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6.3 .20  UNIT 65 - ELECTRICAL DISTRIBUTION 

6 .3 .20 .1  INTRODUCTION 

This section delineates t h e  engineer ing  required to establish the des ign 

basis  for the electrical distr ibution system in the Crow Tribe of Indians, 
SY~,-~uels Feasibility Study.  

To meet this requirement the ensuing design philosophies and general  

system descriptions have been  developed. A more  complete and detailed 
explanation of the proposed system is i l lustrated in accompanying drawings 
and sketches .  

In addition to establishing the electrical design bas i s ,  the  results of this 

section have been used to support  the capital cost estimate.  

6 .3 .20 .2  SUMMARY 

This section of the final report e v a l u a t e s a n d  def ines  the electrical 

requirements  of the Base Case and Power Se l f -Suff ic iency  Case. These 

reviews are based upon preliminary load l is t ings  and power generation 

f igures  furnished by Fluor's process engineering department. This 
section: 

Establishes electrical des ign  criteria 

Defines  an electrical operat ing philosophy 

Addresses  the phased construct ion approach 

Supports  the capital cost estimate 

Coproduotion and Shell Coal Case are assumed to be equivalent  to the Base 

Case from an electrical s tandpoint .  This assumption is  based upon the 

facts that the total quantit ies  of  power generated onsite and base plant 

loads,  in each of these  three  cases is within a narrow band.  
Table 6 .3 .20-1  di,~:,lays these relationships.  
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TABLE 6.3.20-1 

Onsite 

Cas__e Generation 
Base Export 

Plant Load Power 

Base 

Power Self- 

Sufficiency 

Coproduction 

Shell Coal 

3 machines 131.7 MW ea. 113.0 MW 282.1 MW 

2 machines 88.7 MW ea. 88.7 MW 0 

3 machines 106.0 MW ea. 109.5 MW 

3 machines 141.1 MW ca. 121.1 MW 

308.5 MW 

302.2 MW 

The Power Self-Sufficiency Case is dramatically different. Power 

generation is drastically reduced from the quantities in the other three 

cases. This impacts the design of the main plant switchyard and utility 

intereonnections. In addition, there is a reduction in the amount of base 

plant load. This variation eliminates the need for some of the capacity 

built into the Base Case distribution system. The capital cost estimate for 

the Self-Sufficiency Case considers these variations. 

6.3 .20 .3  CRITERIA 

The continuity of production in an industrial plant is only as reliable as 

its electrical power distribution system. This section outlines the design 

and performance objectives of the overall system. 

General 

The overall objective of the power distribution system is to provide maxi- 

mum reliability, flexibility, and continuity of service and to meet these 

objectives with the lowest investment costs that satisfy system 
requirements. 
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6 .3 .20 .3  (Continued} 

Sat'ety 

Safety of  l i fe and preservation of  property  are two of  the most important 

factors in the des ign  of the  electrical  system. Safety to personnel  

involves no compromise.  Codes,  s tandards ,  and established pract ices  are 

followed closely in the  selection of all equipment .  

Simplicity 

Many total shutdowns have resulted from complicated systems. Industrial 

operators do not get emergency switching practice everyday. If they have 

complicated systems, experience proves they are apt to make mistakes in 

an emergency. Simple systems are easy to understand and easy to operate 

during both normal and emergency conditions. 

Flexibility 

Flexibility of the electrical system means the adaptability to development 

and expansion as well as to changes to meet varied requirements during 

the life of the plant. Considerations include plant voltages, equipment 

rating, space for additional equipment and capacity for increased load. 

Service Reliability 

High service reliability generally'can be obtained in two ways. One is by 

providing duplicate channels., to route power to any load. The other is by 

installing only the highest grade electrical equipment available and using 

the best installation methods. It can be added that servide reliability can 

be increased through simplicity of design, a fact that was emphasized 
previously. 
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6 .3 .20 .3  (Continued) 

Seieotio  of Equipment 

The main fundamental in selecting equipment is  to choose the best  avail-  

able.  It costs no more in the end and pays dividends  in service cont inu-  
i ty  and low maintenance. 

Maintenance 

The system design can aid in this problem by be ing  configured in such a 

way ss to provide alternate powe,: channels  to permit one to be  taken out 

for maintenance without dropping essential  loads.  Use of drawout equip-  

ment wherever possible enable maintenance on circuit  breaker elements to 

be  done in a clean service  ship. Spare elements are specified to replace 
the  one being maintained. 

6 .3 .20 .4  EVALUATION 

Electrical Power Transmission 
i i i 

A definition of  the transmission system l inking the synfuels  plant with the 

regional util ity network is beyond the scope of Fluor's statement of work. 

The proper method of determining the design criteria of the util ity system 
is  to perform a transmission plaunih~ study.  

The Western Ares Power Administration (WAPA) prepared a preliminary 

s t u d y  for the proposed Crow 1000 MW coal f ired generating plant tenta-  
t ive ly  located near Hardin, Montana. Studies of  this. kind base their  
recommendations upon the following in~:~rmstion: 

Plant power output 

( ~  Generator size 

Power flow 
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6.3.20.4 (Continued) 

Stability ":" 

Proposed additions to the regional transmission system 

The WAPA study indicates that a 230 kV system would be inadequate for a 

Crow plant above 950 MW. It recommends a 345 kV design. The study 

also shows the Crow power plant as a junction for three transmission lines 

connecting various other generating stations. 

For the synfuels project study Pluor has assumed that the reduced order 

of magnitude of the generating plant in the Base Case and Alternate Cases 

will fit comfortably into a 230 kV design. It has also been assumed that 

two parallel lines would provide ample ties to the regional system. These 

assumptions are the basis for the design and layout of the switchyard. 

For  t h e  Power  Se l f -Suf f i c iency  Case a small s ingle t ie to t he  u t i l i ty  sys tem 

is  p r o v i d e d  to s u p p l y  e m e r g e n c y  power .  Because  th is  t ie  i s  on the  o r d e r  

of  magni tude  of 35 MW, a 69 kV se rv ice  is c o n s i d e r e d  adequa t e .  Th is  

a r r a n g e m e n t  will no t  need  as  much ana lys i s  as r e q u i r e d  in t h e  o t h e r  cases .  

Montana Power  Company 

Montana Power  Company of  B u t t e ,  Montana is t he  e lec t r ica l  u t i l i ty  most 

l ikely  to  p u r c h a s e  Crow e x p o r t  power .  In te lephone  c o n v e r s a t i o n s  with a 

MPC r e p r e s e n t a t i v e  i t  was i n d i c a t e d  t h a t  t h e  con t r ac tu r a l  a r r a n g e m e n t  and  

t h e  r a t e  s chedu l e s  deve loped  for  t h e  Crow syn fue l s  p ro jec t  would be 

e f f ec t ed  b y  t r ansmis s ion  cos t s  and  would  be compared  to s u c h  cos t s  for  

a l t e r n a t e ,  b e t t e r  p laced p r o j e c t s  on t he  Montana sys t em.  

It  shou ld  be  po in t ed  ou t  t ha t  t h e  WAPA s t u d y  s t a t e d  " c o n t r a c t u r a l  

a r r a n g e m e n t s  and  joint  pa r t i c ipa t i on  in  new t r ansmis s ion  may have  a 

s ign i f i can t  impact  on t h e  deve lopmen t  of  the  actual  Crow t r ansmis s ion  
scheme." 
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6 .3 .20 .4  (Con t inued)  

Th i s  same r e p r e s e n t a t i v e  also s t a t e d  t h a t  t he  s e rv i ce  a r r a n g e m e n t  could  be  

d e s i g n e d  to accommodate r e v e r s e  power  flow. T h e  Crow electr ical  d e s i g n  

t a k e s  advan t age  of  th i s  capabi l i ty  and  u s e s  i t  for  s t a r t u p  and  emergency  

power .  Th is  eliminates t he  need  and  prob lems  assoc ia ted  with ins ta l l ing ,  

o p e r a t i n g ,  and  mainta in ing diesel  eng ine  or  t u r b i n e  d r i v e n  emergency  

g e n e r a t o r s .  

Th i s  t y p e  of  se rv ice  is normally  p r o v i d e d  for  Montana Power ' s  own 

g e n e r a t i n g  p l an t s ,  bu t  has  n e v e r  b e e n  c o n t r a c t e d  ou t  to a c l ient .  T h e  

impact  of  t h i s  a r r angemen t  u p o n  t he  Agreement  for  P u r c h a s e  of  Power is  

no t  known at  th i s  t ime. 

Big Horn C o u n t y  Electr ic  Cooperative~ Inc .  

Big Horn C o u n t y  Electr ic  of Lodge Grass ,  Montana will p rov ide  power  fo r  

opera t ion  of  the  raw water  s u p p l y  p u m p i n g  s t a t i ons .  

Electr ical  se rv ice  to t he  pumping  s ta t ions  is  more s t r a i g h t  fo rward  t h a n  t h e  

e x p o r t ,  s t a r t u p ,  emergency  agreement  with Montana Power .  Each p u m p i n g  

s ta t ion  has  been  des igned  to be connec t ed  to a 69 kV t r ansmis s ion  l ine .  

i, ". 

The  ave rage  cha rge  for  e lectr ical  power  from t h e  p r e s e n t  schedu le  works  

ou t  to  be approximate ly  two cen t s  p e r  kwh .  

Base Case 

Normal Sys tem 

Electr ical  power  for  opera t ion  of t he  Crow s y n f u e l s  p lan t  is  p r o d u c e d  

o ns i t e  in  Unit  42, Power Genera t ion .  Th ree  1500 p s i g  steam t u r b o g e n e r a -  

~ : t o t s  p r o d u c e  131.7 MW each.  T h e s e  machines  ope ra t e  at 24 kV,  60 Hz 

with a 0.8 power  fac tor  (PF) .  
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6.3.20.4 (Continued) 

Plant generat ion capabil it ies  total  approximately 395 MW. Of th is  113 MW 

are consumed within the plant itself. The remaining 282 MW is export via 
two parallel transmiss ion  l ines  and so ld  as  a byproduct  to the  local ut i l i ty ,  
Montana Power.  

The main swi tchyard  funct ions  as the  connec t ing  and swi t ch ing  point  for 

the  transmiss ion l ines ,  generat ion c ircui ts  and s t e p - u p  and s t ep-down 

transformers .  It is  located adjacent to Unit 42 and des igned  to operate at 
230 kV.  

The main swi tchyard  is arranged  in a b r e a k - a n d - a - h a l f  scheme.  This 

scheme has  three  breakers  in ser ies  be tween  two main b u s e s .  Two circuits  

are connected  be tween  the three  b r e a k e r s .  This  pat tern is  repeated  along 

the  main b u s e s  so that one and a half  breakers  are used  for each circuit .  

Under normal operat ing  condit ions  all breakers  are c losed and both b u s e s  

are energ ized .  A circuit  i s  t r ipped  b y  open ing  the  two associated circuit 

breakers .  Either b u s  may be taken out  of  service  at any time with no loss  

of  serv ice .  Breaker  maintenance can be done with no loss  of  s erv ice ,  no 

relay c h a n g e s  and  sample •operation of the breaker d i sconnec t s .  

Generators are connected  b y  24 kV isolated phase  b u s  to s t e p - u p ,  captive 

transformers  in the  swi tchyard .  Plant power is drawn t h r o u g h  two 

230-13 .8 /13:8  kV three  winding  trans formers .  This  arrangement allows the  

main substat ion  equipment  to be broken down into two i n d e p e n d e n t  swi tch-  

gear l ineups .  The  ultimate benef i t  of  th i s  des ign  is  the  decrease  in the 

required duty  of the  swi tchgear  in both  short  circuit  and cont inuous  cur-  

rent  ra t ings .  The  resul t  i s  a primary dis tr ibut ion system d e s i g n e d  at 
13.8 kV. 
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6 . 3 . 2 0 . 4  (Continued)  

Without th is  spl i t t ing of the system the primary d i s t ~ b u t i o n  voltage would 

be forced to the next  h igher  s tandard vo l tage .  As 15 kV equipment i s  the  

maximum rat ing of  economical indoor metal-clad swi tchgear ,  the  advantages  

over  outdoor oil or gas  insu la ted  equipment would be  los t .  Indoor metal- 

clad switchgear  is compact,  easy  to maintain,  f l ex ib le ,  and p r e s e n t s  a 
s y s t e m  tha t  i s  s impler to  o p e r a t e .  

Primary power is  d is tr ibuted at 13.8 kV to subs ta t ions  located adjacent to 

the  un i t s  and close to the  centers  of  the  loads .  Here it  i s  s tepped  down 

to uti l ization voltages  and del ivered by  short  s econdary  feeders  to points  

of  use .  Medium voltage 4.16 kV cizcuits  power the  larger  electric dr ivers  

and s u p p l y  snmll adjacent u n i t s .  Low voltage. 480 volt  c ircuits  d is tr ibute  

the bu lk  of  the  power to the  large number of  small consumers .  

The  e lectr ica l  d i s t r ibut ion  s y s t e m  from the  s w i t c h y a r d  t h r o u g h  to  t h e  loads  

i s  a c lassical  s econdary-se lec t ive  des ign .  The  system ut i l izes  two primary 

feeder  c ircui ts  and two transformers  to s u p p l y  each load center .  Duplicate 

paths  of  supply  from the source  to each secondary  b u s  make it poss ib le  to 

provide power when a transformer or primary circuit  i s  out  o f  service  due 

to fa i lure ,  t e s t ing ,  maintenance,  or expans ion .  No s ingle  problem on any  

circuit  can interrupt  serv ice .  

The secondary- se l ec t ive  scheme is  achieved t h r o u g h  the  use  of double 

ended  subs ta t ions .  The tie breaker  i s  normally open and the system 

operates  as two parallel radial sys tems .  The t ie  breakers  are inter locked 
with the transformer breakers  so that they  cannot  close u n l e s s  one of  the  

transformer breakers  i s  open .  This  practice minimizes the  short  circuit  

duty  imposed on low vol tage  c ircui t s .  
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6.3 .20.4  (Continued) 

With the loss of one primary circuit each load center may be totally sup- 

plied by the complementary circuit. To allow for this condition all trans- 

formers have been sized so that the forced air cooling rating is of suffi-  

cient size to carry both loads. 

Emergency System 

An emergency system is provided for semi-critical loads to supply the nec-  

essary l ighting and equipment to facilitate a safe and orderly plant or unit 

shutdown in ease of a complete or partial failure of the normal electrical 
supply. 

The emergency distribution system is independent of the normal system 

both in its derivation of an energy source and in its distribution systems. 

For reasons of plant operating security and electrical system stability most 

critical loads are normally powered from the emergency system and trans- 
ferred to the normal system during an upset.  

Power for the emergency system shaU be drawn from the switchyard 

through a dedicated 40 MVA, 230-13.8 kV transformer. Reliable operation 
is derived from the: 

Double bus,  double breaker switchyard arrangement of the emergency 
equipment. 

Three onsite steam turbines 

Ability of local utility to reverse the normal export power flow to 

provide emergency and startup service.  

The emergency system is tied to the loads through 600 volt automatic 

transfer  switches and 5 kV switchgear type circuit breakers.  Automatic 

transfer switches include a bypassing arrangement to allow s e r ~ c i n g  of the 

switch while the load is energized. 
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6.3.2 0.4 (Continued) 

The aforementioned, multiple feeders ,  alternate energy  sources and 

segregated systems assure a maximum degree of reliability and flexibility in 

the operation of the emergency system. 

In addition to the emergency system an Uninterruptible Power Supply 

(UPS) i s  used to supply a continuous source of ac power to critical loads. 

During any interrupt ion of the ae input  to the UPS system a ba t te ry  bank 

supplies dc power to an inver te r  without variation in inver te r  output 

voltage 6£ f requency.  

The main critical load supplied from the UPS system is the computer and 

its peripheral  equipment. Other loads are dictated by process control 

requirements.  

Phased Construction 

The general plant electrical design has been laid out using a two phased 

construction approach. Every effort has been made to design a system 

which minimizes the expenses associated with the future expansion of the 

project dur ing initial construction. 

The design does make some allowances for the extension of the electrical 

system to service loads in the future  segments of the plant .  

Manholes in areas designated for fu ture  expansion have been sized and 

located as if both phases were to be built initially. Without this approach 

it would be impossible to cross exist ing ducts  during the expansion.  

The switchyard is configured in a fashion which will allow the addition of 

the future generation and the new distribution system designed for the 

future loads without shutting down generation and electrical export 

activities. 
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6.3.20.4 (Continued) 

The electrical system for the plant expansion will originate in a mirror 

image of the exist ing switchyard -~s shown on Drawing 00-5-603A. A 

separate 13.8 kV primary distribution system will be dedicated to the new 

and expanded uni ts .  

Capital Cost Estimate 

The capital cost estimate presents  a total p ic ture  of the price tag  for the 

entire synfuels project .  The electrical portion of the estimate is composed 
of two distinct segments.  

Due to the time res t ra in ts  on this project ,  the electrical segment of the 

estimate is based upon a preliminary issue of the overall plot plan,  not 

included in the repor t .  Onaite power generat ion,  base plant load, and the 

outside dimensions of the plot all remained substantially unchanged when 

the final information became available. Therefore ,  the capital cost estimate 

is assumed to represen t  the value of the electrical system for the  plant 

arrangement submitted as part  of this repor t .  The first segment of the 

estimate evaluates the cost of the electrical systems within the boundaries 

of the individual areas and uni ts .  The cost of these items is included in 
the computer estimating program. 

The second portion encompasses the in terconnect ing systems such as t h e .  

primary distribution network and overall s t reet  lighting and grounding 

systems. The pr imary distribution system includes all equipment and 

wiring at and above the ~ 0  volt switchgear level. 

Because each of these systems is dependent upon the magnitude of the 

load and dimensions of the plot, they cannot he estimated by the 

computer. Therefore, these and similar systems were defined and manually 
estimated. 
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6 . 3 . 2 0 . 4  (Continued) 

A s  previous ly  stated a detai led evaluation was completed for the Base  Case 

and  assumed to be equiva lent  to the systems in  Alternate  Cases 2 and 3.  

T h e  Power Se l f -Suf f ic iency  was factored o f f  the  Base  Case with al lowances 

made for the variations in the  switchyard d e s i g n  and reduction in overal l  
p lant  load.  

Almost all electrical d r a w i n g s  produced for t h i s  project have  been  u s e d  

to  support  this  portion of  the  estimate. The  fo l lowing are brief  d e s c r i p -  

t i ons  of each of these  drawings  and the sy s t ems  t h e y  present .  Append ix  

6 . 3 . 2 0 - 1  ]:st all e lectrical  des ign  drawings i n c l u d e d  in  th i s  section of  the  
f inal  report .  

Area Classification 00-5-602 

A prelhuinary definit ion of  the  extent  and degree  o f  hazard is  presented  in  

Drawing  00-5-602.  Areas and process  un i t s  are c lass i f ied  as to the  type  

and  degree  of  hazard as def ined  by  the National  Electrical Code (NEC) 

supplemented by  recommendations in the  American Petroleum Inst i tute  

| |Recommended Practices" RP 500A, RP 500B, RP 500C, and National Fire 

Protect ion Association Standard 70C, where appl icable .  

Each classif ications re fers  to a different  set  o f  electrical instal lat ion 

gu ide l ines  in the NEC. The  code def ines  the  requirements  for e lectrical  

equipment  and wir ing in these  locations where  f ire  or explos ive  hazard may 

e x i s t  due to flammable gase s  or vapors ,  flammable l iqu ids ,  combustible d u s t  
or ignitable  fiber or f l y i n g s .  

Locations are c lass i f ied d e p e n d i n g  on the  proper t i e s  of  the flammable 

v a p o r s ,  l iquids ,  or gases  or combustible dus t  or f ibers  which may be p r e -  

s e n t ,  and the l ikelihood that  a flammable or combust ib le  concentration or 

q u a n t i t y  i s  present .  D u r i n g  detailed e n g i n e e r i n g ,  area class i f icat ion 
m 
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6.3.20.4 (Continued) 

drawings shall be produced for areas and process units  as required and 

shall indicate the limits both horizontally and vertically of classified areas. 

The area classification drawings are used by the estimators to determine 

the type  and degree of hazard of the particular area.  With this informa- 

tiol~ the installation practices dictated by  the NEC can be allowed for in 
the estimate. 

One Line Diagrams 00-5-603A t h r u  H 

The one line diagrams show by  means of graphical symbols and conven- 

tional nomenclature an overall distr ibution system arrangement .  During 

detailed engineer ing the simplified diagrams included with this report will 

be upgraded  to show the ent i re  power distribution system from the 

incoming source to the ultimate motor loads and other  electrical users.  

The drawings presented here  are used solely to evaluate the primary 
distr ibution system. They define: 

l~ajor electrical equipment items 

Switchyard design requirements  

Interconnect ing conduit and cabling 

High voltage motors 

Underground duct banks 

Standard Drawings 00-4-605G and 00-4-605 LA thru LD 

These Fluor s tandard grounding and lighting drawings, used  with the plan 

drawings,  provide the estimator with a model upon which to base prlcing. 

Use of these  drawings also allow electrical designers to more quickly 
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6.3.20.4 (Continued) 

produce installation plans. The designer has only to reference the detail 

for each case. Fluor uses this approach extensively during detailed 
engineering. 

Power Distribution System Layout 00-5-607A 

The Power Distribution System Layout is  an overall plant plot which 

include electrical substations, manholes, and duct banks. This drawing 

locates the substations and d e f i n e s t h e  routing of underground conduit 

systems. 

Switchyard Plans 00-5-611A thru 611C and 00-4-611E 

These sketches are preliminary switchyard arrangements for the Base Case 

and Power Self-Sufficiency Case. The layouts are based upon standard 
arrangements used by Fluor Power Services .  The drawings are used for 

allocating space on the overall plot plan and for estimating major electrical 
equipment. 

Grounding, S t r e e t ,  and Perimeter Lighting 00-5-612A 

The grounding portion of this drawing defines the extent of the intercon- 

necting system used to establish a single ground reference point within the 

plant. Overall area and security l ighting is  presented here as well. 

Ttie use "of this drawing in conjunction with the Flour standard drawings 

previously l isted provides the estimator with a tool that defines the extent 

of the grounding and lighting systems outside the boundaries of the 

individual unit .  
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6 .3 .20 .4  (Continued) 

Distributed Control System Layout 00-5-613A 

The Distributed Control System Layout is an overall  plot plan drawing 

which shows the rout ing and installation of the all conduit and hardware 

associated with the d is tr ibuted control system data highway.  

Fluor Standard Substation Layout 00-2-14A 

Fluor Standard Substation Layout is included to give a more complete 

picture  of what to anticipate in regards to the electrical  system des ign .  

The drawing presents  an equipment layout that Fluor has found through 

the  course of past projects  to offer the best  compromise in coordinating all 
the systems included in  the substation. 

This design is an idealized arrangement and may not be adaptable to all 

installation. A final substat ion design will depend upon the particulars of  
each individual situation as well as client requirements .  

Power, Lighting, and Grounding Plan; Raw HsO Supply Pumph-~g Stations 
44-5-607A 

This drawing has been developed to define and estimate all electrical 

equipment and systems associated with the Raw Water Supply Pumping 
Stations. 

Power Self-Sufficiency Case 

Onsite generation and the base  plant load for the Self -Suff ic iency Case are 

s ignif icantly different than the quantities developed in the Base Case. See 
Table 6.3.20-1 for a comparison. 
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6 . 3 . 2 0 . 4  (Continued) 

The plant  des ign  in the S e l f - S u f f i c i e n c y  Case i s  capable  only  of supply ing  

i ts  own electrical energy  requ irements .  No d e s i g n  consideration are 

inc luded  for the  plant to be  a net  e lectric i ty  exporter .  

One h u n d r e d  percent  r e d u n d a n c y  in  the  power generat ion  plant  assures  an 

adequate  degree  of on-time e n e r g y  product ion.  A s t a n d b y  uti l i ty  service  
increases overall system security. 

With the  elimination of export  power  the  230 kV s w i t c h y a r d  des ign level  

dictated b y  the uti l ity connect ion  in  the  other cases  i s  no longer appli-  

cable .  D e s i g n  considerations in  the  Power S e l f - S u f f i c i e n c y  Case indicate 

that a 69 kV level  is  adequate .  

The r e v i s e d  plant design cons iderat ions  also indicate  that  the  breaker-and-  

a -ha l f  scheme used  in the other  cases  exceeds  acceptable  eng ineer ing  prac-  

t i ce s .  A double bus ,  s ingle  breaker  scheme has b e e n  eva luated  and found 

to be  an acceptable approach.  

This  scheme u s e s  two main b u s e s  and each circuit i n c l u d e s  two bus  se lec-  

tor d i s connec t  switches .  A b u s  t ie  connects  to the  two main buses  and 

when  c losed  allows transfer  o f  a feeder  from one b u s  to the  other without 

d e e n e r g i z i n g  the  feeder c ircui t .  

Generat ion and base plant power  supp l i e s  are connec ted  to the  switchyard 

in  a mm~ner which is  substant ia l ly  the  same as in the  Base  Case.  

The capital  cost  estimate of  the  Power Se l f -Suf f ic iency  Case does make 

al lowance for the  reduction in  generat ion  and base  p lant  load as well as 

the  reeonf igurat ion  of the s w i t c h y a r d .  

0 
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6.3.20.5 CONCLUSION 

The drawings cud wrRings included in this  section of the final report pro- 

rides a preliminary design and description of the electrical system for the 

synfuels plant. 

The engineering approach to the design of the electrical system follows 
established industry  standards and proven Fluor practices. 
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The electrical system is economically designed for reliable service and 

safety to personnel and equipment, ease of maintenance and operation, 

minimum power losses, mechanical protection of equipment, interchange- 

ability of equipment and addition of future loads. Additionally, the 

electrical layout takes into consideration the total size of the installation, 

generation capacity, utility service, and load density. 

Special attention has been given to those items which have a large influ- 
ence on the overall cost and selection of system voltages. These items 

include switehgear, fault duty, feeder circuits and circuit mrrangement. 

Secfionalization and segregation have also been considered as important 

factors in ensuring reliability. This approach is designed to l i ~ t  a failure 

to small portions of the system. 

p 

The basis engineering philosophy is to distribute power at the most 

economical distribution voltage level to areas of concentrated electrical 
load. The distribution voltage shall be transformed to a lower utilization 
voltage and delivered to the utilization equipment via relatively short 
secondary feeders .  

Voltage insulation levels,  interrupting capacities, circuit protection, 

continuous current capacities and mechanical strengths shall be selected 

and coordinated." in accordance with calculations, and the recommendations 

of the Institute of Electrical and Electronic Engineers (IE~.E), the National 
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6 . 3 . 2 0 . 5  ( C o n t i n u e d )  

Electrical Manufacturers Association (NEMA), the National Standards Insti-  

tute (ANSI), and the Insulated Cable Engineers Association (ICEA). 

Necessary calculations will be made to ensure all equipment is  suitable for 

the duty required and the application. 

6-442 
_ ii • i • I I I  

I ~  Oh O;|Ct.."JtlU {IF l i~ . i l l  5¢bi 

a StliLIr, Ct WlflRl[ It~lill~ltOIt eft INK 
NOTICE i~lGt iT IHt[ ~ at: Slit3 R I ~ T  

u i i 



-i// 

I 

, . ,  

. . • 

• , , .  , 

.. : , .  

" I 

. . " .  

. 

APPENDIX 6.3 .20-1  

ELECTRICAL DESIGN DRAWINGS 

"Irqlh" 

.:'. ' 

DRAWINGS 

835704-00-5-602 
835704-00-5-603A 

885704-00-5-603B 

835704-00-5-603C 

835704-00-5-603D 

835704-00-5-603E 

835704-00-5-603F 

835704-00-5-603G 
835704-00-5-603H 

835704-00-4-605G 

835704-00-4-605LA 

835704-00-4-605LB 

835704-00-4-605LC 

835704-00-4-605LD 

835704-00-5-607A 

835704-00-5-611A 

835704-00-4-611B 
835704-00-4-611C 
835704-00-4-611E 

TITLE 

Area Classification 
Utility & Distribution System 

Base Case 
Power Distribution,  Generation 

Plant 

Power Distribution,  Northern Area 

Power Distribution,  Central & 

Eastern Areas 

Power Distribution,  Cent~~l & 

South Eastern Area 

Power Distribution,  Western Area 

Power Distribution,  Unit 13 Rectisol 
Utility & Distribution System 

Alternate 1 
Standards Grounding 

Standards Lighting 

Standards Lighting 

Standards Lighting 

Standards Lighting 

Power Distribution System Layout 

Switchyard Plan 

Switchyard Plan 
Switchyard Plan 

Switchyard Plan (Alternate 1) 

REVISIONS 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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DRAWINGS 

835704-00-5-612A 

835704-00-5-613A 

835704-00-2-14A 
835704-44-5-607A 

APPENDIX 6.3.20-1 (Continued) 

TITLE 

Grounding, Street, and Perimeter 

Lighting 
Distributed Control System Layout 

Fluor Standard Substation Layout 
Power Lighting and Ground Plan 
Raw HsO Supply Pumping Stations 

REVISIONS 

1 
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NAIN GROUND CONDUCTOR -- ~ "  
SEE PLAN 1:)610 FOR ~ OF CQNNECT]0H~ 

' II4rA,x, 3~2/0) 

ITEH DESCRIPTION OTY IIEN cor.~ NO. 
I OROUNO RO0,  3 /4 "  X . . l O " O '  1 67501001-BD~00 
2 CONNECTOR, ROD 1 ~2784001-00200 
3 C~HCRETE BOX 1 60790000-00100 
4 0~(  COVER (C/)NCRE3~) 1 60790000"00200 

GROUNn ROD 
( CONCRETE COVER) 

FHELD BOLT. ~9116"B H O . E ~  L _ _  
I 1"0 r.~Ltn~| FOR S~AI~ [ ~ . [ .  P.S. COLUi~ 

i 

c, e P^vzm--. I 

I t  I I  I I  • 
I I  I I  I t  I~l . . . .  r ~ T  0 J I T  

"tO ~ZN ~ LOOP,-.,..,.,_ ]~ .  " I" -  "7 ~ Lm'  
TO UNIT laRD L m P ' - ~ ' ~  - ~ | 2 / 0  I;R~iiIRE 

iTS : DESCRIPTION 
I NtCHOR. CONCRETE, I / 4 " - 2 0  
2 BOLT, HACH, 1 / 4 " - 2 0 X 3 / 4 " .  G^LV. 
3 LO~J~ASHER, 114" 
4 I].k~, COIOJIT, I% BE JOE ~ BN]( F~L¥. 
5 CONDUIT. 1% PVC 
6 mlE'lQ~ 5~ 'T  E- l ,  I/~'-13 | ~'~0, 17.~/;l 
7 LOCKI4ASHER, 1 / 2 %  51LZCDN BRONZE 
8 BAH. FLAT COPPER,  1 / 4 " X 2 "  
9 BOLT. HACH. 1 / 2 " - 1 3 ~ 3 " ,  ~14UT 

'I0 LOCKI4ASHER. I / 2 "  
11 COUPLZNG, CONDUIT. 1 174".  RSO 
1 2  NUT, FLEX, 3 / 8 " - 1 b ,  SILICON BRONZE 

GTY ITEH CODE ND. 
3 6~30200-00100 
3 60!4M)O1-1)0800 
3 6 9 ~ 3 1 0 1 - ~ 2 0 0  
3 ~ 2 2 0 ~ n n I - 0 0 3 ~  

3 69803201-00400 
1°-2 ' 6 0 1 0 0 5 ~ - 0 3 1 0 0  

2 601461101-03000 
2 ! 6 9 8 0 3 1 0 1 - 0 0 5 0 0  
2 I 60143101000400 
3 I ~,520101-00200 

ASSEMBLY G - g J 2  
m~U~I]INO ~ n4R 

7 " (  
3" POST.-m - - I  I / 2 '  6ATE 

. + +  

' ' NAIN GROUHO ~ O R  

[leJ~ O£SI:RIPTION POST'I i ~rY 
,,,I ~ r ~ G T Q R .  GROLINO,3" g2  AI4~ I 
Z BRAID, COPPER, FLEXZBLE, 12" LONG 1 
3, u m : u ~  e u m .  FM ~ m u ~  I I ~ l ~  1 1 ~  ~ST l 

I'IrEM _ _rn~_ _ NO, 
1627  _ R ~ n ~ - O 0 7 0 0  

6 2 7 ~ _  _~J0_o- 0 0 1 0 0  
6 2 7 8 4 5 0 1 - ~ t - ' m n  

GATE OROUI~II~ 

R W l l m  

_% e,.; ~. 
laUI I, aaD. i ~, 
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tEE F I X T U B E . ~  (:C~P'DULte ~ r 7  3 /4"B SPACE FOR . . . .  ~ \=°Nou;~ ~u.-uP 

,¢-H^ND HOLEI3"X 5"1 

L (° o.ou.o @ 
- ' - - A  ~-.~,~ I, SEALIHO HUBS \ ~ ]1 

", ,."3"_~/,m" ,~zeo o. pL^N \ IHTI ' ("z ~ u .  
4 ANCHOR ! . 

BOLTS( 1"X44" ) I k - " ~  ~ ~1~ I 
TEMPLATE Dia l ; .  ~"  " m "  ,,, 

POLE ~ 
FOUNÔTICN_/ DETAIL # I 

BY STRUCTUR̂ L 

ITEI4 DESCRIPTION QTY ITEH CODE NO. 
I:ql.E. ROUND TAPERED b-IF.EL, 30 FT. WITH 

1 2~TENON Ik CAP M / 4  SIHPLEX BASF.-~ 1 6 5 9 1 0 0 0 0 - 0 0 3 0 (  

;2 CONNECTOR, GROUNOING TYPE, 2 AND : 1 ~-27GO501-OOSO( 
3 POLE ~ $11~., SINGUH, k Fr, M/~llqR,JO[ f111II~ 1 8 5 9 1 0 0 7 0 - 0 0 2 0 C  

ASSEMBLY #L421  
STREETLIGNT MOUNT (SINOLE FIXTURE) 

SEE F I X T U R E - - - , - -  
( 3 )-~ S C ~  ~ t-7 ,3/4"0 SPATE FOR 

I ITF I . i  N ~ N ~ ,  ' " ' > ' *  -. -~tBE~ '"^TE 

I I I ~HAND HOLEII"X. 5" } 

I 1 | : v i  | GROUND BIJSHXNGS-,~ I ~ . ~ - - " ' ' ] . - - ~  2 ] 

I ~ 4 ANCHOR~- I , 1 , ~ _ ~ 1 '  
I I BOLT$IZ"X44") it ~ ~'/ - I,-(;IP, I 

TEHPL^TE 0~0. z.;,;.. '~ ' '  ; ::~- 

I FOUNDATION.j / D E T A I L  # 1 I 
I BY STRUCTUR^L : 

t .~.1 o~=~,P.o.  I o - i  - ~ .  =oo~ .o.i 

I " I ':°~'~C''°'- o...Nox.o ~ , ~ . ,  " ~ i  ~ t"z~o~-oo"°° l  I . , ~ - -  ma..,~,.~. , - .  - , , .z, .~,.  I , ,65.,oo~o-oo,o01 
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INCANDESCENT 
F'E~IOANT MOUNT- ~.~E~,I~IST~,%~Ec,,.~SSlh. =" =' 

i 
FlXllJ~ ITEM FIXTURE TOTAL 

FIXTURE TYPE C O D E  DESCRIPTION AND ~TTS i 
TYPE ~qJI~ERI NUMBER HANtJ~ACTUREFI 'et NUMBER Lk~llR 

, ~  120V,,  VAPCRTIGHT, kVb'tJ~BE 

12Or . ,  VAPORTIGHT, kV~.OBE 
64643004 MiD DOME REFLEX'OR, 200~, 
Q(~QO 3#4" lq~JS. A23, 

CRgLJ~E-Hll4)~ NO. YOA22G~0 I .F .  

IZOV,* VAPORTIOHT, H/GLOBE 
,'~ 64643004 ANO [X~4E I:P'*~J:'t.F,.~T00, 30[~.  

00800 314' If, J8, PS30* 
OROU~-H|NO~ NO, VDA230RO I ,F.  

646430D0 |2OF. * VAPORTIGHT, NITH GLOEE Ot~T 15Q~. A 
6~, 00200 3/4'  I ~ ,  P,21, 

CROUSE-HINO$ NO. VD/~,51; I ,F ,  

I 20V. ,  VAPSflTIGHI. 
~" 64643000 WITH GLOBE ONLY 

00500 3 /4*  ItJB, ~23. 
=~XmE-HINn~ NO, VD,'IZO I.V. 

I ]2OF. ,  O V k ° 0 0 T I ~ ,  WGLOBE 
~_ 64643008 AND 30 ANGLE REFLEOTOR, 15014. 
0 00200 3/4' HUB. /Q], 

=ROUSE*HINOS NO. VOA2SC, RA i .F.  

." I N C A N D E S C E N T  
~;T~NCHION MOUNT- ~EA'rHER RESIST~rrtCLASS I .  Oiv 2= 

CLASS.I I .  D|V 21 CLASS IZ I ,  

~IXl~E ITEM FIXTURE TOTAL. 
FIXTURE WPE C O D E  DESCRIPTION AHD ~TTS k 

TYPE ~ NUMBER HANUFACTURER" S NUMBER L~ 

l~OV, ,_VAPORTI614T, W/0LOBE 
*7 64646~04 f, K9 30 u ANGL~ REFLEGTOR, |5ON. 
/ 00100 ! 1/4"HUB FOR STNCHI00 MOUNT. ~?.I, 

r.,ROU~I~-HINOS H0, VXHA¢500A I .F. 

I N C A N D E S C E N T  
PEND~N T HOUNT, FACTORY SF.~LED= Ct.a~S I .  OaOU~S C 

CLASS ~I* GROUPS E*F*& G. 

:IXTURE ITEM FIXTURE WP~ COOE 
TYPE MJMBF.R NUMBER 

OO7OO 

OI 

FIXTURE TOTAl. 
OESCRIPTIDN AND wATrs i 

H A I / U F N C : ~ '  S HU~ER Lk~ 
l;19V. EXPLOSi0N-PR00F, HITH 
(R.DSS/IXlAI~ • DONE N~'U[CT~, 150~. 
i l 4 "  14U8. A21, 
CI~tlS~-RZliOS NO. t.'V/w'~lOl I ,F,  
12OF. EXPLOS10N-PR00F, MII"H 
GLODFJQUARD • ~ I ~ c l r ~ ,  20ON. 
3/4" HUB. A23. 
[ : I ~ H I H O S  NO. Ew21nl  I .F.  

I20V. EXPL~ION-PR~0F, H|TH 
~I.00S/GU~O • ~ REFLECTOR. 30o., 

PS2~. 

2 3 
I ,, '1 

INCANDESCENT 
~ENOANT MOUNT- FACTCR¥ SEALED. CLASS I ,  GROUPS A,B,C,~ D. 

FIXTURE 
TYPE 

~IXTUN ITEM FIXTURE TOTAL 
C O O E  DESCRIPTION AND ~ATlrS k 

MA48ER HANUF^CTURER" S NUt~BER ~ 119( 
|2OF. EXlq.OSIQN*PROOF. WITH 

~ ~649u:~ m.OeE.mu~um ~, n~E REFLECTOn. 1sou. 
.L .L ~ZO0 3#4= HUB, ~21, 

CROU~E-H|NO5 NO. EVA~9~| | .F.  
12QV. EXPLOSIQN-PROOF. ~ T H  

J. nnl~O 3/4" HU~. A23. 
CROUSE-HINOS NO. EVA295! .. I .F .  

i20v. S:~.OSInN-FROB =, lllTtt 
I ~ •4649016 GLOBE/OUARO L O0H[ I~FLEC~0R* :Oo., 
.L 09200 3/4" HUE. PS3~, 

000USE'HINDS NO. EVt~.921 I ,F, 

INCANDESCENT 

~ 4 ~  ITEM FIXTURE FIXTURE CODE nESCRIPT ION AND 
TYPE MUMD~R MANUFACTURER" S NUMBER 

120Y. ,COMHERC IN.* MALL E ~ ,  
1 4 •4~zooo ~ON=.. .  L . . , ~ .  

00100 II~.OPN(E I/0. 41~ 

120V., COHI4ERGI N., MALL HOUNTE~, 5 • ~ 4 2 ~  rods sP~S~ LU4II~R(. 
00100 HOI.OPANE NO. 400 

TOTAL 
~TYS k 

~014, 

I .F. 

E~OM. 
P21, 
I .F.  

t 

INCANDESCENT l 

SURF ACE,_MOUNT 

F I X T ~  ITEM FIXTURE TOTAL 
FIXTURE TYPE C O D E  DESCRIPTION AND ~TTS k 

TYPE HIJ~ER HUMBER HANUF^(;TURER' S HUHDER Um 11~ 

120V., £01&ERC I N., PREWIRED UNIT 
1 6 6464zo~ OPAL 00UM T'~i, t2ou. 

00100 t 2-6CS4. LAMPS), J~19, 
HALO NO. 142710 I ,F, 

INCANDESCENT 
RECESSED , 

: I X 1 ~  ITEM FIXTURE TOTAL 
FIXTURE TTPE C O Q E  OESCRIPTION AND IL~ t 

TYPE NUREER NUI4BES 14/~JF~'TURER' $ NtJ~DE]R L~ t 
I2QV.,COMHERCZN.,PREMIREQ UN|T . • 

1 7  64~ooo . . . . * . ~ . | T = -  ,E.S 4o. 
OO|(X) A/~ EG~HIELL TR|M. RIG 

HALO KO, H9-90 I,F, 
I 

INCANDESCENT 
TONER ANB..OBSTRUCTION LIGHT~ 

V11~pX p E ~  E :ZXl l~S ZTE. TY'~ COOE 
MJIISER NUNBER 

~lOO 

OOiO0 

003O0 

FIXTURE 
DESCRIPTION AND 

HAHUFACIURER" S I~J~DER 

120V.RFJ) BEACON, PER FAA 446, 
M/2"MIRS CAB.~,'tOOM, LAI~. 70~4. 
IYI~ II~P|2*7OOM, LN4P,3OON4 ~OOPS 
~tOUSE-HZI/~S NO. 4|26"7F 40P 
Z2OV. 0ESTIKIClrION ~ LIGHT 
SINGLE FIXTURE PER FN~ I.-81Q, 11614* 
!" BOTT~ MUg,TYPE E O L , | | ~  I.AHP 116A2! 
CROUSE*H;I~S NO* 44505A ,"1'8 
120V. 0nSTRUCTION I~tRI(ER LIGHT 
~UELE FIXTURE PER P ~  I . ' 810 ,  l= 23214. 
BOTTI~ HUB, TYPE EOL,2-IIM4,t.AHP 2-11•A 
=ROUSE-HlflOS NO, 4450TA 21/TS 

JlqlNn m 
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[ ~ , "  ! ~o~!='= I=,,.+,,.~=.-. ~,..~ Ioo~ ;. I ' 
I - - I  i i i l ~ ' v . .  + ~ i ~ .  z ' x  . '  = : "  ; i , ; I I I  
I . . . ' ~ f ~ l l l i " i L I l  I~ ' , ' l~E.  t R.$.,!,t.P,F., , t = i  z - - ~ . !  " I [ ]  
l l l l Y r  I '~UO!  ~ l i ~ i " l .  ~ . - ~ , - ,  .~,~,  ID iJO:  . I "-- 
I - - '  • : l ; ' I z ,  

. : 2 0 v . . ~ l ~ Z ~  2 " z  i .  ~ : ~  , ' I , ', " ~ I  

.... _ _ . . . . . . . _ . . .  l i 
I - L l ~ "  + r ' ' : , 

:+"":" l ~  - - swiTcH-_-. 1"4'.. 

I , ~ P  !-o8,=== l~ ,~ .=  =-.-=+, , : ~  I ~  t~o81= , , =  ~ - . =  
I " : ' ' ~  I ~  1 I I " l . ~ P - J -  ~ : = : - :  I i 

I d E . . , ~  ~ . ' . . . , . . ' I Z X ~  ! l i E l i , ~ l i  IC. l~.q..IZl,z-I ; ~ l ~  llll~ I l~::)l.J~l I i l l  l "  i - - - "  
L ' ' : I T  ! I l i t t o n .  No. i ~ - :  I I 

, I , : z=v . .C l l * l ~ : : l ~ .  2"= . ' u , l l : .  , i 2 = / z l " n . . z l l  . T , J e . ~ .  I . ~ : ~  +,-~+.,..~,, .,+ n ~  L . . . l + ~ , o  t~..~,=+~<~ ~ .~  =<~ - I 1 

1 l i l r = ' l . . l l l ~ ,  l . l  4.~,i-'?. , . .i . i 
I ~ H ~ ; = " ' J I  I "+111.~ t4-TI~IER.,~..N.p.r . ,  . : ~ l  I " 

/ ~ i  ~ t=2~ ' . . c= , t~¢ l ,~ .  =-x i . ; . . : : .  / 
I ~ i l l l i l ~ l l  I ~ I L ~ ' ~  : ~  I L ~ ' ~ - , . ~ . ~ _ L ~  , '~:~i~f-  .~.z. 1 
I ~  " " +--II ,A.+,,,.~ I L : " . ~ . E ~  ~ . ; t . , , ~ . v . ~ . .  : ~ .  / 
I - -  ! : f m . ~ .  ,,0. ,~ - i~ , - -  I " 1  
I / I - ,  - . " ~ t ~ : ~ { l  l i ~ ~ = = k ' i q ~ E ~ S  : : ~ l .  I I 

I " ~  '." " ~ ! = =  ID '~ '~=~ '~ :~"  ::'=" " I J  
I . . . , ~ ; I  .! : : l ~ T i . . ~ : ~ .  Z'z , - ~ , : ' .  I ,', '. 

I -  i " ~ t ~ , . . . , ~ .  ~ r> , , , - ,  , I T  

IS. 
I :  

Sl.lZ'i'.l~lil,.E ~ ~_l,.~S zl.,.~,.ii~Or,,P : o~r_,.. I • = l l  = m.-,~..- ,=¢=~..~.==,. / 
/ 

I I ~="~='" '~="==' , . . .=  I I - - .  

i I ~ ~ ~ ..~.,,;w.~+,.+. z .~", . . ,~  I i ' 
I i l l  i - - - - - - z - "  - - - - . u . . . , , - - _ _  ~ ,sr,,~'.r,,¢cs,,,"~'.,=.s.,8.~r.n" ~.s'ru.~." I 

I l l l l l l  I IR l l l l  i i ,  _ ~ .  . ~  ] ! l + 

~.i_~ I I-__-o-,=, =--,.---,.,.,,_.~,~.,-r+.~.,~'.,~r_.,~..s- - , ~ . * , , ~  I ";- 

J 
,I 

J 
l 
"ll 

..! 

-I 

,,b 

); 
,:+-, 

• I'L 

% 
+~ 

,;.,., 

+ 

,,f 



MERCURY VAPOR 

pENDANT MOUNT., CLASS l .OlV 2: CL/~S l hO IV  2: CLASS IZ I  J 

ffIXTURS TOTAL " 
| 

FIXTURE ].i.X~ | ITEM C O D E  DEECRZPTIDN AND SITS & 
TYPE BJHBER NUXBER HANUFACTURER' 5 NUHBER ~ I~fPE 

ZOV., CONSTNtT MAT~AOP 
• P.Fo BALt~ST. 3/4" i ~ ,  133X. 

• ,Died ~ous~-.:~s No. v.v~|o0o,v,2o LOO/OX 
2or,, ~ { ~ r r  UATTAG~ 
.P,F. BALLAST; 3,'4" 14JB, 228W. 2 0 1  ,#,~3o0o 73. u ~ M / ~ ' A ~ , ~ , ~  ~ x  

~0300 ROUSE-HINOS ~0. ¢MYC;~ITSGPlI20 
20V. o CONST/~4T UATIAO~ 
.P.F. BAU.~ST,, 3/4 HUB. ! 3|2M. 

.PO~ ~460r~ooo ~o.. ~ .~  M/re.one ~o  Gu~,,r, .37xc 
:osoo eoeSe-H]~Os No. V.VC2A~.'~,'Z20 ~o/ox 

2 3 
, I , - ,  I 

M E R C U R Y  V A P O R  

~END^NT . .UNT-~A~TD.Y ~ E ^ , E . -  ~ ' ~  t ~ ' ~ B % P ~  o. 
F'IXTURE~ ITEM FIXTURE TOTAL 

FIXTURE TYPEI  COOS DESCRIPTION ~ MATTS, 
TYPE MJHSF.RI MUllER MANUFACTURER'5 HUMBER Ui~ll/T 

#,4675000 
212 ®,co 

213  #,,#,~oo,, oo2oo 

214  ~ooo 

120V. CONSTANT NA1TAGI[ 132M. 
H.P.F BALLAST. !" HUE. H3BJA- 
lOOM. LAMP M/GLOBE AHD GUARD° I 0 0 1 0 X  
ORO~-H|NDS NO. E~93101#120 
120V. CONSTANT WATTAGE P.28M. 
H.P.F BALLAST. 1" HUB. H39KC- 
l?5W. LN~ M/GLOBE kNO GUAM,. I?5/DX 
,'ROUSE HINDS flO, EV1~831711120 

|2Or. CONSTANT MA11AGE 312t4. 
FI.P.F BALLAST. I" 14UB. H37KC- 
2'50W. tAMP HI GLO0E AND GUARD. 250/0X 
[ ; R O U S E  H I N D S  [NO. EVI4Ag32511120 

o m .  

• C E I L  " CLASS I ,DIV 21 CLASS I I ,O lV  21 CLASS I I I  . -- ING i p.ENDANT MOUNT- CLASS I1 .  OlV I .  GROUPS E,F& 0 

--~ FIXTURE 'IXllIN ITEM I FIXTURE TCTAL I FIX;URS XTBN FIX~UA'E TOTAL 
. ~  TYPE CODE I DESCRIPTION AHD ~TT3 &l FIXTURE "lYRE CODE DESCRIPTION ANO HATTS f, 

_ .  . , r ~  ~I(gF.R NUMBER I I¢~ACTUI~R'S HUMBER ~ ~ E I  TYPE Nt~q~3ER NURDER HANUFACTURER'S NUMBER ~ 1YPE 

" |20¥. CONSTANT MATTAGE 112or., CONSTANT WATTAGE 
2 0 3  b4&?300~ IH.P.F. BALLAST. 3/4" HUB, 132W. ~) 1 5 64674000 H.P.F BALLAST. 3/4" HUB. 13214. 

- - "  " r r  ;oDINO 10014. I.N4P WGLOgE AND GUARD. H30JA- IIOOM. LAP M/GLOBE AND 6U/~ H3BJA- 
00100 |CROUSE-H|X~ e: NO. VHVCZCIOO0PII20 |OO/DX ['.ROUSE HINDS NO. OI'WC2A|ODGPI|20 IQO/DX 

M 

- - "  ~ 1~2~.e,CBO~SLI~TT,I~eG~LIg ' ~ 120V. CONSTANT WATTAGE 

, , 7 0 0  I&~, " " ~  .,~-oDE ,~D 09. .  o=No ,~.. , ,~  ,,,~BB , ~ 0 u ~ .  

a.--" ~ 1|20V., CONSTANT MATT An£ 
A 4 A ~ .  I..,.F. BALLAST. 3 ,  "US. 3,~". 

U ICRBUS~-HINO r= NO. VHVS2C2506PI|20 250/DX 

MERCURY VAPOR 
~ E I L I N G  MOUNT- (:LASS I f .  OIV t .  GROUPS E.F& G 

MERCURY V h P O R  ~ ~ I ~  ITS.  mXTU~ TO~AL TYPE CODE OESCRIPTION NMO ~JATYS #, 
NALL MOUNT-THROUGHFEED- ~ IIII'DIV is CLASS II,DIV 2; NONOFJ~ NUNO~R NANUF^Cll~ER'S N ~  Lk~l~l~ 

:]XTURE ITEH F][IcrURE TOTAL ~ I20V. COHSTANT MATTAGS 
. FIXTU~ ~ C O D ~  DESCRIPTIL'N , ~  " ~  ' ' 0 "  2 1 7 164&74002 H.P.F BALLAST. 314" HUB-- |32M. 

i ootoo ~oo~ LA~P k ~ l O ~  ~0 6 U ~ .  H3eJA- - -  TYPE Nu.eee . . . . m  MA,u~Ac~u~.s v.mER ~ . ~ . e  - ~  I )  =~sE-.,Nos No. , , v~ ,oo~ .~zo  ,oM/Dx 
- - .  - I ] ~ I :  ]2Or. CONSTANT ~TTAG~ | 2or.. ¢GR,.¢I'ANT MATTA6E ~ ~ l ~ l  ~ 

64#,73004 FI°P,F, BALLAST,, 3/4" NO~* I ~ .  002 H.P.F BALLAST. 3#4" R,J~. 22814. 
- :  " - "  2 0 ( ~  oozoo ~o0,. L^~ w~.o~ ~o ou~,, . 3 ~ A -  2 I Z?S.. LA.~ M/GLOSS AND 0"~0. ~ C -  

m t.3- ~ROUSE-H|NO~ NO,VMVC2TM|OOOP/120 !IO01OX CROUSe-H|NDS NO. DHV¢201756P/120 175/OX 

- - :  I ~  |20Y., CSK~[ANT MATTAGE 

* "~m &4&?3f104 175M, LANP I~GLO0E AND GUARD 

--= ~ [20V,,¢OI~ANT .A~  i MERCURY VAPOR ~, ~hP.F, BALLAST* 3/4" HUB. --  208 ~ '  ~,z~._ 1 250X. LAHP M/GLGRE A X~ GUA90 .a,,Ku 
- - -  - -  ;O0USS-HINOS NO.VHVC21M250UP/120 !250/0X HA},.[,. MOUNT-THRQUGH FEED -CLASS 11. DIV I .  GROUPS E.FIk O 

- I FIXTURE = I N  ITEM FIXTURE TOTAL 
TYPE { TYPE CODE DESCRIPTI(~I AND HA'ITS • 

~ R  N U I 4 ~ R  MANUFACTURER' S NUMBER ~ 

- "  MERCURY VAPOR 64~4o~ , .~.~ B ~ S T .  ~ , ' ~ .  I ] ~ , .  
~,.' ~ 1 C) OOIOO IOOW. LAMP M/GLORE ANO 6 t ~ .  H38JA- 

STANCHION MOUNT-CLASS hOlY 21 CLASS I I ,D IV  2: CJL~S I l l  - - " -  CROUSE-HIHBS NO.DMYC21WIDOOPII2D INO/OX 

- - .  ~ . . . . , .~  {.'ix'mOREl I ~ U  FIXERS TOTAL 120V. COHSTANI" MATTAG~ 
r.~,,.m~ ~ TYRE t r rm:  D~E|PTION A,O ~ . S  k 2 2 n  64674004 M.P.F BALLAST. 3#4" HUB. 22RM. 

v ~  00300 175W. LAl~ IMGLOB( AND GUARD. 1t39RC* L... ~"  TY=; ~MJNOERI NUMBER MANUFACTURER'S NUMBER U~ITI'E y CRDUSE-HINDS l~O.OMV¢2TMI750P/120 17510X 
- ' ' 120V*,C1)ISTANT MATTAGE 132M. 

lom.I. ~ M/~.O0E ~NO GUANO lO0/Dx 
~ S  v ! . ~,ROUSS HINDS NO. VRVCJIOO0PII20 

I2loI   , ~ . . = , , , , T  BATTAa, roB.  M E R C U R Y  VAPOR PI.P.F. BALLAST. 1 1/4" HUB. H37K r~- 
006 175M, LAHP WBLOEB AND GUN~I 175/DX w,,,,m 

. { ~ROt~E-HII4~ NO. VHVCJI750P/120 ~ CLASS l ; ,  DIV . l .  GROUPS E.F,G 
-~ I , 12QV.,CO~ISTAKT ~.TTAGE 312W. ~'-'R r l l ~ . . ~  {*'3 -I I l 646?3006 ~I.P.F. 8J~LL~ST. I 11~" HUB. H 3 7 K C -  FIXTURE FIXTURE ITEH FIXTURE TOTAL TYPE COOE DESCRIPTION AND WATTS I 

- - ~ q l ~  I~..L J. 100300 250M. LN~P WGI.I~ AND ~ J ~  250/0X TYPE I ~ E R  NU~ER MANUFACTURER'S NURBER U~ 
~-- .,.jr ~ CROUSE H]NOS NO. VN¥C,,12SOGP/120 ~ I~'OY. CONSTANT:WATTAGE 

~--~ ~ 221 6467¢006 H.P.F BALLAST. 3/4" HUB. 1132W 

CROUSE-HII~S NO. OIOK'41006PI120 IO0/DX 
12Dr. COHSTANT MATTAGI[ 

6467400~ H.P.F BALLAST. 314 ~ HUB. 
002O0 222 175M. LANP M/61.gBE AND GUARD. r~.~,C- 

I----'~ LU' ;CRGUSE-HINOS NO.OMVr.JI75GPII20 175/OX 
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H 16H PRESSURE SODIUM 
CLASS I,DIVISIO;W 2ICLASS If, 

PENDANT MOUNT-, plvl$1ON 21CLAS$ TIl 

NUHB~R 

3 0 0  ,,~,~ooo 001OO 

3 0 1  ~ o  =°° 

FIXTURE 
DESCRIPTION 

~ F A ~ U R ~ '  5 ~ E R  
120V.*H,P.F, ON.LAST, 3/4"Ht~, 

V~NS2ADTO~PII20 
129V.,H.P.F, BAI.L/~To 3/4'HUB* 
lOGO. LN4P 1~ .08E N;D ~ .  

Yt41~2AIOO~P/120 
120V,,H.P.F. ~Li.J~T, 3/4"14J~, 

,,, ,,, 

TOTAL 

96~ .  
LU70 
,'SU 

124M, 
LUIOO 
/OU 

198~. 
LUIEO 

3 

ii 

HIGH PRESSURE SODIUM 
PENDANT MQUNT-FACT~R,Y 5EAL, ED ,- Ct.ASS t . ~  C k Om CLASS , l . ~ a -  U~ F,F & [). 

I 

FIXTURE ITEM I FIXIURE TOTAL 
FIXTURE TYPE C09E I DESCRIPTION AND WATIS k 

TYPE RJHSER N ~ E R  MANUFACTURER'S ~ N~ TIP[ 

120V.,H,P.F. ON.LAST, I* I'lJS° 

=,GO ~ , ~ , = , , , . =  ,.,L"° 

I20V..H.P.F. 8J~LLAST*I" HU~* 

I02OO ~ - H I ~  NUMtlER Jgl~ 
EVHA43101J &20 IBU 

000 LSOM. L t ~ L ~  L~4P ~GL[]OE N~D 9B~. 
GUARD. CROU~=*HII~S e4ntBER Lunqo 
EVHA431511120-L~. ~BU 

~ I ~  ~NO HiGH PRESSURE SODIUM 
MOUNT. Class I ,OiVISI~  2 , c ~ =  I I .  

FIXTURE TYPE CODE 
TYPE IIJI4~R HU,qBER 

3 0 3  ' 6~1~°°2 OOlOO 

304 ,~,~.l~= OO3OO 

305 b4&13002 OO5OO 

FIXTURE 
DESCRIPTION AND 

~NUFACT~ER' S Nt~4~R 

120V..H.P.F, BALL~ST, 314*HLIB, 
7C~1. LAMP WGI..SSE AND I~JARD. 
CROUSE*HINOS NUNSER 
YNYS2CO700Pt120 

|20V,,H,P,F, BALL~ST, 3/4*IAIB, 
lOOM, ~ WCLO~ N~O GU~RO. 
CROI.~-HIND5 NUKSER 

12QV.,tI.P.P. BN.L/LST, 3Z4"HU~. 
150~" LUCALOX t.N4P WOt,08~ AND 
WJARO. CR(XI~[-HIH[~ Nt.ql~R 
V~VSL~LSOGP/120- LX 

TOTAL 
WATTS l 
L~TeE 

96~ .  
LU70 
/OU 

124W. 
LUIOO 
/BU 

IJJlSO 
18U 

H i G H  P R E S S U R E  S O D I U M  
WaLL MOUNT-THROUGH FEED- ~'~0~I~ADIV~ ~I~ "/~'~ ,h 

FIXTURE ~ ]TE~ 
TYPE 

306 ~ ' ~ '  OO1OO 

" ~  307 ~o ~ 

FIXTURE TOTAL 
HN~GCRIPTI0t~ k~TTS | 

~TURER'$ ~N~MOS~ LkOY~ 

(2QV.,N.P.F, 8N.UtST. 3/4'HU8, 
70M. LAHP l U ~ E  AND GUN~. 9/,~. 
CROU~E-H~ND$ bl,,ll~ ER blr/O 
~s21k~70~S l~o 18U 
120Y**H,P,F. BALLAST, 3/4"k~8. 
looid, L~IP IM01.gSE N ~  GUN~. 124;4. 
CROU~-HII~S hU~EA LUIO~ 
V~S2DIIO0~#I20 /SU 

H I G H  P R E S S U R E  SODIUM 
S T A N  H N T-FA T R -~sSs  s % I ~ , ~ , ~ I D .  

FIXTUN~ ~IX~U~ ITEM i FIXTURE ~ t ~ 1 ~  ;TOTAL 
TYPE ~ l  ~ DESCRIPTION AND 

|2~V., H.P, F, 9N.L~ST. 1 Ii4"HIJO, 

00100 CRO~E-HINDS Nt.k~B ER LUTO 
EY|4J44071/120 ~BU 

12or.. H.P, F. BALLASt, t II4*HU~, 

315 ~ ' ~  ' ~ "  ~"~ ~ ~ ~'~* '~'"* CROUSE-HINDS MJI~ER L.UIO0 
EVl~J44 |0|. '120 ~ U  

H I G H  P R E S S U R E  S O D I U M  
~.ENOANT MOUNT- CL~S IX.OIVISI~ I . O ~ S  E.F m G. 

~IXTt~ 

~] 316 ~ , , ,~o  00100 

317 ~ =  

i318 o=00""=oo 

FIx'rt~ ~ TORN. 
DESCRIPTION N, IO ; l~IS I 

14~NUF~TURER' S NUHBF.R LJ~ !17S 
120V....P.F. ON.LAST. G~I],H~, ~0~. L ~  k~GLO m= ~ • ~6~. 
~mUSE- H l ~  IqUHBER ~UT0 
~ O ~ / 1 2 0  IBU 

120Y.,H,P.F. B~U.LAST. 3/4'HU8. 
lOOM, LAI~P ~ r m [  ~ GUARD, 124M. 
[:ROUSE-HIKgS HU~F..R LUiO0 
[F~VS2A 1006P1120 IBU 

i20V.*H.P*F. E/~.AST* 314*HL~* 
IOOW, LUCAI.~ U~P W~I.[~E N~O 19~ .  
[;U~I~. CROUSE-HII~$ ~ LUISO 
[~WSZA150C~II20-LX IBU 

HIGH PRESSURE SODIUM ..... 
STANCHION MOUNT- CLk~I .oxvlsI~ 2n~ASS I i .  oxvzs,oN =',=ASS ,3, 
FZl~pXT~E E ~ I X ~  17FJ4 FZXTURE TOTAL 

DESCRIPTI~ ~ ~TTS,  

g ~ o  3°°~ ,LmV..,.e.,.M.L~'r., , , , . ,m. 308 TO.. ~,., . ~ o n  ~ ~ .  , , , .  CRCUS[oHINOS 14J4OfR L~O 
YwrJ,JOTOOP/i zo /Gu 
120Y* * H* P* F, 8At.Lf~T* 1 |14" HUO* 

¢=qOU~'HINDS ~ LUtoo 
YI4VSJ|[X~P/120 SBU 
IZQV. * M. P. P. EL4LL~ST. 1 I#4"HUB, 

YHVSJ|~OGP/I~-I.X /BU 

HIGH PRESSURE SODIUM 
C E I L I N ~ M O U N T - C L A S S  II.D|VISI(~ I .OR~PS E.F I O. 

: ;X l~E 
FZXTURE TYPE 

TYPE 

319 

320 

321 

ITEM 
CODE 

NIJHBER 

64613502 
02 5 0 0  

FIXTURE TOTAL i 
DESCRIPTION AND k~TTS I 

HANUFACTIJRE9 ' S NUHBER Lk~ 1'RE 
120V,.H,P,F, BALLAST. 3/4'14U6, 
70*4. tJ, HP kt/GLOBE ~ ~ ~ d .  
CROUSE- H|8~S MJM~.R LU?O 
DOWS2~O70GP/120 tBU 
|20¥..H.P.F. 8ALL/~ST, 3#4*HtJBt 
10~ .  t a m  Wt3LO~ ~ 0  GUAIG. 12~,  
GqOUSE- H! NDS ~ LU|O0 
D~NS2C| OOGPI 120 IBU 

|20V.,H.P.F. BALLAST.' I l l 'HUB, 

~4vS~Cl~O~/120-Lx /8U 
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