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1. PROJECT OVERVIEW 
This technical memorandum identifies the data and methodology used to complete a benefit cost analysis 
(BCA) for the Hickory Wastewater Treatment Facility Hardening and Stream Restoration project, which 
will protect a variety of assets against flooding and erosion. 

The avoided losses from precipitation flooding and erosion were quantified for the purposes of this BCA. 
The following methodology outlines the steps that were taken to calculate a benefit cost ratio (BCR) of 
2.34, with $7,213,396 in project costs (including $1,920 per year in maintenance) and $16,906,176 in 
benefits. 

1.1 Project Background 
The City of Hickory’s Northeast Wastewater Treatment Facility (NE WWTF) is located at 310 Cloninger Mill 
Road NE, Hickory, NC 28601. Directly east of the NE WWTF across Cloninger Mill Road NE is the NE WWTF 
Influent Pump Station (IPS) which feeds wastewater into the NE WWTF facility. The facility itself has been 
identified by the City of Hickory as serving approximately 26,195 customers and is rated to treat 6 million 
gallons per day (MGD) of wastewater from the surrounding service area. The location of the facility is 
described in Table 1. 

Table 1. Northeast Wastewater Treatment Facility Location 

Facility Name Location Description Latitude Longitude 

Northeast Wastewater Treatment 
Facility 

310 Cloninger Mill Road NE, Hickory, NC 28601 35.788283 -81.307406 

The NE WWTF IPS is located in the FEMA Special Flood Hazard Area (SFHA). For the flood map exported 
from the FEMA Map Service Center, see Appendix B. The City of Hickory has indicated that the NE WWTF 
IPS has flooded at least three times in the past ten years. The NE WWTF IPS experiences flooding from 
severe precipitation events, as well as flooding from the nearby Falling Creek, which is approximately 25 
feet southeast of the pump station. This historic flooding at the pump station has resulted in loss of 
wastewater service and required costly repairs to pump station equipment. 

In addition to potential flooding, erosion of the creekbanks adjacent to the NE WWTF could potentially 
cause catastrophic damage to the NE WWTF operations. Raw sewage and liquid chlorine chemicals could 
potentially discharge into streets, homes, and businesses in the service area or directly into the river. 
Without sufficient operational capability and capacity, the local populations may continue to suffer severe 
consequences including high public health and safety risk, damage to critical infrastructure and potential 
damage to commercial and residential properties, disruption of government critical infrastructure 
function, and environmental degradation impacts. It has also been assumed within this analysis that the 
loss of a structure due to erosion at the NE WWTF would result in a significant loss of service time. This is 
further discussed in the erosion section found in Section 7. 
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1.2 Proposed Mitigation Action and Level of Protection 

1.2.1 Cascading Impacts 
The proposed mitigation project consists of two major components: First, a protective berm will be 

constructed around the Northeast Wastewater Treatment Facility (NE WWTF) influent pump station. The 

berm will tie into the existing hillside and driveway in a manner to prevent floodwaters from reaching the 

pump station. The second component of the mitigation effort will be the installation of natural and 

environmentally sensitive stream restoration and bank stabilization measures along approximately 2,000 

feet of Falling Creek. This mitigation project necessitates that both mitigation actions be completed in 

order to ensure a wholistic mitigation solution for the NE WWTF. Without both actions being completed, 

the site remains vulnerable to one or both of the hazards aforementioned.  

If for example the floodwall was not implemented and only the erosion control and streambank 

restoration was completed, the NE WWTF influent pump station would still remain susceptible to severe 

creek swelling and potential infiltration of floodwaters therefore rendering the station inoperable. This 

asset provides all influent wastewater into the NE WWTF and therefore would ultimately render the entire 

facility inoperable until bypass pumping measures could be implemented. 

Similarly, if only the floodwall portion of the scope was implemented and the erosion control and 

streambank stabilization measures were not completed, then the encroaching streambank would 

continue to erode along the southern portion of the NE WWTF putting multiple buildings and assets at 

this facility in danger. If this erosion continued near the facility, it can be presumed that eventually the 

facility, and more specifically the Chlorine Contact Chamber, would experience a “catastrophic failure” 

and the facility would not be able to properly treat wastewater for any of its service population. 

1.2.1 Northeast Wastewater Treatment Facility Influent Pump Station - Floodwall 
The design approach for the mitigation of the NE WWTF influent pump station centers around the 

construction of a berm feature surrounding the existing station location. The top of the berm will be 

constructed to an elevation of 962 feet (NAVD88) or approximately 2 feet about the 500-year flood 

elevation. This natural berm will tie into the existing hillside of the driveway from Cloninger Mill Road NE 

and wrap around the south side of the pump station. On the far southeast corner of the site, Falling Creek 

encroaches too closely upon the pump station to allow an appropriate amount of room for a berm to be 

constructed. Therefore, a concrete floodwall will tie the western berm to the eastern berm. The eastern 

berm will then continue from the concrete floodwall, along the east side of the pump station location and 

tie back into the existing grade near the northeast corner of the site. 

1.2.2 Northeast Wastewater Treatment Facility – Stream Restoration and Erosion Control 
Regarding the stream restoration and bank stabilization measures, the design approach will emphasize 

nature-based solutions and materials and recommend a combination of floodplain benching, bank 

regrading, bio-engineered structural enhancements, natural fiber matting surface stabilization, and 

intensive revegetation with the appropriate native riparian plant species. This nature-based approach will 

achieve greater stability within the reach of the Falling Creek stream banks and will reduce the severity of 

erosion and encroachment from future flood events on the NE WWTF and NE WWTF influent pump 

station. The primary goal of this project is to ensure future encroachment upon the NE WWTF, and more 

specifically the Chlorine Contact Chamber, is minimized due to the forces of erosion. 
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A large, excavated terraced floodplain bench is proposed upstream of Cloninger Mill Road. The bench will 

extend from the top of the channel bank to created widths as great as 120 feet to increase hydraulic 

storage within the reach and reduce stream velocities during high flow events (relative to the currently 

confined channel). The banks of the channel will be reinforced with bank protection structures to provided 

long term bank stability. The structures will vary in hardness and complexity, including woody structures 

and toe boulders depending on the expected risk from shear stress in each location. Rock vanes would 

also be constructed in the channel bed where appropriate to direct hydraulic force away from the banks 

to reduce erosion risk in those locations.   

The stream restoration and bank stabilization approach in the stream segment downstream of Cloninger 

Mill Road will also include excavation of a floodplain bench on the right bank (the bank opposite from the 

pump station). However, the floodplain bench is limited to a maximum width of approximately 40 feet in 

this reach because the valley wall rises rapidly in the overbank, which limits the lateral distance available 

to create a floodplain bench affordably.  

2. FEMA GUIDANCE AND SOFTWARE 
The following narrative provides the methodology used to obtain the City of Hickory Northeast 

Wastewater Treatment Facility Flood Mitigation Upgrades BCR. Following the FEMA BCA Reference Guide 

and Supplement, this analysis uses a combination of historical flood events and erosion rates and modeled 

expected damages to calculate the damages before and after this mitigation project. The modeled 

scenarios use engineering assessments, statistical determinations of likely occurrence, and associated 

damages during expected events. This is consistent with FEMA’s expected damages approach as detailed 

in the FEMA BCA Reference Guide. The BCA for this project was primarily guided by FEMA’s BCA Reference 

Guide and Supplement and the BCA Toolkit Version 6.0.  

This project mitigates two hazards: erosion and flooding. The project also protects two primary utilities: 

the NE WWTF and the NE WWTF IPS. Therefore, the BCA Toolkit is split into two separate mitigation 

actions, one to represent each of these hazards being mitigated. The benefits from these two BCAs are 

aggregated to determine the overall project BCR.  

3. HISTORIC EVENTS 
In accordance with the FEMA BCA Reference Guide and Supplement, historical loss data can be used to 

calculate benefits to be used in the BCA. Alternatively, expected losses associated with modeled events 

may be used in the BCA Toolkit. The City of Hickory has a long history with precipitation-based flood events 

at the NE WWTF IPS and a history of severe erosion at the NE WWTF but lacks documentation sufficient 

for using historical events as the basis for the BCA. Instead BCA analysts used point precipitation event 

frequencies, outage times, and elevations provided by the City of Hickory to calculate the BCR based on 

expected events (Appendix C). With regard to erosion, analysts used engineering estimates of erosion 

over time to determine an assumed rate of erosion and a number of years before a loss occurs. 

Despite this BCA being based on expected damages, it is important to understand the severity of flooding 

that has occurred at the pump station in the past. The pump station has experienced chronic flooding due 

to heavy rainfall events leading to swelled riverine flooding. In the past seven years, three known events 
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have been captured with identified flood elevations in the station and outage times. A record of captured 

historic precipitation flooding events can be seen in Error! Reference source not found. below. A more 

detailed discussion regarding the use of these events can be found in Section 8. 

Table 2. Northeast Wastewater Treatment Facility Influent Pump Station Historic Flooding 
Events 

Event Rainfall Duration (Days) Rainfall (Inches) 
Flood Depths at NE WWTF IPS 

(NAVD88) 

07/27/13 1.0 6.00 959.50 ft 

06/07/19 – 06/09/19  3.0 8.50 959.80 ft 

08/14/20 – 08/15/20 2.0 4.17 959.30 ft 

4. PROJECT AND MAINTENANCE COSTS

The total project and annual maintenance costs for implementing the proposed mitigation project is 
provided in Table 3 below. Maintenance costs for the project were calculated as $1,920 per year for the 
flood mitigation and erosion control measures. These maintenance costs include costs associated 
operational berm and floodwall maintenance, bi-annual testing, and grounds maintenance and security.

Table 3. Mitigation Project and Maintenance Costs 

Mitigation Activity Project Cost Annual Maintenance Cost 

Hickory Wastewater Treatment Facility Hardening and 
Stream Restoration 

$7,186,899 $1,920 

5. PROJECT USEFUL LIFE

According to the FEMA 2009 BCA Reference Guide – Project Useful Life Table (Appendix D), a project 
useful life of 50 years should be applied to major infrastructure, (minor localized flood reduction projects). 
As such a useful life of 50 years was used for the City of Hickory Northeast Wastewater Treatment Facility 
Flood Mitigation Upgrades in the BCA Toolkit. 

6. SERVICE POPULATION 
Utility benefits were calculated in the BCA Toolkit based on service populations. The City of Hickory staff 

has indicated that the NE WWTF and NE WWTF IPS are rated to treat approximately 6 million gallons per 

day (MGD) of wastewater on average and the facility handles a daily flow of an estimated 3.2 MGD 

(Appendix E). 

For the purposes of this assessment, BCA analysts utilized the total number of miles contained within the 

NE WWTF service area (Appendix F) and compared this mileage to the 2010 total population per square 

mile provided by the United States Census Bureau (Appendix G) resulting in a total service population of 

approximately 26,195 customers (Table 4). 
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Table 4. NE WWTF Customers Served and Utility Properties 

Utility Properties Value 

Number of Square Miles Served 19.45 

Population per Square Mile 1,346.8 

Number of Customers Served 26,195 

Type of Service Wastewater 

Value of Unit of Service ($/person/day) $58 

Total Value of Service Per Day ($/day) $1,519,310 

7. LOSS OF FUNCTION - EROSION
The primary threat facing the NE WWTF is erosion along the north bank of Falling Creek due to heavy rain 

events and significant increase in creek discharges and flow volume. Over the last several years, erosion 

has occurred at an exponentially higher rate due to increased severity of storms in the region and 

increased rainfall frequencies. Figure 1 below provides a series of photographs indicating the clear signs 

of erosion overtime and providing contextual analysis of the creek’s increased erosion. The methodology 

described below is in line with the FEMA Supplemental Guidance for Conducting a Benefit-Cost Analysis 

(BCA) for a Floodplain and Stream Restoration Project (Appendix H). 

Figure 1. Photographs of Erosion at Falling Creek Near the NE WWTF 
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7.1 Rate of Erosion 
Although the rate varies with the number of significant storm events each year and the specific location 

along the creek, it is clear that erosion has continued to accelerate and damages to the facility will occur 

in the next several years if no mitigation action is taken. More specifically, erosion to the creekbank 

continues to encroach upon the Chlorine Contact Chamber structure located at the far south end of the 

facility. 

For the purposes of this assessment, BCA analysts examined drawings completed in 2009 and compared 

these drawings to Google Earth imagery to determine a base erosion rate over time. Figure 2 below 

provides a visual of the Chlorine Contact Chamber in relation to Falling Creek from a 2009 Site Plan Grading 

and Erosion Control drawing (Appendix I). The graphic scale provided in the drawing indicates that the 

detail of the rendering is a 1-inch to 50-foot scale. Using this unit of measure, it is apparent that when the 

engineered drawing was completed in 2009, the Chlorine Contact Chamber was approximately 50 feet 

away from the Falling Creek north bank. Figure 3 presents an overhead view of the site provided by Google 

Earth in 2019. Using the measurement tool provided by Google Earth, analysts were able to identify that 

due to swelling of the creek during severe storms and erosion over time, the creekbank is now within 

approximately 36 feet of the Chlorine Contact Chamber. This means that over a 10-year period (2009-

2019), the creekbank has eroded approximately 14 feet and drawn closer to the facility’s edge. This is 

approximately equivalent to an average erosion rate of 1.4 feet per year. 

Figure 2. Chlorine Contact Chamber Distance to Falling Creek per Site Plan Grading and Erosion Control 

Drawing (2009) 



FEMA Building Resilient Infrastructure and Communities Grant Program

City of Hickory Northeast Wastewater Treatment Facility Flood Mitigation Upgrades 

Benefit-Cost Analysis Methodology 

Page 11 of 27

Figure 3. Chlorine Contact Chamber Distance to Falling Creek per Google Earth Imagery (2019) 

7.2 Erosion Catastrophic Failure Assessment 
Based on the assessment provided in the previous section, analysts estimate that by using the rate of 

erosion the Chlorine Contact Chamber may experience “catastrophic failure” or full loss in approximately 

26 years (Table 5). This BCA is conducted based on the assumption that before-mitigation damages caused 

by erosion can be expected at a recurrence interval equal to the time period at which damage occurs 

based on the erosion rate. This creekbank stabilization and erosion control project is assumed to protect 

against erosion for the full length of its project useful life of 50 years.  

Table 5. Erosion Analysis for Falling Creek and the Chlorine Contact Chamber 

Assessment Outcome 

Proximity of Chlorine Contact Chamber to Falling Creekbank per 
Drawing (2009) 

50 feet 

Proximity of Chlorine Contact Chamber to Falling Creekbank per Google 
Earth Imagery (2019) 

36 feet 

Number of Years 10 years 

Amount of Identifiable Creekbank Erosion (2009-2019) 14 feet 

Identifiable Creekbank Erosion per Year 1.4 feet/yr 

Estimated Number of Years before “Catastrophic Failure” 26 years 
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7.3 Loss of Functional Downtime 
Engineers have indicated that if a “catastrophic loss” scenario was to occur to the Chlorine Contact 

Chamber, an absolute minimum of 30 days of loss of function would be expected at the NE WWTF. This 

time would not only allow for staging of temporary equipment but would provide staff enough time to 

ensure temporary liquid chlorine systems could be identified, ordered, and properly tested to meet water 

quality and disinfectant permit needs for wastewater discharge. This should be considered an extremely 

conservative estimate of loss of function as the reality of a “catastrophic loss” to the Chlorine Contact 

Chamber would likely result in a much longer facility outage. Furthermore, this assessment does not 

consider the severe environmental and public health hazard of raw liquid chlorine being injected into the 

natural environment or spilling into Falling Creek should the structure be damaged or collapse due to 

erosion. However, for the purposes of this analysis and to remain conservative, BCA analysts applied a 30-

day outage time to the determined recurrence interval as discussed above (Table 6).  

Table 6. Northeast Wastewater Treatment Facility Years Before Asset is at Risk due to Erosion 
and Loss of Service 

Structure 
Number of Years Before 
Asset is at Risk (Years)

Loss of Service after 
“Catastrophic Loss” (Days) 

Damages ($) 

NE WWTF Chlorine Contact 
Chamber 

26 30 $55,680,000 

8. LOSS OF FUNCTION - FLOODING 
The following section contains the data sources, information, and calculations used to determine loss of 

wastewater service and physical damages for expected flood events at the NE WWTF IPS. The NE WWTF 

IPS is located directly east of the NE WWTF across Cloninger Mill Road NE. The station is located in the 

FEMA SFHA (Appendix B) and experiences flooding from both severe precipitation events and the swelling 

elevations of the nearby Falling Creek, which is approximately 25 feet southeast of the pump station. 

Figure 4 shows satellite imagery of the pump station in relation to the creek.  

The pump station is currently constructed partially at ground level and partially subgrade with a finished 

floor elevation (FFE) of 959.0 feet NAVD88 (Appendix J). The half of the structure at grade contains the 

majority of the station’s critical electrical equipment (SCADA sensors, control panels, etc.). The other half 

of the structure below grade contains the station’s pump motors, bar screen motors, and automatic bar 

screens. Though much of the equipment is located off the ground, severe precipitation events and 

swelling of Falling Creek can cause significant flood elevations within the station impacting the station’s 

ability to run at full capacity. 
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Figure 4. Satellite Imagery of the NE WWTF IPS, Google Maps 

8.1 Source of Flooding 
The NE WWTF IPS has experienced past flooding from severe precipitation events and the nearby Falling 

Creek. During flood events, water enters the pump station through the doors located primarily at grade. 

Since this pump station is located only slightly above grade, most of the flooding occurs due to surface 

waters. Once water enters the station, pump motors and supporting equipment can become quickly 

overwhelmed and fail completely as will be shown during the 2019 and 2020 events. It should be noted 

that the speed of repair at this pump station is hypercritical to the functioning of the NE WWTF and 

therefore is oftentimes considered a high priority asset to be repaired when taken out of service.  

8.2 Determining Recurrence Intervals 
The recurrence intervals used for the NE WWTF IPS were based on the July 2013, June 2019, and August 

2020 precipitation events as these historic events were well documented with both flood elevation data 

and outage times. Rainfall and event data were based upon United States Geological Survey (USGS) daily 

precipitation totals from the nearest rain gauge to the project location (USGS 354616081085145 rain 

gauge at Oxford RS NR Claremont, NC). Rainfall data from this gauge was compared to the National 

Oceanic and Atmospheric Administration (NOAA) Atlas 14 Point Precipitation Frequency Estimates seen 

below in Figure 5 (see Appendix C for tabular information) at the latitude and longitude specified for the 

NE WWTF pump station project. Although the rain gauge used in this analysis is approximately 9.02 miles 
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from the project location, this gauge provided the closest information to the project site and served as 

the best determination of precipitation experienced at the facility. Table 7 shows these historic events, 

and the associated rainfall and recurrence intervals established. 

Table 7. NE WWTF IPS Historic Flooding Events and Associated Recurrence Intervals 

Event 
Rainfall Duration 

(Days) 
Rainfall (Inches) 

Recurrence Interval 
(Years) 

Flood Depth in NE 
WWTF IPS (Feet) 

07/27/13 1.00 6.00 25 0.50 

06/07/19 – 06/09/19  3.00 8.50 50 0.80 

08/14/20 – 08/15/20 2.00 4.17 2 0.30 

Figure 5. PDS-Based Depth Duration Frequency Curves 

8.3 Physical Damages 
Historically, flood events at the NE WWTF IPS have required equipment to be replaced or repaired due to 

damage caused by flooding. The City of Hickory has provided records of damages to the NE WWTF IPS 

after the 2019 precipitation event and the costs to replace damaged equipment (Appendix K) identified 

in Table 8. 
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Table 8. NE WWTF IPS Damages in Dollars per Precipitation Event 

Event Damages ($) 

07/27/13  No record of damages provided 

06/07/19 – 06/09/19  $13,917.74 

08/14/20 – 08/15/20 No record of damages provided 

The City of Hickory Department of Public Utilities (DPU) staff indicated that during each of the 

precipitation events, flood inundation was significant enough that the NE WWTF IPS became 

overwhelmed and was placed out of service for several hours. During these events, DPU staff worked 

efficiently and effectively to bring the pump station back online in a matter of hours. 

8.4 Loss of Service 
The City of Hickory has provided recorded outage information for each of the three precipitation flood 

events at the NE WWTF IPS. When loss of service occurs, the City of Hickory must wait for flood waters to 

recede, then let the equipment dry out before being able to determine whether it can resume functioning 

or if it will need repairs. As mentioned previously, the NE WWTF IPS is considered a high-priority asset and 

is often one of the first to receive repair due to its critical nature and proximity to a major wastewater 

treatment facility. Additionally, city staff has indicated that the facility has been extremely fortunate in 

that the flooding that has entered the facility has never exceeded a foot above the finished floor elevation 

where much of the facility’s critical electric equipment is located. It is likely that if flood depths were to 

reach 1 or more feet, that outages would be significantly longer than previously experienced. Table 9 

provides the loss of function information collected during each of the previous storm events. 

Table 9. Loss of Function per Event at NE WWTF IPS 

Event Recurrence Interval (Years) Loss of Function (Hours) Loss of Function (Days) 

07/27/13  25 4.00 0.17 

06/07/19 – 06/09/19  50 2.00 0.08 

08/14/20 – 08/15/20 2 1.50 0.06 

9. LEVEL OF PROTECTION 
The below narrative provides an analysis on the post-mitigation level of protection for both erosion and 

flood impacts of the Falling Creek to the NE WWTF and NE WWTF IPS. 

9.1 Level of Protection – Erosion 
After mitigation, the NE WWTF and the Chlorine Contact Chamber will be protected via creekbank 

stabilization measures from current and future erosion. To ensure a conservative analysis, it has been 
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assumed that the creekbank stabilization measures will last at least until the end of its identified project 

useful life of 50 years. This would mean that at the end of the useful service life of the erosion stabilization 

measures, erosion will have continued as normal along the Falling Creek banks.  

Therefore, analysts assumed that the 26 year erosion time would still be required before the Chlorine 

Contact Chamber was again threatened by erosion meaning a total of 76 years would need to pass before 

a potential “catastrophic loss” could be considered to occur. This should be deemed a conservative 

estimate as it relies on the predication that the City of Hickory and NE WWTF staff would ignore continued 

maintenance and future improvements of the creekbank erosion stabilization measures implemented. A 

76-year failure event was included in the post-mitigation erosion assessment and similar damages and 

outage times were applied. 

9.2 Level of Protection – Flooding 
After mitigation, the NE WWTF IPS will be protected by a flood berm and wall with a design flood elevation 

of 962 feet (NAVD88). This is 2 feet above the 500-year riverine flood event and approximately 2.2 feet 

above the highest recorded precipitation flood elevation. To maintain a conservative assessment, BCA 

analysts assumed the facility would remain protected only slightly past the 50-year precipitation 

inundation event. This is reflected in the BCA analysis post-mitigation assessment as the 51-year event. 

10. RESULTS  

The benefit-cost ratio for the project is listed in Table 10 below. Costs provided in the determination of 
the BCR include maintenance costs over the project useful life of the mitigation project. The total project 
BCR is 2.34 which demonstrates that the mitigation project is a cost-effective solution. The BCA Report is 
provided in Appendix A and the BCA Excel Spreadsheet is attached to the project application. 

Table 10. Hickory Wastewater Treatment Facility Hardening and Stream Restoration Project Benefit-
Cost Ratio 

Description Benefits Costs BCR 

Hickory Wastewater Treatment Facility Hardening 
and Stream Restoration 

$16,906,176 $7,213,396 2.34 
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Appendix A

Benefit Cost Analysis Toolkit Export 
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Appendix B

Northeast Wastewater Treatment Facility Influent Pump Station Flood Insurance 

Rate Map (FIRM)  
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Appendix C

NOAA Point Precipitation Frequency Estimates 
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Appendix D

FEMA 2009 BCA Reference Guide – Project Useful Life Table 
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Appendix E

Northeast Wastewater Treatment Facility Annual Wastewater Quality Report 
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Appendix F

Northeast Wastewater Treatment Facility Service Area Map 
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Appendix G

US Census Bureau 2010 Population per Square Mile – Hickory, NC 
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Appendix H

FEMA Supplemental Guidance for Conducting a Benefit Cost Analysis (BCA) for a 

Floodplain and Stream Restoration Project  
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Appendix I

Northeast Wastewater Treatment Facility Site Plan Grading and Erosion Control 

Plan – 2009 
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Appendix J

Northeast Wastewater Treatment Facility Influent Pump Station As-Built 
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Appendix K

Historic Damage Records at Northeast Wastewater Treatment Facility 
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NOAA Point Precipitation Frequency Estimates 
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FEMA 2009 BCA Reference Guide – Project Useful Life Table 
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Useful Life (years) 

Project Type 
Standard 

Value 
Acceptable 

Limits 
(documentation 

required) 

Comment 

Acquisition/Relocation 

All Structures 100 100  

Elevation 

Residential Building 30 30–50  

Non-Residential Building  25 25–50  

Public Building 50 50–100  

Historic Buildings 50 50–100  

Structural/Non-Structural Building Project 

Residential Building Retrofit 30 30  

Non-Residential Building Retrofit 25 25–50  

Public Building Retrofit 50 50–100  

Historic Building Retrofit 50 50–100  

Roof Diaphragm Retrofit 30 30 Roof hardening and roof clips 

Tornado Safe Room – Residential 30 30  

Tornado Safe Room – Community 30 30–50 
Retrofit or small community safe 
room  

≤ 16 people (30 yr), New (50 yr) 

Non-Structural Building Elements 30 30 
Ceilings, electrical cabinets, 
generators, parapet walls, or 
chimneys 

Non-Structural Major Equipment 15 15–30 Elevators, HVAC, sprinklers 

Non-Structural Minor Equipment 5 5–20 Generic contents, racks, shelves 

Infrastructure Projects 

Major Infrastructure (minor localized flood 
reduction projects) 

50 35–100  

Concrete Infrastructure, Flood Walls, 
Roads, Bridges, Major Drainage System 

50 35–50  

30 25–50 Culvert with end treatment (i.e., wing 
walls, end sections, head walls, etc.) Culverts (concrete, PVC, CMP, HDPE, 

etc.) 
10 5–20 Culvert without  end treatment (i.e., wing 

walls, end sections, head walls, etc.) 

50 50 Structures Pump Stations, Substations, Wastewater 
Systems, or Equipment Such as Generators 5 5–30 Equipment 

Hurricane Storm Shutters 15 15–30 Depends on type of storm shutter 

50 50–100 Major (power lines, cable, hardening gas, 
water, sewer lines, etc.) 

Utility Mitigation Projects 
5 5–30 

Minor (backflow values, downspout 
disconnect, etc.) 
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Useful Life (years) 

Project Type 
Standard 

Value 
Acceptable 

Limits 
(documentation 

required) 

Comment 

Miscellaneous Equipment Projects  

2 2–10 
Small, portable equipment (e.g., 
computer) Equipment Purchases  

30 5–30 Heavy equipment 

Wildfire Mitigation Projects  

4 2–4 Brush – Depends on drought 
conditions 

1 1 Grass – Depends on geographic 
location and precipitation 

Defensible Space/Hazardous Fuels 
Reduction 

Vegetation Management 

20 3–20 Forest canopy – Must be maintained 
every 3 years 

Ignition-Resistant Construction 10 10–30 Depends on type of construction and 
materials used 
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Appendix E

Northeast Wastewater Treatment Facility Annual Wastewater Quality Report 



The City of Hickory’s Public Utilities Division is pleased to present you, our customers, with this year’s Annual System 

Performance Report.  This report is required by House Bill 1160, the Clean Water Act of 1999.  The purpose of this 

report is to display the past year’s wastewater treatment performance.  The following data includes average 

concentrations discharged into streams and any events of permit noncompliance. The City of Hickory owns and 

operates three (3) wastewater treatment facilities and 501 miles of collection system lines.  The Northeast 

Wastewater Treatment Facility and the Henry Fork Wastewater Treatment Facility are staffed 24 hours a day with 

state certified operators and the Hickory Wastewater Treatment Facility in the Town of Catawba is staffed with two 

state certified operators.  These facilities and the collection system were designed and constructed to properly 

transport wastewater and then treat the wastewater to meet stringent discharge requirements. During the past 

year, our Facilities collected and treated 2.15 Billion gallons of wastewater.  The effluent discharge from all plants is 

disinfected prior to entering the receiving streams.  As this report indicates, we are committed to protecting our 

most valuable resources, water and people.  

ANNUAL WASTEWATER QUALITY REPORT 

JULY 1, 2019 TO JUNE 30, 2020 

Mission Statement: To promote and protect the environment, health and natural resources of our customers through responsible stewardship 

in the treatment of wastewater returned to our streams and lakes. 



NORTHEAST WASTEWATER TREATMENT FACILITY
City of Hickory  NPDES Permit Number: NC0020401 

Northeast Wastewater Treatment Facility Operator in Responsible Charge: Keith Rhyne, WWT-4 

310 Cloninger Mill Road Hickory, NC 28601  Telephone Number: (828) 322-5075 

The Northeast Wastewater Treatment Facility is located at 310 Cloninger Mill Road, Hickory NC.  It is a 6.0 MGD wastewater treatment system which accepts and treats wastewater 
from locations in Northern Hickory, portions of Eastern Caldwell County, and portions of Southern Alexander County. 

The facility is an advanced secondary treatment process that utilizes Carrousel Oxidation Ditch Technology that’s capable of removing BOD, nitrogen and phosphorus.  The effluent 
is chlorinated to remove pathogenic bacteria that might be present and then dechlorinated to remove the residual chlorine left before it is discharged into the receiving stream.  
The Bio-solids residuals removed as part of the treatment process are transported to the Regional Compost Facility for processing into Class A-EQ compost. 

HENRY FORK WASTEWATER TREATMENT FACILITY
City of Hickory  NPDES Permit Number: NC0040797 

PERMIT

PARAMETERS

Limits Actual Monthly Average July 1, 2019 to June 30, 2020 

Monthly Weekly Daily Jul-19 Aug-

19

Sep-

19

Oct-

19

Nov-

19

Dec-

19

Jan-

20

Feb-

20

Mar-

20

Apr-

20

May-

20

Jun-

20

Flow (MGD) 6 MGD - - 2.6 2.5 2.4 2.7 2.6 3.2 3.3 4.4 2.9 3.0 3.6 3.3
BOD  30mg/l 45mg/l - 4.1 3.7 3.4 4.2 4.9 12 3.9 6.2 4.3 3.2 4.0 5.4
NH3-N 6mg/l 18mg/l - 0.24 0.11 0.02 0.03 0.08 0.01 0.12 0.13 0.08 1.4 0.19 0.67

TSS (solids) 30mg/l 45mg/l - 7.6 5.8 3.5 7.1 4.6 14.8 5.8 5.9 7.1 5.6 4.7 8.3
Fecal Coliform 200/100ml 400/100ml - 1.6 2.5 1.7 1.5 1.6 1.3 1.5 4.7 1.4 1.4 3.5 2.7
pH - - 6-9 6.4 6.4 6.6 6.5 6.5 6.5 6.5 6.4 6.6 6.6 6.4 6.3
Total Chlorine - - 28ug/l 0 0 0 0 0 0 0 0 0 0 0
Toxicity Quarterly Pass or Fail PASS PASS PASS PASS 

Noncompliance Violations
Date Violation Actual Reason Environmental Impact

Jan. 2, 2020 Bypass 7,000 gal. RAS manhole flooded due to pump 

malfunction 

None 

Feb. 6, 2020 Bypass 50,400 gal. IPS flooded due to extensive rainfall None



Henry Fork Wastewater Treatment Facility Operator in Responsible Charge: Robert Shaver, WWT-4 

4014 River Road Hickory, NC 28602  Telephone Number: (828) 294-0861 

The Henry Fork Wastewater Treatment Facility is located at 4014 River Road, Hickory, NC.  It is a 9.0 MGD Wastewater Treatment System which accepts and treats wastewater from 
locations in SE and SW Hickory, Hildebran, portions of Eastern Burke County, and Longview.  

The facility is an advanced secondary treatment biological nutrient removal (BNR) system with oxic/anoxic stages of treatment.  Chlorine gas disinfection and Sulfur Dioxide gas 
dechlorination are utilized.  Cascade post aeration is also used.  The facility is constructed as two treatment trains that can be operated independently of one another.  The Bio-
Solids residuals removed as part of the treatment process are transported to the Regional Composting Facility for processing into Class A-EQ compost.

CITY OF HICKORY-HICKORY COLLECTION SYSTEM 
City of Hickory  NPDES Permit Number: WQCS00020 

Hickory Collection System  Operator in Responsible Charge: Kevin Hutchison, CS-4 

76 North Center St. Hickory, NC 28601  Telephone Number: (828) 323-7427 

Permit 
Parameters 

Limits Actual Monthly Average July 1, 2019 to June 30, 2020 

Monthly Weekly Daily Jul-19 Aug-

19

Sep-

19

Oct-

19

Nov-

19

Dec-

19

Jan-

20

Feb-

20

Mar-

20

Apr-

20

May-

20

Jun-

20

Flow (MGD) 9MGD - - 2.5 2.5 2.3 2.5 2.6 2.9 2.9 3.6 2.5 2.3 3.1 3.0

BOD Summer 19mg/l 28.5mg/l - 3.85 3.9 3.3 3.6 - - - - - 3.7 3.8 4.2

BOD Winter 30mg/l 45mg/l - - - - - 4.7 6.2 6.7 5.1 4.9 - - -

NH3 Summer 2.5mg/l 7.5mg/l - 0.06 0.04 0.01 0.12 - - - - - 0.10 0.12 0.03

NH3 Winter 6.2mg/l 18.6mg/l - - - - - 0.07 0.03 5.5 0.09 0.04 - - -

TSS (solids) 30mg/l 45mg/l - 5.6 4.7 3.7 5.0 6.4 8.1 11.3 7.2 6.0 5.8 4.5 4.8

DO - - Over 5 7.7 7.7 7.8 8.2 9.1 9.7 9.8 10.1 9.8 9.1 9.1 8.1

Fecal Coliform 200/100ml 400/100ml - 7.1 4.8 3.3 3.4 4.6 4.7 2.8 2.7 2.2 3.5 3.1 5.5
pH - - 6-9 6.5 6.6 6.8 6.7 6.8 6.8 6.9 6.7 6.7 6.7 6.8 6.7

Toxicity Quarterly Pass or Fail PASS PASS PASS PASS
Bis(2-ethylhexyl) phthalate  
Quarterly

28.5ug/l - 28.5ug/l 0 0 0 0 0 0 0 0 0 0 0 0 

Total Chlorine - - 28ug/l 0 0 0 0 0 0 0 0 0 0 0 0
Total Copper 27.06ug/l 34.65ug/l 11.5 20.7 9.1 8.6 13.5 5.9 7.0 6.7 4.5 11.9 9.9 8.6

Noncompliance Violations

Date Violation Actual Reason Environmental Impact 

NONE NONE 



The Hickory Collection System generally consists of 501 miles of utility lines; 479 miles of gravity sewers and 22 miles of pressurized or force mains.  50 Duplex pumping stations 
and 1 simplex pumping station ensure that service is available to the low points in the system.  The Hickory Collection System serves the greater Hickory area and parts of Catawba 
County, parts of Burke County and the Bethlehem Community of Alexander County. 

Wastewater collection systems are designed to handle only three things – used water, human body waste and toilet paper. It is very important to keep all foreign materials, such 
as grease and other household debris from entering the system, as these can cause blockages. Most sewer backups occur between the house and the City’s sewer main. The 
property owner is responsible for correcting this problem.  

Many disinfecting wipes and baby wipes are touted as disposable, and some are even labeled as “flushable”, but both contribute to sanitary sewer overflows (SSOs) throughout 
the sanitary sewer system. Their cloth-like material doesn’t break down in the sanitary sewer system like toilet paper. Instead, they block sewer lines and clog pumps throughout 
the system, which increases maintenance and repair costs. Please help the city protect the environment and reduce costs by disposing of these items in the trash, not down the 
drain.  

Property owners are responsible for the care and maintenance of service lines from their homes or businesses to the sanitary sewer mains in the street. The Hickory City Code also 
prohibits property owners from planting trees, shrubs and other vegetation on sewer lines and easements, covering manholes, erecting fences or permanent structures on sewer 
lines and easements, or damaging sewer lines in any manner.  

Significant achievements by Collection System Staff for this year include; 

 SSO rate of 0.009 per mile of collection system, or 1 spill for every 100.2 miles of collection system 

 100% of high priority sewers inspected at least once every 6 months or after large rain events of 1” or more 

 Performed repairs or replaced 10 sewer creek crossings 

 51 creek crossings inspected and maintained 

The City of Hickory is committed to protecting the quality of the Catawba River and the environment. The water returned to the Catawba River from the NPDES permitted 
wastewater treatment plants is higher quality water by most parameters than when it was removed for drinking water treatment from Lake Hickory.  

While grease continues to be a significant concern, you can help the City of Hickory Public Services Department reduce the number of overflows by following these simple steps.  

 Collect grease, fats and oils from cooking in a container and dispose of it in the garbage instead of pouring it down the drain.  

Reportable Collection System Failures

Date Location Spill Cause 

Oct. 18, 2019 1200 7th St SW 19,700 gal. Pipe Failure 

Feb. 6, 2020 333 23rd Ave Pl NE 70,000 gal. Severe Natural Conditions (Flooding) 

Feb. 6, 2020 89 Wildlife Access Rd. 2,000 gal. Severe Natural Conditions (Flooding) 

Apr. 13, 2020 1845 9th St Ct NW 42,000 gal. Power Outage 

May 13, 2020 89 Wildlife Access Rd. 99,000 gal. Construction Activities 



 Place a wastebasket in each bathroom for the disposal of items such as disposable diapers, baby wipes, disinfecting wipes, condoms and personal hygiene products. 
These products DO NOT belong in the sewer system.  

 Call Public Services at (828) 323-7427 to report sewer overflows. By promptly reporting the overflow, the City is able to minimize the impact of the overflow to the 
environment.  

 Report illegal dumping by calling Public Services at (828) 323-7427. Grease and other materials illegally dumped can lead to sanitary sewer overflows (SSOs), which are a 
public health, environmental and regulatory concern. 

 Do not flush old/outdated medication or prescription drugs down the toilet. Take medication to one of the area drop off locations for proper disposal. 

MEDICATION DISPOSAL: Catawba County Law Enforcement Agencies, in partnership with Foothills Coalition Operation Pill Stoppers, provide drop boxes at their facilities throughout 
the County for safe and proper disposal of medications and prescription drugs. Drop Box Locations: Catawba County Sheriff’s Office, Claremont, Conover, Hickory, Newton and 
Maiden Police Departments. 

Here is a list of drop off locations: 

• Catawba County Sheriff’s Office 100 E. Government Drive Newton, NC 28658 

• Terrell Satellite Office- Catawba Co Sheriff 8456 Sherrills Ford Road Sherrills Ford, NC 28673 

• Claremont Police Department 3301 E. Main St. Claremont, NC 28610 

• Catawba Police Department 107 S. Main St. Catawba, NC 28609 

• Conover Police Department 115 2nd Ave. NE Conover, NC 28613 

• Newton Police Department 411 N. Main Ave. Newton, NC 28658 

• Hickory Police Department 347 2nd Ave. SW Hickory, NC 28602 

• Maiden Police Department 201 W. Main St. Maiden, NC 28650 

• Brookford Police Department 1700 S. Center St. Hickory, NC 28602 

• Longview Police Department 2404 1st Ave. SW Hickory, NC 28602 

HICKORY-CATAWBA WASTEWATER TREATMENT FACILITY 

(TOWN OF CATAWBA)

City of Hickory  NPDES Permit Number: NC0025542 

Hickory-Catawba Wastewater Treatment Facility     Operator in Responsible Charge: David Archambault, WWT-4 



104 6th Avenue NW Catawba, NC 28609 Telephone Number: (828) 323-7427 

The facility is a 1.5 MGD wastewater treatment system that accepts and treats wastewater from locations in the Town of Catawba and Southeast Catawba County. 

The wastewater plant is an advanced secondary treatment process that utilizes oxidation ditch technology to treat wastewater.  The effluent is chlorinated to remove pathogenic 
bacteria that might be present and then dechlorinated before it is discharged into the receiving stream.  The Bio-solids residuals removed as part of the treatment process are 
transported to the Regional Compost Facility for processing into Class A-EQ compost. 

CITY OF HICKORY-CATAWBA COLLECTION SYSTEM 
City of Hickory  NPDES Permit Number: WQCS00020 

Catawba Collection System  Operator in Responsible Charge: Kevin Hutchison, CS-4 

Permit Parameters 
Limits Actual Monthly Average July 1, 2019 to June 30, 2020 

Monthly Weekly Daily Jul-19 Aug-19 Sep-

19 

Oct-

19 

Nov-

19 

Dec-

19 

Jan-

20 

Feb-

20 

Mar-

20 

Apr-

20 

May-

20 

Jun-

20 

Flow (MGD) 1.5 MGD - - .06 .05 .05 .07 .08 .12 .13 .16 .08 .08 .13 .11

BOD 10mg/l 15mg/l - 1.2 2.7 2.7 .71 1.8 .41 1.7 2.4 3.4 1.6 .48 1.4

NH3-N 2mg/l 6mg/l - 0 0 0 0 .16 2.0 2.3 5.2 2.8 1.6 0 0

TSS (solids) 30mg/l 45mg/l - .25 1.3 .84 .32 .53 0 .20 1.6 2.1 .21 0 .19

DO >6 mg/l 6.5 6.6 6.8 6.9 8.1 8.9 7.9 8.8 8.3 8.3 8 7

Fecal Coliform 200/100ml 400/100ml - 1.4 1.2 1.3 3.4 1 1.1 1.2 1.5 1 1 1 1.1

pH - - 6-9 6.9 7 6.9 6.9 6.7 6.9 6.9 6.7 6.9 6.8 6.8 6.8

Total Chlorine - - 28ug/l 0 0 0 0 0 0 0 0 0 0 0 0

Toxicity Quarterly Pass or Fail PASS PASS PASS PASS

Noncompliance Violations

Date Violation Actual Reason Environmental Impact

Jan. 2020 NH3 2.3 mg/l Cold Weather None

Feb. 2020 NH3 5.2 mg/l Cold Weather None

Mar. 2020 NH3 2.8 mg/l Cold Weather None

Mar. 25, 2020 Bypass 900 gal. Pump station malfunction None



76 North Center St. Hickory, NC 28601  Telephone Number: (828) 323-7427 

The Catawba Collection System generally consists of 40 miles of utility lines; 19 miles of gravity sewers and 21 miles of pressurized or force mains.  14 Duplex pump stations ensure 

that service is available to the low points in the system.  The Catawba Collection System serves the Town of Catawba and Southeastern Catawba County. 

In the preceding tables you will find many terms and abbreviations you might not be familiar with.  To help you better understand these terms we have provided the following 

definitions: 

 mg/L – Milligrams per liter or parts per million 

 ug/L – Micrograms per liter or parts per billion 

 DO – Dissolved Oxygen. DO is the molecular (atmospheric) oxygen dissolved in water or wastewater. 

 BOD – The rate at which organisms use the oxygen in wastewater while stabilizing decomposable organic matter under aerobic conditions.  In decomposition, organic 
matter serves as food for the bacteria and energy results from its oxidation.  BOD measurements are used as a measure of the organic strength of wastes in water. 

 TSS – Total suspended residue in wastewater 

 MGD – Million gallons per day 

 NH3 as N – Ammonia 

 Fecal Coliform – Indicator organisms used to measure the effectiveness of the disinfection process 

 Summer Months – April 1st to October 31st

 Winter Months – November 1st to March 31st

Reportable Collection System Failures

Date Location Spill Cause

NONE

https://www.nc811.org/
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Appendix F

Northeast Wastewater Treatment Facility Service Area Map 
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Appendix G

US Census Bureau 2010 Population per Square Mile – Hickory, NC 
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Appendix H

FEMA Supplemental Guidance for Conducting a Benefit Cost Analysis (BCA) for a 

Floodplain and Stream Restoration Project  



FINAL  Task Order: HSFE60-16-J-1424 
 

March 24, 2016   1 

Supplemental Guidance  
For Conducting a Benefit-Cost Analysis (BCA) for 
a Floodplain and Stream Restoration Project 

1. Purpose 
According to the FY2016 Pre-Disaster Mitigation (PDM) program Notice of Funding 
Opportunity (NOFO), Climate Resilient Mitigation Activities are eligible for PDM funding. The 
NOFO lists the Floodplain and Stream Restoration (FSR) project type as one of these eligible 
project types. Because the benefits that could be applicable to an FSR project have not yet been 
incorporated into the BCA Tool, this document was developed to assist users of FEMA’s BCA 
Tool in performing a benefit cost analysis for an FSR project. The process for conducting a BCA 
may involve inputting data in existing data fields in the BCA Tool, using a FEMA-created 
spreadsheet, and/or calculating losses manually and then entering them into new loss category 
fields in the BCA Tool. 

2. Floodplain and Stream Restoration Project Type 
An FSR project is used primarily to reduce flood risk and erosion by providing stable reaches, 
but it also can be used to help mitigate drought. FSR projects typically encompass the restoration 
of the stream’s active channel and streambanks, as well as the adjacent floodplain and riparian 
zones by deflecting, redirecting, or retarding flows. They restore the soil, hydrology and 
vegetation conditions in the project area and mimic the pre-development, or pre-alteration, 
natural channel/floodplain connectivity. FSR projects result in providing baseflow recharge, 
water supply augmentation, floodwater storage, water quality renovation, terrestrial and aquatic 
wildlife habitat, and recreation opportunities.  

3. BCA Tool Modules Used to Conduct a BCA 
The first step in completing a cost effectiveness analysis for an FSR project is to determine the 
type of damages and losses that would be mitigated by the proposed project. Then determine 
which module of the BCA Tool should be used to conduct the BCA. 
 

• Use the Flood Module if all of the following conditions are met: 
− The proposed project will lower flood levels to existing, floodprone structures. 
− Structure-specific data are available, such as the square footage and first floor 

elevation for each structure. 
− A detailed study of the effectiveness of the proposed project has been completed, 

such as a hydrology and hydraulics (“H&H”) study. Such a study will identify 
how much the proposed project would reduce the flood depths for each structure. 

 
• Use the Damage Frequency Assessment (DFA) Module if the proposed project would 

result in mitigating any of the following categories of losses: 
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− Loss of function of public infrastructure (i.e., roads and bridges) 
− Loss of function of utilities 
− Loss of function of critical facilities, i.e., police stations, hospitals, or fire stations 
− Agricultural and crop losses 

 
It is possible to use both modules to analyze one project. The Flood Module would be used to 
assess the avoided damages to structures, and the DFA Module would be used to assess the 
avoided losses to public infrastructure, utilities, critical facilities, or crops. 
 
Section 4 describes common data that will need to be inputted no matter which BCA Tool 
Module is used. Section 5 provides guidance on entering data used in the Flood Module, and 
Section 6 provides guidance on entering data used in the DFA Module. 

4. Common Data Inputs 
The following BCA Tool data are required to be entered no matter whether the Flood Module, 
DFA Module, or both modules are used to conduct an analysis: 

• Project Useful Life: The FEMA standard value for the project useful life of an FDS 
project is 30 years. If a user enters a different value, supporting documentation from an 
expert should be provided.  

• Mitigation Project Cost: The project cost estimate must be developed by a licensed 
professional and must meet the same programmatic requirements as for any hazard 
mitigation project. For more information about the requirements developing a cost 
estimate, refer to Section H.4.3 (p. 64) of FEMA’s FY15 Hazard Mitigation Assistance 
Guidance. 

• Annual Project Maintenance Cost: Annual operation and maintenance costs generally 
range from 0.5% to 1% of the construction costs and can include labor costs (for system 
operation and maintenance, regulatory requirements, and administration) and material 
and equipment costs (e.g., fencing, trails, equipment, parts replacement, inlet/outlet 
controls, and scour protection). Like the project costs, these estimates must be developed 
and documented by a licensed professional. 

5. Flood Module Data Inputs 
The data required to be entered when using the Flood Module to conduct a BCA are associated 
with elevations and discharges before and after mitigation and data needed to calculate 
environmental/ecosystem benefits. 

5.1 Elevations and Discharges After Mitigation 
On the Riverine Elevation and Discharge Data screen, first select the “Show After Mitigation” 
button to change the data entry table. In the table associated with each structure (see screen 
capture below), enter the flood elevations after mitigation and the discharges after mitigation for 
each recurrence interval. 
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5.2 Benefit-Cost Ratio from Mitigation of Structures 
Environmental benefits are applicable to any project that would create or restore wetlands, 
estuaries, riparian areas, or green open space. Current BCA policy (Section I.6, p. 66, of FEMA’s 
FY15 Hazard Mitigation Assistance Guidance) states that a project must have a benefit cost ratio 
(BCR) ≥ 0.75 calculated from avoided damages/losses to structures before environmental 
benefits can be included. Therefore, after all structures have been analyzed, check to see if the 
project BCR is ≥ 0.75 on the Project Inventory screen. If the BCR is < 0.75, environmental 
benefits will not be added. (Note that even if the analysis below is conducted and submitted, 
FEMA will not approve the added benefits.) If the BCR ≥ 0.75, complete the analysis below to 
calculate the environmental benefits, add them to the existing benefits, and calculate a new BCR. 

5.3 Environmental/Ecosystem Benefits 
Because the new and updated environmental benefits have not yet been programmed into the 
BCA Tool, the Ecosystem Services Benefits Calculator spreadsheet was created to use as a 
workaround. Along with the exported Flood Module BCA, the completed spreadsheet is required 
to be submitted with the subapplication as cost effectiveness documentation. 
 
The Ecosystem Services Benefits Calculator spreadsheet is available by contacting your FEMA 
Region or by calling the BC Helpline at 1-855-540-6744. The format of the spreadsheet is shown 
in the graphic below. There are thirteen data fields in the spreadsheet. An asterisk (*) is used to 
denote whether the user must input the data. The rest of the data fields are either pre-populated or 
calculated fields. For each numbered data field, an explanation is provided to aid in completing 
the spreadsheet. 
 

#1. Enter Project Type. *Input required. Enter “Floodplain and Stream Restoration.” 

#2. Ecosystem Service Type. *Input required. By clicking in the shaded cell, a drop-down 
menu appears and offers the selections of Forest, Green Open Space, Marine, Estuary 
and Marine, Riparian, or Wetland. Select the ecosystem service type that matches the 
anticipated land use after the project is completed. 
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#3. Benefits Per Acre: This is the default economic value associated with the benefits per 

acre of land for the Ecosystem Service Type selected in #2. This value cannot be 
modified. 

#4. Number of Acres of the Project: *Input required. From the design or other 
documentation included in the subapplication, enter the number of acres of restored 
ecosystem. Documentation should be included with the analysis to demonstrate that the 
project will result in improved and more functional ecosystem services. 

#5. Total Benefits per Year: This economic value is automatically calculated as Benefits 
Per Acre (#3) multiplied by Number of Acres of the Project (#4). 

#6. Enter Project Useful Life: *Input required. The FEMA standard value for the useful 
life of an FDS project is 30 years. If a user enters a different value, supporting 
documentation from an expert should be provided. The value entered here in the 
spreadsheet should be the same value as entered in the BCA Tool as stated in Section 1. 

#7. Discount Rate: A discount rate of 7%, or 0.07, is currently required by the Office of 
Management and Budget. This value cannot be modified. 
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#8. Total Additional Benefits (Discounted): This economic value is automatically 
calculated using the Total Benefits per Year (#5), the Project Useful Life (#6), and 
applying the annual Discount Rate (#7).  

#9. Benefits Calculated by BCA Tool (Project Benefits): *Input required. This economic 
value is calculated by the Flood Module in the BCA Tool and must be transferred to the 
spreadsheet. On the Summary of Benefits screen (see screen capture below), the 
economic value for Mitigation Benefits are the Project Benefits for your project. Enter 
this value for #9.  

  
#10. Project Costs utilized in BCA Tool: *Input required. This value of Project Costs is the 

same as the value for Final Mitigation Project Cost found at the bottom of the Cost 
Estimation Info screen of the BCA Tool as shown in the screen capture below. Note that 
this value includes annual project maintenance costs.  

#11. Benefit Cost Ratio Before Additional Benefits: This value for BCR is automatically 
calculated by dividing Benefits Calculated by BCA Tool (Project Benefits) (#9) by 
Project Costs utilized in BCA Tool (#10). This calculated value for BCR should be the 
same as the Benefit-Cost Ratio value calculated in the Flood Module and shown on the 
Summary of Benefits screen.  

#12. Total Project Benefits with Ecosystem Service Benefits: If the BCR in #11 is ≥ 0.75, 
then this economic value is automatically calculated by adding the Total Additional 
Benefits (#8) and Benefits Calculated by BCA Tool (#9). This value becomes the new 
value for total project benefits. If the BCR in #11 is ≥ 0.75, then this value is equal to the 
value of Benefits Calculated by BCA Tool (Project Benefits) in #9, and the additional 
environmental benefits calculate in #8 are not included in the total. 

#13. Adjusted Benefit Cost Ratio: This value is automatically calculated as the new project 
BCR. It is calculated by dividing the Total Project Benefits with Ecosystem Service 
Benefits (#12) by the Project Costs utilized in BCA Tool (#10). 

If the Adjusted Benefit Cost Ratio (#13) is > 1, then export the Flood Module BCA, and submit 
both that BCA and the spreadsheet with the subapplication. 
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6. DFA Module 
One of the following methods is used in the DFA Module as a basis for calculating cost 
effectiveness: 

• Historic Damages, which requires information about the frequency (i.e., dates) and 
severity (i.e., the amount of damage and losses caused) of actual, past flood events. 

• Expected Damages, which requires an analysis of how much damage and losses would 
be experienced in the future if flood events of a known frequency (i.e., recurrence 
interval) were to occur. 

The applicable categories of losses/damages should be reflected on the Damages Before 
Mitigation screen table. The partial screen capture below shows how to add a loss/damage 
category to the Historic Damages Before Mitigation table. First, click the column icon in the top, 
left corner of the table. This will open a new window to the left of the table. Select the “New 
Column” button to create a new column titled “New loss category.” Type the name of the loss 
category, click “OK,” and the new column will be added to the Historic Damages Before 
Mitigation table. Repeat this process to add all applicable loss categories.  

All categories that are entered into the Damages Before Mitigation table will be automatically 
displayed in the Damages After Mitigation table on the next screen, Damages After Mitigation. 
This enables the Tool to calculate the impact of the project on reducing losses. 
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6.1 Increased Embankment Stabilization 
An FSR project would mitigate the erosion of embankments, which would potentially reduce 
structural damage to facilities in the vicinity of the project. Since damage has not occurred in the 
past, an Expected Damages assessment would be completed. As described above, a new loss 
category would be added to the Damages Before Mitigation table. To complete an Expected 
Damages assessment, a critical input is the length of time (in years) before the asset to be 
protected by the project (i.e., road/bridge, building, etc.) would be at risk due to erosion. This 
value could be provided by a licensed professional. Alternatively, the rate of erosion would need 
to be determined. One method for determining the rate of erosion is using historic aerial 
photographs or orthophotos to measure the annual rate of erosion. The erosion rate could then be 
projected forward to determine the length of time before the erosion would impact the asset. 
Subapplicants should recognize that the duration of time before damage to the asset would occur 
should be less than the Project Useful Life; otherwise, the BCA Tool will not calculate 
significant benefits. Regardless of how it is determined, this documented duration of time 
becomes the recurrence interval (RI), which should be entered in the Damages Before Mitigation 
table. A licensed professional would need to estimate the value of damage expected to occur to 
the asset for that RI before mitigation and estimating the value of damage expected to occur after 
mitigation for that same RI value. The damage values would be entered in the Damages Before 
Mitigation table and Damages After Mitigation table, respectively. 

6.2 Reduced Agricultural/Crop Losses 
An FSR project may mitigate losses from crops. To estimate Historic Damages of crops, a 
farmer may be able to provide documented damage from past flood events, possibly from 
insurance payments. In the absence of documentation, an estimate of how much damage 
occurred due to past events could be completed by determining the number of acres impacted by 
an event and then documenting assumptions for the yield per acre and the market price for the 
crop grown. To estimate Expected Damages to crops, the same procedure could be followed, 
making sure that the documentation is included so a reviewer can determine whether the 
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calculations are accurate and the assumptions are reasonable. The same erosion forecasting 
technique described in Section 6.1 for Increased Embankment Stabilization could be used for 
estimating future agricultural/crop losses. 
 
To enter the estimated damages in the BCA Tool, the user would add a new loss/damage 
category named “Crop Damage” (or similar descriptor) to the Historic Damages Before 
Mitigation table. Then the user would enter the documented value of crop damage for each 
historic event. In the Damages After Mitigation table, the user would enter the values of 
expected damages for each expected event. 

6.3 Reduced Loss of Function of Roadways 
An FSR project may mitigate the loss of function of roadways that are located within the project 
area through reduced water surface elevations. The loss of function parameters are entered on the 
Type of Services (left) portion of the screen (see screen capture below). For each roadway, select 
“Roads/Bridges” as the Facility Type for Loss of Function, and then enter the roadway 
description on the Roads/Bridges (right) portion of the screen. Enter the required parameters for 
the loss of function of that roadway: traffic count (one-way trips per day), the additional time of 
the detour, number of additional miles, and the current Federal mileage Rate (for 2016, the 
Internal Revenue Service has set this at $0.54 per mile).  
 

 
The BCA Tool calculates the Economic Loss Per Day of Loss of Function and automatically 
carries that value over to the Damages Before Mitigation table. The user would enter the loss of 
function for a roadway in number of days that function is lost. In this example, the Tool would 
calculate the value of damages as $32,358 lost per day of loss of function multiplied by the 
number of days of loss of function. Similarly, to estimate expected Damages After Mitigation, 
the user would enter the number of days of loss of function for the roadway after mitigation. The 
same process should be followed for each Historic Damages event and each Expected Damages 
event. 

6.4 Avoided Costs of Stormwater Conveyance and Treatment Infrastructure 
If an FSR project would result in increased groundwater infiltration and, therefore, increased 
water supply, including drought resiliency, then the benefit category of Avoided Costs of 
Stormwater Conveyance and Treatment Infrastructure is eligible. Reducing stormwater runoff 
may help avoid investment in expensive stormwater systems. A standard economic value for 
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avoided costs of stormwater conveyance and treatment infrastructure is $101 per one million 
gallons of stormwater.  
 
To enter avoided damages from stormwater conveyance and treatment infrastructure into the 
BCA Tool, the user must manually calculate the total economic value based on the project’s 
design documentation and/or a relevant professional. For example, if the documentation 
demonstrates that a project would result in storing an additional three million gallons of 
stormwater, the benefit, or value of avoided damages, would be calculated as: 
 

Avoided Damages  =  
$101

1 million gallons stormwater
 × 3 million gallons stormwater     

 
     = $303 
 
This value would be entered in the Damages Before Mitigation table, either for every event in a 
Historic Damages assessment or for every recurrence interval in an Expected Damages 
assessment. A value of $0 should be entered for every recurrence interval in the Damages After 
Mitigation table. 

6.5 Avoided Costs of Providing Alternative Drinking Water Sources 
An FSR project would result in recharged water that becomes available for human consumption, 
and there would be a benefit, i.e., avoided costs, associated with not having to construct 
alternative water supplies because of compromised potable water supply. For drought mitigation, 
a standard economic value for the avoided cost of building infrastructure of alternative public 
drinking water supplies is $3,455 per one million gallons of water. 
 
To enter avoided damages from building infrastructure of alternative public drinking water 
supplies into the BCA Tool, the user must manually calculate the total economic value based on 
the project’s design documentation and/or a relevant professional. For example, if the 
documentation demonstrates that a project would result in not having to construct infrastructure 
to store three million gallons of alternative water supply, the benefit, or value of avoided 
damages, would be calculated as: 
 

Avoided Damages  =  
$3,455

1 million gallons water
 × 3 million gallons water     

 
    = $10,365 
 
This value would be entered in the Damages Before Mitigation table, either for every event in a 
Historic Damages assessment or for every recurrence interval in an Expected Damages 
assessment. A value of $0 should be entered for every recurrence interval in the Damages After 
Mitigation table. 

6.6 Reduced Damages Associated with Subsidence 
An FSR project may result in aquifer recharge and water table stabilization, which can help slow 
or lessen land subsidence, which, in turn, would potentially reduce structural damage to facilities 
in the vicinity of the project. There are currently no standard values in the BCA Tool for this 
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type of benefit. If a subapplicant wishes to include this benefit, the subapplicant would need to 
quantify the benefits and provide proper documentation for inclusion in the BCA. The 
documentation must include information so a reviewer could determine whether the calculations 
are accurate and the assumptions are reasonable. For assistance with specific questions, users are 
encouraged to contact the BC Helpline. 
 
As described for the other categories of avoided losses/damages, this loss category would be 
added to the Damages Before Mitigation table. Actual or calculated losses from past events 
would be entered in the Historic Damages Before Mitigation table, and the reduced values of 
losses reflecting the impact of the project would be entered in the Damages After Mitigation 
table. 

6.7 Avoided Costs Associated with Loss of Business for Water-Dependent Sectors 
An FSR project could result in a benefit of reducing the loss of business for businesses in water-
dependent sectors. Examples of such benefits include reduced unemployment benefits or reduced 
losses of tax revenue from businesses. There are currently no standard values in the BCA Tool 
for this type of benefit. If a subapplicant wishes to include this benefit, the subapplicant would 
need to quantify the benefits and provide proper documentation for inclusion in the BCA. Per 
OMB Circular A-94, care should be taken to avoid the use of economic multipliers and to make 
sure any damage values are directly tied to the project. The documentation must include 
information so a reviewer could determine whether the calculations are accurate and the 
assumptions are reasonable. 
  
As described for the other categories of avoided losses/damages, this loss category would be 
added to the Damages Before Mitigation table. Actual or calculated losses from past events 
would be entered in the Historic Damages Before Mitigation table, and the reduced values of 
losses reflecting the impact of the project would be entered in the Damages After Mitigation 
table. 

6.8 Environmental/Ecosystem Benefits 
To calculate Environmental/Ecosystem Benefits using the DFA Module, follow the same process 
described in Section 5.1, Environmental/Ecosystem Benefits, for the Flood Module. 
If project benefits are calculated using both the DFA Module and the Flood Module, then the 
benefits calculated by each module will need to be combined. The value of the Benefits 
Calculated by BCA Tool (Project Benefits) (#9 in spreadsheet) should be the sum of project 
benefits calculated by each module. An export of both the Flood Module analysis and the DFA 
Module analysis would be required as documentation for the reviewer to validate. 
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Appendix I

Northeast Wastewater Treatment Facility Site Plan Grading and Erosion Control 

Plan – 2009 
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Appendix J

Northeast Wastewater Treatment Facility Influent Pump Station As-Built 
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Appendix K

Historic Damage Records at Northeast Wastewater Treatment Facility 
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