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1. Statement of Application

This application is presented by the South Central Connecticut Regional Water Authority (RWA) to the
Representative Policy Board (RPB) of the South Central Connecticut Regional Water District for approval
of the Chemical Improvements at the Derby Wellfield Project. Section 19 of Special Act 77-98, as amended,
requires the Representative Policy Board approval before the SCCRWA commences any capital project
that will cost more than $2 million. The proposed project will cost approximately $3.3 million.

The Derby Wellfield, located in Derby, Connecticut, was developed in the 1950’s and originally consisted
of three gravel wells along Roosevelt Drive. Two of the wells have previously been abandoned and Well
No. 1 is the only active well remaining. The wellfield draws water from the Housatonic River aquifer and
has a DEEP Diversion Registration that authorizes maximum withdrawals of 0.66 million gallons per day
(MGD). The Derby Wellfield groundwater supply possesses a highly productive stratified-drift aquifer with
an estimated average depth of about 60 feet. This aquifer is able to store large quantities of water and
provide a dependable source of drinking water during dry periods. Derby Wellfield is the primary source of
supply for the Aquarion Water Company (AWC) East Derby Interconnection. The East Derby System is
currently owned by AWC and is fully supplied by the SCCRWA at two interconnection points. The SCCRWA
agreed to deliver sufficient potable water, subject to applicable permits, to meet the needs of Aquarion’s
East Derby System. The Agreement is effective until December 31, 2025 and can be extended for ten years
at Aquarion’s option. There has been no major upgrades to this facility since acquired in 2008 by the RWA
and the systems are beyond their design useful life.

The goal of this project is to improve the reliability and safety of the Derby Wellfield and provide consistency
with the other RWA wellfield facilities.

Appendix A contains the 90% design drawings for this project.

This application will provide a description of the project, an explanation of why it is necessary, a discussion
of the alternatives considered, and the estimated cost. The accuracy and completeness of this document
are critical to the RPB’s ability to make an informed decision on behalf of the RWA’s customers and member
communities. The RWA consulted with Tighe & Bond on the engineering design and cost estimation facets
of the project.

2. Description of the Proposed Action

This project will include replacement of the fluorosilicic acid (fluoride), sodium hydroxide (caustic),
phosphate, and sodium hypochlorite chemical feed systems. Each chemical replacement system includes
bulk tanks, day tanks, transfer pumps, metering pumps, piping, valves, and instrumentation. Multiple other
necessary building improvements have been rolled into this chemical improvements project due to the ease
of constructability during well and chemical feed system shutdowns. The building improvements include
replacement of doors, fiberglass platforms, tempered water and eye washes for chemical feed systems,
heating and ventilating improvements, chemical resistant coatings for chemical feed systems, masonry
repointing, replacement of roofing, structural repairs, and miscellaneous electrical improvements. A full well
shutdown of the facility will be allowed from November 1%t to April 15t so that the contractor may complete
the necessary work within that timeframe. If required during construction, RWA will provide temporary
chemical feed systems outside of the allowable shutdown time for the facility. The goal of including the
multiple improvements into one project and allowing a full facility shutdown is to prevent RWA from having
to provide temporary chemical feed systems for a lengthy period of time and to consolidate the project
schedule, reducing overall facility downtime.

Tighe & Bond is providing design consulting services for the Chemical Improvements at the Derby Wellfield
project.



Specifically, the work consists of:
e Demolition of

o Chemical system bulk tanks, day tanks, concrete pads, transfer pumps, metering pumps,
re-circulation pumps, weigh scales, supports, piping, and appurtenances.

o0 Storage tank chemical fill station components, and chemical resistant coatings.
0 Roof access hatch, skylight, doors, and frames.

o0 Exhaust fans, exhaust piping, louvers, dampers, actuators, unit heaters, thermostats, and
all associated conduits and wiring.

o Domestic hot water, cold water, tempered water, emergency eyewash/shower stations,
flow switches, and all associated conduits and wiring.

o Pump control panels, instrumentation, main circuit breaker, transformer, distribution
lighting panels, analyzers & chart recorder, light fixtures, switches, exit signs, emergency
lighting, and all associated conduit and wiring.

e Architectural
o0 Installation of new chemical resistant coatings to chemical containment areas.
e Structural

0 Concrete spall repairs on intermediate wall foundation.

o0 Installation of new concrete housekeeping pads for new bulk tanks.

o Installation of new FRP day tank stands.

0 Masonry repointing on exterior of building.

o Installation of new roof access hatch above well pump, infill of demolished skylight, and
infill of wall opening.

e Mechanical

o0 Installation of new chemical bulk tanks, day tanks, transfer pumps, metering pumps, piping,
valves, fill stations, instrumentation, and associated conduit and wiring.

¢ Plumbing

o Installation of new cold water piping, hot water piping, tempered water piping, backflow
preventer, flow switches, and emergency shower and eyewash stations.

e HVAC

o Installation of new exhaust fans, vents, ductwork, louvers, actuators, unit heaters, HVAC
control panel, and associated conduit and wiring.

e Electrical



o0 Installation of new pump control panels, instrumentation, main circuit breaker, transformer,
distribution lighting panels, analyzers & chart recorder, light fixtures, switches, exit signs,
emergency lighting, heat tracer system, and all associated conduit and wiring.

o Installation of new lighting in chemical injection vault.

3. Need for the Proposed Action

Replacing the chemical storage and feed systems and completing the other building improvements will
improve the reliability and safety of the Derby Wellfield and provide consistency with the other RWA wellfield
facilities.

Specifically, it has been determined that this project is necessary based on the following reasons:

¢ Reliability: The existing components installed in 1988 have exceeded their design useful life of 25-
30 years.

o Safety: New equipment and components will prevent possible chemical leaks. Updating the facility
components proposed in this project will bring them up to current RWA safety standards. New
alarms will help maintenance and operations staff with normal activities, such as chemical storage
tank filling. Building improvements will help mitigate previous potential safety hazards.

e Consistency: Updating and replacing components within the Derby Wellfield facility will result in
consistency with other RWA fully automated wellfield facilities. This will help maintenance and
operations staff to be familiar with the facility and help reduce user error with replacing obsolete
equipment.

4. Analysis of the Alternatives to the Proposed Action

In determining the best course of action to replace components within the Derby Wellfield facility, Tighe &
Bond evaluated several different alternatives. The alternatives included a no action approach, a chemical
systems improvements approach, and a chemical systems improvements with building improvements
approach.

Alternative 1 — Status Quo: Taking no action is not an acceptable alternative and was dismissed quickly
as it does not provide a means to address the known issues at the facility. If not improved and left online,
equipment would potentially fail and chemical leaks from aging piping and fittings and health and safety
risks would remain. Failing equipment, piping, and fittings would eventually require replacement in the
future. The safety hazards associated with handling chemicals and poor chemical room layout would
remain.

Alternative 2 — Chemical Systems Improvements: Replacing with new chemical feed systems would
provide a long-term solution for the wellfield facility. This approach would result in a reliable and safe active
wellfield water supply source and mitigate the chance of existing chemical feed system equipment or
components failure. This alternative was dismissed because the existing building footprint can be optimized
by reconfiguring the existing chemical rooms and piping as well as replacing the roof to eliminate leakage
that could potentially damage equipment.

Alternative 3 — Chemical Systems Replacement with Building Improvements: Replacing with new
chemical feed systems would provide a long-term solution for the wellfield facility. This would result in a
reliable and safe active wellfield water supply source and mitigate the chance of existing chemical feed
system equipment or components failure. Implementing other building improvements within the chemical



system improvements would provide permanent solutions to other components of the facility that are also
in need of replacement such as tempered eyewash station and full roof replacement to eliminate leakage
that potentially could damage electrical and instrumentation equipment.

The alternatives analysis concluded that Alternative No. 3 is most favorable in terms of cost effectiveness
and ease of construction. The chemical systems replacement with building improvements alternative was
selected for the following major reasons:

¢ Including building improvements such as the roof replacement with the chemical improvements
project would be more cost effective to complete in one project versus splitting out into separate
projects over multiple years.

e This alternative significantly improves the operational safety of the facility by improving the layout
of piping and the chemical feed systems.

e Performing building improvements during the chemical systems improvement project will result in
ease of construction as the wellfield facility may be fully shutdown during this time. Completing the
building improvements at a later date may result in disturbance of maintenance and operations
and/or result in the need for an additional shutdown to complete the work.

5. Statement of the Cost to Be Incurred and/or Saved
5.1 Capital Cost

This project will result in a capital expenditure of $3.30 million, which includes a 20% contingency. A
breakdown of the capital cost for this project is presented in Table 1 below, and a detailed breakdown of
this cost estimate is contained in Appendix B of this application. The project costs presented are based on
90% complete design drawings, prepared in February of 2023. In accordance with cost estimating
principles, the project costs have been adjusted for inflation.

For the construction cost estimate, a 20% contingency is included. This is consistent with the American
Association of Cost Engineers (AACE) International Recommended Practices and Standards for a Class 1
estimate, which is included in Appendix C. In a Class 1 estimate, the design of the project is expected to
be between 65% to 100% complete and accurate within -10% to +20%. The AACE defines contingency as
a specific provision for unforeseeable elements of cost within the defined project scope, particularly where
experience has shown that unforeseeable costs are likely to occur.

The 20% contingency allowance is included at this design stage for uncertainty in bid prices due to
escalation of prices and part/equipment shortages that have occurred as a result of the COVID-19
pandemic and as a means to reduce the risk of possible cost overruns.



TABLE 1

Estimated Project Capital Cost

Description Capital Cost
Previous Expenditures (through March 2023) $142,000
Construction Cost $1,883,700
Escalation to Midpoint of Construction 10% per year $395,700
Construction with Inflation $2,279,400
Contingency 20% 455,880
Construction Phase Engineering Services $290,000
RWA Costs (Project Management, SCADA Programming & Department Coordination) $160,000
Total $3,327,280
Rounded Total $3,300,000

5.2 Operation and Maintenance Cost

The new chemical system and building improvements will require standard, periodic maintenance activities
that will be the same as the existing maintenance efforts. SCCRWA may see some time savings at first,
due to the new equipment. In addition, the O&M activities for the facility will be similar to the existing facility,
since there is no change in use. Therefore, we do not anticipate a change in overall operation and
maintenance cost associated with this project.

5.3 Bonds or Other Obligations the SCCRWA Intends to Issue

As a result, the annual cost of this project to a typical residential customer would be approximately $.91
and to an an average residential customer approximately $1.21, assuming a conservative financing
assumption of RWA Bonds, based on the project cost of $3.3 million and existing rates.

For this project we expect to use RWA Bonds as well as internally generated funds.



6. Preliminary Project Schedule and Permitting
6.1 Schedule

The project schedule presented below includes typical local approvals from the municipal Planning and
Zoning Commission.

1. Preliminary Design: November 2022

2. 90% Design March 2023

3. RPB Review & Approval April 2023 — July 2023

4. Final Design, Bidding & Award August 2023 — October 2023
5. Construction November 2023 to March 2025
6. Start-up, Optimization, and Punch List April 2025

Based on the ease of construction to perform this work during the low demand season (November to
March), we anticipate that active construction on this project will occur from November 2023 until March
2025.

6.2 Permitting

This project involves replacement of the existing chemical systems. In addition, the building improvements
involve replacement and repairs to existing systems. This project will not result in any process changes to
the Derby Wellfield facility. For these reasons, we do not believe this project will require permit approvals
from the Connecticut Department of Public Health and will only require building permits/approvals from
local Derby authorities.

7. Statement of the Facts on Which the Board Is Expected to Rely in Granting the Authorization
Sought

e Improves reliability and safety by replacing aging chemical feed system and building
equipment/components.

e Improves consistency with other RWA wellfield facilities.

e Maintains criticality of the Derby Wellfield being the primary source of sufficient potable water
for the Aquarion Water Company (AWC) East Derby Interconnection. Provides a reliability
selling point from RWA to AWC for extending the current Agreement for another ten years that
is set to expire at the end of 2025.

8. Explanation of Unusual Circumstances Involved in the Application

The unusual circumstances involved in this application is due to the fact that we thought this project
would’ve been under the $2 million limit when originally budgeted, but is now over due to recent inflation
and material price increases.

9. Conclusion
The Derby Wellfield was constructed in 1950 and rebuilt in 1988 and is the RWA'’s primary source of water
supply for Aquarion’s East Derby Interconnection. RWA has agreed to deliver sufficient potable water to

meet the needs of Aquarion’s East Derby System with a possible Agreement extension for another ten
years after the current Agreement expires at the end of 2025. The proposed chemical systems replacement
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and building improvements will optimize construction and cost, while improving the reliability and safety of
the Derby Wellfield facility.

At $3.3 million, the project maximizes the cost and non-cost benefits for the RWA.

As such, the RWA has concluded that the proposed action is consistent with and advances the policies and
goals of the South Central Connecticut Regional Water Authority.



Appendix A

Chemical Improvements at the Derby Wellfield Project 90%b6 Design

Drawings

- CAUTION -
THE DISCLOSURE OF CERTAIN INFORMATION ON
PAGES, MAPS OR OTHER AMATERIALS STAMPED HEREIN
MAY POSE A SAFETY AND SECURITY RISK TO PERSONS
ANIVOR PROPERTY. THE DETERMINATION TO
DISCLOSE THIS INFORMATION SHALL ONLY BE MADE
PURSUANT TO C.G.S. SECTION 1-210. PLEASE CONTACT
THE SOUTH CENTRAL CONNECTICUT REGIONAL
WATER AUTHORITY WITH ANY QUESTIONS.
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Engineer’s Opinion of Probable Cost for the Chemical Improvements
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ENGINEER'S CONCEPTUAL OPINION OF PROBABLE CONSTRUCTION COST

Project:
Location:

Estimate Type:

Derby Wellfield Chemical Improvements

Derby, CT

[T Conceptual
™ Preliminary Design
¥  Design Development

- Construction
- Change Order

90 % Complete

Tighe&Bond

Prepared By: CMC/RB/CCB
Date Prepared: 2/14/2023
T&B Project No.: S1889-A31

Material/lnstalled Cost Ir ion
Spec. | Item |
Section [ No. Description Qty Units $/Unit | Total $/Unit | Total Total
DIVISION 1 - GENERAL CONDITIONS (Costs included in unit prices in other Divisions)
| 1[10% of Construction Subtotal 1 LS $148,920 $148,920 $0 $148,920
SUBTOTAL - DIVISION 1 $148,920 $0 $148,920
DIVISION 2 - SITE WORK
02225 1[Selective Demolition
al Chemical Room Equipment 1 LS $85,000 $85,000 0 $85,000
b| Residual Chemical Disposal 1 LS $10,000 $10,000 0 $10,000
¢| Chemical Room, Fluoride Room, and Entrance Do 1 LS 3,000 3,000 0 3,000
d| HVAC Equipment 1 LS 2,000 2,000 0 2,000
e| Roof 1 LS 2,000 2,000 0 2,000
f| Electrical Demolition 1 LS $20,000 $20,000 0 $20,000
SUBTOTAL - DIVISION 2 $122,000 $0 $122,000
DIVISION 3 - CONCRETE
03300 1[Cast in Place Concrete
al Housekeeping Pads - Chemical tanks 1 LS 3,000 3,000 0 3,000
b| Housekeeping Pads - Transfer Pumps 1 LS 3,000 3,000 0 3,000
c| Concrete Stairs 1 LS 3,000 3,000 0 3,000
2[Concrete repair (e.g. fluoride room foundation) 4 SF $500 2,000 0 2,000
SUBTOTAL - DIVISION 3 $11,000 $0 $11,000
DIVISION 4 - MASONRY
04810 1|Unit Masonry Assembly
a| Exterior Masonry Repointing 75 SF $50 $3,750 $0 $3,750
b| Masonry for widening Fluoride Door 75 SF $75 $5,625 $0 $5,625
SUBTOTAL - DIVISION 4 $9,375 $0 $9,375
DIVISION 5 - METALS
05500 1|Miscellaneous Metals - Allowance 1 LS $2,500 $2,500 $0 $2,500
2|Roof Hatch Repair 1 LS $1,000 $1,000 $0 $1,000
SUBTOTAL - DIVISION 5 $3,500 $0 $3,500
DIVISION 6 - WOOD & PLASTICS
06600 1|Fiberglass Products
al FRP Metering Pump Tables (x4) 4 EA 2,000 $8,000 0 $8,000
b| FRP Day Tank Stand (x3) 3 EA 3,500 $10,500 0 $10,500
c| NaOH Containment Stairs 0 LS 5,000 $0 0 $0
d| FRP Transfer Pump Tables (x3) 3 EA $500 $1,500 0 $1,500
SUBTOTAL - DIVISION 6 $20,000 $0 $20,000
DIVISION 7 - THERMAL & MOISTURE PROTECTION
07920 1[Joint Sealants 1 LS $5,000 $5,000 $0 $5,000
07541 2[Membrane Roofing System
al EPDM Roofing Membrane 1,000 SF $20 $20,000 $0 $20,000
07700 3|Roof Specialties and Accessories
a| Gutters 1 LS 1,500 1,500 0 1,500
b| Misc. Roof Curbs & Equipment Supports 1 LS 1,500 1,500 0 1,500
c| Roof Tie-Offs 1 LS 2,500 2,500 0 2,500
SUBTOTAL - DIVISION 7 $30,500 $0 $30,500

J:\S\S1889 Regional Water Authority\OO - S1889A On-Call Services\A31 - Derby Wellfield Chemical Improvements\Design\OPC\
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ENGINEER'S CONCEPTUAL OPINION OF PROBABLE CONSTRUCTION COST

Tighe&Bond

Project: Derby Wellfield Chemical Improvements
Location: Derby, CT
Estimate Type: [ Conceptual - Construction Prepared By: CMC/RB/CCB
™ Preliminary Design - Change Order Date Prepared: 2/14/2023
¥  Design Development 90 % Complete T&B Project No.: S1889-A31
Material/lnstalled Cost Ir llation
Spec. Item
Section [ No. Description Qty Units $/Unit Total $/Unit Total Total
DIVISION 8 - DOORS & WINDOWS
08200 1|FRP Doors & Frames
al Door & Hardware 3 EA $5,000 $15,000 $0 $15,000
SUBTOTAL - DIVISION 8 $15,000 $0 $15,000
DIVISION 9 - FINISHES
09900 1]Painting
al Chemical Room Touch-Up/Misc painting 1 LS $5,000 5,000 0 5,000
b| Chemical Room Floor 200 SF 10 2,000 0 2,000
c| Clean and Paint Fluoride Room Walls 500 SF 10 5,000 0 5,000
d| Well Room Floor 260 SF 10 2,600 0 2,600
09960 2[Chemical Resistant Floor Coating
a] Sodium Hypochlorite Area 150 SF 65 $9,750 0 $9,750
b| Sodium Hydroxide Area 200 SF 65 $13,000 0 $13,000
c| Fluoride Room 135 SF 65 $8,775 0 $8,775
SUBTOTAL - DIVISION 9 $46,125 50 $46,125
DIVISION 10 - SPECIALTIES
10440 | 1[Signage 1 LS $2,000 $2,000 $0 $2,000
SUBTOTAL - DIVISION 10 $2,000 $0 $2,000
DIVISION 11 - EQUIPMENT
11010 1|Maintenance Equipment
a| Chemical Fill Cabinets (chem delivery) 3 EA $2,300 $6,900 $2,760 $8,280 $15,180
11240 2[Metering Pumps
al Sodium Hypochlorite Metering Pumps 3 EA 9,269 27,807 $11,123 33,368 61,175
b| Sodium Hydroxide Metering Pumps 2 EA 7,324 14,648 5,859 11,718 26,366
c| Fluoride Metering Pumps 2 EA 7,646 15,291 6,116 12,233 27,524
d|[ Phosphate Metering Pumps 1 EA 7,433 $7,433 2,973 $2,973 10,406
e| Metering Pump Control Panels 4 EA $15,000 $60,000 $0 60,000
11245 3|Transfer Pumps
al Sodium Hypochlorite Transfer Pump 1 EA 895 895 358 358 1,253
b| Sodium Hydroxide Transfer Pump 1 EA 895 895 358 358 1,253
c| Fluoride Transfer Pump 1 EA 895 895 358 358 1,253
d| Sodium Hypochlorite Recirc Pump 0 EA $2,206 $0 $0 $0 $0
e| Transfer Pump Control Panels 3 EA $6,000 $18,000 $0 $18,000
Pump accessories
SS back pressure valves 3 EA $1,646 4,938 $1,975 $5,926 $10,864
SS pressure relief valves 2 EA $1,646 3,292 $1,317 $2,634 5,926
SS pulsation dampener 2 EA 558 1,116 446 $893 2,009
CPVC/PVC back pressure valves 5 EA 451 2,255 902 4,510 6,765
CPVC/PVC pressure relief valves 4 EA 451 1,804 722 2,886 4,690
CPVC/PVC pulsation dampener 4 EA 583 2,332 933 3,731 6,063
PVDF back pressure valves 3 EA $1,120 3,360 $1,344 4,032 7,392
PVDF pressure relief valves 2 EA $1,120 2,240 896 1,792 4,032
PVDF pulsation dampener 2 EA 583 1,166 466 $933 2,099
Clear PVC calibration columns 7 EA 125 $875 350 $2,450 3,325
Pressure gauges 11 EA 362 $3,982 $1,593 $17,521 $21,503
PVC y-strainers 8 EA 502 $4,016 $1,606 $12,851 $16,867
4| Phosphate Secondary Containment Pallet 2 EA $1,500 $3,000 $0 $3,000
SUBTOTAL - DIVISION 11 $187,140 $129,805 $316,945
DIVISION 13 - SPECIAL CONSTRUCTION
13210 1[Polyethylene Tanks: 1 LS $40,000 $40,000 $16,000 $16,000 $56,000
al Sodium Hypochlorite Bulk Tank - 545 gal IMFO
b| Sodium Hypochlorite Day Tank - 55 gal Vertical
c| Sodium Hydroxide Bulk Tank - 1150 gal IMFO
d[ Sodium Hydroxide Day Tank - 100 gal IMFO
e| Fluoride Bulk Tank - 230 gal IMFO
f| Fluoride Day Tank - 55 gal Vertical
g| Phosphate Day Tank - 30 gal Vertical
13284 2|Hazardous Material Abatement 1 LS $20,000 $20,000 $0 $20,000

J:\S\S1889 Regional Water Authority\OO - S1889A On-Call Services\A31 - Derby Wellfield Chemical Improvements\Design\OPC\
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ENGINEER'S CONCEPTUAL OPINION OF PROBABLE CONSTRUCTION COST Tighe&Bond

Project: Derby Wellfield Chemical Improvements
Location: Derby, CT
Estimate Type: [ Conceptual - Construction Prepared By: CMC/RB/CCB
™ Preliminary Design - Change Order Date Prepared: 2/14/2023
¥  Design Development 90 % Complete T&B Project No.: S1889-A31
Material/lnstalled Cost Ir llation
Spec. Item
Section [ No. Description Qty Units $/Unit Total $/Unit Total Total
13420 3|Instrumentation
a| Bulk Tank Level Transmitters 3 EA 3,000 $9,000 3,600 $10,800 19,800
b| Day Tank Level Transmitters 4 EA 3,000 $12,000 4,800 $19,200 31,200
c| Day Tank Pressure Transmitters 3 EA 2,000 $6,000 2,400 $7,200 13,200
d| High Level Switches 7 EA 1,200 8,400 3,360 $23,520 31,920
e| Flood Switches 3 LS $600 1,800 $720 2,160 3,960
f| Chlorine Analyzer 1 EA 6,406 $6,406 2,563 2,563 8,969
g| Fluoride Analyzer (ISE with reagents) 1 EA 4,000 4,000 1,600 1,600 5,600
h| pH Analyzer 1 EA 4,000 4,000 1,600 1,600 5,600
i| Emergency Shower Flow Switch 1 EA $1,000 1,000 $400 $400 1,400
SUBTOTAL - DIVISION 13 $112,606 $85,043 $197,649
DIVISION 15 - MECHANICAL
15060 Hangers and Supports 1 LS $7,000 $7,000 $7,000
15104 1|CPVC/PVC/PVDF Piping and fittings 1 LS 73,500 73,500 $29,400 $29,400 $102,900
15105 1[SS Pipe and fittings 1 LS 18,200 18,200 $7,280 $7,280 25,480
15108 1|PTFE-Lined SS pipe and fittings 1 LS 11,720 11,720 $4,688 $4,688 16,408
15109 1[Flexible hose and fittings 1 LS 27,000 27,000 $10,800 $10,800 37,800
15110 1[Valves 1 LS 89,250 89,250 $35,700 $35,700 $124,950
15120 1|Piping Specialties 1 LS 16,150 16,150 $6,460 $6,460 $22,610
15110 Plumbing Valves
Hose Bibbs 5 EA 150 750 100 500 $1,250
Wall Hydrant 1 EA 300 300 150 150 450
Ball Valve 3 EA 200 $600 120 360 960
Check Valve 2 EA 120 $240 150 300 540
15140 Domestic Piping and Fittings
Process CW, 1" CU 150 FT $50 $7,500 32 4,800 $12,300
Tempered CW, 1-1/4" CU 100 FT $60 $6,000 40 4,000 $10,000
Domestic CW, 1" CU 50 FT $50 2,500 32 1,600 $4,100
15080 Insulation for Above, Armacell 300 FT $4 1,221 20 $6,000 $7,221
15400 Basic Plumbing Requirements
Backflow Preventer 2 EA $1,000 $2,000 $250 $500 $2,500
Flow Switch 1 EA $850 $850 $120 $120 $970
Flowswitch wiring 40 FT $50 $2,000 $2,000
15411 Emergency Plumbing Fixtures
Emergency Shower w/ Eyewash (interior) 3 EA $2,500 $7,500 $750 $2,250 $9,750
Thermostatic Mixing Valve 1 EA $1,500 $1,500 $500 $500 $2,000
15835 Exhaust Fans
EF-1 Fluoride Room 1 EA 1,500 1,500 1,000 1,000 2,500
EF-2 Process Room 1 EA 1,500 1,500 1,000 1,000 2,500
EF-3 Mechanical Room 1 EA 1,500 1,500 1,000 1,000 2,500
15850 Louvers (5) 24 SQFT $626 $15,030 $356 8,550 $23,580
15765 Electric Unit Heaters
process room 1 EA $1,500 $1,500 $500 $500 $2,000
Fluoride room 1 EA $2,500 $2,500 $500 $500 $3,000
Gas Fired Unit Heaters
30MBH, smallest size available 2 EA $2,000 $4,000 $1,000 $2,000 $6,000
15935 Controls 1 LS $20,000 $20,000 $20,000
SUBTOTAL - DIVISION 15 $301,311 $151,958 $453,269
DIVISION 16 - ELECTRICAL
16000 1|Misc Electrical Costs 1 EA 75,300 75,300 0 0 75,300
16000 2|Main Electrical Distribution 1 EA 34,700 34,700 0 0 34,700
16000 3[Conduit & Wire 1 EA 75,300 75,300 0 0 75,300
16000 4|Lighting 1 EA 27,100 27,100 0 0 27,100
16000 5|Electrical Equipment 1 EA 49,400 49,400 0 0 49,400
SUBTOTAL - DIVISION 16 $261,800 $0 $261,800
CONSTRUCTION SUB-TOTAL COST $1,638,083
CONTRACTOR OH&P (@) 15% $245,712
SUBTOTAL $1,883,795
CONTINGENCY (@) 10% $188,380
CONSTRUCTION TOTAL COST $2,072,175
SAY $2,080,000
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American Association of Cost Engineers (AACE) standards
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AACE

INTERNATIONAL

AACE International Recommended Practice No. 18R-97

COST ESTIMATE CLASSIFICATION SYSTEM -
AS APPLIED IN ENGINEERING, PROCUREMENT, AND

CONSTRUCTION FOR THE PROCESS INDUSTRIES
TCM Framework: 7.3 — Cost Estimating and Budgeting

~ Rev. August 7, 2020

Note: As AACE International Recommended Practices evolve over time, please refer to web.aacei.org for the latest
revisions,

Any terms found in AACE Recommended Practice 105-90, Cost Engineering Terminology, supersede terms defined in
other AACE work products, including but not limited to, other recommended practices, the Total Cost Management
Framework, and Skills & Knowledge of Cost Engineering.

Contributors:
Disclaimer: The content provided by the contributors to this recommended practice is their own and does not necessarily
reflect that of their employers, unless otherwise stated.

August 7, 2020 Revision:

Peter R. Bredehoeft, Jr, CEP FAACE {Primary Contributor) John K. Hollmann, PE CCP CEP DRMP FAACE Hon. Life {Primary
Larry R. Dysert, CCP CEP DRMP FAACE Hon. Life Contributor)
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1. PURPOSE

As a recommended practice (RP) of AACE International, the Cost Estimate Classification System provides guidelines
for applying the general principles of estimate classification to project cost estimates (i.e., cost estimates that are
used to evaluate, approve, and/or fund projects). The Cost Estimate Classification System maps the phases and
stages of project cost estimating together with a generic project scope definition maturity and quality matrix,
which can be applied across a wide variety of industries and scope content.

This recommended practice provides guidelines for applying the principles of estimate classification specifically to
project estimates for engineering, procurement, and construction (EPC) work for the process industries. It
supplements the generic cost estimate classification RP 17R-97[1] by providing:
e  Asection that further defines classification concepts as they apply to the process industries.
e A chart that maps the extent and maturity of estimate input information (project definition deliverables)
against the class of estimate.

As with the generic RP, the intent of this document is to improve communications among all the stakeholders
involved with preparing, evaluating, and using project cost estimates specifically for the process industries.

The overall purpose of this recommended practice is to provide the process industry with a project definition
deliverable maturity matrix that is not provided in 17R-97. It also provides an approximate representation of the
relationship of specific design input data and design deliverable maturity to the estimate accuracy and
methodology used to produce the cost estimate. The estimate accuracy range is driven by many other variables
and risks, so the maturity and quality of the scope definition available at the time of the estimate is not the sole
determinate of accuracy; risk analysis is required for that purpose.
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This document is intended to provide a guideline, not a standard. It is understood that each enterprise may have
its own project and estimating processes, terminology, and may classify estimates in other ways. This guideline
provides a generic and generally acceptable classification system for the process industries that can be used as a
basis to compare against. This recommended practice should allow each user to better assess, define, and
communicate their own processes and standards in the light of generally-accepted cost engineering practice.

2. INTRODUCTION

For the purposes of this document, the term process industries is assumed to include firms involved with the
manufacturing and production of chemicals, petrochemicals, and hydrocarbon processing. The common thread
among these industries (for the purpose of estimate classification) is their reliance on process flow diagrams
(PFDs), piping and instrument diagrams (P&IDs), and electrical one-line drawings as primary scope defining
documents. These documents are key deliverables in determining the degree of project definition, and thus the
extent and maturity of estimate input information. This RP applies to a variety of project delivery methods such as
traditional design-bid-build (DBB), design-build {DB), construction management for fee (CM-fee), construction
management at risk (CM-at risk), and private-public partnerships {(PPP} contracting methods.

Estimates for process facilities center on mechanical and chemical process equipment, and they have significant
amounts of piping, instrumentation, and process controls involved. As such, this recommended practice may apply
to portions of other industries, such as pharmaceutical, utility, water treatment, metallurgical, converting, and
similar industries.

Most plants also have significant electrical power equipment (e.g., transformers, switchgear, etc.) associated with
them. As such, this RP also applies to electrical substation projects, either associated with the process plant, as
part of power transmission or distribution infrastructure, or supporting the power needs of other facilities. This RP
excludes power generating facilities and high-voltage transmission.

This RP specifically does not address cost estimate classification in non-process industries such as commercial
building construction, environmental remediation, transportation infrastructure, hydropower, “dry” processes
such as assembly and manufacturing, “soft asset” production such as software development, and similar
industries. It also does not specifically address estimates for the exploration, production, or transportation of
mining or hydrocarbon materials, although it may apply to some of the intermediate processing steps in these
systems.

The cost estimates covered by this RP are for engineering, procurement, and construction {EPC) work only. It does
not cover estimates for the products manufactured by the process facilities, or for research and development work
in support of the process industries. This guideline does not cover the significant building construction that may be
a part of process plants.

This guideline reflects generally-accepted cost engineering practices. This recommended practice was based upon
the practices of a wide range of companies in the process industries from around the world, as well as published
references and standards. Company and public standards were solicited and reviewed, and the practices were
found to have significant commonalities. [4,5,6,7] These classifications are also supported by empirical process
industry research of systemic risks and their correlation with cost growth and schedule slip [8].
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/3. COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES
A purpose of cost estimate classification is to align the estimating process with project stage-gate scope
development and decision-making processes.

Table 1 provides a summary of the characteristics of the five estimate classes. The maturity level of project
definition is the sole determining (i.e., primary) characteristic of class. In Table 1, the maturity is roughly indicated
by a percentage of complete definition; however, it is the maturity of the defining deliverables that is the
determinant, not the percent. The other characteristics are secondary and are generally correlated with the
maturity level of project definition deliverables, as discussed in the generic RP [1]. The specific deliverables, and
their maturity or status are provided in Table 3. The post sanction {post funding authorization) classes (Class 1 and
2) are only indirectly covered where new funding is indicated. Again, the characteristics are typical but may vary
depending on the circumstances.

Primary Characteristic Secondary Characteristic
MATURITY LEVEL OF EXPECTED ACCURACY
ESTIMATE PROJECT DEFINITION END USAGE METHODOLOGY RANGE
CLASS DELIVERABLES Typical purpose of Typical estimating method Typical variation in low and high
Expressed as % of complete estimate ranges at an 80% confidence
definition interval
Capacity factored,
Concept . L. -20%to-50%
0
Class § 0%to 2% scfeching ‘ parametric models, H: +30% to +100%
judgment, or analogy
Study or Equipment factored or |L: -15%to-30%
0,
Class 4 iiete % feasibility parametric models H: +20%to+50%
Budget Semi-detailed unit costs | o o
Class 3 10%to 40% authorization or | with asse‘mbly level line II:I +11(:)22tt(:)—f: (ﬁ %
control items
Control or Detailed unit cost with [L: -5%to-15%
0, 0,
Class 2 30% to 75% bid/tender forced detailed take-off |H: +5%to +20%
Check estimate Detailed unit cost with [L: -3%to-10%
0 0, b
Class 1 65% to 100% or bid/tender detailed take-off H: +3%to+15%

Table 1 — Cost Estimate Classification Matrix for Process Industries

This matrix and guideline outline an estimate classification system that is specific to the process industries. Refer
to Recommended Practice 17R-97 [1] for a general matrix that is non-industry specific, or to other cost estimate
classification RPs for guidelines that will provide more detailed information for application in other specific
industries. These will provide additional information, particularly the Estimate Input Checklist and Maturity Matrix
which determines the class in those industries. See Professional Guidance Document 01, Guide to Cost Estimate
Classification. [16]

Table 1 illustrates typical ranges of accuracy ranges that are associated with the process industries. The +/- value
represents typical percentage variation at an 80% confidence interval of actual costs from the cost estimate after
application of appropriate contingency (typically to achieve a 50% probability of project cost overrun versus
underrun) for given scope. Depending on the technical and project deliverables (and other variables) and risks
associated with each estimate, the accuracy range for any particular estimate is expected to fall into the ranges
identified. However, this does not preclude a specific actual project result from falling outside of the indicated
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range of ranges identified in Table 1. In fact, research indicates that for weak project systems and complex or
otherwise risky projects, the high ranges may be two to three times the high range indicated in Table 1. [17]

In addition to the degree of project definition, estimate accuracy is also driven by other systemic risks such as:
e level of familiarity with technology.

Unique/remote nature of project locations and conditions and the availability of reference data for those.

Complexity of the project and its execution.

Quality of reference cost estimating data.

Quality of assumptions used in preparing the estimate.

Experience and skill level of the estimator.

Estimating techniques employed.

Time and level of effort budgeted to prepare the estimate.

Market and pricing conditions.

Currency exchange.

The accuracy of the composition of the input and output process streams.

Systemic risks such as these are often the primary driver of accuracy, especially during the early stages of project
definition. As project definition progresses, project-specific risks (e.g. risk events and conditions) become more
prevalent and also drive the accuracy range. Another concern in estimates is potential organizational pressure for a
predetermined value that may result in a biased estimate. The goal should be to have an unbiased and objective
estimate both for the base cost and for contingency. The stated estimate ranges are dependent on this premise
and a realistic view of the project. Failure to appropriately address systemic risks (e.g. technical complexity) during
the risk analysis process, impacts the resulting probability distribution of the estimated costs, and therefore the
interpretation of estimate accuracy.

Figure 1 illustrates the general relationship trend between estimate accuracy and the estimate classes
(corresponding with the maturity level of project definition). Depending upon the technical complexity of the
project, the availability of appropriate cost reference information, the degree of project definition, and the
inclusion of appropriate contingency determination, a typical Class 5 estimate for a process industry project may
have an accuracy range as broad as -50% to +100%, or as narrow as -20% to +30%. However, note that this is
dependent upon the contingency included in the estimate appropriately quantifying the uncertainty and risks
associated with the cost estimate. Refer to Table 1 for the accuracy ranges conceptually illustrated in Figure 1. [18]

Figure 1 also illustrates that the estimating accuracy ranges overlap the estimate classes. There are cases where a
Class 5 estimate for a particular project may be as accurate as a Class 3 estimate for a different project. For
example, similar accuracy ranges may occur if the Class 5 estimate of one project that is based on a repeat project
with good cost history and data and, whereas the Class 3 estimate for another is for a project involving new
technology. It is for this reason that Table 1 provides ranges of accuracy values. This allows consideration of the
specific circumstances inherent in a project and an induStry sector to provide realistic estimate class accuracy
range percentages. While a target range may be expected for a particular estimate, the accuracy range should
always be determined through risk analysis of the specific project and should never be pre-determined. AACE has
recommended practices that address contingency determination and risk analysis methods. [19]

If contingency has been addressed appropriately approximately 80% of projects should fall within the ranges
shown in Figure 1. However, this does not preclude a specific actual project result from falling inside or outside of
the indicated range of ranges identified in Table 1. As previously mentioned, research indicates that for weak
project systems, and/or complex or otherwise risky projects, the high ranges may be two to three times the high
range indicated in Table 1.
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| Class 5 |
| Class 4 |
Class 3 ||
Class 2 |
| Class 1 |

>=>> [ncreasing Level of Project Scope Definition >>>

80% Confidence Interval Accuracy Range after inclusion of p50
Contingency -/+ 0%

Figure 1 — lllustration of the Variability in Accuracy Ranges for Process Industry Estimates

4, DETERMINATION OF THE COST ESTIMATE CLASS

For a given project, the determination of the estimate class is based upon the maturity level of project definition
based on the status of specific key planning and design deliverables. The percent design completion may be
correlated with the status, but the percentage should not be used as the class determinate. While the
determination of the status (and hence the estimate class) is somewhat subjective, having standards for the design
input data, completeness and quality of the design deliverables will serve to make the determination more

objective.
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5. CHARACTERISTICS OF THE ESTIMATE CLASSES

The following tables {2a through 2e) provide detailed descriptions of the five estimate classifications as applied in
the process industries. They are presented in the order of least-defined estimates to the most-defined estimates.
These descriptions include brief discussions of each of the estimate characteristics that define an estimate class.

For each table, the following information is provided:

Description: A short description of the class of estimate, including a brief listing of the expected estimate
inputs based on the maturity level of project definition deliverables.

Maturity Level of Project Definition Deliverables (Primary Characteristic): Describes a particularly key
deliverable and a typical target status in stage-gate decision processes, plus an indication of approximate
percent of full definition of project and technical deliverables. Typically, but not always, maturity level
correlates with the percent of engineering and desigh complete.

End Usage (Secondary Characteristic): A short discussion of the possible end usage of this class of
estimate.

Estimating Methodology (Secondary Characteristic): A listing of the possible estimating methods that
may be employed to develop an estimate of this class.

Expected Accuracy Range (Secondary Characteristic): Typical variation in low and high ranges after the
application of contingency (determined at a 50% level of confidence). Typically, this represents about 80%
confidence that the actual cost will fall within the bounds of the low and high ranges if contingency
appropriately forecasts uncertainty and risks.

Alternate Estimate Names, Terms, Expressions, Synonyms: This section provides other commonly used
names that an estimate of this class might be known by. These alternate names are not endorsed by this
recommended practice. The user is cautioned that an alternative name may not always be correlated with
the class of estimate as identified in Tables 2a-2e.
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CLASS 5 ESTIMATE

Description:

Class 5 estimates are generally prepared based on very limited
information, and subsequently have wide accuracy ranges. As
such, some companies and organizations have elected to
determine that due to the inherent inaccuracies, such
estimates cannot be classified in a conventional and
systematic manner. Class 5 estimates, due to the requirements
of end use, may be prepared within a very limited amount of
time and with little effort expended—sometimes requiring less
than an hour to prepare. Often, little more than proposed
plant type, location, and capacity are known at the time of
estimate preparation.

Maturity Level of Project Definition Deliverables:

Key deliverable and target status: Block flow diagram agreed
by key stakeholders. List of key design basis assumptions. 0%
to 2% of full project definition.

End Usage:

Class 5 estimates are prepared for any number of strategic
business planning purposes, such as but not limited to market
studies, assessment of initial viability, evaluation of alternate
schemes, project screening, project location studies,
evaluation of resource needs and budgeting, long-range
capital planning, etc.

Estimating Methodology:
Class 5 estimates generally use stochastic estimating methods
such as cost/capacity curves and factors, scale of operations
factors, Lang factors, Hand factors, Chilton factors, Peters-
Timmerhaus factors, Guthrie factors, and other parametric
and modeling techniques.

Expected Accuracy Range:

Typical accuracy ranges for Class 5 estimates are

-20% to -50% on the low side, and +30% to +100% on the high
side, depending on the technological complexity of the
project, appropriate reference information and other risks
(after inclusion of an appropriate contingency determination).
Ranges could exceed those shown if there are unusual risks.

Alternate Estimate Names, Terms, Expressions, Synonyms:
Ratio, ballpark, blue sky, seat-of-pants, ROM, idea study,
prospect estimate, concession license estimate, guesstimate,
rule-of-thumb.

Table 2a — Class 5 Estimate
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CLASS 4 ESTIMATE

Description:

Class 4 estimates are generally prepared based on limited
information and subsequently have fairly wide accuracy
ranges. They are typically used for project screening,
determination of feasibility, concept evaluation, and
preliminary budget approval. Typically, engineering is from 1%
to 15% complete, and would comprise at a minimum the
following: plant capacity, block schematics, indicated layout,
process flow diagrams (PFDs) for main process systems, and
preliminary engineered process and utility equipment lists.

Maturity Level of Project Definition Deliverables:
Key deliverable and target status: Process flow diagrams
(PFDs) issued for design. 1% to 15% of full project definition.

End Usage:

Class 4 estimates are prepared for a number of purposes, such
as but not limited to, detailed strategic planning, business
development, project screening at more developed stages,
alternative scheme analysis, confirmation of economic and/or
technical feasibility, and preliminary budget approval or
approval to proceed to next stage.

Estimating Methodology:

Class 4 estimates generally use factored estimating methods
such as equipment factors, Lang factors, Hand factors, Chilton
factors, Peters-Timmerhaus factors, Guthrie factors, the Miller
method, gross unit costs/ratios, and other parametric and
modeling techniques.

Expected Accuracy Range:

Typical accuracy ranges for Class 4 estimates are

-15% to -30% on the low side, and +20% to +50% on the high
side, depending on the technological complexity of the
project, appropriate reference information, and other risks
(after inclusion of an appropriate contingency determination).
Ranges could exceed those shown if there are unusual risks.

Alternate Estimate Names, Terms, Expressions, Synonyms:
Screening, top-down, feasibility (pre-feasibility for metals
processes), authorization, factored, pre-design, pre-study.

Table 2b — Class 4 Estimate
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CLASS 3 ESTIMATE

Description:

Class 3 estimates are generally prepared to form the basis for
budget authorization, appropriation, and/or funding. As such,
they typically form the initial control estimate against which all
actual costs and resources will be monitored. Typically,
engineering is from 10% to 40% complete, and would
comprise at a minimum the following: process flow diagrams,
utility flow diagrams, preliminary piping and instrument
diagrams, plot plan, developed layout drawings, and
essentially complete engineered process and utility equipment
lists. Remedial action plan resulting from HAZOPs is identified.

Maturity Level of Project Definition Deliverables:

Key deliverable and target status: Piping and instrumentation
diagrams (P&IDs) issued for design. 10% to 40% of full project
definition.

End Usage:

Class 3 estimates are typically prepared to support full project
funding requests, and become the first of the project phase
control estimates against which all actual costs and resources
will be monitored for variations to the budget. They are used
as the project budget until replaced by more detailed
estimates. In many owner organizations, a Class 3 estimate is
often the last estimate required and could very well form the
only basis for cost/schedule control.

Estimating Methodology:

Class 3 estimates generally involve more deterministic
estimating methods than conceptual methods. They usually
involve predominant use of unit cost line items, although
these may be at an assembly level of detail rather than
individual components. Factoring methods may be used to
estimate less-significant areas of the project.

Expected Accuracy Range:
Typical accuracy ranges for Class 3 estimates are
-10% to -20% on the low side, and +10% to +30% on the high

side, depending on the technological complexity of the

project, appropriate reference information, and other risks
(after inclusion of an appropriate contingency determination).
Ranges could exceed those shown if there are unusual risks.

Alternate Estimate Names, Terms, Expressions, Synonyms:
Budget, scope, sanction, semi-detailed, authorization,
preliminary control, concept study, feasibility {for metals
processes) development, basic engineering phase estimate,
target estimate.

Table 2¢ — Class 3 Estimate
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CLASS 2 ESTIMATE

Description:

Class 2 estimates are generally prepared to form a detailed
contractor control baseline (and update the owner control
baseline} against which all project work is monitored in terms
of cost and progress control. For contractors, this class of
estimate is often used as the bid estimate to establish contract
value. Typically, engineering is from 30% to 75% complete, and
would comprise at a minimum the following: process flow
diagrams, utility flow diagrams, piping and instrument
diagrams, heat and material balances, final plot plan, final
layout drawings, complete engineered process and utility
equipment lists, single line diagrams for electrical, electrical
equipment and motor schedules, vendor quotations, detailed
project execution plans, resourcing and work force plans, etc.

Maturity Level of Project Definition Deliverables:

Key deliverable and target status: All specifications and
datasheets complete including for instrumentation. 30% to
75% of full project definition.

End Usage:

Class 2 estimates are typically prepared as the .detailed
contractor control baseline (and update to the owner control
baseline) against which all actual costs and resources will now
be monitored for variations to the budget, and form a part of
the change management program. Some organizations may
choose to make funding decisions based on a Class 2 estimate.

Estimating Methodology:

Class 2 estimates generally involve a high degree of
deterministic estimating methods. Class 2 estimates are
prepared in great detail, and often involve tens of thousands
of unit cost line items. For those areas of the project still
undefined, an assumed level of detail takeoff (forced detail)
may be developed to use as line items in the estimate instead
of relying on factoring methods.

Expected Accuracy Range:

Typical accuracy ranges for Class 2 estimates are

-5% to -15% on the low side, and +5% to +20% on the high
side, depending on the technological complexity of the
project, appropriate reference information, and other risks
(after inclusion of an appropriate contingency determination).
Ranges could exceed those shown if there are unusual risks.

Alternate Estimate Names, Terms, Expressions, Synonyms:
Detailed control, forced detail, execution phase, master
control, engineering, bid, tender, change order estimate.

Table 2d — Class 2 Estimate
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CLASS 1 ESTIMATE

Description:

Class 1 estimates are generally prepared for discrete parts or
sections of the total project rather than generating this level of
detail for the entire project. The parts of the project estimated
at this level of detail will typically be used by subcontractors
for bids, or by owners for check estimates. The updated
estimate is often referred to as the current control estimate
and becomes the new baseline for cost/schedule control of
the project. Class 1 estimates may be prepared for parts of the
project to comprise a fair price estimate or bid check estimate
to compare against a contractor’s bid estimate, or to
evaluate/dispute claims. Typically, overall engineering is from
65% to 100% complete (some parts or packages may be
complete and others not), and would comprise virtually all
engineering and design documentation of the project, and
complete project execution and commissioning plans.

Maturity Level of Project Definition Deliverables:

Key deliverable and target status: All deliverables in the
maturity matrix complete. 65% to 100% of full project
definition.

End Usage:

Generally, owners and EPC centractors use Class 1 estimates
to support their change management process. They may be
used to evaluate bid checking, to support vendor/contractor
negotiations, or for claim evaluations and dispute resolution.

Construction contractors may. prepare Class 1 estimates to
support their bidding and to act as their final control baseline
against which all actual costs and resources will now be
monitored for variations to their bid. During construction,
Class 1 estimates may be prepared to support change
management.

Estimating Methodology:

Class 1 estimates generally involve the highest degree of
deterministic estimating methods, and require a great amount
of effort. Class 1 estimates are prepared in great detail, and
thus are usually performed on only the most important or
critical areas of the project. All items in the estimate are
usually unit cost line items based on actual design quantities.

Expected Accuracy Range:

Typical accuracy ranges for Class 1 estimates are

-3% to -10% on the low side, and +3% to +15% on the high
side, depending on the technological complexity of the
project, appropriate reference information, and other risks
(after inclusion of an appropriate contingency determination).
Ranges could exceed those shown if there are unusual risks.

Alternate Estimate Names, Terms, Expressions, Synonyms:
Full detail, release, fall-out, tender, firm price, bottoms-up,
final, detailed control, forced detail, execution phase, master
control, fair price, definitive, change order estimate.

Table 2e — Class 1 Estimate
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/6. ESTIMATE INPUT CHECKLIST AND MATURITY MATRIX

Table 3 maps the extent and maturity of estimate input information (deliverables) against the five estimate
classification levels. This is a checklist of basic deliverables found in common practice in the process industries. The
maturity level is an approximation of the completion status of the deliverable. The completion is indicated by the
following descriptors:

General Project Data:

Not Required (NR): May not be required for all estimates of the specified class, but specific project
estimates may require at least preliminary development.

Preliminary (P): Project definition has begun and progressed to at least an intermediate level of
completion. Review and approvals for its current status has occurred.

Defined (D): Project definition is advanced, and reviews have been conducted. Development may be near
completion with the exception of final approvals.

Technical Deliverables:

Not Required (NR): Deliverable may not be required for all estimates of the specified class, but specific
project estimates may require at least preliminary development.

Started (S): Work on the deliverable has begun. Development is typically limited to sketches, rough
outlines, or similar levels of early completion.

Preliminary (P): Work on the deliverable is advanced. Interim, cross-functional reviews have usually been
conducted. Development may be near completion except for final reviews and approvals.

Complete (C): The deliverable has been reviewed and approved as appropriate.

ESTIMATE CLASSIFICATION
MATURITY LEVEL OF PROJECT
CLASS 5 CLASS 4 CLASS 3 CLASS 2 CLASS 1
DEFINITION DELIVERABLES
0% to 2% 1% to 15% 10% to 40% 30% to 75% | 65% to 100%
GENERAL PROJECT DATA:
A. SCOPE:

Non-Process Facilities (Infrastructure,

L . P P D D D
Ports, Pipeline, Power Transmission, etc.)
Project Scope of Work Description P P D D D
Byproduct and Waste Disposal NR P D D D
Site Infrastructure {Access, Construction NR p D b D
Power, Camp etc.)

B. CAPACITY:
PIa‘n't ‘Productlon / Facility (includes power p p D D D
facilities)
EIectrl.caI Power Rfaqwrfements {when not NR p D o b
the primary capacity driver)
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ESTIMATE CLASSIFICATION
MATURITY LEVEL OF PROJECT
CLASS 5 CLASS 4 CLASS 3 CLASS 2 CLASS 1
DEFINITION DELIVERABLES
0% to 2% 1% to 15% 10% to 40% 30% to 75% | 65% to 100%
C. PROJECT LOCATION:
Plant and Associated Facilities P | P D D | D
D. REQUIREMENTS:
Codes and/or Standards NR P D D D
Communication Systems NR P D D D
Fire Protection and Life Safety NR P D D D
Environmental Monitoring NR NR P P D
E. TECHNOLOGY SELECTION:
Process Technology [ | 4 D D | D
F. STRATEGY:
Contracting / Sourcing NR P D D D
Escalation NR P D D D
G. PLANNING:
Logistics Plan P P P D D
Integrated Project Plan? NR P D D D
Project Code of Accounts NR P D D D
Project Master Schedule NR P D D D
Regulatory Approval & Permitting NR P D D D
Risk Register NR P D D D
Stakeholder Consultation / Engagement / NR p D D D
Management Plan
Work Breakdown Structure NR P D D D
Startup and Commissioning Plan NR P P/D D D
H. STUDIES:
Environmental Impact / Sustainability NR p D D
Assessment
Environmental / Existing Conditions NR P D D D
Soils and Hy_drologx NR P D D D
g TECHNICAL DELIVERABLES: ;
Block Flow Diagrams s/P . C C C T (_:_
Equipment Datasheets NR/S P c c C
Equipment Lists: Electrical NR/S P (9 C C

* The integrated project plan (IPP), project execution plan (PEP), project management plan (PMP), or more broadly the project plan, is a high-
level management guide to the means, methods and tools that will be used by the team to manage the project. The term integration
emphasizes a project life cycle view {the term execution implying post-sanction) and the need for alignment. The IPP covers all functions (or
phases) including engineering, procurement, contracting strategy, fabrication, construction, commissioning and startup within the scope of
work. However, it also includes stakeholder management, safety, quality, project controls, risk, information, communication and other
supporting functions. In respect to estimate classification, to be rated as defined, the IPP must cover all the relevant phases/functions in an
integrated manner aligned with the project charter (i.e., objectives and strategies); anything less is preliminary. The overall IPP cannot be rated
as defined unless all individual elements are defined and integrated.
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ESTIMATE CLASSIFICATION
MATURITY LEVEL OF PROJECT
CLASS 5 CLASS 4 CLASS 3 CLASS 2 CLASS 1
DEFINITION DELIVERABLES
0% to 2% 1% to 15% 10% to 40% 30% to 75% | 65% to 100%
Equnpme.nt Lists: Process / Utility / NR/S p ¢ c c
Mechanical
Heat & Material Balances NR C C C C
Process Flow Diagrams (PFDs) NR C (o Cc C
Utility Flow Diagrams {(UFDs) NR C C Cc C
Design Specifications NR s/P C C C
Electrical One-Line Drawings NR s/p C C C
General Equipment Arrangement NR s/p c c C
Drawings
Instrument List NR S/p C C C
Piping & Instrument Diagrams (P&IDs) NR S/P C C C
Plot Plans / Facility Layouts NR S/P C C C
Construction Permits NR S/P P/C C C
CI-VI|-/ ?lte / Strlfctural / Architectural NR s/p p c C
Discipline Drawings
Demolition Plan and Drawings NR s/P p (o C
Erosion Control Plan and Drawings NR S/pP 4 C C
Fire Protgctlon and Life Safety Drawings NR s/p p c C
and Details
Electrical Schedules NR NR/S P P/C C
Instrument and Control Schedules NR NR/S P P/C Cc
Instrument Datasheets NR NR/S P P/C C
Piping Schedules NR NR/S P P/C C
Piping Discipline Drawings NR NR/S s/P C C
Spare Parts Listings NR NR P P/C C
Electrical Discipline Drawings NR NR s/p P/C C
Facility En:lergency Communication Plan NR NR s/p p/C c
and Drawings
Inforr?1at|on Systems / Telecommunication NR NR s/P p/C C
Drawings
In‘strjurpentatlorj / Control System NR NR s/p p/C c
Discipline Drawings
Mechanical Discipline Drawings NR NR S/P P/C C

Table 3 — Estimate Input Checklist and Maturity Matrix (Primary Classification Determinate)

7. BASIS OF ESTIMATE DOCUMENTATION

The basis of estimate {BOE) typically accompanies the cost estimate, The basis of estimate is a document that
describes how an estimate is prepared and defines the information used in support of development. A basis
document commonly includes, but is not limited to, a description of the scope included, methodologies used,
references and defining deliverables used, assumptions and exclusions made, clarifications, adjustments, and some

indication of the level of uncertainty.
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The BOE is, in some ways, just as important as the estimate since it documents the scope and assumptions; and
provides a level of confidence to the estimate. The estimate is incomplete without a well-documented basis of
estimate. See AACE Recommended Practice 34R-05 Basis of Estimate for more information [12].

/8. PROJECT DEFINITION RATING SYSTEM

An additional step in documenting the maturity level of project definition is to develop a project definition rating
system. This is another tool for measuring the completeness of project scope definition. Such a system typically
provides a checklist of scope definition elements and a scoring rubric to measure maturity or completeness for
each element. A better project definition rating score is typically associated with a better probability of achieving
project success.

Such a tool should be used in conjunction with the AACE estimate classification system; it does not replace
estimate classification. A key difference is that a project definition rating measures overall maturity across a broad
set of project definition elements, but it usually does not ensure completeness of the key project definition
deliverables required to meet a specific class of estimate. For example, a good project definition rating may
sometimes be achieved by progressing on additional project definition deliverables, but without achieving signoff
or completion of a key deliverable.

AACE estimate classification is based on ensuring that key project deliverables have been completed or met the
required level of maturity. If a key deliverable that is indicated as needing to be complete for Class 3 (as an
example) has not actually been completed, then the estimate cannot be regarded as Class 3 regardless of the
maturity or progress on other project definition elements.

An example of a project definition rating system is the Project Definition Rating Index developed by the
Construction Industry Institute. It has developed several indices for specific industries, such as IR113-2 [13] for the
process industry and IR115-2 [14] for the building industry. Similar systems have been developed by the US
Department of Energy [15].

[9. CLASSIFICATION FOR LONG-TERM PLANNING AND ASSET LIFE CYCLE COST ESTIMATES
As stated in the Purpose section, classification maps the phases and stages of project cost estimating. Typically, in
a phase-gate project system, scope definition and capital cost estimating activities flow from framing a business
opportunity through to a capital investment decision and eventual project completion in a more-or-less steady,
short-term (e.g., several years) project life-cycle process.

Cost estimates are also prepared to support long-range (e.g., perhaps several decades) capital budgeting and/or
asset life cycle planning. Asset life cycle estimates are also prepared to support net present value (e.g., estimates
for initial capital project, sustaining capital, and decommissioning projects), value engineering and other cost or
economic studies. These . estimates are necessary to address sustainability as well. Typically, these long-range
estimates are based on minimal scope definition as defined for Class 5. However, these asset life cycle
“conceptual” estimates are prepared so far in advance that it is virtually assured that the scope will change from
even the minimal level of definition assumed at the time of the estimate. Therefore, the expected estimate
accuracy values reported in Table 1 (percent that actual cost will be over or under the estimate including
contingency) are not meaningful because the Table 1 accuracy values explicitly exclude scope change. For long-
term estimates, one of the following two classification approaches is recommended:

e If the long-range estimate is to be updated or maintained periodically in a controlled, documented life
cycle pracess that addresses scope and technology changes in estimates over time (e.g., nuclear or other
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licensing may require that future decommissioning estimates be periodically updated), the estimate is
rated as Class 5 and the Table 1 accuracy ranges are assumed to apply for the specific scope included in
the estimate at the time of estimate preparation. Scope changes are explicitly excluded from the accuracy
range.

e If the long-range estimate is performed as part of a process or analysis where scope and technology
change is not expected to be addressed in routine estimate updates over time, the estimate is rated as
Unclassified or as Class 10 (if a class designation is required to meet organizational procedures), and the
Table 1 accuracy ranges cannot be assumed to apply. The term Class 10 is specifically used to distinguish
these long-range estimates from the relatively short time-frame Class 5 through Class 1 capital cost
estimates identified in Table 1 and this RP; and to indicate the order-of-magnitude difference in potential
expected estimate accuracy due to the infrequent updates for scope and technology. Unclassified (or
Class 10) estimates are not associated with indicated expected accuracy ranges.

In all cases, a Basis of Estimate should be documented so that the estimate is clearly understood by those
reviewing and/or relying on them later. Also, the estimating methods and other characteristics of Class 5 estimates
generally apply. In other words, an Unclassified or Class 10 designation must not be used as an excuse for
unprofessional estimating practice.
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/APPENDIX: UNDERSTANDING ESTIMATE CLASS AND COST ESTIMATE ACCURACY

Despite the verbiage included in the RP, often, there are still misunderstandings that the class of estimate, as
defined in the RP above, defines an expected accuracy range for each estimate class. This is incorrect. The RP
clearly states that “while a target range may be expected for a particular estimate, the accuracy range should
always be determined through risk analysis of the specific project and should never be predetermined.” Table 1
and Figure 1 in the RP are intended to illustrate only the general relationship between estimate accuracy and the
level of project definition. For the process industries, typical estimate ranges described in RP 18R-97 above are
shown as a range of ranges:

e Class 5 Estimate:
e High range typically ranges from +30% to +100%
e  Low range typically ranges from -20% to -50%
e C(Class 4 Estimate:
¢ High range typically ranges from +20% to +50%
e low range typically ranges from -15% to -30%
e  (lass 3 Estimate:
e  High range typically ranges from +10% to +30%
e  Low range typically ranges from -10% to -20%
e Class 2 Estimate:
e  High range typically ranges from +5% to +20%
e  Low range typically ranges from -5% to -15%
e C(Class 1 Estimate:
o High range typically ranges from +3% to +15%
e Low range typically ranges from -3% to -10%

As indicated in the RP, these +/- percentage members associated with an estimate class are intended as rough
indicators of the accuracy relationship. They are merely a useful simplification given the reality that every
individual estimate will be associated with a unique probability distribution correlated with its specific level of
uncertainty. As indicated in the RP, estimate accuracy should be determined through a risk analysis for each
estimate.

1t should also be noted that there is no indication in the RP of contingency determination being based on the class
of estimate. AACE has recommended practices that address contingency determination and risk analysis methods
{for example RP 40R-08, Contingency Estimating — General Principles [9]). Furthermore, the level of contingency
required for an estimate is not the same as the upper limits of estimate accuracy {(as determined by a risk analysis).

The resuits of the estimating process are often conveyed as a single value of cost or time. However, since
estimates are predications of an uncertain future, it is recommended that all estimate results should be presented
as a probabilistic distribution of possible outcomes in consideration of risk.

Every estimate is a prediction of the expected final cost or duration of a proposed project or effort (for a given
scope of work). By its nature, an estimate involves assumptions and uncertainties. Performing the work is also
subject to risk conditions and events that are often difficult to identify and quantify. Therefore, every estimate
presented as a single value of cost or duration will likely deviate from the final outcome (i.e., statistical error), In
simple terms, this means that every point estimate value will likely prove to be wrong. Optimally, the estimator
will analyze the uncertainty and risks and produce a probabilistic estimate that provides decision makers with the
probabilities of over-running or under-running any particular cost or duration value. Given this probabilistic nature
of an estimate, an estimate should not be regarded as a single point cost or duration. Instead, an estimate actually
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reflects a range of pdtential outcomes, with each value within this range associated with a probability of
occurrence.

Individual estimates should always have their accuracy ranges determined by a quantitative risk analysis study that
results in an estimate probability distribution. The estimate probability distribution is typically skewed. Research
shows the skew is typically to the right (positive skewness with a longer tail to the right side of the distri bution) for
large and complex projects. In part, this is because the impact of risk is often unbounded on the high side.

High side skewness implies that there is potential for the high range of the estimate to exceed the median value of
the probability distribution by a higher absolute value than the difference between the low range of the estimate
and the median value of the distribution.

Figure Al shows a positively skewed distribution for a sample cost estimate risk analysis that has a point base
estimate (the value before adding contingency) of $89.5. In this example, a contingency of $4.5 (a pproximately 5%)
is required to achieve a 50% probability of underrun, which increases the final estimate value after consideration
of risk to $93. Note that this example is intended to describe the concepts but not to recommend specific
confidence levels for funding contingency or management reserves of particular projects; that depends on the
stakeholder risk attitude and tolerance.

85.40 102.57
3.0% T 90.0% )] 5.0% -+
5.0% 5.0% +
Point Estimate . P50 Estimate X y
| Value of $88.5 ' /,—\ Value of $93.0 Adding Contingency to
the point estimate does
not affect estimate
. accuracy (i.e. it has not
Contingency affected the estimate
probability distribution)

f=2 in (=] n

v
[ 723 (=] uy
@ ® [ o =] Q o] =

Figure — Al: Example of an Estimate Probability Distribution at a 90% Confidence Interval

Note that adding contingency to the base point estimate does not affect estimate accuracy in absolute terms as it
has not affected the estimate probability distribution (i.e., high and low values are the same). Adding contingency
simply increases the probability of underrunning the final estimate value and decreases the probability of
overrunning the final estimate value. In this example, the estimate range with a 90% confidence interval remains
between approximately $85 and $103 regardless of the contingency value.

As indicated in the RP, expected estimate accuracy tends to improve (i.e., the range of probable values narrows) as
the level of project scope definition improves. In terms of the AACE Interhational estimate classifications,
increasing levels of project definition are associated with moving from Class 5 estimates {lowest level of scope
definition) to Class 1 estimates (highest level of scope definition), as shown in Figure 1 of the RP. Keeping in mind
that accuracy is an expression of an estimate’s predicted closeness to the final actual value; anything included in
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that final actual cost, be it the result of general uncertainty, risk conditions and events, price escalation, currency
or anything else within the project scope, is something that estimate accuracy measures must communicate in
some manner. With that in mind, it should be clear why standard accuracy range values are not applicable to

individual estimates.

The level of project definition reflected in the estimate is a key risk driver and hence is at the heart of estimate
classification, but it is not the only driver of estimate risk and uncertainty. Given all the potential sources of risk
and uncertainty that will vary for each specific estimate, it is simply not possible to define a range of estimate
accuracy solely based on the level of project definition or class of estimate.
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