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Hurricane Sandy and Bay Park STP,
Nassau County
- Hurricane Sandy’s high winds, severe flooding, and 

power outages cause widespread damage to Bay 

Park Sewage Treatment Plant (STP)

- ~50 structures, numerous mechanical and electrical 

systems and operating equipment damaged
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Hurricane Sandy Impacts

BASEMENT OF EFFLUENT PLUMPING FACILITY
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Hurricane Harvey Parallel

West District Treatment Plant
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Hurricane Harvey Parallel

Turkey Creek Treatment Plant
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Major Equipment and System Failure:

• ~ 3 Days Total Shutdown & ~ 45 Days Partial Treatment

• ~ 100 million gallons of
untreated sewage overflowing
into the streets

• ~ 2 Billion Gallons Raw &
Partially Treated Waste 
into Reynolds Channel

• Over $400M in facility
damages

Facility Impacts
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Financial Benefits

• Includes $383 million in Section 406 hazard mitigation costs to reduce risk for all systems 

and equipment within the plant to maintain operation during a 500-year flood event

• Includes constructing a flood boundary protection system around the entire plant, 

protecting critical systems and equipment within the plant by elevating equipment, 

providing updated and submersible equipment and dry flood-proofing enclosures

• Includes $427 million for Hurricane Sandy damage repair/restoration, through a Section 

428 Capped Grant

• Repairs to Bay Park architectural, mechanical, and electrical systems, satellite pump 

stations, effluent facilities, settling tanks, fire protection building, and utility tunnel

FEMA awarded $810 million in funding for repair and mitigation 

measures at Bay Park STP
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Lessons Learned

Damage assessment teams need to look holistically at 

damage and required restoration, and a framework for this 

assessment is critical to success

Funds are available to improve facilities against future 

damage, but documentation is critical to success

An Asset Management approach provides the fundamentals 

for the assessment framework and documentation
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Risk based asset management improves understanding

Asset Management
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Risk = Probability(failure) X Consequence(failure)

Asset Management
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Likelihood
of Failure 

Consequence
of Failure

x
Redundancy

Factor
x Risk Score=

Failure Mode

• Mortality

• Capacity

• Efficiency

• Level of Service

Consequence

TBL Criteria:

• Social

• Economic

• Environmental

Industry Standard Risk Assessment Analyzes Likelihood (failure) 
and C(failure) with redundancy to determine Business Risk

Group 1

Group 2Group 3

Asset Management
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DESCRIPTION OF CONDITION

R
A

N
K

Figure 3.3.4: Condition Rating Model

1
VERY GOOD CONDITION

Only normal maintenance required

2

MINOR DEFECTS ONLY

Minor maintenance required (5%)

3

MAINTENANCE REQUIRED TO RETURN TO 

ACCEPTED LEVEL OF SERVICE

Significant maintenance required (10-20%)

4

REQUIRES RENEWAL

Significant renewal/upgrade required (20-40%)

5

ASSET UNSERVICEABLE

Over 50% of asset requires replacement

IIMM Standardizes Condition Scoring Across Asset Types

Asset Management
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Visual Assessment is Key for Determining Mortality 
(also key for determining damage post disaster)

Asset Management

Assessment Types:

• Mechanical

• Structural

• Electrical

Mechanical Process and HVAC Equipment (includes motor) Visual Condition Assessment 

Criteria Evaluation 1 2 3 4 5 

CORE CRITERIA 

Corrosion 
Surface only None <10% 10% - <25% 25% - 50% >50% 

Structural (loss of metal) None - - 1 location >1 location 

Leakage 
Gaskets / Connections None Historic only Drip only Stream 1 location Stream >1 location 

Holes / Failures None - - 1 location >1 location 

Vibration / Noise 

Vibration Apparent with Noise None <10% normal 10% to 20% normal >20% to 30% normal >30% normal 

Non-Structural Damage None - - Yes - 

Structural Damage None - - - Yes 

Concrete Supports 

Surface Cracking / Loose Grout None <10% 10% - <25% 25% - 50% >50% 

Through Cracks None - <10% 10% - 25% >25% 

Damaged / Missing Anchors None - <5% / 1 5% - 20% / 2 >20% / >2 

Steel Supports 

Surface Corrosion None <10% 10% - <25% 25% - 50% >50% 

Structural Corrosion None - <10% 10% -25% >=25% 

Damaged / Missing Anchors None - <5% / 1 5% - 20% / 2 >=20% / >2 

ANCILLARY CRITERIA 

Piping / Valves 

Leaks – gaskets None - Drips only Stream – 1 location Stream - >1 location 

Leaks – holes / failures None - - 1 location >1 location 

Corrosion - surface None <10% 10% - <25% 25% - 50% >50% 

Corrosion - structural None - <10% 10% -25% >25% 

Support damage None - <5% 5% - 20% >20% 

Local Panels 

Surface corrosion None <10% 10% - <25% 25% - 50% >50% 

Structural damage None - - 1 location >1 location 

Internal corrosion / leakage None <10% / none 10% - <25% / none >=25% / 1 location >=25% / >1 location 

Panel Instruments – non-function None - - 1 device or 20% >1 device or >20% 

Field Instruments Damaged / non-functional devices None - - 1 device or 20% >1 device or >20% 

Electrical 
Connections 

Conduit / J. Box - surface corrosion None <10% 10% - <25% 25% - 50% >50% 

Damage - gaps / missing gaskets None - - 1 location >1 location 

Exposed wiring None - - 1 location >1 location 
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Industry Standard Risk Assessment Analyzes Likelihood (failure) 
and C(failure) with redundancy to determine Business Risk

Asset Management

Likelihood
of Failure 

Consequence
of Failure

x
Redundancy

Factor
x Risk Score=

Failure Mode

• Mortality

• Capacity

• Efficiency

• Level of Service

Consequence

TBL Criteria:

• Social

• Economic

• Environmental

Group 1

Group 2Group 3
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Consequence of Failure – Triple Bottom Line Analysis

Economic

Social

Environmental

Asset Management

Regulatory compliance

Regulatory violations

Environmental impact

Health & safety

Levels of service

Public image (taste & 

odor, water quality, etc.)

Direct cost

Indirect cost or impact

Documentation of 

Environmental and Social 

Impacts can supplement 

Financial Recovery funds 

requests post disaster…
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Example: Consequence of Failure Scoring Matrix 
Social/Community/Customers (at Location)

Public Image No Impact

Alert posted on 

website but no media 

attention

Local coverage State coverage National coverage

Loss of service 

to fulfill customer

contract

Can be out of 

service for 

extended 

period

Can be out of service 

for less than a month

Can be out of service 

for 1 week

Can be out of service 

for 1 day

Critical - cannot 

lose service

Health & Safety No impact N/A

Moderate injury and 

some sickness (water 

quality)

N/A 

Potential for 

fatalities (chlorine 

gas)

1 2 3 4 5

Financial (at Sub-Location)

Financial impact

$2,000 –

Supervisory

approval

$20,000 -

Department Head 

approval

$75,000 –Assistant 

General Manager 

approval

$1M to $5M - Less than 

available reserves

>$5M - Greater 

than available 

reserves

Operational/resource 

impact

Negligible 

impact
Low impact

High impact 

(scheduled work is 

delayed)

High impact & diverts 

funds

Triggers Use of 

Reserve Fund

1 2 3 4 5

Environment/Regulatory – (at Sub-Location)

Water loss/discharge <1,000 gallons
1,000 gallons

< 49,999

50,000 gallons

< 1,000,000

1,000,000 gallons

< 100,000,000

> 100,000,000 

gallons

Regulatory (permit) 

compliance
No consequence Warning with no fines

Single violation with 

fines

Multiple violation with 

fines
Cease and Desist

1 2 3 4 5
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Damage Assessment Tools 
Mirror Condition Assessment Tools

Photos of submerged chemical pump and motors

Water line on wall in the Polymer Storage 

Building was recorded at 3'-2"
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Assessment Tools 
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Tier Essential Function

1 Conveyance

2 Solids Removal/ Handling

3A Treatment – Minimal

3B Treatment – Permit

4 Other Plant Services

Criticality Connect Assets to Risk 
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Risk from Criticality Supports
Mitigation Measures
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DESCRIPTION OF CONDITION

R
A
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Figure 3.3.4: Condition Rating Model

1
VERY GOOD CONDITION

Only normal maintenance required

2

MINOR DEFECTS ONLY

Minor maintenance required (5%)

3

MAINTENANCE REQUIRED TO RETURN TO 

ACCEPTED LEVEL OF SERVICE

Significant maintenance required (10-20%)

4

REQUIRES RENEWAL

Significant renewal/upgrade required (20-40%)

5

ASSET UNSERVICEABLE

Over 50% of asset requires replacement

IIMM Standardizes Condition Scoring Across Asset Types

Asset Management
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Visual Assessment is Key for Determining Mortality 
(also key for determining damage post disaster)

Asset Management

Assessment Types:

• Mechanical

• Structural

• Electrical

Mechanical Process and HVAC Equipment (includes motor) Visual Condition Assessment 

Criteria Evaluation 1 2 3 4 5 

CORE CRITERIA 

Corrosion 
Surface only None <10% 10% - <25% 25% - 50% >50% 

Structural (loss of metal) None - - 1 location >1 location 

Leakage 
Gaskets / Connections None Historic only Drip only Stream 1 location Stream >1 location 

Holes / Failures None - - 1 location >1 location 

Vibration / Noise 

Vibration Apparent with Noise None <10% normal 10% to 20% normal >20% to 30% normal >30% normal 

Non-Structural Damage None - - Yes - 

Structural Damage None - - - Yes 

Concrete Supports 

Surface Cracking / Loose Grout None <10% 10% - <25% 25% - 50% >50% 

Through Cracks None - <10% 10% - 25% >25% 

Damaged / Missing Anchors None - <5% / 1 5% - 20% / 2 >20% / >2 

Steel Supports 

Surface Corrosion None <10% 10% - <25% 25% - 50% >50% 

Structural Corrosion None - <10% 10% -25% >=25% 

Damaged / Missing Anchors None - <5% / 1 5% - 20% / 2 >=20% / >2 

ANCILLARY CRITERIA 

Piping / Valves 

Leaks – gaskets None - Drips only Stream – 1 location Stream - >1 location 

Leaks – holes / failures None - - 1 location >1 location 

Corrosion - surface None <10% 10% - <25% 25% - 50% >50% 

Corrosion - structural None - <10% 10% -25% >25% 

Support damage None - <5% 5% - 20% >20% 

Local Panels 

Surface corrosion None <10% 10% - <25% 25% - 50% >50% 

Structural damage None - - 1 location >1 location 

Internal corrosion / leakage None <10% / none 10% - <25% / none >=25% / 1 location >=25% / >1 location 

Panel Instruments – non-function None - - 1 device or 20% >1 device or >20% 

Field Instruments Damaged / non-functional devices None - - 1 device or 20% >1 device or >20% 

Electrical 
Connections 

Conduit / J. Box - surface corrosion None <10% 10% - <25% 25% - 50% >50% 

Damage - gaps / missing gaskets None - - 1 location >1 location 

Exposed wiring None - - 1 location >1 location 
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Performance Categories:

• Capacity

• Regulatory

• Reliability

• O&M Issues

• Obsolescence

• Resilience

Performance Condition Scoring
 

Performance Condition Assessment 

Criteria Evaluation 1 (best) 2 3 4 5 

Capacity 
Ability to meet future 
and current capacity 

Meets requirements 
for >20 years 

Meets requirements 
for next 11 to 19 years 

Meets requirements 
for next 5 to 9 years 

Will not meet 
requirements in < 5 

years 

Does not meet current 
requirements 

Regulatory 
Ability to meet future 

and current regulations 
Meets requirements 

for >10 years 
Meets requirements 

for next 10 years 
Meets requirements 
for next 5 to 9 years 

Will not meet 
requirements in < 5 

years 

Does not meet current 
requirements 

Reliability 
Average time 

equipment is available 
when needed 

99-100% 95-99% 90-94% 85-89% < 85% 

O&M Issues  

Frequency of O&M 
Issues beyond regular 

maintenance (excluding 
breakdowns) 

None 
Very Infrequently 

(Quarterly) 
Infrequently 

(Monthly) 
Frequently 
(Weekly) 

Very Frequently 
(>Weekly) 

Obsolescence 

Status of Equipment 
Technology, Operating 
Efficiency, Spare Parts 

Availability, Energy 
Efficiency 

Best Available 
 

Operating cost optimal 
 

Obsolescence expected 
>10 years 

Technology Industry 
Standard/ “Tried and 

True” 
 

Obsolescence expected 
>5 years 

Technology Considered 
Appropriate 

 
Obsolescence expected 

within 5 years 

Technology Nearing 
Obsolescence 

 
Spares still available 

Technology Obsolete 
 

Spares not available 

Resilience 

Year to sea level rise 
impact with projected 

USACE High curve 
No impact >= Year 2100 Impact by Year 2060 Impact by Year 2040 Impact by Year 2030 Impact < Year 2030 

Storm vulnerability 
with and without SLR 
(USACE High curve) 

No impacts from 
100-year with SLR 

Impacts from: 
100-year without SLR 

50-year with SLR 

Impacts from: 
50-year without SLR 

25-year with SLR 

Impacts from: 
25-year without SLR 

5-year with SLR 

Current impacts with 
2-year storm 
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Resilience Scoring: SLR and Storm Surge

Sea Level Rise:

• Chronic flooding:

– Depth and frequency of 
recurring flooding

Storm Surge:

• Acute flooding event:

– Storm return with and 
without SLR influence

29
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Performance Condition Assessment 

Criteria Evaluation 1 (best) 2 3 4 5 

Capacity 
Ability to meet future 
and current capacity 

Meets requirements 
for >20 years 

Meets requirements 
for next 10 to 19 years 

Meets requirements 
for next 5 to 9 years 

Will not meet 
requirements in < 5 

years 

Does not meet current 
requirements 

Regulatory 
Ability to meet future 

and current regulations 
Meets requirements 

for >10 years 
Meets requirements 

for next 10 years 
Meets requirements 
for next 5 to 9 years 

Will not meet 
requirements in < 5 

years 

Does not meet current 
requirements 

Reliability 
Average time 

equipment is available 
when needed 

99-100% 95-99% 90-94% 85-89% < 85% 

O&M Issues  

Frequency of O&M 
Issues beyond regular 

maintenance (excluding 
breakdowns) 

None 
Very Infrequently 

(Quarterly) 
Infrequently 

(Monthly) 
Frequently 
(Weekly) 

Very Frequently 
(>Weekly) 

Obsolescence 

Status of Equipment 
Technology, Operating 
Efficiency, Spare Parts 

Availability, Energy 
Efficiency 

Best Available 
 

Operating cost optimal 
 

Obsolescence expected 
>10 years 

Technology Industry 
Standard/ “Tried and 

True” 
 

Obsolescence expected 
>5 years 

Technology Considered 
Appropriate 

 
Obsolescence expected 

within 5 years 

Technology Nearing 
Obsolescence 

 
Spares still available 

Technology Obsolete 
 

Spares not available 

Resilience 

Year to sea level rise 
impact with projected 

USACE High curve 
No impact >= Year 2100 Impact by Year 2060 Impact by Year 2040 Impact by Year 2030 Impact < Year 2030 

Storm vulnerability 
with and without SLR 
(USACE High curve) 

No impacts from 
100-year with SLR 

Impacts from: 
100-year without SLR 
OR 50-year with SLR 

Impacts from: 
50-year without SLR 
OR 25-year with SLR 

Impacts from: 
25-year without SLR 
OR 5-year with SLR 

Current impacts with 
2-year storm 
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Asset Management/Disaster Recovery 
Convergence

18 July 2018 31

Use asset management principles to improve access to disaster 

recovery/mitigation funds

Use disaster recovery/mitigation conditions assessments to jump 

start an asset management program

Ensure your asset management program incorporates a LoS 

specific to resiliency
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Questions/Discussion

18 July 2018 32
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Thank you!

18 July 2018 33

o 602 797 4678

c 602 405 7858

e esteban.azagra@arcadis.com

ESTEBAN AZAGRA

Vice President

o 972 663 2160

c 214 893 3694

e noel.pattengale@arcadis.com

NOEL PATTENGALE, PE

Certified Project Manager


