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What is CapDet?

» CapdetWorks is a preliminary design and costing
software program from Hydromantis
(http://www.hydromantis.com/CapdetWorks.html)

» The design algorithms are based on the concepts of
solids retention time and influent fractionation, and
consistent with activated sludge models, including:

— ASM1

— Metcalf and Eddy (Wastewater Engineering: Treatment and Reuse,
4th Edition),

— Theory, Design and Operation of Biological Nutrient Removal
Activated Sludge by the Water Research Commission

Missouri Department of

Natural Resources

CapDet Costing

» CapdetWorks uses a unit costing approach with an
extensive costing database that accounts for the effects
of inflation using cost indices.

» Costing Indices
— Marshall & Swift Index
— Engineering News Record Cost Index
— Pipe Cost Index

[Oxidation Drch]  [Secondary Clarifier ]

[Linfluent Wastewater
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Equipment Costs

Find I™ Match Case Search

Ecuipmert

i
1 ton of chiorine
1 o of methanal
1 I of carkon
1000 cutt of ratural gas

1 gallon of fus oil

1 # of fencing

1 cuyd of gravel in place for drying beds

cuyd of sand in place for drying beds

cuft of installed_plastic media for a trickling fiter

ot of installed liner in & lagoon

1t of perforated PVC pipe inplace: 4-in diam

#t of perforated PVC pipe inplace: 6-in diam.

#t of perforated PVC pipe inplece: 8-in diam.

1t of 6-in diam. perforated polyvinyl chioride pige

[ ft of 24-in diam. reinfarced concrete drainpipe for land trestment
[ ft of 12-in diam. welded steel pine

5-in diam. cast iron pipe per foot

5-in ciam. castiron tee

[5-in diam. cast ron bend

5-in ciam, castiran plug valve

"
n
n
n
1
1

1 2. diam. buttertly valve $2,000.00 MAS 13636
1 B-in purtp Eﬁ,ﬂnn i MAS 13636
.00 g (at 40 7t) pump anel driver unit $3,500.00 MAS 13636
|3000-gpr purmp and driver unt $18,000.00 MAS 13636
5-gpm at 70 ft of head shidge pump $5,500.00 MAS 13636
[Variable frequency drive module for & 20-hp metor $4,300.00 MAS 13636
H D0-hp, 1200-rpm synchronous metor §7,175.00 MAS 13636
5-hp vertical turbine mixer $8,950.00 MAS 13836
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CapDet Capabilities

» Design a wastewater treatment plant

» Designs based on many of the wastewater
characteristics, not limited to flow

» Overall project costs

* Individual process unit
— Operations & Maintenance Cost
— Electrical Cost
— Material cost

12/4/2014
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Predminary Treatment
[} Chemical Treatment

.. | CapDet Scenarios

#SEET o CapDet is run on a few scenarios, it does
pes not take into account every community’s
scenario and treatment technology.

» If a facility needs to upgrade, the engineer
hired to complete the facility plan will
evaluate options for the community on what
they can afford & what site-specific

High Rate Activated
Shidge

Pure Onygen Activated
Studge

Ntrification - Suspended
Growth

Dentrification -
Suspended Growth

w3 conditions are. ] l‘!
%: = L'ul i' —
T SN 0%
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Unit Processes in CapDet Works
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Influent Wastewater Characteristics

Sl Influent Wastewater M

B influert Wastewster 1 Other Cortaminarts | Temperature |

Influent Wastewater ° Average ﬂOW &
Average Flow 100000 pd(US) (B minimum flow=
inimum Flowe 100000 gpd(US) D permltted deSIgn ﬂOW
Wezitmum Floww a00hon peiUs) ()] o Maximum flow= peak
Suspended Solids 220 moil (B .

e g flow, estimated at 3:1
% Volatile Salids 75 % O )
ratio
BOD 220 mai 0O
Soluble BOD 80 mail 0O
coD 500 mail [}
Soluble COD 300 ol ]
T 40 mghiL (B Lo
S B o Characteristics of
— E 0 o influent are of domestic/
Total Phosphorus G mgPL D munICIpal Strength
wastewater
B @ Sonept | Cancel |
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Activated Sludge Package Plant

(‘;ﬂ Activated Sludge Package Plant ﬁ
B Activated Sludge Package Plart | Eanstants | Equipment)| Repiacement |

Activated Sludge Package Plant
Hydraulic Retention Time ,307 hr D
Solids Retertion Time s d ]
Underflow Concentration ,100007 malL D
Effluent Soluble EOD e maw 0O
Effluent 55 [0 mm 0O
Efflusrt TKM B mm 0O

@ @ Accept | Cancel |
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Secondary Clarifier

(‘;ﬂ Secondary Clarifier ﬁ

B Secondary Clarifier ] Design Override Equipment] Replacement]
Secondary Clarifier

Design Basis |Peak Florwy j 0O
Surface Overflovy Rate 500 aalUs)=gft-d) 0O
Sidewater Depth 12 ft 0O
Specific Gravity 103 0O
Underflowe Concertration 1 G ]
WhiEir Crverflows Rate - Maximum 15000| galfUSft o) D
Efflusnt Suspended Solids [0 malL D
Type of Clarifier |Circular j D
@ @ Accept | Cancel |
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CapDet Scenarios to Spreadsheet
* Losing Stream Effluent limits
» <5,000 gpd to 10 MGD

» 5 treatment technologies scenarios
— Package plants (<5,000 gpd to 50,000 gpd)
— Extended Aeration (<5,000 gpd to 10 MGD)
— Oxidation Ditch (20,000 gpd to 10 MGD)
— Sequencing Batch Reactor (20,000 gpd to 10 MGD)
— Land Application (<5,000 gpd to 150,000 gpd)
» 2 disinfection technologies
— Chlorine & UV

12/4/2014
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How is CapDet used?

» Capital Cost

» Operations & Maintenance Cost includes electrical
&material

* In CapDet, we set
— Pump replacement at 10 years
— Structural replacement at 20 years (30 for land application)
— Operator & Lab $25 per hr
— Administrative $20 per hr

Missouri Department of

Natural Resources

CapDet Operations & Maintenance

* The Annual O&M estimate includes
— Operator, Administrative, & Lab costs
— Electrical Cost ($0.10/kWh)

— Materials Cost, including any expected part
replacement, ie: bulbs, pumps

— Maintenance Costs
— Chemical Costs

12/4/2014



Missouri Department of Celebrating 40 years of taking care of

Natural Resources oo

Missouri Department of Natural Resources

Unit Costs

(":ﬂ Unit Costs &
E‘ Lahor Rates ] Chemical CUS‘IS] Financial } Cther CUS[S]
Unit Costs
Buiing Cost po s D Land costs are
Excavation ’87 Flouyd 0O Zeroed out- for
Wiall Concrate 500 Sicuyd ] land application,
Slab Concrete 350 Flouyd O the costs are
Crane Rentsl 200 $hr 0 calculated in the
canopy Roat e st D spreadsheet
Electricity br  swenm 0O based on
Hard Rl s e O acreage
Land Costs ,007 $lacre [
@ @ Accept | Cancel ‘
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Unit Costs-Labor Rates

fﬂ Unit Costs ﬁ
Unit Costs| B Labor Rates I Chemical Costs | Financisl | Other Costs |
Labor Rates
Construction Labor Rate 32 Jihr O
Operator Labor Rate 25 Jmhr D
sdministration Labor Rate 25| i O
Laboratary Labar Rate 20 §ihr B}
El @ Accept ‘ Cancel ‘
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Unit Costs- financial

fﬂ Unit Costs ﬂ
Unit Costs | Labor Rates || Chemical Costs| B Financial | Giher Costs |
Financial
Interest Rate S D
Construction Period ’37 years D
Operating Life of Plant 20| YEArs O
For land
application, the
operating period
of the plant is 30
years
B @ Accept | Cancel |
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Unit Costs-other
‘Gﬂ Unit Costs ﬂ
Unit Cns‘ts] Labor Retes I Chemical Costs } Financial| B Cther Costs ]
Cther Costs
Enginesting Design Fes o= O
Miscellaneous ’57 % [
Acministration/Legel R 0O
Inspection S 0
Contingency ’107 % 0O
Technical ’27 % [
Profit and Overhead ’0\7 3 0O
@@ Accept | cancel |
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Oxidation Ditch Design Info

[ Copsetwork 1=

File Edit Layout Options CostData CostAnalysis Modsl Help

bl

5100, E
$1.080000 36000

eeeeeee

‘Saluble BOD 80 a0 maiL
lcon

Ty
Soluble TN 28 28 gt =l

» Construction
cost

e Annual O&M
costs, including
material,
chemical and
energy

* Did not use the
amortization
value

Influent/effluent
out of each
component
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Scenarios Not Covered

* Influent pump stations
» Sludge handling
* Nutrient &/or Phosphorus removal
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Spreadsheet

» Capital Cost-CapDet

* Operations & Maintenance-CapDet, includes
electrical, material & chemical cost

» Calculated:
— Present Worth,
— Debt Retirement,
— Number of Users, and
— Monthly estimated Cost per User

* Linear interpolation for scenarios not simulated in
CapDet

Celebrating 40 years of taking care of
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Cost breakdown

» Capital Cost- purchase price and installation costs
(from CapDet Works)

» Annual Operations and Maintenance Cost- annual
operational cost, maintenance cost, electricity, &
chemicals, including standard replacement of
components (i.e. bulbs & pumps) (from CapDet
Works)

» Salvage Value- not calculated in the spreadsheet,
but often is a salvage value

11
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Cost breakdown

* Present Worth/Life Cycle Cost-sum of all recurring
and one-time costs over the life span of a system,
includes purchase price, installation cost, operating
costs, and maintenance/replacement cost
— Uses the Excel PV(rate, nper,pmt, fv, type) equation

* Debt retirement: the complete retirement of debt
associated with the project’s capital cost

» Cost per user: O&M costs and debt retirement per
connection based on 5,000 gallons per month usage

Missouri Department of

Natural Resources

Land Application

» CapDet estimates the amount of land required for
application, along with the equipment required

» Scenarios ran for the 4 different regions in the state
— North of Hwy 36: 120 days
— Between Hwy 50 and Hwy 36: 90 days
— Between Hwy 60 and Hwy 50: 75 days
— South of Hwy 60: 60 days

e Land costs are from the 2013 Missouri Farm Land

Values Survey 2013
County Stoddard
Cropland value per acre 55,964

12/4/2014
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Chillicothe

Community T Dropdown tab to pick community
County: Livingston : i
b Nort oy 25 Autofill based on community
Current Sewer User Rate (residential): 824.25

Cost per Acre: $3,366

Community Resource: htep:/fwww_chillicathecity.orgfindex. htm|

Community Environmental
Commitments (ie: M$4, power plant, WTP): power plant, water reatment plant, airport

Interest Rate: 5%

Equipment Life: 20 years .

Design Flow: 3 MGD DeS|gn Flow entered

Number of Users (Default): 8108 . .
Number of Users (application]: s Automatically calculates connections

based on design flow

Interest rate, equipment life, and
number of users can be changed

Missouri Department of Celebrating 40 years of taking care of
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Oxidation Ditch Scenarios

0.02 0.03 0.04 0.05 10 3
Estimated Capital Cost of Oxidation Ditch $591,000 $714,000 $827,000 $923,000  $25,300,000 $10,124,000
Annual Operating & Maintenance Costs 59,240 $63,790 $67,520 $70,720 $965,200 $383,680
Annualization Factor 0.08024 0.08024 0.08024 0.08024 0.08024 0.0802
Annualized Capital Cost 47,423 $57,293 66,361 $74,064 2,030,137 $812,376
Total Annual Cost of Project $106,663 $121,083 $133,881 $144,784 $2,999,337 51,196,056
Present Worth Factor 12.462 12.462 12.462 12.462 12.462 12.462
Total Present Worth of O & M Costs $§738,261 $794,964 $841,248 $881,328  $12,028,525  $4,781,501
Other Costs as Present Worth
Salvage Value as Present Worth (subtracted)
Total Present Worth Costs §1,329,261  $1,508,964  $1,668,448 51,804,328  $37,328525 514,905,501
Number of users: 54 81 108 135 27027 8108
Debt Retirement per year 847,423 $57,293 866,361 $74,064 2,030,137 $812,376
Debt Retirement per user per month §73.11 $58.88 851.15 $45.67 $6.26 88.35
O&M cost per user per month 440,58 §29.13 $23.12 $19.38 $1.32 SL.75
User Cost per month per 5,000 gpd $113.69 $88.01 $74.28 $65.05 $7.58 $10.10

12/4/2014
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Expiration Date 07/16/2014

oe sopropeme foay | EVES  [INo
1o 2 aciiy dascrption included with this apscation (vee 7177 mves  Cino
= Fac
ez
Sty of Dudle I
e T

Gesian Peax Hourty Flow: 1. 667 oph
Con

2347 center st
Por multiple outfall, this is number 001 _of

63936

atiach 8 flow charl showing the influents, ireatment faciides and
Qutfall #001- POTW- SIC #4952, Three cell lagoon, sludge retained in lagoon,
Design population equivalent is 400, Design flow is 40,000 gal per day, Actual flow
is 32,000 gal per day, Design sludge production is 6.0 dry tons/year, Actual sludge
production is 4.5 dry tons/year.
7.2 Aftach an aerial pholograph or USGS' ic map showing the location of the faciity and outfall.
40,000 gal 40,000 gal 32,000 gal

7.3 Design flow or this oulfal pe . dayTolal design fow lor e achtyper ayAciualflow for s oual per day
T4 Numbar of people presentl connected or population equivalent (PE) 280 pop. DesgnPe: 400

7.5 Does the faciity accept or process leachate from landfits? Oves @ Mo 140 connections for total

ion
AT
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Dudley, Land Application

Community
County:
Locati

Dudley
Stoddard
South Hwy 60

Current Sewer User Rate (residential): $36.25
Cost per Acre: 45,964
h bootrpe.com/Brpc:

Community Resource: 52060456208/ Dudiey. pof
Community Environmental

Commitments (ie: MS4, power plant, WTP): 0

Interest Rate: 5%
Equipment Life: 30 years
Design Flow: 0.04 MGD
Number of Users (Default): 108
Number of Users (Application): 140
Land Application 60 days storage

Low: High:

|Land Required: 20.94 22.85 acres

Capital Cost: $575,420 $726,273
Annual O&M Cost: 517,254 $31,773
Annual Debt Retirement: $28,944 $38,380
Present Worth: $710,171 $1,078,428
Debt retirement per user per month: $17.23 $22.85
O& M costs per user per month: $5.91 $10.88
User Cost per month: $23.14 $33.73

14
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Community Dudley
County: stoddard

Location: South Huy 60

Current Sewer User Rate (residential): 3625
Costper Acre: $5.954

g oot comBrpe20Fames 20rge Wastewat
c

Community Environmental

Commitments (e: Msé, pover plant, WTP): 0
Interest Rate: %
Equipment Life: 20 years
Design Flow: odlvco
Number of Users (Default): 108
Number of Users (Application): 140

Missouri Department of

Mechanical Treatment

Capital Cost:
Annual O&M Costs:
Annual Debt Retirement:
Present Worth:

Debt retirement per user per month:

O M costs per user per month:
User Cost per month:

Disinfection

Capital Cost:
Annual O&M Costs:
Annual Debt Retirement:
Present Worth:

Debt retirement per user per month:

O M costs per user per month:
User Cost per month:

Mechanical Plant +UV Disinfection:

capital Cost:
Annual 0&M Costs:
Annual Debt Retirement:
Present Worth:

Debt retirement per user per month:

O8 M costs per user per month:
User Cost per month:

Natural Resources

Dudley, Mechanical Treatment

Package Plant

$537,000

$59,512

$43,090

41,278,651

$25.65

$20.38

$46.03

$802,000
$60,070
$64,435
$1,551,605
$38.35
$20.57
$58.93

Package Plant
$669,000
462,601
$53,682
$1,461,609
$31.95
$21.78
$53.73

Celebrating 40 years of taking care

2 years
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Extended Aeration  Oxidation Ditch sBr
$971,000 $827,000 $1,000,000
$99,300 $67,520 $59,512
$77,916 $66,361 $80,243
$2,208,497 41,668,448 42,058,540
$46.38 $39.50 $47.76
$34.01 $23.12 $29.09
$80.39 $62.62 $76.85
uv:
$132,000
$4,089
510,592
$182,958
$6.30
$1.40
$7.71
Extended Aeration  Oxidation Ditch SBR
41,103,000 $959,000.00  $1,132,000.00
103389 $71,609.00 $63,601.00
$88,508 $76,953 890,835
$2,391,455 $1,851,406.42  $2,241,498.12
$52.68 $45.81 $54.07
$35.41 $24.52 $30.43
$88.09 $70.33 $84.56

of

Missouri’s natural
) 40 resources.
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Facility Cost Estimates compared to CapDet
Capital Cost vs. Flow Treatment Technologies
$100,000,000
L]
L]
$10,000,000
&
g
g
o
$1,000,000
$100,000
0.01 0.1 Flow (MGD) 1 10
—— High Estimate —— Low Estimate ® Treatment 1 Estimate ® Treatment 2 Estimate X Treatment 2 Actual
® Treatment 3 Estimate % Treatment 3 Actual ® Treatment 4 Estimate % Treatment 4 Actual
30

12/4/2014
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Facility Cost Estimates compared to CapDet

Capital Cost of Disinfection

$10,000,000

X

$10,000

a
g . — %
3 X x
% X
$100,000
X X X x % X
X
X % X
X xx % X
xX

0.01 0.1

= CapDet UV Cost

X Engineer's Chlorine Cost Estimates

X

Flow (MGD)

Engineer's UV Cost Estimates

= CapDet Chlorine Cost

10

X Engineer's PAA Cost Estimates
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Limitations to CapDet

* Proprietary technologies (LEMNA, SAGR,etc...)
Estimate based on national indices, not site-specific
CapDet is not designed for smaller facilities
Comparison of the same process units & scope of
project

Piping & pumps- it provides cost estimate and
general info, but does not account for site- specifics

Does not reflect site-specific conditions: the facility
plan developed after a facility decides it needs to

upﬁrade will account for the site—sEecific COSts.

12/4/2014
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Improvements to Cost Analysis Estimates
» More actual costs to continue tracking & evaluating

— If you have costs that you would like to provide,
please provide.

* Number of connections/users to reflect:
— Communities with multiple treatment facilities
— Communities that are losing population

* Inflow & Infiltration

* Pretreatment

Celebrating 40 years of taking care of
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» CapDet 3.0 released November 2014

— Updates include
* MBR unit process
* MBBR unit process
* |[FAS unit process
» Cost information

w%@f ks 300

12/4/2014
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Leasue Meyers % e |
leasue.meyers @dnr.mo.gov--
(573) 751-7906
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