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Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS. INC. 
Corm'~ 83U04 

1.0 SCOPE 

The purpose of this study is ~oproviAe an economic and physical 
comparison of mechanical and nat~ral draft ¢oolin9 towers for t h e  
T r i - S t a t e  S y n f u e l s  P r o j e c t .  The  u t i l i t y  c o o l i n g ~ e ~ s  and  t h e  
process cool/rig towers were evaluated on a separate basis as follows: 

i.i UTILI~T PLANT 

In order to make a fair comparison between mechanical and 
natural ~Taft cooling ~m~rs for ~he Utility Plant, the 
Dtility System oo~c l i t i cms weEe op t im i zec l  by  e v a l u a t i n g  
the costs for the turbines, surface condensers, pumps and 
heat excha/~e~s, as wall as the cooling ~ s .  The primary 
act/v/ties consisted of The following: 

A. O p t i m i z a t i o n  of t h e  c o o l i n g  w a t e r  ~para~re approach. 

B. Optimization of t h e  cooling w a t e r  ~ e m p e r a ~ T e  r a n g e .  

C. Optimiz=tion of t h e  t u r b i n e  b a c k  p r e s s u r e .  

D. Eccmcmic compar ison between mechan ica l  and n a t u r a l  d r a f t  
cooling towers. 

1.2 PROCESS PLAHT 

The Process Plant was not opC/mized like the Utility Plant since 
optimization would require extensive plant redesign. The main 
activity consisted of ecnamically coe~rlng mechanical and 
natural draft to~.rs for two sets of cooling water coalitions. 

,r 
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TRI-STATE SYNFUELS COMPANY 
Indirect: Coal l..iquef~ction Plant 
Wes~m Ken'cucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Cont'ract 835504 

2.0 DESIGN CRITERIA 

2.1 UTILITY PLANT DATA 

The detailed optimization of the Utility Plant involved the 
cooling towers, turbines, surface condensers, heat exchangers, 
pumps, connecting piping and operating costs. The fo~lowing 
c~iteria were used. 

A. Cooling Towers 

Mechanical and natural draft concrete cooling towers were 
considered for the Utili~f Plant. For e~ch type of tower, 
the cooling water approach and range were varied in order to 
optimize the entire system. Refer to Table I for the 
definition of the specific cases used in the evaluaT/on. 

(i) "-Approach 

In the cooling t o w e r  design, the temperature approach is 
the difference between the cold water temperature leaving 
the cooling tower and the measured wet bulb teml~rature 
at the inlet. Generally, the size and price of cooling 
towers will decrease with larger temperature approaches 
for a constant heat load. Using a design wet bulb 
temperature of 78°F, temperature approaches of 5°F, 7°F, 
13°F, and 200F were evaluated. The 5°F approach was the 
minimum approach guaranteed by cooling tower vendors. The 
20°F approach represented the max/mum feasible approach 
based on a 78°F design wet bulb and the turbine hack 
pressures used in the evaluat/on. 

(2) CooLing Range 

The cooling range is the difference between the cooling 
water inlet and outlet temperatures to the tower. The 
range is inversely proportional to the cooling water 
flowrate. Thus, with increasing range, the flowrates 
will decrease and thus the pumps and pump horsepower 
required will decrease. The cooling range was varied 
b~twee~ 13°F and 30°F. A maximum limit on the cooling 
water temperature was set at 130°F to avoid corrosion 
problems. 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coal Uquefaction Plant 
Wmmm Ken~cky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Contract 835504 

CASE 

TABLE I - LISTING OF STUDY CASES 
FOR T~E UTILITY PLkRT 

TYPE OF FLOWRATE 
TOWER (GPM) HWT (°F) 

DUTY APPROACH RANGE 
CWT("F) (109BTU/nR) (*¥) ("F) 

TmM~mE 
BACK PRESS. 
( I N .  HG) 

U2-1M MDT 355,000 96 
tU2-2M MDT 231,000 103 
U2-3M MDT 355,000 98 
02-4M R~T 243,000 104 
02-5M MDT 355,000 104 

83 2.31 5 13 2.5 
83 2.31 S 20 2.5 
85 2.31 7 13 2.5 
85 2.31 7 19 2.5 
91 2.31 13 13 2.5 

U4-1M MDT 377,000 96 
E4-2M MDT 245,000 103 
U4-3M MDT 377,000 98 
04-4M ~T 258,000 104 
04-5M ~ 377,000 104 
04-6M ~ 245,009 III 
04-7M MDT 169,000 120 
04-8M ~T 245,000 118 

83 2.45 5 13 4.0 
83 2.45 5 20 4.0 
85 2.45 7 13 4.0 
85 2.45 7 19 4.0 
91 2.45 13 13 4.0 
91 2.45 13 20 4.0 
91 2.45 13 29 4.0 
98 2.45 20 20 4.0 

U5-1M MDT 389,000 96 
~05-2M MDT 253,000 103 
G5-3M MDT 389,000 98 
05-4M MDT 266,000 104 
05-5M MDT 389,000 104 
05-6M MDT 253,000 Iii 
05-7M MDT 174,000 120 
05-8M MDT 253,000 118 
05-9M MDT 169,000 128 

83 2.53 5 13 5.5 
83 2.53 5 20 5.5 
85 2.53 7 13 5.5 
85 2.53 7 19 5.5 
91 2.53 13 13 5.5 
91 2.53 13 20 5.5 
91 2.53 13 29 5.5 
98 2.53 20 20 5.5 
98 2.53 20 30 5.5 

02-5N NDT 355,000 104 91 2.31 13 13 2.5 

E4-SN NDT 377,000 104 
04-6N NDT 245,000 Iii 

*~4-7N NDT 169,000 120 
04-8N NDT 245,000 118 

91 2.45 13 13 4.0 
91 2.45 13 20 4.0 
91 2.45 13 29 4.0 
98 2.45 20 20 4.0 

05-5N NDT 389,000 104 
05-6N NDT 253,000 Iii 
U5-7N NDT 174,000 120 
U5-8N NET 253,000 118 
~5-9N NDT 169,000 128 

91 2.53 13 13 5.5 
91 2.53 13 20 5.5 
91 2.53 13 29 5.5 
98 2.53 20 20 5.5 
98 2.53 20 30 5.5 

* OptimumMechanicalDraft 

** Optimum Natural Draft 

~DT = Mechanical Draft Tower 

NDT = Natural Draft Tower 

Page 3 

( t$ "-.~,~LJ,~Cir ~ ~,m[ JU'ST~C;°r.a Ole ~ E  

w ' t ~  ~ ~l' TO4E TRUT C~ '~:S miW'Wq 



/ • 

TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Western Kentucky 

2.0 DESIGN 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Conmmct 835504 

2.1 UTILZTY PLANT DATA (continued) 

B.  Turbines 

A total of seven (7) condensing turbines were evaluated in 
~he Utility Plant. One (i) was used to drive a 55-Megawatt 
generator wi-hh 120 psig, 438°F steam. Two (2) were used 
to drive ~ 15000 hp oxygen compressors using 600 psig, 
7500F steam. Four (4} were used to drive four 45000 hp oxygen 
compressors using 600 psig, 750°F s~_am. Three ~ifferent 
turbine back pressures were evaluate~; ~he~ w e r e  2.5" Hg, 
4" Hg, and 5.5" Hg. Steam rates were ualGulate~ for each 
size turbine at each back pressure assuming a 75 percent 
efficiency and a constant power out~ut. Combinations o f  
different turbine back pressures were not ~nsidered. 
Spare turbines were not used in the economic evaluation. 

C. Surface Condensers 

Each condensing ~rbine has a steam surface condenser. For 
each ~ine back pressure (2.5" Hg, 4" Hg, and 5.5" Hg), 
there is a corresponding steam saturation temperature 
(109OFI 12S°F, and 137°F). The app=oach in the condenser 
is the difference between the s~m saturation ~emperat~ 
and the hot water ~perature at the candenser outlet. 
The approach in the condenser ~as I/mitea to minimum of 
~OF because of the thermal guarantees of vendors. 
in deciding upon the case to be evaluated, Fluor was limited 
"to a ?,,°F approach between The hot water temperature ana the 
steam sa~aT/on tempera~Te in the condense~ and a 5°F 
approach between the cold wa~_r T~_ra~r~ and t h e  design 
wet bulb temperature in the cooling tower ( R e f e r  to Sheet I 
in Rppendi~ 2). The+~uties for each condenser were 
calculated from the ~urbine steam raT~s at ~ various 
back pressures. The metallurgy ~s assumed T~ be =arbon steel. 

D. Heat Exchangers 

Fluor assumed that cooling water was also utilized in four (4) 
air aftercoolers, with duties of 19 X 106 Btu/Hr each. 
These were assumed to be ~rbon steel shell and tube units. 

E .  

V e r t i c a l  t ~ z ~ b i n e  c e n t z i f u g a l  p u m p s  w e r e  u s e d  a s  a 
b a s i s  f o ;  t h e  e s ~ b n a t e s .  A t o ~ . a l  i ~ m p h e a d  o f  115  ~ e e t  w a s  
a s s u m e d  f o r  e a c h  c a s e .  ¥ 1 u o r  a s s u m e d  a n o m i n a l  pump 
e f f i c i e n c y  o f  85% a n d  a n o m i n a l  m o t o r  ~ f i c i e n c y  o f  9 4 a .  One 
s p a r e  p m ~  was JJmcJ.ude<t" f o r  eve--'lr f o u r  o p e r a t i n g  pumps.  
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TRI-STATE SYNFUEL$ COMPANY 
I.direc~ Coal Uquefac~on Plant 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Contract 83SSO4 

2.0 DESIGN CRITERIA 

2.1 UTILITY PLANT DA~A (continued) 

F. Connec t i ng  Piping 

Carbon steel piping ~as assumed for the estimate. A design 
s~cudy line was chosen to figure t h e  differential piping ~3s~s 
from the main water lines to the cooling towers for each case. 

G. 0peratin~ Costs 

Operating costs nsed in the evaluaT/on incl~ 1~mpiag costs, fan 
power costs (for mechanical draft only), and steam ~iffez~nt.lal 
costs. Refer to Sheet II in AppendLix 2 for the formulas used 
~o calculate the operatin~ costs. Fluo~ ~ that the 
evaporation ra~es for each tc~r were equal ~ ~he ~ties 
were similar, therefore the differential costs for make--up 
water were not included. The analysis was base~ on i00 
percent operation d~Iring sumner conditions. An annualized 
cost factor of 5.0 was used. 

2.2 PROCESS PLANT DATA 

Mechanical and natural draft towers were evaluated for t~o se~s of 
conditions in the Process Plant. The first set of conditions 
(case P-IM and P-I~0 represent the base conditions used for the 

initial plant design. Since the base conditions had such a low 
temperature approach (7eF), an alternate case wi~ a 13°F approach 
was Studied (cases P~-2K-.a~d ~ 2 N ) .  Both sets of conditions evaluated 
for the Process Cooling Towers are listed beloW. 

Case= 
Design Duty (109 Btu/hr): 
Tower Inlet Temperature (°F): 
Tover Outlet Temperature (°Y): 
Cooling Wate_r Flowrate (gpm): 
Cooling Range ("F) : 
Temperature Approach (OF) : 

P-IN,P-IN P-2M,P--2N 
4.06 4.06 
106 112 
85 91 

387,000 387,000 
21 21 
7 13 

2.3 SITE DATA 

Loca t i on=  ~.mmle~'son County, Kentucky 
Te.=pe_ratnl~ OF 

Design Wet Bulb Tmm~erat~e: 78eF 
Design Dry Bulb Tempera tu re :  96OF 

Wind Velocity: Ii0 MPE 
Plant ElevaTion: 600 feet above sea level 

2.4 ~ C  EVAL~3~TION DATA 

Power Cost: $0.055/K~H 
Evaluation Period: 25 years 
Steam Cost: 

120 psig, 438°F 
600 psig, 750"F 

$2.45/Mlb 
$3.25/Nlb 

t:SZ. ct  =4scL'.~q£~ J~_p~q.; Oafs, | 

J ~ 1 C 8  I I~E AT 1HF I ~ N r  ~ 111¢5 I~lJCItf 

Annualized cost factor (25 years, 20% ~ retnlTn on in--t)= S.0 
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TRI-STATE SYNFUELS COMPANY 
Indirec~ Coal Licluefacdon Plant 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Co nu'~'t 835504 

/" 

3.0 RSLELTS 

3.1 UTILITY PLANT 

Table II lists t h e  breakdown of t h e  estimated costs obtained 
for the evaluation of the Utility Plant. The cost figures 
represent the following: 

A. Turbines 

Estimates were received from a turbine vendor for the three 
(3) sizes of turbines at each of the different back pressures. 
A total of nine (9) estimate's were received. As anticipated, 
the total cost of the turbines was h/gher for the lower back 
pressures because an efficient turbine was required. 

B. Condensers and Heat Exchangers 

Estimates were done in house at Fluor for the surface condensers 
and heat exchangers. As shown in Table iI, the total price of 
the condensers and heat exchangers increased as the range and 
approach in the cooling tower was increased. This was due to 
the small mean temperature difference (M~D) in the condensers 
and heat exchangers as a result of the larger approaches and 
cooling ranges in the cooling tower. 

c. ~ ? 

Pump estimates were received from a vendor. As illustrated 
An Table II, the pl~n_D costs increased wi~h larger flowrates 
and smaller cooling ranges. 

D. C oolin~ Towers 

Estimates were received from a cooling tower vendor for concrete 
mechanical and natural draft towers. The cooling tower vendor 
op~/mized each selection using the project's economic evaluation 
data. The mechanical draft tower estimates were based on octagonal 
counterflow designs of ~imensions shown in Table XII. The vendor 
did mot provide estimates for natural draft towers with approaches 
of 5°F and 7°F because ~hey would be very uneconomical and im- 
practical. As Table ZZ shows, the cost of the towers decreased 
as the approach and range increased. 

E. 

Plot layouts were made for selected coolinq towers in order to 
arrive at an estimate of the difference in the costs for the 
connecting piping. Drawings I and ZI are for the mechanical 
draft towers. Drawing Ill is for the natural draft towers. 
As shown in Table If, the price increased for larger flowrates. 
Also, the price was more when two towers were required versus 
one tower. 



CASE 

U2-1M 
02-2M 
02-3M 
U2-4M 
02-5M 

04-1M 
04-2M 
04-3M 
04-4M 
04-5M 
04-6M 
04-7M 
04-8M 

U5-1M 
~5-2M 
05-3M 
05-4M 
t'5-5M 

-6M 
_J-7M 
05-8M 
U5-9M 

TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Wesl~ern Kentud(y 

TABLE 

CONDENSER 
AND HEAT 

TT.1RB.TNE EXCHRNGER PUMP 
COST COST COST 

FLUOR ENGINEERS AND C O N ~ ' r R ~ ,  INC. 
Conm~ 835S04 

X i  - BRF_AKDOWN OF EVALOATED COSTS (SMM) 
FOR THE 0TILITY PLANT 

COOLING TOTAL PUMP 
TOWER EQUIP. PIPING 0PERAT. 
C0ST COST COST COST 

FAN STEAM TOTAL 
OPERAT . DIFF. EVALUAT. 
COST COST COST 

15.100 6.148 2.695 10.730 34.673 1.450 21.591 9.910 (17.935) 49.689 
15,100 7,666 1,960 8.664 33.390 1.070 14,049 7.433 (17.935) 38.007* 
15.100 6,708 2.695 9,414 33.917 1.450 21,591 8.892 (17.935) 47,915 
15,100 8.423 1.960 7,788 33.271 I.i00 14.779 7.031 (17,935} 38,246 
15,100 9,513 2,695 6,764 34.072 1.150 21,591 4,955 (17,935) 43,833 

13.700 4,662 2.940 10,730 32.032 1.510 22,929 
13.700 5,041 1,960 8,664 29,365 i.ii0 14,901 
13,700 4,893 2,940 9.414 30.947 1.510 22,929 
13,700 5.171 1,960 7.788 28.619 1.150 15,691 
13,700 5,298 2,940 6.764 28.702 1,230 22.929 
13.700 6,280 1,960 5,365 27,305 0,820 14.901 
13,700 8,085 1,225 4,551 27.561 0.580 10.279 
13.700 8,974 1,960 4.479 29.113 0.820 14.901 

9.910 0 66,381 
7,433 0 52,809 
8,892 0 64,278 
7,031 0 52,491 
4,955 0 57,816 
4,955 0 47,981 
3.716 0 42,136 
3,080 0 47.914 

13.500 4,238 2,940 10,730 31,408 1.550 23.659 9.910 9,637 76.164 
13.500 4.771 1.960 8,664 28,895 1.130 15.387 7.433 9.637 62.482 

13.500 4.401 2.940 9.414 30.255 1.550 23.659 8,892 9,637 73,993 
13,500 4,487 1.960 7,788 27,755 1,170 16,179 7,031 9,637 61,752 
13,500 4,487 2.940 6.764 27.691 1,270 23,659 4.955 9,637 67.212 
13.500 5.729 1.960 5.365 26,554 0.840 15.387 4,955 9,637 57,373 
13,500 5.855 1,225 4,551 25.131 0.600 10,583 3,716 9,637 49,667 
13.500 6,807 1,960 4,479 26,752 0.840 15,387 3,080 9,637 55,696 
13,500 8,134 1,225 3,638 26,497 0.580 10.279 2.692 9,637 49,685 

U2-5N 15,100 9,513 2.69S 15,822 43,130 1,150 21,591 

U4-5N 
04-6N 
04-7N 
04-8N 

05-5N 
U5-6N 
US-TN 
U5-8N 
05-9N 

- (17,935) 47,936 

13.700 5,298 2,940 15.822 37.760 1.230 22,929 
13.700 6,280 1,960 12,750 34,690 0,820 14,901 
13,700 8,085 1,225 10,493 33,503 0.580 10,279 
13.700 8,974 1.960 9,927 34.561 0.820 14.901 

0 61,919 
0 50,411 
0 44,362 ~ 
0 50,282 

13,500 4,487 2.940 15,822 36,749 1,270 23,659 
13,500 5,729 1,960 12.750 33,939 0,840 15,387 
13.500 5.855 1,225 10,493 31.073 0,600 10,583 
13,500 6,807 1.960 9.927 32.194 0,840 15,387 
13,500 8.134 1,225 8,235 31,094 0,580 10,279 

9,637 71,315 
9,637 59,803 
9,637 51,893 
9,637 58,058 
9.637 51.590 

* OptimumMechanical Draft 

* *  OptimumNatural Draft 

P,1~ge 7 

U:S~ ~lt CISC'.-'St.~'[ eF R(P~lt; ~'.,t, 

I$ =.-'~'£CY TO -"4C P.~'T:t~.~.~'I ~ f t ~  

bo=ir.f I~G[  AT 'Jm[ F w N r ' s  ~ r, tP: ' l l f  



TRI-STATE SYNFUELS COMPANY 
Indirect Coal I..iquefacdon Plant 
Wesmm Kentucky 

o 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
ComTact 835504 

CASE 

TABLE IIZ - COMPARATIVE TOWER SZZES 

FOR TEE UTILITY PLANT 

NO. OF DIAMETER HEIGHT 
T o ~ s  (FT) C ~ )  

U2-1M MDT 2 232 74 
*U2-2M MDT 2 204 70 
U2-3M MDT 2 211 71 
U2-4M MDT 2 18g 69 
U2-5M MDT 1 264 72 

U4-1M MDT 2 232 74 
U4-2M MDT 2 204 70 
U4-3M MDT 2 211 71 
U4-4M MDT 2 189 69 
U4-SM .. MDT 1 264 70 
U4-~' MDT 1 224 72 
U4-~ MDT 1 202 69 
U4-8M MDT 1 208 66 

U5-1M MDT 2 232 74 
US-2M MDT 2 204 70 
US-3M MDT 2 211 71 
US-4M MDT 2 189 69 
US-5M MDT 1 264 70 
U5-6M MDT 1 224 72 
US-7M MDT 1 202 69 
US-SM MDT 1 2~8 66 
uS-gM MDT 1 184 64 

U2-5N NDT 1 394 550 

U4-SN NDT 1 394 550 
U4-6N NDT 1 333 500 

~* U4-7N NDT ! 288 450 
U4-8N NDT 1 278 400 

US-SN NDT 1 394 550 
U5-6N NDT 1 333 500 
U5-7N NDT 1 288 450 
U5-8N NDT 1 278 400 
U5-gN NDT 1 234 360 

/ 

* Optimum MechanicalDraft 

** Op~imumN~tural Draft 
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TRI-STATE $YNFUELS COMPANY 
Indirect Coal t;cluefac~ion Plan: 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Contract 83S.q04 

3-0 RESULTS 

3.1 UTILITY PLANT (Continued) 

F. Operatin~ Costs 

As illu~trated in Appendix 2, Sheet IZ, the pump operating 
cost is a linear function of the cooling water flow rate 
since a constant pump head of 115 feet was assumed for all 
cases. As no~ed previously, the cooling wa~er flow ra~e 
is inversely proportional to the cooling range for ¢oustant 
head loads. Therefore, as illustrated in Table I X ,  ~he 
pump operating costs decreased as The cooling range was 
increased. 

Also, as illustrated in Appendix 2, Sheet If, the fan O p e Z ~ t i n g  
cost is a linear function of The fan horsepower required. 
The fan horsepower required decreased as the approauh a n d  
the cooling range were increased because The cooling tower 
could o~era~e more efficiently. Therefore, as illustrated 
in Table IT, the fan operating costs decreased as the approach 
and cooling range were increased. 

Finally, as illustrated in Appendix 2, Sheet IX, the s~eam 
differential cost is a linear function of the differential 
s~eam flow rate. The steam flow rate required increases 
with higher turbine back pressures. Therefore, as illustrated 
in Table IX, the siesta differential cost increased as the 
turbine hack pressures w e r e  increased. Two different pressures 
of steam were required, so they were evalua~d separately and 
added An order to arrive at the total steam differential oost. 
Also, sore ~hat the steam flow rate required for 4.0" ~ turbine 
back pressure was u~ed for The base in calculating the steam 
differential costs. 

G. Total Evaluated Costs 

Each yearly operating cost was multiplied by the ~ i z e d  
Cost Factor of 5.0 and ~ to the equ/pment costs in order 
to arrive at the to~l evaluated cost. As illus~rated in 
Table IX, the lowest evaluated cost was case U2-2M using two 
[2) 204 foot diameter, 70 foot high octagonal mechanical draft 
counter flow cooling towers. The optimum oonclitions included 
a 5°F temperatnre approach, 20*F coolin~ range, 231,000 gpm 
flow rate, am~ a 2.5" Hg ~urbine back pressure. 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Con~rac~ 835504 

3 . 0  RESULTS 

3.2 PROCESS PLANT 

Cooling tower estimates were received for mechanical (MDT) and 
natural draft ~DT) selections for the base and alternate conditions. 
The results are lis~-d below: 

BASE ALTERNATE 

Case P-IM P-IN ~-2M P-2N 
Tower Type MDT NDT MDT NDT 
Number Required 2 2 2 2 
Tower Diameter (ft.) 249 458 200 292 
Tower Height (ft.) 61 525 60 500 

Tower D&E Cost ($MM) 15.400 38.00 9.200 21.600 
Fan Operating 7.910 -,0-- 7°600 - O -  

Cos t  ($m,D 
~otal ~luated 23.310 38.00 16.800 21.600 

c o s t  ($MM) 

The m e c h a n i c a l  d r a f t  selections (case P-IM and P-2M] are concrete 
round counterflow cooling towers. The fan operat_ing costs for 
the mechanical draft selections were calculated per Appendix 2 
and added to the delivered and erected (D&E) costs to arrive 
at evaluated costs I=o com!~re with the natural draft selections. 
The natural draft selection for case P-IN is extremely large due 
to the small temperature approach ( 7 ° F ) .  The cooling tower 
vendor noted that the natural draft towers selected for case 
P-IN are larger than they have ever c o n s t r u c t e d .  

I n  b o t h  cases ,  t h e  m e c h a n i c a l  aza_~t t o w e r s  were  more e c o n o m i c a l  
t h e  n a t u r a l  d r a f t  s e l e c t i o n s .  B o t h  t y p e s  o f  t o w e r s  had 

l o w e r  c o s t s  f o r  t h e  a l t e r n a t e  case w i t h  t h e  h i g h e z  t e m g e r a ~ e  
a l ~ r o a c h .  

Page 10 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coa! I.icluefac~ion Plan: 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTOI~. INC. 
Conm~ 838504 

4 - 0 ANALYSIS 

4.1 UTILITY PLANT 

A. O~timization of the Cool.~n~ Tower Temperature Approach 

Graph I is a plot of the temperature approach versus the 
evaluated cost of the system using mechanical draft towers. 
Note that there are constant turbine back pressure and 
cooling range lines. The lowest evaluated cost is for 
Case U2-2M with a 5"F approach, 20°F range, and 2.5" Hq 
turbine back pressure. Because of the limiting steam 
saturation temperature of 109°F, no higher approaches were 
evaluated at the turbine back pressure of 2.5" mg and a 
range of 20"F. For the higher turbine back pressures of 
4.0" Hg and 5.5" Hg, ~he optimum temperature approaches 
were projected at around 18"F, but the effect of the 
approach on the evaluated cost is minimal after 12*F. 
For the larger back pressures, the fan operating cost 
and the cooling tower cost were The determining factors 
encouraging larger approaches. 

Graph II is a similar plot bu~ it ks for natural ~xaft 
towers. The optimum utility system with natural draft 
towers is Case U4-7N with an approach o~ 13°F, range of 
290F, and turbine back pressuxe of 4" Sg. As Graph II 
shows, the approach did not have a major effect on the 
evaluated cost of the system. Also, as noted before, 
natural draft towers wi~h approaches of 5°F and 7"F were 
not considered because of their large comparable expense. 

B. Optimization of Coolin~ Water Range 

Graph fIX is a plot of ~he cooling range versus the 
evaluated cost of the system using mechanical drai~ towers. 
Note that there are constant turbine back pressure ar~ 
approach lines. As the graph illustrates, the total evaluated 
cost decreases with increasing cooling ranges. This is pEimazily 
due to the lower pump operating costs which are a function of 
~he cooling water flowrates. The optimum (Came U2-2M), as 
mentioned before, had a cooling range of 20°F; this was the 
highest range eval~ated at 2.5" Hg of turbine back pressure 
because of the approach limitations. For the higher back 
pressures of 4.0" Hg and 5.5" Hg, the effect of The cooling 
range on and evaluated cost is minimal after 28.r. 

Graph IV is a similar graph except it is for natural draft 
towers. The conclusion is quite similar to The mechanical 
draft ~owers. The evaluated cost decreases as Tl%e range 
increases. The lowest cost natural draft system (Case U4-TN) 
utilized a cooling range of 29°F. However, The effect of the 
cooling range on the evaluated cost is minimal after 27°F. 
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GRAPH III- ~EP~R ~ RANGE VS ~ COST USING MECRANICAL DRAI:T TCYa3~S 
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TRI -STATE SYNFUELS COMPANY 
Inrlirc~ Coal Liquef-action Plant 
Western Ken1~ucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Contra~ 835504 

4.0 ANALYSIS 

4.1 Utility Plant 

C- Optimization of ~he Turbine Back Pressure 

Graph V is a plo~ of the turbine back pressure versus the 
~valu~tedcost of the system us~ngmechanical draft towers. 
Note that there are constant approach and constant range 
lines. AS the graph illustrates, the evaluated cost of the 
system decreases with the smaller turbine back pressures. 
This is primarily due to the differential cost of steam. 
The lowest cost system (Case U2-2M) utilized a turbine with 
a back pressure of 2.5" Hg. 

Graph ~ is a similar plot hut i~ is for natural draft towers. 
The results, however, are the ~ame. The evaluated cost of the 
system decreases with smaller turbine back pressure. 

D. Comparison Between Mechanical and Natural Draft Cooling Towers 

As illustrated in this study, ~ . ~ a ~ . c ~ l  draft towers are 
economically more attractive. Table IV compares the optimum 
mechanical draft tower (Case 02-2M) with the optimum natural 
draft tower (Case U4-7N). The overall evaluated cost of 
Case U4-7N is 17% more than Case U2-2M. In fact, there are 
three other mechanical draft cases (U2-4M, U4-TM, and U2-5M} 
which provided economically more feasible than the optimum 
natural draft case according to Table IV. So, economically, 
the mechanical draft ~wers proved to be the ~lear cut choice. 

~owever, final selection of the cooling tower design also depends 
upon factors other than economics such as plot size, height, plume, 
and hydrocarbon emissions. 

(1) Plot Size 

AS noted in Table IV, ~he optimum mechanical draft case 
employs two (2) 204 foot diameter towers while the optimum 
natural draft case employs one (i) 288 foot diameter tower. 
The optimum mechanical draft tower will therefore occupy 
twice as much plot space as the optimum natural draft tower. 
However, in Fluor's opinion, plot space will not limit the 
size of the cooling tower. If plot space becomes a major 
concern, ~here are other mechanical draft cases (U4-TMand 
02-5M) which occupy less plot space and are more economical 
than the optimum natural draft case U4-7N. 

(2) Height 

Height is also a considerationo As Table IV illustrates, the 
optimum natural draft tower is 450 feet high compared to 70 
feet high for the optimum mechanical ~raft t~-r. From both 
a visual aria air traffic obs~ac.le standpoint, the lower 
mechanical draft towers would be preferred over the 
higher natural draft designs. 
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GRAPH V -  TE~INE B~EK PI~ESSORE VS ~ C0~T t~ING ~ C A L  DRAPT 
~E THE UTILITY PLANT 
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GRAPH VI - T[~I~SINE BACK PRESSERE VS ~ COST USING NATURAL DRAFT TC~ERS 
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TRI-STATE SYN FUE LS COMPANY 
Indire~ Coal Liquefaction Plant 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
C ~ M  

TAME i"~ 

COI(PARISON OF OPTII~ MECHANICAL'~RD 

NATURAL DRAFT COOLING TOWERS 

CASE 

~ R A 2 ' E  (g l~)  

~OT WATER ~ 2 ' 0 ~  (oF) 

t'CE~ ~;a.TER TEMPERATORE (*F) 

IETY (109 BI:U/Hr) 

APPROACH (°F) 

T U R B M  BACK PRESSURE (ZN. Hg) 

EVALOATED COST OF S~S';~ ($~) 

COOLING TOWER COST (STY) 

I~m~ER OF COOLING TOWEI~ 

DXA~'~Za Or EACl T~SR (ft.) 

HEIGEr 0~ EACU T M R  (£t.) 

FOR M UTILITY PLANT 

OPTIMM 
E M X C ~ L  

M P T M  

U2-2M 

231,000 

103 

83 

2.31 

S 

20 

2.5 

38 .007  

8 . 6 6 4  

2 

204 

70 

O P T I N ~  
NATURAL 

DRAFT M 

U4--7N 

2.69,000 

120 

91 

2 . 4 5  

13 

29 

4 . 0  

44.3*62 

10 .493  

1 

288 

450  

~ a  
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TRI-STATE SYNFUELS COMPANY 
Indlrec~ Coal Liquefaction PIan~ 
Western Kentucky 

FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Contract 835504 

4.0 ANALYSIS 

D. comparison Between Mechanical and Natural Draft Coolin~ Towers 

(3) Plume 

The visible pl~e is an important consideration. The exhaust 
air or plume from the cooling tower will produce a visible fog 
condition when the ambient air temperature is low and the 
relative humidity is high such t_hat a supersaturated condition 
is introduced. Visible plume is more likely to occur during 
the winter months and in the early morning hours and will 
usually last a few hours. The path that the fog takes is 
dependent upon the wind conditions and will rise vertically 
if no winds are present. Under the same conditions, mechanical 
and natural draft towers will produce the same amount of visible 
plume. Natural draft towers have a slight advantage under 
fogging conditions since the discharge is at a much higher 
altitude and thus the fog sometimes will spread out more 
d~pe~ding on wind conditions and inversion layers. However, 
the difference would not be substantial enough to justify the 
cost difference between natural and mechanical draft towers. 
If fogging became a problem, there are a variety of plume 
abatement systems which could be used. 

As a matter of reference, Fluor Power Services is constructing 
two power plants in the area of Tri-State Synfuels Plant. In 
bo~h cases, mechanical draft towers were economically more 
feasible. Howev~r, one of the plants was surrounded by 400 
foot bluffs, ~o natural draft towers were used to ensure r/~at 
the plume would get over the bluffs. The other plant was on 
level ground so mechanical ~raft towers were used. Since the 
Tri-State Plant is to be constructed on relatively level ground 
and not subject to restrictions of ~nim~n plume height, the 
mechanical draft towers are the recommended choice. 

(4) Hydrocarbon Emissions 
Since make-up ~o the cooling system will be treated process 
effluent water, there is a possibility that dissolved hydro- 
carbons could be released to the atmosphere in the cooling 
tower plume. To ensure against this, the treatment process 
includes steam stripping in the ammonia plant followed by 
biotreatment in large set-~ling ponds. Both mechanical and 
natural draft towers would be equipped with drift eliminators 
to further reduce emissions. In this area, both types of 
towers perform equally well. 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Western Kentucky 

4.0 AE~LYSZS 

FLUOR ENGINEERS AND CONSTRUC'roI~. INC. 
Cor, m ~  83SS04 

4.2 PROCESS PLRRT 

The mechanical draft towers w ~ r e  m o r s  e c o n o m i c a l  Than  ~ n a ~ l  
draft t o w e r s  for both s e t s  of c o n d i t i o n s  e v a l u a t e d .  F o r  t h e  b a s e  
case (7°F appzoach), the natural ~aft tmwer =o~t is $14.7 
or 63% more Than t h e  e v a l u a t e ~  c o s t  of t h e  mechan i ca l  ~Eaft T,x:Rem~-s. 
For the al~ezT~e case (13"F approach), the natuzal draft Z~wez 
cost is $4.8 million or 28% more than the evaluated cost of The 
mec/lanic~%l ~raft tower. For both cases, the plot size ~ for 
the natnxral draft towers is substantially more Than that z e ~  
for mechanical draft towers. In re~ards to height, plume, and 
hy~Tocaz~ emissions, the general conclnsioms concezmdumg The 
utility %x~ers would also be applicable to the process tower. 
Thus, the mechanical ~raft towers are ~he most ec~cal 
and most feasible selection for the Process Plant. 

A l s o  i t  ~ o ~ d  be n o t e d  t t ~ t  t h e  b a s e  c a s e  s h o u l d  n o t  be c ~ t ~  
t o  t h e  a ~ e z ~ a t e  c a s e  w i t h o u t  t a k i n g  ~ t o  ¢ o n s i d e z a ~ _ i o a  t h e  
p r o c e s s  h e a t  e x c h a n g e r s .  When t h e  t e = p e r a t ~ m e  a p p r o a c h  i n  t h e  
c o o Z ~ g  t o w e r  i s  i n c r e a s e d ,  t h e  ~ ¢ e ~ m . c a C u r e  d ~ f f e ~ e n c e  i n  
t h e  p r o c e s s  - c o o l i n g  w a t e r  e x c l ~ n g e = $  d e c r e a s e s  a n d  ¢ J ~ e z e f o r e  
t h e  s i z e  a n d  p r i c e  o f  t h e s e  h e a t  exchaac jmrs  w i l l  ~ c ¢ ~ a s e .  A 
r e d e s i ~  o f  t h e  P r o c e s s  P l a n t  w o ~ d  b e  n e c e s s a r y  ~ o r d e r  t o  
p r o j e c t  t h e  i n c r e a s e d  c o s t  o f  t h e  h e a t  e x c b a n g e z s  f o =  t h e  h i g h e r  
approach ~atures. A Process Plant redesign is not within 
the scope of this study but the informaT/on generated is 
sufficient to compare mechanical and natural draft towers for 
each set of c o ~ c l i t i ~ n s .  

< 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Western Kentudcy 

FLUOR ENGINEERS AND CONSTRUCTORS. INC. 
Con~Tact 835504 

5.0 RECOMMENDATIONS 

5.I Utilit~ Plant 

On the basis of the assumptions made in this study, Fluor 
recommends the use of mechanical draft cooling towers for the 
Utility Plant. This recommendation is based on a 17% cost 
difference between the opt/mum mechanical ~raft selection and 
the optimum natural draft selection. ~-%%rthermore, this 
recc~nendation is based on using the following optimum conditions 
as used in case U2-9.M: 

2.5" Hg~uxbineBack Pressure 
20°F Cooling Range 
5°F Temperature Approach 

A preliminary cooling tower data sheet for the utility tower 
is attached in Appendix 2. 

5.2 Process Plant 

On the basis of the assumptions made and the process conditions 
used in this study, Fluor recommends the use of mechanical 
draft cooling towers for the Process Plant. This recommendation 
is based on a 63% cost difference ~etween the mec2m3z~cal 
and natural draft selections for the base case. A .p~eliminazy 
cooling tower data sheet for the process tower is attached 
in Appendix 2. 
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TRi-STATE $YNFUELS COMPANY 
Indim~ Coal Lim~f~.-tion Plant 
Western Kentucky A.~P~'~D~ 1 

. ~ C H N I  I ~ I ,  STUDY 

FLUOR ENGINEERS AND CON~rRUCTOR~, INC~ 
Conm~ 83SS04 

Comparison of Mechanical and Natural Draft Coolin~ To~ers. 

TRI-STATE S~NFUELS PROJECT 

i. 0 GENERAL 

This study will provide an economic and physical comparison between 
mechanical and natural draf~ c~oling uo~ers for the Tri-State Synfuels 
Company project. The study will be divided into the two p a r t s - o n e  
f o r  t ~ e  P r o c e s s  c o o l i n g  t o w e r s  and t h e  o~he r  f o r  t he  U t i l i t y  C o o l i n S  
to~er s. 

2.0 WORK DEFINZTION 

3 .0  

4 . 0  

2 . 1  P r o c e s s  Cooling T o w e r s  

A. De~ermine ~he size and price for mechanical and natural 
draft coolin~ towers based on the aesi~n condit£ons. 

B. Layout P r o c e s s  ~ers a n d  c o n n e c t i n g  piping. 

C- E s t i m a t e  total installed c o s t s .  

2.2 U~ility Cooling Towers 

A. ~ 4 / t u R t e  ~ plant design by varying the turbine back 
pressures, ~he cooling water ~mperature and flowranes. 
Obtain s&ze and price of turbines and surfacB condensers 
as well as ~he cooling ~rs in order to optimize the 
plant d e s i g n .  Choose the most economical uechanical and 
natural ~Lraft cooling t o w e r s .  

B. Layout 0~lity tc~ers and connecting piping. 

C. ~ t e  Tx)tal installed costs. 

DELIVERABLE TO TRI-STATE 

A formal report ~hat conta .~ns t h e  following: 

3.1 Preliminary Cooling Tower DaEa Sheets 

3.2 Plot layouts inclttding tower, connectin~ piping, and sr~z~tctural 
supports. 

3.3 Cost comparisons between the mechanical and natural dxaft 
~l£ng ~ r s  f o r  both ~he p r ~ e s s  and utility plants 
includin~ capital costs, operating costs, piping costs, and 
installation costs. 

S C ~  

It is estimated that the above work will be completed in nc more 
than 20 weeks. 
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TRI-STATE $YNFUELS COMPANY 
Indirect Coal Ucluefaction Plant 
Western Kentucky 

FLUGR ENGINEERS AND CONSTRUCTORS, INC. 
Contract 835504 

~PEND~2 
STUDYCRITERIA 

Sheet I - Temperate%re - ~y Sketch 

Sheet IX - Operating Cost Equations (2pages) 

Drawing I -~,Plot Layouts for Se!e.-ted 
Drawing II ~ MeohanicalDraft Towers 

Drawing XXI - Plot Layouts for Selected 
Natural DraftTowers 

Data Sheet I 

Data Sheet iX - 

Preliminary Data Sheet For 
U~ili~y Cooling Tower 

Preliminary Data Sheet For 
Process Cooling Tower 
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TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Westt.rn Kentucky 

S T I ] ~  "r 

AlPP]~rD]:X 2 

FLUOR ENGINEERS AND CONSTRUC'rOI~. INC. 
Conm~ 83S504 

TEMPERATUR~ - D~T~ F~TC8 

SCA 

L 

u 

DUTY --~ 

j CWT 
-i 

T 
,,i 

~DENSER 

~T 

~T= 

CWT= 

~T = 

Steam Saturation T~spera~u=e 

Hot water Tg~.Tature 

Cold Water Temperature 

Wet Bulb Temperature C Xnlet) 
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SPECIFICATION SHEET 

COOLING TOWER 

CLIENT "~'~-.~--~'~P,"r'F---. ~"VP'J'P: '~--- - . -~5 
~ 'L~T,  ~ ~ ~.V'~"'~ "~ MODEL NO 

VENDOR 

PERFORMANCE OF ONE UNIT  

C, IRCU.AT ING WATER FLOW GPM 

HOT ( INLET) WATER TEMP OF 

COLD (OUTLET) WATER TEMP OF 

DESIGN IN LET WET BULB TEMP ° F  

DESIGN HEAT DUTY MM BTU/HR 

ELEVATION ABOVE SEA LEVEL  FT ,,,, 
MINIMUM ATMOSPHERIC TEMP OF 

~oo 
o 

MATERIALS 

L.,~MeB4R -- STRUCTURAL MEMBERS (~.,~lp,~'*" ~-1~.."~" ~_.,. 

LUMBER -- NON-STRUCTURAL MEMBERS 

DRIFT ELIMI NATOR,~PACERG 

F ILL  

F ILL  SUPPO RT~ 

SIDING 

INLET LOUVERS 

.... PIARDWARE/JOINT CONNECTORS 

DRIVE-SHAFT/COUPLING 

O I ~ R I B U T I O N  HEAD ER/NOZZ LES 

MISCELLANEOUS ~ I N G S  

ANCHOR CASTINGS J 
MOTOR AND GEAR SUPPORT 

FAN STACK 

GEAR i, 
TYPE 

MODEL NO 

MAN UFACTU RER 

SPEED RATIO 

AGMA SE RVICE, FACTOR 

TOWER D A T A  

i,,, NO OF CELLS ..... 

, OVERALL  DIMENSIONS (LxWxH) FT 

REQ°D BASIN DIMENSIONS..(LxW} FT 

.... BASIN DEPTH (CURB TO FLOOR) F ' r  

POST EXTENSION BELOW CURB F~ 

.... PIT OF FAN DECK ABOVE CURS FT 

OF FAN STACK F'r  

STATIC PUMP HD ,ABOVE CURB FT 

T O T A L  DYNAMIC HD ABOVE CURB FT ,,,, , 
NO AND SIZE OF RETURN CONN 

DRIFT LOSS. ij~ CIRCULATING GPM 

SHIPPING WE IG HITICUSAGE: 

REV HTE PROCESS 
i 

PRINTED IN U.S .A .  

CONTRACT ~ ~ ' ~  ~ '¢~  
ITEM NO ~-J-- / .... 
REV_. . .~_ DATE e , *  ~ - - S  I . 
RTE 
PROCESS 

S H E E T ~ . _ O F  - - J - -  

TOWER T'YPE ~ J ~ . ~ , l ~  J l ~ l ~ . . . .  

FAN DRIVER 

,.;¢;T,~,'"'su,'P - ,  ED BY 

REV 

ELECTRIC POWER A V A I L A B L E  

RATED HO RSEPOWEk 

ONE SPEED/TWO SPEED 

TYPE MOTOR (OPEN. TEFC, XP) 

MOTOR MANUFACTURER 

NUMBER MOTORS REQUIRED 

FAN D A T A  

NUMBER PER CELL 

MANUFACTURE R 

BLADES PER FAN/DIAMETER / 

MODEL NUMBER 

ONE SPEED[TWO SPEED RPM 

TIP SPEED(S) 

ACFM PER FAN 

FPM 

ACFM ! 

DESIGN EXIT  AIR TEMP °F  

DESIGN STATIC PRESSURE IN H20  

DESIGN VELOCITY PRESSURE IN...H20 

HP/FAN INCL GEAR LOSSES BHP 

T O T A L  HORSEPOWER BHP 

STATIC EFFICIENCY 

T O T A L  EFFICIENCY 

, COUPLING 

TYPE 

MODEL NO 

MANUFACTURER 

RATED HP/RPM 

DESCRIPTION. TYPE 

FI LL  D A T A  

,ENGTH/WJDTHJHEIGHT FT 

AIR T R A V E  L (CROSSFLOW) FT 

T O T A L  VOLUME FT 3 

VERTICAL  SPACl NG 

HORIZONTAL  SPACING 

IMATER IA L DIMENSIONS 

IN 

IN 

LxWxTHI CICNE.~; IN 

I ~ / U N I T  A R E A  G P M / F ~  

IJG (TOTAl. )  A T  DESIGN 

REVISION LOG 

i 

I l l  

DESCRIPTION ~ , ~  
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R.UOR 
SPECIF ICAT ION S H E E T  

C O O L I N G  TOWER 

ITEM - o  P -  I 
REv_..Q_ . A ~  ~ "~----~" -~  

PROCESS 

E N E E T _ . . ~ O F  I 

PLANT ~': (~_.,. (..~c..~-J '~  MODEL NO 
V E N O O R  

TOWER "r'v'P~ Iv,t ~.r.,,~t ~ . , I  ~ C ~ L _  

PERFORMAI~ . .E  OF ONE U N I T  

~ IRCUI . ,AT INGWATi~R F l O W  GPM i 

HOT ( I N U [ T }  WATI~R T E M P  ° F  

COLD ( O U T L E T )  w A T E R  TEMP " OF ~ 

DESIGN I N L E T W E ' r  l l U U i ' r l E M P  OF i, 
i 

D~SIGN H E A T  D U T Y  MM B T U / I i R  [ 

E L E V A T I O N  A a O V E  SEA  L E V E L  FT ' 

M I N I M U M  A ' I ~ A ~ P H E R I ~  TEMP OF i 

M A T E R I A L S  

-- S T R U C T U R A L  MEMBERS r ( :  
i 

LUMBER --  N O N - S T R u C T U R A L  
I 

D R I F T  E LIMI  N A ' r O R ~ P A C E R E  
I 

F I L L  
e 

F I L L  SUPPORTS 

SIDING 

I N L E T  LOUVERS 

H A R D W A R E / J O I N T  CO N NE~.~'roIqS 

0 R I V E - S H A F T / C O U P L I N G  

D ISTRIBUT ION 14EADE R / N O Z Z  LEJ; 

M ISCELLANEOUS C A ~ T I N  GS 

ANCHOR ~ I N G S  

MOTOR A N D  G E A R  BUlIqI~ORT 

M A N U F A C T U R E R  

A G M A  SERVICE FAI~TOR 

TOWER D A T A  

O V E R A L L  OIMENSlOI'¢S ( I . zWz l I |  FT  

REQ'O BASIN D I M E N S I O N S  (LxW) FT 

BASIN DEPTH (CURB T O  F L 9 0 R  ~ FT 
POST E X T E N S I O N  BELOW CURB PT 

l i t  OF FAN DECK .4~OVE CURLS 

14"1" Ol~ FAN STACK FT 

I T A T I C  PUMP l i d  A B O V E  CURB FT 

TOTAl. .  D Y N A M I C  HD JU~OVE CURB FT 

NO A N D  SIZE OF RETURN CONN 
1 

~ l F ' r  L ( ~ ,  % ¢ IRCUI ,~ 'T ING GPM 

7 ~  

( P O D  
0 

F A N  D R I V E N  

M O T O R  SUPPl,.IED BY 

E L E C T R I C  POWER A V A I  I .ABLE 

RA' I 'EO HORSEPOWER 

O N E  S P E E D / T W O  SPEED 

TYPE M O T O R  (OPl IN,  TEFG. XP) 

M O T O R  M A N U F A C T U R E R  

N U M B E R  MOTORS REQUIRED 

F & N  D A T A  

N U M B E R  PER C E L L  

M A N U F A C T U R E R  4 
BI .AOES PER FAN/OIAME"I I~R / 

I 

M O D E L  NUII ,gE R 

O N E  S P E E D / T W O  SPEED RPM : 

T IP  SPE ED(S) FPM 

A C F M  PER FAN ACFM 

DESIGN E X I T  AIR TEMP OF 

OF.SIGN S T A T I C  P R ~ U R E  IN 

DESIGN V E L O C I T Y  PRES~JR I= IN  

l I P / F A N  i N C L  G E A R  LOSSES B l i p  

T O T A L  HORSEPOWER BHP 
i 

~ r A T I C  EFF IC IENCY 
I 

T O T A L  EFF IC IENCY 
i 

C O U P L I N G  

T Y P E  

M O D E L  NO 

M A N U F A C T U R E R  

R A T E D  HPIRPM 

FI L L D A T A  

OESCR I l l - - ION, TYPE 

I.E N GTI I /Wl  D T l i / H  E IGHT FT 

A IR  T R A V E L  (CROGSI;LOW) l i t  

I T O T A L  V O L U M E  IrT 3 

I V E R T I C A L  SPACING IN 

. H O R I Z O N T A L  SPACING IN 

M A T E R  IAI,. D IMENSIONS 

LXWxTH I C K N I S i  IN 

e '~UNIT  ARS* omm-r  = 
L/G ( T O T A L I  A T  DESIGN 

SHIPPING WE IG H"r / l~J BAG E: 
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3 

B ,  

II m 

7~ 

0e  

11 I 

12 a 

13 i 

'E l 

2 5  a 
FAN STACK. 

2 6 ~  

2? i 

2B w 
~B I TYPE 

30  a M O D E L  NO 

" I  
:12 I SPEED RAT IO  

3:1 i 

34. I 
~L,~ I NO OF ClE LLS 

36 !i 

4 1  r 

4 4  e 

4IS w 

47 e . . . . . . . . . . . . .  

:lREv 
s ~  ' ~  
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