp, 600-volt, 

three-phase motor. Figure 2-26 is a photograph of the pump motor and includes 

an illustration of the location df the unit with respect to the solar collector 

field. The pump takes water from a condensate receiver and pumps it to the 

steam generator as feedwater on command from the boiler liquid level sensor. 

Annunciator Panel--Figure 2-27 shows the annunciator panel, which is located 

in the Machlne Room. This panel displays system operational data and alarms 

to a portion of the building that is continuously occupied. The meter on 

the face of the panel shows PITW loop temperature (hot side); the recorder 

under the panel records solar steam flow. The switches and lights on the panel 

perform the following functions: 

ERROR LIGHT - indkcates one of the following three problems 

- Low loop pressure, 

- High inlet temperature, 

- High outlet temperature; 

FEEDWATER PUMP FAILURE - indicates fluid in steam generator is low; 

WPND AND NO STOW - one or more collectors has not stowed and wind 
is above preset level; 

8 SYSTEM ON - system power is on; 



PUMP LOCATI ONS 

Figure 2-26. Photo of Feedwater Pump 





8 FREEZING FIELD CONTROL - recircul~tion'pump and immersion heaters, 
are on; 

8 COLLECTOR .PARITY ERROR - one or. more colle~ctors are .stowed while 
others are tracking, OR one or more collectors are unstowed while 

others are stowed;' . . .  

, ' . . 
. . 

% .  

FIELD FREEZE ALARM - Freezing Field control is on and temperature in 

loop continues to fall; 

a SYSTEM OFF - key reset .for ON/OFF. 
. . . . 

Steam ~ie-1n--~igure 2-23 ~hows s~hematic~lly- how the steam line is tied into 
. . 

the existing steam header in themill. This header is directly below the . . 

slashing,process equipment. A gate valve allows isolation of-the solar 

process steam system from the conventional system. A check valve controls . . 

-. the flow of the solar steam into the.header. Steam traps and condensate re- 

turn complete the tie-in.. 

2.3.7 Electrical 

. .. 

Electrical installation at the site. was conducted in June, July, ~bgust and 
. . 

September 1978. Late delivery of electrical panels and other ' components 

delayed this construction. . . 

. . 
. . 

Figure 2-28 shows the electrical components . . . . .  'schematically. The electrical 

service panels tie into plant 600-Volt; th~ee-~hase line and. indude. a 

watthour meter for monitoring solar..steam system ele.ctrica1 power 'requirements. 

. . 

Pump motors are supplied with 600 volt powerfor~onsistency with plant 

standards. The solar~collector motors use 440 volt power. Electrical ser- 
. .  . 

vice outlets at 110 volts are provided alongside the eollcctor ficld. 
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2.3.8 Instrumentation 

Instrumentation in the form of sensors is used on this project for data col- 

lection and system control. Some sensors serve both purposes. This subsection 

describes both the data collection instrumentation and the control sensors. 

Data Collection Instrumentation--Instrumentation is provided for collection of 

data during the Phase I1 checkout and the Phase I11 operation and test. 

Figure 2-29 is a schematic of this instrumentation. Table 2-1 lists data 

collection instrumentation and summarizes the purpose of each sensor. This 

data is being collected on a multichannel data logger for analysis and deter- 

mination of system performance. All sensor inputs are compatible with the 

Solar Data Acquisition System (SDAS). The data analysis methodology is 

described in Section 3.0. 

Control Instrumentation--The solar energy system is controlled by a system 

controller that performs logic functions based on control sensor inputs. 

Unit controllers at each collector control the individual collectors when the 

system controller permits. Figure 2-29 shows the system controller, the control 

sensors, and the control outputs schematically. Table 2-2 lists the control 

sensors and the control functions each sensor commands. The primary-sensors 

in normal operation are 1-1, the illumination sensor, and W-1, the wind sensor. 

The illumination sensor turns the system on and off each day as a function of 

the light level, and the wind sensor serves to protect the tracking collectors 

by stowing the system if winds are above 30 mph. The other sensors protect the 

system irom damage due to component faiiures or temperature extremes. The 

flow switch and pressure sensor are standard control sensors that serve to 

inhibit system operation if either the HTW loop flow or pressure is too low. 

The temperature sensors monitor various locations for overtemperature pro- 

tection and freeze protection. 
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Figure 2-29. System Instrumentation--C>ntrol and Data Collection 



Table 2-1. Data Collection Instrumentation 

* ALSO USED FOR CONTROL (SEE FIGURE 2-29 AND TABLE 2-2) 

A 

ABBREVIATION 

T-1* 

T-2 

T-3* 

T-4* 

T-5* 

T-6 

T-7 

T-8* 

P-1* 

P-2 

F- 1 

F-2* 

1-1 

1-2 

E-1 

MANUFACTURER 

HONEYWELL 

HONEYWELL 

HONEYWELL 

HONEYWELL 

HONEYWELL 

HONEYWELL 

HONEYWELL 

MINCO 

HONEYWELL 

MODEL 41222- 

0001-03-08- 

U1C2 

HONEYWELL 

MODEL 41221- 

0001-03-08- 

UlC2 

HONEYWELL 

MODEL 4 1 1  

WALLACE 6 

TIERNAN 

E P P L N  MODEL 

NO. 2 

EPPLEY MODEL 

PIN 

WESTINGHOUSE 

SENSOR 

STEAM GENERATOR INLET TEMPERATURE 

STEAM GENERATOR ELUID TEMPERATURE 

STEAM GENERATOR OUTLET TEMPERATURE 

HTW ELUID TEMPERATURE IN FIELD 

HTW FLUID TEMPERATURE IN FIELD 

PROCESS STEAM TEMERATURE 

FEEDWATER TEMPERATURE 

AMBIENT TEMPERATURE 

HTW LOOP PRESSURE 

- 

PROCESS STEAM PRESSURE 

PROCESS STEAM now 

FIELD RECIRCULATION PUhT FLOW 

PY RANOMETER 

PYRHELIOMETER (TRACKING) 

WATTHOUR METER 

FUNCTION 

a MONITOR SYSTEM CHARACTERISTICS 

AS A FUNCTION OF TIME 

CALCULATE SYSTEM 

PERFORMANCE 

a MONITOR SYSTEM CHARACTERISTICS 

a CALCULATE SYSTEM PERFORMANCE 

CALCULATE SYSTEM PERFORMANCE 

a MONITOR TOTAL RADIATION LEVEL 

MONITOR DIRECT RADIATION LEVEL 

a CALCULATE SYSTEM PERFORMANCE 

MONITOR ELECTRICAL POWER USAGE 



Table 2-2. Control Sensors 

*SEISOR ALSO USED FOR DATA COLLECTION. 

ABEREMATIOPI 

1 - 2  

T- 1 

T- 3 

T--i, T-5 

P - 1  

F - 2  

W-1 

SENSOR 

PYRHELIOMETER/TMCKING 

STEAM GENERATOR INLET 

. TEMPERATURE 

STEAM GENERATOR: OUTLET 

TEMPERATURE 

TEMPERATURE O F  F L U I D  I N  F I E L D  

PRESSURE SENSOF. 

FLOWMETER 

ANEMOMETER 

MANUFACTL RER 

EPPLY 

HONEYWELL 

HONEYWELL 

HONEYWEU 

HONEYWELL 

WALLACE .& 

TIERNAN 

WEATHER MEASURE 

FUNCTION 

SENSE ILLUMINATION LEVEL TO TURN 

SYSTEM ON AND OFF.* 

SENSES OVERTEMPERATURE* AND 

FREEZE THREAT. 

SENSES OVERTEM?ERATURE,* 

FEEDWATER FAILURE, AND FREEZE THREAT. 

SENSES FREEZE THREAT.* 

S E I S E S  PRESSURE I N  HTW LOOP.* HIGH 

PRESSURE SHUTS SYSTEM OFF; LOW 

PRESSURE INDICATES FLUID LOSS AND 

I N H I B I T S  SYSTEM OPERATION. 

SEKSES FLOWIN0 FLOW I N  FIELD HTW LOOP 

(NO FLOW STOWS COLLECTORS).* 

SENSE WIND TO PROTECT COLLECTORS 

(STOW I N  HIGH WINDS). 



2.4 START-UP AND CHECKOUT 

Solar energy system checkout was initiated in September 1978. This activity 

consisted of checking all mechanical and electrical components and operating 

modes prior to start-up, as listed below: 

Mechanical 

a Collector torque tube alignment, 

a Mirror alignment, 

a Receiver alignment, 

a Swivel joint alignment, 

a Check flex hoses, 

a Check all valves, 

Piping pressure test, 

a Check location of all sensors, 

Check HTW pipe routing, 

a Checlc steam piping, culldensate piping, 

a Check penthouse, 

a Review general contractor "Punch List. " 

Electrical 

a Check service connections, 

a Check pump motor power (2), 

a Check collector motor power (24), 

a Check unit,controllers, 

a Check sensors, 

a Check wiring, 

a Check system controller, 

a Check annunciator panel, 

a Check standby generator, 

Operate collectors in manual model, 

a Operate collectors in automatic mode, 



Exercise all protection/control modes, 

Operate system automatic. 

Upon completion of checkout, with the assurance th.at all self-protection con- 

trol modes were operational, the field was operated manually. On 22 September 

1978, during the initial week of operation, 18 of the 24 collectors tracked 

the sun satisfactorily. The other six collectors would not operate due to 

various unit controller and/or tracker problems. Under partially cloudy 

skies, the system temperature reached 115°C (23g°F), and low pressure steam 

was generated and dumped to the atmosphere. 

Over the next 3 weeks, Westroinf Pepperell personnel opcrated the solar 

process steam system manually as weather permitted. System temperature. 

reached 113°C (235"F), and low pressure steam was geneiaLed and dumpcd to 

the atmosphere. Problems with the data logger restricted the amount of data 

collected. 

Weather and problems with the feedwater pump inhibited system operation 

during the third week of October, In the last week of October, after 6 days 

of regular sunshine weather operation, the feedwater pump failed, shutting 

down the system until a replacement could be obtained and installed. 

Start-up and c'heckouf was re-ii~itiated in late November a f t e r  receipt arid 

installation of a new f eedwater pump. Westpoint Pepperell personnel operated 

the system initially to check out the new pump operation. Honeywell engineers 

continued the start-up and checkout in late November and early December, cul- 

minating in a Construction Review Meeting at . t l~e site on 5 December. This 

meeting represented the formal eonclueion of Phas? 11 an.d, the initiation of 

Phase 111. 



2.5 DATA COLLECTION 

Data collection during Phase I1 was by data logger recording on printed paper 

tape. During system start-up, when project engineers were at the site, data 

was taken at 1-minute intervals for detailed analysis. At other times the 

data logger printed at 15-minute intervals. 

Fifteen channels were recorded. Table 2-3 lists the variables recorded on 

each channel. Data collection was sometimes interrupted by problems with the 

data logger, which included loss of program, reluctance to print out auto- 

matically, and printing of bad data. 

Data collected during start-up was affected by several factors--the field was 

only partically insulated, at times not all collectors were tracking, and 

operation usually was restricted to temperatures below design temperature. 

Table 2-4 summarizes the data collected during start-up and checkout. Analysis 

of that data is described in Section 3.0. 

2.6 PROBLEM IDENTIFICATION 

Although this is formally a Phase I11 task, several problems are identified 

herein because they occured .during start-up and checkout. 

2.6.1 Existing Steam Flow Data 

. The system design included addition of a transducer on the existing steam 

flowmeter to allow.recording of the existing steam flow on the solar energy 

data coll.ection system. This data will be used to define slasher steam demand. 

However, the existing steam flowmeter and its sensor are very old pneumatic- 

mechanical units that do not lend themselves to modification to an electronic 

signal. Therefore, data on existing steam flow will be taken frnm Westpoint 

Pepperell records. 
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Table 2-3. Data Co l l ec to r  Sensors  

2.6.2 Co l l ec to r  B a l l  Valves 

CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

12 

13 

1 4  

15 

B a l l  va lves  t o  a l low flow ba lance  and i s o l a t i o n  of i n d i v i d u a l  c o l l e c t o r s  were 

s p e c i f i e d  and i n s t a l l e d .  These va lves  leaked under system ope ra t ing  p re s su re ,  

and s u b s t i t u t e  va lves  were s p e c i f i e d ,  purchased, and i n s t a l l e d .  These va lves  

a r e  g a t e  va lves  ( t o r  ~ s o l a r i o r l )  aud gluLe valvc3 ( f u r  flow b n l a n c ~  and  I s o -  

l a t i o n ) .  

2 .6.3 Mirror  Wrinkles 

ABBREVIATION 

I- 1 

7.-2 

--- 
T- 1 

T-2 

T-3 

T-4 

T-5 

1-6 

T-7 

T- 8 

P- 1 

P-2 

F- 1 

F- 2 

Under t h e  high humidity cond i t i ons  experienced a t  F a i r f a x ,  Alabama, t h e  

r e f l~ . r t i . ve  s u r f a c e  of t h e  m i r r o r s  formed "wrinkles" o r  " tunnels"  a t  many of 

SENSOR 

PYRANOMETER--TOTAL INSOLATION. 

PYRHELIOMETER--DIRECT NORMAL 

--- 
STEAM GENERATOR INLET TEMPERATURE 

STEAM GENERATOR ~ U I D  TEMPERATURE 

STEAM GENERATOR OUTLET TEMPERATURE 

HOT WATER FLUID TEMPERATURE I N  FIELD 

HOT WATER FLUID TEMPERATURE IN FIELD . 

I'ROCEES STEAM Trn.PFRAT71RE 

FEEDWATER TEMPERATURE 

AMBIENT TEMPERATURE 

HOT WATER !,OnP PRESSISRE 

PROCESS STEAM PRESSURE 

PKUCESS STEAM FLOW 

HOT WATER LOOP now 

t h e  pane l  co rne r s .  These wr inkles  were caused by the a c r y l i c  r e f l e c t i v e  f i l m  

expanding over t h e  expanse of t h e  aper t i i re  arid belug cul is tyaincd a t  t ho  edges.  



. . 

Figu're '  2-4. w e s t p o i n t  ~ e ' h e y e l l  Data. ~ o ~ l e c t i o n ,  ' . . ' . . 

. . . phase  I1 s t a r t - u p  . . 
. . . . .  

. . . . 

DATE 

SEPT. ' 1 2  

' 1 3  

14  

1 5  

1 6  

1 7  

18 

1 9  

20  

' : 2 1  

22 

23  

24 

25 

26 

27 

28 

29 

3 0  

OCT. . 1 

2 

3 

4 . . 
5 

6 

7 

. 8 

9 

1 0  

11 

1 2  

OCT. 13-22 

23  

24 

25  

2 6 .  

27 

28 

29 

3 0  

3 1  

NOV. 1-27 

2 8  

2 9  . 
3 0  

DEC. 1 

2 

3 

. 4  

,:!. 

DAY. 

T 

W ' 

lH. 

F 

S 

' 5 V  

U 

T 

W 

TH 

F 

S 

, SU 

U 

' T 

U 

TH ' 

F , . . 
S 

, s u  

ti 

T 

.Y 

TH 

.F 
S 

6 U .  

n 

T 

w 

TH 

F-SU 

U 

T 

54 

TH 

F 

S 

SU 

U 

T 

Y-U 

T 

W 

M 

F 

S 

SU 

U 

PERSONNEL' 

AT SITE 

G L B I M ~  

CLBlW 

GLB'IW 

GLBIW 

, :  

C L B m  

CLB/W 

GLBlUH 

c L B m  

W P  

W P  

. 
' W P  

WP 
W P  

W P  

WP . 
WP 

W P  

W P  

W P  

. 

W P  

W P  
. 

' W P  

' WP 

, . .  GLBlRK 

GLBlRK 

CLBlRK 

CLBIRK 

CLBlRK 
. 

, 

. 
. DATA COLLECTION ' 

PERIOD 

15 :25  - 15.157 

07:30 - 12:06 . . 
. 13:36 - 15 :30  

08:38 - 12:19 

, 12:02 - 16 :21  

. ' 08:43 - 17:02 

' ' 0 8 : 3 1  - UIDNIGHT 

08:37' - 17 :30  

DATA,THROUGH PRI. NIGHT 

UIDNIGHT - 04:)s  ' 

10:48 - 1 3 i 0 0  

' 13:OO-17:13 

. 08 :30  - 15:02 

09 : ) s  - 15 :30  

' 08:5l-17:OO 

08:1> - 14 :26  ' 

. 13:42 - i 3 :58 '  

, . 
. 12 :21  - 1 4 : l l  

06 :00 -16 :03  

l0 :59  - 16:D9 

i4:04 - KIDNIGHT 
. 
UIDNIGHT - 21:17 

13 :51  

08:)s  - 14107 . 
08:42' - UIDNIGHT 

24  HOUR^ ' 

24 I I O U R ~  

KIDNIGHT - 19:32 

08:2& - 1 S : l l  

. 

COHHENTS ' 

TOTAL P ~ I O I E T E R  

BOTH RADIOKETERS . . 
BOTH RADIOHETERS, 

FIRST DAY ALL CHANNELS 

TOTAL RADIOKETER , 

TOTAL RADIOKETER 

OPERATION. LIITLE-STEM 

FIRST DAY OF WOD STEM 

COOL WWN' . 

' €LOU. NO SUH . 

SOWEDATA 

SOM DATA , 

SOKE DATA . 
SOKE'DATA , 

BAD DATA . 

SOKE'DATA 

SOKE DATA. 

BAD DATA 

SOKE DATA (TNS NOTES) 

SOKEDATA . . 
SOHE STEAM (NOTES) 

. . 
F~DIOKETER ONLY 

RADIOKETER ONLY 

ONE DATA POINT 

BAD WEATHER AHD FEEDWATER 

PLW PROBLEUS 

DATA 

DATA 

DATA 

. DATA 

DATA . . 

DATA 

FEEDWATER P U ? ~  FAILED 

S Y S m  DOWN DUE TO FEEDWATER 

.PUW FAILURE 

CLBIJU 

GLBlN 

GLBlJU 

CLBlJU 

GLB 

GLB . 
CLB 

. . .  

14:47 - 15 :40  

08:37 - 13 :15  

O8:57 -MIDNIGHT 

UIDNlCHT- 13 :36  ' 

08:09 - UIDNIGHT 

24 HOURS . 
24 HOURS 

UIDNICHT - NWN . 

SOKE DATA 

SOKE DATA 

'SOKE DATA 

SOKE DATA; OPERATED SYSTEN. 

SOME DATA 

DATA LOGGER BAD 

DATA LOGGER BAD UNTIL 14:37 

DEUONSTRATED SYSTEU: 

GENERATED STEAU; 

PIPE WK 



The.wrinkles were removed by a patching technique developed by the material 

manufacturer. In future applications, 118-inch gaps should be left at the 

edges and between pieces of film to accommodate this humidity-induced expan- 

sion. 



SECTION 3.0 

. DATA ANALYSIS 

. . 
. . . . 

3.1 INTRODUCTION 

. . .  

This section de~crib~s the' analysis techniques developed to. determine the 

solar process steam heat balance and the system performance and documents 

the results .from system op.eration; during start-up and. checkout.   he Phase I11 
. . 

Test,Plan is included unde.r Subsection 3.2,.Analysis Techniques. Details of 

the system.instrumentation, sensors, and .data collect'ion equipment are 
. . 

described in- Subsection 2.3.8,. ~nstrumentation. 
. . . . . . 

. . 

3.2 ANALYSIS. TECHNIQUES . , ' 

3.2:l Phase' 11, Start-Up and. Checkout 

During the Phase I1 start-up aqd checkout . task, . data was gathered to monitor 

system, perf ormaice .ili the.' field. . system temperatures, pressures and f lqw 

rates were 'observed" and r'ecorded as the' system bas adjusted arid brought into 

full operation. The primary use for this data was real-time checkout and 

adjustment, of the system. components. 

. . .  .:. . . 
. . 

Subsection 3.2.2, Teb.t plan, includes :descriptions 'of the relationships and 

equations to be used ' in the data analysis .. Subsection 3.3,. Results, describes 

the Phase I1 resylts in terms .of graphs:of temperature, pressures, flows and 

radiation. 

Test Plan 

The Phase I11 operation a*d evaluation. will be directed toward two objectives: 



0 Provide solar-produced steam to the process, 

Monitor performance of the system. 

Performance of the system will be m ~ n ~ t o r e d  through 15 sensors as listed in 

Table 2-3. The sensor data will be used to calculate system performance and 

will supply a record of system parameters in case of malfunction. Data will 

be recorded continuously at 15-minute intervals all day, every day. Data will 

be collected at the site and mailed to Honeywell weekly to be reduced, and the 

outputs will be used for reporting purposes and detailed analysis of the 

system. 

The function of each sensor in the test plan and data analysis is described in 

the following paragraphs. 

Temperature Sensors--The temperature sensor data will be plotted versus time 

(eight sensors, eight curves) for representative days of operation to allow 

. . visual inspection of the system warm-up, operation, and cooldown, and for 

comparison with similar plots of illumination versus time. 

The solar collector field input and output temperatures (T1 and T3) and the 

collector field flow (F2) will be used in calculating the performance of the 

solar collector field subsystem. The rate of energy collection by the field, 

Qc, will be determined as a function of time using the following relationship: 

where 

Qc = rate of energy collection.by the collector field (~Jlhr) 

M = HTW flow rate (kg/hr) 

= FZ x (units conversion constant) 
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C = the specific heat of the fluid 
P 

AT = temperature differential ( O C )  
C 

= TI. - T3 

The solar steam line temperature (T6), the feedwater temperature (T7), and 

the steam flow (Fl) will be used in calculating the overall performance of 

the system in terms of the rate of energy delivered' to the process: 

where 

Qp = rate of energy delivery Cu the process (MJ/hr) 

h = steam flow to process (kg/hr) 

= F1 x (units conversion .constant) 

AT = the temperature differential (OC) 
P 

= T7 - T6 

hf = heat of vaporizatior~ (MJ/~~) 

= function of T7 

The value AT will be relatively .constant, and the flow rate, h, will be in- 
P 

tegrated to determine the total amount of energy, E delivered per day: 
P ' 
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where 

m = the amount of steam delivered to the process per day (kg) as determined 

by the flowmeter integrator. 

These performance values will be plotted versus time, Qc and Q on an hourly 
P 

basis and E on a daily scale. 
P 

Pressure Sensors.--The pressure sensor data will be plotted versus ,time (two 

sensors, two curves) for representative days of operation tc allow visual 

inspection of the system clianges ii~ pressure with temperature change and tj.me. 

The solar steam pressure, P2, will also be used in determinirig Ll~e performance 

nf the system through validation of the value of the heat of vaporization, 

Flow sensors--~ata from the HTW loop flow sensor .(F2) will be used primarily 

to determine the rate of energy collection by the field, Q . Flow rate data 
C 

for representative days will also be graphed to illustrate the relationship 
. . 

beCween flow rate, timc, and fluid temperature: 
. . 

Data from the process steam flow (Fl) will be used primarily to determine the 

rate of energy delivered to the process, . Flow rate data for representative 
QP 

days n f  operation will allow visual inspection of the system performance In 

terms nf steam flow provided to the process. The flow in the cxisting steam 

line, taken from the existing sensor, F2, will be recorded on its existing 

r~r.order at the mill. These data will be used to define the steam demand 

and the percentage of that d e ~ ~ i a l ~ d  supplied by solar steam. 

Radiation Sensors--The radiation sensor data will be plotted versus rime (two 

sensors, two curves) for representative days of operation to allow visual 

inspection of the illumination levels and comparison with other dam. These 

data will provide a data base of total and direct normal incident radiation not 

currently avaril.ab1.e for the ~labama-~eor~ia' 1ocali.ty. 



The solar collector field efficiency at given points in time will be calculated 

from 

where 

" c 
= the efficiency 

Qc = the rate of energy collected as calculated above (MJ/hr) 

2 
A = the area of the collector field (m ) 
C 

= 700 m 2 

2 
Id = the direct normal solar insolation (MJ/hr m ) 

= I2 

These values of efficiency will be plotted versus time for representative 
. .... days of operation. 

The total solar process steam system efficiency at given points in time, 
, . 

will be calculated from "syst' 

where 

= the energy-available-to-energy-provided-to-the-process ratio llsyst 

Q = the rate of energy delivered to the process as calculated 01~/hr) 
P 



These values of .effici.ency 'will be plotted versus .time £or representative 

days' of operation. . . 
. . . .  

Using data 'from' the 'pyrheliometer .integrator an,d the process steam integrator, 

average vaiues of efficiency over a day's 'time will also be, calculated. 

. .  . . . . 

solar ,system efficiency as a function of the total ,incident radiation may 
. . 

also be calcuiated using'the data from sinsor ,11. .. . 
. . 

. . _ . . ' 

. . 

Graphs of solar s:;stem peak efficiency versus. the operating parameter OP will 
. . . . 

. . 
generated where 

. . 

.and T8 is the ambient temperature. : ~he.'sy.stem peak efficie,ncy will :be cal- 

culated from the measured efficiencies and the cosine wfactors associated . 

with the sun 'angle. This plot is &xpected to be a £amily of curves forming 
, . 

a band of expec'ted performance. . 

. , . . 

.. . 

3.3 RESULTS . . 

Data taken during start-up and checkout (see Table 2-43 were. used primarily 
' 

for on-the-spot"diagnosis and td monitor the. operational readiness of the 

system. Factors that make. . . thk. data. : .  preliminary and. unrepresentative include : 

. . . . 

. System ,only par,tially iI;'sulate.d,, . . . . 

'e . Control setpoints 'get 'low' for initial tests, 
. . 

, : Sensor.' calibration incomplete, 
, . 

.. Data logger o&rati.on.  problem^ , ' . ' , 

Noise. in sensor':si~nals ,:. 
. . 

. . . , .  . . . .' 
. . 



Collector alignments in progress, 

System operated at low temperatures, 

System exercised in all weather conditions. 

Data taken-on 2 days is analyzed and documented in the following subsections. 

3.3.1 Friday, 22 September 1978 

On Friday, 22 September 1978, the WestPoint Pepperell system was operated 

for several hours and produced steam. Figure 3-1 is a graph of total radiation, 

direct normal insolation, and ambient temperature. The day dawned clear with 

a great deal of promise, but sky conditions became extremely variable in the 

afternoon. The data show direct normal readings up to 212 Btu/hr/ft2, and 
2 

total radiation went to 280 Btu/hr/ft . 

After start-up at 8:30 AM, the system had' to be shut down at 9:00 AM to conduct 

feedwater pump and relief valve repairs. These repairs extended over the best 

3 hours of the day. At 11:30 AM the feedwater pump was turned on to refill the 

HTW loop. The system was turned on at 12:20 PM. Seventeen (of 24) collectors 

were tracing automatically, six were tracking manually, and one was stowed. 

Figure 3-2 shows several system temperatures and the associated direct normal 

insolation data. Note the warm-up of sensor T3 when feedwater (near 200°F) 

is added to the HTW loop (refilling after rel5ef valve fix). condensate pump 

turn-on is shown as an event. Under the existing conditions (high system flow, 

low system temperature, hot day), the system has a great deal of inertia and 

responds very slowly to insolation changes. The data show poor calibration 

of the temperature sensors since the value shown for T1 (temperature out of 

field) is lower than the value shown for T3 (temperature into field). 

Figure 3-3 shows s y . s t e m  pressure and steam flow and the associated insolation 

and temperatures. The first segment of the pressure curve shows nitrogen 
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Figure 3-1. Insolation (Direct and Total) and Ambient Temperature 
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Figure 3-2. System Temperatures 



TIME OF DAY 

F i g u r e  3-3. Steam Flow and System P r e s s u r e  



charging to 100 psig. Similarly at 4:20 PM, another 50 psig was added with 

the nitrogen bottle to assure adequate system pressure to inhibit boiling. 

Other pressure variations are associated with the system temperature changes, 

i.e., expansion of the water into the expansion tank. 

Steam flow into the atmosphere occured from 3:30 until 5:00 PM. Steam pressures 

ranged from 3 to 5 psig. The flow calibration is not yet available so the 

data is shown in millivolts. 

3.3.2 Tuesday, 5 December 1978 

On Tuesday, 5 December 1978, the WPP system was operated in connection with 

the DOE Construction Review Meeting (informal "dedication"). Insolation 

over the time of interest was high. Direct normal readings wcrs consistse~lcly 
2 2 near 1000 W/m (317 Btu/hr/ft ) .  Total radiation on a horizontal plane was 

2 typically less than 540 W/n (172 ~tu/hr/ft~). 

Data collection began at 00:00:00 (midnight) on 5 December and continued until 

:1:1.:58:06 when the system was abruptly shut down due to a pipe leak. Shutdown 

was initiated at the "panic switch," which turned off the data logger (and 

turned on th,e stand'by generator to stow the field). 

During the 12 hours recorded, 132 timepoints were logged 011 13 channels of 

data. The logged data were reviewed to exclude obviously "bad" data poiats. 

Thus, the data analyzed herein should be considered selected data and there- 

fore possibly somewhat biased. 

Prior to sunrise (00:OO to 06:30), the data logger cycled every 30 minutes, 

providing 14 data points while the system was dormant (stowed). The sun 

came up between the 6:30 AM reading and the 7:00 readi~lg. At 7:30, the system 

was turned OIi (the HTW loop pump showed flow) and data was logged every 2 

minutes. The system pressure (HTW loop) increased 26.5 psi when the pump 

t11r11ed 011. 



The system showed continual cooling through the night until it switched ON. 

Accompanying this cooling was a reduction in the HTW loop pressure. Figure 3-4 

is a graph of the temperature data from 00:OO (midnight) until 08:46. Ambient 

temperature (T-8) decreases slowly until 6:30, whereupon it begins to rise 

near dawn. The temperature in the steam generator (T-2) is maintained at 

21°C (70°F) by the penthouse heater. The trend of the other temperature 

sensors seems reasonable, but the values do not. This suggests that the 

sensors are not zeroed properly. 

Upon turning the system ON (07:30) the steam generator temperature (T-2) 

dropped quickly (see Figure 3-4) as its energy was transferred to the cold 

fluid in the HTW loop. System temperature rose, both from the energy stored 

in the steam generator and the solar energy from the collectors, which began 

operation. System temperatures did not "come together" as one would expect 

from this "mixing1' of the HTW loop fluid, but this could be due to the two heat 
sources (steam generator plus collectors). The steep rise of the temperature 

at T-5 (steeper Lhan the sysrem as a whole) implies that collector number 24 

was collecting solar energy. 

System dynamics were evaluated analytically to determine the expected "time 

constant'' of the HTW loop. Based on a fluid hold volume of 300 gallons 

pumping at 48 gpm, the average time to complete one pass around the HTW loop 

is 6 minutes. Fluid going through collector number 1 (shortest time) makes 

one pass in 4 minutes. Fluid going through collector number 24 (longest time) 

makes one pass in 9 minutes. 

Figure 3-5 is a plot of the direct normal insolation and temperature data from 

8:30 AM to 12:OO noon. a definite warming trend is indicated. However, many 

anomalies occur in the data; T-3 greater than T-1, T-2 greater than T-1, etc. 

Once the field temperaturc rises above 70°F, T-1 should be higher than T-2 

or T.3. These afionlalies apparently are due to errors in the zero reading of 

the sensors. The slope of the data points in Figure 3-5 shows the warm-up to 

occur at the rate of 100°F per hour. 
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Figure 3-4. Temperature Versus Time 
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Figure 3-5. Temperature Versus Time (Plus Insolation) 



The system reached 300°F before being shut down due to a pipe leak. The 

slope of the data (warm-up rate) is still constant at that temperature. 

Figure 3-6 plots steam generator pressure (P-2) versus time from 10:OO AM 

until 12:OO noon. Only one good data point was acquired between 10:20 and 

11:52, so an estimated curve is graphed consistent with steam valving dcring 

warm-up. Steam flow during this valving and after shutdown was into the 

atmosphere. 

PSlG 
67 

TIME OF DAY - 5 DECEMBER 1978 

Figure 3-6. Steam Generator Pressure Versus Time of Day 



SECTION '4'. 0 

OPERATION AND MAINTENANCE PROCEDURES 
. . . . 

. . 

Operation and maintenance ,procedures have .been developed, as a basis for 1) the' 

Phase I11 system operation and 2)'the publishing. of'an 'Operation and Maintenance 

(O&M) Manual. ' These procedures are based on .operation . . .  and maintenance of 
. . 

prototype collectors in Minneapolis, Minnesota, .and experiences with installing 
. .  . . .. 

and operating concentrating collector. systems in..Columbus, Ohio; Mi*neapolis, 
. . . . 

~inneso.ta; and Fairfax, Alabama. . .  ' .. 

. . . . . . 
. . . . 

. . 
. . 

. . . . 
. , 

4.2 OPERATION , . 
. . .. . 

. . 
, . .  

4.2.1 System 0~eraii6u . . 

. . 

The solar process steam system desigried for and :installed at the , . westpoint 

Pepperell textile miil in .~iirfax, ~labama,, is an auto.matic unit that operates . . 

on a daily basis. with no .nianual. control. under normal operaring conditions 

the system will "wakeup" in the inorning, warm up to .operating ,temperature, 

provide solar steam to the process, and shut down at night. Data on this 

operation is 'taken automatically on a data . logger . 24 hours per, day. Table 4-1 

summarizes the operational SequenSe, of the syst.em.' 

Consistent w2th the .experimeital'nature . of . 'the first' of. operation, and 

in support of the data dollectioh activities, tke .fqllowing . . operating procedures 

will be conducted,"most on. an ever-deci'easfng. frequency as operational'exper-' 

ience is gained: 
. . . . . . 

Adjust tracking pyrheliometer tn .declination; 
. . 

. . 



Table 4-1.  System Operational Seq.uence , 

MODE 

A. NIGHTTIME STATUS 

B. SUNUP 

. . 

C. UNSTOW (ACQUIRE) 

. 

D. TRACICING 
, 

. . 

. . 

E. STOW (SUNDOWN) . . . . 

. 

. 

FUNCTIONS 
, . 

CONTROL.IN AUTOMATIC. . . 

COLLECTORS STOWED. 

.. PUMPS OFF. 

110-VOLT SUPPLY ON. ' . 

28-VOLT CONTR0L:SUPPLY ON. . 

SENSORS ACTIVE FOR CONTROL AND DATA COLLECTION. 

WHEN ILLUMINATION -IS ABOVE 'PRESET LEVEL, WIND IS 
BELOW PRESET LEVEL, SYSTEM. TEMPERATURE AND 
P U S S U R E  APE WITHIN LIMITS, .AND STEAM GF.NF.RATIIR 
llAS FLUID; TURN ON FIELD PUMP. 

\4I1EPI FIELD n O l J  IS VERLFIED, . . TURN ON COLLECTOR. FIELD 

'COLLECTOR CONTROL TRANSFERRED TO UNIT CONTROLLERS. 

COLLECTORS ROTATE TO UNSTOW. 

TRACKING SENSOR MONITORS SUN POSITION. 

UNSTOW CEASES WHEN.TRACKING SENSOR NULLS. 

COLLECTOR .TRACKS. FORWARD AND/OR IN REVERSE WITH 
CONTROL FROM TRACKER. 

FLUID IN. HTW LOOP IS HEATED ?N RECEIVER TUBE. . . 

FIELD FLOW PUMP, TRANSFERS WATER AROUND COLLECTOR 
LOOP AND TO STEAM GENERATOR. 

HEAT IS TRANSFEKKEL) TO WATER IN' STEAM I : ;EN~~.RAV~JR.  

STEAM IS GENERATED -AT PROCESS CONDITIONS AND PIPED 
'TO SUSHER MANIFOLD. 

FEEDWATER'PUMP MAINTAINS LIQUID LEVEL WITH FEEDWATER. . > 

OPERATION. CONTINUES' THROUGHOUT DAY, WITH HTW LOOP 
COLLECTING SOLAR.ENERGY AND TRANSPORTING IT TO STEAM 
GENERATOR FOR PRODUCTION OF PROCESS STEAM. , 

ILLUMINAT~ON DROPS BELOW PRESET LEVEL. 

STOW COMMAND SENT. FROM SYSTEM CONTROLLER. . . . 

. COLLECTORS STOW. 

FIELD FLOW P W  TURNS OFF. , 

SYSTEM IS IN NIGHTTIME STATUS (A). 



a Monitor daily operation--temperatures; 

a Monitor daily operation--pressures; 

Monitor daily operation--flows; 

a Monitor collector parity error; 

a Monitor data logger operation, mail data; , 

a Monitor daily operation--collector field; 

a Monitor fluid level--HTW loop. 

The following paragraphs describe nonautomatic operation functions (i.e., start- 

up and recovery from automatic shutdown). Nonautomatic operation should be 

documented in the system log book. 

Start-up--Figure 4-1 is a schematic of the system control panel located in 

the Penthouse on the weave room roof. Figure 4-2 is a schematic of the 

annunciator panel located in the mill machine room. Starting the system 

consists of switching the keyed SYSTEM OFF switch on the annunciator panel 

to the ON position. In this state, the system control.ler awaits appropriate 

signal levels from the protection sensors before automatically initiating 

the "wakeup" sequence. 

During the collector "wakeup" unstow and during stow, the RED Collector Parity 

Error light will come on momentarily as some collectors leave or reach stow 

before the others. This is normal during the "wakeup" and stow transition. 

System High Temperature Stow--If the fluid in the HTW loop exceeds 392OF, the 

system controller will automatica1l.y stow t h e  collector field and shut down 

the system. Simultaneously, the RED System High ~emperature Stow light will 

come on and an alarm will sound at the annunciator. In this state the system 

will not "wakeup" automatically upon cooling down. Recovery from this con-. 

dition requires reset at the System Controller. 



Figure 4-1. Schematic of System Control Panel 
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Figure 4-2. Schematic of Annunciator Panel 
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THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE HIGH 

TEMPERATURE SETPOINT. Causes could include electrical faults, low system 

flow, abnormal steam generator operation, or no steam demand. 

High System Pressure--If the HTW loop pressure rises above 275 psi, the 

system controller will automatically stow the collector field and shut down 

the system. Simultaneously, the RED High System Pressure light will come on 

and an alarm will sound at the annunciator. In this state the system will 

not "wakeup" automatically upon cooling down. Recovery from this condition 

requires reset at the System Controller. 

THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE HIGH PRESSURE 

SETPOINT. cabses could include electrical faults, excessive fluid in HTW loop, 

or excessive N pressure in expansion tank. 
2 

Low System Pressure--If the HTW loop pressure drops 'below a predetermined 

level, the system controller will prohibit system "wakeup" or, if already 

operating, will automatically stow the collector field and shut down the 

system. .Simultaneously, the RED Low System Pressure light will come on and 

an alarm will sound at the annunciator. 
. . 

The predetermined level is a pressure/temperature relationship which assures 

that the system will have adequate pressure to prohibit the formation of 

vapor at the system operating temperature. Figure 4-3 is a graph of this 

relationship. 

Recovery from this condition requires re-establishment in the HTW loop of 

the proper . .  pressure/temperature relationship, plus reset at the System 

Controller. 

THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE LOW PRESSUm 

SETPOINT. Causes could include, electrical faults, loss of HTW loop fluid, or 

loss of N2. 



, ,  AVERAGE SYSTEM TEMPERATURE (OF) 

Figure 4-3. Pressure/Temperature   elation ship for V = 3.25 Volts 
0 



Freeze Protection. Failure--If the freeze protection .. system . .is unable to sLpply 

sufficient heat to the collector field, the RED ~reeze protection Failure 
. . 

light will come bn &d. an alarm will sound at the annunciator. , This alarm 

implies that 1) .fluid temperature in 'the HTW loop has fallen below 2 O C  and 

2) the freeze'protection system (pump motor on, immersion heaters on) has 
. . 

failed to. raise the temperat&re. , .Under these conditions, manual intervention 

may be required to avoid freezing of t'he' .HTW loop fluid and damage to the 
' 

. .  , 

pipes and solar c.ollectors. . . 
. . 

. . . . . . 

Unless the operator is convinced that (due to weather conditions, time of 
I .  . . 

day) freezing wiil. not occur, .thei manual procedure, is as follows :. 
. , 

Open the steam genebator 'drain valves' (b'lowdown valve and gate valve) 

and .drain off water. This "ill turn on the feedwater pump and supply 

hot condensate to the.steam generator. The hot condensate will 

exchange.he'at with the tube.bundle and heat the .HTW fluid as it 

circulates. 

. .  . . . . 

Initially, adjust valves for flow consistent with feedwater pump flow 

(3 gpm) for maximum heating. . .  
. . . . 

As system temperature'rises above 5'C, reduce,drainage flow to keep 

collector field around 4 to 6 ' ~  without dumping excessive hot water. 

'm When weather warms, shut of£ valves; sys.tem will return to ready 

status. 
. , 

If condensate feedwater is not available, all system fluids must be 

dumped (drained) to protect pipes and collectors: . . 

- Open HTW loop drain vpl.ve.s, 
. , .  

- Shut down system, 



- Open N valve to purge system, 
2 

- Open steam generator drain valves, 

- Manually rotate collectors (24) to drain. 

High Wind Conditions--if the wind speed exceeds 25 mph during operation, the 

system controller will stow the collector field. When the winds drop below 

, 25 niph, the system will again "wakeup" and operate automatically if the 

illumination, temperature, pressure, and flow signals are affirmative. This 

condition is completely automatic and requires no operator intervention. The 

COLLECTOR PARITY ERROR light will come on momentarily as some collectors 

reach stow before others. This is normal during the "wakeup" and stow 

transition. 

- 
Cloudy Conditions--If clouds obscure the illumination sensor for 15 minutes, 

the system controller will stow the collector field. Once stowed, if the 

illumination increases again to the set point, the system will "wakeup" and 

opcrate automatically il: the wind, temperature, pressure, and flow signals 

are affirmative. This condition is completely automatic and requires no 

operator intervention. 

High Wind and Parity Error--If a parity error exists (one or more collectors 

not stowed) after the system stows the field due to high winds (greater than 

25 mph), the RED High Wind and Parity Error light will come on and an alarm 

will sound at the annunciator. To protect the collector field from potential 

damage, the operator must go.to the collector field and manually stow collectors 

that have not gone into stow. Once stowed, the parity error will. be e1.iminate.d. 

Standby Generator--If electrical power to the solar energy system service panel 

is interrupted, standby power will be supplied automatically by a diesel 

generator. The system controller will command the field to stow. The standby 

generator will provide the puwer L u  stow rhe collectors and power the controller. 



Pump Failure--Failure of the HTW recirculation pump will cause the RED Pump 

Failure light to come on, shutting down the system. Recovery from this 

situation requires repair of the pump. 

4.2.2 Collector Operation 

The concentrating collectors installed at the Westpoint Pepperell textile 

mill in Fairfax, Alabama, operate automatically on a daily basis under control 

of a system controller. When given a "wakeup" signal from the system controller, 

each collector individually unstows, acquires the sun, and tracks the sun until 

a stow signal is received from the system controller. 

The following paragraphs describe nonautomatic functions. These operations 

should be documented in the system log book. 

Manual Mode--Each collector has a unit controller that may be switched to AUTO 

or MANUAL. In the automatic mode the collector is under control of the system 

controller ("wakeup" or stow). In the manual mode an operator may rotate the 

collector forward or in reverse. The collector will track the sun only in the 

automatic mode. 

Collector Overtemperature Stow--Individual collectors may stow due to an aver -  

temperature condition while the rest of the collector field conrinues tu 

track. This condition occurs at 4 0 0 ' ~  fluid temperature. The 1ndivldu81 

unit controller resets this stow switch after the collector has cooled to 

350°F. In the absence of the "wakeup" signal, this collector probably will 

remain stowed and the,COLLECTOR PARITY ERROR lights will come on on the control 

and annunciator panels. 

Ol~servation of a collector parity error necessitates maintenance on the col- 

lector to determine the cause of the overtemperature. This signal can be 

caused by electrical faults (fail safe design), low flow, or system temperature 



anomalies. If maintenance is not performed, the subject collector (when cool) 

will unstow the next operating day and operate normally until overtemperature 

occurs again. To prohibit this operation, the collector unit controller can 

be switched into MANUAL. 

Overtravel Switches--Whisker switches protect the collector from overtravel, 

which would damage the unit. Normally, cam switches perform the function of 

switching from forward to reverse (at extreme forward position) and from 

reverse to off,(at the stowed position).. If the collector travels beyond 

either of these cam switches, the receiver unit will contact a whisker switch 

that will perform these functions (redundancy). 

4.3 MAINTENANCE 

Operation of the solar process steam system, as described above, will be 

accompanied by maintanence functions to assure proper performance and life- 

time of the components. The following maintenance schedules are subject to 

change based on the first year of operation. All maintenance should be docu- 

mented in the collector log book. 

4.3.1 Collector Maintenance 

Motor--The collector motor is a DEMAG brake motor utilizing an integral 

electrically actuated brake mechanism. This brake mechanism should be 

inspected quarterly to detect excessive wear or improper adjustment. 

.Gearbox--The collector gearbox is a Winsmith 5000:l triple reduction unit. 

It should be inspected quarterly to detect fluid leaks or low fluid level. 

Bearings--The collector bearings are hard maple impregnated with lubricant. 

They should be inspected quarterly to detect any excessive wear. 



Electronics--The unit controllers should be inspected quarterly to determine 

if degradation of the box or components is occurring. The operating modes 

should be checked out, and relay contacts should be inspected. - 

Cptical Surfaces--The collector mirrors and receiver glass windows should be -- 
inspected monthly to determine the need for maintenance. Such maintenance 

may include cleaning, replacing glass, or patching mirrors. 

4.3 .2  HTW Loop Maintenance 

On a quarterly basis, the HTW loop should be inspected for leaks and insulation 

damage. This check should be conducted both with the system operating (at 

nominal temperatures and extremes of expansion) and with the system cooled to 

ambient. A small quantity of fluid should be drained to check for corrosion 

in the HTW pipes. 

As needed, based on experience (daily at first, then once a week, etc.), vapors 

should be bled from the manual vents to avoid vapor traps forming in the HTW 

loop. 

4 .3 .3  Steam Generator Maintenance 

The steam generator should be drained quarterly to eliminate buildup of 

contaminants in the boiler shell. Operation of the liquid level sensor should 

be checked at that time.. 



SECTION 5.0 

SPECIFICATIONS AND DRAWINGS 

5.1 INTRODUCTION 

This section documents the Specifications and Drawings (S&Ds) developed during 

Phase I and used to install the system in Phase 11. The S&DS were used ini- 

tially to solicit bids for installation of the process steam system. Eight 

firms showed interest in responding to the solicitation, and four firms 

responded with bids to conduct the work. Bahnson Service Corporation, a 

Division of Environtech, Winston-Salem, North Carolina, was the low bidder 

and was selected to perform the installation. 

'The S&Ds in the following subsections are not identical to those originally 

bid. Addendums, corrections, and changes to the S&Ds have been incorporated 

into the text for clarity. The drawings are reproduced undersized as illu- 

strations rather than including scale drawings. Furthermore, the Terms and 

Conditions of the SGDs, 50 pages of contractual requirements that flow down 

to the subcontractor, have been eliminated from this report for brevity. 

5.2 SPECIFICATIONS 

The conformed specifications, minus the Terms and Conditions (General Con- 

ditions), call Le fcsur~rl 011 the following pages: 



Page 

Section lA, Instructions to Bidders 

Section lB, Proposal Form 

Section lC, Agreement Between Owner and Contractor 

Section ID, General Conditions (Index only) 

Section lE, Special Conditions 

Division 1, General Requirements 

Division 4, Masonry 

Division 5 ,  Metals 

Division 6 ,  Carpentry 

Division 8, Doors 

Division 13, Prefabricated Metal Building 

Division 1500, Mechanical Work 

Division 1600, Electrical Work 

5.3 DRAWINGS 

The following construction drawings, which have been reduced to illustrations, 

are included in a pocket inside the back cover of this document: 

Partial Plan, Buildings No. 2 and No. 3; 

Collector Field Layout, Partial Roof Plan--Building No. 3 ;  

Piping Schematic--Support, Hanger and Connection Details; 

Structural Roof Plan, Building No. 3; 

Penthouse Details and Elevation; 

Electrical; 

Solar Collector. 



SECTION 1A 

INSTRUCTIONS TO BIDDERS 

.1 GENERAL. Proposals a r e  requested by Honeywell, Inc. ,  he re ina f t e r  r e fe r red  
t o  a s  the "Owner", f o r  the construction work s e t  f o r t h  i n  the a t tached spec i f i ca t ions .  
A l l  proposals s h a l l  be prepared and submitted i n  accordance with these ins t ruc t ions ,  
and the i n v i t a t i o n  t o  b id  l e t t e r  t ransmit t ing these spec i f i ca t ions  and documents. 

. 2  INTERPRETATION OF SPECIFICATIONS. I f  bidder is  i n  doubt, a s  t o  the  t rue  
meaning of any p a r t , o f  the proposed contract  documents, he may submit a wr i t t en  
request  t o  the Engineer f o r  an  in te rp re ta t ion .  The person submitting the request  
w i l l  be responsible f o r  i t s  prompt delivery.  

. 
Any i n t e r p r e t a t i o n  of the proposed documents w i l l  be made only by addendum mailed 
o r  delivered t o  each person receiving a s e t  of such documents. The Owner w i l l  
not be responsible f o r  any o r a l  o r  o the r  explanations o r  i n t e r p r e t a t i o n s  of the  
proposed documents. 

I t  s h a l l  be the b idder ' s  r e spons ib i l i ty  t o  advise the Engineer, before the 
b i d  opening date ,  of conf l i c t ing  requirements o r  missing information which 
required c l a r i f i c a t i o n .  Those questions not resolved by addenda s h a l l  be l i s t e d  
ir, the space provided i n  the proposal form, together with statements of the bas i s  
on which the proposal is m d e  a s  a f fec ted  by each question. 

. 3  MCAL CONDITIONS. The bidder s h a l l  v i s i t  the s i t e  of the work and throughly 
inform himself of a l l  condit ions and f a c t o r s  which would a f f e c t  the work and the 
cos t  thereof,  including the arrangement and condit ions of e x i s t i n g  o r  proposed 
s t r u c t u r e s  a f fec t ing  o r  af fec ted by the  proposed work, the procedure necessary 
f o r  maintenance of uninterrupted operation,  the a v a i l a b i l i t y  and cos t  of labor ,  
and f a c i l i t i e s  f o r  t ranspor ta t ion,  handling, and s torage of mater ia ls  and equipment. 

Vis i t s  t o  the s i t e  s h a l l  be scheduled and arranged through the Owner. 

It must be understood and agreed t h a t  a l l  such f a c t o r s  have been inves t igated and 
considered i n  the preparation of every proposal submitted. No claims f o r  f i a n c i a l  
adjustment t o  any contract  awarded f o r  the work under these spec i f i ca t ions  and 
documents w i l l  be permitted by the Owner which a r e  based on lack of such p r i o r  
information o r  i t s  e f f e c t  on the cos t  of the work. 

.4 TIME OF CWLETION. The time of completion of the work is  a bas ic  consideration 
of the contract .  The proposal s h a l l  be based upon completion of the work i n  
accordance with the spec i f i ed  schedule i n  DIVISION 1 . I t  w i l l  be necessary 
t h a t  the bidder s a t i s f y  the Owner of h i s  a b i l i t y  t o  c o q l e t e  the work within the : 
sciptilaeed time. 

I n  t h i s  connection, a t t e n t i o n  is ca l l ed  t o  the provisions of the  GENERAL CONDITIONS 
r e l a t i v e  t o  delays and extent ions  of time. 

.5 PROPOSALS. Proposals which a r e  not perpared and submitted i n  accordance with 
these ins t ruc t ions  w i l l  imply t h a t  the bidder does not intend t o  comply with a l l  
of the contract  condit ions and ~11r.h propoeala w i l l  bc considered i r r e g u l a ~ .  

I f  the bidder declines t o  bid,  he s h a l l  r e tu rn  a l l  bidding documents and 
g ive  w r i t t e n  not ice  t o  the Owner not l a t e r  than the da te  b ids  a r e  due. 

.5.1 PREPARATION. Each proposal s h a l l  be ca re fu l ly  prepared using the proposal and 
data forms bound herewith. En t r i e s  on the proposal and data  forms s h a l l  be typed, 
using dark black ribbon, o r  l e g i b l y  w r i t t e n  i n  black ink.  A l l  p r i ces  shal l .  be stated 
i n  words and f igures  except where the forms provide f o r  f igures  only. 



The proposal s h a l l  be based on new equipment and mate r i a l s  which comply with 
s p e c i f i c a t i o n s  i n  every respect  unless  the bidder takes s p e c i f i c  exception a s  provided 
here in .  I f  a l t e r n a t e  equipment o r  mater ia ls  a r e  indicated i n  the proposal, i t  s h a l l  
be understood t h a t  the Owner w i l l  have the option of s e l e c t i n g  any one of the 
a l t e r n a t e s  s o  indicated and such se lec t ion  s h a l l  not be a cauee f o r  ex t ra  
compensation or  extension of time. 

The bidder s h a l l  not ' a l t e r  any p a r t  of these spec i f i ca t ions  i n  any way, except by 
s t a t i n g  h i s  exceptions i n  the space provided on the proposal form. 

The bidder s h a l l  l i s t  i n  the  space provided on the proposal from a l l  exceptions o r  
.conf:lct:; between h i s  proposal and these spec i f i ca t ions .  I f  more space i s  required 
f o r  t h i s  l i s t i n g ,  a d d i t i o n a l  pages may be added. I f  the bidder takes no exceptions,  
he s h a l l  wr i t e  "None1' i n  the space provided. Proposals which do not comply with t h i s  
requirement w i l l  be considered i r r e g u l a r .  I n  case of c o n f l i c t s  not s t a t e d  a s  
d i r e c t e d ,  these s p e c i f i c a t i o n s  s h a l l  govern. 

The bidder s h a l l  s t a p l e  o r  otherwise bind, with each copy of Bidders Proposal sub- 
mi t ted ,  copy of each addendun: issued f o r  these con t rac t  documents during the bidding 
per iod.  

. 5 .2  SIGNATURES. Each bidder shall s ign the  proposal with h i s  usual  s ignature  and 
s h a l l  -give h i s  f u l l  business address.  

Bids by par tnership  s h a l l  be signed with the par tnership  name followed by the 
s igna tu re  and des ignat ion of one of the par tners  o r  o the r  authorized representa t ive .  
A complete l i s t  of pa r tne r s  shall be included with the proposal. 

Bids by a corporation s h a l l  be signed i n  the  o f f i c i a l  corporate. name of the 
corporat ion,  followed by the s ignature  and' designation of the pres ident ,  
sec re ta ry ,  o r  o the r  person authorized t o  bind the corporation.  The names of a l l  
persons signing should a l s o  be typed or  pr in ted  below the  s ignature .  

A bid, by a person who a f f i x e s  t o  h i s  s ignature  the word "president", "secretary", 
"agent", o r  o ther  designation,  without d isc los ing h i s  p r i n c i p a l ,  w i l l  be re jec ted .  
S a t i s f a c t o r y  evidence of the au thor i ty  of the  o f f i c e r  signing i n  behalf of the 
corporat ion s h a l l  be furnished.  Bidding corporations s h a l l  designate the s t a t e  
i n  which they a r e  incorporated and the address of t h e i r  p r inc ipa l  o f f i ce .  

The bidder ' s  name s t a t e d  on the proposal s h a l l  be the exact  l e g a l  name of the firm. 

.5.3 SUBMITTAL. Proposals shall be submitted not l a t e r  than the date and time 
s t i p u l a t e d  i n  the  l e t t e r  t ransmit t ing these documents t o  the bidder. 

.5.4 WITHDRAWAL/ALTERATION. Proposals may be withdrawn, a l t e r e d ,  and resubmitted 
a t  any time before the time s e t  f o r  opening the bids.  Proposals may not be 
withdrawn, a l t e r e d ,  o r  resubmitted w i t h i n  60 days the rea f t e r .  

.6 INFORMATION TO BE SUBMITTED WITH PROPOSAL. - 

.6.1 CONTRACT0R"S FIELD ORGANIZATION. Each bidder s h a l l  submit k t h  h i s  proposal 
an  organizat ionichar t  shar ing the names of f i e l d  managearent, supervisory, and 
technical  personnel, and the d e t a i l s  of the management, supervisory,  and the technical  
organizat ion which he proposes t o  use f o r  t h i s  project .  The successful  b idder ' s  
organizat ion w i l l  be sub jec t  t o  the review and acceptance of the Owner. The 
experience record of the  Contractor 's  f i e l d  superintendent shall be submitted with 
the  bid.  



. .7 SL'ETY BOND. The contractor  t o  whom the .work i.s' awarded may, a t  the option of 
the Owner, be .required.  t o  furnish  a Performance and Payment Bond t o  the Owner i n  
an amount equal t o  100 per cent  of the 'contract  amount. The bond, i f  required,  
s h a l l  be signed by a sure ty  company authorized t o  do.business i n  the S t a t e  of 
Aiabama and acceptable a s  sure ty  t o  the Owner. Copies of "Power of Attorney", 
c e r t i f i e d  t o  include the da te  of the bond, s h a l l  be f i l e d  with the bond. 

.8 B I D  SECURITY.. The bid  shal.1 be accompanied w i t h ' a  b id  s e c u r i t y  of"5%. 
The required secur i ty  must be i n  the form of a c e r t i f i e d  o r .  bank cash ie r ' s  
check mde payable t o  Owner o r  a .b id  bond issued by a .surety. l icensed t o  conduct 
business i n  the s t a t e  where the Project  i s  located and.named i n  the cur ren t  l i s t  of 
"Surety Companies Acceptable on Federal  Bonds" a s  published i n  the Federal  Register  
by rile Audit S ta f f  Bureau of Accounts, U.S. Treasury Department. The,Bid Secur i ty  
of the successful  Bidder w i l l  be re ta ined u n t i l  he has executed the Agreement and 
furnished the required C0ntrac.t Secur i ty ,  whereupon i t  w i l l  be returned. If he 
f a i l s  t o  execute and de l ive r  the A g r e e e n t  and furn.ish.  the required con t rac t  Securi ty 
wi thin  15 days of the Notice' of Award, Owner may annul the Notice of Award and the 
Bid Securi ty of t h a t  Bidder w i l l  be for ' fei ted.  

.9  ACCEPTANCE AND REJECTION OF BIDS. The ,Owner reserves  the r i g h t  .to r e j e c t  any 
and a l l  bids and t o  waive i r r e g u l a r i t i e s  and in fo rmal i t i e s  i n  any bid  t h a t  i s  
submitted. . 

A l l  proposals s h a l l  become the property of the Owner. . " 

.10 CERTIFICATES. The successful  bidder w i l l  be required . t o  submit, p r i o r  t o  
contract  award, the following c e r t i f i c a t i o n s : '  . .  

. . 

1. Equal Employment Opportunity C e r t i f i c a t i o n  - Form HE-200. .REV. 8176 
(copy a t tached) .  

2. Clean A i r  and Water' C e r t i f i c a t e  - FOI% PNC-25 (0217.6). ' (copy attached) '  

3 .  ~ e r t i f  i ca te '  of cu r ren t  Cdst o r  'pr ic ing.  ~ a t i  (04169) - F O ~  PNC-27 (12176) 

Fa i lu re  t o  provide the ' c e r t i f f  ca tes  . w i l l  r e s u l t  i n  b id  re jec t ion .  
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SECTION 1 B  

PROPOSAL 

. . 
TO: Honeywell, Inc. 

2600 Ridgway Parkway 
Minneapolis, Minnesota 55413 

Attention:  R. E.  Eagle 
Procurement Department 
Mail S ta t ion  MN19-TI01 

PROPOPA!. FOR GENERAL CONSTRUCTION 
SOLAR ENERGY COLLECTION SYSTEM 
WESTPOINT PEPPERELL MILL 
FAIRFAX, ALABAMA 

Gentlemen, 

The undersigned bidder having read and examined the spec i f i ca t ion .and  associa ted  
contract  documents f o r  General Construction which w i l l  be incorporated a t  the 
Fai r fax ,  Alabama p lan t  of Westpoint Pepperell  Inc. does hereby propose t o  perform 
the const ruct ion and provide the se rv ices  s e t  f o r t h ' i n  t h i s  proposal a t  the p r i ces  
s t a t e d  herein.  - 

B.1 LUMP SUM PRICE. The undersigned bidder hereby proposes t o  furnish  equipment 
and mate r i a l s ;  labor ;  labor supervision;  const ruct ion too l s  and equipment; con- 
s t r u c t i o n  se rv ices  and u t i l i t i e s ;  a s  required t o  perform the general  const ruct ion 
work complete i n  accordance with the con t rac t  documents a s  defined i n  A r t i c l e  1 of 
the General Conditions, f o r  the  f irm lump sum pr ice  of:  

($ ) 
(Price i n  Words) 

I n  support of t h i s  f i rm lump sum p r i c e  an  OPTIONAL FORM 60 is  a t tached hereto.  

B. 1.1 LUMP SUM PRICE BREAKDOWN. The above lump sum p r i c e  represents  the aggtega'te 
of the following work element pr ices :  

1. I n s t a l l  high temperature hot  water loop 
Mater ia ls  

Labor $ 

2. S t r u c t u r a l  supports  f o r  c o l l e c t o r s  and piping on roof 
Mater ia l  $ 

Labor $ 

3.  3 tea111 Generator 
Material  

Labor $ 



4. Expansion tank,  process water piping,  steam piping and 
accessor i e s ,  f l o o r  d r a i n s  and piping,  HTHW accessor i e s  

5. HTHW f i e l d  pump 

6 .  Penthouse 

7. Emergency genera t o r  

8. Sensor Cost 

Material 

Labor 

Material 

Labor 

Material 

Labor 

Mat.eria1 

Labor 

T1 , th ru  T8 Material 

P-1 and P-2 

F- 1 

FS- 1 Material 

.I - i Material 

1-2 Material 

1 - 3  Matcria'l 

E-1 Material 

W- 1 Material 

Labor t o  i n s t a l l  above 

9. E l e c t r i c a l  

Material 

Labor 



10. Fence and other General Construction Work 

Material 

Labor 

11. Collectors Erection and Instal la t ion Costs 

Material 

Labor ' $ 

B.2 UNIT LABOR COSTS. The undersigned bidder hereby proposes, t o  furnish fo r  
any additional work deemed necessary by the Owner i n  accordance w i t h  the following ' " 

unit  labor costs which shall  include Contractors overhead and profit: 

CATEGORY. * 

Supervi sion 

Pipe F i t t e r s  

Electricians 

Roofers 

Labors 

Carpenters 

Sheet Metal Worker 

Do1 1 a r s  per Hour 
Straiqht  

~ i m e  Overtime 

Welder 

* LIST A L L  REQUIRED IF NOT SHOWN 

B.3 UNIT MATERIAL COSTS. The undersigned bidder hereby proposes to  furnish any 
additional materials deemed necessary by the Owner a t  the actual cost plus a mark- ' .  . 

u p  of per cent f o r  overhead and prof i t .  

The undersigned proposes tha t  he will perform the maj,ority of the work with his 
own forces and tha t  specif ic  portions of ,the construction work not performed by 
the undersigned wi 11 be subcontracted by the fol lowing subcontractors: 

WORK SUBCONTRACTED NAME OF SUBCONTRACTOR 



The undersigned hereby cer t i f ies '  that the following l i s t  s tates any. and al l  
variations from, and exceptions, to the .requirements of the contract documents 
and that,  otherwise, i t  is  the intent of th is  Proposal that the work will be 
performed in s t r i c t  accordance with.the contract.documents. 

 he undersigned agrees to complete the work in calendar days from the date 
, of notification to proceed, b u t  no la ter  than A p r i l  30, 1978. 

The undersigned hereby cer t i f ies  that he has visited the s i t e  of the proposed 
work a n d  has familizaried himself with the conditions affecting the work. 

The Undersigned hereby declares t h a t  only the persons or firms interested in the 
Proposal as principal or principals are named herein, and that no other persons 
or firms . t h a n  herein mentioned have any interest in th is  Proposal or in the con- 
t rac t  t o  be entered into; that this  Proposal i s  made.without connection with any 
other person, company, o r  parties 1 i kewise submitting a bid or proposal ; and t h a t  
i t  i s  i n  a l l  respects for  and in good fa i th ,  without collusion or fraud. 

.- 8 . . 

The following Addendums, copy Attached, are hereby receipted and are considered a 
part of this proposal: 

ADDENDUM NO. DATED 

ADDENDUM NO. DATED 

ADDENDUM NO. . ,.., ......*,.- " ..,v"u,., , ...., DATED .., .,...--. , 



DATED AT . THIS DAY OF ' , 19-. 

BIDDER 

T I T L E  

ATTEST : 

BUSINESS ADDRESS OF BIDDER. 

STATE OF INCORPORATION 

ADDRESS OF P R I N C I P A L  OFF ICE 
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SECTION 1 C  

AGREEMENT B E W E N  WNER AND CONTRACTOR 

This agreement, made t h i s  day of by and between 
Honeywell Inc. ,  a Delaware Corporation, a c t i n g  through i ts ENERGY RESOURCES CENTER, 
h e r e i n a f t e r  . c a l l e d  Owner and 
a Corporation, h e r e i n a f t e r  c a l l e d  Contractor. 

ARTICLE 1 

This agreement covers the  const ruct ion by Contractor  of var ious  modifications t o  
the p lan t  f a c i l i t i e s  of West Point  Pepperel l  Inc. located Fa i r fax ,  Alabama, t o  
i n s t a l l  a s o l a r  energy c o l l e c t i o n  system f o r  t e x t i l e  drying a s  a subcontract  under 
the  Owner's prime con t rac t  with the  U.S. Government (ERDA) E(40-1)-5124. 

ARTICLE 2 

The Contract Documents, which c o n s t i t u t e  the e n t i r e  Agreement between Owner and 
Contractor ,  a r e  l i s t e d  a s  follows: 

Purchase Order - 

This Agreement 
Specia l  Conditions 
Plans and Spec i f i ca t ions  
General Conditions 
L e t t e r  of Scope Inclus ions  and Exclusions 
Construction Schedule 
L i s t  of Subcontractors and Materialmen, the  s e l e c t i o n  of which s h a l l  
be sub jec t  t o  the  Owner"8 approval. 

. I n  case of inconsistency between the  above documents, precedence s h a l l  fol low the  
order of l i s t i n g  unless  s p e c i f i c a l l y  covered by a lower p r i o r i t y  document. 

ARTICLE 3 

The Contractor  accepts  the  r e l a t i o n s h i p  of t r u s t  and confidence es tab l i shed  between 
him and the Owner by t h i s  Agreement. He covenants with the Owner t o  fu rn i sh  h i s  
b e s t  s k i l l  and judgement and t o  cooperate with the  Owner and Engineer i n  fu r the r ing  
the  i n t e r e s t s  of the Owner. He agrees  t o  fu rn i sh  e f f i c i e n t  business adminis t ra t ion  
and superintendence and t o  use h i s  bes t  e f f o r t s  t o  fu rn i sh  a t  a l l  times an  adequate 
supply of worlanen,-and mate r i a l s ,  t o  perform the work i n  the  b e s t  and soundest way i n  
the most expendit ious and economical manner cons i s t en t  wi th  the  i n t e r e s t  of the Owner. 

. . ARTICLe 4 
.. % 

The Engineer f o r  t h i s  p ro jec t  i s  the  f i rm of Orr-Schelen-Mayeron & Associates,  Inc. 
2021 Eas t  Hennepin Avenue, Minneapolis, Minnesota 55413. 



ARTICLE 5 - TIME OF COMMENCEMENT AND COMPLETION 

The Work t o  be performed under t h i s  Contract sha l l  be commenced on a  date which 
i s  the e a r l i e s t  poss ib le  date a f te r  the issuance of the bu i l d i ng  permit, and sha l l  
be completed w i t h i n  a f t e r  the issuance of the bu i l d i ng  
permi t  . 
ARTICLE 6 - CONTRACT P R I C E  

T.he Owner agrees t o  pay the Contractor fo r  the f u l l ,  f a i t h f u l  and prompt performance 
o f  t h i s  Contract,' sub ject  t o  a l l  of the Terms and Conditions hereof, the sum o f  

do l l a r s  ( $  1 

ARTICLE 7 - CHANGES IN THF WORK 

The Owner may make changes i n  the work i n  accordance w i t h  A r t i c l e  15 o f  the General 
Condi ti ons . 
Unless s p e c i f i c a l l y  d i rec ted  otherwise by the Owner, the Contractor sha l l  promptly 
submit h i s  i temized pr ices fo r  addi t ions,  a l t e ra t i ons  o r  deductions w i t h i n  ten days 
a f t e r  r e c e i p t  of the change, and i n  any event p r i o r  t o  proceeding w i t h  such work. 
If agreed t o  by the Owner i n  w r i t i ng ,  such pr ices sha l l  be added t o  o r  deducted from 
the Contract Price. 

When so di rected,  the Contractor sha l l  submit separate u n i t  pr ices on work fo r  both 
add i t i ons  t o  and deductions from the Contract p r i ce .  

Adjustment, if any, i n  the amounts t o  be paid t o  the Contractor, a t  the d i sc re t i on  of 
the  Owner, determined by one o r  more o f  the fo l low ing  methods: 

A. By u n i t  pr ices as contained i n  the Contractor 's  Proposal, which 
u n i t  p r i ces  sha l l  be Jeel~leJ 1u i11~1ude a1 1  charges. I-or ehongej 
i n  quan t i t y  only, the appropriate u n i t  p r i c e  sha l l  be appl ied t o  
the change i n  quan t i t y .  For subs t i t u t i on  of mater ia ls  when quan- 
t i t i e s  are  equal, the d i f fe rence  between u n i t  pr ices sha l l  be 
appl i ed  t o  determine addi t ions and deductions. For subs t i t u t i on  
of mater ia ls  when quan t i t i es  are unequa I ,  the u n i t  pr ices fo r  
deductions sha l l  be used f o r  both mater ia ls  i n  case of a net  
reduct ion i n  quant i ty ,  and the u n i t  pr ices f o r  add i t ions sha l l  
be used f o r  both mater ia ls  i n  case o f  a  net  increase i n  quant i ty .  

B. By reasonable est imate o f  ne t  cost  of: Contractor 's  o r  Sub- 
con t rac to r ' s  labor  and mater ia l ,  p lus  an agreed upon markup 
o f  the foregoing f o r  overhead and p r o f i t .  

C. By an acceptable lump sum proposal from the Contractor. ". 
D. By accumulation o f  actual  l abor  and mater ia l  costs, p lus an 

agreed upon markup o f  the foregoing f o r  overhead and p r o f i t .  

















ARTICLE 8 - ACCOUNTING RECORDS 

The Contractor s h a l l  check a l l  mater ia ls,  equipment and labor  en te r ing  i n t o  the 
work and sha l l  keep such f u l l  and de ta i l ed  accounts as many be necessary f o r  
proper f i nanc ia l  management under t h i  s Agreement, and the system' s h a l l  be 
sa t i s fac to ry  t o  the Owner. The Owner sha l l  be afforded access t o  a l l  t he  
Contractor 's  records books, correspondence, i ns t ruc t ions ,  drawings, rece ip ts  
vouchers, memoranda, and s i m i l a r  data r e l a t i n g  t o  t h i s  Contract and the Contractor  
sha l l  preserve a l l  such records fo r  a per iod o f  th ree years a f t e r  the f i n a l  payment. 

ARTICLE 9 - PAYMENTS 

A l l  payments sha l l  be made as s e t  f o r t h  i n - A r t i c l e  37 of the General Condit ions. 

ARTICLE 10 - ASSIGNMENT 

  his Agreement s h a l l  no t  be assignable by e i t h e r  pa r t y  w i thou t  the w r i t t e n  consent 
o f  the o ther  except t h a t  Owner may assign i t s  i n t e r e s t  t o  and whol ly  owned sub- 
s i d i a r y  of Honeywell Inc.  w i thou t  such consent. 

.-> 

ARTICLE 11 - TITLE TO THE WORK 

T i t l e  o f  a l l  work completed and i n  course of const ruc t ion and o f  a l l  mater ia ls  on 
account of which payment has been made, sha l l  be i n  the Owner, and i n  the U.S. 
Government. 

I N  WITNESS WHEREOF, the pa r t i es  hereto have executed t h i s  Agreement as of the 
day and year f i r s t  above w r i t t e n .  

HONEYWELL I N C .  

ATTEST: BY 

TITLE 

ATTEST: BY 

TITLE 

  his agreement s h a l l  not become e f f e c t i v e  u n t i l  incor.porated in to  and issuance 
of Honeywell Purchase Order No. 

C-3 
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S E C T I O N  I D  

GENERAL C O N D I T I O N S  

( I N D E X  ONLY) 

The Work under the  Contract s h a l l  be subject to  a l l  provisioris s e t  forth 
i n  the follouing Articles  of these General Conditions except as spec i f i -  
cally mentioned otherwise in t he  Purchase Order. 

ARTICLE T I T L E  - 
DEFrSITIOSS X:D GESEEML PRISCIPLES 
INTEKT OF COhT?..iCT ' DOCCXEhTS 
ASSLNPTIGS OF RISX 
SIGNIXG OF COSTEMCT 
ASSIGXIEXT OF COXTRACT 
SUBCOhTRXCTS 
OTHER COXTRACTS 
SOCIAL, SECURITY PAYMEXTS 
TAXES 
OWNER' S RIGHT TO TERNISATE 
CONTLICTOR' S RIGXT TO TEZlIZUTE 
FNGIKEER' S STATUS A\D DECISIOSS 
RESERVED 
n T R A  COPIES 
CONTRACT =A.SGZS 
MATERIALS PA3 ' h ' O I i l ~ Y S H I P  
SAMPLES 
RUYALILES XbB PATESTS 
PERIITS L\;3 I::S?ECTIOSS 
BUILDISC EGULATIOXS 
SHOP DUWISGS 
TZME FOR CO?PL';TIOS 
CONTRACTOX'S PXOJECT WNAGER 
WATC!XEX 
C W P E M T I O S  

. CONTRACTOR' S E E T I S G S  
USE OF J O B S I T 2  
MOVING YMTERT.Sl.S 
YATERWLS TUX.SISS3 BY OTHERS 
IKSPZCTIOS AX?? TESTS 
E L A T E D  W O K  
M E A S W h T S  
CUTTIXG h\D F I T T I S G  
STu3XR3 S?ECIFICATICSS 
DAVAGE .L\D PPXTCBISG 
CLEXYIXG 
PAl'EXT S 

PAGE NO. 
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SECTION 1D 

INDU - PAGE ?'WO 

ARTICLE 

:PAY?fENTS WITHAXELD 
LIENS 
UNCORRECTEC WORK 
TIME EXTESSIOSS 
CONTRACTOR' S I;iSC3KYCE 
BUILDER'S RISK ISSUwCE 
PROTECTIOS OF PERSOSS AXD PROPERTY 
BOND 
GUARANTEE 
AS-BUILT IJMWIKCS 
ACCESS TO WOSX 
APPORTIOLXEST GF' WORK 
PHOTOCRXFH3 
FIELD OFFICES 
TELEPHONE 
TOILET FACILITIES 
FIRE PROTECTIOS 
TEMPORA3Y EXCLCSURES 
FIRE EXTIXGUISXEXS 
CUTTING EQiiIT?Z:IT 
COAXPRESSED AIR 
POWER 
BAPLRICADCS X3 P,?..CTZCTIOS 
OWNERSHIP OF DWr;'IXGS 
MAhVALS . AID WiLTt24XT I E S 
EQUAL PIPLOYXESi OPPORTUNITY 
LAROR 
CUUl'WI'TOA WITH. CONPAIW 
OSHA 
SPECIAL U . S . GOVER\XEST ARTICLES 

PAGE NO. 



NOTE : 

Fif ty-one (51) pages of General  Condi t ions ,  

GC-1 t o  GC-51, have been d e l e t e d  f o r  b r e v i t y .  

These Terms and Condit ions a r e  government 

requirements  which flow down t o  p r o j e c t  sub- 

c o n t r a c t o r s .  
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SECTION 1E 

SPECIAL CONDITIONS 

The fo l lowing  p rov i s ions  s h a l l  be supplementary t o  and amendatory of the  
General Condit ions o f - t h e  Cons t ruc t ion  Cont rac t  and s h a l l  be included w i t h i n  the  
d e f i n i t i o n s  of Cont rac t  Documents. I n  any c a s e ,  where these  p rov i s ions  a r e  i n  
c o n f l i c t  w i th  t he  p rov i s ions  of the  General Condit ions of the  Cons t ruc t ion  
Con t r ac t s ,  these  p rov i s ions  s h a l l  govern. 

CONDITION 1 

WORKING HOURS: I t  is  intended t h a t  a s  much work a s  p o s s i b l e  be conducted 
dur ing  normal working hours .  A l l  work can be performed dur ing  the  C o n t r a c t o r ' s  
normal d a i l y  work'hours.  Work w i t h i n  the  Bui ld ing  s h a l l  be scheduled i n  
coo rd ina t ion  wi th  the Company. 

CONDITION 2 

CONTRACTOR PARKING: Provis ion  f o r  Cont rac tor  Parking wi.11. be provided i n  a r e a s  
as des igna ted  by the Company. 

CONDITION 3 

TEMPORARY WATER AND ELECTRIC FOR CONSTRUCTION: The Cont rac tor  s h a l l  a r r ange  
wi th  the,Company f o r  the  source ,  payment and method of extending temporary water  
and e l e c t r i c  s e r v i c e  t o  c o n s t r u c t i o n  a r e a s .  Con t r ac to r  t o  run a11 temporary 
water  and e l e c t r i c  l i n e s .  

CONSTRUCTION SCHEDULE: The Cont rac tor ,  be fo re  commencing h i s  work, s h a l l  p repare  
a  cons t ruc t fon  schedule which he s h a l l  review wi th  and be approved by the  Owner 
s o  t h a t  the  i n t e r i o r  cons t ruc t ion  work w i l l  provide the  l e a s t  i n t e r f e r e n c e  wi th  
the  f a c i l i t y .  

CONDITION 5 

LIABILITY: The Cont rac tor  agrees  t o  l i m i t  t he  Eng inee r ' s  l i a b i l i t y  t o  the  C l i e n t ,  
t he  Owner, and. t o  a l l  cone t ruc t ion  c o n t r a c t o r s  and s u b c o n t r a c t o r ' s ,  t h e i r  agen t s  
and employees, on the  p r o j e c t ,  due t o  t he  Engineer ' s  neg l igen t  a c t s ,  e r r o r s ,  o r  
omissions such t h a t  t he  t o t a l  aggrega te  l i a b i l i t y  of the  Engineer t o  a l l  those named 
s h a l l  not  exceed $50,000, o r  t he  Engineer ' s  fee, whichever i s  g r e a t e r .  

CONDITION 6 

COST DISCLOSURES: The Cont rac tor  i s  t o  f u r n i s h  the  Owner wi th  take-of f  forms, 
wage r a t e s ,  equipment e s t i m a t e s ,  e t c . ,  p r i o r  t o  award o f ' c o n t r a c t ;  The Owner 
in t ends  t o  u se  t h i s  in format ion  f o r  p r o j e c t i o n s  of c o s t  on f u t u t e  p r o j e c t s .  



CONDITION 7 

SPECIAL WORKING CONDITIONS: . During the  second i n s t a l l a t i o n  per iod  ( a f t e r  the nek 
roof  has  been i n s t a l l e d ) . t h e  Cont rac tor  w i l l  observe the  fol lowing condi t ion8  to .  
p reven t  damage t o  t he  roo f :  

a )  A l l  workmen when on the  roof w i l l  wear rubber so led  shoes 
such a s  t e n n i s  shoes.  

b) There w i l l  be  no dragging o r  s l i d i n g  of m a t e r i a l s  ac ros s  the roo f .  

c ; ~  Storage  of m a t e r i a l s  on the roof w i l l  be kep t  t o  a minimum i n  
a l l  c a s e s ;  where m a t e r i a l s  o r  t o o l s  a r e  he ld  on t h e  roof p r i o r  
t o  i n s t a l l a t i o n ,  they s h a l l  be placed on plywood (1/2" minimum) 
r a t h e r  rlaan d i r e c t l y  on the ronf .  

Ylywaod s h e e t s  s h a l l  o loo  be used t o  p r o t e c t  a r e a s  of the rouf 
r e q u i r i n g  a h igh  degree of a c t i v i t y  - o r  t r a f f i c .  

d) The des igna ted  walkways s h a l l  'be u t i l i z e d  to .  the  maximum e x t e n t  
poss ib l e .  

e) I n  t he  even t  of any damage t o  the  roof dur ing  i n s t a l l a t i o n  of 
the s o l a r  equipment, the  Owner s h a l l  have s a i d  damage r epa i r ed  
by a q u a l i f i e d  r o o f e r  and s h a l l  b i l l  the  c o n t r a c t o r  f o r  the  c o s t  
of s a i d  r e p a i r s .  
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DIVISIOIJ 1 
GENERAL REQUIREMENTS 

. 0 1  GENERAL DESCRIPTION AND SCOPE O F  THE WORK 
A. Genera l  
T h i s  s e c t i o n  c o v e r s  t h e  g e n e r a l  p r o j e c t  d e s c r i p t i o n  o f  t h e  
S o l a r  Energy System and  t h e  g e n e r a l  r e q u i r e m e n t s  f o r  t h e  work 
u n d e r  t h e s e  s p e c i f i c a t i o n s  d e s i g n a t e d  Genera l  C o n s t r u c t i o n .  

T i ~ c  d e s i g n  of t h i s  s o l a r  e n e r g y  c o l l e c t i o n  s y s t e m  f o r  t e x t i l e  
d r y i n g  w a s  done  i n  Phase  I of a program funded by ERDA under  
t h e  t i t l e ,  " A p p l i c a t i o n  o f  S o l a r  Energy t o  I n d u s t r i a l  Drying 
or  I l ~ h y d r a t i o n  P r o c e s s e s " .  Honeywell Inc .  and WestPoint  
P e p p e r e l l  a r e  teamed i n  t h i s  s t u d y .  The work t o  be performed 
i n c l u d e s  m o d i f i c a t i o n  of t h e  WestPoint  P e p p e r e l l ,  F a i r f a x ,  
Alabama, M i l l  i n  s u p p o r t  o f  d e m o n s t r a t i o n  o f  a s o l a r  ene rgy  
c o l l e c t i o n  s y s t e m  f o r  t e x t i l e  d r y i n g  and  i n c l u d e s  h i g h  tempe- 
r a t u r e  w a t e r  (HTW) , s team,  f e e d w a t e r ,  and e l e c t r i c a l  power. 
I n s t a l l a t i o n  o f  a l l  p i p i n g ,  i n s t r u m e n t a t i o n ,  and e l e c t r i c a l  
power. I n s t a l l a t i o n  o f  a l l  p i p i n g ,  i n s t r u m e n t a t i o n ,  and elec- 
t r i c a l  hardware  n e c e s s a r y  f o r  i n t e r - c o n n e c t i o n  o f  t h e  sys tem 
t o  t h e  p l a t  p r o c e s s  s h a l l  b e  performed by t h e  C o n t r a c t o r .  

B. Work I n c l u d e d  Under These. S p e c i f i c a t i o n s .  
The work u n d e r  t h e s e  s p e c i f i c a t i o n s  s h a l l  i n c l u d e  a l l  m a t e r i a l s  
and s e r v i c e s  t o  t h e  Genera l  C o n s t r u c t i o n  'work f o r  t h e  
p r o c e s s s  h e a t  d e m o n s t r a t i o n  comple te  i n  accordance  w i t h  t h e  
s p e c i f i c a t i o n s ,  d r a w i n g s ,  and  o t h e r  c o n t r a c t  documents,  e x c e p t  
as s p e c i f i c a l l y  e x c l u d e d  h e r e i n  under  ."Owner-furnished Equip- 
ment a n d  M a t e r i a l s ' '  and  Work Not Included Ur~der These G p c c i f i c a t i o n s .  

Work s h a l l  i n c l u d e  s u b m i t t a l  of drawings  and d a t a  f o r  a l l  Con- 
t r a c t o r  f u r n i s h e d  equipment  and m a t e r i a l s .  . 

Major components o f  t h e  work under  t h e s e  Genera l  C o n s t r u c t i o n  
s p e c i f i c a t i o n s  are:  

DIVISIOlJ 1 
DIVISION 4 
DIVISIOlJ 5 
i3IVISIOIJ 6 
DIVISION 8 
DIVISION 1 3  
DIVISIBIJ 1 5  
DIVISION 16 

GEN,ERAL REQUI REJENTS 
MASONRY 
METALS 
,CARPENTRY 
DOORS 
PREFABRICATED PIETAL B U I L D I N G  
PlEClQAM ICAL 
ELECTRICAL 

The above e x p l a n a t i o n s  and  l i s t i n g s  are i n t e n d e d  t o  g i v e  a 
g e n e r a l  d e f i n i t i o n  o f  t h e  scope  o f  t h e  work under  t h e s e  s p e c i -  
f i c a t i o n s ,  and  s h a l l  n o t  b e  c o n s t r u e d  t o  b e  a n  i t e m i z e d  list- 
i n g  o f  e a c h  e l e m e n t  of work r e p o r t e d .  The Coiitractor s l ~ a l l  
be r e s p o n s i b l e  for c o n s t r u c t i o n  o f  comple te  f a c i l i t i e s ,  con- 
f o r m i n g  i n  a l l  r e s p e c t s  t o  t h e  d e t a i l s  and r e q u i r e m e n t s  o f  
t h e  s p e c i f i c a t i o n s ,  drawings  and o t h e r  c o n t r a c t  documents.  
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(1) Con t r ac to r  Furnished M a t e r i a l s ,  Manpower and Se rv i ces .  
The c o n t r a c t o r  s h a l l  p rov ide  a l l  m a t e r i a l s  and equipment wKich 
w i l l  be permanently i nco rpo ra t ed  i n  t h e  work and which a r e  n o t  
s p e c i f i c a l l y  des igna t ed  t o  be f u r n i s h e d  by t h e  Owner; a l l  l a b o r ,  
s u ~ e r v i s i o n ,  t e c h n i c a l  d i r e c t i o n ,  a d m i n i s t r a t i o n  and management; 
anh a l l  c o n s t r u c t i o n  p l a n t  and s e r v i c e s .  

( 2  ) Owrier ~ u r n i s h e d  Equipment Ma te r i a l s .  The Owner w i l l .  
f u r n i s h  t h e  fo l lowing  equipment and m a t e r i a l s  which s h a l l  be  
i n s t a l l e d  under t h e s e  s p e c i f i c a t i o n s :  

- S o l a r  C o l l e c t o r s  ( 2 4 )  w i t h  Motor/drive and u n i t  
C o n t r o l l e r  

- System C o n t r o l l e r  . 

The owner f u r n i s h e d  equipment and m a t e r i a l s  w i l l  be  d e l i v e r e d  
t o  F a i r f a x ,  Alabama, where t h e  Con t r ac to r  s h a l l  r e c e i v e  them 
i n t o  h i s  custody u n t i l  f i n a l  acceptance of t h e  work 

C. Work Not Included Under These S p e c i f i c a t i o n s .  
I n  a d d i t i o n  t o  t h e  terms under t h e s e  General  Cons t ruc t ion  spec i -  
f i c a t i o n s ,  t h e  Company has  awarded o r  w i l l  award s e p a r a t e  con- 
t r a c t s  f o r  t h e  fo l lowing  work which w i l l  be d i r e c t l y  a s s o c i a t e d  
wi th  t h e  work under t h e s e  s p e c i f i c a t i o n s : .  

Rernofing of t h e  Company weave room roo f .  

P a r t  o f  t h e  work l i s t e d  above w i l l  be i n  p rog res s  concur ren t ly  
w i t h  t h e  work under t h e s e  s p e c i f i c a t i o n s .  The Cont rac tor  s h a l l  
coo rd ina t e  h i s  a c t i v i t i e s  and coopera te  w i th  t h e  o t h e r  c o n t r a c t o r s  
and t h e  Company i n  t h e  b e s t  i n t e r e s t  o f  t h e  p r o j e c t .  

. 0 2  DRAWING SCHEDULE 
A .  General 
This s e c t i o n  l i s t s  t h e  drawings and schedules  which have been 
~ r e p e r e d  f o r  t h e  work covered by t h e s e  s p e c i f i c a t i o n s  and which 
A. &. 

s h a l l  be  a  p a r t  o f  t h e  c o n t r a c t  documents. 

B. Drawings 
.The c o n t r a c t  drawings a r e  da t ed  August 12, 1977. 

T i t l e  
P a r t i a l  p l an ,  b u i l d i n g s  No. 2 & No. 3 
C o l l e c t o r  f i e l d  l a y o u t ,  p a r t i a , ,  rnnf 
p lan  b u i l d i n g  No. 3 
Pip ing  Schematic; suppor t ,  hanger & 
connect ion d e t a i l s  
S t r u c t u r a l  roof  p l a n ,  b u i l d i n g  N o .  3 
2enthouse d e t a i l s  and e l e v a t i o n  
E l e c t r i c a l  
S o l a r  C o l l e c t o r  
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.03' JOINT OWNER/CONTRAC'i'OR RESPONSIBILITIES 
A.  ' Gene'ral 
Owner s h a l l  supp ly  t h e  s o l a r  c o l l e c t o r s  a s  d e f i n e d  i n  t h e  draw- 
i n g s .  The c o l l e c t o r  i n c l u d e s  t h e  m i r r o r s ,  t h e  r e c e i v e r ,  t h e  
motor d r i v e ,  t h e  u n i t  c o n t r o l l e r  r i s e r s ,  swive l  j o i n t s ,  and 
a s s o c i a t e d  assembly hardware. The c o n t r a c t o r  s h a l l  b e  respon- 
s i b l e  f o r :  

(1) Schedul ing  d e l i v e r y  o f  t h e  c o l l e c t o r s .  
( 2 )  Unloading and s t o r i n g  t h e  c o l l e c t o r  subassemblies  a t  t h e  

s i t e .  
( 3 )  H o i s t i n g  t h e  c o l l e c t o r  subassemblies  i n t o  t h e  roof  

acco rd ing  t o  manufac ture rs  recomrncndations. 
( 4  ) Assembling t h e  c o l l e c t o r .  
( 5 )  I n s t a l l i n g  t h e  c o l l e c t o r s  i n t o  t h e  system. 

Owner s h a l l  supp ly  t h e  system c o n t r o l l e r  a t  f i e l d .  The cont rac-  
to r  s h a l l  be  r e s p o n s i b l e  f o r  f n s t a l l i n y  the system c o n t r o l l e r  
and connec t ing  it t o  t h e  system a s  d e f i n e d  by Owner and shown 
i n  t h e  drawings.  

A l l  o t h e r  equipment r e q u i r e d  f o r  t h e  p rope r  o p e r a t i o n  of  t h e  
system s h a l l  be t h e  r e s p o n s i b i l i t y  o f  t h e  General  Con t r ac to r .  

B. Schedule  
The program schedu le  i s  shown on page Div. 1-6. I t  i n c l u d e s  
two t i m e  p e r i o d s  f o r  i n s t a l l a t i o n .  The f i r s t  p e r i o d  c o n s i s t s  
o f  t h e  month o f  September. During October and November t h e  
company weave room r o o f  w i l l  b e  r e r o o f e d  by ano the r  c o n t r a c t o r .  
Completion o f  t h e  i n s t a l l a t i o n  i s  scheduled f o r  2 0  Februrary  
1978 t o  1 4  A p r i l  1978. System s t a r t - u p  and check-out w i l l  fo l low 
i.mmed.iately a f t e r  complet ion o f  i n s t a l l a t i o n .  

C. Sequence o f  E r e c t i o n  
Other  c o n s t r u c t i o n  a c t i v i t y  a t  t h e  s i t e  c o n s t r a i n s  t h e  sequence - 
o f  e r e c t i o n  t o ,  t h e  fo l lowing  two t i m e  p e r i o d s .  

(1) A l l  p . ene t r a t i ons  o f  t h e  roof  and t h e  a s s o c i a t e d  i n s t a l l a t i o n  
o f  p i t c h  pans and s u p p o r t  s t r u c t u r e s  s h a l l  be conducted 
d u r i n g  t h e  1 September 1977 t o  30 September 1977 t i m e  per iod .  
Th i s  work s h a l l  be completed by 1 October 1978 t o  a l l ow t h e  
C~rnpany t o  rernnf over t h e  mod i f i ca t ions  a s s o c i a t e d  w i t h  
t h i s  p r o j e c t .  

( 2 )    he f a b r i c a t i o n  schedii le  f o r  the 2 4  c o l l e c t o r 3  f o r  t h i s  
j ob  i n c l u d e s  January and February 1978. m e l v e  o f  t h e  
c o l l e c t o r s  a r e  scheduled  t o  be  sh ipped  on 6 February and 
can  be expec ted  o n - s i t e  on 1 3  February 1978. The remain- 
i n g  twelve  c o l l e c t o r s  w i l l  b e  shipped 6 March f o r  a r r i v a l  
o f  s i t e  on 1 3  March 1978. 
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( 3 )  The remainder  o f  t h e  I n s t a l l a t i o n  s h a l l  b e  conducted  between 
20  February  and 1 4  A p r i l  1978. Order of a s s e i ~ b l y  o f  t h e  
c o l l e c t o r s ,  H1W l o o p ,  Penthouse ,  e tc .  s h a l l  be  m u t u a l l y  
a g r e e d  upon by C o n t r a c t o r  and Owner p r i o r  t o  February  1978. 

D. Tolerance ' s  'On S u p p o r t  P o s t s  
C r i t i c a l  t o l e r a n c e s  i n  i n s t a l l i n g  t h e  c o l l e c t o r  s u p p o r t  p o s t s  
a r e  a s s o c i a t e d  w i t h  t h e  s t r a i g h t n e s s  o f  t h e  c o l l e c t o r .  The f i v e  
p o s t s  s u p p o r t i n g  a  c o l l e c t o r  must b e  s t r a i g h t  and l e v e l  w i t h  
+1/4 i n c h ,  a s  measured from t h e  c e n t e r  o f  t h e  bot tom p l a t e  in 
a e  l e v e l i n g  mechanism a t o p  t h e  p o s t .  The d i s t a n c e  between c o l -  
l e c t o r s  (nomina l ly  1 0 ' 8 " )  i s  n o t  c r i t i c a l ,  however, t h e  s t r a i g h t -  
n e s s  o f  t h e  row i s  i m p o r t a n t  t o  p r o p e r  c o l l e c t o r  o p e r a t i o n .  

E.  C o l l e c t o r  I n s t a ' l l a t i o n  Procedure  
The chart o n  page Div. 1-7 shows t h e  components, subassembl ies ,  
and a s s e m b l i e s  t h a t  make up t h e  owner f u r n i s h e d  c o l l e c t o r .  
Four ( 4 )  major  a s s e m b l i e s ,  (numbered 1 th rough  4 ) ,  t h r e e  ( 3 )  
components, (numbered 5 th rough  7 ) ,  and hardware ,  (numbered 8 1 ,  
w i l i  b e  d e l i v e r e d .  These i t e m s  w i l l  be  assembled i n t o  s o l a r  
c o l l e c t o r s  on t h e  s u p p o r t  p o s t s  by t h e  c o n t r a c t o r  a s  d e f i n e d  
i n  t h e  f o l l o w i n g  s t a t e m e n t s  and t h e  drawings .  

(1 ) Procedure  : 
( a )  Remove p a r t s  from t r a n s p o r t a t i o n .  
(b) . S t o r e  p a r t s  u n t i l  needed. 
(c)  I n s t a l l  Gear Reducing Drive  U n i t s  on Roof. 

(i L i f t  g e a r  r e d u c i n g  assembly u n i t s  up o n t o  
r o o f  and se t  on s u p p o r t  p l a t e s .  

(ii) P l a c e  u n i t  on mounting b o l t s  and t i g h t e n  
n u t s  down f i n g e r  t i g h t .  

( d )  I n s t a l l  M i r r o r  P a n e l s  on Roof. 
(1) S l i p  a  b e a r i n g  o n t o  s h a f t  t h a t  p r o t r u d e s  from 

t o r q u e  tube on p a n e l  nssenb ly .  P l a c e  a key 
i n t o  t h e  keyway i n  s h a f t  and s l i p  a f l a n g e  
o n t o  s h a f t .  Th i s  f l a n g e  mates w i t h  the I l a n y e  
on t h e  n e x t  p a n e l  assembly.  

( ii) L i f t  m i r r o r  p a n e l  assembly up o n t o  r o o f .  
(iii) Lower m i r r o r  p a n e l  assembly and p o s i t i o n  b e a r i n g  

mounting b o l t  h o l e s  and t i g h t e n  b o l t s  f i n g e r  
t i g h t .  

( i v  Al ign  f l a n g e  on d r i v e  u n i t  w i t h  f l a n g e  on end o f  
t o r q u e  t u b e ,  i n s t a l l  f o u r  b o l t s  w i t h  b e l l v i l l e  
washers  i n  between f l a n g e s .  T i g h t  up b o l t s  
u n t i l  f l a n g e s  clamp o n t o  " f l a n g e  s p a c e r "  pro-  
vided, t h e n  back-off  n u t  u n t i l  s p a c e r  can j u s t  
b e  removed. 

(v )  Cont inue  w i t h  4 a ) b ) c ) ,  & d ;  e x c e p t  t h a t  n e x t  
p a n e l  f l a n g e  w i l l  b o l t  t o  f l a n g e  on end o f  
s h a f t  rnn11nt.ed on the  p a n e l ;  u n t i l  a l l  f o u r  
p a n e l s  are i n  p o s i t i o n  on t h e  roof. 
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( v i i )  
(e )  I n s t a l l  

(i) 

(ii) 

( f )  I n s t a l l  
(i 

A l i g n  m i r r o r  p a n e l  assembly f o r  s t r a i g h t n e s s  
w i t h  a l i g n m e n t  gauge. Then t i g h t e n  down mount- 
i n g  b o l t s  on d r i v e  u n i t ,  and proceed t o  t i g h t e n  
down b e a r i n g  mounting b o l t s ,  b e g i n n i n g  w i t h  
b e a r i n g s  n e a r e s t  c e n t e r  o f  each row, c o n t i n u i n g  
outward  t o  end o f  each row. 
Recheck a l ignment  f o r  l e v e l  and s t r a i g h t n e s s .  
R e c e i v e r  Tube Assembly. 
I n s t a l l  r e c e i v e r  t u b e  s u p p o r t  arms t o  r i b s  on 
p a n e l s  and b o l t  i n t o  p l a c e .  
L i f t  20 f o o t  s e c t i o n  o f  r e c e i v e r  t u b e  assembly 
up o n t o  r o o f ,  p o s i t i o n  on s u p p o r t  arms p o s i t i o n  
w i t h  a l i g n m e n t  gauge and b o l t  i n t o  p l a c e .  
A f t e r  b o l t i n g  n e x t  20 f o o t  r e c e i v e r  t u b e  s e c t i o n  
i n t o  p l a c e ,  p o s i t i o n  a b s o r b e r  t u b e s  toyeLher  
and weld  t u b i n g .  Cont inue  b o l t i n g  and we ld ing  
u n t i l  a l l  f o u r  s e c t i o n s  are i n  p l a c e .  
P o s i t i o n  c e n t r a l  s p a c e r  and weld i n t o  p l a c e .  
I n s t a l l  r o t a r y  j o i n t  assembly ,  by s l l p p i ~ l y  
elamp u r ~ t u  end of 2  1/2" c h a f t  and b o l t i n g  
i n t o  p l a c e .  I n s t a l l  t u b i n g  from r o t a r y  j o i n t  
t o  teceiver t u b e ,  Ly measuring from end of t i ihe,  

on  r o t a r y  j o i n t  assembly t o  r e c e i v e r  t u b e ,  
c u t t i n g  p re -ben t  t u b e  t o  f i t  and we ld ing  i n t o  
p l a c e .  Clamp t u b i n g  i n t o  p i p e  clamp on b e a r i n g  
s u p p o r t  p o s t ,  measure from end o f  t u b i n g  t o  f l e x .  
J o i n t ,  c u t  t u b e  and weld i n t o  p l a c e .  T e s t  
t u b i n g  f o r  l e a k s ,  a f t e r  t e s t  i s  approved i n s u -  
l a t e  a l l  open t u b i n g  and r a p  j o i n t s  a l o n g  re- 
c e i v e r  t u b e  assembly w i t h  aluminum t a p e .  
E l e c t r i c a l  Power C o n t r o l s .  
Mount "dead man" l i m i t  s w i t c h  mounting b r a c k e t s  
o n  s u p p o r t  p o s t  and clamp i n t o  p o s i t i o n .  Mount 
l i m i t  s w i t c h  on b r a c k e t  and screw i n t o  p o s i t i o n .  
I4ount c o n t r o l  box on sl.lppnrt C O ~ U I I I I ,  and clamp 
t o  column. 
P l a c e  ''sun sensor1 '  mounting b r a c k e t  on end o f  
f i r s t  p a n e l  and screw i n t o  p l a c e .  14ount "sun 
s e n s o r "  on mounting b r a c k e t  and screw i n t o  p o s i t i o n .  
Run w i r c  from "sun sensor" a l o n g  p a n e l ,  a t t a c h  
w i t h  w i r e  c l i p s  t o  c o n t r o l  box. 
Run w i r e  i n  wa te rp roof  c o n d u i t ,  from f o u r  l i m i t  
s w i t c h e s  t o  c o n t r o l  box. 
Run w i r e  i n  wa te rp roof  c o n d u i t  from c o n t r o l  Lox 
t o  d r i v e  motor. 

( 2 )  O t h e r  
0wner- b e  r e s p o n s i b l e  f o r  pe r fo rming  t h e  f o l l o w i n g  t a s k s  
d u r i n g  i n s t a l l a t i o n :  
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(a) Fine adjustnents to the collector focus. 
(b) Balancing the field water flow. 

F. List 0.f Mater'ia'ls 
All material schedules, material lists, locations, etc. listed 
herein are for the convenience of the contractor And are not 
necessarily complete or all-inclusive. It is the responsibility 
of the various contractors to make their own material take-offs. 
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DIVISION 4 

MASONRY 

. O 1  CONDITIONS OF THE CONTRACT 
A. The Condi t ions  o f  t h e  Con t r ac t  (General  S e c t i o n s ,  Supple- 
mentary S e c t i o n s  and a l l  o t h e r  Condi t ions)  and t h e  General  
Requirements ( A l l  S e c t i o n s  o f  Div is ion  1) a r e  hereby made a 
p a r t  o f  t h i s  Sec t ion .  

.02 SCOPE 
A. ~ r o v i h e  opening i n  e x i s t i n g  masonry w a l l  f o r  new 3 ' - 6 "  
x 7'-0" door a t  l o c a t i o n  no ted  on drawings. 

.03 MATERIAL 
A. New c o n c r e t e  block s h a l l  conform t o  ASTM C90 Type 1. 

B. Mortar s h a l l  conform t o  ASTM C270 type  M o r  S. 

C. L i n t e l  s h a l l  be c o n c r e t e  block t o  match w a l l  t h i c k n e s s  
r e i n f o r c e d  w i t h  2  # 4  b a r s  f o r  each 8 i nches  o f  width .  Brick 
t o  be suppor ted  w i t h  3 1/2" x 3 1/2" x 1 / 4 "  t o  each b r i c k  
width.  L i n t e l  t o  have 8 i nch  minimum b e a r i n g  each end. 

. 0 4  CONSTRUCTION 
A. Opening s h a l l  be  3'-10" wide x 7 ' - 2 "  h igh  p l u s  an a d d i t i o n a l  
8 i nch  t o  a l low f o r  placement o f  frame anchors .  
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DIVISION 5 

.O1 CONDITIONS OF THE CONTRACT 
, A. The Conditions of the Contract (General Sections, Supple- 
mentary Sections and all other Conditions) and the General Re- 
quirenents (All Sections of Division 1) are hereby made a part 
of this Section. 

.02 SCOPE 
A. Provide all labor, materials, accessories, and related 
items for metals and complete installation in accordance with 
applicable references noted herein. 

B. This section includes all structural, miscellaneous and 
ornamental metal work. 

C. Refer to drawings for sizes and locations of all metal items. 

D. Submit shop drawings to engineer and owner prior to 
fabrication. 

.03 MATERIAL 
A. Structural Steel - ASTM A36-70 
B. Steel Pipe - ASTM A53-69 Grade B 
C. Bolts - ASTM A307 
D. Welding - American Welding Society (AWS) Publication 
Dl.1-72. 

.04 FABRICATION 
A. American Institute of Steel Construction (AISC) latest 
publication. 

.05 FINISH 
A. All metals, including the inside of the Butler and 
Company buildings shall receive 2 coats of paint after 
fabricati.on, Color to be selected later. 
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DIVISION 6  

0610 CARPENTRY 

.01 CONDITIONS OF THE CONTRACT 
A. The Cond i t i ons  o f  t h e  C o n t r a c t  (General  S e c t i o n s ,  Supple- 
mentary S e c t i o n s  and a l l  o t h e r  C o n d i t i o n s )  and t h e  General  Re-  
qul re inents  ( A l l  S e c t i o n s  o f  D i v i s i o n  1) a r e  hereby  made a p a r t  
o f  t h l s  S e c t i o n .  

.02 SCOPE 
A. Fu rn i sh  and i n s t a l l  a l l  c a r p e n t r y  i n d i c a t e d  on t h e  drawings  
and h e r e i n  s p e c i f i e d .  

B. Work r e q u i r e d  under  t h i s  s e c t i o n  s h a l l  i n c l u d e ,  b u t  n o t  b e  
l i m i t e d  t o  t h e  f o l l o w i n g  i t e m s :  

S c a f f o l d i n g  
Temporary Enc lo su re s  
Temporary P r o t e c t i o n  o f  C o n s t r u c t i o n  
Roof Cants  and Curbs 
F u r r i n g  and  locking 
I n s t a l l a t i o n  o f  F i n i s h  Hardware 
Rough Hardware 
Rough Carpen t ry  

C. A l l  lumber s h a l l  b e  s o  d e l i v e r e d ,  p i l e d  and handled  as t o  
p r o t e c t  it from damage. Lumber s h a l l  n o t  b e  d e l i v e r e d  unduly  
long  b e f o r e  it i s  r e q u i r e d  i n  t h e  normal p r o g r e s s  o f  t h e  work 
and s h a l l  be  s t o r e d  o f f  t h e  ground and under  water-proof  cover  
u n t i l  i t  i s  used.  

. 0  3 LUI43ER GRADES 
A. Lumber h e r e i n  r e f e r r e d  t o  s h a l l  conform t o  American Lumber 
S tandard ,  S i m p l i f i e d  P r a c t i c e  Recommendation R 16. Grades s h a l l  
conform t o  t h e  g r a d i n g  r u l e s  o t  t h e  m a n u f a c t u r e r ' s  a s s o c i a t i o n  
under  whose r u l e s  t h e  lumber i s  produced and lumber s h a l l  b e a r  
t h e  g r ade  and t r a d e  mark o f  t h i s  a s s o c i a t i o n .  I f  c e r t a i n  s p e c i -  
f i e d  lumber is  n o t  g r a d e  marked a s  a t r a d e  p r a c t i c e ,  it s h a l l  
be accompanied by a C e r t i f i c a t e  o f  I n s p e c t i o n  l i s t i n g  m a t e r i a l  
q u a n t i t i e s  and g rades .  De fec t s  o r  b lemishes  p r o h i b i t e d  by t h i s  
s p e c i f i c a t i o n ,  even though p e r m i s s i b l e  i n  t h e  s p e c i f i e d  g r a d e s ,  
w i l l  n o t  b e  accep t ed  i n  any m a t e r i a l  used.  

B. Lumber s h a l l  be  sound,  thoroughly  seasoned  and w e l l  manu- 
f a c t u r e d .  M a t e r i a l  s h a l l  b e  f r e e  o f  warp t h a t  cannot  b e  c o r r e c t e d  
i n  t h e  normal p r o c e s s  o f  b r i d g i n g  o r  n a i l i n g .  Lumber s h a l l  b e  
a i r  d r i l e d  o r  k i l n  d r i e d  and ave rage  m o i s t u r e  c o n t e n t  s h a l l  n o t  
exceed 1 9  p e r  c e n t ,  s u r f l c e d  f o u r  s i d e s  (S4S) .  



. 0 4  MATERIALS 
A. A l l  lumber f o r  c a n t s ,  c u r b s ,  p l a t e s ,  b lock ing ,  n a i l e r s ,  
f a s c i a s ,  and s i m i l a r  i t e m s  concerned w i t h  r o o f i n g ,  roof  insu-  
l a t i o n  o r  r o o f  f l a s h i n g s ,  s h a l l  be p r e s s u r e  p r e s e r v a t i v e  t r e a t e d .  
P r e s e r v a t i v e  s h a l l  b e  s a l t  t r e a t e d .  

B. A l l  nominal  2 i n c h  lumber f o r  bucks ,  b l o c k i n g ,  n a i l e r s ,  
g r s ~ n ~ l s  o r  f u r r i n g  s h a l l  b e  S tandard  Grade Douglas F i r  o r  West 
Coas t  Hemlock. A l l  nominal 1 i n c h  lumber f o r  such  u s e s  s h a l l  
be No. 3 Ponderosa P i n e ,  Douglas F i r  o r  West Coas t  Hemlock p e r  
WPA g rad ing  r u l e s .  

C. A l . 1  plywood s h a l l  be Douglas F i r  c o n f ~ r n ~ i r l g  t o  P ~ u d u c t  
S t a n d a r d  f o r  o u t s i d e  use .  

D. A l l  plywood s h a l l  c a r r y  t h e  DFPA.hallmark and g rade  stamp. 
See drawings  f o r  t h i c k n e s s .  

E. F u r n i s h  a l l  rough hardware f o r  e n t i r e  p r o j e c t .  S h a l l  i n -  
c l u d e  such  i t e m s  as n a i l s ,  screws, b o l t s ;  ancho r s ,  d e v i c e s ,  s h o t  
ancho r s  and s imi la r  d e v i c e s .  Common n a i l s  s h a l l  b e  a l l  ho t -  
d ipped  ga lvan i zed .  

F. Rough hardware  s h a l l  b e  o f . t h e  p r o p e r  t y p e  and s i z e  f o r  
u s e  i n t e n d e d  and s h a l l  be  o f  a d e q u a t e  d e s i g n  t o  ach i eve  sub- 
s t a n t i a l  and p o s i t i v e  ancho rage .  . . . 

. 0 5  INSTALLATION PROCEDURES 
A. Protect a l l  masonry, c a r p e n t r y ,  m e t a l  work' and o t h e r  
m a t e r i a l s  from damage o f  any c h a r a c t e r  d u r l n g  t h e  p r o g r e s s  
of' ' t h e  work.  . , 

. . . . .' ' 

B. ~ u r n i s h  and i n s t a l l  a l l  wobd p l a t e s ,  n a i l i n g  b l o c k s ,  f u r -  
r i n g  s t r i p s ,  and a i l  o t h e r  g rounds . and . , f r aming  d e t a i l e d  o r  re- 
q u i r e d  f o r  t h e  s e c u r i n g  o f  a l l  f i n i shed ' ,work .  

C.. I n s t a l l  a l l  rough hardware .which  i s  f u r n i s h e d  under  t h i s  
S e c t i o n  as w e l l  a s  anchorage i t e m s  which a r e  f u r n i s h e d  under  
o t h e r  s e c t i o n s .  A l l  n a i l i n g  s h a l l  b e . i n  conformance w i t h  r e q u i r e -  
ments e s t a b l i s h e d  by t h e  p u b l i c a t i o n  "Technique o f  House Na i l i ng"  
by t h e  Uni ted  S t a t e s  F o r e s t .  p roduc t s  ~ a b o r a t o r y "  . 



DIVISION 8 

DOOR - 
. O 1  CONDITIONS OF THE CONTRACT 
A .  The C o n d i t i o n s  o f  t h e  C o n t r a c t  (Genera l  S e c t i o n s ,  Supple-  
mentary S e c t i o n s  and  a l l  o t h e r  C o n d i t i o n s )  and t h e  Genera l  
Requirements  ( A l l  S e c t i o n s  o f  D i v i s i o n  1) a r e  he reby  made a 
p a r t  of t h i s  S e c t i o n .  

. 0 2  SCOPE 
A .  F u r n i s h  and i n s t a l l  one 3'-6" x 7'-0" m e t a l  2 hour  f i r e  
r a t e d  d o o r  and f rame a t  l o c a t i o n  shown on t h e  drawings .  M a t e r i a l  
t o  b e  T r u s s b i l t ,  Ceco o r  approved e q u a l .  

. 0 3  MATERIAL 
A .  Doors s h a l l  b e  1 3/4 i n c h e s  t h i c k  w i t h  hardware and p a i n t ,  
c o l o r  a s  s e l e c t e d  l a t e r .  

B. Frames s h a l l  b e  14  gauge s teel  2 i n c h e s  by 5 3/4 i n c h e s  
w i t h  t h r e e  a n c h o r s  p e r  jamb. P a i n t  t o  match door  and c a u l k  
b o t h  s i d e s .  F i r e  assembly  t o  b e  f i r e  r a t e d .  

.04  INSTALLATION 
A. I n s t a l l a t i o n  s h a l l  b e  comple te  w i t h  t h e  t h r e s h o l d  and 
wea the r  s t r i p p i n g .  

D i v .  8 - 1 
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1365 PREFABRICATED METAL BUILDING 

.01 CONDITIONS OF THE CONTRACT 
A. The Condi t ions  o f  t h e  Con t r ac t  (General  S e c t i o n s ,  Supple- 
mentary S e c t i o n s  and a l l  o t h e r .  Condi t ions)  and t h e  General  Re- 
q~ i i -* :nen t s  ( A l l  S e c t i o n s  of  D i v i s i o n ' - 1 )  a r e  hereby made a p a r t  
of  t h i s  Sec t ion .  

.02 GENERAL 
A. DESCRIPTION OF B U I L D I N G  
(1) The c o n t r a c t o r  s h a l l  f u r n i s h  and i n s t a l l  on e x i s t i n g  roof  

one p r e f a b r i c a t e d  metal b u i l d i n g ,  l o c a t e d ' a s  shown on t h e  drawings. 

( 2 )  The o v e r a l l  b u i l d i n g  dimensions s h a l l  be as shown on t h e  
drawings. 

( 3 )  The roof  s h a l l  have a s i n g l e  s l o p e  from back t o  f r o n t  o f  
one i n c h  i n  12 inches  o r  1 /4"  . p e r  f o o t .  A l l  s i d e s  o f  t h e  bu i ld -  
i n g  s h a l l  have eave ,  t r i m  and f a s c i a . '  

( 4 )  The b u i l d i n g . s h a l 1  b e  clear sp'an w i t h  no i n t e r i o r  columns. 
A l l  w a l l  p a n e l s  and framing s h a l l  be  r i g i d l y  a t t a c h e d  t o  e x i s t i n g  
s t e e l .  The base  channel  s h a l l  be  cont inuous  r o l l e d  formed ga l -  
van ized  steel Z - base  f lash ing . '  

B. QUALITY C R I T E R I A  
(1) The fo l lowing  s t a n d a r d s  s h a l l  be used where a p p l i c a b l e  i n  
t h e  s t r u c t u r a l  des ign  o f  t h i s  bu i ld ing : '  

( a )  Metal E3uildin.g Manufacturers Assoc i a t i on  "Recommended 
.Design P r a c t i c e  Manual". 

( b )  AISC "steel' Cons t ruc t ion  Manual". 

(c)  AISC "Cold-Formed S t e e l  Desi'gn Manual". 

(dl The American Welding Soc ie ty  "Code Welding i n  Bui ld ing  
Cons t ruc t ion" .  . ,  . 

C. DESIGNLOADS 
(1) V e r t i c a l  l i v e  l o a d s  s h a l l  b e  20 ps f  a p p l i e d  t o  t h e  ho r i -  
z o n t a l  p r o j e c t i o n  o f  t h e  r o o f ,  i n  a d d i t i o n  t o  t h e  a p p l i c a b l e  
dead loads .  

( 2 )  The wind l o a d  on t h e  s t r u c t u r e  s h a l l  be  25  psf v e l o c i t y  . . 

p r e s s u r e  p ropor t ioned  and a p p l i e d  as h o r i z o n t a l  and u p l i f t  
forces acco rd ing  t o  t h e  U. S. Navy Technica l  p u b l i c a t i o n  "NAVFAC 

.DM-2" and as recommended by t h e  MBMA s'Design P r a c t i c e s  Manual". 



D. DEFLECTIONS 
(1) The maximum d e f l e c t i o n  o f  any s t r u c t u r a l  member o r  . p a n e l  
s h a l l  b e  1/240 o f  i t s  span under f u l l  de s ign  load.  

E. SHOP DRAWINGS 
(1) Shop drawings s h a l l  b e  submi t ted  t o  t h e  owner and eng inee r  

p r i o r  t o  f a b r i c a t i o n .  

.O3 I?RODUCTS 
A. BASIC MATERIALS 

~ - - 

(1) A l l  m a t e r i a l s  s h a l l  be  new, unused, a n d . f r e e  from d e f e c t s  
and imper fec t ions .  

B. ROOF AND WALL PANELS 
.(1) A l l  r oo f  and w a l l  pane l s  s h a l l  be  r o l l  formed from z i n c  
c o a t e d  s h e e t  s teel  conforming t o  ASTM A-446, Grade B, w i t h  a  
1.25- oz.  z i n c  c o a t i n g .  A l l  p a n e l s  s h a l l  have a t  l e a s t  2 i n c h  
deep  i n t e r l o c k i n g  r i b s .  

( 2 )  Pane l s  s h a l l  be  a t  least 26 gage th i ckness .  

( 3 ) '  Pane ls  s h a l l  have f a c t o r y  a p p l i e d  a c r y l i c  enamel f i n i s h .  
Color  s h a l l  be  chosen i n  c o n s u l t a t i o n  w i t h  t h e  owner w i t h  t h e  
e x a c t . c o l o r  be ing  s e l e c t e d  from one o f  s u p p l i e r s  s t a n d a r d  c o l o r s .  

C. STRUCTURAL FRAMING MEMBERS 
(1) A l l  s t r u c t u r a l  f raming members s h a l l  be  ASTM A36 s t e e l ,  
and s h a l l .  be  given a  shop prime c o a t  o f  r e d  ox ide  p a i n t .  

2 The b a ~ e  ohannel  s h a l l  receive a 1.25 ox. z i n c  coating. 

D. MISCELLANEOUS METALS 
(1) A l l ,  eave  t r i m ,  f a s c i a ,  and b a s e .  f l a s h i n g  s h a l l  be  f a b r i c a t e d  
from c o l d  formed s h e e t  s t e e l  conforming t o  ASTM A-446, Grade B,  
w i t h  1 .25 oz.  o f  z i n c  coa t ing .  Eave t r i m  and f a s c i a  t o  have 
f a c t o r y  a p p l i e d  a c r y l i c  enamel f i n i s h  t o  match b u i l d i n g  c o l o r .  

( 2 )  A l l  sheet m e t a l  screws s h a l l  be C las s  #410 stainless steel ,  
and s h a l l  have neoprene washers conforming t o  ASTM D735. 

E. ATTACHMENT BOLTS, NUTS, AND FITTINGS 
(1) Attachment b o l t s ,  n u t s ,  and f i t t i n g s  s h a l l  be  i n  accordance 

w i t h  ASTM A307 and s h a ' l l  be  e l ec t ro -ga lvan ized  conforming t o  
ASTM A164. F i t t i n g s  s h a l l  be  e l ec t ro -ga lvan ized  conforming t o  
ASTM A123. 



F. CAULKING 
(1) Caulking s h a l l  be  ",~remc& ~ono la s tomer i c " .  

G. DOORS 
(1) The door s h a l l  be  s i z e d  and a s  shown on t h e  

drawings. . The, door s h a l l  b e  1 3/4" t h i c k  f l u s h  type  w i t h  f a c e  
s h e e t s  'of 18 g a g e s t e e l  s h e e t s ,  s t i f f e n e d  wi th  honeycomb type  
s t i f f e n e r s .  Re inforc ing  channe ls  s h a l l  be  1 4  gage z i n c  coa ted  
steel.  

(2 )  Door frames s h a l l  be o f  16 gauge z inc  coa t ed  s t e e l .  Thresh- 
hold  s h a l l  be ex t ruded  aluminum w i t h  v i n y l  s e a l ,  cont inuous 
a c r o s s  width  o f  opening.  Door s h a l l  have w e a t h e r s t r i p p i n g  a t  
head and jambs and s h a l l  b e  Pemko X303A o r  approved equa l .  

( 3 )  D o o r s h a l l  be  f i t t e d  w i t h  s t a n d a r d  passage l a t c h  hardware 
o f  approved des ign  and manufacturer .  

( 4 )  S e r v i c e  door  t o  be minimum o f  8 '-0" x  7'-0". push-up ope- 
r a t i o n ,  Kinnear Type FM-10 o r  equal.. '  Furn ish  and i n s t a l l  com- 
p l e t e  w i t h  c u r t a i n ,  gu ides  ,. coun te r  b a l a n c e ' ,  b r a c k e t s ,  hoods 
and p a i n t e d  w i t h  r u s t  r e s i s t a n t  p r imer .  Jambs . . and head g i r t  
t o  be 1 4  gauge steel.  

H. INSULATION 
(1) ~ 1 1  e x t e r i o r  w a l l s ,  f l o o r  and roof  s h a l l  r e c e i v e  i n s u l a -  
t i o n .  I n s u l a t i o n  s h a l l  b,e o f  t h e  r o l l e d ,  f i b e r  g l a s s ,  b l a n k e t  
type  f o i l  f a c e d v i n y l  r e i n f o r c e d  vapor b a r r i e r .  The i n s u l a t i o n  
s h a l l  be of  t h e  r e q u i r e d  t h i c k n e s s  and d e n s i t y  t o  p rov ide  'U' 
f a c t o r  n o t  exceeding.22 BTU/HR/SQ. FT/OF. . . 

- 0 4  INSTALLATION - - -  - - 

A. FOUNDATION 
(1) The founda t ion  w i l l  be t h e  s teel  columns mounted on t h e  
e x i s t i n g  wood deck and beams. 

B. B U I L D I N G  SHELL 
(1) A cont inuous bead o f  cau lk ing  s h a l l  be a p p l i e d  t o  t h e  in -  
s i d e  edge of  t h e  base  channel .  

( 2 )  Wall pane l s  s h a l l  be  f a s t e n e d  t o  suppor t s  w i t h  s e l f  t app ing  
s h e e t  m e t a l  screws.  w a l l  p ane l s  shall be cont inuous from 
base  t o  eave.  

( 3 )  Roof pane l s  s h a l l  be  a t t a c h e d  t o  framing w i t h  s t a i n l e s s  
s t e e l  weather  s e a l e d  screws.  The roof pane l s  s h a l l  overhang 
t h e  e x t e r i o r  w a l l  l i n e  by approximately  6 i nches  o n - a l l  s i des .  

( 4 )  F a s c i a  s h a l l  be a p p l i e d  t o  a l l  s i d e s  o f  t h e  roof  and eave 
t r i m  s h a l l  be  a p p l i e d  t o  t h e  i n t e r s e c t i o n  o f  t h e  w a l l  and roof 
pane l s .  



( 5 )  Base channe l  a t  t o p  o f  c u r b  s h a l l  be  anchored w i t h  3 /8"  
d iame te r  anchor  b o l t s  a t  16"  O/C. 

( Weatherproof seals s h a l l  b e  provided around a l l  pane l  
p e n e t r a t i o n s  o f '  frame work o r  p ip ing .  
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SECTION 1501 

GENERAL PROVISIONS 

.01 CONDITIONS OF THE CONTRACT 

A. The Conditions of the Contract (General Sections, Supple- 
mentsry Sections and all other Conditions) and the General 
i3equi::ements (All Sections of Division I) are hereby made a 
part of this Section. 

. G2 - REGULATIONS AlJD CODES 

A. The work, materials and equipment covered by these speci- 
fications shall compiy in all respects with the requirements of 
State, Cc-~nty, and City applicable ordinances, regulations and. 
cades. In addition, the following published standards shall be 
azhered to: 

American Institute of Steel Construction 
Institute of Electrical and Electronic Engineers 
American Society of Mechanical Engineers 
American Society for Testing Materials 
American Standards Association 
American Welding Society 
National Bureau of Standards 
National Electric Code 
American Standard Mechanical Engineers Rules for 

Pressure Tanks 
State Codes which apply to Plumbing and  eating Work 
Ali local codes which apply to Heating Work 
State Industrial Commission 
American Society of Heating, Refrigeration and 

Air Conditioning Engineers. 
Institute of Boiler and Radiator Manufactuxers (I.B.R.) 
National Insulating Manufacturer's ~ssociation (N.I.M.A.) 

B. TLis shall not permit a lower grade of construction when 
plans or specifications call fox workmanship or materials in 
excess of code requirements. 

.03 ' 'm@IARY .OF 'SYSTEMS 

A. The following systems will be incorporated into the build- 
ing xith specific equipment and labor related thereto as 
described in this Division 15. 



(1) S a n i t a r y  sewers  and d r a i n s  w i th  connec t ions  
t o  b u i l d i n g  sewer as shown on p l ans .  

(2) Steam and condensate  p i p i n g  system and equipment 

( 3 )  H0.t: w a t e r  h e a t i n g  system, i n c l u d i n g  p i p i n g ,  
connec t ions  t o  b o i l e r ,  pump, etc. 

( 4 )  P r o c e s s  Water System 

( 5 )  Assoc ia t ed  e lect r icdl  t empera ture  c o n t r o l  
sys tems.  

( 6 )  S o l a r  c o l l e c t o r s .  

. 0 4  GENERAL 

A .  The'se p l a n s  and s p e c i f i c a t i o n s  fofrn a guide f o r  a complete 
; 4.- & : -. - - , ,ation and where an i t e m  i s  n o t  s p e c i f i c a l l y  mentioned 
:nZ i s  r e ~ s o n a b l y  n e c e s s a r y  f o r  a complete i n s t a l l a t i o n ,  t h e  
C o n t r a c t o r  s h a l l  f u r n i s h  such  items under  h i s  c o n t r a c t  wi th-  
cs t  a d d i t i o n a l  c o s t  t o  t h e  Owner. 

3. 
- .  

The C o n t r a c t o r  s h a l l  f a m i l i a r i z e  h imse l f  w i t h  t h e  e x i s t i n g  
c c ~ c ~ t i o n s  o f  t h e  proposed p r o j e c t .  I n  no case w i l l  e x t r a  charges  
be a l lowed because  of  f a i l u r e  of  t h e  C o n t r a c t o r  t o  a c q u a i n t  
h ims? l f  w i t h  a l l  e x i s t i n g  c o n d i t i o n s .  

C.  These drawings s h a l l  n o t  be  s c a l e d  t o  o b t a i n  e x a c t  
dimension.  

D .  Where connec t ions  a r e  made t o  equipment f u r n i s h e d  by 
c t h e r s ,  t h e  C o n t r a c t o r  s h a l l  o b t a i n  e x a c t  l o c a t i o n  of connec t ions  
from pe r sons  f u r n i s h i n g  s a i d  equipment. 

- 
C. The major  p i p i n g ,  and equipment are shown on t h e  
drawings and c a l l e d  f o r  i n  t h e s e  s p e c i f i c a t i o n s .  Any d e t a i l  
n o t  clear t o  t h e  C o n t r a c t o r  s h a l l  be  r e f e r r e d  t o  t h e  Engineer 

' f o r  s l a r i f i c a t i o n  b e f o r e  b i d s  are submi t ted .  I f  no q u e s t i o n  is 
raised p r i o r  t o  t h e  opening of  b i d s  o r  award of c o n t r a c t ,  t h e  
C o a t r a c t o r  w i l l  b e  o b l i g e d  t o  i n s t a l l  t h e  work i n  ques t i ' an  with- 
o-..% a d d i t i o n a l  c o s t ,  as d i r e c t e d  by t h e  Owney whose d e c i s i o n  
s h a l l  be f i n a l ,  . 

F. A l l  work s h a l l  be  performed i n  a n e a t  and workmanlike 
manner by men s k i l l e d  i n  t h e  t r a d e .  

G. T h i s  S e c t i o n  ( 1 5 0 1 )  a p p l i e s  t o  a l l  t h e  work under t h e  
l-lzcki a n i c a i  C o n t r a c t  and i n c l u d e s  f u r n i s h i n g  af l m a t e r i a l s ,  
equ isment ,  and l a b o r  t o  make a complete mechanical  i n s t a l l a t i o n  



:: s s e c i f i e d  under D iv i s ion  #15 i n c l u d i n g  Plumbing, Heat ing,  
Tenpera ture  Con t ro l s ,  I n s u l a t i o n ,  e t c .  

. 0 5  SUfiSTITUTION OF MATERIALS 

,:. Manufacturer 's  names and c a t a l o g  numbers mentioned i n  
ti?ese s p e c i f i c a t i o n s  nave been us'ed t o  d e s i g n a t e  t h e  t ype  and 
: z a l i t y  of m a t e r i a l s  o r  equipment d e s i r e d .  Produc ts  by o t h e r  
i a n u f a c t u z e r s  equa l  t o  t h o s e  s p e c i f i e d  may be used s u b j e c t  t o  
t. . . .  : pro- isi ions of t h e  General  Condi t ions ,  and Supplementary 
General Condi t ions .  

- 0 6  MATERIALS AND EQUIPMENT 

A. A l l  equipment and m a t e r i a l s  used f o r  t h e  work i n  t h i s  
co:-- tract  s h a l l  be new and of  t h e  makes and t y p e s  as l e t  and 
cc;...ltracted f o r .  This  Con t r ac to r  i s  p o s i t i v e l y  p r o h i b i t e d  
frs?:, us ing  secondhand or used m a t e r i a l s  and equipment. 

A. T h i s  Con t r ac to r  s h a l l  b e  r e s p o n s i b l e  f o r  t h e  p rope r  i n -  
s t a l l a t i o n  and working of e v e r y t h i n g  i n  t h i s  c o n t r a c t  and 
s h a l l  g a a r a n t e e  t o  remedy f r e e  of charge any d e f e c t s  i n  work- 
manshi? and m a t e r i a l s  t h a t  g i v e s  rise t o  t r o u b l e  of any k ind  
f o r  a  p e r i o d  o f  1 2  months from t h e  t ime  of f i n a l  accep tance  
o f  h i s  work. 

-. 
U .  This  Con t r ac to r  s h a l l  p l a c e  a l l  systems i n  o p e r a t i o n  and 
make a l i  ad jus tments  r e q u i r e d  t o  i n s u r e  p rope r  o p e r a t i o n  and 
t o  o b t a i n  t n a  r e s u l t s  d e s i r e d .  

.08  SBOP DRAWINGS 

.Y. The r e l a t e d  s e c t i o n s  of t h e  General  and S p e c i a l  Condi t ions  
c2 the General  S p e c i f i c a t i o n s  r e g a r d i n g  Shop Drawings s h a l l  be 
ansr.,ed by t h i s  s e c t i o n  of  t h e  s p e c i f i c a t i o n s .  

-. 
3. T h i s  Con t r ac to r  must submit  shop drawings on a l l  t h e  major 
it.zirt, of  equipment s p e c i f i e d  h e r e i n a f t e r .  Shop drawings must 
i:'.~. s u p p l i e d  i n  a t  l e a s t  seven ( 7 )  c o p i e s  and must be  com?lete 
and s i m i l a r  t o  a l l  t h e  components o f  t h e  s p e c i f i e d  a n d ' d e s i g n  
equipnent .  

C. A l l  shop drawings must be accompanied by a l e t t e r ,  
on t h e  C o n t r a c t o r ' s  l e t t e r h e a d ,  s t a t i n g  t h a t  t h e s e  drawings 
have been checked by t h e  Con t r ac to r  a s - t o  c a p a c i t i e s ,  p h y s i c a l  
d inens ions ,  space  requi rements  and l i m i t a t i o n s ,  appurtenances ,  
worki~anship,  appearance and any and a l l  o t h e r  neces sa ry  
d e t a i l s  a s  s p e c i f i e d .  



D. L e t t e r  must i t e m i z e  each shop drawing f o r  each p i e c e  of 
equipment submitted.  

E. Cont rac to r  s h a l l  n o t  e n t e r  i n t o  any w r i t t e n  o r  o r a l  agree- 
ment u n t i l  manufacturers  and t h e i r  equipment have been submit ted 
t o  and approved by t h e  Engineers 

F. F a i l u r e  t o  check t h i s  equipment and submi t t a l  of a l e t t e r  
w i t h  t h e  shop drawings w i l l  r e s u l t  i n  r e t u r n  of  same t o  t h e  
Cc:t:ractor. Submit ta l s  w i l l  n o t  be processed u n t i l  r e t u r n  of 
t h e  shop drawings i n  compliance with above paragraph. 

G, Approval of shop drawings by t h e  Engineer s h a l l  i n  no 
way r e l i e v e  t h e  Contrac tor  of h i s  r e s p o n s i b i l i t y  f o r  c o r r e c t  
performance of  t h e  equipment, o r  f o r  f u r n i s h i n g  a l l  t h e  m a t e r i a l s  
and equipment s p e c i f i e d  o r  noted on t h e  p lans ,  although n o t  
s p e c i f i c a l l y  shown on t h e  shop drawings, 

. 0 9  PERMITS, LICENSES, FEES AND SERVICE CHARGES 

A, A l l  permi ts ,  l i c e n s e s ,  f e e s  and s e r v i c e  charges r equ i red  
i n  connect ion w i t h  t h i s  work s h a l l  be secured and pa id  f o r  by 
the i n s t a l l a t i o n  c o n t r a c t o r  and upon completion of t h e  work he 
s h a l l  f u r n i s h  t h e  Owner wi th  proof of acceptance of a l l  work 
from t h e  proper  l o c a l  o r  S t a t e  Department having j u r i s d i c t i o n .  

-10 CLEAN IlJG 

A, T h i s  Cont rac tor  s h a l l  be r e spons ib le  f o r  t h e  rough clean-  
i n g  of  a l l  s c r a p  m a t e r i a l s  l e f t  on t h e  job by men working under 
this c o n t r a c t .  This s h a l l  be meant t o  inc lude  preliminary 
c lean ing  of a l l  equipment and p ip ing  i n s t a l l e d  m d e r  this con- 
t r a c t  and t h e  removal of p ieces  of p ipe ,  p ipe  c u t t i n g s ,  i n s u l -  
a t i o n ,  e t c .  

B. T h i s  Cont rac tor  s h a l l  l e a v e  h i s  work and work a r e a  broom 
c l e a n  so that the f i n i s h  c leaning  by t h e  company i s  a l i g h t  cleanup. 

C. T h i s  Cont rac tor  s h a l l  p l a c e  plywood, Visqueen or o t h e r  
s u i t a b l e  m a t e r i a l  on t h e  f l o o r  of h i s  work a r e a  t o  prevent  
o i l  and g rease  from s t a i n i n g  t h e  f l o o r .  

D. A f t e r  t h e  new Hw,.and steam systems a r e  completed t h i s  
Con t rac to r  shaY.1 tkprpdghly f l u s h  t h e  e n t i r e  system t o  a d r a i n  
u n t i l  t h e  system runs  c l ean  and c l e a r .  

E. Systems w i l l  n o t  be accepted u n t i l  t i g h t  and c iean .  

F. Spec ia l  c a r e  s h a l l '  be taken t o  ream and c lean  a l l  new 
p ip ing  b e f o r e  i n s t a l l a t i o n '  and connection t o  i n s u r e  minimum 
d i r t  i n  t h e  new i n s t a l l a t i o n .  



G. Con t r ac to r  s h a l l  thoroughly c l e a n  t h e  HTW and steam hea t -  
i n g  system. During t h e  c l e a n i n g  o u t  p roces s  o f  steam system 
he s h a l l  by-pass r e t u r n  mains,  remove be l lows  on t r a p s  and 
waste condensate  t o  sewer. The HTW system s h a l l  be thoroughly 
f l u s h e d  us ing  o n l y  t h e  water des igna t ed  by t h e  company, 

The C o n t r a c t o r  s h a l l  " b o i l t t  o u t  h o t  water l i n e s  w i t h  a  chemical 
a s  recommended by a l o c a l  chemical  s u p p l i e r  t h a t  i s  f a m i l i a r  
w l th  the  b u i l d i n g  water c o n d i t i o n s ,  b e f o r e  he  p u t s  t h e  system 
i n t o  o p e r a t i o n ,  c o n s u l t  w i t h  t h e  company. 

.11 START-UP AND CHECKOUT 

A. Upon completion'  o f  t h e  i n s t a l l a t i o n  of  t h i s  sys tem,  and 
a f t e r  t h e  t e s t i n g  o f  each i n d i v i d u a l  e lement ,  component, and 
senso r ,  t h e  c o n t r a c t o r  s h a l l  p a r t i c i p a t e  i n  t h e  s t a r t - u p  and 
checkout of  t h e  system which w i l l  be d i r e c t e d  by t h e  owner and 
m o n i t ~ r e d  by t h e  company. 

B. S ~ a r t - u p  w i l l  c o n s i s t  o f  f i . l l i n g  t h e  HTW loop  w i t h  conden- 
s z t e ,  charg ing  t h e  HTW loop w i t h  N 2 ,  s e t t i n g  t h e  HTW loop  flow, 
2,:s o p e r a t i n g  t h e  f i e l d  f low pump w i t h  t h e  c o l l e c t o r s  stowed- 

. Checkout w i l l  c o n s i s t  o f  c y c l i n g  t h e  s o l a r  c o l l e c t o r s  and 
trac1:ing t h e  sun t o  h e a t  t h e  wa te r  i n  t h e  HTW loop,  Checkout 
will i n c l u d e  a d j u s t i n g  and tun?.ng t h e  system u n t i l  p roces s  
s t e a ~  i s  genera ted .  

-12 MODIFICATIONS TO PLANS AND SPECIFICATIONS 

A . .  Throughout t h e  cou r se  o f  t h e  work, minor changes and 
ad jus tments  t o  t h e  p l a n s  and s p e c i f i c a t i o n s  may be r eques t ed  
by t: .e- owner. The Con t r ac to r  s h a l l  make such ad jus tments  
w i thou t  a d d i t i o n a l  c o s t  t o  t h e  Owner, where such ad jus tments  
a r e  necessary  t o  the prope r  i n s t a l l a t i o n  and o p e r a t i o n  and 
w i t h i n  t h e  i n t e n t  o f  t h e  Con t r ac t  Documents. 

. I 3  CONNECTIONS AND LAYOUT 

A. I t  s h a l l  be  t h e  r e s p o n s i b i l i t y  o f  t h i s  Con t r ac to r  t o  make 
c o n n ~ c t i c n s  a t  t e r m i n a l  p o i n t s  o f  c o n t a c t ,  The p i p i n g ,  duct-  
i n g  ail2 equipment, e t c . ,  may b e  shown w i t h  exces s  c l e a r a n c e s  
f o r  c l a r i t y .  However, t h e  Con t r ac to r  s h a l l  group p i p e  and 
a r r ange  a11 d u c t s  and equipment t o  p r e s e n t  a ne'at and workman- 
l i k e  appearance and t o  avoid  b lock ing  o f  passageways. 



B. The Contractor shall store his materials and equipment 
in such a place and in such a manner, that a minimum of congestion 
will result. The placing of such materials and equipment shall 
be subject to the gpproval of the Owner. 

C. Shoull the drawings disagree in themselves, or with the 
specifications, the better quality or greater quantity of work 
or materials shall be provided and unless noted otherwise the 
specifications shall govern. All items specified whether shown 
011 p:Lans or not shall be installed as if shown on plans and 
specified. 

.14 INSPECTION OF SITE 

A. Before submitting a proposal on the work contemplated, 
each bidder shall examine the site and familiarize himself 
with all existing conditions and limitations. No extras will 
be allowed because of the Contractor's misunderstanding as ta 
the amount of work involved or his lack of knowledge of any 
existing conditions. 
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BASIC -UTERIALS AND METEODS 

-01 CONDITIONS OF'. THE COIJTPACT' ., 

A. The Conditions of the Contract (,General, Supplementary and 
other Conditions), General Requirements (Sections of Division 1) 
and the General Provisions, Section 1501 are hereby made a part 
of this Section. . . 

-02 . SCOPE 

A. This Section applies to all the work under the Mechanical 
Contract and Division 15 and includes all materials, equipment 
and labor required to make a complete and acceptable mechanical 
installation of plumbing, heating, ventilating, refrigeration, 
insulation and temperature control systems, steam heating, etc. 

.03 ELECTRIC' WI'~~ING 

A. Ail motor starters, pushbutton& and. H.0.A. switches will 
be supplied under ~ivision 1500 and all wiring to starter will 
be furnished and installed imder Division 16,. unless herein 
specified otherwise. 

All motor s.tarters thatare required with electrically operated 
equipment specified herein shall be furnished by this Contractor, 
and delivered to the .site. 

It shall be the responsibility of this Contractor to caution 
iris supplier of motors. to check carefully the motor character- 
istics and to . supply . the starter to meet the specifications. 

Furnish nameplates with starters, designating service in 3/8" 
letters. 

All miscellaneous wiring required for complete installation under 
tlris Division will be done by,this Contractor. All wiring to 
meet rules of'the National.Electrica1 Code. All wiring diagrams 
required shall be. furnished ,by this Contractor. 

Power for motors '1 h.p. and bver 'shall be 600 volts, 60 cycle, 
and 3 phase.. Power for :motors less than. 1' h . p .  shall be 440 
volts, 3 phase, 60 cycle. Starters are required for all motors 
1/2 h.p, and over, starter to contain a '110 volt transformer 
aad a set of W.C.. and a set of N.0. contacts and be equipped with 
a 1i.O.A. switch in cover unless noted otherwise. 



.04 TESTS 

A .  Test  a l l  new steam and condensate r e t u r n  hea t ing  '. 

systems p ip ing  with a  co ld  hydros tac ic  t e s t  of no t  l e s s  than 
100 pounds p e r  square inch. Hot water  p ip ing  t o  be t e s t e d  a t  . 
300 PSIG. 

A l l  of t h e  above t e s t s  s h a l l  be made by t h e  Contrac tor  i n s t a l l -  
i n g  t h e  work a t  h i s  expense and he must f u r n i s h  t o  t h e  Engineer . 
aid Qwner a  c e r t i f i c a t e  of s a t i s f a c t o r y  t e s t .  

. 0 5  PIPE SLEEVES 

A.  Sleeves . s h a l l  be provided i n  p l a c e  f o r  a l l  p ipes  pass- 
ing  through b r i c k ,  concre te  o r  masonry f l o o r s ,  w a l l s  and 
roofs  and s h a l l  be 1 / 2 "  g r e a t e r  i n  i n s i d e  diameter than  t h e  
e x t e r n a l  diameter of t h e  p ipe  and i n s u l a t i o n  ( i f  r equ i red)  
pass ing  through. 

B. A l l  s l e e v e s  s h a l l  be f a b r i c a t e d  of new m a t e r i a l ,  c u t  
square and reamed. 

C. Sleeves through e x t e r i o r  bu i ld ing  w a l l s  above grade s h a l l  
be Schedule 4 0  s t e e l  pipe i n s t a l l e d  f l u s h  wi th  t h e ' f i n i s h e d  
su r faces  and caulked ~ e t w e e n  s l e e v e s  and p ipe  wi th  oakum and 
lead  t o  provide a weather t ight  j o i n t .  

D. Sleeves. through p a r t i t i o n  w a l l s  and f l o o r  s l a b s  i n  exposed 
areas .  shall fie 22 ' gauge .galvanized i r o n  extending through t h e  
f u l l  t h i ckness  o f ' t h e  wall or floor and s h a l l  be f l u s h ' w i t h  
the f i n i s h e d  su r faces .  

E. Pack t h e  space between a l l  sleeves and p ipes  with h e a t  
r e s i s t a n t  packing and i n s t a l l  1" depth of p l a s t i c  caulking 
compound f lush  w i t h  t h e  t o p  of the s leeve .  

F. P l a s t i c  caulking compound s h a l l  be Prestite o r  Dura-gum. 

G. Sleeves s h a l l  be set and maintained i n  p lace  by t h i s  
Contractor  during t h e  progress  of t h e  work and during t h e  
pouring of t h e  f l o o r  s l a b s  o r  wal l s .  

.06 FLOOR, WALL AND CEILING PLATES 

A .  Furnish and i n s t a l l  on a l l  p i p e s  pass ing  through c e i l -  
ings ,  w a l l s ,  o r  p a r t i t i o n s  i n  exposed a r e a s ,  Crane No. 13  BC 
wal l  o r  c e i l i n g  p l a t e  wi th  s e t  screw t o  f a s t e n  t o  pipe.  A l l  
p l a t e s  s h a l l  be chrome p l a t e d  and s h a l l  be a  t least 1/32" 
th ick .  N o  f l o o r  p l a t e s  w i l l  be r equ i red  where s l e e v e s  extend 
above t h e  f l o o r .  
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A. Vent s t a c k s  from sewer, s o i l ,  was t e  and r a i n  p i p e s  
s h a l l  be  ex tended  a t  l e a s t  12 i n c h e s  above t h e  roof and s h a l l  
be encased i n  ga lvan ized  i r o n  f r o s t  proof  j a c k e t s ,  Moore #1, 
having  an a i r  s p a c e  o f  a t '  l e a s t  1" between t h e  o u t s i d e  su r -  
face of  t h e  p i p e  a n d , t h e  i n s i d e  a u r f a c e  o f  t h e  f r o s t  j a c k e t .  
The t o p  of  t h e  f r o s t  j a c k e t  s h a l l  be  des igned  t o  pe rmi t  t h e ,  
i r ~ s e l . t i o n  t h e r i n  o f  a t e s t i n g  p lug  of  such form t h a t  i t  can 
be r e a d i l y  s e e n  u n t i l  removed and s a i d  p l u g  s h a l l  be  removed 
a t  once a f t e r  a f i n a l  i n s p e c t i o n  has  been made and approved. 
The v e n t  p i p e s  s h a l l  be c a s t  i r o n  where t hey  p a s s  through t h e  
roo f  and t h e  minimum s i z e  .of  any v e n t  where it passes  through 
t h e  r o o f '  s h a l l  be  2 i nches .  

. 0 8  UNIONS 

A. Steam and condensa te  unions  f o r  screwed p i p e s  3" and 
s n a l - l e r  s h a l l  be  G r i n n e l l  ' ~ i g u r e  463  b ronze  t o  i r o n  ground 
j o i n t ,  150 pound w.s.p. w i t h  hexagonal n u t .  

.p 0. Unions on h o t  wa te r  sys tem t o  be G r i n n e l l  F i g u r e  459 f o r  
300 l b .  working p r e s s u r e .  

. 0 9  VALVES 

A. Fu rn i sh  and i n s t a l l  a l l . v a l v e s  i n d i c a t e d  on t h e  drawings 
o r  r e q u i r e d  f o r  t h e  p rope r  s e c t i o n a l i z i n g  o r  o p e r a t i o n  of  t h e  
d i f f e r e n t  p i p i n g  systems.  . I n s t a l l  g a t e  v a l v e s  on a l l  i nd iv -  . .. 
i d u a l  equipment. 

. . 

B. A l l  v a l v e s  s h a l l  b e a r  t h e  manufac tu re r ' s  name and p r e s s u r e  
r a t i n g  s h a l l  be stamped o r  i n s c r i b e d  on each  va lve .  The. fo l lowing  
i s  a  s chedu le  of  t h e , v a l v e s . u s i n g  Powell v a l v e  numbers u n l e s s  
no ted  o the rwi se .  Valves of Crane, Lunkenheimex manufacture, 
f u l l y  complying w i t h  t h e  s p e c i f i c a t i o n s ,  w i l l  be accep ted  a s  equal: 

. I n s t a l l  v a l v e s  on a l l  p i p i n g  t o  t a n k s ,  pumps, and 
a l l  l o c a t i o n s  shown on p l a n s  and a l l  o t h e r  l o c a t i o n s  neces sa ry  
f o r  removal of equipment and where xeasonably can be expected 
f o r  maintenance.  

D . '  Hot Water Hea t ina  

1. C o l l e c t o r  i n l e t  v a l v e s  s h a l l . b e  % "  globe  type  
v a l v e s  f a r  modula t ion  (Powell  2 6 1 2  o r  e q u i v a l e n t ) .  
C o l l e c t o r  o u t l e t  v a l v e s  s h a l l  be si"' g a t e  t.ype 
v a l v e s  f o r  i s o l a t i o n  (Powe11.2377 o r  e q u i v a l e n t ) .  

2 .  A l l  b a l l  v a l v e s  t o  be Worcester  model 
#466-300 w i t h  poly  f i l l e d  s e a l  and have com- 
p l e t e  s h u t  o f f  a t  300 PSIG and 4 0 0 ~ ~ .  

1510 - 3 



F.  Check Valves 
Fu rn i sh  and i n s t a l l  check va lve  i n  . t h e  d i s c h a r g e  l i n e  o f  
condensate  pump. Check v a l v e s  s h a l l  be i q s t a l l e d  c l o s e  t o  pump. 

G. ' Steam and Condensa te  and High Temperature Hot Water 
v a l v e s  n o t  r e a d i l y  a c c e s s i b l e  f r o m . t h e  f l o o r  of equipment . - - 

room s h a l i  be f u r n i s h e d  w i t h  . cha in  wheel and cha ins .  

Valves w i th  hand wheels which c a u s e  i n s t a l l a t i o n  d i f f i c u l t i e s  
s;iail. be prov ided  w i t h  r a t c h e t .  handle .  

The fo l lowing  typ.es o f  v a l v e 3  s h a l l  be  used: 

VALVE SCXEDULE 

- 1 0  ..VALVE TAGS 

r....-.----.' 

1Llne 
k 

s t m  

Cunden- 

i s a t e  
I 

1 XTHW 

A. Brass  o r  p l a s t i c  va lve  t a g s . s h a l 1  b e  prov ided  f o r  a l l  
new va lves .  Tags s h a l l  be  stamped w i t h  v a l v e  purpose o r  s e r v i c e  
a n d . s h a l 1  b e . a t t a c h e d  t o  t h e  , va lve  handles  w i t h  b r a s s  w i re .  

B. Valves a d j a c e n t  t o  equipment t hey  s e r v e  n e e d  n o t  be  tagged  
provided t h a t  t h e i r  f u n c t i o n  i s  obvious and provided  t h a t  t h i s  
Con t r ac to r  has  t h e  approva l  o f  t h e  owner t o  d e l e t e  t h e  t a g s .  

C.  A l i s t  of a l i  v a l v e s  s h a l l  be. l e f t  w i t h  t h e  company a long  
wi th  a  marked up s e t  of drawings .showing l o c a t i o n s  o f  a l l  va lves .  

G a t e  

Smal ler  Larger  

' :11 ANCHORS AND G U I D E S  . . 

375 

3714 

2377 

A.' . Furn i sh  and i n s t a l l  a i l  neces sa ry  anchors  and gu ides  i n  
connec t ion  w i t h  t h e  v a r i o u s  p i p i n g  sys t ems . .  Anchors s h a l l  
be  s e c u r e l y  f a s t e n e d  t o  t h e  b u i l d i n g  s t r u c t u r e  and s h a l l . b e  

Globe 1 

2" 
Smal le r  Larger  

1503 
. . 

1793 

3003N 

Check 
1 1 / 2 "  an  
Smal le r  

'2608 

2600 

2612 

560 

500 

,1239 Y 

1531 

- 241 

3031 

1561 

559 

1239 Y - 



s u f f i c i e n t l y  s t r o n g  t o  overcome t h e  f o r c e s  set up by t h e  
expansion.  Guides s h a l l  be cons t ruc t ed  t o  p rope r ly  gu ide  t h e  
pip.e i n  p rope r  d i r e c t i o n .  

- 1 2  P I P E  HANGERS AND SUPPORTS 

A. Con t r ac to r  s h a l l  f u r n i s h  and i n s t a l l  p ipe  hangers 
and suppor t s  r e q u i r e d  f o r  h i s  work and of va r ious  types  
s p e c i f i e d  h e r e i n  and d e t a i l e d  on t h e  drawings t o g e t h e r  wi th  
a i l  i n s e r t s ,  beam clamps, socke t s ,  b o l t s ,  ' c l i p s ,  o r  rods  t o  
complete a l l  hangers  and suppor t s .  No cha in ,  w i r e ,  s t r a p ,  
o r  p e r f o r a t e d  s t r a p  s h a l l  be  used. Hangers of Gr inne l l  manu- 
f a c t n r e  a r e  s p e c i f i e d  b u t  hangers  of Fee and Mason, Elsen 
o r  Crawford, which comply t o  t h e  s p e c i f i c a t i o n s ,  w i l l  be 
accepted.  

B. A l l  hangers  f o r  p ipes  1/2" and sma l l e r  s h a l l  be Gr inne l l  
s p l i t  r i n g  hanger  F igure  104, complete wi th  . socke ts ,  tu rn-  
buckle  and xed. 

C. Hangers f o r  p ipes  3/4" up through 4 "  s h a l l  be  G r i n n e l l  
w r o u g h t ' c l e v i s  hanger  F igure  260 o r  6 5  complete w i th  rod 
ar,d nu t s .  

D. Hangers on a l l  p ip ing  s h a l l  be  l a r g e  enough t o  encompass 
p ip ing  and i n s u l a t i o n .  

E. The fo l lowing  suppor t  i n t e r v a l s  s h a l l  be  t h e  maximum 
pe rmis s ih l e ,  but shall be c l o s e r  i f  necessary  f o r  proper  
suppor t .  

D i s t w c e  Between Supports 
. . . . .  

'P ipe  'Size,  'Inches Spacing of  Hangers - .  

6 '-0 " Centers  
8 '-0." Centers  

10 '-0'' C e n t . e ~ s  Ih1 PSS 
Noted Otherwise On Plans 

The fo l lowing  rod s i z e s  s h a l l  be  t h e  minimum pe rmis s ib l e  f o r  
pipe i ~ a ~ l y e r s .  

ITanger Rod S i ze s  

P ipe  S i ze ,  -Inches Hanger Rod Dia., Inches  



F. This  Con t r ac to r  s h a l l '  f u r n i s h  'and i n s t a l l  a l l  c r o s s  
members, channe l s ,  b r a c k e t s ,  s p r i n g  n u t s  and b o l t s  and a l l  
i n c i d e n t a l s  necessary  t o  s u p p o r t ' a l l  p ip ing .  

G. Groups o f  p i p e s  'at t h e  same e l e v a t i o n  may be suppor ted  
on t r a p e z e  hangers  u s i n g  U n i s t r u t  P-1001 channe ls  o r  Kindorff  
w i th  th readed  rod connected t o  i n s e r t s .  Furn ish  p i p e  clamps 
t o  c o n t r o l  spac ing  t o  span t h e  o u t e r  s u r f a c e  o f  t h e  i n s t a l l a t i o n .  

H. l n s t a l l  p ipe  s a d d l e s  t o  k e e p  from c r u s h i n g  i n s u l a t i o n  
between p i p e  a n d  hangers  on a l l  p i p i n g  2 "  or ' g r e a t e r  i n  p i p e  
s i z e .  A l l  p i p i n g  less than  2"  . s h a l l  have an . i n s e r t  o f  r i g i d ,  
7 1 / 2  l b .  d e n s i t y  i n s t a l . l e d  a t  e.ach hanger p o i n t .  

I. Saddles  f o r  2"  d n d  l a r g e r  p i p i n g '  s h a l l  b e  f a b r i c a t e d  o f  
16 g.:;lse galvaniz ,ed 'iron.. Saddles .  s h a l l  encompass ' t h e  lower 
one h a l f  o f  t h e  cover ing .  Saddles  s h a l l  have a minimum l e n g t h  
of 6" .  

Zrovide r i s e r  clamps' f o r  suppor t  o f  v e r t i c a l  risers a t  every - - 
f i 0 3 Z .  

J. Furn ish  and i n s t a l l  p ipe  , c o v e r i n g  p r o t e c t i o n  s a d d l e s  where 
i n s u l a t e d  p i p i n g  i s  i n s t a l l e d  on r o l l e r s  and where i n s u l a t e d  
p i p i n g  rests on t rapeze '  hange r s . and  a t  a l l  l o c a t i o n s  where p ipes  
a r e  i n s t a l l e d  o v e r  beams. 

-13 PIPING I N  GENERAL 
. .  . 

A .  A l l  p i p e s  s h a l l  be  run w i t h  a d e q u a t e  g rades  t o  p rov ide  f o r  
p roper  d r a i n i n g .  They must be  thoroughly reamed .and c leaned  
be fo re  i n s t a l l a t i o n .  P ipes  run,  o v e r h e a d . - s h a l l  be  p l aced  a s  
c l o s e  t o  t h e  c e i l i n g s  a s ' p o s s i b l e . t o  ma in t a in  p rope r  headroom 
and t o  p r e s e n t  a n e a t  appearance,  a l l  c o n s i s t e n t  w i t h , t h e  c o r r e c t  
p i t c h i n g  o f  p i p e s .  . The Con t r ac to r  s h a l l  consu1.t t h e  Owner be fo re  
i n s t a l l i n g  any p i p e  l i n e s  which w , i l l  reduce t h e  p rope r  headroom 
i n  any way. P ip ing  s h a l l  be  run as- shown on t h e  drawings,  b u t  
t h e  Owner r e s e r v e s  ' t h e  r i g h t  to.,  make' minor changes,  wi thout  

' e x t r a  charge ,  t o  avo id  i n t e r f e r e n c e . w i t h  o t h e r  work .o r  unfore- 
seen s t r u c t u r a l  i n t e r f e r e n c e .  

B. A l l  h o t  water p i p i n g  s h a l l  be  p i t c h e d  t o  d r a i n  p o i n t s ,  and 
up from mains o r  risers 1 "  i n '  4 0 '  wherever p o s s i b l e .  Provide 
a d r a i n  valve on each low p o i n t .  Drains s h a l l  be  l o c a t e d  i n  
a c c e s s i b l e  l o c a t i o n s .  

C. Heating p ip ing ,  e x c e p t . r u n o u t s ,  must be  p i t c h e d  i n  t h e  
d i r e c t i o n  o f  steam o r  wa te r  flow t o  d r a i n  p o i n t s  and s h a l l  
be s o  i n s t a l l e d  as t o  p r e v e n t ' v i b r a t i , o n  and wate r  . . hammer; 



E c c e n t r i c  r educers  o r  e c c e n t r i c  f i t t i n g s  must be used a t  
a l l  p o i n t s  where p i p e  s i z e s  changes and p a r t i c u l a r  c a r e  s h a l l  
be taken  t o  e l i m i n a t e  a l l  pockets  f o r  lodgement of condensate 
o r  a i r .  

D .  Proper swing j o i n t s  s h a l l  be provided i n  t h e  s p r i n g  
p i e c e s  t.o a l low f o r  expansion i n  t h e  main, t h e  runouts  and 
t h e  risers. 

E. A l l  screw t h r e a d s  must be t ape red  and proport ioned i n  
accordance w i t h  t h e  r e g u l a t i o n s  formally adopted by t h e  manu- 
f a c t u r e r s  of  wrought i r o n  p ipe  and b o i l e r  f i t t i n g s .  A l l  t h reads  
must be c u t  t r u e  and sha rp  and threaded j o i n t s  s h a l l  be pu t  
t o g e t h e r  and made t i g h t  wi th  g r a p h i t e  only as a  l u b r i c a n t .  No 
caulk ing  w i l l  be allowed. A l l  p ipes  must be w e l l  reamed. Par- 
t i c u l a r  c a r e  must be taken toward keeping t h e  p ip ing  system 
c l e a n  during t h e  i n s t a l l a t i o n .  Each l eng th  of p ipe ,  f i t t i n g s ,  
e t c .  must be thoroughly cleaned of a l l  d i r t ,  f i l i n g s ,  e t c . ,  
be fo re  assenbl ing .  

F. Mechanical Cont rac tor  w i l l  check each l eng th  of p ipe  be- 
f o r e  i t  i s  welded i n  p lace  t o  make c e r t a i n  t h e r e  i s  no 
f o r e i g n  m a t e r i a l  ( s tones ,  sand, e tc .1  i n  t h e  h e a t i n g  system. 

. 1 4  PIPE AND FITTINGS 

A. Cont rac tor  s h a l l  f u r n i s h  and i n s t a l l  a l l  p ipes  and f i t -  
t i n g s  r e q u i r e d  f o r  a  complete i n s t a l l a t i o n  of a l l  p ip ing  
systems requ i red  and s p e c i f i e d  under t h i s  Divis ion  15, Mechan- 
i c a l  Mork. A l l  m a t e r i a l  s h a l l  be b e s t  grade of e s t a b l i s h e d  
and reputable manufacturers .  Types and weights  of p ipe  and 
f i t t i n g s  shall conform t o  t h e  fo l lowing o r  approved equal .  

Process  Wa'ter,' W a s ' t e  and Vent Piping: Galvanized S t e e l  

A i l  2 rocess  water ,  rainwater, ,  waste  and ven t  p ip ing  above ground 
s h a l l  be Schedule 4 0  weight galvanized mild s t e e l  p ipe ,  Nat ional  
'2Ube Company manufacture, s c a l e l e s s  type.  

The  f i t t i n g s  f o r  t h e  galvanized,  waste s h a l l  be c a s t  i r o n  
recessed  screwed dra inage  f i t t i n g s ,  t a r  coated i n s i d e  and 
o u t s i d e .  Long sweep f i t t i n g s  s h a l l  be used un less  space 
cond i t ions  greven t . 



F i t t i n g s  f o r  p roces s  wa te r  t o  b e  ma l l eab le  ga lv- i ron .  

Con t r ac to r  may use  i n  l i e u  o f  ga lvan ized  steel  p i p e  f o r  waste  
and v e n t  p ip ing . above  ground t h e  fo l lowing:  Hubless c a s t  i r o n  
s o i l  p i p e  (ClSPpFT-HBLS) ClSPl 301-75, p rov ided  f i t t i n g s  
comply w i t h  requi rements  o f  t h e  a p p l i c a b l e  code and ClSPl 
S tandards  HSN-75. 

C. lledium Pres su re  Steam Pip ing :  Black S t e e l  - A l l  
p ip ing  f o r  medium p r e s s u r e  steam s h a l l  be  Schedule 40, b l ack  
s t e e l  as s p e c i f i e d  above. F i t t i n g s  s h a l l  be  same as above 
s u i t a b l e  f o r  250 p s i  working p r e s s u r e .  

D. Stan.dard Weight Yoloy P ipe  s h a l l  be used f o r  t h e  fo l lowing:  

(1) A l l  s team condensate  r e t u r n  & pumped r e t u r n  l i n e s .  

E. Stea'm, C6nden'sate Return,  Hot Heating Supply and Return 
Pipe Connec.t.i.ons - P i p i n g  s h a l l  be  welded f o r  p i p e  2 "  and 
above.' Pip ing  less t h a n  2 "  s h a l l  be  screwed. 

. . 
(1) Hot wa te r  supply  and r e t u r n  branch l i n e s  s h a l l  b e  
connected t o  mains,  u s ing  a welding f i t t i n g .  Connectors 
from t h a t  p o i n t  t o  a l l  s o l a r  pane l  s h a l l  b e  made by a  
f l e x i b l e  coup l ing  f u r n i s h e d  w i t h  s o l a r  pane l  and t h i s  
c o n t r a c t o r  t o  l e a v e  a  37O f l a r e  f i t t i n g .  

( 2 )  A l l  HTW p i p i n g  t o  be schedule  40 b l ack  s teel  
seamless tub ing .  Welding f i t t i n g s  t o  be  schedule  
40 and screwed f i t t i n g s  schedule  80.  

G. Lubr i ca t ion  - A l l  v a l v e s ,  c l e a n o u t s  and such i t ems  w i l l  
be l u b r i c a t e d  b e f o r e  be ing  i n s t a l l e d .  

. 1'5 WELDING 

A. A l l  welding f i t t i n g s ,  s l i p -on  f l a n g e s ,  e tc . ,  s h a l l  b e  
,Tube-Turn welding f i t t i n g s .  The welding s h a l l  app ly  t o  s t r a i g h t  
runs  o f  p i p i n g  such as mains,  etc. ,  and t o  weld-o-lets  f o r  
branch connec t ions  t o  t h e  mains. Branch o r  runout  p i p i n g  and 
r i s e r s  beyond t h e  weld-o- le ts  s h a l l  be  f a b r i c a t e d  w i t h  screwed 
connec t ions  t o  p rov ide  g r e a t e r  f l e x i b i i i t y  t o  t h e  p i p i n g  arrange-  
ment. Any d e v i a t i o n  from t h i s  s p e c i f i c a t i o n  s h a l l  be  done o n l y  
on a u t h o r i z a t i o n  o f  t h e  Engineer and Owner. 

B. A l l  welding s h a l l  b e  done by a proven welding procedure  
w i th  c e r t i f i e d  and t e s t e d  o p e r a t o r s  and,  i n  g e n e r a l , - b e  i n  
accordance w i t h  t h e  l a t e s t  e d i t i o n  o f  t h e  ASME B o i l e r  Code and 
American S tandard  Code f o r  P r e s s u r e  P ip ing .  I n s i d e  o f  p i p e  
d iameter  must b e  f r e e  from o b s t r u c t i o n  r e s u l t i n g  from improper 
welding o p e r a t i o n .  Samples of each w e l d e r ' s  work s h a l l  be 
submit ted f o r  t e s t i n g  and approva l  i f  r e q u e s t e d  by t h e  Owner. 



C. A l l  p ip ing  over  1 1/2" i n  s i z e  t o  be a r c  welded j o i n t s ,  a 
minimum of two ( 2 )  passes  must be made. Use s t a i n l e s s  s t e e l  
welding rod when welding wrought i r o n  pipe.  

. 1 6  PRESSURE GAUGES - WATER & STEAM 

A. Furnish and i n s t a l l  U . S .  Gauge o r  Ashcroft  p ressu re  
gauges a t  a l l  p o i n t s  of  pressure  change i n  t h e  systems. Pressure  
gauges s h a l l  have a range equal  t o  1 1 / 2  t imes t h e  h ighes t  
operzking p ressu re .  Gayges s h a l l  have 4 1 /2"  d i a l  f a c e  and 
be l e - ~ t e r e d  t o  i n d i c a t e  t h e  u n i t s  of measurement. 

B. Gauges on water  systems s h a l l  be Ashcroft  #lo10 without 
p i g t a i l s  and provided wi th  Ashcroft  #1106 S e r i e s  p u l s a t i o n  
dampener and #lo92 gauge cock. 

C. Gauges on steam system s h a l l  have p i g t a i l  and cock. 

D. Gauqes of Crosby, Konkle, and T r e r i c e  w i l l  be accepted 
provided t h a t  they  f u l l y  comply wi th  t h e  spec i f i ca t ions ;  

.17 P I P I N G  SPECIALTIES 

A.  S t r a i n e r s  Steam - Provide "Y" type s t r a i n e r s  with 
monel s c r e e n s  ahead of a l l  t r a p s  (other  than  r a d i a t o r  t r a p s )  and 
p r e s s u r e  reducing va lves  and c o n t r o l  valves.  S t r a i n e r  s h a l l  
be designed f o r  l i n e  p ressu re  and s h a l l  be complete with valve,  
and plug on blow-off. Equal t o  Armstrong 125# design. I l l i n o i s ,  
Hoffman acceptable .  

B. Rel'ief Valves - S i z e  a s  requi red  f o r  equipment c a p a c i t i e s .  
. .  . 

C. F '&' T ,' - ' Furni'sh 'and' ' i h s t a ' l ' l  f l o a t  and 
and t h e  TRermosta€ic .fr%ps a t  t h e  ends ':of a l l  .med. -pressure steam 
mains and a t  a l l  major dr ip  p o i n t s  and on s t e a n " f e d  equipment 
Ghere i n d i c a t e d  on t h e  drawings. Ahead of each  f l o a t  and 
the rmos ta t i c  t r a p ,  f u r n i s h  and i n s t a l l  a g a t e  va lve ,  an o f f s e t  
type  s t r a i n e r  and a union. P lace  a l l  d r i p  t r a p s  i n  approved 
a c c e s s i b l e  l o c a t i o n s  t o  f a c i l i t a t e  s e r v i c e  and r e p a i r s .  Drip 
t r a p s  s h a l l  be  of  'Armstrong Manufacture. 

. . 

8 '  ' ' ' ' 'EXPANSION 'JOINTS AND COMPENSATORS 

A. Where expansion j o i n t s  a r e  r equ i red  they are shown on che 
drawings, d e t a i l s  or riser diagrams. 

B. B a l l  j o i n t s  s h a l l  be Chiksan o r  Barco b a l l  j o i n t s  
a s  shown on plans.  B a l l  j o i n t  working p ressu res  s h a l l  be a 
minimum of 300 PSIG a t  400°F. water  temperature.  I n s t a l l a t i o n  
of  b a l l  j o i n t s  s h a l l  be  i n  accordance wi th  t h e  manufacture 
recommendations. 



- 1 9  FOUNDATIONS. BASES & SUPPORTS 

A. Concrete bases  r equ i red  f o r  mechanical equipment w i l l  be 
t h e  r e s p o n s i b i l i t y  of t h e  Contrac tor .  (Unless s p e c i f i c a l l y  
s p e c i f i c e d  o theywise) .  

B. A l l  s t e e l  suppor ts  e i t h e r  t o  w a l l  o r  f l o o r  f o r  t anks ,  con- 
v e r t o r s ,  h e a t  exchangers,  and o t h e r  miscel laneous mechanical 
equipment s h a l l  be fu rn i shed  and i n s t a l l e d  by t h e  Mechanical 
Concr3ctor,  a l l  a s  r equ i red  o r  as d e t a i l e d  on t h e  drawings 
o r  c a l l e d  f o r  i n  t h e  s p e c i f i c a t i o n s .  

.20  CUTTING & PATCHING 

A .  The Mechanical Contra.ctor s h a l l  endeavor t o  provide s l e e v e s ,  
p ipes ,  chases  and o t h e r  openings throughout t h e  s t r u c t u r e  of 
t h e  new b u i l d i n g ,  and h e  s h a l l  i n s t a l l  a l l  equipment; p ip ing  and 
o t h e r  p a r t s  of h i s  work a t  such t ime as w i l l  reduce t o  a mini- 
mum t h e  amount of c u t t i n g  t o  be done. 

B. Each c o n t r a c t o r  s h a l l  do a l l  c u t t i n g  and pa tching  neces- 
s a r y  f o r  t h e  proper  execut ion  of h i s  work i n  a manner approved 
by t h e  Owner. Where new work i s  removed.or a l t e r e d ,  a l l  work* 
a f f e c t e d  s h a l l  be p roper ly  patched and f i l l e d  out t o  match 
ad jacen t  su r faces .  

C. Con t rac to r s  s h . a l l  n o t  endanger any work by c u t t i n g ,  digging 
o r  .otherwise,  and s h a l l  n o t  c u t  o r  a l t e r  t h e  work of  any o t h e r  
Contrac tor  without  t h e  consent i n  w r i t i n g  of t h e  Owner. 
Any shor ing  m a t e r i a l  or  l a b o r  r e q u i r e d  t o  p r o p e r l y ' s u p p o r t  
t h e  p o r t i o n  of t h i s  s t r u c t u r e  where c u t t i n g  i s  be ing  done s h a l l  
b e . f u r n i s h e d  by t h i s  Cont rac tor .  Any damage t o  b u i l d i n g  
s t r u c t u r e s  caused by this C o n t r a c t o r ' s  work s h a l l  be repaire 'd  
a t  his expense. 

D.  Each Contrac tor  s h a l l  b e . r e s p o n s i b l e  f o r  g iv ing  t h e  
General Cont rac tor  a l l  necessary roughing-in dimensions and 
r e c e s s  openings f o r  a l l  equipment under h i s  c o n t r a c t  r e q u i r i n g  
smae. F a i l u r e  t o  coordina te  t h e s e  r e c e s s  openings o r  roughing- 
i n  dimensions f o r  equipment t o  be used s h a l l  r e s u l t  i n  t h i s  
Cont rac tor  paying any and a l l  charges f o r  any r e v i s i o n  of 
r e c e s s  openings o r  roughing-in dimensions t o  accommodate 
equipment. 

.21 PAINTING 

A. P a i n t i n g  of a l l  mechanical equipment and m a t e r i a l s  s h a l l  be 
t h e  r e s p o n s i b i l i t y  of t h i s  c o n t r a c t o r .  



B. This Contractor to paint all ducts, all pipe, and pipe 
hangers, all insulation that is exposed to weather with sufficient 
sizing and two (2) coats of paint, color as selected by'owner. 

.22 MATERIALS & EOUIPMENT 

A. All materials and equipment shall be new and of best 
quality, conform to requirements of local and state codes 
governing the work involved, and be made by nationally rec- 
ognized and substantially established manufacturers. The 
type and weight of material used for each purpose shall be as 
hereinafter specified and all material shall conform to the 
requirements of the latest standard specifications of the 
ASTM for that particular material. 

B. within seven (7) days after the awarding of the contract, 
this Contractor shall submit for the approval of the Engineer, 
'a complete list of the makes of all the material and equip- 
ment that he contemplates usinq in the construction of the work, 
which, after approval has been given, shall be final. 

C. All material and equipment shall be by a reputable firm 
and shall have been used in similar installations previously. 
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SECTION 1516 

MECHANICAL SYSTEMS 

INSULATION 

.01 -... CONDITIONS OF THE CONTRACT 

A. The Conditions of the Contract (General, Supplementary and 
Oth~r Conditions) , General Requirements (Sections of ~ivision 1) , 
General Provisions (Section 1501), and Basic Materials and Methods 
(Section 1510), are hereby made a part of this Section. 

.02 SCOPE 

A. Work ulnder this Section of the specifications includes the 
furnishing of ali labor and materials necessary to complete the 
'.zs~latio~ installation, all in accordance with the drawings and 
=s  iurther specified herein. 

., . i.Voxk shall include thermal pipe insulation, and equipment 
;nsala:ion, all as specified hereinafter. All of the major 
pip;.::g, and equipmer.: to be insulated are shown on the drawings 
an2  zaiied for in these specifications. Any detail not clear 
to the Contractor shall be referred to the Engineer for clarif- 
ication before bids. are submitted. .If no question is raised 
prior to t;:e opening of bids or award of contract, this Contractor 
wili be obli.ged to install the work in question without additional 
cost, as directed by the Owner, whose decision shall be final.. . 

C. All insulation shall have composite  insulation, jacket, or 
facing, and adhesive used to adhere to the facing or jacket to 
tile insulation) fire and smoke hazard ratings as tested by pro- 
cedure ASTM E-84, NFPA 255 and UL 723 not exceeding: 

Flame Spread 
Smoke Developed 

3. Accessories, such as adhesives, mastics, cements, tapes, 
glass fabric and asbestos cloth for f i t t i n g s  shall have the 
same component ratings as listed above. 

E. All products or their shipping cartons or packages shall 
bear a label indicating that flame and smoke ratings do not 
exceed above requirements. 



F.  I n s u l a t i o n  on a l l  cold s u r f a c e s  where vapor b a r r i e r  j acke t s  
a r e  used w i l l  be app l i ed  with a  continuous,  unbroken vapor s e a l .  
Hangers, suppor ts ,  anchors,  e t c . ,  t h a t  a r e  secured  d i r e c t l y  t o  
co ld  s u r f a c e s  must be adequately i n s u l a t e d  and vapor-sealed t o  
prevent  condensation. 

G.  General 

(I) I n s u l a t i o n  s h a l l  be a p p l i e d  on c lean ,  dry s u r f a c e s ,  
and a f t e r  i n s p e c t i o n  and r e l e a s e  f o r  i n s u l a t i o n  a p p l i c a t i o n .  

(2) A l l  i n s u l a t i o n  s h a l l  be continuous through wa l l  and 
c e i l i n g  openings and s l eeves .  

A. I : ~ s u ~ a t i o n  on a l l  co ld  s u r f a c e s  where vapor b a r r i e r  j acke t s  
a r e  used w i i l  be a p p l i e d . w i t h  a continuous unbroken vapor s e a l .  
B ~ x ~ e r s ,  suppor ts ,  anchors,  e t c .  t h a t  a r e  secured d i r e c t l y  t o  
c o i z  s u r f a c e s  must be adequately i n s u l a t e d  and vapor s e a l e d  t o  
prev.2nt condensation. 

B. Mater ia l  Approval Code 

Zode 'I Fibe'r' 'Gl'a's's - Pipe - I n s u l a t i o n  

A. Johns-Manville Flame Safe Pipe  I n s u l a t i o n  
1. A l l  purpose j acke t  - AP 4 1/2 pound d e n s i t y  and 650°F. 

Code 11 One pi'ece PVC Insu la ted  F i t t i n g  Covers 

A. J M  Uni-Fit 
B. Zeston 
C.. Speed-Line 

Code I11 F i t t i n q s  and Valves 

A. I n s u l a t e  with molded f i b e r  g l a s s  f i t t i n g s ;  segments of 
p ipe  covering; o r  wi th  compressed Universal  Fiber  Glass  
Blanket secured i n  p l a c e  wi th  corros ion  r e s i s t a n t  wire.  
Pipe s i z e s  under 4 "  may be i n s u l a t e d  wi th  hydraul ic  
s e t t i n g  i n s u l a t i n g  cement. A l l  t h i cknesses  t o  be equal  
t o  t h a t  of  ad jo in ing  p ipe  covering. Apply a smoothing 
c o a t  of f i n i s h i n g  cement where necessary and cover wi th  
canvas o r  f i b e r  g l a s s  t ape  embedded i n t o  a  wet coa t  of 
f i r e  r e t a r d a n t  lagging  adhesive and overlapping a l l  seams 
2" .  



.04 STEAM HEATING SUPPLY AND CONDENSATE PIPING AND PUMPED 
CONDENSATE 

A.  A l l  p i p i n g . i n  concea led  and exposed a r e a s  s h a l l  be i n s u l a t e d  
w i t h  f i b e r  g l a s s  i n s u l a t i o n  w i t h  a l l  s e r v i c e  j a c k e t  o f  g rades  
mentioned i n  paragraph  .03 "B" ,  Code I. 

ECONOMIC THICKNESS TO 450° F. 80' AMBIENT 

P ipe  
S i z e  
6.50 
9.75 
1. . 3  
1.25 
1. 5(: 
2 . 3 0  
2 .50 
3 .00  

Opera t ing  Temperature (F) 

. The c o n t r a c t o r  t o  use  Code I11 i n s u l a t e d  f i t t i n g  covers  
a s  o u t l i n e d  i n  ,03  "B". 

.05 HOT WATER SUPPLY AND RETURN 

A. A l l  p i p i n g  i n  concea led  and exposed a r e a s  s h a l l  be i n s u l a t e d  
w i t h  f i b e r  g l a s s  p i p e  i n s u l a t i o n  w i t h  a l l  s e r v i c e  j a c k e t  o f  
g r a d e s  mentioned i n  paragraph .03 "B",  Code I. Thickness s h a l l  
confcrm t o  t h e  fo l lowing  schedule .  

1 1/4" th rough  3" 

Thickness 
3 " 

B. J a c k e t s  i n s i d e  o f  b u i l d i n g  t o  be  a l l  purpose type  and 
f i t t i n g s  t o  be .03 "B" Code 111. 

C. J a c k e t s  exposed t o  weather  t o  be  ,016" t h i c k  aluminum w i t h  
c h i l l e r s  CP 11 m a s t i c  and f i b e r  g l a s s  minimum o f  t w o  c o a t s .  
F i t t i n g  t o  b e  covered same as end s e a l s .  

D. The Con t r ac to r  t o  i n s u l a t e  a l l  p i p i n g  from end o f  c o l l e c t o r  
p ipe .  This  s h a l l  i n c l u d e  p i p e  from c o l l e c t o r  t o  swive l  j o i n t ,  
s h u t  o f f  va lve ,  b a l a n c i n g  ya lve ,  f l e x i b l e  p i p e ,  r i g i d  p i p e  and 
main. 

E. The swive l  j o i n t  a t  each 'end of t h e  c o l l e c t o r  s h a l l  be . 

i n s u l a t e d  and jacke ted .  



- 06 PROCESS WATER PIPING 

A. A l l  p i p i n g  i n  concealed and exposed .a reas  s h a l l  be  insu-  
l a t e d  wi th  f i b e r  g l a s s  p i p e  i n s u l a t i o n  w i t h  a l l  s e r v i c e  j a c k e t  
o f  g rades  mentioned i n  paragraph -03 "B",  Code I. Thickness s h a l l  
conform t o  t h e .  fo l lowing  schedule:  

Hot 
T 

Cold - 
1 "  

B. J a c k e t s  and End Laps s h a l l  be  s e a l e d  w i t h  Chicago m a s t i c  
17-465 o r  e q u a l  a p p l i e d  t o  two s u r f a c e s .  

C.  Valve Bodies,  F i t t i n g s .  and Flanges .  The Con t r ac to r  t o  
use PVC i n s u l a t e d  f i t t i n g  cove r s  as mentioned i n  paragraph .03  
11 B 11 , Code 11. - 



. WATER SUPPLY SYSTEM 

INDEX 

. . 
ITEM PAGE 

. O 1  ~ o n d i t + o n s  of t h e  C o n t r a c t .  , 
. . 

.02 Scope 

.03 Wall ~ ~ d r a n t s  & ~ o s e  B i b s  
-0.4 Vacuum B r e a k e r s  & ' A i r  C a p s  

1520 - INDEX 



SECTION 1520 

WATER SUPPLY SYSTEM 

.01 CONDITIONS OF THE CONTRACT 

A. The Conditions of the Contract (General, Supplementary 
and. cther Conditions), General Requirements (Sections of Division. 
12, General Provisions CSection 1501), and Basic Materials and 
Methods (Section 1510) are hereby made a part of this Section. 

.02 SCOPE 

A. This Section includes all labor, materials, equipment, 
skills and tools necessary to furnish and install the new 
process -ter supply system. 

3. m r k  in this Section includes, but is not limited to: 

C1) Piping, valves, hangers, supports, insulation 
specialties, etc. 

C. Following xelated materials as specified elsewhere: 

C11 Piping, fittings, valves,, etc. SECTION 1510 
C?l  Tests SECTION 1510 
(-3 1. Insulation SECTION 1516 

03' ' WALL HYDRANTS '& HOSE BIBS 

A; Wall hydrants shall be furnished and installed in.location 
shown on the drawings. The exterior wall hydrants shall be set 
as directed and shall be on concealed nozzle wall hydrant with 
a nickel Bronze face and galvanized casing. All internal part 
su6ject to wear shall be'renewable from the front face of the 
hydrant. Hydrant to be Wade W8625 with integral V.B. non-freeze 
nickel brass box, key operated cover. Extend shut off valve, 
to the inside of wall insulation in all cases. 

B. Install gate valves inside of building on all supplies to 
hydrants at an accessible location as shown or directed. All 
hydrants are to be equipped with vacuum breakers. 

'.'04 ' VACUUM 'BREAKERS' '& AIR CAPS 

A. Water supply connection to fixtures or equipment which have 
submerged inlets, or inlets which are below the spill line of the 
fixture or equipment, or fixtures which have hose end connections 
shall be provided with an approved vacuum breaker device or air 
gap arrangement whcthcr mentioned spccifically herein or not. 
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' SECTION 1525 . . 

. . 
SOIL  ATJD WASTE., SYSTEM 

. . 

. 3 1  C 3 N D I T ;  INS OF TIlE CONT'RACT -. 
. . 

A. The Conditions 'of t h e  Con t rac t  (,General, Supplementary 
an5 nkiler C O ~ G ~  t i o n s )  . '~ene . ra1 '  Requirements (Sect ion  of 
Z i v r l :  i o n  1) , t h e  General .  Provis, ions,  ~ ' e c t i o n  '1501 and Basic  
Materials  and Methods,. Sect ion.1510,  a r e  hereby made a  p a r t  
of tixis 5sc t ion .  

. . . .  - ' T l l i s  s e c t i o n  inc ludes  a l i  labor.; mgte r i a l s ,  equipment, - - 
2; -, -;.. and . t o o l s  necessary - to  . ' furn ish .and i n s t a l l  t h e  s a n i t a r y  
.s e w e -  .-..:-id vent  system i n c l u d h g  connections t o  a l l  such equipment 
In  the bu i ld ing .  . . 

-- ,-. . Thc iC-;rk of t h i s  sec t ion '  iricludes, b u t  is. n o t  l i m i t e d  
a the f o i l ~ w i a g :  

i.1 1 P i p e ,  f i t t i n g s ,  ' valves ,  hangers,  suppor ts ,  
cct-2ring and: appurtenances requi 'red f o r  a  

,compie te  system as s p e c i f i e d  i n  t h i s  Divis ion  
15'. 

( 2 )  San i t a ry  s e r v i c e s .  i n  t h e  b u i l d i n g  t o  e x i s t i n g  
l i n e s .  

' ( 3 1  Floor  d r a i n s ,  c leanouts ,  e t c .  a s  ' specif ied.  . . 

t.4 S o i l ,  was,te and d r a i n  connections t o  a l l  equipment 
furn ished  under .Divis ion .15 and t h a t  furn ished  
under Sect ions  p e r t a i n i n g . t o  genera l  c o n t r a c t  work. 

C.  The f o l l o w i n g  r e l a t e d  m a t e r i a l s  are s p e c i f i e d  elsewhere: 

(1 1 Piping,  va lves ,  e t c .  - Sec t ion  1510 

F ~ l l  s i z e d  b r a s s ,  screw plug c leanouts  s h a l l  be fu rn i shed  
'sad i n s t a l l e d  according t o  Alabama,Code, a t  a l l  p o i n t s  where 
shown an the drawings an5 wherenecessa ry  t o  permit  t h e  e n t i r e  
drainage systems t o  be rodded o u t  easily. 

3. Ali Z . C . ' s  s h a l l  be placed i n  a c c e s s i b l e  loca t ions .  

. .: 1 FLOOR DRAIKS 

k. General: A l l  f l o o r  d r a i n s  s h a l l  be W2500 8 x 3 Wade 
s i z e  a s  noted on p lans .  
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S1,"BAY iIEkTING SYSTEMS 

. . 
.61 CO~JIIITIOIJS OF THE CO;ITRACT 

A Tile Condi t ions  of t h e  Con t r ac t  (Genera l ,  Supplementary and 
ucher Condi t ions) . ,  General  Requirements (Sec t ions  of  D iv i s ion  1) 
anc. tLe  General  P rov i s ions ,  ~ i v i s i o n  ,1501 and Basi 'c X a t e r i a l s  
cnd ' :t+-hods, D iv i s ion  1510 are hereby made a p a r t  o f , t h i s  

. . E l v i s i o n .  . . 
, . 

. C 2  SCOPE - 
A. Tl~e  &cope of t h i s  d i v i s i o n  i n c l u d e s ,  b u t  i s  n o t  l i m i t e d  t o ,  
A- ,,le : f ~ r n i s h i n g  and i n s t a l l a t i o n  of  b o i l e r  u n i t ,  condensate  
p ; ~ r ~ p  l n q  up i  t , s team t r a p s ,  steam', . .condensate wa te r  p i p i n g  and 
-..:11 a c z e s s o r i e s  i n d i c a t e d  o r  r e q u i r e d  t o  p rov ide  a  comslete ,  
f f i c i e n t  q u i e t  o p e r a t i n g  s team supply  .system. 

-. __. . T;ie fo l lowing  s h a l l  be  inc luded:  

C1) B o i l e r  

( 2 ;  Steam Traps . .  ' 

( 3  i Connections . . " 

(4 1 Condensate Pumps . . .  . . 

C. ','he fo l lowing  m a t e r i a l  w i l l . b e  s p e c i f i e d .  elseinere: 

(1 ; p i p i n g  and Pipii lg ~ c c e s s o r i ' e s  - See ~ i v i s i o n  1510 

(2 1 - .See ,  D iv i s ion  1516 

. 0 3  BOILER 

A. F ~ r n i s h  and i n s t a l l  where.  shown on drawing one (1) b o i l e r  
with a l l  required accessories on s tee l  s k i d s  c a r e f u l l y  g rou ted  
t o  ti-3 f l o o r  and make a l l  f i n a i  f e e d  and make-up wa te r  
connec t ions ;  f eed  wa te r  v a l v e  and pump, ' o p e r a t i n g  and s a f e t y '  
c ~ n t r o l  a l l  a s  r e q u i r e d  t o  p rov ide  a . f u l l y  au tomat ic  e f f i c i e n t  
o p e r a t i n g  b o i l e r  system. 



B. Supply and i n s t a l l ,  where shown on t h e  p lans ,  one (1) 
P-K S e r i e s  380 Unfired Steam Generator,  Model H 307 as 
manufactured by t h e  Pat terson-Kelley Co., Inc.  

C. Generator s h a l l  genera te  a minimum of 1000 lb /h r  of 
s a t u r a t e d  steam a t  a  p r e s s u r e  of 763 PSIG from Feedwater a t  
20G°F, when supp i i ed  with 48 GPM of  HTW a t  389OF., fou l ing  
f a c t o r  .0035, E.T.W. l eav ing  temperature t o  be 333OF o r  a 
56'5' Zro? through tube  bundle. Water p r e s s u r e  drop n o t  t o  
e;i\;.et!E 4 . 6  F e e t  of Head ( 2  p s i )  . 
D. The genera to r  s h a l l  be a complete f a c t o r y  assembled package 
c o n s i s t i n g  of t h e  fo l lowing components: 

S e r i e s  380, Model H 307 Generator cons t ruc ted  and 
stamped i n  accordance wi th  t h e  ASME Code and with 
FM Insurance Company c e r t i f i c a t i o n ,  T h e  she la  a d  
tube  c i r c u i t  s h a l l  be f l ange  grade s t e e l  and t h e  
tubes  s h a l l  be 3/4" black '  steel p i p e  on a I" square 
p i t c h .  T h e  U-tube bundle s h a l l  be supported on 
heavy s t e e l  t r a c k s  and s h a l l  be removeable. 

The s h e l l  s h a l l  be cons t ruc ted  of SA285 Grade C 
s t e e l  o r  SA515 Grade 70 s t e e l .  

S h e l l  s h a l l  be f u l l y  x-rayed and s t r e s s - r e l i e v e d  
according t o  Sec t ion  VI'TI-UW-2Cc) o f  ASME Code 
and ASME stamped 'for a design p r e s s u r e  of 150 PSIG 
a t  40Q°F. 

T h e  t u b e s i d e  s h a l l  be designed f o r  a p ressu re  of 
400 PSIG a t  450'27. and ASME Stamped. The WTW 
bahnet s h a l l  be a  one p iece  s o l i d  s t e e l  b i l l e t  wi th  
300# USAS f langed nozzles  elbowed i n t o  the r a d i c a l  
p o s i t i o n .  The  b o l t i n g  between t h e  HTW bonnet, 
t uheshee t  and s h e l l  f l ange  s h a l l  be independent 
on e a c h  gasket  t o  al low inspec t ion  and replacement 
of e i t h e r  gaske t  w ~ t h o u t  d i s t u r b i n g  t h e  o t h e r  gasket .  
The HTW bonnet gaske t  s h a l l  be t h e  s p i r a l  wound 
metal-asbestos  type,  The s h e l l s i d e  gasket  s h a l l  
be compressed asbes tos .  

2 .  S t e e l  l i f t i n g  lugs .  

4 .  F u l l  l e n g t h  s t e e l  s k i d  foundation t o  support  t h e  
generator 18" above t h e  f l o o r .  

5. Steam p r e s s u r e  gauge 6" d i a l  wi th  shut-off cock 
and syphon. (Ashcroft 1379A Duragauge o r  equal . )  



6 .  Shee l s ide ,  ASME S e c t i o n  I s team s a f e t y  va lve .  

7. Combination wate r  column and pump c o n t r o l l e r ,  
magnetrol  W126 and 2 extra  sets of  c o n t a c t s .  

3 .  .-,.SME ' ( r e f l e x )  gauge g l a s s  and t rycocks .  

9. Two I 2 1  HTW Blow-down va lves  i n  s e r i e s .  Yarway 
1 4 # 3 4 8 2 ~ .  

10.  F ibre - type  h igh  d e n s i t y  i n s u l a t i o n  2" t h i c h  w i t h  
heavy gauge anodized z i n c  coa t ed  steel  j a c k e t .  

11. One (1) f l u i d  tempera ture  w e l l .  

See l i s t  of p o f n t s  i n  S e c t i o n  i565. 

- . F u l l y  d e s c r i p t i v e  c e r t i f i e d  s c a l e  drawings s h a l l  be 
suSmit ted f o r  approva l  showing a l l  i n s t r u m e n t a t i o n ,  c o n t r o l s  
2-15 a e s i g n  d e t a i l s  a s  herewi th  s p e c i f i e d .  Schematic o r  non- 
s ~ a l e  r e p r e s e n t a t i o n  w i l l  n o t  be accep ted .  

F. I n s ? ~ r a c e  c e r t i f i c a t e s  ~f i n s p e c t i o n  and t e s t  s h a l l  be  
ea.- - t c  t h e  des igna t ed  people  a f t e r  completion.  

- . The g e x e r a t o r  manufacturer  s h a l l  assume o p e r a t i o n a l  
r e s p 3 n s i b i i i t y  f o r  a l l  components and s h a l l  f u r n i s h  w r i t t e n  
o p e r a t i n g  and maintenance i n s t r u c t i o n s  w i t h  d a t a  on a l l  
c o x ~ o n e n t s .  The manufacturer  s h a l l  a l s o  perform a s imu la t ed  
o p e r a t i n g  t e s t  t o  p rove  a l l  c m t r o l s  o p e r a t i o n a l  b e f o r e  
ship- ient .  

H. Furn ish  and i n s t a l l  on nozz le  o u t l e t  of  b o i l e r  one Powell  
No. 2475 s t o p  and check v a l v e  designed f o r  1 ,200 l b s  of s team 
riaxir.am t o  1 0 0  l b s  minimun flow w i t h  o u t  c h a t t e r  and maximum 
p e s s u r e  drop of  4 1/2 PSIG. 

. 0 4  CONDENSATE RECEIVER AND PUMP UNITS 

4. Pu rz i sh  and i n s t a l ?  from t h e  e x i s t i n g  condensate  r e c e i v e r ,  
a new pump u n i t  as l i s t e d  below. Fu rn i sh  neces sa ry  c o n t r o l s  
and magnetic s t a r t e r .  Pur;,;> s h a l l  be  q u i e t  i n  ope ra t ion .  
Furn ish  and i n s t a l l  a check v a l v e  and g a t e  v a l v e  i n  d i s c h a r g e  
l i n e  of  pump;. Notor s h a l l  be 600 v o l t s ,  3 phase,  60 cyc l e .  
Also f u r n i s h  magnetic s t a r t e r s  . w i t h  H.O.A. sw i t ch  i n  cover  
an5 an e x t r a  s e t  of  N.O. and N.C.  c o n t a c t s .  

B. Condesnate pump t o  be  Aurora E 5 T ,  2 s t a g e  t u r b i n e  pump with  3 
h.~., 600 v o l t ,  3 phase, 6 0  c y c l e  motor t h a t  w i l l  d e l i v e r  
3 GPM a t  125 PSIG when s u p p l i e d  wi th  210°F i n l e t  w a t e r  a t  
approximately  2 f e e t  s u c t i o n  p r e s s u r e .  



C.  Condensate p u m p . s t a r t e r  t o  be p u l l e d  i n  by 115 VRMS-6OHz 
i s o l a t e d  c o i l .  

D. Two c o n t r o l  v a l v e s  a t  d i s c h a r g e  s i d e  of condensate  pump 
a r e  t o  be Honeywell No. 1407, + "  s i z e ,  300 PSIG carbon s t e e l  
body v a l v e ,  s i n g l e  s e a t e d  and des igned  t o  c l o s e  bubble t i g h t  
a g a i n s t  360 PSIG d i f f e r e n t i a l  wi th  a  1 0  second o p e r a t o r .  Both 
v a l v e s  t o  be  1 1 0 V .  Valves t o  be fu rn i shed  and i n s t a l l e d  by 
C o n t r a c t o r .  

E. Condensate c o n t r o l  v a l v e  o p e r a t o r s  a r e  t o  be Honeywell 
M 630B wi th  Q607 a u x i l i a r y  swi tch  (2 -SPDT) ,  f u r n i s h e d  and 
i n s t a l l e d  by C o n t r a c t o r .  

F. The c o n t r o l  v a l v e  i n  t h e  b o i l e r  f eed  l i n e  i s  t o  o p e r a t e  
from t h e  l i q u i d  l e v e l  c o n t r o l l e r  on t h e  steam g e n e r a t o r .  On 
c a l l  f o r  condensa te  v a l v e  t o  open and condensate  pump t o  s t a r t ,  
and r e v e r s e  c o n t r o l  on s h u t  down. 

G .  The c o n t r o l  v a l v e  t h a t  f e e d s  wate r  i n t o  t h e  HTW system t o  
o p e r a t e  from Magnetrol  Model TF-62-F wi th  a  DPDT swi tch  p laced  
approximate ly  1/3  of t h e  way up from bottom of t h e  expansion 
t ank .  The above l i q u i d  l e v e l  swi tch  i s  t o  be s o  wired t h a t  on 
a  c a l l  f o r  l i q u i d ,  and p r e s s u r e  i n  HTW l i n e  i s  below 100 p s i ,  
it w i l l  open c o n t r o l  va lve  and ' s t a r t  pump. Reverse s h a l l  
happen when t h e r e  i s  a  r i s e  i n  wate r  l e v e l .  Also f u r n i s h  and 
i n s t a l l  3-valve bypass  l i n e  around t h i s  HTW c o n t r o l  valve. ( f o r  
manual o p e r a t i o n ) ,  

.05 STEAM TRAPS 

A. Steam Traps  and main d r i p s  s h a l l  be Armstrong F & T t r a p  
o r  i n v e r t e d  bucket  t r a p s  w i t h  i n t e g r a l  s t r a i n e r  and t h e r m o s t a t i c  
v e n t s ,  s i z e d  a t  n o t  over  1 / 2  l b .  d rop  and a t  l e a s t  t h r e e  t imes  
t h e  condensing r a t e  of t h e  equipment be ing  s e r v i c e d .  See 
p l a n s  f o r  l o c a t i o n s .  Also f u r n i s h  a l l  s team main d r i p s .  

B. Traps  t o  be i n s t a l l e d  i n  t h e  fo l lowing  o r d e r :  S t a r t i n g  a t  
s t e a m  main, i n s t a l l  i n  t h e  fo l lowing  o r d e r :  g a t e  v a l v e ,  s t r a i n e r ,  
un ion ,  t r a p ,  and g a t e  va lve .  

.06 CONNECTIONS 

A. T h i s  C o n t r a c t o r  s h a l l  f u r n i s h  a l l  s team and condensate  
r e t u r n  p i p i n g  f o r  a l l  u n i t s  shown, f u r n i s h i n g  and i n s t a l l i n g  
a l l  v a l v e s ,  s t r a i n e r s  and t r a p s  and i n s t a l l i n g  v a l v e s  fu rn i shed  
by Owner. 

.07 STEAM FLOW METER 

A. I n s t a l l  a  1/8" t h i c k  s t a i n l e s s  s t e e l  o r i f i c e  p l a t e  i n  t h e  
3" steam l i n e  and run a  copper  l i n e  from o r i f i c e  p l a t e  t o  a  
Honeywell 4 1 1  t r a n s m i t t e r ,  t r a n s m i t t e r  t o  be complete wi th  
blow down v a l v e s  and 1 1 0  v o l t  i n l e t ,  t r a n s m i t t e r  t o  be fu rn i shed  
by C o n t r a c t o r .  

B. The r e c o r d e r  s h a l l  be a  Honeywell 4 "  s t r i p  c h a r t  r e c o r d e r -  

1560-4 
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SECTION 1565 

H I G H  TEMPERATURE HOT WATER SYSTEM 

.01 CONDITI.ONS OF THE CONTRACT 

A. The Condi t ions  of  t h e  Con t r ac t  (General ,  Supplementary and 
o t h ~ r  c o n d i t i o n s ) ,  General  Requirements ( S e c t i o n s  of  D iv i s ion  1) 
a22 Lne General  P r o v i s i o n s ,  S e c t i o n  1501 and Bas i c  M a t e r i a l s  and 
Methods, S e c t i o n  1510, are hereby made a p a r t  of t h i s  Sec t ion .  

. 02  SCOPE 

A.  The scope o f  t h i s  s e c t i o n  i n c l u d e s ,  b u t  i s  n o t  l i m i t e d  t o ,  
t h e  f u r n i s h i n g  and i n s t a l l a t i o n  o f  a l l  pumps and s o l a r  
c o i l e c t o r s .  System a c c e s s o r i e s  and connec t ions  i n d i c a t e d  o r  
r e q u l r a d  t o  p rov ide  a  complete,  e f f i c i e n t ,  q u i e t  o p e r a t i n g  
3.eatin.2. system. System i s  designed t o  o p e r a t e  a t  275  PSIG 
xhen i n  o p e r a t i o n  and s h a l l  n o t  exceed 300 PSIG a t  any t ime.  

B. The fo l lowing  s h a l l  be  inc luded:  

(1) Pumps 
( 2 )  System Accesso r i e s  
( 3 )  Connections 

C.  The fo l lowing  r e l a t e d  m a t e r i a l  w i l l  be s p e c i f i e d  elsewhere:  

(1) P i p e ,  f i t t i n g s ,  v a l v e s  and s p e c i a l i t i e s  - S e c t i o n  1510. 
(2)  P i p e  hange r s ,  v i b r a t i o n  i s o l a t o r s  - S e c t i o n  1510. 
3 I n s u l a t i o n  - se~ t i s r i  1516 
(4 )  Steam Heat ing  System - Sec t ion  1560 

- 0 3  PIPING 

A. Fu rn i sh  and i n s t a l l  a l l  i n d i c a t e d  o r  r e q u i r e d  p i p i n g  t o  
p rov ide  a complete c i r c u l a t i n g  h o t  wa te r  h e a t i n g  system us ing  
Schedule  40 b l a c k  i r o n  p i p e  w i t h  hangers  p e r  S e c t i o n  1510. 
P i p i n g  s h a l l  be r u n  concealed where p o s s i b l e  and w i t 1 1  maximum 
head room, p i t c h e d  t o  d r a i n  p r o p e r l y  vented and o f  s i z e  shown 
on drawings o r  i n d i c a t e d  i n  p i p e  s i z i n g  schedu le  o r  r equ i r ed .  

A. Furn ish  and i n s t a l l  on a base  a Buf fa lo  can-o-matic 
"HCR" H66058 d u c t i l e  i r o n  pump. Pump t o  have seals good f o r  
430°F, 300 PSIG p r e s s u r e  when d r iven  w i t h  a 1750 RPM, maximum of 5  
H.P. 600 v o l t ,  3  phase  motor. Pump t o  d e l i v e r  48 GPM a t  50 
f e e t  o f  head. Fu rn i sh  s t a r t e r  w i t h  pump and H.O.A. sw i t ch  i n  
cove r  and an e x t r a  se t  of  N.O.  and N.C. c o n t a c t s .  
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.05 SYSTEM ACCESSORIES 

A. Fu rn i sh  and i n s t a l l  i n  t h e  p i p i n g  system where shown 
and/or r e q u i r e d  a c c e s s o r i e s  r e q u i r e d  f o r  p rope r ,  e f f i c i e n t ,  
q u i e t  o p e r a t i o n  of t h e  h o t  w a t e r  h e a t i n g  system. 

B. A i r . e l i m i n a t o r  u n i t  s h a l l  be  as d e t a i l e d  on p l a n s  u n i t  
l o c a t e d  where shown having c a p a c i t y , o f  60 g p m .  

C.  Expansion t ank  s h a l l  be ASME c o n s t r u c t i o n  1 0 0  g a l l o n s  
and r a t e d  a t  4 0 0  PSIG. Provide a l l  r e q u i r e d  rods  and a n g l e s  
o r  channe ls  t o  suppor t  from s t r u c t u r e  on f l o o r .  Expansion t ank  
and l e v e l  swi tch  a s  i n s t a l l e d  s h a l l  be r a t e d  f o r  400 P S I G .  

D. Fu rn i sh  on t a n k  a d r a i n  v a l v e  and a n i t r o g e n  charge  va lve .  
I n s t a l l  an  a i r t r o l  non convec t ive  v a l v e  where connected t o  main 
n i p i n g  t o  p reven t  convect ion l o s s e s .  

E. A i r  v e n t s ,  s h a l l  be  prov ided  a t  h i g h  p o i n t s  and where 
shown i n  equipment rooms. Manual v e n t s  s h a l l  be  provided.  

F. HTW make up wate r  system s h a l l  be  au tomat ic  i n  o p e r a t i o n  
wi th  a  manual va lve  and check v a l v e  as a  by-pass. 

G.  F u r n i s h  f o r  i n s t a l l a t i o n .  i n  h o t  water l i n e  a p r e s s u r e  
r e l i e f  v a l v e  w i t h  o u t l e t  p iped  t o  n e a r  t h e  f l o o r .  See S e c t i o n  
1510. Valve t o  be set t o  r e l e a s e  a t  295 PSIG. 

H. P rov ide  thermometers. See S e c t i o n  1510. 

I. Provide  p r e s s u r e  gauges a t  pump as shown. See S e c t i o n  1510. 

J. Furn i sh  and i n s t a l l  one - 300 cu. f t .  n i t r o g r e n  t ank .  

X. Automatic a i r  v e n t  on a i r  chamber t o  be Armstrolpg # l l A V  
s t a i n l e s s  s t e e l  c o n s t r u c t i o n  400 PSIG a t  500'. 

I,. Provide  f i t t i n g s  f o r  second HTW f i e l d  f low pump i n  p a r a l l e l  
w i t h  s .pecif  i e d  pump. 

M.. Provide  Globe valve i n  HTW l i n e  a s  shown on drzwing,  w i t h  
range o f  35 gpm t o  60 gpm. 

. Furn ish  and i n s t a l l  a flow meter i n  t h e  h igh  tempera ture  
h o t  wate r  l i n e ,  a  Wallace and Tie rnan  metal  - t u b e  vanea - 
meter with i n d i c a t o r , w h i c h  s h a l l  i n c l u d e  a 316 S.S.  2 "  meter 
tube  w i t h  i n d i c a t o r  ( c a l i b r a t e d  i n  G P M ) ,  v e r t i c a l  i n  - v e r t i c a l  
o u t  300# carbon s t e e l  f l anged  connec t ions ,  316 S.S. f l o a t  and 
a  4 w i r e  e l e c t r o n i c  t r a n s m i t t e r .  Tube #WT-2-39-M-5 and f l o a t  
no. 2-M-6V1-1020. 

0. Furn i sh  and i n s t a l l  on i n l e t  and o u t l e t  s i d e  of each s o l a r  
c o l l e c t o r  a  Flexamics s t a i n l e s s  s t e e l  f l e x i b l e  connec tor  Model 
4 0 1  - 1%" d iameter  and 20" long wi th  welded end connec t ions .  
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Abbreviation 

T-1 
T-2 
T- 3 
T-4 
T-5 
T-6 
T-7 
T-8 

P-1 

P-2 

F-1 

F-2 

I - 1 

1-2 . 

E-1 

W-1 

Address 

Honeywell Inc. 
Process Control Division 
Fort Washington, PA 

Honeywell Inc. 
Process Control Division 
Fort -- Washington, - -. - -. PA . - -. . . - - -. . - 
Honeywell Inc. 
Process Control Division 
Fort Washington, PA 

Honeywell Inc. 
Process Control Division 
Fort Washington, PA - - -- . . .. . .-. .. . . . -. - . - - . - - - - - -- - 
Belleville, N.J. 

EPPLEY 
New Port, RI 15238 
(401) 847-1020 

WESTINGHOUSE 
Instrument Division 
Pittsburgh, PA 15238 
(412) 782-1730 

WEATHER MEASURE 
P.O.Box 41257 
Sacramento, Calif. 95841 
(916) 481-7565 A 

Senscr 

steam generator inlet temperature 
steam generator fluid temperature 
steam generator outlet temperature 
HTW fluid temperature in field 
HTW fluid temperature in field 
process steam tem~erature 
feedwater temperature 
ambient temperature 

HTW loop pressure 

process steam pressure 

process steam flow 

HTW flow meter 

C 
Manufacturer 

Hone ywell 
30672953-002 
with Honeywell 
transmitters 
39102-8060-0911- 
00-55-72 

Honeywell Model 
41222-0001-03- 
08-UlC2 . 
Honeywell Model 
41221-0001-03- 
08-UlC2 

Honeywell 411 

wallace & Tiernan 

pyronometer 

pyrheliometer (tracking) 

wattmeter 

Eppley Model No.2 

Eppley Model NTP 
with standard 
tracker and inte- 
grator 

Westinghouse 
I 

anenometer weather measure Sky 
Vane W16 1 

. 



B. TESTS 

1. Temperature Sensors :  Upon completion o f  t h e  
w i r ing ,  each tempera ture  s e n s o r  s h a l l  b e  t e s t e d  t o  a s s u r e  
a )  c a l i b r a t i o n  f o r  d a t a  c o l l e c t i o n ,  and b )  p r o p e r . o p e r a t i o n  
f o r  c o n t r o l .  Each s e n s o r  s h a l l  be  t e s t e d  o v e r  i t s  expected 
range o f  o p e r a t i o n  - i n  g e n e r a l ,  30° t o  400° F. 

2 .  P r e s su re  Sensors :  Same as 1 above except  f o r  t h e  
HTW loop  p r e s s u r e  s enso r  s h a l l  b e  t e s t e d  a t  i t s  s e t  p o i n t .  
The s team l i n e  p r e s s u r e  s h a l l  be  t e s t e d  and c a l i b r a t e d  over  
t h e  range 60 p s i g  t o  90 ps ig .  

3. HTW Flow Meter: Upon completion o f  t h e  w i r i n g ,  t h e  
flow meter s h a l l  be  t e s t e d  t o  assume p rope r  o p e r a t i o n  f o r  
c o n t r o l .  

4 .  Wind sensor :  Same as 1 above. 

5. I l lurnina ' t ion Sensor:  Same as 1 above. 

. 0'7 IMMERSION HEATER 

A. Furn ish  and i n s t a l l  two Tempco immersion h e a t e r s .  One 
h e a t e r  t o  be l o c a t e d  i n  t h e  r e t u r n  l i n e  t o  be 2000 w a t t s  and 
t h e  one i n  supply l i n e  i n  penthouse t o  be  3000 w a t t s .  Each 
h e a t e r  t o  be s u p p l i e d  w i t h  277 v o l t  one phase power. Cont ro l  
f u r n i s h e d  by Owner. 
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SECTION 1580 

AIR TEMPERING SYSTEM 

.01 CONDITIONS OF THE CONTRACT 

A. The Conditons of the Contract (General Supplementary and 
0 t h e . r  Conditions), General Requirements (Sections of Divisioil 1) 
and -:he General Provisions, Section 1501 and Basic Materials 
and Methods, Section 1510 are hereby.made a part of this Section. 

.02 SCOPE 

A. The scope of this Section includes but is.not limited to 
the furnishing and installation of all fans and accessories. 

B. The following shall be included: 

(1) Propeller Fan Unit 

(2) Louvers 

C. The following related material will be specified else- 
where : 

(1) Steam Piping - Section 1560 
(21 Heating Water Piping - Section 1565 
C3) Naste Piping - Section 1525 
C4) Controls - Section 1595 

. '0 3' 'SERVI'CE CONNECTIOlJS 

A. All steam, heating water, waste and electrical 
,connections will be made under other sections of these and 
other specifications but all equipment furnished under this 
Section requiring said connections shall be provided t:ith 
proper opening and connecting facilities. 

.04 PROPELLER FANS 

F u ~ l l i s l i  and install where shown on plans wall mounted propeller 
type exhaust.fans. Fans to be Greenheck or approved having 
following capacities and shall be thermostically operated. 

Fan Area Model 
No. Served No. CFM s.p. H. P. 140 tes 

E-1 Equip. Room SPx24.5 2552 . 3 8 "  1/2 with inlet guard 



A. The Sheet  Metal Cont rac tor  s h a l l  be r e spons ib l e  t o  
make changes i n  p u l l e y s ,  b e l t s  and dampers where necessary t o  
o b t a i n  t h e  r e q u i r e d  a i r  volume. 

9. A l l  f a n s  s h a l l  be i n i t i a l l y  s t a r t e d ,  l u b r i c a t e d  and 
'.,alanced t o  e l i m i n a t e  no ise  and v i b r a t i o n .  

- - 
.LJO DUCT ACCESSORIES FOR LOW PRESSURE DUCTWORK 

A. Where dampers a r e  shown i n  ductwork, r e g u l a t o r s  
o r  o p e r a t o r s  s h a l l  be i n s t a l l e d  t o  p o s i t i o n  them. 

.07  GXAVITY BACKDRAFT .:,. DAMPERS 

A. Furnish  and i n s t a l l  g r a v i t y  backdraf t  dampers a t  a l l  
l o c a t i o n s  a s  no ted  o r  shown. Dampers s h a l l  be for e i t h e r  
b r i z o n t a l  o r  v e r t i c a l  a i r  $low a s  r ~ q i ~ i r e d .  

. 0 8  LOWERS 

A. F re sh  a i r  i n t a k e  louve r s  f o r  a l l  u n i t s  s h a l l  be 
furnishes by this Cont rac tor  and turned  over  t o  be i n s t a l l e d  - - 

by the ~ e n e ; a l  Cont rac tor .  . 
B. Wall Louvers - This Cont rac tor  ( V e n t i l a t i n a )  s h a l l  a. 

f u r n i s h  and i n s t a l . 1  a l l  l o u v e r s  shown on drawings f o r  a i r  
~ n t a k e s ,  a i r  e x T u s t s ,  a n d e x i l a t i n g  systems. Each louver  
s h a l l . b e  b u i l t  and ready f o r  i n s t a l l a t i o n  a t  t h e  time t h e  s t o n e ,  
t i l e  o r  b r i c k  work is  l a i d  up. Exact l o c a t i o n s  of louvers  s h a l l  
be checked Sy this Cont rac tor  s o  duc t s  can be proper ly  connected. 

(1) Louvers s h a l l  be T i t u s  Manufacturing Corporat ion,  
wi th  a i r  balance and American Warming a s  equa l .  

( 2 )  Louvers s h a l l  be l o d e 1  OXL-02 extruded aluminum 
s t a t i o n a r y  wi th  b lade  # 3 5 5  and aluminum b i r d  
sc reen  on i n s i d e  of lai lver.  Screen o h a l l  be 1/2'! 
mesh and .063 aluminum. 

(3)  Louver s h a l l  be ex t ruded  aluminum 12 gauge th ick-  
ncs s ,  6063175 a l l o y .  Aluminum c o l l a r  t o  be fu r -  
n i shed  on each louver  f o r  connect ing ductwork. 
A l l  l ouve r s  s h a l l  have brac ing  s t r i p s  on mlnimum 
of 48" .  Louvers s h a l l  be conkinuous h e l i - a r c  Weld- 
islg nlekllud. Muver shaP.1 be anodized. 

. 0 9  CONNECTIONS TO MISCELLANEOUS EQUIPIYENT 

A. Make connect ions  t o  a l l  equipment a s  shown on p l ans  
i n c l ! ~ d i n g  connec t ions  t o  f an  mounting of f a n s  and fan  c o n n a c t i ~ n s .  

B. Bird Screens - A l l  o u t l e t s  and i n t a k e s  t h a t  t e rmina te  
o u t s i d e  of b u i l d i n g  s h a l l  have J/2" m ~ s h  bird ocrsens .  



. .  . . . 
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. 1 0  AUTOMATIC TEMPERATURE CONTRO.L; . . , . 

A. Equipment Room Penthouse  : . C o n t r a c t o r  s h a l l  f u r n i s h  
and i n s t a l l  r e v e r s e  a c t i n g  Honeywell t h e r m o s t a t  c o n n e c t e d .  
th rough  s t a r t e r '  t o  s t o p  and s t a r t  f a n  f o r  t h i s  Penthouse .  
Sequence w i l l  b e  such  t h a t  on r i s i n g  t e m p e r a t u r e ,  e lec t r ic  
switch w i l l  s t a r t  e x h a u s t  f a n  a n d , f a l l  i n  t e m p e r a t u r e  t h e  Honey- 
w e l l  t h e r m o s t a t  s h a l l  s t o p  f a n .  Do a l l  n e c e s s a r y  w i r i n g .  

A. The u n i t  h e a t , e r . t o  .'be c o n t r o l l e d :  by a d i r e c t  a c t i n g  Honey- 
w e l l  t h e r m o s t a t  t o  t u r n  h e a t e r  o n ,  on a d r o p  i n  t e m p e r a t u r e s  
r ange  35' t o  700:. ~ u r n j s h  and i n s t a l l ,  a l l '  n e c e s s a r y  wir ing, .  

.12 ELECTRIC UNIT HEATER 

A. F u r n i s h  and i n s t a l l  i n  pen thouse  one  chromalox LUH-75 - 
7.5 Kiq f o r c e d  f low h e a t e r . .  H e a t e r  t o  b e .  208  ' v o l t ,  3 p h a s e ,  
and come comple te  w i t h  c o n t r a c t o r ,  and o v e r  1,oad p r o t e c t i , o n  
d e v i c e s .  
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DIVISION 1600 

ELECTRICAL WORK 

SECTIOU 1601 - GENERAL PROVISIONS 
- 0 1  GENEML . 

Trle General Conditions, Supplemental General Conditions and 
Spe~;zl Ccxditions apply to all work of this Division. 

0 T TOPE - .... 
mi ,.*= -- Corikractor shall furnish all labor, equipment, materials, 
taols, t-ansportatio~., permits, etc., necessary for or inci- 
denial to the instaliation of new systems and/or the.modifi- 
cation of existing systems to provide complete lighting, power 
2nd cAer systems in accordance with these specifications and 
5 e  accor,sanying plans. El2ctrical work shall be complete from 
L : L L ~ e  location designated by the electric utility company as the 
- - - - . L  . .1.., cf electric service ccxnection to the final connection of 
. - . ~cc r s ,  fixtares, devices, apparatus, etc., as herein specified 
.%nS 2 s  in6izzzsC. Electrical work shall be in accordance to the 
. -^qzirer .ents  o? all governing local, state and national code 
. '  -g.-.iatAci.ls. 

I'; TIJSPZCTION OF SITE -.- 
&re-~fore s&mikcing a proposal on the work. specified herein and 
:-~~dicated on the contract drawings, each bidder shall examine 
L. ~ n e  site arid familiarize himself with all existing conditions. 
az5 limitations. No extra compensation will be allowed because 
of the Contractor's misunderstanding as to the amount of work 
i~~volved or because of his lack of knowledge of any existing 
cc': 3: i ' 

r LlCRS . 
. : 4 2 a P 7 I X G S  ~&D COORDINXTION --. - 
.The C o n t r a c t o r ~ r 6 f e r  to the structural and mechanical 
drawings for dimensions, furred spaces, suspended ceilings, 
loz~tions of eqiipment, etc. Any discrepancies between the 
electrical, structural and mechanical drawings shall be 
re2orred to t;?e eagineer. 

For exact locati2ns of partitions and walls the Contractor shall 
refer 5-. the str-etural drawings, which are dimensioned. Struc- 
tural trawings, however, shall not take precedence over field 
measureme7,ts. 

The swings of all doors shall be verified before switch outlets 
axe installed. 

Gutlet hei.;;hts arc .  in general ifidicated on the drawings.. 

1601-1. . 



The heights are from the center of the outlet to the finished 
floor; however, in exposed masonry, construction height shall 
be adjusted so that one box edge is on masonry joint. Outlets 
indicated back to back in adjoining rooms shall be offset 1'-0" 
from each other; 

Mechazical space lighting fixtures shall be located after all 
aechanical equipment is in place. 

It shall be the responsibility of the Electrical Contractor to 
consalt with the Mechanical Contractor before installing conduits 
or p,:ll S.3xes for electrical feeders, so that any conflicts 
be tween  the locations of conduit runs, piping and ductwork will be 
adjusted before installation. In general, large pipe mains and 
air 5ucts shall be given priority in available space. Conduit 
zcns shall be installed so as to maintain, wherever practical, a . . 
7r::nurn separation of 3" from water and waste piping, and 12" 
iron steam piping. All conduit runs shall be parallel or 
pez?er.dicuiar to building lines. 

- .  . _ - - - -  . L  25: . this :3or.tractorts responsibility to see that all 
r,-. ... '.- : .- 7 -. .A.. j-r:- l  w c r ~  for concealed electrical devices is done 
-.- ..:.*.; rquired tolerances. 

A i i  eq-clsZex+ shall be installed with ample space allowed for 
..>~,1-.;i;-al, re?=.ir c;r changes to the equipnent. Ready accessibility 

s :-e~iio~.r~ble parts or equipment and to all wiring shall be 
-::-,-.vide6 wl-,i;aut movinq equipment which is installed or which is - 
G-, =ail- i:'. plac 3. 

- - ~ie~--:ical equipent, outlet boxes, condl l i t ,  etc.,  shall not be 
a.::.'a:-.e~ sr otherwise fastened to duct work or other mechanical 
c. -e~'yll~tnt - - -  - -- - excepk where indicated on the drawings or approved by - L.c - enqineer. ' 

- - . - 
. ., :L:.TZSiA-;S L I D  k : ' G ~ ~ Y J S % L P  
L 1  ca=:?rials an3 equipnent furnished under this contract shall 
x i1F.d and shall he Pistea by the Underwriter's Laboratories, 
'-A:. , 2s co~Eorn1fig t3 its standards in every case whero such a 
stz:.ciard has been estab1is;-.ed for that particular type of material. 

kll work~~anship shall be performed in a workmanlike manner by 
workzen s~illed in the trade and shall present a neat appearance. 

- 0 6  ZODES, STANDARDSI PC?JI",ITS, FEES AND LICENSES 
P - l i  work shzll meet all requirements of the l a t e s t  e d i t i o n  of thc 
: L . ~ i u n a l  Electrical code (NFPA 70) and all national, state and 
:.ocdl regulations that may apply. Standards of the following 
asso.slatio~s or orqanizations s I - , ~ i f  be followed where applicable 
; s  nininur, requirements: 



Undar~riters Laboratories 
Institute of Electrical and Electronic Engineers 
National Electrical Manufacturers Association 
National Fire Protection Association 
National Board of Fire Underwriters 
Zdlson Electric Institute 
Insulated Power Cable' Engineers Association 
American Society for Testing Materials 

- - - - .  . 
- .  requirements indicated on the drawings or specified herein 
..rs ~c excess of the applicable codes and standards, the require- 

ins.-;es c5  =:-t lrawings and thes'e specifications shall govern. 

:fis r-:.lkr; aild regulations of the local utility companies pro- 
-/ici>s service shall be checked and complied with where applicable. 

>-I1 fees, pernits, licenses, etc., necessary for this work shall 
53 obtained and paid for by this Contractor. 

,. -. 
. ; I BF(OC1XLJAXE "Z % Q U I P L W T  
7 

Ziar to final acceptance of the work, the Electrical Contractor 
ski; fur~iish two ( 2 )  copies of the complete portfolio covering 

- - 
?:-i electrical systems and equipment furnished by him under these 
S.J ' ' - .C- '  ' ' 

_ L  -~icazlons. 7ne complete portfolio shall include approved 
.=.>cp drawings, 02erating and maintenance instructions and re- 
~.-~ac,-:ment parts listed for such equipment, with all material 
.zarefc-ly segregated and identified. Information shall be 
printed or typewritten, neatly folded and bound in a 8 1/2" x 11" 
ex2a:-sion post binder. 

3uch info-nation shall Be provided for all fixtures (identified 
by type), ?anelboards, wiring devices, receptacles, bus duct, 
pr lzzry  cable high potential test report, and auxiliary systems 
inciuded in these specifications. 

. 0  8 SHOP DRAXINGS 
Sncy 6,-awings on equipment furnished under paragraph 1630.01, 
163G.02, 1630.03, 1640.03, and 1680 of these specifications 
shall be submitted to the A~chitect before such material is 
orders?. Shop drawings shall include size, dimensions, capacity 
rou.25--in, accessories, descri2tive information, installation 
infczmatio- - etc. and other information as specified. Six (6) 
co3ies will be distributed as fcllows: Engineer (2); Contractor 
(22 ; and (2' far the Owner ' s "~ruchul-e of Equipment". 

~5 A'....~ >UI;T DPIAWTIJGS This Contractor shall maintain 
'?h is  Contractor shall mair,tain a complete set of electrical 
drab~in~s at the job site at all times, to be marked up as "as 
built" drawings. Tllis set shall be kept up to date and include 



all changes and/or additions to the electrical work. At the 
completion of the project this set of drawings shall be submitted 
to the Architect before final payment will be approved. 

-10 CUTTING AND PATCHING 
PJhere cutting is required to facilitate construction, this 
contractor shall patch and repair all such openings to the 
original state. However, structural. elements shall not be cut 
v:itL~ut the written approval of the engineer or his represent- 
ativz. 

.11 EXISTING WIRING AND EQUIPMENT 
Necessary modifications and adjustments to all electrical items 
and egulpment, both new and existing, shall be made as may be 
required by these alterations and additions. Careful inspection 
of the plans and site is required as the plans do not indicate 
all such electrical items and equipment. 

Existing electrical materials and equipment, including but not 
limited to lighting fixtures, wiring devices, signal equipment, 
condcit ax< wires, and all other electrical items which are 
renGered obsolete by these alterations and additions, shall be 
disconnected at source and removed. 

Exiszing electrical materials and equipment, including but not 
limited to lighting fixtures, wiring devices, signal equipment, 
conduit and wires and all other electrical items which interfere 
or are interfered with, obstruct or are obstructed by these 
alterzitions and additions, shall be disconnected, removed, and 
reiocsted. Such items shall be permanently installed in new 
l~catior~s as directed. New outlets, conduit, wiring, etc., shall 
De 2rovided as required to extend wiring to new locations. Such 
items shall be reconnected to proper operating condition in new 
locations. 

U~i::terru?ted services shall be maintained to all areas during 
thes~ alterations and additions. 

.12 EXISTING IIATERIAL AND EQUIPMENT 
All existing material and equipment removed under this contract 
shall rcmsin thc propcrty of thc Owncr and, unlc~c rcuccd, chzll 
be stored or disposed of as directed by the Owner. This Con- 
trzctor shall be responsible fortdamage to equipment removed 
under this contract and shali repair or replace such damaged 
itens without cost to the Owner. 

-13 IDENTIFICATION 
All switchboard equipment, panelboards, disconnect switches, 
motor starters, contactors, remote control and indication de- 
vices, and other indicate6 equipment.shal1 be furnished with 



identification labeis. All main switchboard device labels and 
?anelboard designation labels shall be made of laminated type 
br.:<e!-ite and shall be sized relative to the apparatus to which 
they are .:.ttached. 

Unless otherwise noted or specified, engraving shall be white 
letters on biack background for normal power distribution 
ctil.-:.zation equipment, and white letters on red background for 
?qciyr,ent connected to the emergency electrical system. Let- 
teriag shall be as shown, or shall indicate equipment function 
w1;e:e specific engraving is not indicated. 

L.3!3els shall.& fastened to the equipment with bolts, sheet metal 
s -  ..--- -s or epoxy cement. 

- SCESVES AND INSERTS -. 
-?-.i sleeves, inserts, forms, etc., required for openings shall be 
fzraished by this Contractor. The Electrical Contractor shall be 
xes?onsible for their size, fabrication and location and in- 
staliation. When construction is completed previous to the 
installation of sleeves, insercs, forms, etc., necessary cutting 
and patching shall be at the expense of this Contractor. 

inserts shall be installed for hanging or bracketing all conduits 
to sonstruction, wherever any work included in this contract is 
atJ-~zhed to new concrete work. 

Iaserts shall be set during the construction of the building and 
shall be set only in locations approved by the engineer. 

~nserts shall be Crawford Company, Fig. 50 and 51, Trucson, 
.or Grabler Mar.ufacturing Company's adjustable concrete inserts, 
or approved equal. 

Knere inserts have been improperly located, or where it is 
necessary to support conduits from present masonry construction, 
the Contractor shall anchor conduit hangers and supports with 

-' '! ' -.ILI~PS, or approved equal, expansion bolts. Location of 
ex~a2sion bolts must have approval of engineer. 

.'leeves shall be provided for 1" conduit and larger, and shall be 
;;acked with Dura-Gum. 

.15 ACCESS PmELS 

Concuit and wiring shall be so arranged that remote electrical 
cor.trols can be operated and/or properly maintained through 
aycess panels. Access panels shall be provided as required 



fc:r this part of the work. The Contractor shall cooperate with 
the Architect on the location of the panels so that they will'be 
least obtrusive and will work best into the architectural treat- 
ment of the respective rooms. 

.16 MANUFACTURER ' S NAMEPLATES 
Each major component of the equipment shall have the manufac- 
turer's name, address, model number and rating on a plate 
sec-z:.ely affixcd in a conspicuous place. The nameplate of a 
distributing zigent is not acceptable. ASME code ratings, or 
c-~ner data which is die-stamped into the surface of the equip- 
ment, shall be stamped in easily visible locations. 

Manufacturer's nameplate, identification or symbol shall not be 
7ernitted on equipment, apparatus or material in finished or 
;-labitable spaces, located so as to be visible or exposed to view. 
For equipment, apparatus or material in finished or habitable 
s;;ac:.s, nameplates and/or identifications shall be concealed in 
acc-lssible locations. ~eviations from the above shall not be 
~criaitted except by specific written permission from the Archi- 
L ,-ect. This paragraph does not apply to Underwri.ter8s Labora- 
tczies labels or other labels required in these specifications. 

1 7 "ATiVTZNG - -. - -, . 
h i L  zno2-fabricated and factory-built equipment not galvanized or 
protected by painting shail be cleaned and given one (1) shop 
coat of reC lead or zinc chromate primer before delivery to the 
site. Any portions of the shop coat damaged in delivery.or 
ZurFnq construction shall be recoated. All finish painting will 
be k n e  according to the "Painting" section of the General Work. 

~ ~ e ? l a t e s ,  labels, tags, stainless steel or chromium plated 
itens such as shafts, levels, handles, trim, strips, etc., shall 
no? be painted. 

-18 PZOTECTION OF WORK 
Thz Contractor shall protect his work done under this Contract 
f r o m  injury by keeping all conduit capped or plugged, drained, 
or ctiierwise protected from injury, including damage done by 
freezing, flooding and/or stoppage from building materials or 
Zirt . 
The Contractor shall protect all equipment and fixtures furnished 
under this Contract from Zamage during the construction of the 
buiizing and he shall provide all tarpaulins, drop cloths, 
barrizades, temporary heaters and/or auxiliary equipment as may 
bc rcquircd. 



Any materials or equipment that are injured or damaged shall be 
removed immediately and replaced with new materials or equipment 
to the satisfaction of the Architect. 

. 2 0  SUESTITUTIONS AND MATERIALS APPROVAL 
All materials and equipment shall be new and shall be listed by 
the Underwriters Laboratories, Inc. as conforming to its stan- 
dards in every case where such a standard has been established 
for the particular type of material in question. 

The materials for which a manufacturer is not specified shall be 
high quality products made by nationally recognized and sub- 
stantially established manufacturers. 

The manufacturers and/or proprietary names specified are not 
liiniting but do indicate the desirable quality, size, appearance 
anE performance. It is the responsibility of the successful 
bidder to request approval of any material or equipment he wishes 
to substitute for specified material or equipment prior to his 
signing a contract. Request must be submitted in triplicate with 
supporting data, and sh.ould follow in sequence the articles of 
the specifications. 

Any changes in the work necessitated by the Contractor's choice 
of equipment shall be the responsibility of the Contractor and 
shall he accomplished at no additional cost to the Owner. 

In the event this list of substituted equipment and/or materials ' 

is not received by the Engineer before Contracts are signed, this 
Contractor shall therefore be bound to furnish all the items as 
specified. 

The Engineer reserves tile right to require the removal and 
replacement of any material or equipment which does not meet 
the specifications and does not have the written approval of the 
Engineer as a substitute item. This requirement may be enforced 
at any- time of discovery reqardless of the degree of completion 
of t5e installation. 



. 2 1  T=IPORARY L I G H T I N G  AND POhU'ER 
~ h l s  C o n t r a c t o r  s h a l l  p rov ide  any and a l l  temporary l i g h t i n g  and 
power r e q u i r e d  f o r  t h e  performance o f  t h i s  Con t r ac t  and as  needed 
by o t h e r  c o n t r a c t o r s  on t h i s  p r o j e c t .  

.22 CLEAS-ZP 
T h i s  C o n t r a c t o r  s h a l l  coope ra t e  w i t h  o t h e r  workmen and w i t h  t h e  
Genera l  C o n t r a c t o r  i n  t h e  d a i l y  removal of  d e b r i s  from t h e  work 
s l tc .  

Th i s  Con t r ac to r  s h a l l  l e a v e  "broom c l e a n w  a l l  areas where he has  
i n t e r r u p t e d  o r  completed h i s  work. 

H e  s h a l l  eoope ra t e  w i t h  t h e  General  Con t r ac to r  i n  good house- 
keep ing  procedures .  

A t  t h e  complet ion of  h i s . w o r k ,  p r i o r  t o  t h e  f i n a l  i n s p e c t i o n ,  
t h i s  Con t r ac to r  s h a l l  c l e a n  a l l  d e v i c e s ,  p l a t e s ,  f i x t u r e s ,  
g l a s s w a r e ,  s w i t c h e s ,  c a b i n e t s ,  exposed c o n d u i t s  and f i t t i n g s  and 
s h a l l  l e a v e  t h e  premises  i n  a thoroughly c l e a n  c o n d i t i o n .  

. 23  SUBMITTALS 
C e r t a i n  s u b m i t t a l s  a r e  r e q u i r e d  under t h e  E l e c t r i c a l  Con t r ac t .  
I t  i s  e s s e n t i a l  t h a t  t h e s e  i tems be  t r a n s m i t t e d  i n  a  t ime ly  
manner s o  a s  n o t  t o  d e l a y  any f a c e t  o f  t h e  p r o j e c t .  

The fo l lowing  i t e m s  a r e  r e p r e s e n t a t i v e  o f  t h e  above s u b m i t t a l s :  
(1) r e q u e s t  f o r  s u b s t i t u t i o n s  
( 2 )  c e r t i f i c a t e  o f  i n su rance  
( 3 )  performance bond 
( 4 )  c o s t  breakdown 
(5)  r e q u e s t s  f o r  payment 
( 6 )  shop drawings 
( 7 )  b a l a n c i n g  r e p o r t  
( 8 )  ground v e r i f i c a t i o n  l e t t e r  
( 9 )  b rochure  o f  equipment 
(10) " a s  b u i l t "  drawings 

A l l  suSiilissions s h a l l  be s e n t  w i th  a t r a n s m i t t a l  form 
which e x p l a i n s  t h e  r ea son  f o r  and t h e  e x t e n t  o f  t h e  t r a n s m i t t a l .  . 
~t s h a l l  be d a t e d  and s iqned .  

-24 INSTRUCTION OF OWNERS PERSONNEL 
The E l e c t r i c a l  C o n t r a c t o r  s h a l l  ensu re  t h a t  personne l  des igna t ed  
by t h e  Owner s h a l l  be  i n s t r u c t e d ,  t o  t h e  Owner's s a t i s f a c t i o n ,  i n  
t h e  u se  o f  equipment and systems l i s t e d  below: 

(1) emergency power system 
( 2 )  c o n t r o l  sys tem 



. 2  .. 'i:isPzcTI@?2 -- .- 
2" . ,. ~ 2 . e c t r i c a l  i n s p e c t i o n  s h a l l  be r eques t ed  o f  du ly  autho- 

-.- , - . - . . ,-. .. . . . .:.r.ctric?:l i n s p e c t o r s .  A l l  charges  f o r  such i n s p e c t i o n  
sh.- . - . l  pa id  f o r  by t h i s  Con t r ac to r  as p a r t  o f  t h i s  Con t r ac t .  

.2 6 C-5;-ihlJTEE 
Th: 3 ;:~;r,..:ra-,tor s h a l l  quaran tee  a l l  m a t e r i a l  and workmanship 
su,ylieL urt : . r  t h i s  c o n t r a c t  t o  t h e  e x t e n t  o f  r e p l a c i n g  wi thou t  - - .  azz;.::ional c o s t  anl- work o r  m a t e r i a l  which i s  found t o  be  de- 
f e c t i v e  w i t h i n  a p e r i o d  of  one (1) y e a r  from t h e  d a t e  o f  f i n a l  
zcceptance by t h e  Owner. 

- 2 7  COST SREAKDOWK 
?he E l e c t r i c a l  Con t r ac to r  s h a l l  f u r n i s h  f o r  Engineer ' s  approva l  a 
c o s t  b r~akdown ,  f o r  t h e  purpose of de te rmin ing  p rog res s  payments 
l . ~ r i n g  ,:onstruction. The breakdown and subsequent  payment 
r e q u e s t s  s h a l l  be  submi t ted  i n  a format  s i m i l a r  t o  t h a t  on t h e  
foilov.  lncj pages.  

Zeq l~es t  f o r  payments w i l ' l  no t  be c e r t i f i e d  u n t i l  a s a t i s f a c t o r y  
cast breakdown has  been r ece ived  by t h e  Engineer.  

8 
COST BREAKDOWN 

Iter;rl 
210. I t - 2 ~  M a t e r i a l  Labor T o t a l  - 
1. 6 m i n i s t r a t i o n ,  Overhead, 'Taxes 

r e r m i t s  , In su rance ,  Fees  

2 .  ..-. -: , l lding Wiring Inc lud ing  Boxes, 
~ a n d u i t  , and W i r e  (Rough-in) 

- 
_, . Device an2 Device P l a t e s  

4 l i x t c c e s  and F i x t u r e  Wiring 

- 
. . ';'srr,>orary Wiring 

r 
r,. Branch Circ- . l i t  Panelboaras  & 

aeede r s  

7 .  Pcver Pane l s  & Feeders 

I?. C a n t r o l  Pane l s  & Wirins  

9 .  E l e c t r i c z l  Equlpment Wiring 

10. Emergency Genera tor  

11. Miscel laneous 
TOTALS 
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SECTION 1610 

i3ASIC MATERIALS AND METHODS 

' -7 -7 T,-- f .  . C 7 -  ji 
.---\.LI u . -v - U I  . . , - - - - - ,.: :<. -,-ir-. . - . -. ... s h a l l  be i n s t a l l e d  i n  a cont inuous ly  grounded m e t a l l i c  

c i . .  .:-:- :. s;  Tte;;.. The z - ~ n b e r  of w i r e s  i n  branch c i r c u i t  c o n d u i t s  
i s  ! : . ,2 lza ted  by t h e  number of  c r o s s  l i n e s  appear ing  a c r o s s  
co2c.ii.t rxns  between c u t l e t s  a s  shown on t h e  p l ans ;  c o n d u i t s  n o t  . - 
s . = r i ; e c  c o n t a i n  on ly  two w i r e s .  A l l  w i r i n g  s h a l l  be  color-coded.  
Tizi-nerals g e n ~ . - . a l i y  shown i n  t h e  r i gh thand  quadran t ,  a t  branch 
c- , . - - ; i t  a z t l e t s ,  i n d i c a t e  c i r c u i t  numbers. 

. . ZONDUCTOXS -. .. 
All. I1-.lre s h a l l  be cop?er and s h a l l  be t ype  THW, THWN o r  XHHW, 
unl:~ss o the rwi se  i n d i c a t e d  o r  r e q u i r e d .  A l l  branch c i r c u i t  
!.:i--2 s h a l l  be  #12,  o r  l a r g e r .  A l l  w i r e  s h a l l  be c o l o r  coded. 

- - .  r ;  i i- s. s h a l l  be  any one o r  a l l  of  t h e  fo l lowing  manufac ture rs :  
r - -  . .- :rai Cable ,  home, T r i a n g l e ,  o r  approved equa l .  

h -. . iVi;iiT;G DEVICES -- - -  - .  -. . .. . - .: 7112s. shall h 
- .  

e  Arrow-Hart 1990 series, g ray ,  q u i e t  mechani- 
Z E  . --.- ~ y ? e ,  20 ampere, AC r a t e d  o r  approved equa l .  

E>s?lex r e c e p t a c l e s  s a h l l  be Arrow-Hart #5735-S-GRY, t h r e e  ( 3 )  
N 1 - s  grounding t y p e  r a t e d  a t  2 0  amperes, o r  approved equa l .  

D - J ~ ~ E x  r e c e p t a c l e s  i n d i c a t e d  a s  weatherproof G.F.I. s h a l l  be 
s ~ r f ~ z e  mounted ,hor izonta l ly  and s h a l l  be equipped w i t h  duplex 
p l ~ t e ,  complete w i t h  gaske ted  s p r i n g  door covers .  

. . 
C3ix ina t ion  swi t ch  and p i l o t  l i g h t s  s h a l l  be  S i e r r a  #5029R neon 

.  pa w i t h .  r e d  lighte2 toggle, o r  api?rcrved equal. .  

P i i ~ t  l i g h t s  s h a l l  be Arrow-Hart #1720 complete w i th  r e d  p l a s t i c  
e  =nd 1/25 w a t t  neon lamp, o r  approved equa l .  This  u n i t  f i t s  
z : ? r L c 1 ~  g a l g  swi tch  p l a t e  w i t h  opening of  t h e  t ype  r e q u i r e d  f o r  . . 
rr ,+ s;;ecified st,-itches. 

, - .  ; . : - . ; : . s  _slatzs  f o r  concealed wi r ing  s h a l l  be S i e r r a  s a t i n  f i n i s n e d  
. - .  - 
=:..,/ st- . .- . , , iess 4 - -  s t e e l ,  o r  a?proved equa l .  P l a t e s  s h a l l  be en-' 
- , l . . . . , - I  - 9 .. wisere no t ed  on thp o l ~ n s .  Engraving c h a l l  o o n s i s t  of . - 
L /b  ' sloz:: ,stters w i t h  .,..lack f i l l e r .  Device p l a t e s  f o r  exposed 



, . .  

wi. - , ins  s h a l l  be t h e  ' p r e s s e d , , . s t e e l  type .  Device p l a t e s  f o r  
0;: - l e k s  on ene'rgency :power s h a l l  be  s t a i n l e s s  steel p a i n t e d  
$ ;36 : :3  yel low.  . . 

s ' . . indard mounting h e i g h t s  o f  dev ices  s h a l l  be  as shown on t h e  
pl r?ns  and ' s h a l l  be  t o  t h e  c e n t e r  l i n e  o f  t h e  dev ice ,  u n l e s s  
o t i -~erwise  s p e c i f i e d  o r  noted.  

H-GbLeli , Pass' & Seymour', o r  S i e r r a .  sw i t ches ,  a n d ,  r e c e p t a c l e s ,  
wi th  pub i l shed  c o m p a r a t i v e . c a t a l o g  n,umbers, w i l l  be  accep ted  as 
s u b s t i t u t e s  f o r ,  the . .  d e v i c e s  s p e c i f i e d ,  

4 CONI>UPTS AND WIREWAYS 
Galvanized r i g i d  meta l  condu i t  s h a l l  b e  used f o r  w i r i n g  i n s t a l l e d  
i n  t h e  e a r t h  below slabs, f o r . w i r i n g  i n s t a l l e d  i n  s l a b s  l a i d  
d i r e c t l y  on e a r t h ,  f o r  w i r i n g  i n  o u t s i d e  w a l l s  below g rade ,  
an6 f o r  exposed e x t e r i o r  w i r i n g ,  i n c l u d i n g  c o n d u i t s  exposed on - - 

X O O f .  
. . 

7:exible meta l  c o n d u i t  o r  e l e c t r i c a l  m e t a l l i c  t u b i n g  may be  used 
a t  ~ l i  o t h e r  l o c a t i o n s  as p e r m i t t e d  by code. 

Where i n d i c a t e d  on t h e .  dr'awinbs o r  r e q u i r e d  by t h e  b u i l d i n g  
const . r i lc t ion , t h e  C o n t r a c t o r .  s h a l l  f u r n i s h  and i n s t a l l  condu i t  
ex;?ar,sion f i t t i n g s  made by O:Z., o r  'approved.equa1.  

. . 

A l l  d e v i c e s  ( L B ' s ,  hubs,  coup l ings ,  e tc .)  f o r  s t e e l  condu i t  s h a l l  
be ga lvan ized  m a l l e a b l e  i r o n  o r  s t e e l .  

F l e x i b l e  metal  c o n d u i t  (18." maximum ' l eng th)  s h a l l  be  used f o r  
f i n a l  connec t ions  t o  motors and o t h e r  .equipment wi th  f l e x i b l e  
moGt:lnq i n  d ry  l o c a t i o n s . , .  Liquid- t ight  f l e x i b l e  metal  condu i t  
skia l l  b e  u s e d . f o r  f i n a l  connec t ions  t o  motors and o t h e r  equipment 
w i t h  f l e x i b l e  mounting i n .  w e t  l o c a t i o n s .  

Cou?'lings and connec to r s  f o r .  e l e c t r i c a l  m e t a l l i c  t ub ing  s h a l l  be 
t h e  r a i n - t i g h t  s teel  compression type'  o r  t h e  c o n c r e t e - t i g h t  steel 
s e t  screw type .  

R i q i c  c c z d u i t  c o n n e c t i o n s . a t  boxes' ou tdoor s ,  o r  where s u b j e c t e d  
t o  a o i c t u r e ,  s h a l l  be  made w l t h  th readed  hubs and bushings .  
R i5 id  c o n d u i t  connec t ions  t o  NEMA 1 ' enc losures  where n o t  s u b j e c t  
t o  mc ic tu re  s h a l l .  be  made w i t h  double-lock n u t s  and 0.2. t ype  B 
i n s u l a t e d  s teel  bush ings ,  o r  ' approved ' equa l .  . . 

F l e x i b l e  metal  c o n d u i t  s h a i l  n o t ' b e  co'upied t o  . f l e x i b l e  meta l  
c o n d u i t  .' Connectors f o r  f l e x i b l e  metal  condu i t  s h a l l  -be t h e  
ang led  wedse, o r  set  sc'.rew type .  



A i l  c o n d u i t  i n s t a l l e d  i n  e a r t h  s h a l l  b e  t h o r o u g h l y  c o a t e d  w i t h  
E L t u n a s t i c  #50,  o r  approved e q u a l ,  b e f o r e  b e i n g  covered  w i t h  back- 
- : .  . . .  . . - - .  . 

k i : ~ ~ i ~ u ~  c o n d u i t  nay be  used.  When u s i n g  i t ,  t h e  C o n t r a c t o r  
r .;t c o n ~ l y  w i t h  t h e  f o l l o w i n g  r e q u i r e m e n t s :  . Locai  codes  govern ing  t h e  u s e  o f  aluminum c o n d u i t  must 

3 e  obse rved .  
b. Aluninun c o n d u i t  s h a l l  n o t  be embedded i n  c o n c r e t e  o r  

underground.  
c. A i ~ ~ i n u m  c o n d u i t  s h a l l  b e  l i m i t e d  t o  f e e d e r  c o n d u i t s  

two ( 2 )  i n c h e s  and l a r g e r .  
d .  Bending, c u t t i n g  a n d . t h r e a d i n g  o p e r a t i o n s  s h a l l  conform 

t o  r . ~ a n u f a c t u r e r ' s  recommendations, and approved aluminum 
i u b r i c a n t  s h a l l  b e  used  on t h r e a d e d  c o n n e c t i o n s .  

Coiiduit  s h a l l  b e  produced by any one  o r  a l l  o f  t h e  f o l l o w i n g  
z ian .dfac turers :  R e p u b i l i c ,  Rome, T r i a n g l e ,  or approved e q u a l .  

,. = . ,  ,.&. Type R c a b l e  s u p p o r t s  s h a l l  be  p r o v i d e d  f o r  v e r t i c a l  r i s e r s  
a t  3 0 '  minimum i n t e r v a l s .  

- - 
tt.: r e x a y s  s h a l l  be p r o v i d e d  where shown on t h e  drawings  and a s  
a 2 e z i f i e d  h e r e i n a f t e r .  Wireways f o r  p a n e l b o a r d s  s h a l l  b e  s'ized:- 
,3s ~ h o w n  on t h e  d rawings  and s h a l l  have screw c o v e r s .  C l o s u r e  
i2 la tes  s h z l l  be  p r o v i d e d  a t  t h e  e n d s  o f  t h e  wireways,  and wi re -  
way5 s h a l l  be  s e c u r e d  t o  t h e  p a n e l b o a r d  and p u l l  box' by means 
cf ?: 2-i12" chase  n i p p l e ,  l o c k  n u t  and i n s u l a t e d  bush ing .  W i r e -  
ways :or t h e  n o t o r  equipment  s h a l l  be  a s  s i z e d  on t h e  drawings  
a ~ c i  s h a l l  b e  equipped w i t h  h i n g e d  c o v e r s  and c l o s u r e  p l a t e s .  

:filere zor idui t  pass'es th rouqh  s p a c e s  where it may b e  s u b j e c t  t o  
mechz.:ical a b u s e ,  t h i s  c o n t r a c t o r  s h a l l  f u r n i s h  and i n s t a l l  
adeq.~a 'e  c o n d u i t  p r o t e c t i o n  and s h a l l  r o u t e  c o n d u i t  t o  minimize 
n c c h c n i c a l  damage, 

- .  
... .; 3UT3ET BOXES - . - L ~ c h  s w i t c h ,  l i q h t  and w.all r e e e 2 t a c l e  o u t l e t  s h a l l  be equipped 
. . 

' ~ 1 :  ,I a n  approved t y p e  c , ; t l e t  b o x . o f  s t e e l  o r  m a l l e a b l e  I r o n ,  
LC-;-li ly g a l  v a c i z e d  t o  prever ' t  r u s t i n g ,  a s  manufactured  by any 
7.-.le c r  a i l  o f  t h e  followinc,.  n a n u f a c t u r e r s :  Nat ion  E l e c t r i c  
F~odu!:.!-s Cor?oration, Appleto;?,  S t e e l  C i t y ,  Raco, A l l  S t e e l  
Lqu-. ..:ti.2- :- . I n c  . , 3r a2proved e q u a l .  

7115 i i e i q k t s  o f  b r a c k e t  o u t l e t s ,  s w i t c h  o u t l e t s ,  c l o c k  o u t l e t s ,  
e t c . ,  s h a l l  be a s  i n ~ i c a t e d  on :he d rawings ,  o r  s h a l l  b e  o b t a i n e d  
from t h e  ~ r c h i t e c t .  The C o c t r a c t ~ r  s h a l l  p a r t i c u l a r l y  n o t e  
s p a c e s  wilere c e i l i n g s  a r e  f u r r e l  dc.lwn o r  suspended and i n  a l l  
such s p a c e s  ne  s h a l l  e x t e n e  cc::Suits and i n s t a l l  t h e  o u t l e t s  t o  
c o n f o r m  wi. t.h r e q u i r e m e n t s  t h e r e f o r .  



All ceilin; and bracket outlets for supporting lighting fixtures 
shall be equipped with a 3/8" malleable iron fixture stud. Studs 
shall be No-bolt type as manufactured by Steel City Electric 
Company. 

Outiet boxes for single or two-gang switches in plastered walls 
sl;311 be 4 "  x 4" x 2-1/8" with plaster rings of the same thick- 
ncss as the de?th of plaster. Where three or more switches 
z r E .  i.r-stalled in one location, suitable gang-boxes shall be used. 
T7-? sang-bo:.:es shall not be less than 2" deep and shall be 
csin~lete with plaster rings. 

07ltiet boxes for switches installed in unfinished concrete walls 
~ , d  oolurnns or concrete block walls shall be 4" x 4" x 1-1/2" 
?..3:-s with tile covers, installed flush with surface of the 
cJr!cxete or concrete block. Deeper boxes shal.1 be installed 
where conditions and locations require same. Steel barrier 
2lztes shall be provided in all ganged 277 volt switch outlet 
b-.. d2.e 9 . 
.?:. . - .;ilr~et boxes for glaze2 rile, brick and concrete block walls 
shall he 4" x 4" x 1-1/2" boxes with tile covers. Opening in 
,..r;.ll shali be cut carefully and true by,sawing. 

Ontlet boxes for wall receptacles shall be as specified for 
switches above. Where multiple .installation of receptacles 
is indicated or required, multi-gang boxes shall be installed. 

Outiet boxes for exterior waterproof lighting fixture shall 
be an integral part of the fixture as provided by the fixture 
manuf,acturer, and shall be installed flush in the exterior walls 
except as indicated otherwise on the,drawings. 

Outlets for weatherproof locations and all devices and outlets 
in all surface-run conduit installations, except where indicated 
otherwise, shall .be type FS or FD conduit boxes with threaded 
n&s and mounting lugs as'manufactured by any one or all of the 
faliowing manufacturers: Pyle National, Appleton or 'Crouse- 
ZinZs. Boxes in weather-proof locations shall be equipped with 
cc7-er plates complete with' gaskets, suitable for the device 
installed as nereafte.r specified or as indicated. 

All ceiling outlets shall be. located with due consideration given 
to clearance from ventilating ducts and mechanical piping. Where 
numcrous ducts occur,, condui,ts .and outlets may be installed after 
ventilating ducts are in place., 

Where outlets occur in plastered or concrete finish ceilings, 
outlet boxes shall be installed to fini'sh flush with the finished 



c e i l i n g  l i n e .  Where c e i l i n g  o u t l e t s  o c c u r , o n  a c o u s t i c a l l y  
t r e a t e d  c e i l i n g s ,  they  s h a l l  be  equipped wi th  ex t ens ion  r i n g s  
f i n i s h i n g  f l u s h  wi th  a c o u s t i c a l  cei l . : ing l i n e s .  

O u t l e t  boxes i n s t a l l e d  i n  conc re t e  s l a b  f o r  c e i l i n g  l i g h t s  s h a l l  
be  c o n c r e t e  boxes wi th  back p l a t e  and f i x t u r e  s t u d .  A t  t ime o f  
box i n s t a l l a t i o n  and p r i o r  . t o  conc re t e .  pour ing,  p lug  c o n d u i t s  and 
f i l l  boxes w i t h  sand t o  prevent .  c o n c r e t e  en t r ance . '  

. 06  FUSES 
C a r t r i d g e  f u s e s  f o r  motor branch: c i r c u i t s  60 amperes o r  less 
s h a l l  be  Buss, FRN, FRS :(or t ype  as i n d i c a t e d )  o r  approved 
equa l .  

C a r t r i d g e  f u s e s  f o r  a l l  o t h e r  a p p l i c a t i o n s  s h a l l  be  Buss,.LPN, 
L E 3 , .  ( o r  t ypes  a s  i n d i c a t e d )  o r  approved equa l ,  , f o r  600 amperes 
o r  below and Buss H i  Cap, o r  approved equa l ,  f o r  above 600 
t q p e r e s .  P.lug f u s e s  s h a l l  be  Buss Fus . t a t s  o r  approved equa l .  
?uses s h a l l  a l l  b e , o f .  one make:. F e e d e r s , a n d  o t h e r  equipment 
s h a l l  be  fused  t o  conform t o  t h e  requi rements  of  t h e  Na t iona l  
E l e c t r i c a l  Code. One (1) set- of  t h r e e  ( 3 ) '  s p a r e  f u s e s  of  each 
type  and s i z e  used . s h a l l  b e .  provided.  

- 0  7 PULL 'BOXES 
" u l l  'boxes s h a l l  be i n s t a l l e d  a s  r e q u i r e d  i n , l o n g  r u n s ,  o r  when 
more than  t h e  equiva. lent '  of f o u r  . , qua r t e r  bends occu r s  i n  any 
condu i t  runs .  . A l l  ' p u l l ,  boxes s h a l l  be s i z e d  t o  conform t o  t h e  
reqil irements of S e c t i o n  370-18 o f t h e N a t i o n a 1  E l e c t r i c a l  Code. 

. c 2 ZQUIPIIIENT FURNISHE~I ' Z Y  OTHERS . . 

This  Con t r ac to r  s h a l l  i n s t a l l  f e e d e r s  f o r  a l l  equipment i n d i c a t e d  
as  f u r n i s h e d  by o t h e r s .  These f e e d e r s  s h a l l  t e rmina t e  i n  
s a f e t y  s w i t c h e s ,  J-boxas; r e c e p t a c l e s ,  o r  capped o u t l e t s ,  as 
i n d i c a t e d  o r  r e q u i r e d ,  from which po in t . ' a l l  w i r i n g  f o r  t h e s e  
i t e n s  w i l l  be i n s t a l l e d  'by o t h e r s .  

.O9 GROUhQING 
The e l e c t r i c a l  system and equipment s h a l l  be  grounded i n  accor-  
c?ar,.~e w i t h  t h e ' N a t i o n a 1  E l e c t r i c a l  Code, a s  shown on t h e  drawings 
arid as s p e c i f i e d  h e r e i n a f t e r .  

A l l  ~ e t a l ,  non-current  c a r r y i n g ' . p a r t s  of t r ans fo rmers ,  primary 
d i scunnec t  swi t ch ,  c u b i c l e  framework, ground bus i n  c u b i c l e s ,  
motor c o n t r o l  ce f i t e ra ,  primary; cable, cab le  s u p p o r t s ,  condu i t s ,  
sw i t ches ,  panelboards  and o t h e r ,  e l e c t r i c a l  equipment s h a l l  be  
s e c u r e l y  grounded t o  ' t h e  system ground. . . ' ' 



The C o n t r a c t o r  s h a l l  f u r n i s h  and  i n s t a l l  a n  0.2. t y p e  b u i l d i n g  
g r o u n d i n g  b u s h i n g  on a l l  c o n d u i t  s t u b s  from t h e  f l o o r  t o  f l o o r -  
mounted equipment .  

3 
T?{e ~ o r . t r d c  t o r  s h a l l  f u r n i s h  and i n s t a l l  a  g round ing  c o n d u c t o r  
in eat?* f d e d e r  c i r c u i t  and b ranch  c i r c u i t  e x c e e d i n g  20 ampere 
r a t i n g  and  i n  e a c h  motor b r a n c h  c i r c u i t .  Grounding conduc to r  
s h a i i  5e s i z e a  as snown on t h e  drawings .  Grounding conduc to r  
i s  l i i d ~ z a t e d  by s u f f i x  "G." . 
. i O  kLLZ AND CABLE SPLICES AND TERMINATIONS - 
r7,-.less s p e c i f i e d  otherwise, a l l  wire and c a b l e  s p l i o c ~  c h a l l  be 
-ns::;z.ted w i t h  S c o t c h  # 3 3  p l u s  e l e c t r i c a l  t a p e .  A uni form 
i z v e r i n c  of  t h e  t a p e ,  c o v e r i n g  the comple te  s p l i c e ,  c h a l l  be o f  
s ~ c h  a  t h i c k n e s s  a s  t o  p r o v i d e  600 v o l t  i n s u l a t i o n  o v e r  t h e  
s s i ~ c e .  A l l  b r a n c h  c i r c u i t  w i r e  and c a b l e  s p l i c e s  i n  c o n d u c t o r s  
3: Yc an< i n c l ~ ~ d i n g  N o .  1 0  gauge s h a l l  bc connec ted  by mearls of 
t w l s t  ;ct c o n n e c t o r s .  Connec to r s  s h a l l  b e  I d e a l  Wing-Nut, 3 M  
Sc-tch-Lok, or approved  e q u a l .  

...;ire 
. - 

and c a b l e  s p l i c e s  i n  c o n d u c t o r s  of  l a r g e r  s i z e s  t h a n  
; k s .  LO Gauge s h a l l  b e  made w i t h  clamps o r  b o l t e d  t y p e  c o n n e c t o r s .  -. 
@i;. 2;e clamp-type l u g s  or  an1 b o l t i n g  c o n n e c t i o n  i s  used ,  a l l  
c o , k a c t  s u r f a c e s  s h a l l  b e  c l e a n e d  t o  e n s u r e  maximum c o n d u c t i v i t y .  



SECTION 16'20 

ELECTRIC SERVICE' 

INDEX 

. . .  . . I t e 7 1  . . . . ' . Page 
. . 

.01 Service 1 

.0 2 Grounding . 
. . 1 



SECTION 1620 

ELECTRIC SERVICE 

. G 1  SERVICZ 
S e r v i c e  s h a l l  be  o b t a i n e d  from an a v a i l a b l e  600 v o l t ,  3 phase,  
3 w i r e  sou rce  w i t h i n  t h e  p l a n t .  This  c o n t r a c t o r  s h a l l  v e r i f y  
t h e  l o c a t i o n  of  s e r v i c e  connec t ion  and r o u t i n s  o f  f e e d e r s  w i th  
t h e  owner. 

- 

Tkis  c o n t r a c t o r  s h a l l  f u r n i s h  and i n s t a l l  f u sed  s a f e t y  swi tches  
a s  shown on t h e  p l a n s  and t h e  t a p  main bus a t  t h e  b u i l d i n g  majn 
d i s t r i b u t i o n  swi tchboard ,  o r  s h a l l  make connec t ions  t o  a v a i l a b l e  
s p a r e  over  c u r r e n t  p r o t e c t i o n  d e v i c e s  a s  d i r e c t e d  by t h e  owner. 

. 0 2  GROUNDING 
Grounding s h a l l  conform t o  t h e  requi rements  o f  t h e  Nat iona l  
E l e c t r i c a l  Code. 
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SECTION 1630 

ELECTRICAL DISTRI'BUTI'ON SYSTEM 

. O 1  LIGHTING PANELBOARDS 
T h i s  C o ~ t r a c t o r .  s h a l l  f u r n i s h ,  i n s t a l l  and connec t  a l l  l i g h t i n g  
and branch  c i r c u i t  pane lboards  a s  shown on t h e  drawings and a s  
s p e c i f i e d  h e r e i n a f t e r .  Panelboards  s h a l l  be  equipped w i t h  
c i r c u i t  b r e a k e r s  and s h a l l  be  f u r n i s h e d .  ..with copper ground bus  
. - -1 n e u t r a l  bus  and s h a l l  be  as manufactured.  by c u t l e r  Hammer, 
F e d e r a l  P a c i f i c ,  General  E l e c t r i c ,  ITE, Square  D ,  Westinghouse o r  
e c u a l ,  approved by t h e  ~ r c h i t e c t .  Nomenclature used i s  t h a t  o f  
th2 '4es t i nghouse  E l e c t r i c  ,Corpora t ion .  

Bus b a r  connec t ions  t o  t h e  branch c i r c u i t  b r e a k e r s  s h a l l  be  t h e  
" d i s t r i b u t e d  phasen  o r  "phase sequence" type .  Bussing s h a l l  be 
such t h a t  any a d j a c e n t  s i n g l e  p o l e  b r e a k e r s  w i l l  be on d i f f e r e n t  
;:.;asses o r  p o l a r i t i e s  and t h a t  two o r  t h r e e  p o l e  b r e a k e r s  can be  
i ~ s t c l l e d  on any l o c a t i o n .  Bus s t r u c t u r e  shall be copper a n d  he  
k r a c e a  f z r  25,000 RMS amps minimum. A l l  copper  p a r t s  s h a l l  
',? s l a t e d  t o  p r e v e n t  c o r r o s i o n .  

Panelbs2--6 numbering s h a l l  be  such t h a t ,  s t a r t i n g  a t  t h e  t o p ,  odd 
n u d e r s  s h a l l  be  used i n  sequence down t h e  l e f t -hand  s i d e  and 
evea n u i e r s  s h a l l  be  used i n  sequence down t h e  r ight-hand s i d e .  

CaLine ts  s h a l l  be  f a b r i c a t e d  o f  code gauge ga lvan ized  s teel ,  Top 
an2  bottom w i r i n g  g u t t e r  s h a l l  be a minimum o f  4" wide. S ide  
g u t t e r s  s h a l l  a i s o  be  a minimum o f  4 "  wide,  e x c e p t  where f e e d e r s  
2 5 0  MCG and l a r q e r  p a s s  th rough ,  i n  which case g u t t e r s  shalJ he 
i i l c r ea sed  a s  r e q u i r e d  by code. F r o n t  s h a l l  have doors i n  matching 
one-piece  t r i m ,  b e  code gauge and be f i n i s h e d  w i t h  r u s t - i n h i b i -  
tin: p r imer  and baked enamel. F r o n t s  s h a l l  have a d j u s t a b l e  
i n d i c a t i n g  t r i m  clamps, which s h a l l  be  complete ly  concealed when 
t h e  door s  a r e  c l o s e d .  A c i r c u i t  d i r e c t o r y  frame and c a r d  w i t h  a 
c l e a r  p l a s t i c  cove r ing  s h a l l  be  provided on t h e  i n s i d e  o f  t h e  
door. The d i r e c t o r y  s h a l l  be  typed t o  i d e n t i f y  t h e  load fed by 
each  c i r c u i t  u s i n g  t h e  f i n a l  room numbers p rov ided  by t h e  Owner. 
F r o n t s  s h a l l  have f l u s h  l o c k s  w i t h  two ( 2 )  keys.  A l l  l ocks  s h a l l  
be keyed a l i k e .  

C i r c u i t  b r  
magnet ic ,  
b r e a k e r s .  

.ei.kers s h a l l  be guicit-make, quick-break,  thermal - 
t r i p - i n d i c a t i n g  and have common t r i p  on a l l  mul t i -po le  
Branch c i r c u i t  b r e a k e r s  f e e d i n g  convenience o u t l e t s  

s h a l l  have s e n s i t i v e  i n s t a n t a n e o u s  t r i p  s e t t i n g s  o f  n o t  more than  
ter= ! l o )  t i m e s  t h e  t r i p  r a t i n g  of  t h e  b reake r .  Connections t o  
t h e  bus s h a l l  be  bo l t -on .  Ra t ings  s h a l l  be  a s  shown on t h e  
pane lboard  schedu le s .  Where i n d i c a t e d ,  b r e a k e r  s h a l l  be f u r -  
n i s h e d  w i t h  ground f a u l t  i n t e r r u p t e r  (GFI) . 



This Contractor shall furnish panelboards with ASCO-920 
eontactor where indicated. Contactor shall be complete 
with auxiliary relay for Z wire.contro1, and shall be switched 
by dry contacts in the system controller. 

208/120 volt llghting panelboards shall be rated for use 
on a 208/120 volt, four-wire, three-phase system. Circuit 
breakers shall be type "BAN 100 A frame having a minimum short 
circuit current rating of 10,000 RMS amperes asymmetrical at 
1231 ; 40 volts. Panelboards shall be type "BIOB" . 
Shos drawings shall provide all information required to verify 
campliance with these specifications. 

. 9 i DISTRIBU'i'IO?J PANELBOARD (6 00V) 
Tihe 6 5 9  V distribution panelboard shall be a Westinghouse 
T-e C31 or equal, ,600 volt, 3 phase, 3 wire, 100 amp, complete 
.... \..lti: circait breakers, 100. amp, 3 pole, contactor, current 
transformers, potential transformers, and kilowatthour 
r.et2r for owner metering as shown on the drawings. 

:he contactor shall be Asco 9204 TR9 100 amp, 3 pole, 600 volt 
~:it!i aaxiliary relay for 2 wire control. Control power shall 
'.. -. 12C volt and shall be obtained from a fused control power 
'..zazs5orner connected to the line. side of the contactor. 

ci--.-  it breakers shall be Westinghouse Type JB or equal, 22,000 
a;r,;> interrqting capacity (symmetrical). Panelboard shall be 
rated to withstand the forces associated with a 22,000 a symmetrical 
c-..- 2 
~a.-- ... The contractor shall furnish a copper ground bus. 

Sox shall be constructed of code gauge steel, painted blue-gray. 
~ r o ~ =  shall be without doors and shall have fully concealed self- 
alizaing trim clamps. 

Sha? drawings shall provide all information required to verify 
compliance with these specifications. 

-03 DRY TYPE .TRAN'SFORMERS {T-XX) 
Dry type transformers shall be furnished as herein specified and 
as indicated. 

Transformers shall be of the non-explosive and fire-resistant. 
type and shall- he cooled by natural circulation of air through 
an< around the windings. The transformer shall be capable of 
continuous operation at rated load, voltage and frequency, with a 
maximum temperature rise of 150 degrees C above an ambient 
temserature of 40 degrees C. 

Single-phase tracsformers rated at 10 KVA or less shall be fur- 
nished with a minimum of two (2) 5% full capacity taps below 



rated voltage. Single-phase transformers rated at 15 KVA and 
above shall be furnished with a minimum of four (4) 2-1/2% full 
capacity taps below rated voltage. 

Three-phase transformers rated less than 30 KVA shall be fur- 
nished with a minimum of two (2) 5"aull capacity taps below 
rated voltage. Three-phase transformers rated 30 KVA and larger 
shall be furnished with a minimum of six (6) 2-1/29, full capacity 
t a p % ,  two above rated voltage and four below rated voltage. 

Transformers shall be enclosed in.a sheet metal housing with 
required ventilation openings and provision . for conduit in 
t h e  sides, top or rear. Construction and testing shall be in 
accordance with NEMA and ASA standards, and the'transformers 
shall be UL listed. 

Transformers shall have the core and coil assembly isolated with 
neo2reLe ribber isolation pads and sleeves and the transformer 
shzli be set on Isomode, Keldur or Korfund isolation pads of 
~ - 3 p e r  size and thickness to reduce noise transmission to the 
->->ilding structure. 

Trs:-.::former electrical connections shall be made with 18" minimum 
lexg-LA. cf flexible conduit. This Contractor shall furnish all 
mo=.?incj cevices and material required for the type of install- 
a t i cc  inzicated. 

Shop drawing information shall include impedance values, weight, 
dimensions and sound rating. 

Transformers shall be Sorgel, General Electric, Hevi Duty or 
~estinghouse. 
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SECTION 1640 

LIGHTING FIXTURES 

.ol LIGHTING -FIXTURES 
The following listed fixtures, or approved equals, shall be fur- 
nished and installed complete with all lamps, ballasts and 
necessary hardware, mounting devices, plaster frames, etc., 
,,,:-red for a complete operational unit. Each fixture shall roc*.- .. 

be UL labeled as installed. Lens must be glass, virein acrylic 
or lexan as indicated. 

Capital letters adjacent to outlets indicate the fixture type; 
small letters indicate the manner of switching. 

All fixtures shall be adequately supported by approved methods 
and shall be thoroughly cleaned before acceptance by the Owner. 

The Contractor shall provide lock-offs on constant circuits 
where panelboards are used for switching lights, as indicated on 
the panelboard schedule. 

All fixture mounting heights indicated on the plans are to the 
bottom of fixture for stem-suspended fixtures and to the center 
line of the outlet box for bracket-plounted fixtures. 

.02 LAMPS AND BALLASTS 
Incandescent lamps shall be 120 volt inside-frosted, unless 
otherwise indicated, and have the indicated shape. 

Fluorescent lamps shall be as scheduled herein. Mercury vapor 
lamps shall be deluxe white. All lamps shall be General Elec- 
tric, Sylvania, Westinghouse or approved equal. 

Fluorescent ballasts shall be high power factor type, certified 
by ETL and have the CBM label where applicable. Ballasts shall 
A-iave the following minimum sound rating: 430 ma, "A" rating; 
800 ma, "B" rating and 1500 ma, "D" rating. 

The tenperature rating of all ballasts shall be such as to 
provide the design service and iife under the installed conditions. 

High intensity discharge lamp ballasts shall be externally 
in-line fused, constant wattage,'high power factor, and designed 
for minus 20 degrees F starting and operation in the indicated 
ambient temperature. Ballasts shall be listed by UL and shall 
have the lowest sound rating consistent with the requirement of 
the application. 



-03  FIXTURE -SCHEDULE 

D e s c r i p t i o n  
Benjamin #V7642.. Pendant  mounted, 

Lamp 
1-200 WIF 

i n d u s t r i a l  s t a n d a r d  v e n t e d  dome A-23 
i n c a n d e s c e n t  f i x t u r e ,  120 v o l t .  

GE #C537G114. iieavy d u t y  weather-  1-MH1000K 
proof  m e t a l  h a l i d e  f l o o d l i g h t  (Phosphor C o a t e ~ )  
w i t h  g a l v a n i z e d  s teel  t r u n n i o n  
b r a c k e t  w i t h  s e a l  f o r  No. 1 2  
3-conductor  c a b l e  and 120 v o l t  
b a l l a s t s .  P r o v i d e  w a l l  mounted 
a n g l e  b r a c k e t ,  GE #25-110728-06, 
and mount f i x t u r e  on b r a c k e t  a s  
r e q u i r e d .  

GE GC539G038. 1-PlH4 0 0\S 
P o l e  mounted, heavy-duty wea the rp roof  (Phosphor Coated)  
metal h a l i d e  f l o o d l i g h t  w i t h  ga lvan-  
i z e d  steel t r u n n i o n  b r a c k e t  w i t h  s e a l  
f o r  No. 1 2  3-conductor  c a b l e  and 120 
v o l t  b a l l a s t s .  P r o v i d e  G.C.  c a t .  no. 
35-110728-05, 2 1 /2"  v e r t i c a l  p i 2 e  
clamp. 

A?pleton #VGAT1050. Wall mountes 1-10OPJIF 
vaporproof  i n c a n d e s c e n t  f i x t u r e  A 2 1  
w i t h  1 /2"  hubs ,  h o r i z o n t a l  f e e d  
th rough  i n t e g r a l  j u n c t i o n  box and w i t h  
a  30° a n g l e  tilt r e f l e c t o r ,  Apple ton  
$URW-2ml, 120 v o l t s .  
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SECTION 1670 

ELECTRICAL POWER EQUIPMENT 

- 0 1  GENERAL . 

The E l e c t r i c a l  C o n t r a c t o r  s h a l l  p r o v i d e  a l l  power w i r i n g  
a s  i n d i c a t e d  and a s  shown on t h e  motor and equipment  s c h e d u l e .  
Unless  o t h e n v i s e  n o t e d  o r  s p e c i f i e d ,  t h i s  s h a l l  i n c l u d e  a l l  
p c ~ c ;  w i r i n g  from t h e  s w i t c h b o a r d ,  p a n e l b o a r d s ,  o r  o t h e r  i n d i c a t e d  
po-.;:er s o u r c e  t o  t h e  power o u t l e t  o r  s a f e t y  s w i t c h ;  f r o n  t h e  power 
o u t l e t  t o  t h e  s t a r t e r ;  and from t h e  s t a r t e r  t o  t h e  motor f o r  a l l  
motors  and e q u i p n e n t .  E l e c t r i c a l  C o n t r a c t o r  s h a l l  f u r n i s h  and 
i n s t a l l  a l l  i n t e r l o c k  and c o n t r o l  w i r i n g  between equipment  and 
c o n t r o l  d e v i c e s  a s  i n d i c a t e d .  

The Mechanical  C o n t r a c t o r  and o t h e r  C o n t r a c t o r s  w i l l  i n s t a l l  
equipment  f u r n i s h e d  by them e x c e p t  a s  o t h e r w i s e  s p e c i f i e d  o r  
i n G i c a t e d .  

F i n a l  c o n n e c t i o n s  t o  motors  and c o n t r o l l e r s  s h a l l  be  made w i t h  
f l e x i b l e  m e t a l  c o n d u i t .  Each f u s i b l e  d e v i c e  s h a l l  b e  l a b e l e d  
t o  i n d i c a t e  f u s e  s i z e  and t y p e .  

Wir ing  c o n n e c t i o n s  t o  motors  s h a l l  be  made w i t h  p r e s s u r e  one  h o l e  
t e r n i n a l  l u g s  and b o l t s  w i t h  w a s h e r s ,  a  d o u b l e  wrap o f  v a r n i s h e d  
c a n b r i c  and t a p e d  w i t h  f r i c t i o n  t a p e  and f i n a l  t a p e d  w i t h  Sco tch  
33 P l u s .  I n s u l a t e  t h e  motor l e a d s  from t h e  motor f rame open ing  
w i t h  a  d o u b l e  wrap o f  v a r n i s h e d  cambric .  S e c u r e  t h e  cambr ic  by 
t a p i n g  t o  t h e  motor  l e a d s .  The v a r n i s h e d  cambr ic  may encompass 
a l l  n o t o r  l e a d s .  

. 0 2  SAFETY SWITCHES 
The E l e c t r i c a l  C o n t r a c t o r  s h a l l  f u r n i s h  and i n s t a l l  e n c l o s e d  
s a f e t y  s w i t c h e s  where shown on t h e  d rawings  o r  o t h e r w i s e  r e q u i r e d  
by these s p e c i f i c a t i o n s  o r  by code .  A non-fused s a f e t y  s w i t c h  o r  
o t h e r  d i s c o n n e c t  s h a l l  b e  p rov ided  a d j a c e n t  t o  each  motor ,  e x c e p t  
i n  l o c a t i o n s  where power d i s t r i b u t i o n  c e n t e r  i s  n o t  o v e r  5 0 '  d i s -  
t a n t  and w i t h i n  s i g h t  o f  t h e  motor .  

S a f e t y  s w i t c h e s  s h a l l  b e  t h e  r e q u i r e d  v o l t a g e  and c u r r e n t  
r a t i n g ,  s h a l l  have  quick-make, qu ick-break  o p e r a t i n g  mechanism, 
and s h a l l ,  where i n d i c a t e d  on t h e  p l a n s  o r  r e q u i r e d  by code ,  b e  
equ ipped  w i t h  c a r t r i d g e - t y p e  f u s e s .  

Double-throw s w i t c h e s  s h a l l  b e  d e s i g n e d  f o r  t r a n s f e r  under  f u l l  
l o a d  c o n d i t i o n s ,  a s  manufactured  by F e d e r a l  P a c i f i c .  



S a f e t y  s w i t c h e s  s h a l l  be t h e  heavy  d u t y  h o r s e p o w e r  r a t e d  
t y p e  w i t h  c o v e r  i n t e r l o c k  t o  p r e v e n t  o p e n i n g  o f  c o v e r  w i t h  
s w i t c h  o n .  I n t e r l o c k  s h a l l  h e  e q u i p p e d  w i t h  a d e f e a t i n g  
mechanism t o  permit a u t h o r i z e d  p e r s o n n e l  t o  open  t h e  s w i t c h .  
c o v e r  w i t h  t h e . s w i t c h  i n  t h e  c l o s e d  p o s i t i o n .  S w i t c h  en- 
c l o s u r e  s h a l l  b e  a s  i n d i c a t e d  o r  r e q u i r e d  by t h e  i n s t a l l a t i o n .  

S a f e t y  s w i t c h e s  s h a l l  b e  a s  m a n u f a c t u r e d  by C u t l e r  Hammer, 
Fec?c?al P a c i f i c ,  G e n e r a l  E lec t r ic ,  ITE, S q u a r e  D ,  Wes t inghouse ,  
o r  a p p r o v e d  e q u a l ,  a n d  s h a l l  b e  o n e  make. A l l  s a f e t y  s w i t c h e s  
s h a l l  be l a b e l e d  t o  i d e n t i f y  equ ipmen t  s e r v e d .  I n  a l l  i n s t a n c e s  
w h e r e  s a f e t y  s w i t c h e s  s e r v e  equ ipmen t  f u r n i s h e d  by  o t h e r s ,  t h i s  
c o n t r a c t o r  s h a l l  s e c u r e  c o r r e c t  d e s c r i p t i o n s  of equ ipmen t  b e f o r e  
p r e p a r i n g  a n d  i n s t a l l i n g  l a b e l s .  
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STANDBY GENERATOR 

.o: GEIU'EPAL 
The E l e c t r i c a l  C o n t r a c t o r  s h a l l  f u r n i s h  a n d  i n s t a l l  c o m p l e t e  a 
30 .0  KW, 277j4.90 v o l t ,  3  p h a s e ,  4 w i r e ,  d i e s e l  f u e l  powered ,  
ci:.xidby g e n e r a t o r  set w i t h  a 60A, 3P a u t o r a a t i c  t r a n s f e r  s w i t c h .  

The i n s t a l l a t i o n  o f  a s t a n d b y  e l e c t r i c  power s y s t e m  s h a l l  i n c l u d e  
a n  Onan 30.ODEH series o r  a p p r o v e d  e q u a l  e lec t r i c  ( j e n e r a t i n g  
s e t  r a t e d  f o r  c o n t i n u o u s  s t a n d b y  s e r v i c e  a t  30KtJ, 37.50KVA a t  
0.8-PF.  The s y s t e m  s h a l l  b e  a  package  o f  new and  c u r r e n t  e y u i p -  
ment  c o n s i s t i n q  o f :  

1. A d i e s e l  e n g i n e  d r i v e n  e l e c t r i c  g e n e r a t i n g  s e t  t o  p r o v i d e  
s t a n d b y  power .  

2 .  An e n g i n e  s t a r t - s t o p  c o n t r o l  syst.em m n i i n t ~ d  on  t h e  
g e n e r a t i n g  se t .  

3 .  An a u t o m a t i c  l o a d  t r a n s f e r  c o n t r o l  t o  . p r o v i d e  a u t o n a t i c  
s t a r t i n g  a n d  s t o p p i n g  o f  t h e  e n g i n e  and  s w i t c h i n g  o f  
t h e  l o a d .  

4 .  Mounted a c c e s s o r i e s  a s  s p e c i f i e d .  

T h i s  s y s t e m  s h a l l  b e  b u i l t ,  t e s t e d  a n d  s h i p p e d  by t h e  m a n u f a c t u r e r  
o f  tne a l t e r n a t o r  s o  t h e r e  i s  olio s o u r c e  o f  s u p p l y  and  r e spon-  
s i b i l i t y .  The p e r f o r m a n c e  o f  t h i s  g e n e r a t i n g  s e t  ser ies  s h a l l  
b e  c e r t i f i e d  by a n  i n d e p e n d e n t  t e s t i n g  l a b o r a t o r y  a s  t o  t h e  s e t ' s  
f u i l  power r a t i n g ,  s t a b i l i t y  and  va l tage  a n d  f r e q u e n c y  r e g u l a t i o n .  

. UZ E14GIPZE .. . ..,:,... me e n g i n e  s h a l l  b e  d i e s e l - f u e l e d ,  f o u r - c y c l e ,  w a t e r - c o o l e d  w i t h  
mounted r a d i a t o r ,  f a n  a n d  w a t e r  pump. I t  s h a l l  have  4 - c y l i n d e r s  
a n d  a  minimum d i s p l a c e m e n t  o f  254 c u b i c  i n c h e s ,  w i t h  a mininurn 
r a t i n g  o f  63-bh2 a t  i t s  o p e r a t i n g  s p e e d  o f  1800-rpm. I n t a k e  
a n d  e x h a u s t  v a l v e s  s h a l l  b e  h e a t  r e s i s t i n g  a l l o y  s t ee l ,  f r e e  
r o t a t i n g  e x h a u s t  v a l v e s .  Exhaus t  v a l v e  s e a t  i n s e r t s  s l l a l l  b e  
p r o v i d e d .  F u l l  p r e s s u r e  l u b r i c a t i o n  s h a l l  b e  s u p p l i e d  by a 
p o s i t i v e  d i s p l a c e m e n t  l u b e  o i l  pump. The e n g i n e  s h a l l  h a v e  a i r  
c l e a n e r ,  f u e l  a n d  o i l  f i l t e r s  w i t h  r e p l a c c a b l e  e l e n e n t s ;  and a  
f u e l  t r a n s f e r  pump. Eng ine  speed s h a l l  he  q o v ~ r n e d  by a r t c c l ~ n n i , c a l  
y o v e r n o r  t o  m a i n t a i n  a l t e r n a t o r  f r e q u e n c y  w i t h i n  5 p e r c e n t  f r o m  
no - load  t o  f u l l - l o a d  a l t e r n a t o r  o u t p u t .  The e n g i n e  s h a l l  have 
a  1 2 - v o l t  b a t t e r y  char gin^ DC,  a l t e r n a t o r  w i t h  a  t r a n s i s t o r i z e d  
v o l t a g e  r e g u l a t o r .  Remote,  2 - w i r e ,  s t a r t i n 7  s h a l l  be by a 12- 
v o l t ,  s o l e n o i d  s h i f t ,  e l e c t r i c  s t a r t e r .  



. 0 3  EIJGINE INSTRUMENTS 
The e n g i n e  i n s t r u m e n t  p a n e l  s l l a l l  c o n t a i n  a n  o i l  1 ) r c s s u r c :  ( , I ; I ~ ( I ( ~ ,  

c o o l a n t  t e m p e r a t u r e  gauge  , a n d  L a t t c r y  char(.jc r a t e  arnnlc 1:cr. 

.04 ENGINE COPJI'KOLS 
The g e n e r a t i n g  se t  s h a l l  c o n t i a n  a c o m p l e t e  e n g i n e  s t a r t - s t o p  
c o n t r o l  w h i c h . s t a r t s  e n g i n e  on  c l o s i n g  c o n t a c t  and  s t o p s  e n g i n e  
on o p e n i n g  c o n t a c t .  A c r a n k i n g , l i m i t e r  s h a l l  b e  p r o v i d e d  t o  
ogeri t h e  s t a r t i n g  c i r c u i t  i n  a p $ r o x i m a t e l y  45 t o  90 s e c o n d s  i f  t h e  
e n g i n e  i s  n o t  s t a r t e d  w i t h i n  t h a t  t i m e .  The e n g i n e  c o n t r o l s  
s h a l l  a l s o  i n c l u d e  a 3 - p o s i t i o n  s e l e c t o r  s w i t c h  w i t h  t h e  f o l l o w i n g  
p o s i t i o n s :  RUN-STOP-REMOTE. High e n g i n e  t e m p e r a t u r e ,  low o i l  
p r e s s u r e ,  a n d  o v e r s p e e d  shutdown w i t h  s i g n a l  l i g h t  and  a l a r m  
t e r m i n a l s  s h a l l  a l s o  b e  p r o v i d e d .  

.0  5  ALII'ERI~JATOR 
The a l t e r n a t o r  s h a l l  b e  a  4 - p o l e ,  r e v o l v i n g  f i e l d  d e s i g n  w i t h  
t e m p e r a t u r e  compensa t ed  s o l i d  s t a t e  v o l t a g e  r e g u l a t o r  and  b r u s h l e s s  
r o t a t i n g  r e c t i f i e r  e x c i t e r  s y s t e m .  140 b r u s h e s  s h a l l  b e  a l l o w e d .  
The s t a t o r  s h a l l  b e  d i r e c t l y .  c o n n e c t e d  t o  t h e  e n g i n e  f l y w h e e l  
h o u s i n g ,  a n d  t h e  r o t o r  s h a l l  b e  d r i v e n  t h r o u g h  a  s e m i f l e x i b l e  
d r i v i n g  f l a n g e  t o  i n s u r e  pe rmanen t  a l i g n m e n t .  The i n s u l a t i o n  
s y s t e m  s h a l l  be  C l a s s  F a s  d e f i n e d  by :\JEPIIA MG1-1.65. The t h r e e  
p h a s e ,  b r o a d  r a n g e  a l t e r n a t o r  s h a l l  b e  1 2 - l e a d ,  r e c o n n e c t i b l e .  

The a l t e r n a t o r  s h a l l  b e  c o n n e c t e d  f o r  277/480 v o l t s ,  3 -phase ,  
4 - w i r e .  

.06  UNIT PERFOW4AIJCE 
Frequency  r e g u l a t i o n  s h a l l  n o t  e x c e e d  3 - h e r t z  f rom no  l o a d  t o  
r a t e d  l o a d .  V o l t a g e  r e g u l a t i o n  s h a l l  b e  w i t h i n  p l u s  or  minus  
2 p e r c e n t  o f  r a t e d  v o l t a g e ,  f rom no l o a d  t o  f u l l  r a t e d  l o a d .  
The i n s t a n t a n e o u s  v o l t a g e  d i p  s h a l l  b e  less t h a n  1 8  p e r c e n t  o f  
r a t e d  v o l t a g e  when f u l l ,  3 -phase ,  l o a d  and  r a t e d  power f a c t o r  
i s  a p p l i e d  t o  t h e  a l t e r n a t o r .  Recovery t o  s t a b l e  o p e r a t i o n  s h a l l  
o c c u r  w i t l i i n  2 s e c o n d s .  S t a b l e  o r  s t e a d y  s t a t e  o p e r a t i o n  i s  
d e f i n e d  as o p e r a t i o n  w i t h  t e r m i n a l  v o l t a g e  r e m a i n i n g  c o n s t a n t  
w i t h i n  p l u s  o r  minus  1 p e r c e n t  o f  r a t e d  v o l t a g e .  A r h e o s t a t  
s h a l l  p r o v i d e  a  minimum o f  p l u s  o r  rainus 5 p e r c e n t  v o l t a g e  a d j u s t -  
ment f rom r a t e d  v a l u e .  Tempera tu re  r i s e  s h a l l  b e  w i t h i n  lJEIIIA 
XG1-22.40 d e f i n i t i o n .  

. 0  7 kL'I1C17LJATOR IF?ETRUlIEi~iT PAIIGL 
Tlie a l t e r n a t o r  i n s t r u m e n t  p a n e l  s h a l l  b e  w i r e d ,  t e s t e d  and shocl: 
mounted on t h e  g e n e r a t i n g  set by the m a n l l f a c t . ~ l r e r  of t h e  a l t e r -  
n a t o r .  I t  s h a l l  c o n t a i n  p a n e l  l i g h t i n g ;  manual  reset  c i r c u i t  
b r e a k e r ;  f r e q u e n c y  meter; r u n n i n g  t i m e  meter;  v o l t a g e  a d j u s t i n g  
r h e o s t a t ;  AC v o l t m e t e r  ( d u a l  r a n g e ,  i n d i c a t e s  a l l  v o l t a g e s ) ;  
AC a n m e t e r  ( d u a l  r a n g e ,  i n d i c a t e s  c u r r e n t  e a c h  p h a s e ) ;  meter 
s v ~ i t c h ,  vo l tme te r - ammete r  p h a s e  s e l e c t o r  w i t h  O17F p o s i t i o n .  
S i n g l e  phase i n s t r u m e n t a t i o n  i n c l u d e s  v o l t n e t e r ,  two a m m e t e r s  
and  no s e l e c t o r  s w i t c h .  



.0 8 GENERATOR SET MOUNTING 
The e l e c t r i c  g e n e r a t i n g  set  s h a l l  be  equipped wi th  v i b r a t i o n  
i s o l a t o r s  and mounted on a  welded steel  base  which s h a l l  
p rov ide  s u i t a b l e  mounting t o  any l e v e l  s u r f a c e .  

.0  9 ACCESSORIES 
A l l  a c c e s s o r i e s  needed f o r  t h e  p rope r  o p e r a t i o n  o f  t h e  gener- 
a t i n g  se t  s h a l l  be fu rn i shed .  These s h a l l  i n c l u d e  a  m u f f l e r ,  
f l e x i b l e  exhaus t  connec t ion ,  s t a r t i n g  b a t t e r i e s ,  b a t t e r y  
csSic?s, b a t t e r y  r a c k ,  f u e l  t ank  and l i n e s ,  and d e t a i l e d  
o p e r a t i o n  and maintenance manuals w i t h  p a r t s  l is t .  

Tile f u e l  t a n k  s h a l l  have a c a p a c i t y  of  e i g h t  (8) U.S. g a l l o n s  
and s h a l l  n o t  r e q u i r e  a f l u a t  swi tch .  

.10 AUTOMATIC LOAD TRANSFER SWITCH 
A 60A, 3P ,  au toma t i c  t r a n s f e r  swi tch  s h a l l  be f u r n i s h e d  
and i n s t a l l e d  as p a r t  o f  t h e  g e n e r a t o r  package. The complete 
c o n t r o l  s h a l l  be des igned ,  b u i l t  and t e s t e d  by t h e  manufac- 
t u r e r  of t h e  a l t e r n a t o r .  It s h a l l  i n c l u d e  t h e  neces sa ry  
r e l a y s  and component p a r t s ,  t o g e t h e r  with U.L. l i s t e d  and 
t e s t e d  e l e c t r i c a l l y  o r  mechanica l ly  i n t e r l o c k e d  c o n t a c t o r  
and s h a l l  be f i e l d  i n t e r l o c k e d  w i t h  t h e  system c o n t r o l l e r  
t o  f u n c t i o n  as fo l lows :  

Upon f a i l u r e  o f  t h e  normal souLce and i f  
a u x i l i a r y  c o n t a c t s  o f  45 AMP b r e a k e r  i n  main 
d i s t r i b u t i o n  p a n e l  are c l o s e d ,  t h e  p l a n t  s h a l l  
s t a r t ,  and when up t o  v o l t a g e ,  t h e  swi t ch  s h a l l  
d i s c o n n e c t  t h e  l o a d  c i r c u i t s  from t h e  normal 
s o u r c e  and t r a n s f e r  them t o  t h e  s tandby  p l a n t ' s  
o u t p u t .  One set of  normal ly  open and one s e t  
o f  normal ly  c l o s e d  c o n t a c t s  s h a l l  be furni.sh.ed 
i n  t h e  ATg con. trul  to l lridicate stanaby o r  nofmal 
source . .  

2 .  Upon r e t u r n  of  normal power t h e  l o a d  c i r c u i t s  s h a l l  
t r a n s f e r  back t o  normal s o u r c e .  

3 ,  Automatic o p e r a t i o n ,  s t o p p i n g ,  checkilly or providing 
manual c r ank ing  o f  t h e  p l a n t  by means o f  a  4 -pos i t i on ,  
manual c o n t r o l  s e l e c t o r  swi t ch .  

4 .  A c r ank ing  l i m i t e r  s h a l l  be provided t o  p r o t e c t  
t h e  b a t t e r i e s  and s t a r t i n g  c i r c u i t .  I t  w i l l  open 
t h e  s t a r t i n g  c i r c u i t  i n  approximately  45 seconds 
i f  t h e  p l a n t  h a s  n o t  s t a r t e d  w i t h i n  t h a t  t i m e .  



Each c o n t a c t  p o l e  .of t h e  main t r a n s f e r  dev ice  s h a l l  be double 
break des ign ,  w i t h  s o l i d  s i l v e r  cadmium c o n t a c t s ,  capable  
o f  handl ing  bo th  noninduc t ive  and i n d u c t i v e  l o a d s  and a l l ow 
f o r  i n r u s h  c u r r e n t s  of  2 0  t imes t h e  cont inuous r a t i n g .  
Contact  p r e s s u r e  s h a l l  be  main ta ined  by a c o i l  s p r i n g ,  n o t  
a  p a r t  of t h e  c u r r e n t  c a r r y i n g  pa th .  The ampere r a t i n g  of  
t h e  t r a n s f e r  swi t ch  s h a l l  be s u f f i c i e n t  t o  handle  t h e  capa- 
c i t y  o f  the l o a d s  be ing  t r a n s f e r r e d .  

The c o n t r o l  s h a l l  c o n t a i n  a 12 v o l t ,  f u s e d ,  b a t t e r y  t r i c k l e s  
charg ing  c i r c u t  wi th  a  r h e o s t a t  and-ammeter, t o  main ta in  
s t a r t i n g  b a t t e r i e s  f u l l y  charge.  

.11 WARIZANTY 
This  s tandby e l e c t r i c  power system, f u r n i s h e d  complete ly  
by t h e  manufacturer ,  s h a l l  be  warranted f o r  a p e r i o d  of  f i v e  
y e a r s  f ro r :~  t h e  d a t e  of i n s t a l l a t i - o n .  

. 1 2  SiIOP DRAkIINGS 
Shop drawings shai-1 be  f u r n i s h e d  t o  v e r i f y  compliance wi th  
t h e s e  s p e c i f i c a t i o n s .  ' 




