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• +/-32 miles of sanitary sewer 

• +/- 1071 sanitary manholes

• 9 pump stations/collection areas

• 14 drainage subareas  

• 1 treatment plant 

Scituate Wastewater Treatment Plant (WWTP) – individual

SSCs

• Plant constructed: 1965

• Plant upgraded: 1984, 2000

• Serves about 7,500 people (+/- 20% population)

• Permitted daily flow capacity: 1.6 mgd

• Average daily flow: 1.31 mgd

• Peak hourly flow capacity: 4.34 mgd (3.6 mgd actual)

• Peak daily flow capacity 3.33 mgd

• Discharges to Herring River/North River Estuary

Scituate Sewer Collection 

and Treatment

System
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✓ Critical Lifeline System - part of Town Resilience Planning 

✓ System is vulnerable to coastal flooding

✓ Vulnerability will increase in the future due to sea level rise/climate 

change

✓ System upgrades are on-going – need to consider flood vulnerability

✓ System expansion – needs to consider flood vulnerability

✓ Near and Long term planning – understand system resilience and 

potential financial liability

✓ Benefit/Cost of flood mitigation system improvements

✓ Set priorities 

✓ Position Town for outside funding (e.g., FEMA grants)

Why Perform Study
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Study Objectives

System Vulnerability Assessment:

✓ Characterize the flood hazard (flood elevations, water depths, duration and flood-

related loads)

✓ Assess the wastewater treatment system flood vulnerability to different probability

flood events

✓ Estimate flood-related losses

Flood Mitigation/Resilience Planning:

✓ Identify flood risk mitigation strategies and alternatives

✓ Perform benefit/cost analyses

✓ Recommend a flood risk mitigation strategy and measures
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1. Direct damage due to: 1) flood inundation; b) corrosion; c) mold; and 

d) environmental flood loads (hydrostatic, hydrodynamic and wave 

loads).

2. Loss of service (operational disruption) due to temporary or permanent 

direct damage.

3. Loss of service (operational disruption) due to excessive flow

(exceeding system capacity, causing internal flooding and/or 

managed system shutdown to avoid damage).

4. Indirect Effects:

• Increased costs (user, capital, operating, insurance)

• Limitations to system expansion

• Environmental Impacts

• Licensing and permitting

• Municipal Bond rating

Risks
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1. TR-16 Guides for the Design of Wastewater Treatment Works:

• New Facility Design:

o Piping Inflow and Infiltration (I/I): piping protected from I/I during wet weather 
conditions within 100-year floodplain

o Pump Stations and Treatment Plant:

▪ uninterrupted service during 100-year recurrence interval flood

▪ first floors, tank walls and structural openings should be protected against damage to the 100-

year recurrence interval flood elevation

▪ critical equipment should be protected against damage up to a water elevation that is 3 feet 

above the 100-year flood elevation (100-year recurrence interval flood level + 3 feet)

▪ non-critical equipment should be protected against damage up to a water surface elevation 

that is 2 feet above the 100-year flood elevation

▪ SCADA system components and instrumentation used to monitor and control facility 

operation should be protected from flood conditions to the maximum extent practical

▪ furnish the backup power supply for critical equipment: run under full load or peak flow for at 

least 48 hours, or under normal operating conditions for at least 96 hours

Characterize Risk: Compare to Industry Standards and 

Regulations
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1. TR-16 Guides for the Design of Wastewater Treatment Works:

• New Facility Design:

o Hydraulic Capacity: 

▪ allow for peak hourly flows, including associated sidestream flows, to be passed 

through the plant with the largest of longest flow path of each unit process 

removed from service and with the receiving water at the 100-year recurrence 

interval flood elevation (including considerations of climate change)

• Existing Facility Flood Mitigation: 

o Develop in consideration of risk and benefit/cost. Existing pump stations and 

treatment facilities that are planned for upgrade or expansion should be 

improved to the maximum extent possible to meet the flood protection criteria 
for new facilities

Characterize Risk: Compare to Industry Standards and 

Regulations
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2. Massachusetts Building Code:

• New Facility Design:

o Flood Class 3 Structures

o FEMA Coastal A Zones and Coastal High Hazard Areas:
▪ The minimum elevation of the bottom of the lowest supporting horizontal member of 

the lowest floor, relative to the FEMA Base Flood Elevation (BFE) or Design Flood 

Elevation (DFE) shall be the BFE plus 2 feet or the DFE, whichever is higher.  

o FEMA Flood Areas not identified as Coastal A Zones and Coastal High Hazard 

Areas:
▪ The minimum elevation of the top of the lowest floor, relative to the FEMA Base Flood 

Elevation (BFE) or Design Flood Elevation (DFE) shall be the BFE plus 1 foot or the DFE, 

whichever is higher.  

Characterize Risk: Compare to Industry Standards and 

Regulations
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1. Probability – Likelihood and frequency of occurrence

2. Disruption of Service:

• Duration

• % system impacted  

3. Damage/Financial Loss:

• Average Annualized Loss (AAL)

• Service Life Loss

• Effects on:

o facility operating budget

o Town general budget

o Property owner costs

4. Environmental Impacts  

Characterize Risks: Risk Assessment
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Asset Inventory:

Systems, Structures and 

Components

Analysis and Feasibility Planning:
• Flood Mitigation Strategy

• Flood Mitigation Measures Alternatives

• Benefit/Cost Analyses

• Recommendations

• Implementation 

Risk-Based Framework:

• Flood Frequency

• System Response

GZA Methodology

Flood Hazard 

Characterization 

Flood Vulnerability 

Assessment

Consistent with: EPA Flood Resilience: Basic Guide for Water and 

Wastewater Utilities



GZA Natural Hazard Risk Management, Resilience and Climate Adaptation 

System Analysis

Name Area (sqft) Acres Parcels Buildings Struct

Force 

Mains Collector Stub

Chain Pond Pump 

Station 9,620,707 220.86 737 657 161 2,705 34,229 0

First Parish Road Pump 

Station 12,187,516 279.79 355 371 129 3,435 27,423 164

Edward Foster and 

Peggoty Beach Road 

Pump Station 4,219,770 96.87 170 159 68 3,913 10,016 0

Scituate Sewer System 

A (Country Way and 

Herring Brook) 16,583,837 380.71 361 399 201 12,612 34,205 27

Collier Road Pump 

Station 10,469,346 240.34 337 356 151 1,064 151 47

Scituate Sewer System 

B 5,571,309 127.90 312 274 83 206 17,057 11

Sands Hill 6,684,319 153.45 549 495 116 873 21,524 0

Mushquashcut Road 

Pump Station 8,297,452 190.48 348 334 99 11,204 15,943 53

Hatherly School Pump 

Station 5,815,602 133.51 250 258 63 5,079 12,436 0
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Findings: System Vulnerability

1. Inflow/Infiltration (I/I): piping protected 

from I/I during wet weather conditions 

within 100-year floodplain:

o 8 drainage subareas are partially within 

FEMA 100-year floodplain

o CDM Smith completed I/I study during 

2016

o I/I due to:

▪ Base (groundwater) infiltration

▪ Tidal (groundwater) infiltration

▪ Inflow (connected sources such as 

roof leaders, catch basins, sumps, 

drains)

o I/I increases during wet weather 

(precipitation) events

o I/I also increases during coastal storm 

events (flood inundation and increased 
tidal effects) 
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7 drainage sub areas (65% of total sewer 

piping) contribute 83% of total inflow:

• 4-2; 6-1; 5-1; 4-1; 5-2; 1-1; 7-2

• Majority of inflow is indirect (82% vs 

18% direct)

Inflow Analysis

Ref. CDM Smith
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Average

High Tide

5 drainage sub areas have infiltration greater than 

4,000 gpd per inch pipe diameter per mile

• 2-1; 4-1; 4-2; 5-1; 6-1 Bold indicates most 

susceptible to tidal effects 

Infiltration Analysis

Ref. CDM Smith



GZA Natural Hazard Risk Management, Resilience and Climate Adaptation 

Findings: System Vulnerability

1. Inflow/Infiltration (I/I) Effects/Implications:

CDM Smith study concluded:
• System I/I concentrated in certain drainage sub-areas

• I/I consists mostly of groundwater/tidal infiltration and indirect inflow (sumps, foundation 

drains)

• High priority mitigation areas include: 4-1,4-2, 5-1 and 6-1 (Bold indicates previously repaired)

1. I/I contributes to increased flows and can exceed pumping and collection system 
capacity

2. System-wide I/I can result in flows during storm events that exceed plant treatment 

capacity

3. Effects will increase during coastal flood events and over time due to sea level rise

4. Can result in: disruption of service; pump damage; system surcharge; internal 

(wastewater) flooding at pump stations and treatment plant; external (wastewater) 

flooding; unplanned environmental release; and financial loss  
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Findings: System 

Vulnerability

1. Inflow/Infiltration (I/I)Coastal 

Storm Effects:

Sand Hills Pump Station March 1-3, 2018
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Pump Station Dry Average

(GPD)

Wet Average
(GPD)

Design Capacity 
(GPM)

March 2108 Peak 
(GPD)

Musquashcut 10,000 13,000 600 55,0001

Peggotty Beach 10,000 25,000 280 108,000

Herring Brook 35,000 70,000 1,000 120,0002

Country Way 6,500 15,000 260 14,000

Chain Pond 200,000 250,000 1,200 525,000

Sand Hills 600,000 1,000,000 1,600 2,250,000

Findings: System Vulnerability

1. Inflow/Infiltration (I/I)Coastal Storm Effects:

Preliminary Conclusion:

• Collection system and treatment capacity 

probably is reached during a coastal flood 

event with stillwater elevation on the order of 

9 feet NAVD88 (+/- 50 year recurrence 

interval in 2019).  
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Findings: System Vulnerability

2. Pump Station Vulnerability:

• Pump stations located within FEMA flood hazard areas:

▪ Musquashicut (GS=7 ft NAVD88; AE 13 ft NAVD88 )

▪ Chain Pond (GS=11 to 12 ft NAVD88; AE 14 ft NAVD88 )

▪ Sands Hill (GS=5 to 7 ft NAVD88; AE 15 ft NAVD88)

▪ Edward Foster (GS=9 to 10 ft NAVD88; AE 16 ft NAVD88)

▪ Peggotty Beach (GS=9 to 10 ft NAVD88; VE 17 ft NAVD88)

▪ Herring Brook (GS=9 to 10 ft NAVD88; AE 16 ft NAVD88)

▪ Collier Road (GS=15.5 to 16 ft NAVD88; outside but close to FEMA AE, El. 16 ft NAVD88)
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Detailed Asset Inventory: Pump Stations

Topographic and Site 

Setting
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Facility Plans

Detailed Asset Inventory: Pump Stations
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Site Reconnaissance

Detailed Asset Inventory: Pump Stations
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Detailed Asset Inventory: Pump Stations

Water Entry Point 

Inventory
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Detailed Asset Inventory: Pump Stations

Building Structure 

and Critical 

Equipment Inventory
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GS = 7.3 feet NAVD88

FF = 11.4 feet NAVD88

BFE = 15 feet NAVD88

Flood Hazard Characterization: Pump Stations

Coastal Flood:

• Stillwater

• Wave set-up

• Wave height

• Wave run-up

Coastal Flood Effects:

• Flood inundation

• Flood Loads on structure

• Corrosion, mold, etc.
Sands Hill Pump Station

http://www.fema.gov/medialibrary/media_records/11854
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Flood Hazard Probability

Annual Exceedance 

Probability (AEP)/

Recurrence Interval

Boston NOAA Tide Station Flood-Frequency Curve
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Service Life Flood Probability

Recurrence 
Interval (years)

> No. of Event 
Occurrences:

1 2 3 4 5 6 7 8 9 10

5 100.0% 99.9% 99.7% 99.0% 97.1% 93.3% 87.0% 78.0% 78.0% 54.2%

10 99.5% 96.1% 87.7% 73.3% 55.7% 38.2% 23.6% 13.1% 6.6% 3.0%

20 92.3% 71.8% 46.2% 24.8% 11.4% 4.7% 1.9% 0.9% 0.6% 0.3%

50 63.6% 26.8% 8.4% 2.3% 0.7% 0.4% 0.4% 0.3% 0.3% 0.3%

100 39.5% 9.2% 1.6% 0.3% 0.0% 0 0 0 0 0

500 9.5% 0.5% 0 0 0 0 0 0 0 0

Probability of Meeting or Exceeding Multiple Events during 50 year Service Life
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FEMA Transect 42:
100yr SW = 9.5 feet NAVD88
100yr TW = 11.4 feet NAVD88
100yr WSetup = 1.9 feet
500yr SW = 10.3 feet NAVD88

NACCS 9505:
100yr SW =9.2 feet NAVD88
100yr Hs = 5.3 feet
500yr SW =9.9 feet NAVD88

500yr Hs = 6.1 feet

Flood Hazard Characterization: Pump Stations
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Flood Hazard Characterization: Pump Stations

Flood Inundation at Sands Hill Pump Station (Floodwater = 10 feet NAVD88)
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Stillwater 

Elevation 

(feet; 

NAVD88)

Depth-

Limited 

Wave Height 

(feet)(1)

Est. Wave 

Set-up 

(feet)(1,4)

Est. Total 

Water Level 

(feet; 

NAVD88)

Est. Wave 

Crest 

Elevation 

(feet; 

NAVD88)(2)

Est. Mean Recurrence Interval 

(years)(3)

Flood 

Inundation due 

to Total Water 

Level  

Wave  Run-up  

and 

Overtopping(2)

Current 2040 2070

6 - - 6 - 1 >1 >1 Yes No

7 1.5 - 7 8.1 4 2 >1 Yes No

8 2.5 0.4 8.4 10.2 10 5 1 Yes No

9 3.0 0.5 9.5 11.6 50 20 3 Yes No

10 4.0 - 10.5 12.6 500 100 10 Yes Yes

11 4.7 - 11.5 13.6 2,000 1,000 50 Yes Yes

12 5.5 - 12.5 14.6 - 2,000 500 Yes Yes

13 6.2 - 13.5 15.6 - - - Yes Yes

14 7.0 - 14.5 16.6 - - - Yes Yes

15 7.8 - 15.5 17.6 - - - Yes Yes

Notes:

1. Depth-limited wave height adjacent to pump station (+/- Elevation 5 to 7 feet NAVD88).  Note that wind fetch within flooded area is small and that depth-limited waves of about >3 

feet will not be achieved.   

2. Adjacent to pump station (+/- Elevation 5 feet NAVD88). Wave run-up from broken Sand Hill Beach ocean waves may occur within the area of the pump station.

3. Based on NOAA 2017 Intermediate Sea Level Rise Projection.

4. Wave set-up estimated at 0.15 times depth-limited wave height.     

Flood Hazard Characterization: Pump Stations
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10 yr 50/100 yr FEMA BFE

Asset Vulnerability: Pump Stations

Pump Station Flood Response 
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Findings: System Vulnerability

3. Treatment Plant Vulnerability:

• Treatment Plant located within FEMA flood hazard areas (AE El 16 ft NAVD88

• Ground surface +/- 11 to 15 feet NAVD88

• Impacts to plant start at flood water elevation +/- 10 feet (+/- 20 to 50 yr rec. int.)

• Significant impacts at flood water elevation +/- 12 feet (+/- 50 to 100 yr rec. int./with 

waves)

• Failure impacts  at flood water elevation +/- 13 feet (+/- 100 yr rec. int./with waves)

• Hydraulic system flow capacity impacts - potentially starting at at flood water 

elevation +/- 10 feet (+/- 20 to 50 yr rec. int.)  
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Detailed Asset Inventory: Treatment Plant
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Detailed Asset Inventory: Treatment Plant
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Detailed Asset Inventory: Treatment Plant
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FEMA Flood Insurance Rate Map (FIRM) at Wastewater Treatment Plant

Flood Hazard Characterization: Treatment Plant
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Flood Inundation (Floodwater = 11 feet NAVD88)

Flood Hazard Characterization: Pump Stations
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50 yr+/-

100 yr TWL FEMA BFE

Asset Vulnerability: Treatment Plant
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Hydraulic Capacity: Treatment Plant

Allow for peak hourly flows to 

be passed through the plant 

with the receiving water at 

the 100-year recurrence 

interval flood elevation 

(including considerations of 

climate change):

• Design: El. 9.5 NAVD88 
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Findings: System Vulnerability
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2019: 2-yr Rec Int. 2019: 10-yr Rec Int.
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2019: +/- 50-yr Rec Int.
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Findings: Predicted Financial Loss

Average Annualized Loss ($)

Preliminary

Approximate AAL per sewered building:

Best Estimate 2019: +/-$20

FEMA 2019: +/- $180

Best estimate 2040:  +/- $50

Best Estimate 2070: +/- $150

• Increased capital costs

• Increased operating costs

• Increased debt service

• Increased user rates
$+/-45,500

$+/-160,000

$+/-500,000

$+/-600,000
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Effects of Sea Level Rise

NOAA Boston Tide Gage Monthly and Annual Maximum Water Levels: 
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Predicted Sea Level Rise(NOAA 2017 at Boston Tide Gage) –

Corrected to 2020


