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DEMPSTER HIGHWAY COMPRESSOR STATION 

I .  SCOPE OF WORK AND CONCLUSIONS 

On December 12, 1978, Footh i l ls   P ipe  L ines (Yukon) Ltd.  authorized 
Canuck Engineering  Ltd. t o  proceed wi th   the  preparat ion o f  cos t   es t i -  
mates for a t y p i c a l   c h i l l e d  compressor s t a t i o n  (No. 3) i n   t h e  permafrost 
zone and a t yp i ca l   non -ch i l l ed  compressor s t a t i o n  (No. 7) for the Oempster 
Highway Pipe  Line.  Both  stat ions were t o  u t i l i z e  a s ing le 16,000 IS0 
horsepower gas turb ine compressor  package f o r  the main high  pressure gas 
un i t .  

A discussion o f  the methodology  used in   the   p repara t ion  of the  est imate 
i s  presented i n  Section I I  o f  t h i s   repo r t ,  and the   de ta i led  approach and 
assumptions are o u t l i n e d   i n   S e c t i o n  I I I .  The stat ion  designs are i n  
accordance w i t h  CSA Standard 2184-1975 and the NEB PC 1974-807 Gas 

Pipel ine  Regulat ions. The i n s t a l l a t i o n   p o r t i o n  o f  the  cost  est imate has 
been prepared by the  Di l l ingham  Corporation Canada Ltd. who have had 
extensive  experience i n  t h e   i n s t a l l a t i o n  of compressor s ta t i ons  and 
natura l  gas process  plants i n  Western Canada.  The estimate was prepared 
w i t h  the cons idera t ion   tha t  the contractor  would move i n  and construct  a 

minimum o f  four   s ta t ions  over  a two-year period. 

F i r s t   q u a r t e r  1979 mater ia l   costs  were used i n  the preparat ion o f  t h i s  
estimate and no  allowance was  made for  escalat ion,  

The fo l l ow ing  summarizes the   i ns ta l l ed   cos ts  for each  compressor s ta t i on :  

Stat ion  Subtotal  Contingency  Freight  Total 

$ $ $ $ 

Chi l led  (Stn.  No. 3)  26,142,500 916,000 575,000 27,633,500 

Nan-Chilled (Stn. No. 7)  14,109,500 425,000 325,000 14,859,500 

". . 



The contingency figure  is on materials only and a figure of 10 percent 
was generally used. Freight  costs as shown cover freight o f  permanent 
station mate r ia l s  t o  the  jobsite from Edmonton but do n o t  include freight 
costs of contractor's equipment w h i c h  i s  included i n  the mobil izat ion 
section of Contractor's Overhead. 

I t  should be noted tha t  the above figures exclude some direct costs as 
directed by Foothills Pipe  Lines (Yukon) Ltd. i n  their correspondence 
dated December 21, 1978 t o  Canuck Engineering Ltd. Foothills Pipe  Lines 
(Yukon) Ltd. must add their own appraisals f o r  those elements t h a t  are 
excluded. The direct  costs t h a t  are outstanding are discussed i n  
Section I I .  

In a d d i t i o n ,  Owner's indirect costs have.not been included i n  this esti-  
mate b u t  must be considered by Foothills Pipe  Lines (Yukon) Ltd. i n  
order t o  have a complete  assessment o f  compressor s ta t ion  costs .  

Detailed cost estimate sumnaries for each compressor station  are pre- 
sented i n  Tables 1 and 2. 



TABLE 1 

CAPITAL COST ESTIMATE SUMMARY 

DEMPSTER HIGHWAY COMPRESSOR STATION NO. 3 

CHILLED 

Cost  Category  Mater ia ls  Instal lat ion  Total  

$ $ $ 

1. Foundations 452,000 902 , O00 1 , 354,000 

2. Bui ld ings 1,125,000  268,000  1,393,000 

3. Gas Compressor Package 3,900,000 67,000 3,967,000 

4. Propane Compressor Packages 3,600 , O00 99,000 3,699,000 

5.  High  Pressure Gas Piping 1 , 587 , O00 199,000 1,786,000 

6. Other Major Systems 2,367,000 343,000 2,710,000 

7. Uti 1 i t i e s  255,000 89,000 344,000 

8. Instrumentation 383 , O00 52,000 435,000 

9. E l e c t r i c a l  867,000 255,000  1,122,000 

10. I nsu la t i on  & Paint ing 124,000 184,000 308,000 

11. Test ing,   Winter iz ing & Startup 114,000 83 , O00 197,000 

12. M i  scel 1 aneous 187,000  41,000  228,000 

13. Federal  Sales Tax  1,357,500  1,357,500 

14. Con t r a c t o r s  Overhead - .8,158,000 8,158,000 

15. Fre ight   (Mater ia ls   Only)  ' 575,000 - 575,000 

TOTAL 16,893,500 10,740,000 27,633,500 
(Includes  Contingency o f  $916,000 
on Mater ia ls)  

i 

16. Tools & Major Spares 640,000 (op t i ona l )  
(Includes FST) 



TABLE 2 

CAPITAL COST ESTIMATE SUMMARY 

DEMPSTER HIGHWAY COMPRESSOR STATION NO. 7 

NON-CHILLED 

Cost  Category 

1. 

2. 

3. , 

4. 

5. 

6. 

7. 

8. 

9. 

1 o. 
11. 

12. 

13. 

Foundations 

Bui 1 d i  ngs 

Gas Compressor Package 

Propane Compressor Packages 

High  Pressure Gas Pip ing 

Other  Major Systems 

Uti 1 i t i e s  

Instrumentation 

E l e c t r i c a l  

I nsu la t i on  & Paint ing 

Test ing,   Winter iz ing & Startup 

M i  scel  laneous 

Federal  Sales Tax 

14. Contractors Overhead 

15. Freight  (Materials  Only) 

TOTAL 
( Includes  Contingency o f  $425,000 
on Mater ia ls)  

16. Tools & Major Spares 
( Includes FST) 

Mater ia ls  

$ 

252 , O00 

741,000 

3,900,000 

- 

946,000 

536,000 

228,000 

114,000 

464,000 

35,000 

89,000 

187,000 

698,500 

3 

352,000, 

8,542,500 

I n s t a l l a t i o n  

$ 

506,000 

190,000 

67 , O00 
- 

126,000 

70,000 

89,000 

28,000 

179,000 

93,000 

44,000 

41,000 

- 
4,884,000 

- 
6,317,000 

360,500 (op t i ona l )  

- 4 -  

Total  

8 

758,000 

931,000 

3,967,000 

- 

1,072,000 

606,000 

31  7,000 

142,000 

643,000 

128,000 

133,000 

228,000 

698,500 

4,884,000 

352,000 

14,859,500 

79-1  -31 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

I .  SCOPE OF WORK AND CONCLUSIONS 

On December 12, 1978, Footh i l l s   P ipe  Lines (Yukon) Ltd.  authorized 
Canuck Engineering  Ltd. t o  proceed with  the  preparat ion o f  cast  e s t i -  

mates f o r  a t y p i c a l   c h i l l e d  compressor s t a t i o n  (No. 3) i n   t h e  permafrost 
zone and a typ ica l   non-ch i l led  compressor s t a t i o n  (No. 7)  f o r  the Dempster 
Highway Pipe  Line.  Both  stations were t o   u t i l i z e  a single 16,000 IS0 
horsepower gas turb ine compressor package f o r  the main high  pressure gas 
u n i t .  

A discussion o f  the methodology  used i n  the   p repara t ion   o f  the est imate '  
i s  presented i n  Section I I o f  th is   repor t ,  and the   de ta i led  approach and 
assumptions are   ou t l ined  i n  Section I I I .  The stat ion  designs  are i n  
accordance w i t h  CSA Standard Zl84-1975 and the NEB PC 1974-807 Gas 
Pipel ine  Regulat ions. The i n s t a l l a t i o n   p o r t i o n  o f  the  cost   est imate has 
been prepared by the D i  1 l ingham  Corporation Canada Ltd. who have had 
extensive  experience in t h e   i n s t a l l a t i o n  o f  compressor s ta t i ons  and 
natura l  gas process  plants i n  Western Canada. The estimate was prepared 
w i th   the   cons idera t ion   tha t   the  contractor would move i n  and construct  a 
minimum o f  four  stat ions  over a two-year  period. 

F i r s t   q u a r t e r  1979 mater ia l  costs were  used i n  the   p repara t i on   o f   t h i s  
estimate and no allowance was  made for escalat ion. 

The fo l lowing  sumar izes  the  insta l led  costs  for  each  compressor s ta t i on :  

Stat ion  Subtotal  Contingency  Freight  Total 
$ $ $ $ 

Chi l led  (Stn.  No. 3) 26,142,500 916,000 575,000 27,633,500 

Non-Chilled  (Stn. No. 7 )  14,109,500 425,000 325,000 14,859,500 



The contingency  f igure i s  on mater ia ls Only and a f i g u r e -  o f  10 percent 
was general ly used. Freight  costs as shown cover  f re ight of permanent 
s ta t ion   mater ia ls  t o  the   j obs i te  from Edmonton but  do no t   inc lude  f re igh t  
costs o f  contractor 's  equipment which i s  included i n  the mobi l izat ion 
sect ion o f  Contractor 's Overhead. 

It should be noted  that   the above f igures  exclude some d i rec t   cos ts  a5 
d i rected by Foothi ' l ls  Pipe  Lines (Yukon) Ltd. i n  t h e i r  correspondence 
dated December 21, 1978 t o  Canuck Engineering Ltd. Footh i l ls   P ipe  L ines 
(Yukon) Ltd. must add t h e i r  own appraisals for those elements that   are 
excluded. The direct   costs  that   are  outstanding  are  d iscussed i n  
Sectî on I I .  

I n   add i t i on ,  Owner's ind i rec t   cos ts   have.no t  been included i n   t h i s   e s t i -  
mate but  must be considered by F o o t h i l l s  Pipe Lines (Yukon) Ltd. i n  
order t o  have a complete  assessmknt o f  compressor s ta t ion  costs .  

Detai led cost  estimate  sumnaries f o r  each  compressor s ta t ion  are  pre-  
sented i n  Tables 1 and 2. 

1 
I - 2 -  



TABLE 1 

CAPITAL COST ESTIMATE SUMMARY 

DEMPSTER HIGHWAY COMPRESSOR STATION NO. 3 

CHILLED 

Cost  Category . 

1. Foundations 

2. Bui ld ings 

3. Gas Compressor Package 

4. 

5. 

6. 

7. 

8. 

9. 

1 o. 
11. 

12. 

13. 

Propane Compressor Packages 

High  Pressure Gas P i  ping 

Other  Major Systems 

Uti 1 i t i e s  

Instrumentation 

E l e c t r i c a l  

I n s u l a t i o n  & Paint ing 

Test ing,   Winter iz ing & Startup 

M i  s c e l l  aneous 

Federal  Sales Tax 

14. Con t r a c t o r s  Overhead 

15. Freight  (Mater ia ls  Only)  

TOTAL 
(Includes  Contingency o f  $916,000 
on Mater ia ls)  

d 

16. Tools & Major Spares 
( Includes FST) 

Materials 
$ 

452 , O00 
1,125,000 

3 , 900,000 
3,600,000 

1 ,587,000 

2,367,000 

255,000 

383,000 

86 7 , O00 
124,000 

114,000 

187,000 

1 ,357,500 

- 
575,000 

16,893,500 

I n s t a l   l a t i o n  

$ 

902,000 

268,000 

67 ;O00 

99,000 

199,000 

343 , O00 
89,000 

52,000 

255,000 

184,000 

83,000 

41,000 

8,158,000 

- 
10,740,000 

640,000 (op t i ona l )  

T o t a l  

$ 

1,354,000 

1,393,000 

3,967,000 

3,699,000 

1,786,000 

2,710,000 

344,000 

435,000 

1,122,000 

308,000 

197,000 

228,000 

1,357,500 

8,158,000 

575,000 

27,633,500 

79-1 -31 
- 3 -  



TABLE 2 

CAPITAL COST ESTIMATE SUMMARY 

DEMPSTER HIGHWAY COMPRESSOR STATION NO. 7 

NON-CHILLED 

Cost Category 

1. Foundations 

2. Buildings 

3. ,Gas Compressor  Package 

4. Propane  Compressor  Packages 

5. High Pressure Ga5 Piping 

6. Other Major Systems 

7. Utilities 

8. Instrumentation 

9. Electrical 

10. Insulation & Painting 

11. Testing,  Winterizing & Startup 

12. Mi scel 1 aneous 

13. 'Federal Sales Tax 

14. Contractors  Overhead 

15. Freight (Materials  Only) 

TOTAL 
( Includes Contingency o f  $425,000 
on Materials) 

16. Tools & Major  Spares 
( Includes FST) 

Materials 
$ 

252 O00 

741,000 

3,900,000 

- 
946,000 

536,000 

228 , O00 
114,000 

464 , O00 
35,000 

89,000 

187,000 

698,500 

- 
352 , 000, 

8 542 , 500 

Installation 
$ 

506,000 

190,000 

67,000 

- 
126,000 

70,000 

89,000 

28,000 

179,000 

93,000 

44,000 

41,000 

- 
4,884,000 

- 
6 $31 7,000 

360,500 (optional) 

- 4 -  

Total  
8 

758,000 

931,000 

3,967,000 

- 
1,072,000 

606,000 

31 7,000 

142,000 

643,000 

128,000 

133,000 

228,000 

698,500 

4,884,000 

352,000 

14,859,500 

79-1 -31 



DEMPSTER HIGHWAY COMPRESSOR STATION 

I I. DISCUSSION 

This  section of the  repor t   rev iews  the  overa l l  approach t h a t  was used by 

Canuck  and Dil l ingham i n  order   to   log ica l ly   prepare  the  cost   est imate 
f o r  two Dempster Highway Pipe  Line compressor s ta t i ons  . 

On December  18,  1978, F o o t h i l l s   c a l l e d  a meeting  with Canuck t o  discuss: 

a)   the  avai lab le  s ta t ion  des ign  in format ion 
b )  certain  design parameters 
c )  the  overa l l   pro ject   const ruct ion  schedule 
d) vendor  quotes for   the gas turb ine compressor  packages 
e) .  items t o  be included and excluded i n  the  estimate. 

A memo o f   t h i s  meeting i s  attached  (dated December 21) and labe l l ed  
E x h i b i t  1 i n  the Appendices. 

Canuck was requested to   om i t   t he   f o l l ow ing   d i rec t  costs from t h e   e s t i -  
mate as they  would be handled by F o o t h i l l s :  

a )  Land Acquis i t ion 
b )  Access Roads 
c )  S i  te  Preparation. 

I n   a d d i t i o n  no Owner i nd i rec t   cos ts  have been included i n   t h i s  estimate, 
but  we draw your at ten t ion   to   the   fo l low ing   wh ich   Footh i l l s   shou ld  
cons i der: 

a )  Project  Management and Engineering 
b)  Possible NEB o r  NPA Costs 

c )  Mater ia l   Inspect ion and On-Site  Inspection 
d) A l  1 ocation and Amount o f  Contingency 
e) Interest   Dur ing  Construct ion 
f) Possible Assessments or Sales Tax i n  the  Northwest  Terr i tor ies.  

- 5 -  



The estimate has been prepared  using  Certain cos t  infOtTIatiOn  provided 
by Foothi l ls ,   current  costs  obtained from  discussions  with vendors, 

insta l la t ion  costs   prov ided by Dil l ingham and current  in-house  price 
informat ion  avai lable  to  Di l l ingham, and Canuck. I n  addi t ion  Di l l ingham 
has r e f e r r e d   t o   t h e i r   h i s t o r i c a l  man-hour ins ta l la t ion   records   f rom 
previous compressor s t a t i o n  and process  plant  construction i n  north- 
eastern and southeastern  Br i t ish Columbia. 

The estimate i s  based on f i r s t   q u a r t e r  1979 prices, and includes  the 
c o s t   o f   f r e i g h t  t o  a marshall ing  area i n  t h e   v i c i n i t y  o f  Edmonton. 
Freight  f rom Edmonton t o   t h e  work s i  t e   i s  shown as a separate i tem and 
i s   d e t a i l e d   i n   S e c t i o n  111-15. Federal  Sales Tax i s  shown as a separate 
i tem and i s  summarized i n  Section 111-13. 

INSTALLATION 

The ins ta l la t ion   cos t   es t imates '   p resented   a re   fo r   the   cons t ruc t ion  o f  a 
c h i l l e d  compressor s ta t i on   (S ta t i on  3 - Rock River)   a t   K i lometre Post 
380 and a non-chi l led compressor s ta t ion   (S ta t ion  7 - Stewart  Crossing) 
a t  Kilometre  Post 851 o f   t h e  proposed F o o t h i l l s  Dempster Highway Latera l  
Pipe  Line.  Nine compressor s ta t i ons  are u l t i m a t e l y  proposed  over  the 
length o f  the 1172 k i lometre  p ipe l ine from the Mackenzie Del ta t o  the 
Foothi 11s 56" main1 ine  near  Whitehorse. 

The d i r e c t   c o s t s   f o r  a t y p i c a l   c h i l l e d  and a t yp i ca l   non -ch i l l ed   s ta t i on  
were developed i n  considerable  deta i l  on the  basis of conceptual quan- 
t i t i e s .   B u j l d i n g   s i z e s ,  equipment infort iat ion,  flow diagrams, and 
p i p e l i n e  sizes provided by F o o t h i l l s  have been used i n  developing  approxi- 
mate q u a n t i t i e s   o f  work. 

These quan t i t i es  were compared t o  actual   quant i t ies   avai lab le  f rom  the 
p r o j e c t   h i s t o r i e s  o f  many s t a t i o n s   p r e v i o u s l y   b u i l t  i n  B r i t i s h  Columbia, 
Alberta and Saskatchewan. The f i n a l  range of es t ima ted   quan t i t i es   i s  
considered  accurate t o   w i t h i n  about 15 percent. 
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The d i r e c t  labor costs  developed  are also based upon labor  producti  - 
v i t i e s  achieved  during  construction of compressor s t a t i o n   f a c i l i t i e s   i n  
B r i t i s h  Columbia, Alberta and Saskatchewan. 

The work force  on'  the Dempster Highway Lateral  compressor s ta t ions has 
been assumed t o  have a h igher   unsk i l led   labor   inpu t  and lower  producti-  
v i t i e s  than  the norm. 

The range of   product iv i t ies   apparent   f rom  prev ious  pro ject   h is tor ies 
ind ica tes   tha t  many s i t e s  have encountered  product iv i t ies   d i f ferent   f rom 
the norm. These va r ia t i ons   a re   a t t r i bu tab le  t o  s i te   cond i t ions ,  weather, 
extreme  temperatures,  remoteness,  equipment a v a i l a b i l i t y ,   m a t e r i a l  
deliveries,  extended  hours and labor s t r i f e .  

The impact of these  var ia t ions as w e l l  as the  h igh  input  o f  u n s k i l l e d  
labor  has been considered i n  assessing r e a l i s t i c   p r o d u c t i v i t y   u n i t s   f o r  
the Demps t e r   r e g i  on. 

SCHEDULE 

His tor ica l l y ,   ma in l ine  compressor s ta t ions  are  const ructed  wi th in  a s i x -  
month per iod and most o f ten   dur ing  the winter  months. The Dempster 
Highway Latera l   s ta t ions  are  cons iderably   larger  and because o f   t h e  
t-emoteness will requ i re   ex tens ive   mob i l i za t ion   per iods   to   se t  up con- 
s t r u c t i o n   f a c i  1 i t i e s  and construct ion camps. 

The progress  schedule for t h e   c h i l l e d   s t a t i o n  i s  presented on Figure 1 
and ind ica tes   tha t   the   t ime  requ i red   i s  11 months and for a non-chi l led 
s ta t ion   (F igure  2 )  i s  10 months. Both  stat ions  are  considered  to be 
cons t ruc ted   concur ren t ly   w i th   mob i l i za t ion  occurring i n  February and 
March, o r   a l t e r n a t e l y   t h e   f a l l  o f  the  preceding  year. 

The Dempster, stat ions  are  expected t o  be constructed i n  1985 and 1986. 
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The estimated manpower b u i l d u p  is  shown on Figure 3 for the chilled 
station and Figure 4 for the non-chilled station. A typical composition 
o f  the trades  required for the j o b  and their t o t a l  estimated manhours i s  
shown i n  Tables 3 and 4. 

The direct  costs include the straight time construction labor costs o f  
hourly trades employed directly  on-site (60 hours per  week). 

The hourly trade  rates  are  current, i n  accordance w i t h  the  British 
Columbia and Yukon B u i l d i n g  Trade  agreements and expire April 30, 1980. 

The design o f  the  single u n i t  chilled and non-chilled compressor stations 
for the Dempster  Highway Pipe  Line is  i n  the preliminary stages. Foot- 
hil ls  has furnished Canuck w i t h  several drawings  from the M.aple  Leaf 
Project t o  serve as a general guide. Canuck  has utilized  these drawings 
in modified fashion and has prepared a number of preliminary drawings 
t h a t  were  used for estimating purposes. These drawings are attached i n  
Sectïon IV. In certain  instances, where definitive information was not  
readily  available,  the  consultant proceeded by making certain assump- 
tions based on engineering judgment and industry  practice. These 
assumptions are  outlined i n  detail for each category in Section I I I ,  and 
are  briefly discussed i n  the following material. 

1. FOUNDATIONS 

In order t o  avoid disturbance o f  the permafrost the  estimate has con- 
sidered t h a t  a l l  heated bu i ld ings  for  the  chilled s ta t ions will have the 
f loo r  elevated approximately three  feet above grade and i t  w i  11 be 

supported on friction  piles founded  below the active zone. In the non- 
permafrost areas  the  estimate has considered t h a t  foundations will 
consist of a normal spread footing. 

In a l  1 cases  the foundations conform t o  the requirements of the National 
B u i l d i n g  Code of Canada. 
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2 .  BUILDINGS 

Al 1 of the s t a t i o n  structures w i t h  the exception of the 1i Ving quarters 
are constructed w i t h  welded steel r i g i d  frame sections.. The transverse 
frames are interconnected by bracing systems i n  the planes o f  the side 
wall s and the roo f .  A l  1 f i  el d connections w i  11 be bolted. The wall 
panelling and roofing will  consist o f  a sandwich material composed o f  
two metal sheets and an insulating core. The buildings w i  11 be i n  
compliance with a l l  applicable codes. 

3. GAS COMPRESSOR PACKAGE 

The  gas  compressor  package  was specified by Foothil ls  and was quoted by 

Cooper  Energy Services Ltd. The  package consists of one 16,000 IS0 
horsepower industrial  j e t  engine, a power turbine and a two-stage centri- 
fugal  compressor plus auxilliaries. The equipment i s  o f  proven design. 
The turbine  will be fi t ted w i t h  inertial a i r  cleaning  devices, an t i -  
icing equipment, inlet and exhaust 'silencers and an acoustical enclo- 
sure. The quotation for this package i s  presented i n  SectSon 111-3. 

4. PROPANE COMPRESSOR PACKAGE 

The propane  compressor  package was specified by Foothills who selected 
two Clark DJ50 turbine cornpress.or  packages.  The  packages include two 
5500 IS0 horsepower industrial j e t  engines each of which is  coupled t o  a 
mu1 t i -s tage .propane  compressor. 

5. HIGH PRESSURE GAS PIPING 

The h i g h  pressure gas p i p i n g  layout used for  the  estimate i s  shown i n  
isometric drawings FPL39-49-61D and FPL39-49-62D which are included i n  
Section IV. The 30" p i p i n g  estimate included an inlet  gas scrubber, 
applicable remote operated valvi ng, the chi I ler  headers , an orifice 
f i t t i n g  on the  discharge p i p i n g  and the  required relief and blowdown 
p i p i n g .  All h i g h  pressure p i p i n g  was estimated using -5OOF specifica- 
t i o n  materials. 
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6. OTHER MAJOR SYSTEMS 

6.1 CHILLING SYSTEM 

The propane chi 11 ing system estimate was based on the general design 
prepared for the Maple  Leaf system-and modified t o  f i t  the reduced flow 
rates of the Dempster  Highway Pipe Line. An isometric drawing o f  the 
revised propane  system i s  attached i n  Section IV, The system consists 
of three propane chillers and associated  controls, vapor lines t o  the 
compressors, 12 f i n  fan condensers, a propane surge  tank, an economizer 
and a large propane storage  tank. 

6.2 FUEL AND STARTING GAS 

The fuel and starting gas system was estimated t o  incorporate a separate 
fuel gas regulator b u i l d i n g  and includes  fuel gas  measurement, and an 
al  ternate source o f  fuel i n  the event o f  a mainline segment  shutdown on 
the upstream or downstream side. 

6.3 HEATING AND VENTILATING 

The heating system i s  a conventional hot  water-glycol  design consisting 
of a number o f  modular heater packages selected.  for the particular 
station load. 

6.4 GAS DETECTION AND FIRE PROTECTION 

The gas detection system provides for a number o f  combustible gas detec- 
tors, ultraviolet   f ire eyes, continuous strip thermistors,  ionization 
detectors and thermal detectors t o  be installed throughout the  station. 
The  main gas compressor b u i l d i n g  and the  control room MCC/switchgear 
room and generafor/boiler room are protected with Halon 1301 systems as 
is  the propane  compressor b u i l d i n g  a t  the  chilled  station. 
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7. UTILITIES 

7.1 WATER SYSTEM 

The water system es t imate was prepared assuming t h a t  raw water Wou1 d be 
hauled t o  the   s ta t i on  and s t o r e d   i n  a 500-barrel  tank and t h a t  chemical 
treatment and ch lor inat ion  would be required  for  the  potable  water. 

7.2 SEWAGE SYSTEM 

The sewage system  estimate was based on a vendor quotat ion for providing 
a vacuum  sewage system w i t h   i n c i n e r a t i o n  of the  co l   lec ted sewage. 

7.3 INLET A I R  SYSTEM 

Structural   steel   supports and hardware have been prov ided  fo r   tu rb ine  
a i r   i n l e t   d u c t i n g .  The actual  ducting, plenums and s i lencers  are  par t  
of the  turbine  manufacturer's  supply. 

7.4 EXHAUST SYSTEM 

As f o r   t h e   i n l e t   a i r  system, al 1 necessary  structural   steel   supports and 
hardware f o r   t h e  .complete  exhaust systems  have been provided.  Again  the 
exhaust  ducting and s i lencers are par t   o f   the  turb ine  manufacturer 's  

supply. 

7.5 FLARE AND VENT GAS 

The f l a r e  and vent gas system was based on i n s t a l l i n g  a tapered  f lare 
l i ne   t ha t   runs   t h rough   the   s ta t i on   bu i l d ings  t o  p ick  up combustible gas 
vents and terminates i n  a !%foot f lare  stack  complete w i t h  p i l o t s ,  
i g n i t e r s  and controls.  



7.6 EMERGENCY FUEL 

Provision has  been  made for diesel  fuel  storage and supply t o  the stand- 
by diesel  fueled  electric  generating u n i t .  Storage fo r  quantities o f  

gasoline for pipeline  vehicles has also been provided. 

7.7 CONDENSATE  STORAGE 

A small condensate storage t a n k  is provided t o  handle the  materials 
removed from the gas stream by the inlet  scrubber. . This tank  has  been 
included i n  the h i g h  pressure gas p i p i n g  system. 

8. INSTRUMENTATION 

8.1 UNIT CONTROLS 

Most o f  the u n i t  controls and instrumentation  are included i n the  cost 
o f  the units; however, u n i t  auxiliary panels  (based on A.G.T.L. control 
panel designs)  are added t o  achieve some standardization between the 
stations and t o  contain some u n i t  related  controls and equipment not  
supplied by the compressor unit manufacturer. 

8.2 PRESSURE,  TEMPERATURE, FLOW MEASUREMENT 

Pressures that  are  required for the  operation o f  the main compressor 
system and the propane  compressor system are  transmitted t o  the main 
control room by electrical  signals obtained -from pressure  transmitters 
1 ocated i n  instrumentation  racks  in  the compressor buildings . The cost 
of this portion o f  the  instrumentation  includes cost  o f  the instrument 
racks. Also included i n  the  cost  are  the  pressure gauges  and switches 
located i n  the same racks. 

Temperature monitoring that is  required for the  operation of the main 
compressor  system and the propane  compressor system shall be monitored 
by use of thermowells, RTD's, signal candi tioners and panel meters. 
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The c o s t  of t h i s   p o r t i o n  of the  instrumentation  includes  the c o s t  o f  the 
thermowells and RTD's. The cost  o f  the signal  conversion and ind i ca t i on  
i s  included i n  the  cost  o f  the  stat ion  control   panel  (where  equipment i s  
mounted). 

Flow measurement o f ,  the gas and  propane i s  obtained  through  sensing 
d i f fe ren t ia l   p ressures   across   ,o r i f i ces  and temperatures a t   t h e   o r i f i c e .  
The cost   o f   ins t ruments i s  included  i-n  the  costs  for  temperature moni - 
toring,  instrumentation  racks and stat ion  control   panels.  

Flow measurements o f  the fuel gas f o r   t h e  main  compressor,  propane 
compressor and u t i  1 i t ies   a re  based on turb ine meters. The cost o f  the 
turbine  meters i s  included i n  the fuel gas system costs .  

8.3 STATION CONTROLS 

Stat ion  cont ro l   panels   for   the main  compressor s t a t i o n  and the propane 
s t a t i o n  are inc luded i n   t h i s   e s t i m a t e  and the  cost   covers  logic,   instru- 
mentation (mounted i n  panel),   indicators, and l o c a l  push buttons and 
switches for the   opera t ion   o f   the   s ta t ions  i n  general. 

8.4 PROPANE INSTRUMENTATION AND CONTROLS 

Instrumentation and contro l  cost  est imates  for   the propane  system are 
''taken o f f "  a f low  sheet  supplied by Foo th i l l s .  

8.5 MISCELLANEOUS 

Miscellaneous  items  included i n  the  estimate  are  items  which were unable 
t o  be categorized above. 

9. ELECTRICAL 

9.1 ENGINE GENERATORS ( includes Swi  tchgear) 

Three ( 3 )  450 KW Caterp i l lar   generator   sets  have been prov ided  a t  
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S t a t i o n  No. 3 .  Two ( 2 )  o f  these will be natural gas f i red  for prime 
electric power generation and the t h i r d  wi l l  be a diesel fueled standby 
u n i t .  

A t  S t a t i o n  No. 7, three ( 3 )  150 KW Caterpillar generator sets will be 
provided. Again,  two (2) wi.11 be natural gas fired and the t h i r d  a 
diesel fueled standby u n i t .  

Included i n  the estimate for the engine generators are the associated 
cooling arid starting equipment,  engine control panels, switch gear and 
metering. 

9.2 MOTOR CONTROL CENTRE 

The motor control  centre (MCC) estimate is  based on an essential  service 
bus and non-essential service bus segregation. The main compressor and 
propane  compressor unit MCC's are supplied by the u n i t  manufacturer and 
are included i n  the u n i t  costs. They are fed from the main MCC. 

9.3 CONDUIT CABLE AND FITTINGS 

The supply o f  material and installation o f  a l l  conduits,  wire,  cable, 
trays and consumable electrical  materials has been provided for in  the 
estimate. 

9.4 UNINTERRUPTIBLE POWER SUPPLY 

UPS, which consists o f  the battery charger, inverter and batteries for  
the general s t a t ion ,  i s  included i n  the  estimate. The costs o f  the UPS 
systems for  the main compressor u n i t  and propane  compressor units  are 
included i n  the cost o f  units. 

9.5 LIGHTING FIXTURES 

The costs o f  the materials and instal lation o f  interior and exterior 
b u i l d i n g  l i g h t i n g  have  been provided i n  the  estimate. 
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9.6 YARD LIGHTING 

The cost o f   t h e  mater ia ls and i n s t a l l a t i o n  o f  y a r d   l i g h t i n g  on conven- 
t iona l   l i gh t   s tandards  i n  12 separate  locations  around  the compressor 
s ta t ion   yard  has been included. 

9.7 HEAT TRACING 

The cost o f  heat   t rac ing  cer ta in   por t ions o f  pressure   p ip ing   ins ta l led  
aboveground has been included i n  the  estimate. 

9.8 GROUNDING 

The grounding  system  required for i n s t a l l a t i o n   i n  the permafrost  areas 
requires  special  preparation and these  costs have been considered by the 
consul  tant. 

1 
i 

10. INSULATION AND PAINTING 

10.1 INSULATION 

This  i tem  includes  the  cost  o f  mater ia ls and t h e   i n s t a l l a t i o n  of insu- 
l a t i o n  t o  a l l   p ip ing ,   vesse ls  and equipment. 

10.2 PAINTING 

This  i tem has provided for the  supply and app l i ca t i on  o f  a l l   p a i n t i n g  
requirements t o  equipment, p ip ing ,   s t ruc tu ra l  steel, masonry and exposed 
concrete work. 

11. TESTING, WINTERIZING AND STARTUP 

11.1 TESTING 

This  i tem  includes  the  cost  o f  mater ia ls and labor t o  t e s t  the high 
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pressure gas piping,  the propane p i   p ing  and miscel laneous p ip ing  and 
vessels t o  the NEB requirements. 

11.2 WINTERIZING 

This  sub-category  provides for the  labor and mater ia l   required for snow 
removal and isolated  hoarding and heating.  This allowance re la tes  t o  
the  protect ion o f  concrete,  welders'  shelters and removing snow. Fuel 
for heating temporary b u i l d i n g s   i s   i n c l u d e d  under const ruct ion  fac i  1 i - 
t i e s .   I n   a d d i t i o n  i t  provides for the  startup and checking o f  heat 
t racing,  heat ing systems, winter iz ing  valve  operators,   etc.  

1 1.3 STARTUP 

This  sub-category  provides for the  labor,  vendors'  servicement and 
mater ia ls   requi red t o  check ou t  and s t a r t  up the   s ta t i on  and t o  have i t  
operating i n  a safe and s a t i s f a c t o r y  manner. 

12. MISCELLANEOUS 

This  category  includes a number o f  i terns not  otherwise  provided  for such 
as safety equipment, s i  t e  improvements  walkways and fu rn ish ings   fo r   the  
1 i v i  ng quarters. 

13. SALES TAX 

This  i tem was also requested by t h e   c l i e n t   t o  accumulate the  Federal 
Sales Tax on a l l   m a t e r i a l   r e q u i r e d   f o r   t h e   s t a t i o n .  

14. CONTRACTOR'S OVERHEAD 

The discussion o f  the   con t rac tor ' s  overhead  costs i s  presented i n  d e t a i l  
i n  Section 111-14. 
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15.  FREIGHT 

T h i s  i tern  was requested by Foothi 11s t o  accumulate the c o s t  o f  f r e i g h t  
from a marshall ing yard i n  the v i c i n i t y   o f  Edmonton to   the  j o b  s i t e s .  

16. TOOLS AND MAJOR SPARES 

This category provides for   equipping the s t a t i o n   w i t h  a l l  o f  the neces- 
sary maintenance tools and provides  for a number o f  spare   par ts   for  the 
stat ions  inc luding a spare gas turb ine  which is prorated t o  a l l  sta t ions .  

i 
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TABLE 3 

DEMPSTER HIGHWAY COMPRESSOR STATION 

COMPOSITION OF TRADE CREWS 

CHILLED STATION 

Category Manhours 

Carpenters 

La borers 

Cement Masons 

Operating  Engineers 

Teams t e r 5  

Ironworkers 

P i  pef  i t te rs  

Machinists 

Electr ic ians 

Pa in ters  

Insu 1 a t o r s  

28,000 

20,000 

4,000 

20,000 

25,000 

1 6,000 

38,000 

6,000 

2 5,ObO 

6,000 

4,000 

Sheetmetal 6,000 

TOTAL 192,000 
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Carpenters 

Laborers 

Cement Masons 

Operating  Engineers 

Teamsters 

Ironworkers 

P i  pefi tters 

Machinists 

E l e c t r i c i a n s  

15,000 

12,000 

3,000 

11,000 

11,000 

8,000 

20,000 

4,000 

14,000 

Painters 4,000 

Insu la tors  1,000 

Sheetmetal 4,000 

TOTAL 

TABLE 4 

DEMPSTER HIGHWAY COMPRESSOR STATION 

COMPOSITION OF TRADE CREWS 

NON-CHILLED  STATION 

Category Manhours 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

I I I .  BASIS OF THE ESTIMATE 

GENERAL 

This  Section o f  the  estima.te i s  d iv ided  in to   s ix teen  separate  cost  
categories and provides an explanation o f  the assumptions used i n  pre- 
par ing  the  est imate.   Addi t ional ly,   the  i temized materials cost  summary 
sheet, i n s t a l l a t i o n  man hours and cost summary, the  estimated  weight of 
mater ia ls and the  estimated  Federal  Sales Tax for each sub-category  are 
also  included. 

Where revised  drawings have been prepared,  they  are  included i n  Section 
I V  and are re fe r red  t o  i n  the  appropriate  subsection. 

A contingency  generally i n  the amount o f  10 percent has been added t o  
the  cost o f  mater ia l  due t o  the prel iminary  stage o f  the s t a t i o n  design. 



DEMPSTER HIGHWAY COMPRESSOR STATION 

111-1 FOUNDATIONS 

This estimate included the excavation and backfill o f  foundations, 
drilled  concrete piling, concrete formwork, reinforcing steel, embedded 
materials, concrete placement, grouting, insulation and waterproofing. 
The materials  supply for all of these items is (shown separately) in- 
cl uded. 

The estimate provides for 2600 cubic yards o f  concrete  at the chilled 
station (No. 3) and 1400 cubic yards at the non-chilled station (No. 7). 
Reinforcing steel is estimated to require  125 pounds per cubic yard. 

*, 

COST SUMMARY 

Chi 1 led Non-Ch i 1  1 ed 

Materials 

Installation 

Total 

$ 452,000 $252,000 

I 902,000 506 I O00 

$1,354,000 $758,000 

Estimated Weight o f  Materials 
ex Edmonton 1,770,000 1 bS . 1,045,000 1 bs. 

Federal Sales Tax Estimate $ 25,000 $ 13,000 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

111-2  BUILDINGS 

This category provides for the supply, assembly and erect ion o f  pre- 
engineered  metal bui ldings and modular l i v i n g  quarters. Structural 
steel,   insulated  wall  and roof cladding systems, wood framing, p a r t i -  
ti ons, cei 1 ings and f l o o r  systems, overhead cranes, miscel l  aneous steel  
and in ter ior   furn ish ings are included. 

The s i tes  o f  buildings  provided are as fo l lohs:  

a )  High  Pressure Gas Compressor - 60' X 70' X 30' 
b )  Propane  Compressor - 40' X 110' X 30' 
c)  Gas Scrubber ' -  20' X 25 '  X 15' 
d)  Chi l ler   Bui ld lng - 50' X 75' X 30' 
e) Control, Ut i l i ty  - 60' X 120' X 30' 
f) Stores ' - 40' X 60' X 14' 
g )  Liv ing Quarters - 4200 square feet,  s ing le storey 
h )  Uti 1 idors - 400' X 8 '  X 8 '  
i) Fuel Gas Regulator and Meter - 20' X 25'  X- 15' 
j) Water Treating - 30' X 40' X 18' 

COST SUMMARY, 

Chi 1 led Non-Chi 1 led 

Materials $1,125,000 $741,000 

I ns ta l  1 atjon 268,000 190,O~O 

Total $1,393,000 - 

Estimated Weight o f  Materials 
ex Edmonton 974,000 1 bs . 727,000 1 bs. 

Federal Sales Tax Estimate $ 60,100 $ 39,000, 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

II 1-3 GAS COMPRESSOR PACKAGE 

I 11-3.1 GENERAL 

This cost estimate  provides  for the supply o f  one ( 1 )  16,000 IS0 H.P. 
rated  natural  gas compressor package complete w i t h   a u x i l l i a r i e s .  The 
proposed u n î t   f o r   b o t h   t h e   c h i l l e d  and non-ch i l l ed   s ta t i on   i s  a Cooper 
Bessemer Coberra 3045 gas turb ine compressor package. 

Please r e f e r  t o  the quotation  included i n   t h i s   s e c t i o n  from Cooper 
Energy Services to   Footh i l ls   P ipe  L ines (Yukon) Ltd. dated December 14, 
1978 f o r  spec i f i c   de ta i l s .  

The gas turb ine compressor package will be housed i n  a heated compressor 
bu i ld ing  measuring 60' x 70' x 30' eaves, complete w i t h  overhead  cranes. 

111-3.2 DESCRIPTION 

The  gas generator  supplied  with  the Coberra 3045 package will be a Rolls 
Royce  Spey engine w i t h  a f u e l   r a t e  o f  7600 BTU/BHP/Hr. a t  IS0 condit ions. 

The gas pipe1  ine compressor wi 11 be a Cooper Bessemer RFA-36 (end  suc- 
t i o n )  two-stage cent r i fuga l  compressor designed for a throughput  of 1200 
MMSCFD and pressure  rated a t  1440 ps ig maximum operating  pressure. 

Included i n   t h i s  gas turb ine compressor package costs  are  the  fol lowing: 

a )  Air i n l e t   f i l t e r  system inc lud ing weatherhoods, a n t i - i c i n g  and 
silencer  designed t o  meet IS0 NR55 @ 400 feet   radius  f rom  the  uni t .  

b )  Exhaust gas system inc lud ing   duc t   t rans i t ion  and s i lencer  designed 
t o  meet IS0 N55 (3 400 feet radius from the  un i t .  

t 
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C )  Lube/seal o i  1 systems for the gas generator and power turbine/ 
compressor. 

d )  , U n î t  control and u n i t  MCC panels. 

e )  Trend  monitoring (sensors and transmitters only).  

f )  Acoustical  enclosure  over the gas generator and power turbine 
only. 

g )  Load test ing a t  reduced pressure. 

In addi tion t o  the above costs, Foothi 1 Is has added a contingency of 
$70,000 as per t h e i r  December 21 I 1978 letter t o  Canuck Engineering 
Ltd. 

Also, each additional speed line on 
an extra $3,675 which  has not been 

the gas compressor test  would be 
included i n  this estimate. 

This  gas turbine compressor  package 
i n  Stratford, Ontario. 

111-3.3 FUEL GAS 

The gas generator wi 11 be fueled on 
t o  the Cooper Bessemer skid. 

would be manufactured and tested 

natural gas delivered a t  500 psig 

Fuel measurement has been  provided by means o f  a 4" Rockwell T-18 
turbine meter.  Cost o f  this meter i s  included in the station fuel gas 
system, Section VI o f  this estimate, 

111-3.4 LUBE OIL 

Included i n  this estimate i s  the cost o f  the initial f i l l  o f  lube o i l  
for the gas generator and power turbine/compressor. .We have  allowed 

O 
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for  synthetic type  lube o i l  fo r   the  gas generator and mineral type lube 

oil fo r   the  power turbine/compressor. 

Stainless steel pipe, valves and f i t t i n g s  have been included i n  this 
estimate for hook up o f  the lube o i l  systems. 

I 11-3.5 MISCELLANEOUS 

We have allowed  for  the  supply o f  necessary small pipe, va lves,   f i t t ings 
and tubing  for hook  up o f  vent l ines,  instrument l ines ,  etc. 

COST SUMMARY 

Chi 1 led and f4on-Chi 1 l e d  Stat ion  

Materials $3,900,000 

I n s t a l l a t i o n  67,000 

Total &967,000 

, .  

Estimated Weight o f  Materials 
ex Edrnon ton 418,000 1 bs. 

Federal Sales Tax Estimate $486 , 1 O0 

f 
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70S8E Farrell Road S .E . ,  
Calgary, Alberta. 
T2H OT2 

December 14th, 1970. 

Foothille pipe Lines (Yukon) Ltd., 
BOW Valley Square If, 
P.O. Box 9083, 
Calgary , Alberta. 
T2P hJ4 

Attention: Mr. R. M. bzerte . -  . .. . . . .. . .. 

Dear Rolly: 

Cabsxra 3045 Cas Turbine Compressor Unit 

A i r  in l e t  eilencet designed t o  meet IS0 NR55 a t  400 feet 
r a d i u s  from the mit. 

The a b = ~ g  quoted ptlce would be f .o.b. Out fsctory in stratford, 
OatEric, SO government sales taxes are included. 

estimate that freight from Sttatford t o  Ednontcn would be 
Salep tax should not be added t o  freight.. 

-1' 

O 
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, I  

December 14th. 1978. 

E 
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COOPER-BkSSEMER 1 

ITEM 

SECTION 
4 220 

COBERRA 162 
PIPELINE PACKAGE 

GAS I 
TURBINES I PAGE 1 

STANDARD EQUIPMENT 

1. Base . . . . . . . I .  . . . . . 
2. Gas Generator. . . . . . . . . 

- I. 

3. Ga5 Generator Lube O i l  System. . 

4. Fuel Gas Sys  tern . . . . . . . . 

. 

5. Starting System . . . . . . . 

*Guaranteed subject t o  4% 
tolerance on Fuel Rate, no 
inlet  and exhaust loss. 

STANDARD 

Fabricated steel subbase designed t o  mount the gas gen- 
erator and power turbine. 

Rolls-Royce Spey industrial gas generator, with Wood- 
ward governor system arranged for natural gas fuel. 

Gas U n i t  Rating 
Generator (150) Fuel Rate 

Coberra 162 8 ,  Spey -- 16,200 BHP 7600 BTU/BHP-Hr 

- Main o i  1 pump fpwp includes suppZy. scavenge, a d  
governor contmi! oiZI driven from gas generator 
ancillary  drive. Low pressure boost pumps are sub- 
merged i n  the  re,servoir. The main boost pump is  
hydraulic motor driven and the  auxiliary boost pump 
is electric motor driven. - Twin f u l l  flow o i l   f i l t e rs  w i t h  switch valve. - Reservoir with separate  deaeration  section. 

- Air-to-oil heat exchanger. - Console mounting including shop fabricated  piping, 
valves, gauges and safety switches to complete the 
system. 

A. Fuel Gas: Clean, dry, regulated 500 PSIG min. by 
user. 

B. System includes the following mounted on the main 
base : - Governor controlled gas valve - Isolating and vent valves - Strainer - Separator - Factory assembled p i p i n g ,  manifolds, relief 

valves and  gauges required t o  complete the 
system. 

A. S t a r t i n g  Gas: Fuel gas from fuel 

B. System includes the following equ - 6as operated expansion turbine 
- Pressure  regulator for required - Automatic overriding cl utch 

sys tem. 

i pment : 

starter pressure 

- star ter  coupling to-gas  generator rotor - Factory assembled p i p i n g  and valves t a  complete 
the system 

- 58 - 
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SECTION 

4220 COBE RRA 1 62 P!! Lg?;;': ; 

PIPELINE PACKAGE COOPER-BESSEMER 
GAS 

TURBINES 
PAGE 2 

STANDARD EQUIPMENT 
I 

ITEM I STANDARD 

I 6. Power Turbine . . . . . . '. . . . 

I 7. Centrifugal Compressor. . . . . . . 

1 8. Drive Coup1 i n g .  . . . . . . . . . . 

I Combined Power Turbinelcentrifuga1 
Compressor Lube Oil and Seal O i l  
Sys tern . . . . . . . . . . . . . . 

to. 

I 
Control System . . . . . . . . . 

I 
1 i 

~. " 

- Power turbine w i t h  turbine stages overhung from 

- Two journal and one th rus t   t i l  t i n y  pad type 

- Insulated  exhaust hood - Mechanical and electronic overspeed safety 

the bearing  supports 

bearings 

governor 

Two-stage pipeline  centrqfugal compressor w i t h  30" 
ASA flanges, maximum working pressure o f  1200 PSIG, 
and overhead emergency'seal os1 tank. 

Continuously lubricated,  spacer type flexible 
coupling w i t h  guard. 

- Separate  baseplate  for system mounting - Compressor shaft  driven 1 ube oil and seal  oil ' pumps - -  - Auxi 1 iary motor driven  lube  oil and seal o i  1 pumps ( - Twin fu l l  flow o i l  filters, w i t h  switching v a l v e  - Oil reservoir w i t h  low level  'switch rind e lectr ic  

- High pressure  seal  oil  trap 
- Seal pressure  regulator - Degassing system for seal o i l  
- Oil-to-air  heat exchanger w i t h  hydraulic motor 

immersion heater 

! 
I 

! 

driven  fans  utilizing seal oil  as the  hydraulic i 
medi um 

- Factory assembled p ip ing  and valves to  cmpl  ete 
the system. Piping runs t o  and from the r a d i a t o r  
t o  be supplied by user - Console mounted instrument panel including gauges 
and safety switches 

' 1  

A. Uni t  Control Panel - solidstate - designed for 
automatic and remote operation o f  the  turbine- 
compressor u n i t .  Panel, will be free s tanding ,  
front access, for  location by user i n  a non- 
hazardous atmosphere. Panel will include: 
- Control  system logic  - Programed d i g i t a l  timer - Safety shutdown and alam system - Speed, vibration, and temperature  monitors - Automatic sequencing of u n i t  valves - Control mode selector  for  local manual, locdl 

Remote starC/stop and loading signals 'are t o  be 
provided by user. 

automatic, o r  remote operation 
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' SECTION 
4220 rd- .  CVOi'lrt ' 

COOPER-BESSEMER 
e z 2 L  

COBE RRA 162 

PIPE.LINE PACKAGE 
GAS 

TURBINES 
PAGE 3 

STANDARD EQUIPMENT 

ITEM 

10: Control System (continued). . . 
I 
I 

1 
I 11. Inlet Air System . . . . . . . 

I 12. Factory Tests . . . . . . . . . 

1 

I 14. Service  Representative. . . . 

I 

I 

STANDARD 

B. Unit Motor Control  Center - includes  required 
starters, contactors, and switchgear t o  auto- 
matically  control  auxiliary motors and heaters 
located on the turbine-compressor u n i t .  

C. Unit Power Supply - includes battery (4-hour 
c q a d t y l ,  battery  charger,  inverter, AC and DC 
distribution switchgear to  provide required unit 
control and instrument power. :.., ..- - .- - .. . . .. " . . I 

A. Intake plenum  chamber w i t h  ggs generator inlet  
bellmouth. 

B. Cleaning System 1 storage  reservoir w i t h  piping 
and valves to  direct cleaning  agent into the gas 
generator inlet. 

C. Anti-Icing System - piping,  valves and tempera- 
ture/humidity switch t o  admit gas generator I compressor a i r  to  the inlet  gu ide  vanes and nose 
cone. 

~ A. Mechanical and system tes t  and checkout o f  
turbine-compressor u n i t  and auxiliary systems. 

I 

B. Open loop a i r  perfbmance tes t  o f  compressor 
aero-dynamics for new designs. 

C. System test  of  unit  controls, t o  include s ta r t  and 
stop sequencing, speed control , instrumentation, 
and safety shutdown and alarm system where 
practical. 

' One set  o f  speci.al tool s , as required,  for  turbine- 1 compressor unit malntenance. 

The services o f  a Cooper  Energy Services  service 
representative  to advise and instruct in the  installa- 
tion and starting o f  the gas turbine-compressor unit 
are available a t  additional cost upon customer's 
request . 

- 60 - 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

111-4 PROPANE COMPRESSOR PACKAGE 

111-4.1 GENERAL 

The cost estimate for  this system covers  the  supply of two (2)  Clark 
DJ50 gas turbine/refrigeration compressor  packages rated a t  5500 IS0 
H.P. each. The horsepower ratings and equipment costs were  prepared by 
Foothills as per their  letter t o  Canuck dated.December 21, 1978. 

111-4.2 OPERATION 

One Clark unit would serve as the prime refrigeration u n i t  while  the 
other would provide 100 percent backup i n  the event o f  failure or main- 
tenance of the first .  The  propane  piping 1.ayout o f  these units  reflects 
this standby configuration. 

Both  units would be  housed i n  a heated  propane  compressor building mea- 
suring 40' x 110' x 30' eaves  complete with overhead cranes. 

I 11-4.3 DESCRIPTION 

The verbal b i d  received by Foothills from  Dresser Clark includes not 
only the basic turbine/compressor package b u t  also for each u n i t  a unit 
control panel , u n i t  MCC panel, inlet a i r  and exhaust gas ducting, f i  1 tern 
and silencers, gas turbine starter and lube/seal oil system complete 
w i t h  cooler. 

These  packages would be manufactured i n  Lethbridge, Alberta. The gas 
turbine would be a Garrett IE-990 dual shaft machine and the refriger- 
ation compressor a-vertically  split Clark B type centrifugal compressor. 
A t  this time the  exact number o f  stags has not been finalized b u t  would 
be in the order o f  2 t o  4 stages. Dresser Clark has stated that  their 
quoted price would cover  compressors i n  this range. 

d 



111-4.4 FUEL GAS 

The Garrett turbine  would operate on natura l  gas f u e l  delivered a t  240 

ps.ig. Fuel measurement has  been provided by means of a 4" Rockwell T-18 
turb ine meter. The cost  o f  the meter i s  covered i n  t he   s ta t i on  fuel gas 

system, Section V I  o f  th is   est imate.  

111-4.5 LUBE OIL 

Also  included i n  the  est imate i s  the  cost  o f  t h e   i n i t i a l  fill o f  lube 
o i l  for each gas generator and r e f r i g e r a t i o n  compressor. We have allowed 
for synthet ic  type  lube oil for the gas generators and mineral type lube 
o i l  f o r  the compressors. 

Stainless s tee l  pipe, valves and f i t t i n g s  have been included as we l l  for 
hook up o f  the  lube o i l  systems. 

I I 1-4.6 MISCELLANEOUS 

Allowance was made for the  supply o f  necessary smal 1 pipe,  valves, 
f i t t i n g s  and tubing for hook up o f  vent l ines,   instrument l ines ,  etc. 

COST SUMMARY 

Chi 1 l ed   S ta t i on  

Mater ia ls $3,600,000 

I n s t a l l a t i o n  99,000 

Tota l  $3,699,000 

Estimated Weight o f  Mater ia ls 
ex Edmonton 182,000 1 bs. 

Federal  Sales Tax Estimate $ 431,800 

1' 
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DEMPSTER HIGIdWAY COMPRESSOR STATION 

111-5 HIGH PRESSURE GAS PIPING 

111-5.1 P IP ING 

For purposes o f  th is   cost   est imate i t  was  assumed that   the  main l ine 
contractor would i n s t a l  1 the  scraper  traps,  mainline  block assembly and 
s tat ion  s ide  va lves  (suct ion and discharge).  Therefore  costs  associated 
w f t h  compressor s t a t i o n   p i p i n g  would commence from inside  these  s ide 
valves.  Please r e f e r  t o  i sometric Drawing Nos. FPL 39-49-61 D and 
FPL 39-49-620 i n  Section IV f o r   d e t a i l s  o f  the  high  pressure gas p ip ing 
for Stat ion No. 3 ( c h i l l e d )  and Stat ion No. 7 (non-chil led),  respec- 
t i v e l y .  

The high  pressure gas p ip ing  system fo r   bo th  the c h i l l e d  and non-chiHed 
s ta t i ons  comprises 30" O.D. yard and u n i t   p i p i n g  and appurtenances 
designed f o r  1440 ps ig maximum operating  pressure and minus (-) 5OoF 
operating  temperature  with ANSI 600 rated  f langes, a l l  as per CSA 
2184-1975. The d e s i g n   c r i t e r i a  used i n   s i z i n g  the high  pressure gas 
p ip ing  and appurtenances  included a maximum 5 psig  drop on  each o f   t h e  
suct ion and discharge  sides of the gas compressor and maxfmum gas velo- 
c i t y   o f  45 fps   w i th  a gas f l o w   r a t e  o f  1200 MMSCFD @ 1100 psig. SMYS 
f o r   t he   p ipe  was taken as  Grade 70 and Grade 60 for f i t t i n g s .  Heat t rac- 
i ng  and i n s u l a t i o n   o f  the 30" O . D .  p ip ing  has been provided for those 
segments above grade and n o t  housed w i th in   t he  gas compressor or c h i 1   l e r  
bui ld ings.  Costs associated  wi th   th is   are  inc luded i n  the  appropr iate 
e l e c t r i c a l  and insulat ion  sect ions.  

I I I- 5.2 SCRUBBER 

Natural gas on the  suct ion side o f   t he   s ta t i on  passes through an i n l i n e  
recycl ing  type gas scrubber before enter ing  the 36'' compressor, The 
scrubber, housed . i n  a heated  building, i s  equipped with  automat ic  level  
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control  s ,  which will dump any col lected condensates and other  foreign 
p a r t i c l e s  from the scrubber sump through a cyclone  separator  to a 500- 
gal lon condensate holding  tank. The scrubber i s  designed t o  remove 99 
percent o f  a l l  p a r t i c l e s  5 microns and larger .  It i s  equipped w i t h  

ANSI 600 flanges and - is  constructed o f  -50'F spec i f i ca t ion   mater ia l .  

111-5.3 VALVING 

The 36" natural  gas  campressor i s  housed i n  a heated compressor bu i ld ing 
and can be iso la ted f rom the 30" u n i t   p i p i n g  by means o f  ,30" suction and 
30" discharge  uni t   bal  1 valves  complete  wi th  e lectr ic  valve  operators.  
These valves  are ANSI  600 ra ted and su i tab le '  for operation t o  -5OOF 
ambient. A 16" recyc le  l ine  complete  wi th  a 10" recycle  control   valve 
i s  provided t o  p ro tec t   the  compressor from  surge  conditions.  Instru- 
mentation  costs f o r  the  surge  control  and system are  included i n   t h e  
instrumentation  section o f  th is   es t imate .   A lso   p rov ided  fo r   in   th is  
estimate i s  a 2" u n i t  purge  valve and a 2" unit   vent  ,valve  both  auto- 
mat ical  l y  cont ro l   led  from the   un i t   con t ro l   pane l ,  The u n i t   v e n t   l i n e  
will discharge  in to  a common header i n t o   t h e   f l a r e  system. A 30" u n t t  
check valve,  also ANSI 600 rated and su i tab le  f o r  -5O0F operation, has 
been provided downstream o f  the  un i t   d ischarge bal 1 valve  to   prevent  
reverse   ro ta t ion  of the compressor. 

A 30." compressor bypass l i n e  complete wi th   yard check valve has been 
provided t o  a l low  fo r   the   un in te r rup ted   f low  o f  gas through  the  stat ion 
dur ing a per iod o f  compressor shutdown. This would a l low  the gas stream 
t o  pass t h rough   the   ch i l l e rs   a t   S ta t i on  3, i f  required,  before  discharg- 
i n g  i n t o  the  mainline. 

111-5.4 CHILLERS 

Downstream o f  the gas compressor a t  S ta t i on  No. 3, three ( 3 )  she1 1 and 
tube gas c h i l  ler u n i t s   a r e  housed i n  a heated c h i l   l e r   b u i l d i n g .  The 
c h i l l e r s ,  designed f o r  1440 ps ig  maximum operpting  pressure-on  the tube 
side  are  constructed o f  -20'F mater ia l  and are  s ized  to  take one-third 
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o f  t he  maximum flow each. Each chiller bundle  measures 36" i n  diameter, 
i s  24 f e e t  long and has a maximum 7 psig pressure drop on the gas side. 
The gas flow can be diverted through the chillers as required by means 
o f  the 30" header system w i t h  24" supply and return  lines t o  each 
chi l le r .  The 24" - ANSI 600 rated inlet and outlet ba l l  valves, com- 
plete w i t h  electric valve operators,  are provided on each chiller u n i t  
for i-solation purposes and a 30" chi1 ler bypass line, .complete w i t h  
30" - ANSI 600 bal 1 valve and electric valve operator, i s  provided for 
times when either c h i l l i n g  is n o t  required or maintenance is  being 
performed on the chillers. A t  S ta t ion  No. 7 there  are no chillers so 

the gas  flows directly from the compressor to  the orifice f i t t i n g .  

111-5.5 ORIFICE FITTING 

Measurement of the gas flow through both Sta t ion  Nos. 3 and 7 will be 
accomplished by means o f  a 30" - ANSI 600 Junior oriffce f i t t i n g  (-50°F 
material) located on the discharge side of the s ta t ion .  The orifice 
fi t t ing  i tself  will be s i t u a t e d  below grade i n  a concrete vaul t  for 
accessibility as the 30" yard piping will be buried a t  this p o i n t .  
Instrumentation casts for the gas flow  measurement are covered i n  Sec- 
t i o n  I II-&. 

111-5.6 OVERPRESSURE PROTECTION 

Two ( 2 )  8" x 8" dual  horn station  relief valves are provided on the 
discharge side of each statfon t o  prevent overpressuring,  as per CSA 
Z184-1975. Each relief valve has the  capacity t o  relieve the entire 
station. Also  provided i s  one (1)  12" s ta t ion  blowdown valve. This 
valve will be operated by means of a gas hydraulic  operator for f a i l  - 
safe operatfon. Discharge from these  valves  will be collected i n  a 
common vent  header and run  over t o  the flare. 

Al 1 components are ANSI 600 rated and utilize -5OOF material. 
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111-5.7 MISCELLANEOUS 

for this estimate i t  was decided t o  use -50°F material throughout the 
h i g h  pressure gas p i p i n g  system. Our reasoning is twofold; one, the 
expected  ambient temperatures o f  4 O o F  t o  -70°F would certainly warrant 
the use o f  low temperature materials and two, the premium for low tem- 
perature  materials ranges from almost n o t h i n g  t o  25% depending on the 
particular item b u t  when compared t o  the  overall  cost o f  the s t a t i o n ,  
this becomes rather  insignificant. For example, the premium for low 
temperature bal 1 valves i s  only 4.5% yet  total valve costs amount t o  36% 
of the entire system cost. 

COST SUMFlARY (HIGH PRESSURE GAS PIPING) 

Chi 1 led Non-Chi 11 ed 

Material s 

Instal latSon 

Total 

Estimated  Weight o f  Materials 
ex Edmonton 

Federal Sales Tax Estimate 

$1 ,587 , O00 $ 946,000 

199,000 

pl ,786,000 

126,000 

$1 072,000 

500,000 1 bs. 300,000 1 bs 

$ 79,300 $ 47,300 

P 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

111-6 OTHER MAJOR SYSTEMS 

111-6.1 CHILLING SYSTEM 

111-6.1.1 SYSTEM DESCRIPTION 

This  cost  est imate  provides for a  conventional  propane  refr igeration 
system. The system loads were provided by F o o t h i l l s   i n   t h e i r  December 
21, 1978 correspondence t o  Canuck.  The condensed or 1 i q u i d  propane 
flows from t he   ou t l e t  o f  the condensers t o  a propane receiver-surge  tank 
and then on demand t o  the propane  economizer. The economizer  overhead 
(flashed  vapor)  f lows t o  the  interstage  scrubber f o r  l i q u i d  knock out  
and then to   the  in ters tage  suct ion o f  the compressor for recycl ing.  The 
l i q u i d  propane flows from the   econmize r   t o   t he   ch i l l e rs  on demand and 
the   heat   o f   vapor iza t ion   o f   the  propane ch i l l s   the   h igh   p ressure  gas i n  
the exchanger  bundle. The vaporized propane flows overhead from  the 
ch i l lers ,   through a compressor suc t i on   sc rubber   t o   t he   i n le t   o f   t he  
compressor. The high  pressure propane i s  routed t o  the f i n  fan  coolers 
where the propane vapor i s  condensed, and the  cyc le  i s  repeated. 

I 11-6.1 . 2  PROPANE COMPRESSORS 

The two ( 2 )  propane  turbine/compressor packages were selected by  Foot- 
h i l l s  who also obtained  a  verbal  quote from Dresser  Clark f o r  the  supply 
o f  same. The equipment consis ts  o f  two Clark RJ50 5500 IS0 horsepower 
gas t u rb ine  compressors w i t h   a u x i l i a r i e s .   F u r t h e r   d e t a i l s  are avai lab le 
i n  Section 111-4. 

I I I -6 , l .  3 PROPANE CONDENSERS 

The propane from the  canpressor  discharge i s  condensed i n  the 12  con- 
'denser bays arranged i n  a para1 le1  p ip ing  conf igurat ion.  The condenser 

i 
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load i s  71 mil 1 ion BTU 's per hour, The condensers w i  11 be equipped w i t h  
two 30 horsepower electric driven fans per bay. The a i r   i s  discharged 
through control louvres on top  o f  the condensers. The condenser maximum 
design pressure i s  250 psig. 

111-6.1.4 PROPANE RECEIVER 

The propane receiver i s  a large horizontal pressure vessel t h a t  was 
designed t o  provide  adequate surge capacity between the propane  conden- 
sers and the remainder of the sys.tem. 

I 11-6.1.5 PROPANE ECONOMIZER 

The  propane  economizer i s  basically a f i r s t  stage flash vessel tha t  
separates the liquid-vapor phases for  the new lower equilibrium  pressure 
condition t h a n  that which ex4sted i n  the propane receiver. The vessel 
i s  well  instrumented and draws  propane from the  receiver on l i q u i d  level 
control. The l i q u i d  flows t o  the chillers, and the vapor t o  the inter- 
stage connection of the propane  compressor. " ,  

111-6.1.6 PROPANE CHILLERS 
< "  

- ,  

. .  

The  propane chi1 lers  are  large heat exchangers w i t h  the h igh  pressure 
gas flowing through two pass t u b i n g  bundles and the propane surrounding 
the  outside o f  the tubes. A large vapor release space i s  provided  above 
the tube  bundle. The total  chiller load i s  4700 tons, split between 
three  vessels a t  a maximum gas flow rate o f  1200 MMscfd. 

111-6.1.7 PROPANE STORAGE TANK 

A propane storage tank w i t h  a capacity o f  30,000 imperial gallons i s  

provided i n  the  estimate, along w i t h  the necessary unloading  equipment, 
propane drier and transfer pump. 
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I I  1-6. I .  8 GENERAL 

All o f  the major equipment c o s t s  have been estimated  using either vendor 
written or verbal  quotes. 

System design pressure i s  250 psig and - 2 O O F  material has  been speci- 
f i  ed throughout. 

111-6.2 FUEL AND STARTING GAS SYSTEM 

I I  1-6.2.1 GENERAL 

The cost  estimate for this syktem i s  baked on a fuel and starting gas 
supply (4"  line) taken o f f  the min1 ine valve assembly t o  ensure an 
uninterrupted supply,  then fi l  tering, heating, reguhting and metering 
the gas stream i n t o  the appropriate individual systems for distribution 
t o  various areas around the compressor stations, A l  1 these .processes 
are t o  be housed i n  a separate heated 20 foot by 25 foot  regulator and 
meter b u i l d i n g ,  which i s  a common industrial  practice. Please refer t o  
Drawing No. FPL39-49-63D f o r  the fuel gas isometric far Station No. 3 
and Drawing No. FPL39-49-64D for Sta t î  on No. 7. 

P i p i n g  and equipment 'for this system  has  been  designed i.n accordance 
with CSA 2184-1975. Siz ing  o f  lines and equipment was based on IS0 fuel 

- ratings o f  the gas generators and maximum output ratings o f  the elec- 

, .  

trical generators and boilers. 

111-6.2.2 FUEL GAS TIE-IN AND YARD PIPING 

The fuel and starting gas .supply originates a t  the  mainline  valve as- 
smbly where a 4" supply 1 ine i s  taken- off both  sides o f  the mainline 
block valve. This  ensures an uninterrupted supply o f  fuel gas  even i n  
the case o f  a compressor station emergency  shutdown (ESD) where the en- 
t ire h i g h  pressure yard pip ing  would be vented b u t  the mainline would 
remain pressurized, In event t h a t  the main? ine i s  blown down on either 

1. 



the upstream o r  downstream side o f  the  mainline  block  valve,  fuel gas 
supply would be avai lab le  wi thout   in ter rupt ion  by mean$ o f   t he  4" check 
valve arrangement i n  the  supply assembly. 

From the mainl ine  supply  point   the  fuel  and s t a r t i n g  gas supply i s  yard 
piped t o  a 20 foot by 25 foo t   regu la to r  and meter ing  bu i ld ing  located  in  
p rox im i t y   t o   t he  compressor s t a t i o n   b u i l d i n g  as shown on p l o t   p l a n  Draw- 
i n g  Nos. FPL39-49-llD and FPL39-49-12D. A r e l i e f   v a l v e   f o r   t h i s  segment 
o f  the  l ine,   located  outs ide 'the b u i l d i n g   i s  vented 
t i o n  gas vent header. 

111-6.2.3 REGULATOR AND METERING BUILDING 

111-6.2.3.1 KNOCKOUT DRUM ASSEMBLY 
, ,  , 

" ,  

Al. 1 f u e l  and s t a r t i n g  gas i s   f i r s t  passed through a 
take  out  the  entrained sol i d s  and any l i q u i d  slugs. 
vented  in to  a canmon s ta t ion   ven t ing  system, header 

i n t o  a common sta- 

knockout drum t o  
This  vessel i s  

and the condensate 
d i sposa l   l i ne  i s  t ied  in to   the  s ta t ion  suct ion  scrubber   d isposal   l ine,  

,. . 

111-6.2.3.2  FILTER SEPARATOR ASSEMBLIES 

After  passing  through  the  knockout drum the   fue l  and s t a r t i n g  gas i s  
passed through a common f i l t e r  separator u t i l i z i n g   c o a l e s c i n g   c a r t -  
r idges. Two fil ter   separa to rs   i ns ta l l ed   i n   pa ra1   l e1   a re  proposed f o r  
uninterrupted  service. The pressure  vessel  venting and  blowdown systems 
are a l s o   t i e d   i n t o  the cmmon s ta t ion   ven t ing  header and the condensate 
d i sposa l   l i ne   i s   t i ed   i n to   t ke   s ta t i on   suc t i on   sc rubber   d i sposa l   l i ne .  

111-6.2.3.3 GAS HEATER ASSEMBLY 

The high  pressure  fuel and s t a r t i n g  gas i s  then  heated p r i o r  t o  regu- 
l a t i o n  by u t i l i z ing   the   ho t   g lyco l /water   m ix tu re  from the   bu i ld ing  
heating system as the  heating medium. The heater has been sized to   p ro-  
v ide   su f f i c i en t   hea t   i npu t   t o   t he  gas to   prevent   the  format ion  o f  hy- 

t 
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drates.  This  vessel i s  also vented i n to   t he  common stat ion  vent ing 
header. 

111-6.2.3.4 GAS REGULATION AND METERING 

A f te r   be ing   f i l t e red  and heated the fue l  and s t a r t i n g  gas i s  regulated 
and metered f o r   d i s t r i b u t i o n   v i a   t h e   u t i l i d o r s   t o   t h e   a p p r o p r i a t e  
areas, 

The gas pressure i s   c u t  from a maximum supply  pressure o f  1440 psig t o  
the  appropriate  supply  pressure  for each piece of equipment  as fol lows: 
500 psig for the main gas compressor u n i t ,  250 ps ig  for the   re f r igera-  
t i o n  compressor u n i t s   ( S t a t i o n  No. 3 only), and 2 5  p s i g   f o r   u t i 1  i t y  gas 
to   the   e lec t r i ca l   genera tors  and hot water  boi lers. The supply t o   t h e  
bo i l e rs   wou ld 'be   p ressu re   cu t   aga in   i n   t he   u t i l i t y   bu i l d ing   t o  11" W.C.  

Fuel and s t a r t i n g  gas measurement has been prov ided  for   the main gas 
compressor package and the two (2)  r e f r i g e r a t i o n  compressor packages by 
means o f  separate 4" Rockwell T-18 tu rb ine   me te rs   i ns ta l l ed   i n  each of 
the  fue l  and s t a r t e r  gas supply l i nes   loca ted  i n  the regulator  and 
meter ing  bui ld ing.  These meters will accurately measure fue l  gas f lows 
t o  each of the gas generator packages and coupled w i t h   t h e i r   i n s t r u -  
mentation  located i n  the contro l  room will provide a permanent record of 
f u e l  and s t a r t i n g  gas usage. 

Fuel gas t o  the  e lect r ic   generators  and b o i l e r s  will be measured by 
means o f  a common gas u t i l i t y  meter  located i n   t h e  regulator and meter 
bu l ld ing.  

Instrumentation f o r  f ue l  gas measurement will include  microprocessors 
and recorders. 

Sui  table  pressure  re1 i e f  valves,  block and vent  valves will be i n s t a l l e d  
i n   a l l  supp ly   l i nes ,   a l l   ven t i ng   i n to  a common s t a t i o n  gas vent header. 
In the case o f  a stat ion.  ESD, p ip ing  and va lv ing arrangements have been 

t 
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designed such. t h a t   t h e   f u e l  gas t o  the  main gas compressor u n i t  and 
r e f r i g e r a t i o n  compressor u n i t s  will be blocked and vented  whi le   the 
supply gas t o   t h e   e l e c t r i c a l   g e n e r a t o r s  and b o i l e r  will remain  uninter-  
rupted. 

111-6.2.4 DESIGN PARAMETERS 

Fuel and s t a r t i n g  gas requirements. 

111-6.2.4 DESIGN PARAMETERS 

Fuel and s t a r t i n g  gas requirements. 

111-6.2.4.1  CHILLED STATION  (STATION NO. 3)  

1 - C.B. Turbine  (Spey) - 121 ,600 SCFH 

1 - Clark  DJ50 Refr ig .   Turb ine - 49,500 SCFH 
1 - Heating System Boiler " 10,000 SCFH 
2 - Cat.  Generators I 11,900 SCFH 

TOTAL GAS REQUIREMENTS 193,000 SCFH 

111-6.2.4.2 UNCHILLED  STATION  (STATION NO. 7) 

1 - C.B. Turbine  (Spey) - 121 ,600 SCFH 
1 - Heating System B o i l e r  L 8,000 SCFH 
2 - Cat.  Generators - 8,400 SCFH 

TOTAL GAS REQUIREMENTS 

t 
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III- 6.2.5 STATION FUEL AND STARTING GAS CONSUMPTION 

Based on 8000 operating  hourslyear for the gas generators, 8760 hours 
fo r  the electr ical   generators  and 5760 hours for  the boi lers ,  i t  i s  
estimated  that the to ta l  annual fuel gas usage will be 1531 MMSCF for 
the chi l led  s ta t ion  (Stat ion No. 3)  and 1093 MMSCF f o r  the unchilled 
s ta t ion  (Stat ion.  No. 7). 

The following  table  out1 ines fuel gas usage: 

FUEL GAS CONSUMPTION 

Chilled Station Unchil led  Station 
"SC t MMSCF 

C.B. Turbine 8000 hours 
@ 121,600 SCF/H 972.8 972.8 

Clark O550 8000 hours 
@ 49,500 SCF/H 

Boiler 5760 hours 

, ' .  

396. O - 

@ 10,000 SCF/H , .  57.6 I 

Boiler 5760 hours 
@ 8000 SCF/H 

Cat.  Generators 8760 hours 
@ 11,900 SCF/H 

Cat .  Generators 8760 hours 
@ 8400 SCF/H 

- 46.1 

104.2 - 
- 73.6 

1530.6 1092.5 

111-6.3 HEATING  AND VENTILATING SYSTEM 

111-6.3.1 GENERAL 

The cost  est imate   for  the heating and vent i la t ing  system for both 
Stat ion Nos. 3 and 7 W A S  prepared on the basis of  a  "conventional" 60/40 
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glycol/water heating system  comprising a central  boiler package o f  
modular design, circulating pumps and unit  heaters or  convector radia- 
tors located in the various buildings. 

111-6.3.2 CRITERIA 

on The following criteria as supplied by Foothills was used for calculati 
o f  the compressor station heating system load: 

a )  Ambient temperature - minus ( - )  50°F 
b )  Building inside temperature - plus (+) 70°F 
c )  Building insulation - 3" thickness o f  fibreglass R = 12.6 
d )  Building sizes - as out l ined  i n  Foothills' station building speci- 

fications and shown on plot plan  drawings  FPL39-49-llD (Station 
No. 3) and FPL39-49-12D (Sta t ion  No. 7).  

The heating system will operate between 16OoF t o  2OO0F water temperature 
and 12 psig system pressure. ., , 

111-6.3.3 HEAT LOADS 

Using the above criteria i t  was found t h a t  the total  heat load for 
S ta t ion  No. 3 (chilled) was 9,500,000 BTU/Hr. and 5,500,000 BTU/Hr. for 
Station No. 7 (non-chi1 led).  In add i t ion  t o  the normal building heat 
loads, these figures include the heat load required f o r  the station fuel 
gas heater located i n  the fuel gas regulator and meter building. 

111-6.3.4 CIRCULATING PUMPS 

Pumping philosophy for the heating system a t  b o t h  stations was t o  spli t  
. i t  into two subsystems; one t o  supply the compressor building, chiller 
building (S ta t ion  No, 3 only), propane compressor building' (Station 
No. 3 only), fuel gas regulator  building,  scrubber building and ut i l i -  
dors, and the other t o  supply the utility/control  building,  living 
quarters, stores building and water treatment building. There will be 

t 
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100% backup f o r  each pumping system i n  case o f  f a i l u r e  o f  the main 
pumping uni ts .  A t  Stat ion No, 3 there will be two ( 2 )  15, HP pumps and 
two ( 2 )  7-1/2 HP pumps whereas a t   S t a t i o n  No. 7 there will be four ( 4 )  
7-1/2 HP pumps. 

111-6.3.5 BOILERS 

It i s  proposed t o   u t i l i z e   b o i l e r s  o f  a modular  design  rather  than a 
s ing le  large  bo i ler ,   Th is  will al low for a more f l ex ib le   ope ra t i on  o f  
t h e   b o i l e r  system s ince   the   bo i le rs  will incorporate an 8-step  elect- 
r o n i c   c o n t r o l l e r   t o  bring on only  those modules as  required a t   t h a t  
time.  This will also r e s u l t   i n  a fuel gas saving  since unwanted heat 
will not be generated. Also, by u t i l i z i n g   t h e  modular b o i l e r  design, 
the r e l i a b i l i t y  o f  the  heat supply i s '  improved  over  the  single  large 
bo i le r   s ince  a sect ion o f  modules could be  down for maintenance but  the 
remaining modules would stil.1 be avai lable  for   heat  generat ion.  

. .  

It i s  proposed that  the  modular  boi lers and c i r c u l a t i n g  pumps 
each s ta t i on )  be located i n   t h e   u t i l i t y / c o n t r o l   b u i l d i n g .  Th 
negate  the need for explosion proof motors on t h e   c i r c u l a t i n g  

111-6.3.6 PIPING 

(4  t o t a l  
i s  would 
pump s . 

From pressure  drop and ve loc i ty   ca lcu la t ions  i t  was found that  the  main 
heating system supply header for Stat ion No. 3 would be 8" and 6" f o r  
Stat ion No. 7. Piping would run i n  the  enclosed,  heated u t i l i d o r s  
wherever possible. Premolded p ipe   i nsu la t i on  will be used throughout. 

I 11-6.3.7 HEATERS 

It i s  proposed t o  use u n i t   h e a t e r s   i n   a l l   b u i l d i n g s  and spaces a t  both 
s tat ions  wi th   the  except ion o f  o f f i c e s  and con t ro l  rooms i n  t h e   u t i l i t y /  
con t ro l   bu i ld ing  and i n  the   l i v ing   quar te rs ,  Here we propose t o  use 
wall-fin convector  heaters. 

t 
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II 1-6.3.8 HEATING MEDIUM 

I t  i s  recommended t h a t  a 60/40 ethylene  glycol/water  mixture be used 
the  heating medium f o r  optimum ant i f reeze  protect ion and good heat 
t ransfer   capabf l   i t ies .  

a s  

Included in   t h i s   es t ima te  i s  the  cost  o f  t h e   i n i t i a l  fill of  ethylene 
g lyco l .  

I I I - 6 . 3 , 9  VENTILATION 

Suitable roof-mounted power v e n t i l a t o r s  will be provided  for   the main 
compressor bu i ld ing ,   ch i1   le r   bu i ld ing ,  propane  compressor bui ld ing,  
stores  bui ld ing,  and the workshop area and generator/boi ler  room of the 
u t i l i t y / c o n t r o l   b u i l d i n g .  , .  

Costs f o r  these ,items have been included i n  the  bu i ld ing  costs  o f  Section 
111.2. 

, .  

111-6.3.10 A I R  CONDITIONING 

- 7  

A Leibert  cunputer rom a i r   c o n d i t i o n i n g   u n i t  has been' p r o v i d e d   f o r   i n  
th is  c o s t  estimate. This u n l t  would be suppl ied  wi th fu l ly  automatic 
con t ro l s  for s t r i c t   c o n t r o l  o f  humidity and temperature and t o  ensure 
a dust-free atmosphere, 

111-6.4 FIRE AND GAS DETECTION SYSTEM 

111-6.4.1 GENERAL 

For purposes o f  t h i s  estimate i t  was decided to   p rov ide  a very compre- 
hensive f i r e  and gas detect ion system and Halon 1301 f i r e   ex t i ngu ish ing  
system f o r  both Stat ion No. 3 and Stat ion No. 7. 
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The systems provided u t i l i z e   s t a t e  of the a r t  technology and introduce 
the use o f  a central  monitor t o  act  as a watchdog over  the   en t i re  com- 
pressor  stat ion and col lect   the  data  received from the  following  devices: 

a )  U1 t r a v i o l e t   f i r e   d e t e c t o r s  
b)  cont inuous  str ip  thermistors 
c )   ion iza t ion   de tec tors  
d )  thermal detectors 
e )  gas detectors. 

The central  monitor will be constructed i n  a nineteen-inch  rack con- 
f i g u r a t i o n  .For panel  mounting.  ,Included in   t he   mon i to r  will be a 
graphic  d i   splay.  The purpose of   the  graphic   d isp lay i s  t o   v i s u a l l y  
d i sp lay   a l l   t he   f unc t i ons   o f   t he  above detecting  devices. The central  
monitor will be located i n   t h e   c o n t r o l  room o f  the c o n t r o l / u t i l i t y  
bu i ld ing.  It will have I t s  own independent  battery backup t o  operate 
a l l  funct lons  dur ing  l ine power f a i l u r e .  

Since each bu i l d ing  has i t s  own unSque f i r e  problem, the  fo l lowing 
review will be made o f  each bui ld ing  according t o  i t s   f i r e   d e t e c t i o n  and 
ext inguishing system. , I  , '  

'. . , < ,. 
, I  

, ,. ' 
, '  

111-6.4.2 CONTROL/UTILITY  BUILDING (Stat ion Nos. 3 and 7 )  

Thermal detectors will be located i n  the fo l lowing areas: 

a )  o f f i ces  
b)  instrument  laboratory 
c )  shop area 
d)  small  parts  storage 
e )  generator and b o i l e r   r o m  
f ) corr idors.  

Cross-zoned i on iza t ion   de tec tors  would be provided i n  the  Control Room 
and MCC/Swi tchgear Room. These cross-zoned, ion iza t ion   de tec tors   wu1 d 

4 



take   par t   in   the   re leas ing  o f  the Halon 1301 ext inguishing agent i n   o n l y  
these rooms. We a r e  also  providing a Halon 1301 system i n  the gener- 
a t o r / b o i l e r  room t o  protect  the  prime power generat ing  uni ts.  Adequate 
numbers o f  remote p u l l   s t a t i o n s  and local   a larm  be l ls  will be provided 
throughout  both compressor stat ions.  

111-6.4.3 MAIN GAS COMPRESSOR BUILDING (Stat ion Nos, 3 and 7)  

This   bu i ld ing  will be provided  with  the  fol lowing  detectors: 

a )  U l t r a v i o l e t  f i r e  detectors 
b)  continuous s t r i p  thermistors , .  

c )  gas detectors. 

I n  addi t ion,   the  turbine package will have the  continuous  str ip  thermis- 
tor i n s t a l l e d  i n  the  acoustic  enclosure. A Halon 1301 f i r e   e x t i n g u i s h i n g  
system will be prov ided  for  the turbine  acoustic  enclosure and the  main 
compressor bui 1 ding. 

The u l t rav io le t   de tec to rs  will respond to   c lean  burn ing  natura l  gas 
f i r e s .  To guard aga ins t   f i r es  with dense smoke, which cou ld   b l i nd   t he  
u l t rav io le t   de tec to rs ,  we propose t o   u t i l i z e   t h e   c o n t i n u o u s   s t r i p   t h e r -  
mistors. By using  the two types o f  f i r e   d e t e c t i o n  devices,  quick and 
re1   iab le  responses t o   f i r e s  has been achieved. 

Gas detectors would be u t i l i z e d  t o  detect gas concentrat ions  wi th in  the 
main canpressor bu i l d ing  t h a t  ffrst alarm t h e n   i n i t i a t e  a s t a t i o n  ESD 
should  the  upper-  explosive  level be reached. 

.,,, ' 

. ' I  .: 
, ,  

./ I' .. I < , .  
. .  

' <, . ' .  . .II ~ 

111-6.4.4 . PROPANE COMPRESSOR BUILDING (Stat ion No, 3 only)  

The f i r e  and gas detect ion system and f i r e   e x t i n g u i s h i n g   s y s t e m   f o r   t h i s  
bu i l d ing  will be i d e n t i c a l   t o  that  out l ined for the main gas compressor 
bui ld ing  except  the gas detectors will be mounted a t  f l oo r   l eve l   s ince  
propane i s  heavier  than air. 

4 
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111-6.4.5 CHILLER BUILDING (Stat ion No. 3 only) 

Since  there i s  a l e s s e r   p o s s i b i l i t y  o f  an i g n i t i o n  source i n  t h i s  bui ld-  
ing   on ly  gas detect ion will be considered. 

Due to   the   na ture  o f  the  combustible gases w i th in   t he   ch i l l e r   bu i l d ing ,  
both  natural  gas and propane, the gas detectors will be mounted i n  the 
c e i l i n g  and a t  floor leve l .  

111-6.4.6 GAS SCRUBBER BUILDING (Stat ion Ms. 3 and 7)  

Gas detect ion  only will be provided i n   t h i s  area. 
$ 5  

111-6.4.7 FUEL GAS REGULATOR AND METER BUILDING (Stat ion Nos. 3 and 7)  

Gas detect ion  on ly  will be provided i n  t h i s  area. 

111~6.4.8 COMMUNICATIONS BUILDING (Stat ion Nos. 3 and 7 )  

, 

* -* 
,: * 

, .  - , ~ I . *  , ,  ~ . ,  

Cross-zoned ion izat ion  detectors  will be u t i l i z e d   t o   d i s c h a r g e  Halon 
1301 agent i n t o   t h i s   b u i l d i n g .  

v ,  , - / .  

I , .  ,, - 
1 .  

, .  . .  

111-6.4.9 PROPANE  CONDENSERS (Stat ion No. 3 only) 

Due t o  t h e   v o l a t i l i t y  o f  propane and i t s   a b i l i t y  t o  lay a t  ground l e v e l  
and move i n  a dense cloud t o  a poss ib le   i gn i t i on  source, we suggest gas 
detect ion  could be provided i n  the area of the condensers.  Granted t h a t  
these  units  are  outdoorsI  but because o f  propane's  property o f  being 
heavier  than air should a leak  develop gas d e t e c t o r s   a t   o r  near ground 
l e v e l   r i n g i n g   t h e  condensers could  detect   th is   leak.  The cost  of these 
detectors has been included I n  this estimate. 

111-6.4.10 HELICOPTER PAD 

I n  case o f  emergencies we have provided an  Ansul SK3000 d r y  chemical 
system a t   t h e  he1 i c o p t h  pad. 
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111-6.4.11 PIPING 

Included  in t h i s  est imate i s  the necessary pipe and fittings f o r  dis- 
charge o f  the Halon 1301 agent i n  the  various bui ldings.  Conduit and 
wiring from this system i s  included in Section 111-9, Electrical. 

COST SUMMARY (OTHER MAJOR SYSTEMS) 

Chilled Non-Chi1 led 

Materials ' ' $2,367,000 $536,000 

Instal lation 343,000 70,000 

Total $2,710,000 $606,000 . '  
" ,  , 

, .. . , .  

. ,  
I I .  

' ~ . ' ,  

, _ .  _ .  

Estimated Weight o f  Materials 
ex Edmonton . . 1,812,000 lbs,  . '  105,000 lbs.  

., , 
. ,  

, I  

, ,. , .  

Federal Sales Tax Estimate $ 141,800 $ 42,200 
, I , .  
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DEMPSTER HIGHWAY COMPRESSOR STATION 

111-7 UTILITIES 

111-7.1 WATER SYSTEM 

The supply o f  raw and potable  water i n  permafrost  areas i s   h i g h l y  v a r -  
i ab le .  From publ ished  in format ion i t  appears t h a t   t h e  most l i k e l y  
sources  would be f rm lakes or r i v e r s ,  or from sand and grave l   aqu i fe rs  
normal ly  found  under  large  lakes and r i v e r s .  Ground water  supplies  from 
below  the  permafrost   general ly have h i g h e r   i r o n  and d isso lved  so l ids  
concentrat ions. Water treatment i s  estimated to   requ i re   coagu la t i on ,  
sed imen ta t i on ,   f i l t r a t i on ,   f ron  removal  and ch lo r i na t i on ,  and i n  addi- 
t i o n   t o   f a c i l  i tate  t reatment  the  water  should be heated t o  about 60°F. 
For t h i s  reason and o thers ,   a l  1 water  storage and t r e a t i n g  will be 
c a r r i e d   o u t   i n  a heated  bui ld ing.  The t r e a t i n g   p l a n t  will genera l l y  be 
operated on a "batch"  basis t o  main ta in   su f f i c i en t   supp ly   i n   t he   po tab le  
water  storage  tank. A pneumatic  pressure  tank i s  also  provided on the  
potable  water   supply   l ine.  

Both  raw and potable  water were prov ided   t o   t he   l i v i ng   qua r te rs ,   t he  
s to rage  bu i ld ing  and the  shop and o f f i c e   b u i l d i n g .  The raw  water  supply 
would be s u i t a b l e   f o r  "Black Water" se rv i ce  and i n d u s t r i a l  use. 

The estimated  water  requirements were assessed as 60 ga l lons   per  man per 
day. A t  peak usage t h i s  would be 480 bar re l s   pe r  month. On t h i s   b a s i s  
a 500-.barrel  galvanized  cone  bottom  storage  tank was provided. The 
vacuum sewage system d e t a i l e d   i n   S e c t i o n  7.2 was estimated t o  reduce  the 
water  requirements  by,about 50 percent; however, i n  order  t o  prov ide for 
washing down vehicles,  equipment and f loors ,   the  s torage  capaci ty  of 500 

b a r r e l  5 was assessed t o  be reasonable. 
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II 1-7.2 SEWAGE SYSTEM 

111-7.2.1 GENERAL 

This  est imate  provides f o r  a vacuum sewage system a t  each compressor 
s t a t i o n  as quoted by Vacusan. They have presented two ( 2 )  a l   t e r n a t i v e  
methods o f  c o l l e c t i n g   t h e  sewage and seven ( 7 )  op t ions   f o r   d i spos ing  o f  

it. Please r e f e r  t o  t h e  Vacusan quota t ion  dated January 12, 1979, Ex- 
h i b i t  5, f o r   s p e c i f i c   d e t a i l s .  

For   th is   es t imate  we have chosen the  Vacusan system which  would c o l l e c t  
t he   b lack   wa te r   ( t o i l e t s  and u r i n a l s )  and grey  water  (showers, hand 
basins,   etc.  ) i n  one common 2"  p ipe  and conduct i t  t o  a 600-gal l o n  
c o l l e c t i o n   t a n k   p r i o r  t o  disposal .  The method o f  disposal  provided i n  
t h i s   e s t i m a t e   i s   t o   i n c i n e r a t e   b o t h   t h e   b l a c k  and grey  waters.  This, we 
f e e l ,   i s   t h e   c l e a n e s t  and sa fes t  method from an environmental  point o f  

view. It a l  so means t h a t   d i s p o s a l   o f   a l  1 sewage can  take  place  on-si te.  
and  does n o t   r e l y  on hau l ing  t o  an o f f - s i t e   l oca t i on ,and   nega tes   t he  
need f o r  a sewage lagoon. 

The o ther   op t ions   ava i lab le  for c o l l e c t f o n  and d i sposa l   o f  sewage are  
d e t a i l e d   w i t h i n   t h e  Vacusan quota t ion  and a comparison o f  cos ts  i s  
o u t l i n e d   i n   t h e  backup mater ia l   'conta ined i n  th i s   sec t i on .  

111-7.2.2 DESCRI PT ION 

The vacuum  sewage system b a s i c a l l y  comprises a l i q u i d   r i n g  vacuum pump, 
co l lec t ion   tank ,   in te rconnect ing   p ip ing  and vacuum t o i l e t s .  ' Other 
f i x t u r e s  such as urinals,  sinks,  dishwasher, showers, e tc . ,   are  eas i ly  
connected t o   t h e  system  and  have been provided i n   t h i s   e s t i m a t e .  

A m a j o r   b e n e f i t   i n   u s i n g  a vacuum system i s   t h e   r e d u c t i o n  i n  water usage 
o f  approximately 50% over a conventional system. Another  benef i t  5 s 
t ha t   t he   co l l ec t i on   p ip i . ng   can  be r u n   i r r e s p e c t i v e  o f  g r a v i t y  and  hence 
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can be i ns ta l led   ou t  o f  the way i n   t h e  upper  reaches o f  u t i l i d o r s  and 
o the r  bui 1 d i  ngs . 

11117.3 FLARE SYSTEM 

The es t ima te   f o r   t he   f l a re  system was based  on a tapered  gathering  l ine, 
s t a r t i n g  near the propane  condensers on overhead  supports,  running 
through  the propane  compressor bu i l d ing ,   ch i l l e r   bu i l d ing  and gas com- 
pressor  bui lding, around the communications bu f ld ing   to   the   inc inera tor  
pad. The 1 i n e   s t a r t s   a t  4", increases  to 6" and f i n a l l y  reaches 8" 
diameter. The pipe costs  were based on minus ( - )  50°F spec i f i ca t i on  
Grade 35 p ipe .   F i t t ings  were estimated on a s im i la r   qua l i t y   ma te r ia l .  ' 

Pipe  supports were included  for   the  runs between bui ld ings and f o r  the 
run from the compressor bu i l d ing  t o  the  f lare  stack. A 2" f ue l  gas 
supp ly   l ine  was run from the gas compressor bu i l d ing  t o  the   f la re   s tack  
and a purge gas l i n e  from the propane  compressor bu i ld ing  to   the  begin-  
ning o f  t h e   f l a r e   l i n e .  

The flare stack cost  was estimated  using an 8" diameter  supported  stack, 
50 f e e t   i n   h e i g h t ,  a re f rac to ry   l ined   s ta in less   s tee l   t ip ,  2 concentr ic 
sets o f  wind def lectors,  a f low sensor, automat ic   ign i tor   panel ,   p i lo t  
i g n i t o r  ( 2 ) ,  f ue l  gas regulat ing  s ta t ion,   s tack  fue l  gas l i n e  brackets 
and 2 p i l o t s .  

Tax was ca lcu la ted   a t   the   appropr ia te   ra te  as previously  noted and 
f r e i g h t  t o  Edmonton was included. 

111-7.4 EMERGENCY FUEL 

Emergency fuel  storage ha5 been provided  for  the standby dfesel  genera- 
t o r  and gasoline  storage has also been provided a t  each s t a t i o n   s i t e   f o r  
u t i l i z a t i o n  by operations and maintenance crews for  both the   p ipe l ine  
and stat ions.  

3 
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All  tankage i s  placed on insulated pads within a dyked area. A t ransfer  
system i s  provided t o  move the diesel  fuel t o  the standby generators a t  
each station. 

COST SUMMARY  (UTILITIES) 

Chi 11 ed Non-Chi 11 ed 

Materials $255,000 $228,000 

Instal   la t ion 89 , O00 89,000 

Total J344.000 $31 7,000 

Estimated Weight o f  Materials 
ex Edmonton 

Federal Sales Tax Estimate 

139,000  1 bs, 

$ 15,100 

122,000  1 bs. 

$ 13,400 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

II 1-8 INSTRUMENTATION AND CONTROLS 

111-8.1  UNIT CONTROLS 

Controls and ins t rumenta t ion   fo r   the   un i ts   a re   par t  o f  the package 
supplied  by the u n f t  manufacturer; however, a u n i t   a u x i l i a r y  panel (UAP) 
will be added as an in te r face  or  extension  to  achieve some standardi- 
zat ion among the  var ious  stat ions and where u n i t   c o n t r o l s  may vary from 
one u n i t  manufacturer t o  another, 

" .  ." , - 7  

? ' > .  ' 

UAP R1 sha l l  be the  in ter face panel f o r  the  natural  gas compressor u n i t .  
Included i n  the cost  o f   t h i s  panel  are  annunciator,  graphic,  instru- 
mentat ion  (d ig i ta l   panel  meters, Surge control ler ,   s ignal   condi t ioners,  
patch  boards),  wiring  connectors,  relays and timers,  instrument  cabinet ! 

1 

and relay  rack  structures,  wire and miscellaneous canponents, and the 

' UAP 62 sha l l  be the  interface panel f o r  the two propane  compressors. 
Included i n   t h e  c o s t  o f  t h i s  panel are annunciator,  graphic,  instrumen- 
t a t i o n   ( d i g i t a l  panel  meters, surge control  lers (2), signal  condit ion- 
ers,  patch  boards),  breakers,  wiring  connectors,  relays and timers, 
Instrument  cabinet and re lay  rack structures,   wire and miscellaneous 
components, and the  wi r ing and fab r i ca t i on  o f  the  panel. 

i 

111-8.2 PRESSURE TEMPERATURE, FLOW MEASUREMENT i 

Pressures tha t   a re   requ i red   fo r  the operation o f  the natural  gas cm-  
pressor system and the propane compressor  system sha l l  be transmitted by I 

elect r ica l   s ignals   obta ined from Instrumentation  racks (XR) located i n  
the compressor bui ld ings,  i j 

1 

I 

j 
I R  81 sha l l  be the  instrument  rack for the  natural gas compressor u n i t  
and stat ion.  Included in the cost o f  t h l s  panel  are the stat ion  suct ion,  

- 132 - i 



i n te rmed ia te   ( fo r   ch i l led   s ta t ion)  and discharge  pressure  transmitters 
and  gauges ( intermediate  pressure  being  that between the main  compressor 
and c h i l l e r  and discharge pressure be ing   t ha t   a f te r   t he   ch i l l e r   o r  

discharge  pressure to   the   ma in l ine) ,   d i f fe ren t ia l   p ressure  across the 
or i f ice  p la te,   pressure  t ransmi t ters   for   the  un i t   suct ion  pressure and 
eye of the compressor fo r  surge  control,  pressure  switch f o r  shutdown on 
high  discharge  pressure, and the  conduit ing,  tubing,  structure and 
fabr icat ion.  

I R  #2 sha l l  be the  instrument  rack for the propane  compressor un i ts .  
Included i n   t h e   c o s t  o f  t h i s   pane l   f o r  each u n i t   a r e  two suct ion and  one 
discharge  pressure  transmitters and  gauges,  one suct ion flcw o r i f i c e  
d i f ferent ia l   pressure  t ransmi t ter ,  one discharge flow o r i f i c e   d i f f e r -  
ent ia l   pressure  t ransmit ter ,  one pressure  t ransmi t ter   for   the eye of the 
compressor, two  pressure  switches f o r  shutdown on low  suction and high 
discharge  pressure, and the  condui  t ing,  tubing,  structure and fabr i  - 
cation. 

Temperatures which are c r i t i c a l  t o  the   opera t ion   o f   the   un i t   sha l l  be 
taken  care o f  by t h e   u n i t  manufacturer;  therefore any RTD's, thermal- 
couples, transmitters,  meters and gauges will be included i n   t h e  cost  o f  
the  un i t .  However, temperature measurement (TM) which i s   c r i t i c a l   t o  
the   opera t ion   o f  the p ipe l i ne  systems i s  a separate  cost. 

All gas temperatures  are  monitored by use o f  thermowells  with RTD' s, 
signal  condit ioners ( R / I )  and panel  meters. 

TM #1 sha l l  be the  temperature measurement for the  natura l  gas p ipe l ine  
system. Included i n  the cost are suct ion,   in termediate  ( for   ch i l led 
stat ion),   d ischarge and o r i f i c e  temperature  thermowells and RTD's. The 
thermowelli and RTD's are located i n  the f i e l d  on the  p ipe l ine,  and 
signal   convert ion and meter ing  shal l  be located i n  the   s ta t ion   con t ro l  
panel (SCP) and are  included i n   t h e   c o s t   o f  SCP (see SCP) . 
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TM #2 sha l l  be the  temperature measurement for the propane r e f r i g e r a t i o n  
system. Included i n  the   cos t   fo r  each u n i t   a r e  two suction, one dis-  
charge, one s u c t i o n   o r i f i c e  and  one discharge  ori f ice  temperature 
t hermowel 1 s and RTD I S .  

Pressure and temperature gauges located  loca l ly ,  i .e., a t   p o i n t  o f  sens- 
ing, a r e  a r e l a t i v e l y  minimal  cost and are  included i n  miscellaneous. 

Fuel gas monitor ing  shal l  be done using  turbine meters, t ransmit ters,  
f l o w  computers, d isplays and chart  recorders,  Included i n   t h e  fuel gas 
monitoring (FM #1)   cos t   fo r   the  main  compressor are one high  frequency 
pulse  generator,  pressure  transducer, RTD temperature  detector, and 
thermowell , flow computer and chart   recorder  complete  wi th  total izer.  
The turb ine meter c o s t  i s  included i n   t h e   f u e l  gas system cost  (see 
Subsection 111-7.2). 

Fuel gas moni t o r i n g  for the propane  compressor (FM #2),  and u t i l  i t i e s  
(FM #3) shal l   use  the same type o f  equipment. The cost  of mounting o f  
the f low computers and char t   recorders  shal l  be included i n  the  cost  o f  
the SCP's (see SCP #1 and SCP #2). 

111-8.3 STATION CONTROL 

The stat ion  cont ro l   panel  (SCP) contains all logic,  instrumentation, 
i n d i c a t i o n  and loca l  push buttons and swi tches  for   the  operat ion  o f   the 
s t a t i o n  i n  general. 

SCP #1 s h a l l  be the  s ta t ion  cont ro l   panel   for   the  natura l  gas compressor 
system. Included i n  the  cost  o f  SCP #1 are  annunciator,  station  graphic, 
mounting o f  f i r e  and gas monitors  (cost for moni to rs   inc luded  in   f i re  
and gas system), mounting o f  f ue l  gas f low monitoring equipment f o r  main 
compressor and u t i l   i t i e s  ( c o s t  o f  .monitors  included ' in  fue l  gas monitor- 
i n g  system) s instrumentation  (panel meters,, signal conditioners,  pressure 
con t ro l l e rs ,  power supplies, and patch board),. breakers, wiring connec- 
tors ,   re lays and timers for l o g i c  (valve sequencing,  alarms, shutdown 
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and ESD), instrument  cabinet and re lay   rack   s t ruc tu res ,   w i re  and mis- 
ce1 laneous component w i r i n g  and fabr ica . t ion  of the  panel. 

SCP #2 s h a l l  be the   s ta t ion   .con t ro l   pane l   fo r  the propane r e f r i g e r a t i o n  
system. Included i n   t h e  c o s t  o f  SCP #2 are  annunciator,   stat ion  graphic,  
instrumentation  (pressure  control lers,  panel  meters,  signal  condit ioners, 
power 'supply for   instrumentat ion,   patch  boards),   breakers,   wir ing con- 
nectors ,   re lays and t imers for t he   l og i c   ( va l ve  sequencing,  alarms, 
shutdowns  and ESD), ins t rument   cabinet  and r e l a y  rack s t ruc tures ,   w i re  
and  miscellaneous component w i r i n g  and fab r i ch t i on .  

111-8.4 PROPANE SYSTEM 

T h i s   p o r t i o n   o f   t h e   i n s t r u m e n t a t i o n  and con t ro l s   es t ima te  was made from 
a " take-of f "   f rom a f low  diagram  supplied by F o o t h i l l s   i n  t h e i r  December 
21, 1978 l e t t e r  and prices were obtained  by  verbal  quotes from vartous 
suppl i ers 

111-8.5 MISCELLANEOUS 

Included i n  the c o s t  o f  miscellaneous items are the sensing lines, power 
gas l i nes ,   ven t  lines, associated valves,  pressure and temperature 
gauges, l e v e l  switches f o r  water sewage system, aud ib le  alarms, etc .  
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DEMPSTER HIGHWAY COMPRESSOR STATION 

I 11-9 ELECTRICAL 

111-9.1 ENGINE GENERATORS (INCLUDING SWITCH GEAR) 

Since no purchased power from a power u t i l i t y  company i s   a v a i l a b l e  a t  
these  sites,  the  prime power sha l l  be generated  by 2 x . 4 5 0  KW generator 
sets  w i t h  a 450 KW generator  set as standby a t ' t h e   c h i l l e d   s t a t i o n  and 
by 2 x 150 KW generator  sets  with a 150 KW generator  set as standby a t  
the  non-chi1  led  stat ion. 

The generator costs  include  the  supply o f  two natural  gas dr iven gener- 
a t o r  sets, one (standby)  diesel  driven  generator  set,  associated  cooling 
and s t a r t i n g  eiqufpment, engine  control  panels,  switch gear and metering. 

Miscellaneous  items  assoc'iated  with  the  generators such as exhaust 
extention  etc, are included i n  miscellaneous (111-9.4). 

111-9.2 

The MCC 
provide 

MOTOR CONTROL CENTER ( K C )  
, .  

. .  

sha l l   conta in   the A.C. d i s t r i b u t i o n  system and equipment t o  
480/120/208V power t o  the  various AOC. loads. It shal l   conta in  

the  conventional  protective  devices and provide a reasonably  high  degree 
o f  f l e x i b i l i t y  and con t inu i t y .  Refer t o  s i m p l i f i e d   e l e c t r i c a l   s i n g l e  
l i n e  Drawing Nos. FPL 39-49-91D and FPL 39-49-920 f o r   d e t a i l s .  

Two generators  shal l   normally supply the  necessary power requirements, 
I f  the standby u n i t   f a i l s  t o  replace a downed generator  leaving  only one 
u n i t  t o  handle  the  load,  the  essential  services bu5 will remain powered 
and the remaining MCC load will be dropped. Not u n t i l  two generators 
a re   i n   ope ra t i on  will the  load be readded. 

Using  the  phi losophy  that it i s  more desi rab le  to   operate a s t a t i o n   a t  
lower capacity  than t o  shutdown c a n p l e t e l y   s p l i t t i n g  o f  cer ta in   loads * 
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1 
1 
'I 

s ha1 1 
them 
there 

be done. The condenser fan motors are .such loads, by spl i t t i n g  
i n  ha1 f each being feed by separate  breakers, i f  a f a u l t  occurred 
would be less danger o f  the   en t i re   coo l ing  system being down while 

I t  was repaired. the fau 

The MCC costs  include: 

1. Essential  services bus containing  the  fo l lowing: 

a. main feeders  supplying 120/208V d is t r ibut ion  t ransformers,  
charger and i n v e r t e r  system, a i rpo r t ,  etc. 

2. 

3. 

b. transformers 
1 .  

c .  sub-feeders  supplying l i v ing   quar te rs ,   l i gh t ing   pane ls ,   in -  
. ve r te r  system, etc ,  

d. s t a r t e r s   f o r   h o t   w a t e r   c i r c u l a t i n g  system pumps,  sewage sys- 

tem pumps, generator  cooling  fans, a i r   condi t ioner ,   water  
\. supply pumps, etc.  

, ,  

Main breaker. 
+ 
"3 

Feeder to  non-essent ia l  bus. 

I 4. Non-essential bus containing  feeders t o   o t h e r  MCC's, l i g h t i n g  
panels and star ters   for   miscel laneous equipment. 

I 
8 

5, Propane condenser MCC No. 1 conta in ing   the   s ta r te rs   fo r  50% o f  
condenser  fan motors. 

6. Propane condenser MCC No. 2 containing  the'  start,ers .for 50% o f  
condenser fan motors. 

7. Wire, terminals and miscellaneous  cmponents. 
t 
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8. Chiller compressor's auxiliary equipment MCC's  cost included 
i n  chiller compressor's u n i t  costs .  

9. Main compressor auxiliary equipment MCC cost included i n  main 
compressor u n i t  cost. 

10. Reverse starters  for  unit valve operators ( t o -  be located i n  ch i l le r  
compressors and main compressor units MCC's b u t  haven't been included 
i n  their  costs). 

111-9.3 UNINTERRUPTABLE POWER SUPPLY (UPS) 

The UPS shal l  consist o f  the battery charger, inverter and battery. 
There shall be a UPS for the general station duty, a UPS for the main 
compressor u n i t ,  and a UPS f o r  the propane  compressor units. The costs 
of  the UPS systems for the main compressor u n i t  and  propane  compressor 
units  are included i n  the cost o f  the units. 

The station UPS shall be supplied from the essential  services bus and 
be a parallel redundant  system for greater  electrical supply re1 iabil i ty .  

The battery  shall be fed from a parallel redundant battery charger sys- 
tem. Each charger shall be rated t o  carry  the total  load but normally 
will operate i n  para1 le1 w i t h  the second u n i t  sharing the load equally. 
Should one charger f a i l ,  the other u n i t  will carry the load w i t h o u t  any 
transfer delay time. Similarly, the critical A.C. loads shall  be'fed 
from a parallel redundant inverter system. A static  transfer switch 
shall be part o f  the system, therefore, should there be a loss of A.C.  
o u t p u t  from both inverters,  the switch will  operate, bypassing the en- 
t i r e  D.C. system and connectlng t h e  critical A.C. loads directly t o  the 
A.C.  bus. 

The c o s t  o f  the UPS includes a 24V D.C. battery 800 AH, two ,battery 
chargers, two inverters, breakers, controls,  transfer switches, panel 
wiring and fabrication. 

I 

P 
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111-9.4 MISCELLANEOUS 

Included i n  the c o s t  o f  miscellaneous  items are the exhaust  extentions 
t o  the  generator  units and automatic  door  closure on release o f  halon 
fire suppression system, etc.  

11119.5 CONDUIT, CABLE AND FITTINGS 

The estimate i s  made on the  basis o f  using  conduits  throughout  the sta- 
t ion  including  those  runs  which  are aboveground (along  outside of u t i l -  
idors).  Approximately  one-quarter o f  t h e   i n s t a l l a t i o n  c o s t  could be 
saved by using  mult i-conductor  cables  (teck  cable)  instead  of  conduits 
(where It i s  permitted). 

Grounding fo r   the   non-ch i l led   s ta t ion   i s   es t imated  based on i n s t a l l i n g  a 

ground g r i d   o r  mat based on a low impedencc system. However, ground 
resistances  are much higher i n  a permafrost area; therefore, a ground 

system that   involves  h igh  resistance  grounding i s  necessary a t  the 
ch i l l ed   s ta t i on .  The cost  o f  mater ia l  and i n s t a l l a t i o n   f o r  a c h i l l e d  
s t a t i o n   i s   s u b s t a n t i a l l y   g r e a t e r .  

111-9.6  LIGHTING 
1 .  

The ya rd   l i gh t i ng   es t ima te   i s  based on use o f  high wattage, h igh   e f f i -  
ciency and long l i f e  mercury  vapour outdoor lamps. Two foot  candle 
average, with s l i g h t l y   h i g h e r   l e v e l s  i n  r e l a t i v e l y   h i g h   t r a f f i c  areas 
using 400 and 1000 wat t   un i ts   serves   the   bas is   fo r  the number o f  stan- 
dards and lamps. 

The indoor   l ight ing  est imate i s  based on the l ight ing  requirements fo r  
the var ious  bui ld ings using mercury-vapour h igh  in tens i ty   d ischarge type 
and i n d u s t r i a l  and commercial f luorescent   type  f ix tures.  

I 
x 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

. .  111-10 INSULATION AND PAINTING 

111-10.1 INSULATION 

This  est imate  includes  insulat ion  requirements  to  standards o f  prevfous- 
l y  i n s t a l l e d   s t a t i o n s  f o r  the above grade  high  pressure gas p ip ing and 
the gas tu rb ine  compressor  package exhaust d u c t i n g   a t  both t h e   c h i l l e d  
and non-chi l led  s ta t ions.   Insu lat ion  for   the propane piping, propane 
vessels, propane  equipment and the  propane turbine  exhaust  ducting i s  
i nc luded  a t   the   ch i l led   s ta t ion .  

111-10.2  PAINTING 

Th is   i tem  inc ludes   the   f ie ld   pa in t ing   requ i rements   fo r   a l l  exposed pip- 
i n g  systems, equipment, bu i ld ing  s tee l  s masonry p a r t i t i o n s ,  exposed 
concrete and miscel laneous  archi tectural   features  to  standards o f  other 
p rev ious ly   ins ta l   led  compressor stat ions,  
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DEMPSTER HI.GHWAY COkPRESSOR STATION 

111-11 TESTING,  WINTERIZING AND STARTUP 

I 11-1 1.1 TESTING 

The estimate has prov ided  for   test ing  the compressor stat ion  h igh  pres- 
sure  p ip ing and vessels,  the propane  system plping,  vessels and equip- 
ment as well as the f ue l  gas system al 1 3n accordance w i th   the  NEB 
requirements. 

111-11.2 WINTERIZING 

The estimate has prov ided  for   the  labor  and ma te r ia l s   f o r  snow removal I 

hoarding and the  heating o f  var ious  structures i n   a d d i t i o n  t o  the  pro- 
t e c t i o n  o f  concrete  during  curing. 

I t  also  provides  for  checking  out  the  operation o f  a l l  heating systems 
and heat  tracing and winterizing  valve  operators,  generator  cool ing 
water  l ines and heating system l ines.  

. .  . .  

111-11.3  STARTUP 

Provis ion has been made for   the  const ruct ion  t rade  personnel   to   ass is t  
the  operat ing  s ta f f  and manufacturers  representat ives  wi th  the  start  up 
and commissioning o f   t h e  compressor s t a t i o n   f a c i l i t i e s .  Two-thousand 
five-hundred manhours were inc luded  fo r   the   ch i l led   s ta t ion  and 1500 man- 
hours a t   t h e   n o n - c h i l l e d   s t a t i o n   f o r   m a c h i n i s t   p i p e f i t t e r  and e l e c t r i c a l  
trade  support. 

i 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

I I I- 12 MISCELLANEOUS 

I I I- 1 2.1 SITE IMPROVEMENTS 

This item  includes the final  grading o f  the site,  installation o f  drain- 
age ditches  and  culverts, the placing o f  pitrun  gravel  on the storage 
areas, finish  gravelling o f  the roadways  and  parking  areas and to in- 
stall  the  roadways  and  parking areas and to install. the perimeter fenc- 
ing: The supply o f  the materials such as gravels,  culverts-  and  fencing 
is  included. 

I I I- 12.2 SAFETY €QU IPMENT 

This estimate  provides f o r  a number o f  safety items that  pertain to fire 
fighting  and  personal  safety, such as dry powder  extinguishers,  water 
extinguishers, fire blankets, first aid k i t ,  pneolator,  safety  harness, 
eye safety  shields  and  goggles, hard  hats, rubber boots, flashlights, 

'. grounding  wires,  manually  operated gas detectors  and  replenishment o f  
suppl ies. 

111-12.3 LIVING QUARTERS FURNISHINGS 

This estimate was prepared to assess the cost o f  providfng  furnishings 
and a few  recreational facilities for the station living quarters and 
small  items  not otherwise provided for.  It has been assumed  that  each 
occupant will have a separate bedroom,  but there would be a community 
kitchen,  living room and  recreational area. The equipment may not  be 
all in accordance with Foothills' plan, but i t  does provide for the 
bas i c requi remen  ts . 

r 











I I 
i
 

4 I 
.c

 1 P 

\
 

3 t m
 

I 
r ! 

I1 

r 7 
P 

iz t 
t 

I
I

:
 

f 
Iil 

I' I I 
E F c 

t
 

L
 

f ! 

1
'

0
 

I
I

I
 

I 

1
 i c
 

T- l l I 1
 

I 
I 

"
 

- 170 - 



1 
I 
I 
-1 

DEMPSTER  HIGHWAY COMPRESSOR STAT 

I I  1-1 3 FEDERAL SALES  TAX 

ION 

The amount o f  federal excise tax appl i ed  t o  the various materials 
estimated for the project were as follows: 

Ra t e  - 
Pipe 
F i t t i n g s  
Gal vanized Pipe 12% 

Tanks 9% 
Compressor Package ' 12% 
Control Valves and Regulators 5% 

5% . .  

~ . 5% 

I .  5% 
Copper Pipe , t  

Instrumentation 
Vessels 
Electrical 

9% 
9% 
9% 



DEMPSTER HIGHWAY COMPRESSOR STATIOFJ 

111-13 FEDERAL SALES TAX 

Cost Category 

1 . Founda ti ons 

2. Buildings 

3. Gas Compressor Package 

4. Propane  Compressor  Package 

5. H.P. Gas Piping 

I 
I 
I 
I 

6. Other Major Systems 

7. U t i 1  i ties 

8. Instrumentation & Controls 

9. Electrical 

lo., Insulation & Painting 

11. Testing, Winterizing , Startup 
12. Miscellaneous 

13. Tools & Major Spares 

TOTAL 

Chi 1 led 
Station 

$ 

25,l O0 

60,l O0 

486; 1 O0 

431,700 

79 , 300 
141,800 

15,100 

32,300 

74,600 

5,000 

1,200 

5,200 

65,500 

1,423,000 

Non-Chi1 led 
Station 

$ 

13,000 

39 , O00 
486,l O0 

- 
47,300 

42,200 

13,400 

8,300 

41,900 

1,200 

900 

5,200 

35,500 

734,000 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

I 11-1 4 CONTRACTOR'S  OVERHEAD 

111-14.1 GENERAL 

The con t rac to r ' s  overhead  costs have  been developed t o  represent s a l a r -  
ied  labour,   unal located  t rade  labour,   temporary  structures and p l a n t  
f a c i l i t i e s ,   c o n s t r u c t i o n   v e h i c l e  and equipment  requirements,  small  tools 
and  consumable supplies,  mobil izat ion  costs,  tracte  labor  burdens and 
miscel laneous  costs  re lated  to  the  construct ion  of   four  compressor  sta- 
t i o n s  ( 2  ch i1   l ed  and 2 non-chi l led)   over  a 24  month period. 

The con t rac to r ' s  markup fo r   the   aggregate   four   s ta t ions  was assigned t o  
i nc lude   con t rac to r  head o f f i c e   c o s t s ,   p r o f i t  and contingency. The 
markup selected i s  appropr ia te  for the  performance o f  the   cons t ruc t ion  
on a lump sum tender  basis. 

The contractor 's  overhead  costs have  been prorated t o  the  four s ta t i ons  
on the basis  o f  t o t a l   d i r e c t  rnanhour content, 

The con t rac to r ' s  markup  has  been prorated t o  t h e   d i r e c t   c o s t s  and the  
overhead costs  on  the  basis o f  t o t a l   c o s t .  

111-14.2 FIELD SUPERVISION, ADMINISTRATION 

The staf f ing  requi rements o f  a four s ta t i on   p ro jec t   necess i ta tes  a f i e l d  
o f f i c e   l o c a t e d   i n   W h i t e h o r s e   f o r  the p r o j e c t  management, planning,  pur- 
chas ing,   cont racts   admin is t ra t ion,   account ing,   payro l l ,  cost  con t ro l ,  
data  processing and other  services.  

The p ro jec t   s ta f f   i nc ludes  a p r o j e c t  manager, two  project   super inten- 
dents, a p ro jec t   admin i s t ra to r ,  an  accountant, a paymaster, a buyer/ 
expeditor, a cost  engineer, a pro ject   engineer ,  two f i e l d  engineers, two 
surveyors,  stenographic and c l e r i c a l   h e l p ,  
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S t a f f  benef i t s   inc luded are  r e l o c a t i o n  expense, t r a v e l  expense, l i v i n g  
al lowance,  northern  al lowance and overtime  allowance,  Housing i s  no t  
necessar i ly   prov ided  but  i s  assumed t o  be a v a i l a b l e   f o r   t h o s e   s t a f f  
res id ing   in   Whi tehorse .  

Una1 located  t rade  labor  costs  include  key  general   t rade foremen, f i r s t  
aid  attendants,  mechanics and warehousemen. S t ra igh t   t ime   l abo r   cos ts  
o f  these  personnel i s   i n c l u d e d  i n  t h i s   s e c t i o n ;  however, t h e   t r a v e l  
costs ,  subsis tence  costs  and  premium t ime  costs   are  prov ided  for   separ-  
a t e l y  elsewhere i n  those  categor ies.  

111-14.3 CONSTRUCTION FACILITIES 

Th is  item includes  the  purchase cost  of tAp0,rat-y  OffiCe f a c i l i t i e s  i n  
Whitehorse and a t   t h e   s i t e s ,   f i r s t   a i d   t r a i l e r s ,  warehouse S t r u c t u r e s   a t  
each s i t e ,  an  equipment shop, and ren ta l   o f   por tab le   concre te   ba tch  
p l a n t   f a c i l i t i e s  and t o o l  cribs. 

The setup and d i  smantl e costs  o f  t hese   f ac i  1 i t i e s  i s  inc luded 

I 11-1 4.4 CONSTRUCTION CAMP 

This   i tem  inc ludes  the  purchase  cost  of a 120 man camp f a c i l i t y   f o r   t h e  
c h i l l e d   s t a t i o n  and  an 80 man camp f a c i l i t y   f o r   t h e   n o n - c h i l l e d   s t a t i o n .  

Setup, maintenance and removal cos ts  of t h e  camps are  inc luded;  however, 
m o b i l i z a t i o n   c o s t s  o f  t r a n s p o r t   t o   t h e   s i t e s   a r e   i n c l u d e d   s e p a r a t e l y  
e l  sewhere. 

11 1-14.5 CONSTRUCTION VEHICLES 

This  i tern inc ludes   the   ren ta l  c o s t  o f  a l  1 veh ic les   re la ted  t o  the  pro- 
j e c t  and s p e c i f i c a l l y   p i c k u p   t r u c k s ,   c r e w  cabs, buses, ambulances,, con- 
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Crete t rucks,   h iab  t rucks,   fue l  and serv ice  vehic les.  The equipment 
r e n t a l s  a r e  based upon con t rac to r  owned vehic les  ass igned  to   the  pro ject  
s i  t e s .  

Fuel and maintenance  costs  are  included. 

The s t ra igh t   t ime  labor   cos t  o f  bus dr ivers ,   concrete  t ruck  dr ivers ,  
h iab   t ruck   d r i ve rs  and serv ice   t ruck   d r ivers   i s   inc luded,   Re la ted  
t r a v e l  c o s t s ,  subsistence  costs and premium t ime  costs  are  included 
separately  elsewhere i n  those  categories, 

111-14.6 CONSUMABLES 

This   i tem  inc ludes  the  cost  o f  a l l  consumable tools,  expendable  supplies, 
welding gases, welding  rod,, workmens c lo th ing,   o f f ice  suppl ies,   engineer-  
ing  suppl ies,   safety  suppl ies and other  miscel laneaus  costs, A consurn- 
ab1 e t o o l  i s  considered o f  va lue less than $50.00. 

Fuel  costsI form work  mater ia ls and temporary  mater ia ls  are  not   included. 

I I I- 14.7 SMALL TOOLS 

This  item includes the cost  o f  smal l   too ls  and minor  equipment of value 
between $50.00 and $1,200.00, for a l l   t r ade   pe rsonne l  on s i t e .  

I 11-1 4.8 CONSTRUCTION EQUIPMENT 

Th is  i tern i nc ludes   t he   ren ta l  c o s t  o f  al 1 truck  cranes,  hydraul ic  cranes, 
hydraul i c  backhoes, loaders, bu1 Idozers, compressors,  welders,  compactors 
and s c a f f o l d i n g   r e q u i r e d   f o r  the work a t   s i t e .  The equipment  rentals a r e  
based  upon cont rac tor  owned equipment  assigned t o  t h e   p r o j e c t   s i t e s .  

Fuel and maintenance  costs  are  included. 
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The s t ra igh t   t ime   l abo r  c o s t  o f  crane  operators i s  i nc  
t r a v e l  c o s t s ,  subsistence  costs and premium t ime  costs 
separa te ly   e l  sewhere i n  those categories. 

111-14.9 MOBILIZATION 

1 uded. Re1 ated 
are  included 

This  i tem  inc ludes   the   t ranspor ta t ion  c o s t s  r e l a t e d   t o   t h e   m o b i l i z a t i o n  
and demobil i z a t j o n   o f   c o n t r a c t o r ' s  equipment  between  Vancouver, Edmonton 
and the   p ro jec t   s i t es .   Spec i f i ca l l y   t he  road hau l   f re igh t   cos ts  o f  
temporary  bui ld ings and t r a i l e r s ,   c o n s t r u c t i o n  camps, vehicles,  cranes, 
excavating  equipment,  welders  canpressors,  minor  equipment and small 
too ls   are  inc luded.  

The s t r a i g h t   t i m e   l a b o r   c o s t s   o f  crews requ i red   t o   l oadou t  and rece ive  
contractor 's  equipment i n  c o n t r a c t o r ' s   y a r d s   i n  Vancouver and Edmonton 
are  a lso  included. 

111-14.10 TEMPORARY SERVICES 

Th is  i tern inc ludes   t he   cos t  of setup and removal o f  temporary  water sup- 
ply,  temporary sewage, and waste  disposal  systems a t  each s i t e .  

Telephone, mobi le   rad io and t e l e x  communications  are  also  included. 

I 11-14.11 BONDS, INSURANCE, PERMITS 

Th is  item includes  al lowances for we lde r   qua l i f i ca t i on   t es ts ,   l abo r  
and material  performance bonds, course o f  construct ion  insurance, 
1 i a b i l  i ty insurance and e l e c t r i c a l   p e m i   t s .  

111-14.12 UNION TRAVEL 

T rade   l abo r   i , n i t i a l  and te rmina l   t rave l   t ime,   t rave l  fares and t r a v e l  
expenses have  been estimated on the basis o f  a turnover  or equ iva len t  
r e t u r n   t r i p   e v e r y  30 days. 
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T h i s  i tem  inc ludes   re la ted   tax i  cab and commercial a i r 1   i n e   f a r e s  for 

t r a v e l  between  Vancouver and Whitehorse. Travel  t ime between Vancouver 
and Whitehorse has been estimated a t  seven and one-half hours each way. 

The addi t ional   t ravel   t ime,  between Whitehorse and the various  compressor 
s t a t i o n   s i t e s  will vary considerably. An average  travel  t ime between 
Whitehorse and midpoint   a long  the Dempster P i p e l i n e  has  been. estimated 
a t  10  hours  each way v i a  bus t ravel .   Costs o f  p rov id ing   a l t e rna te  
t ranspor ta t i on  t o  t h e   s i t e s   v i a  he1 i c o p t e r  from Whitehorse has been con- 
sidered and costs  appear  to be comparable.  Travel expenses i nc lud ing  
meals and lodging have  been prov ided  fo r  on the   bas is  o f  two n i g h t s   f o r  
t h e   c h i l l e d   s t a t i o n  and one n i b h t  for the u n c h i l l e d   s t a t i o n  each way. 

The costs  o f  un ion   t rave l  are prepared  general ly  in  accordance  wi th  the 
gu ide l   ines  o f  the t r ade  agreements. These gu ide l   ines   a re   no t   p rec ise  
and union  costs will c o n t i n u e   t o  be n e g o t i a b l e   u n t i l   p r o j e c t  agreements 
a r e   f i n a l i z e d .  ,' There  continues t o  be a great  c o s t  exposure l n  t h i s  cos t  
allowance. 

111-14.13 UNION SUBSISTENCE 

This  item inc ludes   the   cos ts  of cons t ruc t i on  camp c a t e r i n g  as well as 
t h e   c o s t s   o f   f r e e  room and board  provided t o  tradesmen p r i o r   t o   t h e   s e t -  
up of the  camps. These cos ts  a r e  based  upon a 60 hour work week. 

111-14.14 PREMIUM TIME 

The estimate has  been prepared on the   bas is  of a 60 hour work week. 
Th is   i t em includes t he  cost  o f  the premium p o r t i o n  of overt ime a t  37.5% 
of s t r a i g h t  time p a y r o l l  costs .  

Trade  agreements r e q u i r e  an add i t i ona l  meal *break when working a 1 O 
hour s h i f t  and an  allowance of one-half  hour  per manday i s  inc luded 
a s  a non-productive premium allowance. 
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I I  1-14.15 RETROACTIVE ESCALATION 

The p i p e f i t t e r  trade agreements cur ren t ly   p rov ide   fo r   po ten t ia l   re t ro -  
a c t i v e  pay escalat ion for previous cont rac ts  i n  1976 and 1978 i n  the 
amount of 36 cents  per  hour. The sett lernent 'of  this  adjustment cont in-  
ues t o  be deferred. The hour ly   ra tes  used in   t he   es t ima te  do no t   i n -  
clude t h i s  amount but i t  i s  i den t i f i ed   he re  as a probable cost .  

I n   a d d i t i o n ,   p i p e f i t t e r s  will be e l i g i b l e   f o r  a 50 cent  hour ly premium 
f o r  work north of 60' l a t i t u d e  and ef fect ive May 1 , 1979 a l l  trades 
will receive an.  average. 85 cent. increase through t o  May 1 , 1980. These 
estimated c o s t s .  have been evaluated and included. 1 

'I 111-14.16 CHILLED STATION 

~ 

I 

1 
I 
I 
I 
1 
I 
1 
I 
'I 
I 
I 

Item 

Fi el d Supcrvi s i  on Admi n . 
Construct ion  Faci l  i t i e s  
Construction Camp 
Construction Vehicles 
Consumabl es 
Small Tools 
Construction Equipment 
Mobi 1 i za ti on 
Temporary Sew i ces  
Bonds, Insurance,  Permfts 
Uni on Travel 
Union  Subsistence 
Premium Time 

'Retroact ive  Escalat ion 

Subtotal 

Hours, 

21. ,800 
4,300 
3,860 

13,500 
c - 
2,000 
2 , 700 
1,280 
400 - 

Labor 

$1,271,000 
214,000 
552 , O00 
479,000 
230,000 
172,000 

1,026,000 
320,000 

77 , O00 
180,000 
923,000 
943,000 

1 ,540,000 
231,000 

I 49 840 
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111-14.17 NON-CHILLED STATION 

I tern Hours 

Field  Supervision, Adrnin. 
Constr,uction F a c i l i t i e s  
Construction Camp 
Construction  Vehicles 
Consumabl es 
Small Tools 
Construction Equipment 
Mobilization 
Temporary Services 
Bonds, Insurance, Permits 
Uni on Travel 
Uni on Su bs i  s tence 
Premium  Time 
Retroactive  Escalation 

12,260 
2,430 
2,180 
7,620 
c - 

1,120 
1,540 

72 O 
22 O 

c - 
- 

Subtotal 28,090 
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Labor 

$ 780,000 
131,000 
339,000 
294,000 
141,000 
106,000 
630,000 
196,000 
4 7,000 

110,000 
567,000 
456,000 
945,000 
142,000 

$4,884,000 
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DEMPSTER HIGHWAY COMPRESSOR STATION 

111-15 SUMMARY OF FREIGHT WEIGHT EX EDMONTON BY COST CATEGORY 

111-15.1 FREIGHT 

An estimate of f re ight   costs  for   the  road  haul   t ransportat ion o f  a l l  per- 
manent mater ia l  s from Edmonton t o  the s t a t i o n   s i t e s  ha.s been developed. 
The weights o f  c i v l l ,  st ructura l ,   p ip ing,  equipment, e l e c t r i c a l  and i n -  
su la t ion  mater ia ls  have been evaluated and the numbers o f  load shipments 
i d e n t i f i e d .  

Cost  Cateqory 

111-1 Foundation 

I 11-2 Bui 1 d i  ngs 

111-3 Gas Compressor Package 

I 11-4 Propane Compressor Package 

111-5 High  Pressure Gas Piping 

111F6 Other  Major Systems 

111-7 U t i l i t i e s  

111-8 Instrumentation & Controls 

111-9 E l e c t r i c a l  

111-10 Insu la t i on  and Paint ing 

111-1 1 Testing,  Winterization and 
Startup 

111-12 Miscellaneous 

111-13 Tools and Major Spares 

TOTAL 

Weight i n  Pounds 
Chi1  led Non-Chi1 l ed  

1,770,000 1,045,000 

974,000 72 7,000 

41 8,000 41 8,000 

182; O00 - 
500,000 300,000 

l,811,5OO 104,700 

1 39,000 122,000 

26,200 4,900 

197,400 131,500 

40 O00 10,000 

1 50,000 120,000 

67,000 67,000 

?O,OOO 16,500 

6,295,100 3,066,600 
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DEMPSTER  HIGHWAY COllPRESSOR STATION 

111-16 TOOLS AND MAJOR SPARES 

I 11-1 6.1 TOOLS 

The compressor s t a t i o n  will be basica l ly   se l f -conta ined  insofar  as 
normal too l s  and equipment are concerned. . We have provided a general 
l i s t  OF i tems  that   are commonly u t i l i z e d  a t  l a rger   s ta t ions .  

I 11-1 6.2 MAJOR SPARES 

This  estimate has included t h e  costs  for a number o f  spares a t  each 
s ta t i on .  The general  spares were assigned t o   E l e c t r i c a l  Spares, I ns t ru -  
mentation Spares, Pump Spares, Turbine Spares and Mechanical Spares. 
I n  addi t i o n  two addi t ional   categor ies were considered; 

a )  a spare gas tu rb ine  power uni t   est imated a t  two m i l l i o n   d o l l a r s ,  
and prorated between 9 s tat ions 

$2,000,000 + 9 = $222,000 per   s ta t ion  

b )  a spare  refr igerat ion  turbine/compressor  uni t   est imated  at  one 
m i l l i o n   d o l l a r s  and prorated between 4 stat ions = $250,000 per 
s ta t ion.  
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