
 

  
 

APPENDIX H 


LIFE CYCLE COST ESTIMATES FOR DSBR, 

CSTR, FBR, IE, AND NF SYSTEMS 


2423\ClO4-Test ReportFinal Field Pilot Testing of a Dynamic 
Suspended Bed Reactor for Removal of 

Perchlorate in Groundwater at JPL 
June 30, 2003 



   
   
   
   

   
  

           
   

 
   

  
 

   
  

  
  

  
  

   
   
   

   
   

  
   

   

   
   

   
   

  
  

  
  

   
   
   
   

   

           
   

   
   

   
   

  
  

  
  

COST SUMMARY 

DSBR - Cost Summary (Non-Potable) DSBR - Cost Summary (Potable) CSTR - Cost Summary (Non-Potable) 

1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost ("Basic Items") $ 
Construction Cost (25%) $ 
Engineering/Legal (15%) $ 
Contingency (10%) $ 
Total Capital Cost ($) $ 
20 year amort. Factor @ 7% $ 
20 year amort. Capital Cost - $/yr $ 
Amort. Cap. Cost - $/1000 gal $ 

320,312 
80,078 
60,059 
46,045 

506,494 
10.6 

47,809 
0.18 

Equipment Cost ("Basic Items") 
Construction Cost (25%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost ($) 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

622,561 
155,640 
116,730 

89,493 
984,424 

10.6 
92,923 

0.35 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 

1,000,000 
100,000 
165,000 
126,500 

1,391,500 
10.6 

131,348 
0.50 

With Acetate as Substrate 
355,595$ 

O&M cost - $/1000 gal 1.35$ 

Total Cost - $/1000 gal 1.54$ 
Total Cost - $/acre foot 500$ 

O&M cost (incl. Labor/maint) - $/yr 
With Acetate as Substrate 

O&M cost - $/1000 gal 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

O&M cost (incl. Labor/maint) - $/yr $ 
$ 

$ 
$ 

468,535 
1.78 

2.14 
696 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

$ 
$ 

254,023 
0.97 

1.47 
478 

With Methanol as Substrate 
203,376$ 

O&M cost - $/1000 gal 0.77$ 
O&M cost (incl. Labor/maint) - $/yr 

With Methanol as Substrate 

O&M cost - $/1000 gal 
O&M cost (incl. Labor/maint) - $/yr $ 

$ 
316,317 

1.20 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.96 
311 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.56 
507 

2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost ("Basic Items") $ 
Construction Cost (25%) $ 
Engineering/Legal (15%) $ 
Contingency (10%) $ 
Total Capital Cost ($) $ 
20 year amort. Factor @ 7% $ 
20 year amort. Capital Cost - $/yr $ 
Amort. Cap. Cost - $/1000 gal $ 

618,849 
154,712 
116,034 

88,960 
978,556 

10.6 
92,369 

0.18 

Equipment Cost ("Basic Items") 
Construction Cost (25%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost ($) 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 1,087,722 
271,930$ 
203,948$ 
156,360$ 

$ 1,719,960 
10.6$ 

162,352$ 
0.31$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 
$ 

1,377,000 
137,700 
227,205 
174,191 

1,916,096 
10.6 
180,866 

0.34 

With Acetate as Substrate 
641,080$ 

O&M cost - $/1000 gal 1.22$ 
O&M cost (incl. Labor/maint) - $/yr 

With Acetate as Substrate 

O&M cost - $/1000 gal 
O&M cost (incl. Labor/maint) - $/yr $ 

$ 
856,239 

1.63 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

371,385 
0.71 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.40 
455 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.94 
631 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.05 
342 

With Methanol as Substrate 
335,438$ 

O&M cost - $/1000 gal 0.64$ 
O&M cost (incl. Labor/maint) - $/yr 

With Methanol as Substrate 

O&M cost - $/1000 gal 
O&M cost (incl. Labor/maint) - $/yr $ 

$ 
550,597 

1.05 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.81 
265 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.36 
442 

3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost ("Basic Items") $ 
Construction Cost (25%) $ 
Engineering/Legal (15%) $ 
Contingency (10%) $ 
Total Capital Cost ($) $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr $ 
Amort. Cap. Cost - $/1000 gal $ 

1,205,036 
301,259 
225,944 
173,224 

1,905,463 
10.6 

179,862 
0.17 

Equipment Cost ("Basic Items") 
Construction Cost (25%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost ($) 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 2,048,145 
512,036$ 
384,027$ 
294,421$ 

$ 3,238,629 
10.6 

305,704$ 
0.29$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 

1,730,000 
173,000 
285,450 
218,845 

2,407,295 
10.6 

227,232 
0.22 

With Acetate as Substrate 
1,221,078$ 

O&M cost - $/1000 gal 1.16$ 
O&M cost (incl. Labor/maint) - $/yr 

With Acetate as Substrate 

O&M cost - $/1000 gal 
O&M cost (incl. Labor/maint) - $/yr $ 1,643,913 

1.56$ 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

568,675 
0.54 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.33 
434 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.85 
604 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.76 
247 

With Methanol as Substrate 
613,408$ 

O&M cost - $/1000 gal 0.58$ 
O&M cost (incl. Labor/maint) - $/yr 

With Methanol as Substrate 

O&M cost - $/1000 gal 
O&M cost (incl. Labor/maint) - $/yr $ 1,036,243 

0.99$ 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.75 
246 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.28 
416 
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COST SUMMARY 

CSTR - Cost Summary (Potable) FBR - Cost Summary (Non-Potable) FBR - Cost Summary (Potable) 

1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost $ 
Construction Cost (10%) $ 
Engineering/Legal (15%) $ 
Contingency (10%) $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y 
Amort. Cap. Cost - $/1000 gal $ 

1,316,419 
131,642 
217,209 
166,527 

1,831,797 
10.6 

172,811 
0.66 

Equipment Cost $ 
Construction Cost (15%) $ 
Engineering/Legal (included) $ 
Contingency (10%) $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y 
Amort. Cap. Cost - $/1000 gal $ 

625,416 
93,812 

-
71,923 

791,151 
10.6 

74,679 
0.28 

Equipment Cost 
Construction Cost (15%) 
Engineering/Legal (included) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 

927,664 
139,150 

-
106,681 

1,173,495 
10.6 

110,770 
0.42 

O&M cost (incl. Labor/maint) - $ 366,964$ 
O&M cost - $/1000 gal 1.40$ 

Total Cost - $/1000 gal 2.05$ 
Total Cost - $/acre foot 669$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $ 382,128$ 
O&M cost - $/1000 gal 1.45$ 

Total Cost - $/1000 gal 1.74$ 
Total Cost - $/acre foot 566$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

$ 
$ 

495,069 
1.88 

2.31 
751 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $ 233,980$ 
O&M cost - $/1000 gal 0.89$ 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

346,920 
1.32 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.17 
383 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.74 
567 

2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost $ 
Construction Cost (10%) $ 
Engineering/Legal (15%) $ 
Contingency (10%) $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y $ 
Amort. Cap. Cost - $/1000 gal $ 

1,874,214 
187,421 
309,245 
237,088 

2,607,969 
10.6 

246,035 
0.47 

Equipment Cost $ 
Construction Cost (15%) $ 
Engineering/Legal (included) $ 
Contingency (10%) $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y $ 
Amort. Cap. Cost - $/1000 gal $ 

889,056 
133,358 

-
102,241 

1,124,656 
10.6 

106,160 
0.20 

Equipment Cost 
Construction Cost (15%) 
Engineering/Legal (included) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 
$ 

1,357,929 
203,689 

-
156,162 

1,717,780 
10.6 

162,146 
0.31 

O&M cost (incl. Labor/maint) - $ 586,544$ 
O&M cost - $/1000 gal 1.12$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $ 642,113$ 
O&M cost - $/1000 gal 1.22$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

857,272 
1.63 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.58 
516 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.42 
464 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.94 
632 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $ 351,641$ 
O&M cost - $/1000 gal 0.67$ 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

566,800 
1.08 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.87 
284 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.39 
452 

3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost $ 
Construction Cost (10%) $ 
Engineering/Legal (15%) $ 
Contingency $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y 
Amort. Cap. Cost - $/1000 gal $ 

2,629,792 
262,979 
433,916 
332,669 

3,659,356 
10.6 

345,222 
0.33 

Equipment Cost $ 
Construction Cost (15%) $ 
Engineering/Legal (included) $ 
Contingency (10%) $ 
Total Capital Cost $ 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/y $ 
Amort. Cap. Cost - $/1000 gal $ 

1,660,449 
249,067 

-
190,952 

2,100,468 
10.6 

198,269 
0.19 

Equipment Cost 
Construction Cost (15%) 
Engineering/Legal (included) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 
$ 

2,503,558 
375,534 

-
287,909 

3,167,001 
10.6 

298,942 
0.28 

O&M cost (incl. Labor/maint) - $ 991,510$ 
O&M cost - $/1000 gal 0.94$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $ 1,159,973$ 
O&M cost - $/1000 gal 1.10$ 

With Acetate as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

1,582,808 
1.51 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.27 
414 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.29 
421 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.79 
583 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $ 589,673$ 
O&M cost - $/1000 gal 0.56$ 

With Methanol as Substrate 
O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

1,012,508 
0.96 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

0.75 
244 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.25 
407 
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COST SUMMARY 

Ion Exchange - Cost Summary Nanofiltration - Cost Summary (Non-Potable) Nanofiltration - Cost Summary (Potable) 

1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 1) 500 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

271,658$ 
27,166$ 
44,824$ 
34,365$ 

378,012$ 
10.6 

35,682 
0.14$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

790,312$ 
79,031$ 

130,402$ 
99,975$ 

$ 1,099,720 
10.6 

103,806 
0.39$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$ 
$ 
$ 
$ 
$ 

$ 

845,112 
84,511 

139,444 
106,907 

1,175,974 
10.6 

110,941 
0.42 

O&M cost (incl. Labor/maint) - $/y 807,709$ 
O&M cost - $/1000 gal 3.07$ 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

433,651 
1.65 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

453,544 
1.73 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

3.21 
1,046 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

2.05 
666 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

2.15 
700 

2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 2) 1000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

446,987$ 
44,699$ 
73,753$ 
56,544$ 

621,982$ 
10.6 

58,711$ 
0.11$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$1,488,849
148,885$ 
245,660$ 
188,339$ 

$2,071,734 
10.6 

195,557$ 
0.37$ 

 Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

1,569,199$ 
156,920$ 
258,918$ 
198,504$ 

2,183,541$ 
10.6 

205,994$ 
0.39$ 

O&M cost (incl. Labor/maint) - $/y $1,539,359 
O&M cost - $/1000 gal 2.93$ 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

777,902 
1.48 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

815,652 
1.55 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

3.04 
991 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.85 
604 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.94 
633 

3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

- 3) 2000 gpm - 10 mg/L ClO4 
-, 50 mg/L NO3 

-

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

842,481$ 
84,248$ 

139,009$ 
106,574$ 

$1,172,312 
10.6 

110,658$ 
0.21$ 

Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

$2,975,036
297,504$ 
490,881$ 
376,342$ 

$4,139,763 
10.6 

390,764$ 
0.37$ 

 Equipment Cost 
Construction Cost (10%) 
Engineering/Legal (15%) 
Contingency (10%) 
Total Capital Cost 
20 year amort. Factor @ 7% 
20 year amort. Capital Cost - $/yr 
Amort. Cap. Cost - $/1000 gal 

3,087,599$ 
308,760$ 
509,454$ 
390,581$ 

4,296,393$ 
10.6 

405,320$ 
0.39$ 

O&M cost (incl. Labor/maint) - $/y $3,030,659 
O&M cost - $/1000 gal 2.88$ 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 1,435,788 
1.37$ 

O&M cost (incl. Labor/maint) - $/yr 
O&M cost - $/1000 gal 

$ 
$ 

1,507,940 
1.43 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

3.09 
974 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.74 
566 

Total Cost - $/1000 gal 
Total Cost - $/acre foot 

$ 
$ 

1.82 
593 
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LIFE CYCLE COSTS - DSBR (NON-POTABLE) (ACETATE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2)  1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 47,809$ 355,595$ $ 403,404 $ 92,369 641,080$ $ 733,449 $ 179,862 1,221,078$ $ 1,400,940 
2 47,809$ 355,595$ $ 806,808 $ 92,369 641,080$ $ 1,466,897 $ 179,862 1,221,078$ $ 2,801,880 
3 47,809$ 355,595$ $ 1,210,213 $ 92,369 641,080$ $ 2,200,346 $ 179,862 1,221,078$ $ 4,202,819 
4 47,809$ 355,595$ $ 1,613,617 $ 92,369 641,080$ $ 2,933,795 $ 179,862 1,221,078$ $ 5,603,759 
5 47,809$ 355,595$ $ 2,017,021 $ 92,369 641,080$ $ 3,667,243 $ 179,862 1,221,078$ $ 7,004,699 
6 47,809$ 355,595$ $ 2,420,425 $ 92,369 641,080$ $ 4,400,692 $ 179,862 1,221,078$ $ 8,405,639 
7 47,809$ 355,595$ $ 2,823,829 $ 92,369 641,080$ $ 5,134,141 $ 179,862 1,221,078$ $ 9,806,578 
8 47,809$ 355,595$ $ 3,227,234 $ 92,369 641,080$ $ 5,867,589 $ 179,862 1,221,078$ $ 11,207,518 
9 47,809$ 355,595$ $ 3,630,638 $ 92,369 641,080$ $ 6,601,038 $ 179,862 1,221,078$ $ 12,608,458 

10 47,809$ 355,595$ $ 4,034,042 $ 92,369 641,080$ $ 7,334,487 $ 179,862 1,221,078$ $ 14,009,398 
11 47,809$ 355,595$ $ 4,437,446 $ 92,369 641,080$ $ 8,067,936 $ 179,862 1,221,078$ $ 15,410,337 
12 47,809$ 355,595$ $ 4,840,851 $ 92,369 641,080$ $ 8,801,384 $ 179,862 1,221,078$ $ 16,811,277 
13 47,809$ 355,595$ $ 5,244,255 $ 92,369 641,080$ $ 9,534,833 $ 179,862 1,221,078$ $ 18,212,217 
14 47,809$ 355,595$ $ 5,647,659 $ 92,369 641,080$ $ 10,268,282 $ 179,862 1,221,078$ $ 19,613,157 
15 47,809$ 355,595$ $ 6,051,063 $ 92,369 641,080$ $ 11,001,730 $ 179,862 1,221,078$ $ 21,014,096 
16 47,809$ 355,595$ $ 6,454,467 $ 92,369 641,080$ $ 11,735,179 $ 179,862 1,221,078$ $ 22,415,036 
17 47,809$ 355,595$ $ 6,857,872 $ 92,369 641,080$ $ 12,468,628 $ 179,862 1,221,078$ $ 23,815,976 
18 47,809$ 355,595$ $ 7,261,276 $ 92,369 641,080$ $ 13,202,076 $ 179,862 1,221,078$ $ 25,216,916 
19 47,809$ 355,595$ $ 7,664,680 $ 92,369 641,080$ $ 13,935,525 $ 179,862 1,221,078$ $ 26,617,855 
20 47,809$ 355,595$ $ 8,068,084 $ 92,369 641,080$ $ 14,668,974 $ 179,862 1,221,078$ $ 28,018,795 

(1) Amortized Annual Cost - For 1,000- and 2,000-gpm systems, used scaling factor of 1.5 to 2 for various items (see Equipment Costs spreadsheet) 
(2) Using scaling factors of 2 and 4 for 1000 and 2000 gpm systems, respectively, for electricity, chemical consumption and media replacement/disposal and 1.25 for labor. 
Maintenance calculated as 5% of the capital cost per year. Laboratory/analytical is based on using scaling factors of 2 and 4 for performance monitoring samples. 
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LIFE CYCLE COSTS - DSBR (NON-POTABLE) (METHANOL) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2) 500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2)  2000 GPM 

1 47,809$ 203,376$ $ 251,186 $ 92,369 335,438$ $ 427,807 $ 179,862 613,408$ $ 793,270 
2 47,809$ 203,376$ $ 502,371 $ 92,369 335,438$ $ 855,614 $ 179,862 613,408$ $ 1,586,541 
3 47,809$ 203,376$ $ 753,557 $ 92,369 335,438$ $ 1,283,422 $ 179,862 613,408$ $ 2,379,811 
4 47,809$ 203,376$ $ 1,004,743 $ 92,369 335,438$ $ 1,711,229 $ 179,862 613,408$ $ 3,173,081 
5 47,809$ 203,376$ $ 1,255,929 $ 92,369 335,438$ $ 2,139,036 $ 179,862 613,408$ $ 3,966,352 
6 47,809$ 203,376$ $ 1,507,114 $ 92,369 335,438$ $ 2,566,843 $ 179,862 613,408$ $ 4,759,622 
7 47,809$ 203,376$ $ 1,758,300 $ 92,369 335,438$ $ 2,994,651 $ 179,862 613,408$ $ 5,552,892 
8 47,809$ 203,376$ $ 2,009,486 $ 92,369 335,438$ $ 3,422,458 $ 179,862 613,408$ $ 6,346,163 
9 47,809$ 203,376$ $ 2,260,672 $ 92,369 335,438$ $ 3,850,265 $ 179,862 613,408$ $ 7,139,433 

10 47,809$ 203,376$ $ 2,511,857 $ 92,369 335,438$ $ 4,278,072 $ 179,862 613,408$ $ 7,932,703 
11 47,809$ 203,376$ $ 2,763,043 $ 92,369 335,438$ $ 4,705,879 $ 179,862 613,408$ $ 8,725,974 
12 47,809$ 203,376$ $ 3,014,229 $ 92,369 335,438$ $ 5,133,687 $ 179,862 613,408$ $ 9,519,244 
13 47,809$ 203,376$ $ 3,265,414 $ 92,369 335,438$ $ 5,561,494 $ 179,862 613,408$ $ 10,312,514 
14 47,809$ 203,376$ $ 3,516,600 $ 92,369 335,438$ $ 5,989,301 $ 179,862 613,408$ $ 11,105,785 
15 47,809$ 203,376$ $ 3,767,786 $ 92,369 335,438$ $ 6,417,108 $ 179,862 613,408$ $ 11,899,055 
16 47,809$ 203,376$ $ 4,018,972 $ 92,369 335,438$ $ 6,844,915 $ 179,862 613,408$ $ 12,692,325 
17 47,809$ 203,376$ $ 4,270,157 $ 92,369 335,438$ $ 7,272,723 $ 179,862 613,408$ $ 13,485,595 
18 47,809$ 203,376$ $ 4,521,343 $ 92,369 335,438$ $ 7,700,530 $ 179,862 613,408$ $ 14,278,866 
19 47,809$ 203,376$ $ 4,772,529 $ 92,369 335,438$ $ 8,128,337 $ 179,862 613,408$ $ 15,072,136 
20 47,809$ 203,376$ $ 5,023,715 $ 92,369 335,438$ $ 8,556,144 $ 179,862 613,408$ $ 15,865,406 

(1) Amortized Annual Cost - For 1,000- and 2,000-gpm systems, used scaling factor of 1.5 to 2 for various items (see Equipment Costs spreadsheet) 
(2) Same assumptions as above except methanol usage based on vendor estimates for various flow rates. 
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LIFE CYCLE COSTS - CSTR (NON-POTABLE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 131,348$ 254,023$ $ 385,371 $ 180,866 371,385$ $ 552,251 $ 227,232 568,675$ $ 795,906 
2 131,348$ 254,023$ $ 770,742 $ 180,866 371,385$ $ 1,104,503 $ 227,232 568,675$ $ 1,591,813 
3 131,348$ 254,023$ $ 1,156,114 $ 180,866 371,385$ $ 1,656,754 $ 227,232 568,675$ $ 2,387,719 
4 131,348$ 254,023$ $ 1,541,485 $ 180,866 371,385$ $ 2,209,005 $ 227,232 568,675$ $ 3,183,625 
5 131,348$ 254,023$ $ 1,926,856 $ 180,866 371,385$ $ 2,761,257 $ 227,232 568,675$ $ 3,979,532 
6 131,348$ 254,023$ $ 2,312,227 $ 180,866 371,385$ $ 3,313,508 $ 227,232 568,675$ $ 4,775,438 
7 131,348$ 254,023$ $ 2,697,599 $ 180,866 371,385$ $ 3,865,759 $ 227,232 568,675$ $ 5,571,344 
8 131,348$ 254,023$ $ 3,082,970 $ 180,866 371,385$ $ 4,418,011 $ 227,232 568,675$ $ 6,367,251 
9 131,348$ 254,023$ $ 3,468,341 $ 180,866 371,385$ $ 4,970,262 $ 227,232 568,675$ $ 7,163,157 

10 131,348$ 254,023$ $ 3,853,712 $ 180,866 371,385$ $ 5,522,513 $ 227,232 568,675$ $ 7,959,063 
11 131,348$ 254,023$ $ 4,239,084 $ 180,866 371,385$ $ 6,074,765 $ 227,232 568,675$ $ 8,754,970 
12 131,348$ 254,023$ $ 4,624,455 $ 180,866 371,385$ $ 6,627,016 $ 227,232 568,675$ $ 9,550,876 
13 131,348$ 254,023$ $ 5,009,826 $ 180,866 371,385$ $ 7,179,267 $ 227,232 568,675$ $ 10,346,783 
14 131,348$ 254,023$ $ 5,395,197 $ 180,866 371,385$ $ 7,731,519 $ 227,232 568,675$ $ 11,142,689 
15 131,348$ 254,023$ $ 5,780,569 $ 180,866 371,385$ $ 8,283,770 $ 227,232 568,675$ $ 11,938,595 
16 131,348$ 254,023$ $ 6,165,940 $ 180,866 371,385$ $ 8,836,021 $ 227,232 568,675$ $ 12,734,502 
17 131,348$ 254,023$ $ 6,551,311 $ 180,866 371,385$ $ 9,388,273 $ 227,232 568,675$ $ 13,530,408 
18 131,348$ 254,023$ $ 6,936,682 $ 180,866 371,385$ $ 9,940,524 $ 227,232 568,675$ $ 14,326,314 
19 131,348$ 254,023$ $ 7,322,054 $ 180,866 371,385$ $ 10,492,775 $ 227,232 568,675$ $ 15,122,221 
20 131,348$ 254,023$ $ 7,707,425 $ 180,866 371,385$ $ 11,045,027 $ 227,232 568,675$ $ 15,918,127 

(1) Amortized annual cost. From vendor estimates. 
(2) For basic costs - Generally based on vendor input (see spreadsheet on CSTR costs for basis). 
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LIFE CYCLE COSTS - FBR NON-POTABLE (ACETATE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 74,679$ 382,128$ $ 456,807 $ 106,160 642,113$ $ 748,272 $ 198,269 1,159,973$ $ 1,358,242 
2 74,679$ 382,128$ $ 913,614 $ 106,160 642,113$ $ 1,496,545 $ 198,269 1,159,973$ $ 2,716,484 
3 74,679$ 382,128$ $ 1,370,421 $ 106,160 642,113$ $ 2,244,817 $ 198,269 1,159,973$ $ 4,074,726 
4 74,679$ 382,128$ $ 1,827,229 $ 106,160 642,113$ $ 2,993,090 $ 198,269 1,159,973$ $ 5,432,968 
5 74,679$ 382,128$ $ 2,284,036 $ 106,160 642,113$ $ 3,741,362 $ 198,269 1,159,973$ $ 6,791,210 
6 74,679$ 382,128$ $ 2,740,843 $ 106,160 642,113$ $ 4,489,635 $ 198,269 1,159,973$ $ 8,149,452 
7 74,679$ 382,128$ $ 3,197,650 $ 106,160 642,113$ $ 5,237,907 $ 198,269 1,159,973$ $ 9,507,694 
8 74,679$ 382,128$ $ 3,654,457 $ 106,160 642,113$ $ 5,986,180 $ 198,269 1,159,973$ $ 10,865,936 
9 74,679$ 382,128$ $ 4,111,264 $ 106,160 642,113$ $ 6,734,452 $ 198,269 1,159,973$ $ 12,224,178 

10 74,679$ 382,128$ $ 4,568,071 $ 106,160 642,113$ $ 7,482,725 $ 198,269 1,159,973$ $ 13,582,421 
11 74,679$ 382,128$ $ 5,024,879 $ 106,160 642,113$ $ 8,230,997 $ 198,269 1,159,973$ $ 14,940,663 
12 74,679$ 382,128$ $ 5,481,686 $ 106,160 642,113$ $ 8,979,270 $ 198,269 1,159,973$ $ 16,298,905 
13 74,679$ 382,128$ $ 5,938,493 $ 106,160 642,113$ $ 9,727,542 $ 198,269 1,159,973$ $ 17,657,147 
14 74,679$ 382,128$ $ 6,395,300 $ 106,160 642,113$ $ 10,475,815 $ 198,269 1,159,973$ $ 19,015,389 
15 74,679$ 382,128$ $ 6,852,107 $ 106,160 642,113$ $ 11,224,087 $ 198,269 1,159,973$ $ 20,373,631 
16 74,679$ 382,128$ $ 7,308,914 $ 106,160 642,113$ $ 11,972,360 $ 198,269 1,159,973$ $ 21,731,873 
17 74,679$ 382,128$ $ 7,765,721 $ 106,160 642,113$ $ 12,720,632 $ 198,269 1,159,973$ $ 23,090,115 
18 74,679$ 382,128$ $ 8,222,529 $ 106,160 642,113$ $ 13,468,905 $ 198,269 1,159,973$ $ 24,448,357 
19 74,679$ 382,128$ $ 8,679,336 $ 106,160 642,113$ $ 14,217,177 $ 198,269 1,159,973$ $ 25,806,599 
20 74,679$ 382,128$ $ 9,136,143 $ 106,160 642,113$ $ 14,965,450 $ 198,269 1,159,973$ $ 27,164,841 

(1) Amortized annual cost. Major equipment - from vendor estimate. Other components (e.g. tanks, chemical feed equip.) from DSBR costs. 
(2) For basic costs - Refer to FBR Costs spreadsheet. 
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LIFE CYCLE COSTS - FBR NON-POTABLE (METHANOL) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 74,679$ 233,980$ $ 308,659 $ 106,160 351,641$ $ 457,801 $ 198,269 589,673$ $ 787,943 
2 74,679$ 233,980$ $ 617,317 $ 106,160 351,641$ $ 915,602 $ 198,269 589,673$ $ 1,575,885 
3 74,679$ 233,980$ $ 925,976 $ 106,160 351,641$ $ 1,373,403 $ 198,269 589,673$ $ 2,363,828 
4 74,679$ 233,980$ $ 1,234,635 $ 106,160 351,641$ $ 1,831,204 $ 198,269 589,673$ $ 3,151,770 
5 74,679$ 233,980$ $ 1,543,293 $ 106,160 351,641$ $ 2,289,005 $ 198,269 589,673$ $ 3,939,713 
6 74,679$ 233,980$ $ 1,851,952 $ 106,160 351,641$ $ 2,746,806 $ 198,269 589,673$ $ 4,727,656 
7 74,679$ 233,980$ $ 2,160,611 $ 106,160 351,641$ $ 3,204,607 $ 198,269 589,673$ $ 5,515,598 
8 74,679$ 233,980$ $ 2,469,269 $ 106,160 351,641$ $ 3,662,408 $ 198,269 589,673$ $ 6,303,541 
9 74,679$ 233,980$ $ 2,777,928 $ 106,160 351,641$ $ 4,120,209 $ 198,269 589,673$ $ 7,091,484 

10 74,679$ 233,980$ $ 3,086,587 $ 106,160 351,641$ $ 4,578,010 $ 198,269 589,673$ $ 7,879,426 
11 74,679$ 233,980$ $ 3,395,245 $ 106,160 351,641$ $ 5,035,811 $ 198,269 589,673$ $ 8,667,369 
12 74,679$ 233,980$ $ 3,703,904 $ 106,160 351,641$ $ 5,493,612 $ 198,269 589,673$ $ 9,455,311 
13 74,679$ 233,980$ $ 4,012,563 $ 106,160 351,641$ $ 5,951,413 $ 198,269 589,673$ $ 10,243,254 
14 74,679$ 233,980$ $ 4,321,221 $ 106,160 351,641$ $ 6,409,214 $ 198,269 589,673$ $ 11,031,197 
15 74,679$ 233,980$ $ 4,629,880 $ 106,160 351,641$ $ 6,867,015 $ 198,269 589,673$ $ 11,819,139 
16 74,679$ 233,980$ $ 4,938,539 $ 106,160 351,641$ $ 7,324,816 $ 198,269 589,673$ $ 12,607,082 
17 74,679$ 233,980$ $ 5,247,197 $ 106,160 351,641$ $ 7,782,617 $ 198,269 589,673$ $ 13,395,025 
18 74,679$ 233,980$ $ 5,555,856 $ 106,160 351,641$ $ 8,240,419 $ 198,269 589,673$ $ 14,182,967 
19 74,679$ 233,980$ $ 5,864,515 $ 106,160 351,641$ $ 8,698,220 $ 198,269 589,673$ $ 14,970,910 
20 74,679$ 233,980$ $ 6,173,173 $ 106,160 351,641$ $ 9,156,021 $ 198,269 589,673$ $ 15,758,852 

(1) Amortized annual cost. Major equipment - from vendor estimate. Other components (e.g. tanks, chemical feed equip.) from DSBR costs. 
(2) For basic costs - Refer to FBR Costs spreadsheet. 
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FBR NON-POTABLE LIFE CYCLE COSTS: 500, 1,000, AND 2,000-GPM SYSTEMS 
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LIFE CYCLE COSTS - IES 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2) 500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 35,682$ 807,709$ $ 843,391 $ 58,711 1,539,359$ $ 1,598,070 $ 110,658 3,030,659$ $ 3,141,317 
2 35,682$ 807,709$ $ 1,686,782 $ 58,711 1,539,359$ $ 3,196,139 $ 110,658 3,030,659$ $ 6,282,634 
3 35,682$ 807,709$ $ 2,530,173 $ 58,711 1,539,359$ $ 4,794,209 $ 110,658 3,030,659$ $ 9,423,950 
4 35,682$ 807,709$ $ 3,373,564 $ 58,711 1,539,359$ $ 6,392,278 $ 110,658 3,030,659$ $ 12,565,267 
5 35,682$ 807,709$ $ 4,216,956 $ 58,711 1,539,359$ $ 7,990,348 $ 110,658 3,030,659$ $ 15,706,584 
6 35,682$ 807,709$ $ 5,060,347 $ 58,711 1,539,359$ $ 9,588,417 $ 110,658 3,030,659$ $ 18,847,901 
7 35,682$ 807,709$ $ 5,903,738 $ 58,711 1,539,359$ $ 11,186,487 $ 110,658 3,030,659$ $ 21,989,218 
8 35,682$ 807,709$ $ 6,747,129 $ 58,711 1,539,359$ $ 12,784,556 $ 110,658 3,030,659$ $ 25,130,535 
9 35,682$ 807,709$ $ 7,590,520 $ 58,711 1,539,359$ $ 14,382,626 $ 110,658 3,030,659$ $ 28,271,851 

10 35,682$ 807,709$ $ 8,433,911 $ 58,711 1,539,359$ $ 15,980,695 $ 110,658 3,030,659$ $ 31,413,168 
11 35,682$ 807,709$ $ 9,277,302 $ 58,711 1,539,359$ $ 17,578,765 $ 110,658 3,030,659$ $ 34,554,485 
12 35,682$ 807,709$ $ 10,120,693 $ 58,711 1,539,359$ $ 19,176,834 $ 110,658 3,030,659$ $ 37,695,802 
13 35,682$ 807,709$ $ 10,964,084 $ 58,711 1,539,359$ $ 20,774,904 $ 110,658 3,030,659$ $ 40,837,119 
14 35,682$ 807,709$ $ 11,807,475 $ 58,711 1,539,359$ $ 22,372,973 $ 110,658 3,030,659$ $ 43,978,436 
15 35,682$ 807,709$ $ 12,650,867 $ 58,711 1,539,359$ $ 23,971,043 $ 110,658 3,030,659$ $ 47,119,752 
16 35,682$ 807,709$ $ 13,494,258 $ 58,711 1,539,359$ $ 25,569,112 $ 110,658 3,030,659$ $ 50,261,069 
17 35,682$ 807,709$ $ 14,337,649 $ 58,711 1,539,359$ $ 27,167,182 $ 110,658 3,030,659$ $ 53,402,386 
18 35,682$ 807,709$ $ 15,181,040 $ 58,711 1,539,359$ $ 28,765,251 $ 110,658 3,030,659$ $ 56,543,703 
19 35,682$ 807,709$ $ 16,024,431 $ 58,711 1,539,359$ $ 30,363,321 $ 110,658 3,030,659$ $ 59,685,020 
20 35,682$ 807,709$ $ 16,867,822 $ 58,711 1,539,359$ $ 31,961,390 $ 110,658 3,030,659$ $ 62,826,336 

(1) Amortized Annual Cost - For 1,000- and 2,000- gpm systems, used scaling factor of 1.5 to 2 for various items (see IES Costs spreadsheet) 
(2) Refer to IES Costs spreadsheet. 
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LIFE CYCLE COSTS - NANOFILTRATION (NON-POTABLE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 103,806$ 433,651$ $ 537,457 $ 195,557 777,902$ $ 973,459 $ 390,764 1,435,788$ $ 1,826,553 
2 103,806$ 433,651$ $ 1,074,914 $ 195,557 777,902$ $ 1,946,918 $ 390,764 1,435,788$ $ 3,653,105 
3 103,806$ 433,651$ $ 1,612,370 $ 195,557 777,902$ $ 2,920,377 $ 390,764 1,435,788$ $ 5,479,658 
4 103,806$ 433,651$ $ 2,149,827 $ 195,557 777,902$ $ 3,893,837 $ 390,764 1,435,788$ $ 7,306,210 
5 103,806$ 433,651$ $ 2,687,284 $ 195,557 777,902$ $ 4,867,296 $ 390,764 1,435,788$ $ 9,132,763 
6 103,806$ 433,651$ $ 3,224,741 $ 195,557 777,902$ $ 5,840,755 $ 390,764 1,435,788$ $ 10,959,315 
7 103,806$ 433,651$ $ 3,762,198 $ 195,557 777,902$ $ 6,814,214 $ 390,764 1,435,788$ $ 12,785,868 
8 103,806$ 433,651$ $ 4,299,654 $ 195,557 777,902$ $ 7,787,673 $ 390,764 1,435,788$ $ 14,612,420 
9 103,806$ 433,651$ $ 4,837,111 $ 195,557 777,902$ $ 8,761,132 $ 390,764 1,435,788$ $ 16,438,973 

10 103,806$ 433,651$ $ 5,374,568 $ 195,557 777,902$ $ 9,734,591 $ 390,764 1,435,788$ $ 18,265,525 
11 103,806$ 433,651$ $ 5,912,025 $ 195,557 777,902$ $ 10,708,051 $ 390,764 1,435,788$ $ 20,092,078 
12 103,806$ 433,651$ $ 6,449,482 $ 195,557 777,902$ $ 11,681,510 $ 390,764 1,435,788$ $ 21,918,631 
13 103,806$ 433,651$ $ 6,986,938 $ 195,557 777,902$ $ 12,654,969 $ 390,764 1,435,788$ $ 23,745,183 
14 103,806$ 433,651$ $ 7,524,395 $ 195,557 777,902$ $ 13,628,428 $ 390,764 1,435,788$ $ 25,571,736 
15 103,806$ 433,651$ $ 8,061,852 $ 195,557 777,902$ $ 14,601,887 $ 390,764 1,435,788$ $ 27,398,288 
16 103,806$ 433,651$ $ 8,599,309 $ 195,557 777,902$ $ 15,575,346 $ 390,764 1,435,788$ $ 29,224,841 
17 103,806$ 433,651$ $ 9,136,766 $ 195,557 777,902$ $ 16,548,806 $ 390,764 1,435,788$ $ 31,051,393 
18 103,806$ 433,651$ $ 9,674,223 $ 195,557 777,902$ $ 17,522,265 $ 390,764 1,435,788$ $ 32,877,946 
19 103,806$ 433,651$ $ 10,211,679 $ 195,557 777,902$ $ 18,495,724 $ 390,764 1,435,788$ $ 34,704,498 
20 103,806$ 433,651$ $ 10,749,136 $ 195,557 777,902$ $ 19,469,183 $ 390,764 1,435,788$ $ 36,531,051 

(1) Amortized Annual Cost 
(2) Refer to Nanofiltration Costs spreadsheet. 
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NANOFILTRATION LIFE CYCLE COST: 500-, 1000-, AND 2000-GPM SYSTEMS (NON-
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LIFE CYCLE COSTS - DSBR (POTABLE) (ACETATE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2)  1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 92,923$ 468,535$ $ 561,458 $ 162,352 856,239$ $ 1,018,591 $ 305,704 1,643,913$ $ 1,949,616 
2 92,923$ 468,535$ $ 1,122,916 $ 162,352 856,239$ $ 2,037,181 $ 305,704 1,643,913$ $ 3,899,233 
3 92,923$ 468,535$ $ 1,684,374 $ 162,352 856,239$ $ 3,055,772 $ 305,704 1,643,913$ $ 5,848,849 
4 92,923$ 468,535$ $ 2,245,833 $ 162,352 856,239$ $ 4,074,363 $ 305,704 1,643,913$ $ 7,798,465 
5 92,923$ 468,535$ $ 2,807,291 $ 162,352 856,239$ $ 5,092,953 $ 305,704 1,643,913$ $ 9,748,081 
6 92,923$ 468,535$ $ 3,368,749 $ 162,352 856,239$ $ 6,111,544 $ 305,704 1,643,913$ $ 11,697,698 
7 92,923$ 468,535$ $ 3,930,207 $ 162,352 856,239$ $ 7,130,135 $ 305,704 1,643,913$ $ 13,647,314 
8 92,923$ 468,535$ $ 4,491,665 $ 162,352 856,239$ $ 8,148,725 $ 305,704 1,643,913$ $ 15,596,930 
9 92,923$ 468,535$ $ 5,053,123 $ 162,352 856,239$ $ 9,167,316 $ 305,704 1,643,913$ $ 17,546,546 

10 92,923$ 468,535$ $ 5,614,582 $ 162,352 856,239$ $ 10,185,907 $ 305,704 1,643,913$ $ 19,496,163 
11 92,923$ 468,535$ $ 6,176,040 $ 162,352 856,239$ $ 11,204,497 $ 305,704 1,643,913$ $ 21,445,779 
12 92,923$ 468,535$ $ 6,737,498 $ 162,352 856,239$ $ 12,223,088 $ 305,704 1,643,913$ $ 23,395,395 
13 92,923$ 468,535$ $ 7,298,956 $ 162,352 856,239$ $ 13,241,679 $ 305,704 1,643,913$ $ 25,345,011 
14 92,923$ 468,535$ $ 7,860,414 $ 162,352 856,239$ $ 14,260,269 $ 305,704 1,643,913$ $ 27,294,628 
15 92,923$ 468,535$ $ 8,421,872 $ 162,352 856,239$ $ 15,278,860 $ 305,704 1,643,913$ $ 29,244,244 
16 92,923$ 468,535$ $ 8,983,330 $ 162,352 856,239$ $ 16,297,451 $ 305,704 1,643,913$ $ 31,193,860 
17 92,923$ 468,535$ $ 9,544,789 $ 162,352 856,239$ $ 17,316,042 $ 305,704 1,643,913$ $ 33,143,476 
18 92,923$ 468,535$ $ 10,106,247 $ 162,352 856,239$ $ 18,334,632 $ 305,704 1,643,913$ $ 35,093,093 
19 92,923$ 468,535$ $ 10,667,705 $ 162,352 856,239$ $ 19,353,223 $ 305,704 1,643,913$ $ 37,042,709 
20 92,923$ 468,535$ $ 11,229,163 $ 162,352 856,239$ $ 20,371,814 $ 305,704 1,643,913$ $ 38,992,325 

(1) Amortized Annual Cost - For 1,000- and 2,000-gpm systems, used scaling factor of 1.5 to 2 for various items (see Equipment Costs spreadsheet) 
(2) Using scaling factors of 2 and 4 for 1000 and 2000 gpm systems, respectively, for electricity, chemical consumption and media replacement/disposal, and 1.25 for labor. 
Maintenance calculated as 5% of the capital cost per year. Laboratory/analytical is based on using scaling factors of 2 and 4 for performance monitoring samples. 
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DSBR (POTABLE) LIFE CYCLE COSTS - 500, 1,000, AND 2,000-GPM SYSTEMS 
(ACETATE) 
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LIFE CYCLE COSTS - DSBR (POTABLE) (METHANOL) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2) 500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2)  2000 GPM 

1 92,923$ 316,317$ $ 409,240 $ 162,352 550,597$ $ 712,949 $ 305,704 1,036,243$ $ 1,341,947 
2 92,923$ 316,317$ $ 818,479 $ 162,352 550,597$ $ 1,425,898 $ 305,704 1,036,243$ $ 2,683,894 
3 92,923$ 316,317$ $ 1,227,719 $ 162,352 550,597$ $ 2,138,848 $ 305,704 1,036,243$ $ 4,025,840 
4 92,923$ 316,317$ $ 1,636,959 $ 162,352 550,597$ $ 2,851,797 $ 305,704 1,036,243$ $ 5,367,787 
5 92,923$ 316,317$ $ 2,046,198 $ 162,352 550,597$ $ 3,564,746 $ 305,704 1,036,243$ $ 6,709,734 
6 92,923$ 316,317$ $ 2,455,438 $ 162,352 550,597$ $ 4,277,695 $ 305,704 1,036,243$ $ 8,051,681 
7 92,923$ 316,317$ $ 2,864,678 $ 162,352 550,597$ $ 4,990,644 $ 305,704 1,036,243$ $ 9,393,628 
8 92,923$ 316,317$ $ 3,273,917 $ 162,352 550,597$ $ 5,703,594 $ 305,704 1,036,243$ $ 10,735,575 
9 92,923$ 316,317$ $ 3,683,157 $ 162,352 550,597$ $ 6,416,543 $ 305,704 1,036,243$ $ 12,077,521 

10 92,923$ 316,317$ $ 4,092,397 $ 162,352 550,597$ $ 7,129,492 $ 305,704 1,036,243$ $ 13,419,468 
11 92,923$ 316,317$ $ 4,501,636 $ 162,352 550,597$ $ 7,842,441 $ 305,704 1,036,243$ $ 14,761,415 
12 92,923$ 316,317$ $ 4,910,876 $ 162,352 550,597$ $ 8,555,391 $ 305,704 1,036,243$ $ 16,103,362 
13 92,923$ 316,317$ $ 5,320,116 $ 162,352 550,597$ $ 9,268,340 $ 305,704 1,036,243$ $ 17,445,309 
14 92,923$ 316,317$ $ 5,729,355 $ 162,352 550,597$ $ 9,981,289 $ 305,704 1,036,243$ $ 18,787,256 
15 92,923$ 316,317$ $ 6,138,595 $ 162,352 550,597$ $ 10,694,238 $ 305,704 1,036,243$ $ 20,129,202 
16 92,923$ 316,317$ $ 6,547,835 $ 162,352 550,597$ $ 11,407,187 $ 305,704 1,036,243$ $ 21,471,149 
17 92,923$ 316,317$ $ 6,957,074 $ 162,352 550,597$ $ 12,120,137 $ 305,704 1,036,243$ $ 22,813,096 
18 92,923$ 316,317$ $ 7,366,314 $ 162,352 550,597$ $ 12,833,086 $ 305,704 1,036,243$ $ 24,155,043 
19 92,923$ 316,317$ $ 7,775,554 $ 162,352 550,597$ $ 13,546,035 $ 305,704 1,036,243$ $ 25,496,990 
20 92,923$ 316,317$ $ 8,184,793 $ 162,352 550,597$ $ 14,258,984 $ 305,704 1,036,243$ $ 26,838,937 

(1) Amortized Annual Cost - For 1,000- and 2,000-gpm systems, used scaling factor of 1.5 to 2 for various items (see Equipment Costs spreadsheet) 
(2) Same assumptions as above except methanol usage based on vendor estimates for various flow rates. 
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DSBR (POTABLE) LIFE CYCLE COSTS - 500, 1,000, AND 2,000-GPM SYSTEMS 
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LIFE CYCLE COSTS - CSTR (POTABLE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 172,811$ 366,964$ $ 539,775 $ 246,035 586,544$ $ 832,579 $ 345,222 991,510$ $ 1,336,732 
2 172,811$ 366,964$ $ 1,079,551 $ 246,035 586,544$ $ 1,665,158 $ 345,222 991,510$ $ 2,673,464 
3 172,811$ 366,964$ $ 1,619,326 $ 246,035 586,544$ $ 2,497,737 $ 345,222 991,510$ $ 4,010,196 
4 172,811$ 366,964$ $ 2,159,101 $ 246,035 586,544$ $ 3,330,316 $ 345,222 991,510$ $ 5,346,928 
5 172,811$ 366,964$ $ 2,698,876 $ 246,035 586,544$ $ 4,162,895 $ 345,222 991,510$ $ 6,683,660 
6 172,811$ 366,964$ $ 3,238,652 $ 246,035 586,544$ $ 4,995,474 $ 345,222 991,510$ $ 8,020,392 
7 172,811$ 366,964$ $ 3,778,427 $ 246,035 586,544$ $ 5,828,052 $ 345,222 991,510$ $ 9,357,124 
8 172,811$ 366,964$ $ 4,318,202 $ 246,035 586,544$ $ 6,660,631 $ 345,222 991,510$ $ 10,693,856 
9 172,811$ 366,964$ $ 4,857,977 $ 246,035 586,544$ $ 7,493,210 $ 345,222 991,510$ $ 12,030,588 

10 172,811$ 366,964$ $ 5,397,753 $ 246,035 586,544$ $ 8,325,789 $ 345,222 991,510$ $ 13,367,320 
11 172,811$ 366,964$ $ 5,937,528 $ 246,035 586,544$ $ 9,158,368 $ 345,222 991,510$ $ 14,704,052 
12 172,811$ 366,964$ $ 6,477,303 $ 246,035 586,544$ $ 9,990,947 $ 345,222 991,510$ $ 16,040,784 
13 172,811$ 366,964$ $ 7,017,078 $ 246,035 586,544$ $ 10,823,526 $ 345,222 991,510$ $ 17,377,517 
14 172,811$ 366,964$ $ 7,556,854 $ 246,035 586,544$ $ 11,656,105 $ 345,222 991,510$ $ 18,714,249 
15 172,811$ 366,964$ $ 8,096,629 $ 246,035 586,544$ $ 12,488,684 $ 345,222 991,510$ $ 20,050,981 
16 172,811$ 366,964$ $ 8,636,404 $ 246,035 586,544$ $ 13,321,263 $ 345,222 991,510$ $ 21,387,713 
17 172,811$ 366,964$ $ 9,176,179 $ 246,035 586,544$ $ 14,153,842 $ 345,222 991,510$ $ 22,724,445 
18 172,811$ 366,964$ $ 9,715,955 $ 246,035 586,544$ $ 14,986,421 $ 345,222 991,510$ $ 24,061,177 
19 172,811$ 366,964$ $ 10,255,730 $ 246,035 586,544$ $ 15,819,000 $ 345,222 991,510$ $ 25,397,909 
20 172,811$ 366,964$ $ 10,795,505 $ 246,035 586,544$ $ 16,651,578 $ 345,222 991,510$ $ 26,734,641 

(1) Amortized annual cost. From vendor estimates. 
(2) For basic costs - Generally based on vendor input (see spreadsheet on CSTR costs for basis). 
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CSTR (POTABLE) LIFE CYCLE COSTS: 500, 1,000, AND 2,000-GPM SYSTEMS 
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LIFE CYCLE COSTS - FBR (POTABLE) (ACETATE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 110,770$ 495,069$ $ 605,838 $ 162,146 857,272$ $ 1,019,418 $ 298,942 1,582,808$ $ 1,881,750 
2 110,770$ 495,069$ $ 1,211,677 $ 162,146 857,272$ $ 2,038,836 $ 298,942 1,582,808$ $ 3,763,501 
3 110,770$ 495,069$ $ 1,817,515 $ 162,146 857,272$ $ 3,058,253 $ 298,942 1,582,808$ $ 5,645,251 
4 110,770$ 495,069$ $ 2,423,354 $ 162,146 857,272$ $ 4,077,671 $ 298,942 1,582,808$ $ 7,527,001 
5 110,770$ 495,069$ $ 3,029,192 $ 162,146 857,272$ $ 5,097,089 $ 298,942 1,582,808$ $ 9,408,751 
6 110,770$ 495,069$ $ 3,635,031 $ 162,146 857,272$ $ 6,116,507 $ 298,942 1,582,808$ $ 11,290,502 
7 110,770$ 495,069$ $ 4,240,869 $ 162,146 857,272$ $ 7,135,925 $ 298,942 1,582,808$ $ 13,172,252 
8 110,770$ 495,069$ $ 4,846,708 $ 162,146 857,272$ $ 8,155,343 $ 298,942 1,582,808$ $ 15,054,002 
9 110,770$ 495,069$ $ 5,452,546 $ 162,146 857,272$ $ 9,174,760 $ 298,942 1,582,808$ $ 16,935,752 

10 110,770$ 495,069$ $ 6,058,384 $ 162,146 857,272$ $ 10,194,178 $ 298,942 1,582,808$ $ 18,817,503 
11 110,770$ 495,069$ $ 6,664,223 $ 162,146 857,272$ $ 11,213,596 $ 298,942 1,582,808$ $ 20,699,253 
12 110,770$ 495,069$ $ 7,270,061 $ 162,146 857,272$ $ 12,233,014 $ 298,942 1,582,808$ $ 22,581,003 
13 110,770$ 495,069$ $ 7,875,900 $ 162,146 857,272$ $ 13,252,432 $ 298,942 1,582,808$ $ 24,462,754 
14 110,770$ 495,069$ $ 8,481,738 $ 162,146 857,272$ $ 14,271,849 $ 298,942 1,582,808$ $ 26,344,504 
15 110,770$ 495,069$ $ 9,087,577 $ 162,146 857,272$ $ 15,291,267 $ 298,942 1,582,808$ $ 28,226,254 
16 110,770$ 495,069$ $ 9,693,415 $ 162,146 857,272$ $ 16,310,685 $ 298,942 1,582,808$ $ 30,108,004 
17 110,770$ 495,069$ $ 10,299,253 $ 162,146 857,272$ $ 17,330,103 $ 298,942 1,582,808$ $ 31,989,755 
18 110,770$ 495,069$ $ 10,905,092 $ 162,146 857,272$ $ 18,349,521 $ 298,942 1,582,808$ $ 33,871,505 
19 110,770$ 495,069$ $ 11,510,930 $ 162,146 857,272$ $ 19,368,939 $ 298,942 1,582,808$ $ 35,753,255 
20 110,770$ 495,069$ $ 12,116,769 $ 162,146 857,272$ $ 20,388,356 $ 298,942 1,582,808$ $ 37,635,005 

(1) Amortized annual cost. Major equipment - from vendor estimate. Other components (e.g. tanks, chemical feed equip.) from DSBR costs. 
(2) For basic costs - Refer to FBR Costs spreadsheet. 
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FBR (POTABLE) LIFE CYCLE COSTS: 500, 1,000, AND 2,000-GPM SYSTEMS (ACETATE) 
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LIFE CYCLE COSTS - FBR POTABLE (METHANOL) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 110,770$ 346,920$ $ 457,690 $ 162,146 566,800$ $ 728,946 $ 298,942 1,012,508$ $ 1,311,451 
2 110,770$ 346,920$ $ 915,380 $ 162,146 566,800$ $ 1,457,893 $ 298,942 1,012,508$ $ 2,622,902 
3 110,770$ 346,920$ $ 1,373,070 $ 162,146 566,800$ $ 2,186,839 $ 298,942 1,012,508$ $ 3,934,353 
4 110,770$ 346,920$ $ 1,830,760 $ 162,146 566,800$ $ 2,915,785 $ 298,942 1,012,508$ $ 5,245,803 
5 110,770$ 346,920$ $ 2,288,450 $ 162,146 566,800$ $ 3,644,732 $ 298,942 1,012,508$ $ 6,557,254 
6 110,770$ 346,920$ $ 2,746,140 $ 162,146 566,800$ $ 4,373,678 $ 298,942 1,012,508$ $ 7,868,705 
7 110,770$ 346,920$ $ 3,203,830 $ 162,146 566,800$ $ 5,102,624 $ 298,942 1,012,508$ $ 9,180,156 
8 110,770$ 346,920$ $ 3,661,520 $ 162,146 566,800$ $ 5,831,571 $ 298,942 1,012,508$ $ 10,491,607 
9 110,770$ 346,920$ $ 4,119,210 $ 162,146 566,800$ $ 6,560,517 $ 298,942 1,012,508$ $ 11,803,058 

10 110,770$ 346,920$ $ 4,576,900 $ 162,146 566,800$ $ 7,289,463 $ 298,942 1,012,508$ $ 13,114,508 
11 110,770$ 346,920$ $ 5,034,590 $ 162,146 566,800$ $ 8,018,410 $ 298,942 1,012,508$ $ 14,425,959 
12 110,770$ 346,920$ $ 5,492,279 $ 162,146 566,800$ $ 8,747,356 $ 298,942 1,012,508$ $ 15,737,410 
13 110,770$ 346,920$ $ 5,949,969 $ 162,146 566,800$ $ 9,476,303 $ 298,942 1,012,508$ $ 17,048,861 
14 110,770$ 346,920$ $ 6,407,659 $ 162,146 566,800$ $ 10,205,249 $ 298,942 1,012,508$ $ 18,360,312 
15 110,770$ 346,920$ $ 6,865,349 $ 162,146 566,800$ $ 10,934,195 $ 298,942 1,012,508$ $ 19,671,763 
16 110,770$ 346,920$ $ 7,323,039 $ 162,146 566,800$ $ 11,663,142 $ 298,942 1,012,508$ $ 20,983,213 
17 110,770$ 346,920$ $ 7,780,729 $ 162,146 566,800$ $ 12,392,088 $ 298,942 1,012,508$ $ 22,294,664 
18 110,770$ 346,920$ $ 8,238,419 $ 162,146 566,800$ $ 13,121,034 $ 298,942 1,012,508$ $ 23,606,115 
19 110,770$ 346,920$ $ 8,696,109 $ 162,146 566,800$ $ 13,849,981 $ 298,942 1,012,508$ $ 24,917,566 
20 110,770$ 346,920$ $ 9,153,799 $ 162,146 566,800$ $ 14,578,927 $ 298,942 1,012,508$ $ 26,229,017 

(1) Amortized annual cost. Major equipment - from vendor estimate. Other components (e.g. tanks, chemical feed equip.) from DSBR costs. 
(2) For basic costs - Refer to FBR Costs spreadsheet. 
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FBR (POTABLE) LIFE CYCLE COSTS: 500, 1,000 AND 2,000-GPM SYSTEMS 
(METHANOL) 
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LIFE CYCLE COSTS - NANOFILTRATION (POTABLE) 

500 gpm 1000 gpm 2000 gpm 

YEAR 
CAPITAL 
COST (1) O&M COST (2)  500 GPM 

CAPITAL 
COST (1) O&M COST (2) 1000 GPM 

CAPITAL 
COST (1) O&M COST(2) 2000 GPM 

1 110,941$ 453,544$ $ 564,485 $ 205,994 815,652$ $ 1,021,647 $ 405,320 1,507,940$ $ 1,913,260 
2 110,941$ 453,544$ $ 1,128,969 $ 205,994 815,652$ $ 2,043,294 $ 405,320 1,507,940$ $ 3,826,520 
3 110,941$ 453,544$ $ 1,693,454 $ 205,994 815,652$ $ 3,064,941 $ 405,320 1,507,940$ $ 5,739,780 
4 110,941$ 453,544$ $ 2,257,939 $ 205,994 815,652$ $ 4,086,588 $ 405,320 1,507,940$ $ 7,653,040 
5 110,941$ 453,544$ $ 2,822,423 $ 205,994 815,652$ $ 5,108,235 $ 405,320 1,507,940$ $ 9,566,299 
6 110,941$ 453,544$ $ 3,386,908 $ 205,994 815,652$ $ 6,129,881 $ 405,320 1,507,940$ $ 11,479,559 
7 110,941$ 453,544$ $ 3,951,393 $ 205,994 815,652$ $ 7,151,528 $ 405,320 1,507,940$ $ 13,392,819 
8 110,941$ 453,544$ $ 4,515,878 $ 205,994 815,652$ $ 8,173,175 $ 405,320 1,507,940$ $ 15,306,079 
9 110,941$ 453,544$ $ 5,080,362 $ 205,994 815,652$ $ 9,194,822 $ 405,320 1,507,940$ $ 17,219,339 

10 110,941$ 453,544$ $ 5,644,847 $ 205,994 815,652$ $ 10,216,469 $ 405,320 1,507,940$ $ 19,132,599 
11 110,941$ 453,544$ $ 6,209,332 $ 205,994 815,652$ $ 11,238,116 $ 405,320 1,507,940$ $ 21,045,859 
12 110,941$ 453,544$ $ 6,773,816 $ 205,994 815,652$ $ 12,259,763 $ 405,320 1,507,940$ $ 22,959,119 
13 110,941$ 453,544$ $ 7,338,301 $ 205,994 815,652$ $ 13,281,410 $ 405,320 1,507,940$ $ 24,872,379 
14 110,941$ 453,544$ $ 7,902,786 $ 205,994 815,652$ $ 14,303,057 $ 405,320 1,507,940$ $ 26,785,639 
15 110,941$ 453,544$ $ 8,467,270 $ 205,994 815,652$ $ 15,324,704 $ 405,320 1,507,940$ $ 28,698,898 
16 110,941$ 453,544$ $ 9,031,755 $ 205,994 815,652$ $ 16,346,350 $ 405,320 1,507,940$ $ 30,612,158 
17 110,941$ 453,544$ $ 9,596,240 $ 205,994 815,652$ $ 17,367,997 $ 405,320 1,507,940$ $ 32,525,418 
18 110,941$ 453,544$ $ 10,160,724 $ 205,994 815,652$ $ 18,389,644 $ 405,320 1,507,940$ $ 34,438,678 
19 110,941$ 453,544$ $ 10,725,209 $ 205,994 815,652$ $ 19,411,291 $ 405,320 1,507,940$ $ 36,351,938 
20 110,941$ 453,544$ $ 11,289,694 $ 205,994 815,652$ $ 20,432,938 $ 405,320 1,507,940$ $ 38,265,198 

(1) Amortized Annual Cost 
(2) Refer to Nanofiltration Costs spreadsheet. 
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NANOFILTRATION LIFE CYCLE COST: 500, 1,000, and 2,000-GPM SYSTEMS 
(POTABLE) 
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DYNAMIC SUSPENDED BED REACTOR (DSBR) 
COST ESTIMATE FOR 500-, 1,000- and 2,000- GPM SYSTEMS 

CAPITAL COSTS 
Non-Potable Water Applications 500 gpm 1000 gpm 2000 gpm 

Figure 15 Reference Item Unit Cost Qty Total Cost Multiplier (from 500 gpm) Total Cost Multiplier (from 1000 gpm) Total Cost 
Equalization Tank - Polyethyelene -11,000 gallon 

1 T-1 capacity - 12' D x 14' H $ 4,658 1 $ 4,658 1.5  $ 6,987 1.5  $ 10,481 

2 T-2a -e Bioreactor Tank - Steel - 10,000 gallon - 8' D x 28' H 
Sodium Acetate Feed Tank - 11,000 gal - 12' (D) x 14' 

$ 18,000 5 $ 90,000 2  $ 180,000 2  $ 360,000 

3 T-3 (H) $ 4,158 1 $ 4,158 1.5  $ 6,237 1.5  $ 9,356 
4 M-1 Acetate Tank Mixer/Mixer Bridge $ 5,538 1 $ 5,538 1.5  $ 8,307 1.5  $ 12,461 
5 T-4 Nutrient Tank - 11,000 gal - 12' (D) x 14' (H) $ 4,158 1 $ 4,158 1.5  $ 6,237 1.5  $ 9,356 
6 M-2 Nutrient Tank Mixer/Mixer Bridge 

Acetate Metering Pump System, duty & standby 1 gpm 

$ 5,038 1 $ 5,038 1.5  $ 7,557 1.5  $ 11,336 

7 MP-1 pumps, skid-mounted, control panel, manual or flow pace 

Nutrient Metering Pump System, duty & standby 1 gpm 

$ 18,063 1 $ 18,063 2  $ 36,126 2  $ 72,253 

8 MP-2 pumps, skid-mount, control panel, manual or flow pace $ 18,287 1 $ 18,287 2  $ 36,574 2  $ 73,147 

9 P-1/P-2 Booster Pumps for Bioreactors - 500 gpm and 50 psi $ 3,448 2 $ 6,897 2  $ 13,793 2  $ 27,587 
10 Piping $ 50,000 1 $ 50,000 2  $ 100,000 2  $ 200,000 
11 Valves $ 10,000 1 $ 10,000 2  $ 20,000 2  $ 40,000 
12 Controls & Instrumentation $ 20,000 1 $ 20,000 1.5  $ 30,000 1.5  $ 45,000 
13 M-3,M-4 In-line static mixers, 6" long $ 1,298 2 $ 2,595 2  $ 5,191 2  $ 10,382 

14 Plastic Media for Bioreactor Tanks (ft3) - pack 2/3 full $ 14.00 4500 $ 63,000 2  $ 126,000 2  $ 252,000 
15 FM-1 Influent Flow Meter (for flow pacing, if required) $ 3,749 1 $ 3,749 2  $ 7,498 2  $ 14,996 
16 DO meter - online (inlet/outlet) $ 7,085 2 $ 14,171 2 $ 28,342 2 $ 56,683 

Notes: 
1.) All equipment costs for 500-gpm systems based on vendor quotes.
 
2.) Equipment costs for 1,000 and 2,000-gpm DSBRs were estimated from the 500-gpm system costs by multiplying various items by scaling factors of 1.5 to 2  

depending on whether costs were expected to increase proportionally to the flow rate. For items where economies of scale could be realized, a scaling factor of 1.5 was used.
 

Subtotal Capital Costs (Non-Potable Water) $ 320,312 $ 618,849 $ 1,205,036 

Potable Water Applications (Additional Equipment Required) 
1 
2 

3 
4 

5 
6 
7 

T-7a,b,c,d,e,f 

T-5 
T-6 

P-3 

U. S. Filter Mag Flex 
Resin Fill (ft3) 

Duplex Bag Filter System with Automatic Sequencing 
UV Disinfection System 

Supply Pump for Filter/IE Polishing Vessels 
Controls and Instrumentation 
Piping/Valves 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

20,000 
75  

30,000 
62,000 

3,248 
10,000 
50,000 

6 
360 

1 
1 

1 
1 
1 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

120,000 
27,000 

30,000 
62,000 

3,248 
10,000 
50,000 

N/A 
N/A 

1 
From vendor estimate 

1.5 
1.5 

2 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

200,000 
45,000 

30,000 
74,000 

4,873 
15,000 

100,000 

N/A 
N/A 

1.15 
1.2 

1.5 
1.5 

2 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

400,000 
90,000 

34,500 
88,800 

7,309 
22,500 

200,000 

Notes: 
1.) U. S. Filter Mag Flex IE Vessels configured in series-parallel; each vessel rated for 200-gpm, so 6 required for 500 gpm, 10 required for 1,000 gpm, 20 required for 2,000 gpm.
 
2.) For Bag Filter System, Basic Design (up to 1,200-gpm) is most economical for 500 and 1,000-gpm. For 2,000-gpm minor retrofits (at approx. cost increase of 15%) are 

required.
 
3.) For UV disinfection equipment, used vendor-provided costs for 500 and 1,000-gpm; based on these cost, estimated cost for 2,000-gpm unit.
 

Subtotal (Additional for Potable Water) $ 302,248 $ 468,873 $ 843,109 

Subtotal Capital Costs (Potable Water) $ 622,561 $ 1,087,722 $ 2,048,145 
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OPERATING AND MAINTENANCE COSTS (ANNUAL) 

Non-Potable Water Applications 
1 Electricity (kWh) $ 0.10 415280 $ 41,528 2 $ 83,056 2 $ 166,112 
2 Acetate (lb) $ 0.50 303918 $ 151,959 2 $ 303,918 2 $ 607,836 
3 Nutrients (lb) $ 0.65 9278 $ 6,031 2 $ 12,061 2 $ 24,123 
4 Media Replacement (ft3) $ 14 900 $ 17,100 2 $ 25,200 2 $ 50,400 
5 Operating Labor (hr) $ 75 832 $ 62,400 1.25 $ 78,000 1.25 $ 97,500 
6 Analytical (Process/Discharge) $ 38,598 1 $ 38,598 See Note $ 64,608 See Note $ 116,628 
7 Waste sampling/disposal $ 12,655 1 $ 12,655 2 $ 25,309 2 $ 63,206 
8 Maintenance (5% of Capital Cost) $ 25,325 1 $ 25,325 5% of Capital Cost $ 48,928 5% of Capital Cost $ 95,273 

Methanol Cost (see CSTR Costs estimate) $ 10,841 $ 20,477 $ 44,567 

Notes: 
1.) Power consumption for 500-gpm system shown in attached spreadsheet (DSBR Load Calculation)
 
2.) Acetate/nutrient consumption based on DSBR Phase II testing. Calculations shown below.
 
3.) Media replacement - based on changing out 100% of media every 5 years
 
4.) Labor - based on two 8-hour days per week
 
5.) Waste sampling/disposal - refer to calculations shown below. Includes media and acetate/nutrient solution.
 
6.) Analytical - Process - Based on number of sampling points (see Analytical Costs spreadsheet); Discharge Sampling - same for all scenarios (performed monthly) and identical to other systems
 

Subtotal Non-Potable Water O&M Costs (With Acetate as Substrate) 355,595$ 641,080$ 1,221,078$ 
Subtotal Non-Potable O&M Costs (With Methanol as Substrate) 203,376$ 335,438$ 613,408$ 

Potable Water Applications 

1 
2 
3 
4 
5 
6 
7 

Electricity (kWh) 
Resin Replacement (ft3) 
Resin Disposal (ft3) 
Filter Bags - Replacement 
Filter Bags - Disposal 
Filter Bags - Transportation 
Maintenance (5% of Capital Cost) 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

0.10 
75  
25  

4 
50 

750 
23,897 

168564 
605 
605 

2190 
44 

1 
1 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

16,856 
45,366 
15,122 

8,760 
2,190 

750 
23,897 

2 
2 
2 
2 
2 
2 

5% of Capital Cost 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

33,713 
90,732 
30,244 
17,520 

4,380 
1,500 

37,070 

2 
2 
2 
2 
2 
2 

5% of Capital Cost 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

67,426 
181,463 

60,488 
35,040 

8,760 
3,000 

66,658 

Notes: 
1.) Power consumption - see DSBR Load Calculation Spreadsheet (Optional Items) 
2.) Resin Replacement Rate Based on 0.75 ft3 per acre foot of water treated 
3.) Filter bags - Disposal: (12-bag unit) Assume 12 bags are replaced every other day 
4.) Filter Bags - Disposal: assume 50 bags fit in a 55-gallon drum; Transportation - Assume 1 trip per 50 drums 
5.) Additional analytical testing that may be required for IE units not included 

Subtotal O&M Costs (Additional for Potable Water) $ 112,941 $ 215,159 $ 422,835 

Subtotal O&M Costs Potable Water (Acetate as Substrate) $ 468,535 $ 856,239 $ 1,643,913 
Subtotal O&M Costs Potable Water (Methanol as Substrate) $ 316,317 $ 550,597 $ 1,036,243 

AppendixH 
DSBR Costs Page 2 of 4 



  

DSBR - Chemical Feed Calculations 

1. Sodium Acetate 
a. Assume Sodium Acetate (NaAc) Feed Rate of 1 gpm for proper mixing 
b. Assume Acetate (Ac-) Requirement of 100 mg/L in Final Flow 
c. FW of Sodium Acetate, anhydrous, is 82 g 
d. Influent Flow Rate = 500 gpm; Total Flow = Influent Flow + NaAc Feed 

[NaAc] in feed flow = [Ac-] in final flow (mg/L) x Final Flow Rate (gpm) = 
NaAc Feed Rate (gpm) x 59g Ac-/82g NaAc 

69631 mg/L < solubility of acetate 

For 1 week's supply at 1 gpm, need: 

10,080 gallons solution (----> tank requirement)
 
and
 

= 69631 mg/L x 1 L/.2642 gal x 10,080 gal x 1/10 6 kg/g x 2.2 lb/kg =
 
5845 lb NaAc per week (---> chemical requirement)
 

Annual Requirement would be: 
303918 lbs 

2. Nutrients (Ammonium Phosphate Di-Basic) 
a. Assume final P requirement of 1.0 mg/L in hydrogen phosphate (HPO4-) or final N requirement of 0.9 mg/L in ammonium (NH4+) 
b. Assume Diammonium Phosphate [(NH4)2HPO4] will be added at 1 gpm for proper mixing 
c. FW for Diammonium Phosphate is 132 g 

Nutrient Feed Concentration: 

[NH4-N or HPO4-P] in final flow (mg/L) x Final Flow Rate (gpm) 
(NH4)2HPO4 feed rate (gpm) x 28 g NH4-N or 31 g HPO4-P / 132 g (NH4)2HPO4 

2126 mg/L << solubility of diammonium phosphate 

For 1 week's supply at 1 gpm, require: 

2126 mg/L x 1 L/.2642 gal x 10,080 gal x 1/10 6 kg/g x 2.2 lb/kg = 
178.4 lb Diammonium Phosphate per week 

Annual Requirement would be: 
9278 lbs 
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DSBR - Waste Disposal 

1) Bioreactor Media (500-gpm system) 

Assume replace media annually in each reactor 

4,500ft3 

assuming media weighs 3 lb/ft3 --> 13,500 lb or 6.75 tons 
a. Disposal Cost 
6.75 tons @ $45/ton + tax = 
$ 365 

b. Transportation 
2 trips @ $750/trip = 
$ 1,500 

2) Substrate/Nutrient Solution (500-gpm system) 

Dispose 10,000 gallons each annually - for tank cleaning/maintenance 

a. Disposal Cost 

Volume
 
20,000 $/gal
 

= 0.30
 
$ 6,000
 

b. Transportation: Assuming 5,000 gal per load, 2 trucks per tank 

# trips 
4 $/trip 

= $ 750 
$ 3,000 

Total Disposal & Trans: 
$ 10,865 
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CONTINUOUSLY STIRRED TANK REACTOR (CSTR) 
COST ESTIMATE FOR 500-, 1,000- and 2,000- GPM SYSTEMS 

CAPITAL COSTS 
Non-Potable Water Applications 500 gpm 1000 gpm 2000 gpm 

Item Unit Cost Qty Total Cost Multiplier (from 500 gpm) Total Cost Multiplier (from 1000 gpm) Total Cost 

Turnkey CSTR system, including tanks, 
1 piping, valves, etc. (per vendor estimate) 1,000,000$ 1 $ 1,000,000 N/A $ 1,377,000 N/A  $ 1,730,000 

2 DO meter - online (inlet/outlet) 7,085$ 2 $ 14,171 2 $ 28,342 2 56,683$ 

Subtotal Capital Costs (Non-Potable Water) $ 1,014,171 $ 1,405,342 1,786,683$ 

Potable Water Applications (Additional Equipment Required) 
1 U. S. Filter Mag Flex 20,000$ 6 $ 120,000 N/A $ 200,000 N/A 400,000$ 
2 Resin Fill (ft3)  75  $ 360 $ 27,000 N/A $ 45,000 N/A 90,000$ 

Duplex Bag Filter System with Automatic 
3 Sequencing 30,000$ 1 $ 30,000 1 $ 30,000 1.15 34,500$ 
4 UV Disinfection System 62,000$ 1 $ 62,000 From vendor estimate $ 74,000 1.2 88,800$ 

Supply Pump for Filter/IE Polishing 
5 Vessels 3,248$ 1 $ 3,248 1.5 $ 4,873 1.5 7,309$ 
6 Controls and Instrumentation 10,000$ 1 $ 10,000 1.5 $ 15,000 1.5 22,500$ 
7 Piping/Valves 50,000$ 1 $ 50,000 2 $ 100,000 2 200,000$ 

Subtotal (Additional for Potable Water) 302,248$ 468,873$ 843,109$ 

Notes: 
1.) U. S. Filter Mag Flex IE Vessels configured in series-parallel; each vessel rated for 200-gpm, so 6 are required for 500 gpm, 10 for 1,000 gpm, 20 for 2,000 gpm
 
2.) For Bag Filter System, Basic Design (up to 1,200-gpm) is most economical for 500 and 1,000-gpm. For 2,000-gpm minor retrofits (at approx. cost increase 

of 15%) are required.
 
3.) For UV disinfection equipment, used vendor-provided costs for 500 and 1,000-gpm; based on these costs, estimated cost for 2,000-gpm unit.
 

Subtotal Capital Costs (Potable Water) 1,316,419$ 1,874,214$ 2,629,792$ 
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OPERATING AND MAINTENANCE COSTS (ANNUAL) 
Non-Potable Water Applications 

1 Electricity (kWh) $ 0.10 381555 $ 38,155 See Note $ 67,551 See Note $ 126,342 
2 Methanol (lb) $ 0.15 72270 $ 10,841 See Note $ 20,477 See Note $ 44,567 
3 Nutrients (lb) (same as DSBR/FBR) $ 0.65 9278 $ 6,031 2 $ 12,061 2 $ 24,123 
4 Operating Labor (hr) (2 days/week) $ 75 832 $ 62,400 1.25 $ 78,000 1.25 $ 97,500 
5 Waste Disposal (e.g. media) $ 12,455 1 $ 12,455 See Note $ 13,370 See Note $ 15,949 
6 Analytical (Process/Discharge) $ 31,474 1 $ 31,474 See Note $ 50,360 See Note $ 88,132 
7 Maintenance (5% of capital cost) $ 69,575 1 $ 69,575 5% of Capital Cost $ 95,805 5% of Capital Cost $ 120,365 
8 Media Replacement (10% of cost of 

remaining items) $ 23,093 1 $ 23,093 See Note $ 33,762 See Note $ 51,698 

Notes: 
1.) Electricity usage: Based on vendor estimate of 15 hp/reactor + 10 kW for appurtenances.
 
2.) Methanol requirement based on vendor estimates.
 
3.) Waste disposed includes media inside reactors, nutrient and substrate (for tank maintenance). Media quantity estimated from vendor
 
estimate. Nutrient/substrate quantity assumed same as for FBR/DSBR. See Below Calculations. Analytical Costs equal to DSBR.
 
4.) Analytical - Process sampling based on # of sampling points - from vessel configurations provided by vendor (see Analytical Costs spreadsheet); 

Discharge Sampling - Same for all Scenarios (performed monthly) - and identical to other systems
 
5.) Media requirements based on vendor estimate recommendation listed above.
 

Subtotal Non-Potable Water O&M Costs 254,023$ 371,385$ 568,675$ 

Potable Water Applications 
1 Electricity (kWh) 
2 Resin Replacement (ft3) 
3 Resin Disposal (ft3) 
4 Filter Bags - Replacement 
5 Filter Bags - Disposal 
6 Filter Bags - Transportation 
7 Maintenance 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

0.10 
75  
25  

4.00 
50 

750 
23,897 

168564 
605 
605 

2190 
44 
1 
1 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

16,856 
45,366 
15,122 
8,760 
2,190 

750 
23,897 

2 
2 
2 
2 
2 
2 

5% of capital cost 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

33,713 
90,732 
30,244 
17,520 
4,380 
1,500 

37,070 

2 
2 
2 
2 
2 
2 

5% of capital cost 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

67,426 
181,463 
60,488 
35,040 
8,760 
3,000 

66,658 

1.) Power consumption - see DSBR Load Calculation Spreadsheet (Optional Items) 
2.) Resin Replacement Rate Based on 0.75 ft3 per acre foot of water treated 
3.) Filter bags - Replacement: (12-bag unit) Assume 12 bags are replaced every other day 
4.) Filter Bags - Disposal: assume 50 bags fit in a 55-gallon drum; Transportation - Assume 1 trip per 50 drums 
5.) Additional analytical testing that may be required for IE units not included 

Subtotal Annual O&M Costs (Additional for Potable Water) $ 112,941 $ 215,159 $ 422,835 

Subtotal Annual O&M Costs (Potable Water) $ 366,964 $ 586,544 $ 991,510 
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CSTR - Waste Disposal 

1) Bioreactor Media Volume = 

Assume replace media annually; media density of 3 lb/ft3, media fill 30% of reactor
 

Total quantity for disposal = 
3.1 tons 

a. Disposal Cost 
3.1 tons @ $45/ton + tax (20%) 
$ 165 

b. Transportation 
2 trips at $750 
$ 1,500 

2) Substrate/Nutrient Solution 

Assume Same Parameters as for DSBR/FBR 

Total: Disposal & Trans 
$ 10,665 

(1,000-gpm system) (2,000-gpm system) 
Media Qty: 

4069 8139 ft3 

6.1 12.2 tons 
Disposal Cost 
$ 330 $ 659 

Transportation Cost 

3 trips 6 trips 
$ 2,250 $ 4,500 

Total: Disposal & Trans 
$ 11,580 $ 14,159 
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FLUIDIZED BED REACTOR (FBR) 
COST ESTIMATE FOR 500-, 1,000- and 2,000- GPM SYSTEMS 

CAPITAL COSTS 
Non-Potable Water Applications 500 gpm 1000 gpm 2000 gpm 

Item Unit Cost Qty Total Cost Multiplier (from 500 gpm) Total Cost Multiplier (from 1000 gpm) Total Cost 
1 

Turnkey FBR system, including 
reactor tank, controls, pumps, media 
(from vendor estimate) 500,000$ 1 500,000$ N/A $ 650,000 N/A  $ 1,200,000 

2 Influent Equalization Tank 
Piping/Valves (assume 75% of 

4,658$ 1 4,658$ 1.5 $ 6,987 1.5  $ 10,481 

3 DSBR cost) 45,000$ 1 45,000$ 2 $

 90,000 

2  $ 180,000 
4 Substrate Tank 4,158$ 1 4,158$ 1.5 $ 6,237 1.5  $ 9,356 
5 Substrate Feed Pump 18,063$ 1 18,063$ 2 $

 36,126 

2  $ 72,253 
6 Nutrient Tank 4,158$ 1 4,158$ 1.5 $ 6,237 1.5  $ 9,356 
7 Nutrient Pump 18,287$ 1 18,287$ 2 $

 36,574 

2  $ 73,147 
8 Nutrient/Substrate Tank Mixers 10,576$ 1 10,576$ 1.5 $ 15,865 1.5  $ 23,797 
9 Flow Meter 3,749$ 1 3,749$ 2 $

 7,498 

2  $ 14,996 
10 Static Mixers 1,298$ 2 2,595$ 2 $

 5,191 

2  $ 10,382 
11 DO meter - online (inlet/outlet) 7,085$ 2 14,171$ 2 28,342$ 2 56,683$ 

Note: 
1.) Equipment costs for tanks, piping, pumps, etc. from DSBR estimate. 

Subtotal - Capital Costs (Non-Potable Water) 625,416$ 889,056$ 1,660,449$ 

Potable Water Applications (Additional Equipment Required) 

1 U. S. Filter Mag Flex 
2 Resin Fill (ft3) 

3 
Duplex Bag Filter System with 
Automatic Sequencing 

4 UV Disinfection System 

5 
Supply Pump for Filter/IE Polishing 
Vessels 

6 Controls and Instrumentation 
7 Piping/Valves 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

20,000 
75  

30,000 
62,000 

3,248 
10,000 
50,000 

6 
360 

1 
1 

1 
1 
1 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

120,000 
27,000 

30,000 
62,000 

3,248 
10,000 
50,000 

N/A 
N/A 

1 
1 

1.5 
1.5 

2 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

200,000 
45,000 

30,000 
74,000 

4,873 
15,000 

100,000 

N/A 
N/A 

1.15 
1.2 

1.5 
1.5 

2 

$ 
$ 

$ 
$ 

$ 
$ 
$ 

400,000 
90,000 

34,500 
88,800 

7,309 
22,500 

200,000 

Notes: 
1.) U. S. Filter Mag Flex IE Vessels configured in series-parallel; each vessel rated for 200-gpm, so 6 required for 500 gpm, 10 required for 1,000 gpm, and 20 required for 2,000 gpm.
 
2.) For Bag Filter System, Basic Design (up to 1,200-gpm) is most economical for 500 and 1,000-gpm. For 2,000-gpm minor retrofits (at approx. cost increase of 15%) are 

required.
 
3.) For UV disinfection equipment, used vendor-provided costs for 500 and 1,000-gpm; based on these cost, estimated cost for 2,000-gpm unit.
 

Subtotal (Additional for Potable Water) 302,248$ 468,873$ 843,109$ 

Subtotal Capital Costs (Potable Water) 927,664$ 1,357,929$ 2,503,558$ 
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OPERATING AND MAINTENANCE COSTS (ANNUAL) 
Non-Potable Water Applications 

1 Electricity (kWh) 
2 Substrate (lb) (acetate) 
3 Nutrients (lb) 
4 Operating Labor (hr) 
5 

Analytical (Process/Discharge) 
6 (analytical/disposal of chemical feed 

solutions only - no media) 
7 Maintenance (5% of capital cost) 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

0.10 
0.50 
0.65 

75 

29,061 

10,010 
39,558 

519100 
303918 

9278 
1248 

1 

1 
1 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

51,910 
151,959 

6,031 
93,600 

29,061 

10,010 
39,558 

2 
2 
2 

1.25 

1 

2 
5% of Capital Cost 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

103,820 
303,918 

12,061 
117,000 

29,061 

20,020 
56,233 

2 
2 
2 

1.25 

1 

2 
5% of Capital Co 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

207,640 
607,836 

24,123 
146,250 

29,061 

40,040 
105,023 

Notes: 
1.) Power usage - assumed 25 percent higher than DSBR due to greater plant operational pressures. 
2.) Chemicals (methanol or acetate, nutrients) – identical usage as DSBR 
3.) Labor - assumed 33 percent higher than DSBR/CSTR due to greater system complexity 
4.) Process sampling - based on the number of sampling points from vendor-provided vessel configurations (see Analytical Costs spreadsheet) and identical analyses as DSBR 

5.) Discharge sampling - identical to other processes 
Subtotal Non-Potable O&M Costs (Acetate as Substrate) $ 382,128 $ 642,113 $ 1,159,973 
Subtotal Non-Potable O&M Costs (Methanol as Substrate) $ 233,980 $ 351,641 $ 589,673 

Potable Water Applications 
1 Electricity (kWh) 
2 Resin Replacement (ft3) 
3 Resin Disposal (ft3) 
4 

Filter Bags - Replacement (assume 
every other day - 12 bags in unit) 

5 Filter Bags - Disposal (assume 50 
bags per 55 gal drum) 

6 Filter Bags - Transportation (assume 
1 trip/50 drums) 

7 Maintenance 

$ 
$ 
$ 

$ 

$ 

$ 
$ 

0.10 
75  
25  

4.00 

50 

750 
23,897 

168564 
605 
605 

2190 

44 

1 
1 

$ 
$ 
$ 

$ 

$ 

$ 
$ 

16,856 
45,366 
15,122 

8,760 

2,190 

750 
23,897 

2 
2 
2 

2 

2 

2 
5% of capital cost 

$ 
$ 
$ 

$ 

$ 

$ 
$ 

33,713 
90,732 
30,244 

17,520 

4,380 

1,500 
37,070 

2 
2 
2 

2 

2 

2 
5% of capital cost 

$ 
$ 
$ 

$ 

$ 

$ 
$ 

67,426 
181,463 

60,488 

35,040 

8,760 

3,000 
66,658 

Notes: 
1.) Power consumption - see DSBR Load Calculation Spreadsheet (Optional Items) 
2.) Resin Replacement Rate Based on 0.75 ft 3 per acre foot of water treated 
3.) Filter bags - Replacement: (12-bag unit) Assume 12 bags are replaced every other day 
4.) Filter Bags - Disposal: assume 50 bags fit in a 55-gallon drum; Transportation - Assume 1 trip per 50 drums 
5.) Additional analytical testing that may be required for IE units not included 

Subtotal Annual O&M Costs (Additional for Potable Water) 112,941$ 215,159$ 422,835$ 

Subtotal O&M Costs Potable Water (Acetate as Substrate) $ 495,069 $ 857,272 $ 1,582,808 
Subtotal O&M Costs Potable Water (Methanol as Substrate) $ 346,920 $ 566,800 $ 1,012,508 
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ION EXCHANGE SYSTEM 
COST ESTIMATE FOR 500-, 1,000- and 2,000- GPM SYSTEMS 

CAPITAL COSTS 

Multiplier Multiplier 
(from 500 (from 1000 

Item Unit Cost Qty Total Cost gpm) Total Cost gpm) Total Cost 
1 Equalization Tank - Polyethyelene -11,000 gallon capacity - 12' D x 

14' H 4,658$ 1 4,658$ 1.5  $ 6,987 1.5  $ 10,481 
2 Ion Exchange Vessel - USFilter Mag Flex 20,000$ 6 120,000$ N/A  $ 200,000 N/A  $ 400,000 
3 Resin Fill - initial, polystyrenic resin (60 ft3 per vessel) 75$ 360 27,000$ N/A  $ 45,000 N/A  $ 90,000 

4 Filtration System (Duplex Bag Filter with Automatic Sequencing) 30,000$ 1 30,000$ 1  $ 30,000 1.15  $ 34,500 
5 Piping 50,000$ 1 50,000$ 2  $ 100,000 2  $ 200,000 
6 Valves 10,000$ 1 10,000$ 2  $ 20,000 2  $ 40,000 
7 Controls & Instrumentation 20,000$ 1 20,000$ 1.5  $ 30,000 1.5  $ 45,000 
8 Miscellaneous Items, e.g. secondary containment 10,000$ 1 10,000$ 1.5  $ 15,000 1.5  $ 22,500 

Subtotal $ 271,658 $ 446,987 $ 842,481 

Note: 
U. S. Filter Mag Flex IE Vessels configured in series-parallel; each vessel rated for 200-gpm, so 6 required for 500 gpm, 10 required for 1,000 gpm, and 20 required for 2,000 gpm. 

OPERATION AND MAINTENANCE COSTS (ANNUAL) 
1 Electricity (kWh) 

2 
Resin Replacement (Dispose + Fresh) (ft3) (Based on 8.8 ft3 per 
acre foot) 

3 Operating Labor (hr) 
4 Analytical (Process sampling, discharge sampling monthly) 
5 Maintenance (5% of capital cost) 

$ 

$ 
$ 
$ 
$ 

0.10 

100 
75 

41,278 
18,901 

163308 

7000 
416 

1 
1 

$ 

$ 
$ 
$ 
$ 

16,331 

700,000 
31,200 
41,278 

18,900.61 

2 

2 
1.1 

See Below 
% of Capital Co 

$ 

$ 
$ 
$ 
$ 

32,662 

1,400,000 
34,320 
41,278 
31,099 

2 

2 
1.1 

See Below 
5% of Capita 

$ 

$ 
$ 
$ 
$ 

65,323 

2,800,000 
37,752 
68,968 
58,616 

Subtotal Annual O&M Costs (Basic Items) $ 807,709 $ 1,539,359 $ 3,030,659 

Notes/Assumptions: 
1. Power usage - based on 25 hp pump 
2. Resin replacement - based on 8.8 ft3 per acre foot treated 
3. Analytical - see Analytical Costs Spreadsheet 
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NANOFILTRATION (W/ DSBR REJECTATE TREATMENT) 
COST ESTIMATE FOR 500-, 1,000- and 2,000- GPM SYSTEMS 

CAPITAL COSTS 
Basic Items 500 gpm 1000 gpm 2000 gpm 

Item Unit Cost Qty Total Cost Multiplier (from 500 gpm) Total Cost Multiplier (from 1000 gpm) Total Cost 
1 160 gpm modules (includes pretreatment, 

pumps) 125,000$ 3 375,000$ N/A  $ 750,000 N/A $ 1,625,000 
2 Nanofilter Membrane Washing System 20,000$ 1 20,000$ 1  $ 20,000 1 $

 20,000 

3 Piping 50,000$ 1 50,000$ N/A  $ 75,000 N/A $ 100,000 
4 Air Pressure Tank 25,000$ 1 25,000$ 1  $ 25,000 1 $

 25,000 

5 Rejectate Treatment Equipment (DSBR) -
60, 120, 240 gpm 320,312$ 1 320,312$ N/A  $ 618,849 N/A $ 1,205,036 

Notes/Assumptions: 
1.) NF module, membrane washing system, piping, and air pressure tank costs from vendor estimate. 
2.) Rejectate treatment equipment cost assumed equal to DSBR treating raw influent at same flow rate as NF unit 

Subtotal - Basic Items 790,312$ 1,488,849$ 2,975,036$ 

Additional Items - For DSBR - For Potable Water Applications 

1 Duplex Bag Filter System 
2 UV Disinfection System 
3 Supply Pump for Filter/IE Polishing 

Vessels 
4 Controls and Instrumentation 
5 Piping/Valves 

$ 
$ 

$ 
$ 
$ 

8,800 
30,000 

1,000 
5,000 

10,000 

1 
1 

1 
1 
1 

$ 
$ 

$ 
$ 
$ 

8,800 
30,000 

1,000 
5,000 

10,000 

2 
N/A 

1.5 
1.25 

2 

$ 
$ 

$ 
$ 
$ 

17,600 
40,000 

1,500 
6,250 

15,000 

N/A 
N/A 

1.5 
1.25 

2 

$ 
$ 

$ 
$ 
$ 

30,000 
50,000 

2,250 
7,813 

22,500 

Notes/Assumptions: 
1.) Bag Filter System - Use 50-gpm modules for 60, 120-gpm rejectate units; use 1,000+ gpm unit for 240 gpm (similar to other biosystems) 
2.) UV Disinfection - Estimated based on vendor quotes for 500-gpm and larger systems 

Subtotal - Optional Items $ 54,800 $ 80,350 $ 112,563 
Subtotal for Potable Water Applications $ 845,112 $ 1,569,199 $ 3,087,599 
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OPERATING AND MAINTENANCE COSTS (ANNUAL) 

Basic Items -
1 Electricity (NF Modules) (kWh) 
2 Operating Labor (hr) 
3 Analytical (Assume process sampling 

weekly, discharge sampling monthly) 
4 

Rejectate Treatment - 12% of Influent Flow 
5 Maintenance 

$ 
$ 

$ 

$ 
$ 

0.10 
75 

28,240 

257,688 
20,000 

653233 
832 

1 

1 
1 

$ 
$ 

$ 

$ 
$ 

65,323 
62,400 

28,240 

257,688 
20,000 

2 
1.1 

N/A 

2 
See Note 

$ 
$ 

$ 

$ 
$ 

130,647 
68,640 

28,240 

515,375 
35,000 

2 
1.1 

N/A 

2 
See Note 

$ 
$ 

$ 

$ 
$ 

261,293 
75,504 

28,240 

1,030,751 
40,000 

Notes: 
1.) Electricity (NF modules) - based on power consumption estimates from vendor.
 
2.) Labor - assumed equal to DSBR, due to rejectate treatment.
 
3.) Analytical: Assume influent/final effluent samples from combined header to/from modules, analysis for perchlorate, nitrate, TDS.
 
4.) Rejectate Treatment Cost Assumptions:
 
a) Costs for chemicals (acetate/nutrients), process sampling and media replacement/disposal assumed identical to DSBR treating raw influent at same flow rate as NF system 

(for 500-gpm)
 
b) Labor – assume no additional (captured in labor cost for NF system operation)
 
c ) Maintenance equals 5% of NF rejectate system equipment equipment cost for 500-gpm
 
d) Power consumption estimated as about 17.5 kW total (for 500-gpm) for process pumps, mixers, and appurtenances.
 
5.) Maintenance Cost Estimates (from vendor estimate):
 
a) Membrane replacement costs are $80,000 every 5 years, and pump replacement costs are $40,000 every 10 years (500-gpm)
 
Equivalent Annual Cost is: $ 20,000 (not amortized)
 
b) Membranre replacement costs are $140,000 every 5 years, and pump replacement costs are $70,000 every 10 years (1,000-gpm)
 
Equivalent Annual Cost is: $ 35,000 (not amortized)
 
c) Membrane replacement costs are $160,000 every 5 years, and pump replacement costs are $80,000 every 10 years (1,000-gpm)
 
Equivalent Annual Cost is: $ 40,000 (not amortized)
 

Subtotal Annual O&M Costs (Basic Items) 433,651$ 777,902$ 1,435,788$ 

Potable Water Applications 
1 Electricity (kWh) 

2 
Filter Bags - Replacement (assume every 
other day - 12 bags in unit) 

3 
Filter Bags - Disposal (assume 50 bags per 
55 gal drum) 

4 
Filter Bags - Transportation (assume 1 
trip/50 drums) 

5 Maintenance (5% of capital cost) 

$ 

$ 

$ 

$ 
$ 

0.10 

4.00 

50 

750 
3,813 

$ 43,800 

2190 

44 

1 
1 

$ 

$ 

$ 

$ 
$ 

4,380 

8,760 

2,190 

750 
3,813 

2 

2 

2 

2 
5% of capital cost 

$ 

$ 

$ 

$ 
$ 

8,760 

17,520 

4,380 

1,500 
5,590 

2 

2 

2 

2 
5% of capital cos 

$ 

$ 

$ 

$ 
$ 

17,520 

35,040 

8,760 

3,000 
7,832 

Notes: 
1.) Electricity - Assume 5 kW power for additional pump, UV lamps (500-gpm) 
2.) Bag Filter Usage/Disposal - Assume Identical to Biotreatment Applications 
3.) Maintenance Costs - Assume 5% of Capital Cost Due to Optional Equipment 

Subtotal O&M Cost - Optional Items 19,893$ 37,750$ 72,152$ 

Subtotal Annual O&M Costs - Potable Water Applications 453,544$ 815,652$ 1,507,940$ 
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Analytical Costs 

1 Laboratory -- Process Unit Cost Qty Qty Total Cost Total Cost 
Analysis 2-3 Dat TAT 7 Dat TAT 2-3 Dat TAT 7 Dat TAT 2-3 Day TAT 7 Dat TAT 
ClO4 

- 120.00 NA 60 0 7,200.00$ 0 
Acetate 270.00 NA 60 0 16,200.00$ 0 
Nitrate 16.50 NA 60 0 990.00$ 0 
Chloride NA 16.00 NA 60 0 960.00$ 
Sulfate NA 11.00 NA 60 0 660.00$ 

SUBTOTAL 24,390.00$ 1,620.00$ 

Alternate (Methanol for Acetate) 85.00 60 5,100.00$ 
REVISED SUBTOTAL 13,290.00$ 

2 Laboratory -- Discharge 
pH NA 10.00 0 12 0 120.00$ 
ClO4 

- NA 80.00 0 12 0 960.00$ 
PCBs/Pesticides NA 195.00 0 12 0 2,340.00$ 
EDB NA 65.00 0 12 0 780.00$ 
BOD NA 40.00 0 12 0 480.00$ 
TSS NA 16.00 0 12 0 192.00$ 
Sulfides NA 20.00 0 12 0 240.00$ 
SS NA 16.00 0 12 0 192.00$ 
TURB NA 10.00 0 12 0 120.00$ 
PHENOL NA 36.00 0 12 0 432.00$ 
Oil and Grease NA 65.00 0 12 0 780.00$ 
BIOAS (T22) NA 250.00 0 12 0 3,000.00$ 
Sulfate NA 11.00 0 12 0 132.00$ 
TDS NA 14.00 0 12 0 168.00$ 
Chloride NA 16.00 0 12 0 192.00$ 
Cr(VI) NA 90.00 0 12 0 1,080.00$ 
VOCsTrip blank NA 115.00 0 12 0 1,380.00$ 
Fecal Coliform NA 37.50 0 12 0 450.00$ 

SUBTOTAL 12,588.00$ 

3 Laboratory -- Waste Mgmt. (Biological Systems) 
VOCs NA 115.00 0 2 0 230.00$ 
CAM Metals NA 115.00 0 2 0 230.00$ 
PCBs/pesticides NA 195.00 0 2 0 390.00$ 
BIOAS (T22) NA 250.00 0 3 0 750.00$ 
pH NA 10.00 0 3 0 30.00$ 
ClO4 - NA 80.00 0 2 0 160.00$ 

SUBTOTAL 1,790.00$ 

Frequency (Same for DSBR/CSTR/FBR): Twice-weekly for first month, then monthly 

DSBR:	 5 reactors at 500 gpm- 2 + 3 
Sampling Points: 

2-1 Primary Influent	 ClO4
-, NO3

-, Acetate, Cl-, SO4 
2-2 Intermediate (Post-Deoxy/Denit) ClO4

-, NO3
-, Acetate, Cl-, SO4 

2-3 Final Effluent	 ClO4
-, NO3

-, Acetate, Cl-, SO4 

# samples (annually) = 
2-ClO4

-, NO3
-, Acetate, Cl-, SO4 60
 

Methanol (For Acetate) 60
 

-	 2-CSTR:	 ClO4 NO3
-, Methanol, Cl-, SO4 # samples (annually) = 

3 reactors (series) at 500 gpm (4 sample 
points) 76 
6 reactors (2 + 2 + 2) at 1,000-gpm (8 
sample points) 152 
12 reactors (2 x 2 + 2 + 2) at 2,000-gpm 
(16 sample points) 304 

FBR:	 1 reactor at 500 or 1,000-gpm (2 sample points) 
2 reactors at 2,000 gpm (in parallel - 2 sample points) 

# samples (annually) = 
2-ClO4

-, NO3
-, Acetate, Cl-, SO4 38
 

Methanol (for Acetate) 38
 

IE: Analytical Costs 
Process Samples:
 
# samples 500-gpm system (3 sampling points) ClO4

-, NO3
-, Cl-, SO4

2-, TDS $ 27,690
 

1,000-gpm system (3 sampling points) ClO4
-, NO3

-, Cl-, SO4
2-, TDS $ 27,690 

2-2,000-gpm system (6 sampling points) ClO4
-, NO3

-, Cl-, SO4 $ 55,380 

Assume: $1000 annually for waste characterization/profiling 
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DSBR - Electrical Load Calculations - 500-gpm System 

DESCRIPTION QTY HP kW 
Basic Equipment 
500 gpm pumps 2 25 37.3 
Metering Pumps 2 0.75 1.1 
Mixers 2 2 3.0 
Flow Meter 1 - 0.02 
DO Meter 2 - 6.0 

TOTAL 47.4 
Optional 
Equipment: 
500 gpm pumps 1 25 18.6 
UV Bulbs - - 0.6 

TOTAL 19.2 

AppendixH 
DSBRLoadCalcs Page 1 of 1 




