Appendix B

Preliminary Cost Estimates for 46 Different

On-Site Systems in the Barnstable, MA Community

Using COSMOTM: Costs of On-Site Management Options

83

COSMOTM:
Costs of On-Site Management Options facilitates estimation of costs for conventional septic systems including simple modifications such as chambers, styrene foam trenches, large diameter pipe trenches, panel block trenches, and biofabric treatment components that are used in the place of gravel in the drainfield trenches.  Modifications also include systems that use either gravity or pumped drainage around the drainfield as well as sand lined trenches in the drainfield.  The types of wastewater distribution techniques addressed in COSMOTM include conventional gravity distribution, pressure manifold distribution, low pressure pipe distribution, subsurface drip irrigation, and surface spray irrigation.  Pretreatment technologies addressed in COSMOTM include pressure-dosed single pass sand filters, pressure-dosed peat filters, pressure-​dosed recirculating sand filters, constructed wetlands, aerobic treatment units, denitrification systems with blackwater and graywater separation, chlorination disinfection units, and ultraviolet light disinfection units.  Pressure-dosed at-grade systems, pressure-dosed sand mounds, and raised fill mounds that utilize gravity distribution are also included in COSMOTM .

Advanced on-site systems are made from combinations of technology components.  These components include pretreatment components, distribution technologies and other options.  During the system design stage system components are combined together like boxcars, flatcars, tankcars, engines and cabooses into a treatment train for a particular site.  COSMOTM includes cost information for a total of 46 different treatment trains that represent various combinations of on-site technology components (Table B-1).

COSMOTM consists of a series of 50 Excel worksheets on one diskette.  These include one input worksheet, 46 budget worksheets and three output worksheets.  Users enter information in just one of the 50 worksheets.  This worksheet, called LIST, contains over 170 pieces of information on technical system and site specifications as well as costs of equipment, materials, labor and economic parameters.

Table B-2 is a LIST worksheet for the Barnstable community and includes input data for COSMOTM.  This table is five pages long.  The first page of the LIST worksheet includes basic system specifications that are used to calculate the size of the systems.  The user must choose whether to use either the left side or right side of the page to determine system sizes.  In either case, these input numbers on the first page of the LIST worksheet can be changed by the user of COSMOTM in order to assess the effect of different loading rates, design flows etc. on system costs.  COSMOTM is a process to estimate costs, not a set of costs themselves.  We chose to use the right side of the page for this example and input system sizes directly into the LIST worksheet.  The left side of the page would be used if one desired to calculate system sizes from design flow, distribution system loading rates in gpd/ft2, pretreatment system loading rates in gpd/ft2, and drainfield size adjustment factors as a percentage.

We assumed a design flow of 440 gallons per day which represents a four bedroom home in Massachusetts.  We also assumed 0.74 gpd/ft2 as a representative soil loading rate for conventional septic systems in the Barnstable community, thereby resulting in the need for 594 square feet of effective absorption area.  Since Title 5 allows the use of sidewall absorption area for calculating the size of systems that utilize trenches, we assumed that one foot of sidewall absorption area was available on each side of each trench.  Therefore, a conventional trench
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Table B-1.  Overview of systems evaluated by COSMOTM
Al
Septic tank & gravity distribution

A2
Septic tank & gravity distribution with chambers

A3
Septic tank & gravity distribution with styrene foam

A4
Septic tank & gravity distribution with large diameter pipes

A5
Septic tank & gravity distribution with panel blocks

A6
Septic tank & gravity distribution with biofabric treatment

B
Septic tank & gravity distribution w/ tile drainage

C
Septic tank & gravity distribution w/ pump tile drainage

D
Septic tank & gravity distribution w/sand lined trenches

E
Septic tank & gravity distribution w/sand lined trenches & tile drainage

F
Septic tank & gravity distribution w/sand lined trenches & pump drainage

GI
Septic tank & gravity distribution w/ pressure manifold

G2
Septic tank & gravity distribution w/ pressure manifold and chambers

G3
Septic W& & gravity distribution w/ pressure manifold and styrene foam

G4
Septic tank & gravity distribution w/ pressure manifold and large diameter pipes

G5
Septic tank & gravity distribution w/ pressure manifold and panel blocks

G6
Septic tank & gravity distribution w/ pressure manifold and biofabric treatment

HI
Septic tank & gravity distribution w/ sand filter pretreatment

H2
Septic tank & gravity distribution w/ peat filter pretreatment

I
Septic tank & gravity distribution w/ recirculating sand filter pretreatment

J
Septic tank & LPP distribution

K
Septic tank & LPP distribution w/ sand filter pretreatment

L
Septic tank & LPP distribution w/ recirculating sand filter pretreatment

M
Septic tank & drip distribution

N
Septic tank & drip distribution w/ sand filter pre-treatment

O
  Septic tank & drip distribution w/ recirculating sand filter pre-treatment

P        Septic tank & drip distribution w/ sand filter pre-treatment & chlorine disinfection

Q        Septic tank & drip distrib. w/ recirc. sand filter pre-treatment & chlorine disinfection

R        Septic tank & drip distribution w/ sand filter pre-treatment & UV disinfection

S        Septic tank & drip distribution w/ recirc. sand filter pretreatment & UV disinfection

T        Septic tank & spray irrigation w/ sand filter pre-treatment and chlorine disinfection

U       Septic tank & spray irrigation w/ recirc. sand filter pre-treatment and chlorination

V       Septic tank & spray irrigation w/ sand filter pre-treatment and UV

W      Septic tank & spray irrigation w/ recirculating sand filter pre-treatment and UV

X       Septic tank and gravity distribution with wetland cell

Y       Aerobic treatment unit and gravity distribution

Z1      Denitrification system w/ blackwater & graywater separation and gravity distribution

Z2      Denitrification system w/ blackwater & graywater separation and LPP distribution

ZAI    Septic tank & gravity distribution w/ 18" fill mound

ZA2    Septic tank & gravity distribution w/ 18" fill mound and chambers

ZA3    Septic tank & gravity distribution w/ 18" fill mound and styrene foam

ZA4    Septic tank & gravity distribution w/ 18" fill mound and large diameter pipes

ZA5    Septic tank & gravity distribution w/ 18" fill mound and panel blocks

ZA6    Septic tank & gravity distribution w/ 18" fill mound and biofabric treatment

ZB      Septic tank & LPP distribution in at-grade system

ZC      Septic tank & pressure-dosed sand mound system
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system with 3-foot wide trenches required 120 linear feet of trench (594 sq.ft. / 5 ft. absorption area per linear foot of trench).  Similar assumptions were made for other types of system designs assuming varying trench widths and effective sidewall areas.  It is important to note here that COSMOTM assumes the use of generic designs that are not specific to the Massachusetts situation.  The cost estimates produced; therefore, do not reflect the true costs for systems that would be designed to meet the requirements of Title 5. Hence, these costs estimates should be only used to assess potential costs on an order of magnitude scale and the user is forewarned of the limitations of these data.

The second page of the LIST worksheet includes additional system design specifications and the frequencies of O&M monitoring inspections, as well as the anticipated frequencies of repair and maintenance activities.  For instance, we have assumed for this example that septic tanks for all systems will be pumped out every four years and that sand filter systems will be inspected twice per year.

The third page of the LIST worksheet includes estimates of the labor requirements for installation of all different types of system components on the left side of the page.  We have assumed that it takes a three person crew a combined total of 5 hours to install the septic tank itself, and that it takes 3 hours to install each 100 linear feet of drainfield trench for a conventional system.  These estimates are based on actual installation times provided by contractors in eastern North Carolina; however, the numbers can be changed by the user of COSMO if they are not accurate for a specific locality or contractor.  The right side of the page includes basic labor costs, heavy equipment costs, and general economic parameters including profit margin for the installer.  The data have been adjusted to be appropriate for the Barnstable community.

The fourth page of the LIST worksheet includes costs of all the pieces and parts of the 46 different systems included in COSMOTM.  These data should be adjusted so that they are accurate for the local cost center.  Most of the data currently included are for the Barnstable community; however, a few of the data were adapted from other communities when data from the Barnstable community were not available.

The final page of the LIST worksheet includes the computed trench lengths and treatment system sizes.  These numbers are calculated from the information on the first page and are transmitted to the upper left hand comer of each budget worksheet in the spreadsheet.  The materials, labor, and equipment needed to install each system are dependent upon the system size as determined in this fifth page of the LIST worksheet.  Since we chose option "I" at the top of the first page, the system sizes we input were transmitted directly to the fifth page of the LIST worksheet and used in the calculations in the budget spreadsheets.

Given this basic information in the LIST worksheet, COSMOTM automatically computes budgets for each of the 46 on-site systems included in the program.  Changes made to the information in the LIST worksheet are automatically transferred to the 46 specific budgets - one worksheet for each type of on-site system; that is, one worksheet for each treatment train.  These specific budget worksheets calculate the installation and long term management costs for each type of system.  They present a detailed breakdown of materials, labor and equipment costs, as
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Table B-2.  List Worksheet of COSMOTM  For Barnstable, Massachusetts.

BASIC SYSTEM SPECIFICATIONS

System size can be input directly or can be computed from inputted design flow and loading rate.
Which method will be used? (0= compute system size, 1= input system size directly)............................................     1

DATA FOR COMPUTING SYSTEM SIZE
DIRECT INPUT OF SYSTEM SIZE


Design flow (gpd)
440
Distribution line length in drainfield (ft)



- Gravity distribution (9' centers)
120


Distribution system loading rates (gpd/ft2)

- Gravity distribution w/ pressure manifold
120


- Gravity distribution

- Gravity distribution w/ sand or peat filter
120


- Sand lined trench (SLT), buried gravity

- Gravity distribution w/ ATU pretreatment
120


- LPP distribution

- LPP distribution (5- centers)
200


- Drip distribution

- LPP distribution w/ sand filter pretreatment
200


- Spray irrigation

- Drip distribution (2'centm)
600




- Drip distribution w/ sand filter pretreatment
600


Pretreatment system loading rates (gpd/ft2)

- Sand lined trench (9- centers)
200


- Pressure-dosed single pass sand filter

- Tile drainage perimeter (100' lines)
272


- Pressure-dosed single pass peat filter

- Tile drainage perimeter w/ SLT (100' lines)
292


- Pressure-dosed recirculating sand filter

- Chamber system (9' centers)
120


- Denitrification system layered sand filter

- Styrene foam system (9' centers)
120


- Constructed wetland

- Large diameter pipes (9- centers)
300


- Sand mound (infiltrative area)

- Panel blocks (8- centers)
150


- Sand mound (basal area)

- Biofabric treatment system (9' centers)
100




Sand filter fine length (ft.)

Drainrield size adjustment

- Pressure-dosed single pass (2' centers)
110


Chamber system

- Pressure-dosed recirculating (2' centers)
45


Styrene foam

- Denitrification system layered sand filter
75


Large diameter pipes

Other systems' surface area (sq ft)

Panel blocks

- Pressure-dosed single pass sand filter
220


Biofabric treatment system

- Pressure-dosed single pass peat filter
120


Sand and peat filter systems

- Pressure-dosed recirculating sand filter
90


Aerobic treatment unit (ATU)

- Denitrification system layered sand filter
160




- Constructed wetland
733




- At-grade system (gravel bed)
594




- Sand mound infiltrative surface area
36


- Sand mound basal area
594




- Spray lrrigation system
9,800

LIST
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ADDITIONAL SYSTEM SPECIFICATIONS AND MAINTENANCE SCHEDULE



Other system specifications
                                                   Maintenance frequencies (years)


Gravel bed width in at-grade system (ft)             12.0             
- Pumpout septic tank                                         4



                                                                                                 
- Desludge (aerobic treatment unit)
 
1



                                                                                                 
- Replace sewage effluent pump                         8    



Sand depth in sand mound system (ft)                  2.0              
- Replace airrnotor puxnp (drip systeni)            8



                                                                                                  
- Replace 1/3 of gravity drainfield                   20



                                                                                                  
- Replace 1/3 of LPP drainfield                       20



Plant spacing in constructed wetand (ft)               2.0               
- Replace 1/3 of drip drainfield                       20 



                                                                                                   
- Drip systern maintenance                               5



                                                                                                  
- Replace spray irrigation assemblies                5



Spray irrigation system                                                             
- Replace 1/2 of filter sand                              20



- Distance, filter to spray field (ft.)                   300
               - Replace 1/2 of recirc. filter sand                   20 


                                - Sprinkler radius (ft.)                                       36                 
- Replace 1/2 of filter peat                               20 




                                                                                             - Replace 1/3 of wetland cell contents            20




                                                                                              -Replace 1/3 of denitrification system filter  20





                                                                                              -Replace ATU unit                                         20



Additional system options (1=yes, 0=no)


Sand filter box? (I = box, 0 = liner)                         0



4" sleeves for LPP laterals?                                      0
              O&M inspection frequencies (times/year)


Septic tank outlet filter?                                           0
               - Septic tank & gravity distrib. Systern             1


                             Screened pump vault?                                              0
               - Tile drainage system                                       1




                                                                                                - Pump tile drainage systern                             1 




                                                                                                - Pressure manifold system                               1




                                                                                                - Sand and peat filter systems                           2




                                                                                                - LPP system                                                     2




                                                                                                - Drip system                                                     2




                                                                                                - Spray irrigation system                                   2




                                                                                                - Wetland cell system                                        2




                                                                                                - Aerobic treatment unit                                    4




                                                                                                - Denitrification system                                    2

LIST
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LABOR USE, LABOR AND EQUIPMENT COSTS, AND MISCELLANEOUS ECONOMIC PARAMETERS 

INSTALLATION LABOR BY COMPONENT
LABOR COSTS

Components                                                             Hours
Item



                    Unit          Cost

Transport time to site (one-way)                                    1.0
Hand Labor (incl. Taxes, benefits, etc)
        hr            $22.00

Septic Tank setup (incl.  excavation and d-box)            5.0
Plumbing labor (denitrification system)                 hr            $50        

Pump Tank setup (incl.  pump, floats alarm, control)    5.0                 


Electrical work (contracted)
                     unit           $100











               O&M inspection



       unit
         $200

Distribution systems (hrs/100LF of line)




               Pumpout of septic tank or desludge ATU             unit          $325

-gravity distribution w/gravel


  3.0



Drip System Maintenance


       unit           $150

-gravity distribution without gravel

                 2.0                                            

-gravity distribution with panel blocks                           3.0
  

-gravity distribution with bifabric treatment                   3.0



HEAVY EQUIPMENT COSTS
-gravity distribution w/ sand lined trenches                    4.0



Item                                                                       Unit        Cost
-fill mounds (hrs/100 sq ft)                                              1.0                                                  Backhoe




        day          $560

-pressure manifold (hrs/unit)


   5.0



 Excess transport cost


        unit              $0

-in-ground LPP




   5.0



 Trencher



         day          $400

-creation of gravel bed, sand mound, topsoil cover  
   2.0



 Vibrating plow (for drip line)

         day          $450

-drip irrigation




   1.0

-spray irrigation (hrs/10,000 sq ft spray area)

 12.0 












  ECONOMIC PARAMTERS
Perimeter drainage systems (hrs/100 LF)





   Item





        Value

-gravity tile drainage



  3.0



    Interest rate 




         9.0%

-pump tile drainage



  3.0



    Annual inflation



         3.5%












    Length of loan payoff (years)


             30 
 Pretreatment units







    Installer’s margin on labor & equip. cost                           40%

-aerobic treatment units (hrs/unit)


12.0



    Administrative costs on total job cost

          15%


-single-pass sand filter (hrs/100 sq ft)

15.0

-recirculating sand filter (hrs/100 sq ft)

15.0

-wetland cell (hrs/100 sq ft)


 3.5

-chlorine disinfection (hrs/unit)


 2.0

-UV disinfection (hrs/unit)



 6.0

-dentrification system layered filter (hrs/100sq ft)
 28.0

-dentrification system plumbing(hrs/unit)

10.0

-peat filter (hrs/module)



  2.0



LIST
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MATERIALS PRICES                                                                                               MATERIALS PRICES

ITEM
UNIT
COST
ITEM                                                     Unit      Cost


Conventional systems


     Other systems (cont'd)

  - septic tank
unit
$640
   - UV unit                                                         unit  $1,000


- riser
unit                  
$67             - UV unit, misc. materials (incl. container)    unit     $350


- graded gravel
ton
                    $11            - UV bulb                                                        unit       $75


- gravel delivery
ton
$2.75
- 30 mil PVC liner                                          sq ft    $0.44


- distribution box
unit
$53
- wetland cell discharge structure                  unit      $100


- septic tank outlet filter
unit
$74
- wetland plants                                              unit     $0.50





- filter fitbric                                                  sq ft     $0.06


Sand filter systems


- biofabric treatment units (4' x 3' x 7")        unit    $82.00


- filter sand (.35-.55 nun)
ton
$6.50
- peat treatment modules                           module  $1,000



- filter sand delivery
ton
$2.75
- peat treatment module delivery               module      $60




- filter box (concrete)
unit
$500


- filter cover (fiberglass w/ wood frame)
unit
$150
   Pumps and accessories

- pea gravel
ton
$12
- effluent purnp                                            unit        $285


- plywood (1/2" untreated)
sheet
$15
- airmotor pump (drip system)                     unit       $334





- pump tank                                                  unit        $540


Drip distribution systems


- control panel, floats, and alarm                 unit        $375


- control systern (good up to 720 gpd)
unit
$4,500
- screened pump vault                                  unit        $228


- control system delivery
unit
$120


- start-up inspection (drip system)
unit
$600
Pipe and drainline




- PE perforated drainfield pipe (4”)              foot      $0.50


Spray irrigation systems


- PVC, 1-1/4 in, sched. 40                            foot      $0.33


- sprinkler heads
unit
$20.00
- PVC, 1-1/4 in, sched. 160                          foot      $0.14


- state agency pennit
unit
$250
- PVC, 2", sched. 40                                    foot       $0.55


- engineering plans
unit
$1,000
- PVC9   4", sched. 40                                foot       $1.25


Other systems


- PVC, 4", sched. 160                                  foot       $1.40


   - sandy loam topsoil
ton
$7
- drip irrigation tubing (1/2" WRAM)  1000’ roll $275.00

                                - sandy loarn topsoil delivery
ton
$2.75
- 4" slotted drainage tubing w/ sock     250'roll  $175.00


- fill sand delivery
ton
$2.75
- charnber end piece                                 unit        $9.00


- pressure manifold
unit
$172
- 12" styrene foaxn bundle (10')              unit       $44.00


- pressure manifold box
unit
$100
- 16" tall panel block, 4' length               unit       $54.00


- aerobic treatment unit
unit
$4,300
- 10”, PE tubing w/ filter wrap (20')       unit       $80.00


- chlorinator
unit
$250


- chlorinator, miscellaneous materials
unit
$50


- chlorine tablets
unit
$52


LIST
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COMPUTED LINE LENGTHS AND SURFACE AREAS (DO NOT ALTER!)


Distribution line length in drainfield (ft.)

- Gravity distribution (9' centers)
120


- Gravity distribution w/ pressure manifold
120


- Gravity distribution w/ sand or peat filter
120


  - Gravity distribution w/ ATU pretreatment
120


  - LPP distribution (5'centers)
200


  - LPP distribution w/ sand filter pretreatment
200


  - Drip distribution (2'centers)
600


  - Drip distribution w/ sand filter pretreatment
600


  - Sand lined trench (9' centers)
200


  - Tile drainage perimeter (100' lines)
272


  - Tile drainage perimeter w/ SLT (100'lines)
                            292

                         - Chamber system (9'centers)
                                                    120

 
  - Styrene foam system (9' centers)
                                            120


     - Large diameter pipes (9' centers)
                                            300


     - Panel blocks (8' centers)
                                                         150

     - Biofabric treatment system (9’ centers)
                                 100


     Sand filter line leneth (ft.)

     - Pressure-dosed single pass (2'ctr)
                                           110


     - Pressure-dosed recirculating (2' ctr)
45


     - Denitrification systein layered sand filter                              
75


     Other system(sq ft)

    - Pressure-dosed single pass sand filter
                                     220


    - Pressure-dosed single pass peat filter
                                     120


       - Pressure-dosed recirculating sand filter
90


       - Denitrification system layered sand filter
                              160


       - Constructed wetland
                                                              733


       - At-grade system (gravel bed)
                                                594


       - Sand mound basal area
594


       - Sand mound infiltrative surface area
367


       - Spray irrigation system
                                                       9,800

LIST                                                                                         
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well as operation and maintenance (O&M) costs over a 30 year period of system operation.  Table B-3 is an example of one of the budget worksheets for a relatively simple system a conventional septic system using gravity distribution.  Table B-4 is an example of a budget worksheet for a more complex type of on-site system that utilizes sand filter pretreatment and gravity distribution in the drainfield.  No reduction in the amount of drainfield area was assumed for systems that use pretreatment.

Finally, three summary worksheets tabulate the installation costs and O&M costs for all 46 systems.  A worksheet called COST SUMMARY (Table B-5) shows average installation and maintenance costs of all 46 systems in the original order presented in Table B-1.  A second sumnary worksheet called INSTALLATION COSTS displays only the installation costs.  Installation costs for the example LIST worksheet we used are shown in Table B-6.  This worksheet can be automatically sorted to arrange the systems from the least expensive to the most expensive system to install under the conditions specified in LIST.  A third worksheet called MONTHLY COSTS (Table B-7) shows the total monthly system costs (installation costs plus O&M costs) over the length of loan payoff period specified in the LIST worksheet.  This summary worksheet can also be automatically sorted to arrange the systems from the lowest average monthly costs to the highest average monthly costs.  This last summary worksheet basically represents what the costs would be if the installation and O&M costs were included in the mortgage for the home.

These summary worksheets should help people decide which system is the most economical among those that are technically appropriate for a particular site.  Also, COSMOTM can help community leaders preliminarily address some of the economic questions they may have regarding utilizing on-site technologies as the primary wastewater management infrastructure in their community.  Be aware however, that specific monitoring requirements to meet requirements for Title 5 systems can substantially increase monitoring costs to the point that on-site system monitoring, laboratory analyses, and certification of performance costs can exceed $2,000 per year.  These potential costs are not reflected in Tables B-5 and B-7.  COSMOTM can help community leaders evaluate the sensitivity of long term costs to such factors as changes in materials and labor costs and in the frequency of monitoring, maintenance, and repair of these advanced on-site technologies.

Finally, the individual 46 budget worksheets in COSMOTM can be used by engineers, contractors or homeowners who wish to evaluate the various materials and cost categories applicable to a particular technology.  For instance, a homeowner or developer might use the cost categories breakdown in the budget worksheet for a particular type of system to help them in their discussions with contractors as they negotiate the installation costs for an advanced on-site technology.  While the specific materials in these costs categories may vary substantially

depending upon local practices and regulations, it may prove beneficial for a homeowner or

developer to be able to understand the allocation of costs among these categories.  Likewise, a

contractor who is relatively unfamiliar with a particular technology, may be able to use a

particular budget worksheet to begin to understand what costs he/she is likely to incur during installation of that technology.
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Table B-3.  Example COSMOTM budget sheet for a conventional system using gravity distribution.


A1

Septic tank & gravity distribution













                                                                                                                                                                                                                                                                                          cost  


Design flow (gpd)                                                n/a                                                                                                                        unit                    #units       cost/unit      total cost     by category               
Loading rate (gpd/ft2)

n/a

Materials                                

Drainfield line length (LF)

120

septic tank






tank
unit
1.00
$640.00
$640.00






river
unit
1.00
$67.00
$67.00






distribution box
unit
1.00
$53.00
$53.00


O&M Scbedule



outlet filter (optional)
unit
0.00
$74.00
$0.00


                                                 Inflation
    present





$760.00

year
cost
adjusted
value
gravity distribution

1
$200
$207
$196
             graded gravel

ton
                    11.00
              $11.25
$123.75


2
$200
$214
$192
        gravel delivery
ton
                    11.00
                $2.75
$30.25


3
$200
$222
$189
     perforated pipe
foot
                 120.00
                $0.50
$60.00


4
$525
$602
$486
     PVC line and fittings
unit
                     1.00

$45.00


5
$200
$238
$182






$259.00


6
$200
$246
$178


7
$200
$254
$175


8
$525
$691
$450


9
$200
$273
$168


10
$200
$282
$165


11
$200
$292
$162


12
$525
$793
$417


13
$200
$313
$156


14
$200
$324
$153
Labor


15
$200
$335
$150
septic tank

hour
5.00
$22.00
$110.00


16
$525
$910
$387
gravity distribution

hour
3.60
$22.00
$79.20


17
$200
$359
$144


18
$200
$371
$142
Additional for transport, set-up & inspection
hour
5.00
$22.00
$110.00


19
$200
$385
$139
TOTAL

hour
13.60
$22.00
$299.20
$299.20


20
$1,448
$2,881
$988


21
$200
$412
$134
Equipment: backhoe


22
$200
$426
$131
septic tank

hour
2.00


23
$200
$441
$129
gravity distribution

hour
2.00

                   24                 
$525
             $1,199
               $332
additional for transport, set-up,etc.
hour
2.00


25
$200
$473
$124
excess transportation charge (optional)                                 unit 

                 $0.00


26
$200
$489
$122
TOTAL
                                                                        day               1.00          $560.00
$560.00
$560.00


27
$200
$506
$119 


28
$525
            $1,376
$307
TotaL Materials, Labor, & Equipment
$1,878.20


29
$200
               $542
$115


30
$200
               $561
$113
Overhead and Profit Margin




Administrative Costs
15%
$281.73


Total present value of O&M
                                $6,845

Margin on labor and equipment 
40%
$343.68









    Total                                                                                                                                              
                  $625.41

Average monthly cost


Installation
          $20.14
TOTAL INSTALLATION



$2,503.61


O&M
          $19.01

TOTAL
          $39.16

Frequency
Frequency





O&M SCHEDULE
(no/year)
(years)
Cost





pumpout septic tank

4
$325.00





replace 1/3 of draintfield

20
$923.10





inspection
1

$200.00
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Table B-4.            Example COSMOTM budget sheet for a pressure-dosed sand filter 

                             Pretreatment system followed by a gravity distribution in the drainfield.

H1 


Septic tank & gravity distribution w/sand filter pretreatment






                                                    Total           total by  



Design flow (gpd)                       n/a                                                                                           units           #units    cost/unit      cost            category         

Loading rate (gpd/ft 2)                 n/a            Materials 

Drainfield size adjustment
           n/a
septic task

Drainfield line length (LF)     
 120
tank 
unit
1.00
$640.00    
$640.00

Filter Loading Rate  (gpd/ft2
 )
  n/a
riser
unit
1.00
$67.00
      $67.00

Filter surface area (sq. ft)           
220
distribution box
unit
1.00
$53.00
      $53.00

Filter line length (LF)            
110
outlet filter (optional)
unit
0.00
$74.00
        $0.00      $760.00

O&M Schedule


gravity distribution

                            Inflation    
present
graded gravel
ton
11.00
$11.25
     $123.75


year
cost
adjusted
value
gravel delivery

ton
              11.00
            $2.75       
$30.25


1
$400
$414
$392
perforated pipe

foot
           120.00
           $0.50
        $60.00


2
$400
$428
$385
PVC line and fiffiw

unit
               1.00

             $45.00


3
$400
$443
$378





                            $259.00


4
$725
$832
$672
sand filter


5
$400
$475
$363
pump tank

unit
              1.00
        $540.00
     $540.00


6
$400
$492
$357
riser

unit
               1.00
         $67.00
       $67.00


7
$400
$509
          $350                    filter box (9x 5'concrete tank=45ft2 )          unit
              0.00
        $500.00
        $0.00


8
$1,110
$1,462
          $952                    filter cover, fiber glass

unit
              0.00
        $150.00
        $0.00


9
$400
$545
 $337
 filter liner (30 mil PVC)

sq. ft
             589
            $0.44
       $259.16


10
$400
$564
$330
             plywood form (incl.misc hardware)
   4'x8' sheets
              8
          $14.50       
$127.60


11
$400
$584
$324
            effluent pump(inct. $50 for setup fittings)
unit
              1.00
         $335.00     
$335.00


12
$725
$ 1,096
$576
            screen pump vault (optional)
unit
              0.00
          $228.00
        $0.00


13
$400
$626
$312
            control panel, floats
unit
              1.00
          $375.00    
$375.00


14
$400
$647
$306
            electrical wiring (contracted)
unit
              1.00
         $100.00     
$100.00


15
$400
$670
$300
            filter sand (18” depth)
ton
              9.00
            $6.50
         $58.50


16
$1,110
$1,925
$817
            filter sand delivery
ton
              9.00
            $2.75
         $24.75


17
$400
$718
$299
            pea gravel (3' depth)
ton
2.00
$11.50
$23.00


15
$400
$743
$283
            graded gravel (10” depth)
ton
6.00
$11.25
$67.50


19
$400
$769
$278
            delivery of gravel
ton
8.00
$2.75
$22.00


20
$1,421
$2,828
$969
             PVC laterals
feet
121.00
$0.33
$39.93


21
$400
$824
$268
             PE sleeves
feet
110.00
$0.50
$55.00


22
$400
$853
$263
             PVC misc. (fittings, valves, supply line)
unit
1.00

$119.79


23
$400
$882
$258






$2,214.23


24
$1,110
$2,534
$701
Labor


25
$400
$945
$248
septic tank
hour
5.00
$22.00
$110.00


26
$400
$978
$243
gravity distribution
hour
4.00
$22.00
$88.00


27
$400
$1,013
$239
sand filter
hour
33.00
$22.00
$726.00


28
$725
$1,900
$424
pump tank setup
hour
5.00
$22.00
$110.00


29
$400
$1,085
$230
additional for inspection,transport time,
hour
7.00
$22.00
$154.00

                                                                           setup, etc.


30
$400
$1,123
$225
TOTAL
hour
54.00
$22.00 
 $1,188.00
$1,188.00

Total present value of O&M
$12,069
Equipment: backhoe



septic tank

hour
2.00



gravity distribution
hour
2.00

Average monthly cost

sand filter

hour
11.00

Installation                   $58.70

pump tank setup

hour
2.00


                 $33.52

additional for transport, setup, etc
hour
2.00

TOTAL                        $92.23
               excess transportaion charge  (optional)
       unit


               $0.00



TOTAL                                                                 day              2.00       $560.00   
$1,120.00
$1,120.00



Total, Materials, Labor, & Equipment




$5,541.23



Overhead and Profit Margin


Administrative costs
15%


$831.18


Margin on labor and equipment
40%


$923.20


Total




$1,754.38


TOTAL INSTALLATION




$7,295.61



Frequency
Frequency


O&M SCHEDULE
(no/year)
(years)
Cost


pumpout septic tank

4
$325.00


replace 1/3 of drainfield

20
$454.58


filter pump replacement (incl. $100 labor)

8
$385.00


replace 1/2 of filter sand (incl $200 labor)

20
$241.63


inspection
2

$200.00
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Table B-5.       Example of cost summary worksheet from COSMOTM showing installation


                And long term O&M costs.

SUMMARY OF COSTS FOR ALTERNATIVE ON-SITE WASTEWATER MANAGEMENT SYSTEM                                                                                                                                                      .                                                                                                                                                                                                                                                                                                                                                                        

                                                                                                                                                                                Present value      TOTAL COST   Amortized Monthly   Avg.monthly       AVG.MONTHLY


                                                                                                                                          Total materials&       of total 
             OVER LIFE      materials &             present value     COST OVER LIFE                       

ID
               System                                                                                                               Installation cost      O&M cost         OF SYSTEM      installation cost        of O&M cost           OF SYSTEMA


A1     Septic tank & gravity distribution                                                                                           $2,504                  $6,845                  $9,349
                     $20                        $19                         $39

A2     Septic tank & gravity distribution with chambers                                                                   $3,336                  $7,032                $10,368                     $27                        $20                         $46 


A3
Septic tank & gravity distribution with styrene foam
$2,846
$6,920                $9,767

                $23                        $19                         $42

A4
Septic tank & gravity distribution with large diameter pipes
$3,816
$7,156               $10,971

               $31
                         $20 
$51

A5
Septic tank & gravity distribution with panel blocks
$4,855
$7,387               $12,242

                $39 
$21                         $60

A6
Septic tank & gravity distribution with biofabric treatment
$4,698
$7,341                $12,039

                $38                        $20
                           $58

B
Septic Tank & gravity distribution w/tile drainage
$3,241
$9,510
$12,751
$26
    $26
$52

C
Septic tank & gravity distribution w/pump tile drainage
$5,909
$10,367
$16,276
$48
$29
$76

D
Septic tank & gravity distribution w/sand lined trenches
$3,080
$2,477
$5,557
$25
$7
$32

E
Septic tank &gravity distribution w/sand lined trenches & tile drainage
$3,804
$10,200
$14,004
$31
$28
$59

F
Septic tank & gravity distribution w/sand lined trenches & pump drainage 
$6,540
$10,839
$17,379
$53
$30
$83


G1
Septic tank & gravity distribution w/pressure manifold
$4,774
$7,707
$12,482
$38
$21
$60


G2
Septic tank & gravity distribution  w/ pressure manifold and chambers
$5,593
$7,889
$13,482
$45
$22
$67


G3
Septic tank & gravity distribution w/pressure manifold and styrene foam
$5,103
$7,777
$12,881
$41
$22
$63


G4
Septic tank & gravity distribution w/pressure manifold and large diameter pipes
$6,073
$8,013
$14,085
$49
$22
$71


G5
Septic tank & gravity distribution w/pressure manifold and panel blocks
$7,112
$8,244
$15,356
$57
$23
$80


G6
Septic tank & gravity distribution w/pressure manifold and biofabric treatment 
$6,955
$8,198
$15,153
$56
$23
$79


H1
Septic tank & gravity distribution w/sand filter pretreatment
$7,296
$12,069
$19,364
$59
$34
$92


H2
Septic tank & gravity distribution w/ peat filter pretreatment
$11,808
$12,604
$24,412
$95
$35
$130

I
Septic tank &gravity distribution w/recirculating sand filter pretreatment
$6,226
$12,059
$18,285
$50
$33
$84

J
Septic tank & LPP distribution
$4,523
$12,319
$16,845
$36
$34
$71

K      Septic tank & LPP distribution w/sand filter pretreatment
$10,223
$13,338
$23,561
$82
$37
$119

L
Septic tank &LPP distribution w/ recirculating sand filter pretreatment
$8,232
$13,007
$21,239
$66
$36
$102

M     Septic tank & drip distribution
$11,163
$13,082
$24,245
$90
$36
$126

N      Septic tank & drip distribution w/sand filter pre-treatment
$15,994
$14,101
$30,095
$129
$39
$168

O
Septic tank & drip distribution w/recirculating sand filter pre-treatment
$14,872
$14,094                $28,966             
$120
$39
$159

P
Septic tank & drip distribution w/sand filter pre-treatment &chlorine disinfection
$16,408
$21,244                $37,652

$132
$59
$191

Q
Septic tank &drip distribution w/recirc sand filter pre-treatment &chlorine disinfection
$15,285
$21,237                $36,122

$123
$59
$182

R
Septic Tank & drip distribution w/ sand filter pre-treatment & UV disinfection
$17,867
$21,655                $39,522

$144
$60
$204

S
Septic tank &drip distribution w/recirc. Sand filter pre-treatment& UV disinfection
$16,744
$21,757                $38,501

$135
$60
$195

T
Septic tank & spray irrigation w/sand filter pre-treatment and chlorine disinfection
$11,890
$20,670
$32,560
$96
$57
$153

U
Septic tank &spray irrigation w/recirc. Sand filter pre-treatment and chlorination
$10,768
$20,663
$31,431
$87
$57
$144

V
Septic tank & spray irrigation w/sand filter pre-treatment and UV
$13,349
$21,190
$34,539
$107
$59
$166

W      Septic tank & spray irrigation w/recirculating sand filter pre-treatment and UV
$12,227
$21,183
$33,410
$98
$59                        $117

X
Septic tank and gravity distribution with wetland cell
$5,574
$23,231
$28,805
$45
$65
$109

Y
Aerobic treatment unit and gravity distribution
$8,037
$36,406
$44,443
$65
$101
$166

Z1     Denitrification system w/ blackwater & graywater separation and gravity distribution
$9,962
$13,508
$23,471
$80
$38
$118

Z2     Denitrification system w/blackwater &graywater separation and LPP distribution
$12,565
$15,070                $27,635
$101
$42
$143

ZA1   Septic tank & gravity distribution w/ 18” fill mound
$4,507
$6,850
$11,357
$36
$19
$55

ZA2   Septic tank & gravity distribution w/ 18 “ fill mound and chambers
$5,326
$7,032                $12,357 
$43
$20
$62

ZA3   Septic tank & gravity distribution w/ 18" fill mound and styrene foam
$4,836
$6,920
$11,756

$39
$19                          $58

ZA4   Septic tank & gravity distribution w/ 18" fill mound and large diameter pipes
$6,931
$7,156
$14,087

$56
$20
                          $76

ZA5   Septic tank & gravity distribution w/18” fill mound and panel blocks
$6,917
$7,062
$13,979

$56
$20
                          $75

ZA6   Septic tank & gravity distribution w/ 18" fill mound and biofabric treatment
$5,501
$7,004
$12,505

$44
$19                          $64

ZB     Septic tank & LPP distribution in at-grade system
$4,590
$12,345
$16,935

$37
$34                          $71


ZC     Septic tank & pressure-dosed sand mound system
$4,863
$12,407
$17,269
.
$39
$34
          $74
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Table B-6.          Example of installation cost summary worksheet from COSMOTM.

INSTALLATION COSTS FOR ALTERNATIVE SYSTEMS (use ctrl-h to sort)




Total materials &

ID
System
installation cost

Al
Septic tank & gravity distribution
$2,504


A3
Septic tank & gravity distribution with styrene foam
$2,846


D
Septic tank & gravity distribution w/sand lined trenches
$3,080


B
Septic tank & gravity distribution w/ tile drainage
$3,241


A2
Septic tank & gravity distribution with chambers
$3,336


E
Septic tank & gravity distribution w/sand lined trenches & tile drainage
$3,804


A4
Septic tank & gravity distribution with large diameter pipes
$3,816


ZAI
Septic tank & gravity distribution w/ 18" fill mound
$4,507


J
Septic tank & LPP distribution
$4,523


ZB
Septic tank & LPP distribution in at-grade system
$4,590


A6
Septic tank & gravity distribution with biofabric treatment
$4,698


GI
Septic tank & gravity distribution w/ pressure manifold
$4,774


ZA3
Septic tank & gravity distribution w/ 18" fill mound and styrene foam
$4,836


A5
Septic tank & gravity distribution with panel blocks
$4,855


ZC
Septic tank & pressure-dosed sand mound system
$4,863


G3
Septic tank & gravity distribution w/ pressure manifold and styrene foam
$5,103


ZA2
Septic tank & gravity distribution w/ 18' fill mound and chambers
$5,326


ZA6
Septic tank & gravity distribution w/ 18" fill mound and biofabric  treatment                  
$5,501


X            Septic tank and gravity distribution with wetland cell
$5,574


G2
Septic tank & gravity distribution w/ pressure manifold and chambers
$5,593


C
Septic tank & gravity distribution w/ pump tile drainage
$5,909

G4
Septic tank & gravity distribution w/ pressure manifold and large diameter pipes
$6,073


I
Septic tank & gravity distribution w/ recirculating sand filter pretreatment
$6,226


F
Septic tank & gravity distribution w/sand lined trenches & pump drainage
$6,540


ZA5
Septic tank & gravity distribution w/ 18" fill mound and panel blocks
$6,917


ZA4
Septic tank & gravity distribution w/ 18" fill mound and large diameter pipes
$6,931


G6
Septic tank & gravity distribution w/ pressure manifold and biofabric treatment
$6,955


G5
Septic tank & gravity distribution w/ pressure manifold and panel blocks
$7,112


HI
Septic tank & gravity distribution w/ sand filter pretreatment
$7,296


Y
Aerobic treatment unit and gravity distribution
$8,037


L
Septic tank & LPP distribution w/ recirculating sand filter pretreatment
$8,232


ZI
Denitrification system w/ blackwater & graywater separation and gravity distribution
$9,962


K
Septic tank & LPP distribution w/ sand filter pretreatment
$10,223


U
Septic tank & spray irrigation w/ recirc. sand filter pre-treatment and chlorination
$10,768


M
Septic tank & drip distribution
$11,163


H2
Septic tank & gravity distribution w/ peat filter pretreatment
$11,808


T
Septic tank & spray irrigation w/ sand filter pre-treatment and chlorine disinfection
$11,890


W
Septic tank & spray irrigation w/ recirculating sand filter pre-treatment and LTV
$12,227


Z2
Denitrificafion system w/ blackwater & graywater separation and LPP distribution
$12,565


V
Septic tank & spray irrigation w/ sand filter pretreatment and UV
$13,349


0
Septic tank & drip distribution w/ recirculating sand filter pre-treatment
$14,872


Q
Septic tank & drip distrib. w/ recirc. sand filter pretreatment & chlorine disinfection
$15,285


N
Septic tank & drip distribution w/ sand filter pretreatment
$15,994


P
Septic tank & drip distribution w/ sand filter pre-treatrnent & chlorine disinfection
$16,408


S
Septic tank & drip distribution w/ recire. sand filter pretreatment & UV disinfection
$16,744


R
Septic tank & drip distribution w/ sand filter pretreatment & UV disinfection
$17,867
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Table B-7.         Example of average monthly cost summary worksheet from COSMOTM.

AVERAGE MONTHLY COST OF ALTERNATIVE SYSTEMS (use ctrl-h to sort)



Average


ID
System
monthly cost


D
Septic tank & gravity distribution w/sand lined trenches
$32


Al
Septic tank & gravity distribution
$39


A3
Septic tank & gravity distribution with styrene foam
$42


A2
Septic tank & gravity distribution with chambers
$46


A4
Septic tank & gravity distribution with large diameter pipes
$51

B
Septic tank & gravity distribution w/ tile drainage
$52


ZA1
Septic tank & gravity distribution w/ 18' fill mound
$55

ZA3
Septic tank & gravity distribution w/ I 8" fill mound and styrene foam
$58


A6
Septic tank & gravity distribution with biofabric treatment
$58


E
Septic tank & gravity distribution w/sand lined trenches & tile drainage
$59


A5
Septic tank & gravity distribution with panel blocks
$60


G I
Septic tank & gravity distribution w/ pressure manifold
$60


ZA2
Septic tank & gravity distribution w/ 18" fill mound and chambers
$62


G3
Septic tank & gravity distribution w/ pressure manifold and styrene foam
$63

                   ZA6
Septic tank & gravity distribution w/ 18" fill mound and biofabric treatment
$64

                     G2            Septic tank & gravity distribution w/ pressure manifold and chambers
$67

                     J               Septic tank & LPP distribution
$71

                    G4             Septic tank & gravity distribution w/ pressure manifold and large diameter pipes
$71

                    ZB             Septic tank & LPP distribution in at-grade system
$71

                    ZC             Septic tank & pressure-dosed sand mound system
$74

                    ZA5           Septic tank & gravity distribution w/ 18" fill mound and panel blocks
$75

                    ZA4           Septic tank & gravity distribution w/ 18" fill mound and large diameter pipes
$76


C
Septic tank & gravity distribution w/ pump tile drainage
$76


G6
Septic tank & gravity distribution w/ pressure manifold and biofabric treatment
$79


G5
Septic tank & gravity distribution w/ pressure manifold and panel blocks
$80


F
Septic tank & gravity distribution w/sand lined trenches & pump drainage
$83


1
Septic tank & gravity distribution w/ recirculating sand filter pretreatment
$84


HI
Septic tank & gravity distribution w/ sand filter pretreatment
$92


L
Septic tank & LPP distribution w/ recirculating sand filter pretreatment
$102


X
Septic tank and gravity distribution with wetland cell
$109


Z1
Denitrification system w/ blackwater & graywater separation and gravity distribution
$118


K
Septic tank & LPP distribution w/ sand filter pretreatment
$119


M
Septic tank & drip distribution
$126


H2
Septic tank & gravity distribution w/ peat filter pretreatment
$130


Z2
Denitrification system w/ blackwater & graywater separation and LPP distribution
$143


U
Septic tank & spray irrigation w/ recire. sand filter pre-treatment and chlorination
$144


T
Septic tank & spray irrigation w/ sand filter pre-treatment and chlorine disinfection
$153


W
Septic tank & spray irrigation w/ recirculating sand filter pre-treatment and UV
$157


O
Septic tank & drip distribution w/ recirculating sand filter pre-treatment
$159


Y
Aerobic treatment unit and gravity distribution
$166


V
Septic tank & spray irrigation w/ sand filter pre-treatment and UV
$166


N
Septic tank & drip distribution wl sand filter pre-treatment
$168


Q
Septic tank & drip distrib. w/ recirc. sand filter pretreatment & chlorine disinfection
$182


P
Septic tank & drip distribution w/ sand filter pretreatment & chlorine disinfection
$191

                       S
              Septic tank & drip distribution w/ recirc. sand filter pre-treatment & UV disinfection
$195


R
Septic tank & drip distribution w/ sand filter pretreatment & UV disinfection
$204
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To our knowledge, COSMOTM is the first attempt by anyone is the United States to provide a cost estimation tool for such a broad range of advanced on-site technologies.  Therefore, the user is warned that COSMTM has very substantial and severe limitations.  Many of these limitations are inherent in the fact that this type of cost estimation approach has not been attempted before for on-site technologies and in the fact that COSMOTM is new and relatively untested.  It is presented here as one of a variety of tools people can use and should not take the place of other accepted cost estimation techniques (e.g. placing a construction project out to public bid to obtain the lowest cost estimates, etc).  Other limitations of COSMOTM include:

·
Quality of data input equals quality of data output.  That is, the quality of information derived from COSMOTM Summary worksheets is directly related to how accurate the information is that is put into the LIST worksheet by the user.  The default values for the over 170 pieces of information in LIST are appropriate only to the one locality, a few contractors, and one time period.  The system specifications and cost data in the LIST worksheet must be checked for local accuracy and corrected for the rules, design approaches, and costs used locally.

·
Due to limitations of space, only 46 combinations of system components are addressed by COSMOTM.  All possible combinations of system modifications, pretreatment methods, wastewater distribution strategies, and types of systems are not included.

·
Use of advanced technologies may be limited in many areas.  The types of systems included in COSMOTM are biased towards what has been used or proposed for use in North Carolina.  Whether these systems can be used in Massachusetts will be determined by the state.

·
Similarly, system designs assumed in COSMOTM are specific to the North Carolina situation.  Generally, COSMOTM provides costs estimation for only one generic design of each treatment train.  The design typically used for a particular treatment train in local areas may be substantially different from that assumed in COSMOTM.  Even within a local area, the system designs used may vary substantially from engineer to engineer.  The design directly determines the materials needed to install the system.  Therefore, the list of materials and quantities specified in any COSMOTM budget worksheet may not be appropriate to your situation.  Basic design assumptions and technical specifications are described in a COSMOTM technical bulletin (Hoover and Renkow, 1997).

·
Costs may vary depending upon how extensively a particular type of system is used in a locality.  System costs are generally lower where a technology is used extensively than where a technology is just being introduced.  This is a result not only of competition, but also of installer and inspector familiarity with the technology.  It also is influenced by whether critical system components are readily available to installers at local supply houses.

·
Costs may vary substantially throughout the year depending upon market forces.  For instance, the same system may cost more to install during May or June when contractors have plenty of work than in January or February when construction activity has slowed down and contractors are hunting for work to keep their crews busy.  Of course, COSMOTM provides a
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way to account for these effects since each budget worksheet contains a separate line item for administrative costs and profit margin.  These two pieces of information are input by the user in the LIST worksheet.

Costs associated with monitoring inspections are accounted for in COSMOTM through the O&M frequencies specified on page two of the LIST worksheet and the O&M inspection visit cost specified in the labor cost section of page three of the LIST worksheet.  The default value for a monitoring visit is $200 in the example given.  Yearly monitoring costs are determined by multiplying the inspection frequency by the cost per inspection.  If laboratory analyses is required for certain types of pretreatment units then estimates of the sampling and analyses costs can be included as a part of the O&M inspection costs input in LIST and the program rerun for those systems that would require effluent sampling.

Finally, please remember that COSMOTM provides order of magnitude cost estimates.  It is not intended to take the place of a public bidding process or other more specific costing methods to determine the true costs for installation and long term operation and maintenance of these on-site technologies.
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