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Narragansett Bay Commission (NBC), Rhode Island

 Two WWTFs
 110 Miles of Interceptors
 64 CSO Outfalls
 3-mile CSO Tunnel
 6 Pump Stations
 10 Communities 

(70,000 Customers)

Bucklin Point WWTF

Field’s Point WWTF



NBC CSO Program

1992: Consent Agreement with RIDEM for CSO Controls

1996-1998:  Program Reevaluation with Stakeholders Group Input

 1994 EPA CSO Policy Change - Provide more flexibility

 Cost (capital and rate increase)

 Technical Concerns

1998:  Defined a three-phase CSO Control Program

Program Goals: 

 98% reduction annual CSO volume

 80% reduction in shellfish bed closures 

 < 4 overflows per year



NBC CSO Program

Phase I: 2001-2008 

Providence Tunnel ( 63 MG, Ø26-ft, 3-mile)

Addresses 40% CSO Volume

Phase II: 2011-2015

CSO Interceptors

Sewer Separation

Storage/Wetlands Facility

Phase III: 2021-2041

Pawtucket Tunnel (58.5 MG, Ø30-ft, 2.2-mile)

Bucklin Points WWTF Upgrades

Targeted Sewer Separation

Green Stormwater Infrastructure

$360M

$197M

$1B

Pawtucket Tunnel 
11,700 ft, Ø30-ft



What do we do 
with the construction water during 

tunnel mining?



Discharge Alternative & Summary 
Alternative Feasibility Comments

1. No Build Not feasible  NBC would violate the CA with RIDEM

2. Seekonk River In-

channel Discharge

Feasible, 
Preferred Alternative

 Sufficient mixing for water quality compliance
 Impacts in navigation channel minimized to greatest extent possible through design 

optimization

3. Seekonk River Off-

channel Discharge

Not feasible  Insufficient mixing and dilution
 Significant dredging required to make this alternative viable. This degree of dredging is 

infeasible due to technical and project schedule constraints  

4. Subsurface Dispersal Not feasible  No suitable site available within 1-mile radius of project site
 Discharge and infiltration system(s) may not be constructible within allowable project schedule 

if sites were identified 

5. Discharge to Bucklin 

Brook

Not feasible  Insufficient mixing and dilution

6. Discharge to Bucklin 

Point WWTF

Not feasible  Adversely impact treatment processes and sludge management 
 Potential noncompliance with current discharge permit

7. Discharge to Ten Mile 

River

Not feasible  Challenging within allowable project schedule
 Technical constraints, such as crossing railroads and greenway/bike path
 Insufficient mixing and dilution



Pawtucket 

Tunnel

1000 ft0

BPWWTF

Bishop 

PointStony 

Point

Bucklin 

Point 

WWTF

 The Seekonk River has been identified 
as a Class SB receiving water by the 
Rhode Island Department of 
Environmental Management (RIDEM)

Permit Requirements
 Permits from RIDEM 
 Permit from Rhode Island Coastal 

Resources Management Council 
(CRMC)

 Authorization from US Army Corps of 
Engineers (USACE)

Launch 

Shaft

Seekonk River Discharge



 3.4 mile-long
 16 feet deep
 100-230 feet wide (narrows to 60 

feet upstream to the Division Street 
Bridge)

Seekonk River Navigation 
Channel

Cold Spring Point

Bishop Point

Reference: NOAA Chart of Providence River and Head of Narragansett Bay



CORMIX Model

 CORMIX is a USEPA-supported mixing zone model 
 Decision support system for environmental impact assessment of mixing zones 

resulting from continuous point source discharges. 
 The system emphasizes the role of boundary interaction to predict steady-state 

mixing behavior and plume geometry.
 The CORMIX methodology contains systems to model single-port, multiport 

diffuser discharges and surface discharge sources. 

CORMIX model was used in this study to simulate mixing zone in 
the Seekonk River for estimating dilution factors. 



CORMIX Input 1. Project Information 



CORMIX Input 2. Effluent Properties

Flow Evaluated
 400 gpm
 800 gpm
 1200 gpm
 2400 gpm



CORMIX Input 3. Ambient Condition

1

2

Simulations
 1hr before LWS
 1hr after LWS
 1hr before HWS
 1hr after HWS



Water Depth ~12.8’

X-section 931

Note: The distance between two adjoining stations is 25ft based on survey document - Pawtucket Geophysical Survey 

Report, December 2017.

Reference 1: Pawtucket Geophysical Survey Profile

Seekonk River Channel Cross Section Profile



Reference 2: Narragansett Bay Tidal Current

Cold Spring Pt., 2015 Tidal Current Predictions



Reference 3: Narragansett Bay Tidal Chart

Rumford, Seekonk River Tidal Chart, 2015
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Reference 2 & 3: Narragansett Bay Tidal Data Analysis

Tide Elevation vs. Current Velocity at Four Tidal Intervals

Simulation 

Time

Current 

Velocity 

(m/s)

Tide 

Elevation 

(ft)

Average 

Depth at 

Discharge 

(ft)

1hr before 

LWS
-0.168 0.97 8.38

1hr after LWS 0.213 0.90 8.38

1hr before 

HWS
0.039 4.27 11.17

1hr after HWS -0.124 4.05 11.57-2

-1

0

1

2

3

4

5

6

7

8

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0:00 6:0012:0018:000:00 6:0012:0018:000:00

R
u

m
fo

rd
 T

id
e

 E
le

v
a

ti
o

n
 (

ft
)

C
o

ld
 S

p
ri
n

g
 C

u
rr

e
n

t 
V

e
lo

c
it
y
 

(m
/s

)

Cold Spring Current Velocity (m/s)

Rumford Tide  Elev. (ft)

(LWS)

(HWS)



Reference 6: NBC Water Quality Monitoring

Water Column Profile Data 2016-2019
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CORMIX Input 4. Discharge Properties

Simulations
 Single Port
 Multiport

o Perpendicular
o Parallel

Simulations
 In Channel
 Off Channel

o Inside limit
o Outside of limit



Tunnel Construction Water Discharge Options Diffuser located outside of the 
Federal Channel Limits

Center Bottom Side Bottom

Discharge Diffuser

(perpendicular to the channel)

Discharge Diffuser

(parallel to the channel)



Tunnel Construction Water Discharge Options 
Inside of the Federal Channel Limits but outside of the deep channel

Center Bottom Side Bottom

Discharge Diffuser

(perpendicular to the channel)

Discharge Diffuser

(parallel to the channel)



Tunnel Construction Water Discharge Options In Channel Discharge

Center Bottom Side Bottom



CORMIX Model Scenario Examples

Modeling Scenario
Discharge Flow 

(GPM)

Simulation 

Time
Single / Multiple Port

400_SinglePort_1HRbfLWS 400 1hr before LWS Single Port

400_SinglePort_1HRafLWS 400 1hr after LWS

400_SinglePort_1HRbfHWS 400 1hr before HWS

400_SinglePort_1HRafHWS 400 1hr after HWS

800_SinglePort_1HRbfLWS 800 1hr before LWS Single Port

800_SinglePort_1HRafLWS 800 1hr after LWS

800_SinglePort_1HRbfHWS 800 1hr before HWS

800_SinglePort_1HRafHWS 800 1hr after HWS

1200_SinglePort_1HRbfLWS 1200 1hr before LWS Single Port

1200_SinglePort_1HRafLWS 1200 1hr after LWS

1200_SinglePort_1HRbfHWS 1200 1hr before HWS

1200_SinglePort_1HRafHWS 1200 1hr after HWS

1200_MultiPort_1HRbfLWS 1200 1hr before LWS Multiple Port

1200_MultiPort_1HRafLWS 1200 1hr after LWS

1200_MultiPort_1HRbfHWS 1200 1hr before HWS

1200_MultiPort_1HRafHWS 1200 1hr after HWS

2400_MultiPort_1HRbfLWS 2400 1hr before LWS Multiple Port

2400_MultiPort_1HRafLWS 2400 1hr after LWS

2400_MultiPort_1HRbfHWS 2400 1hr before HWS

2400_MultiPort_1HRafHWS 2400 1hr after HWS



CORMIX Model Result Examples
800gpm, 1HR after LWS, multiport



CORMIX Model Result Examples
1200gpm, Single Port vs. Multiport
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CORMIX Model Result Examples
2400gpm, Multiport Diffuser Parallel to Flow
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CORMIX Model Result Examples
Multiport Diffuser off Channel Limit

 Depending on bank 

curvature, surface roughness 

and flow regime, flow 

detachment and eddy may 

form within the dredged 

section outside of the 

channel

 Discharge in the curved 

section will not have 

sufficient ambient flow and 

velocity to for effective 

mixing

 In long term, the pollutant 

from the discharge will 

accumulate in the curved 

section to high concentration 

levels 



Pawtucket Tunnel Construction Water Effluent Pipe 
and Discharge Diffuser

Proposed Plan and Profile View

N



CORMIX Model Result Examples
Multiport Diffuser, three 4” ports @6ft apart  
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Take-away Message
 CORMIX Modeling is a useful tool to simulate mixing zone around the discharge to 

estimate dilution factors

 Dredging and expanding river channel for an off-channel discharge would not 
provide sufficient ambient flow to mix and dilute the discharged stream.

 Positioning multiport diffuser parallel to the channel will reduce intrusion to the 
channel, however, it would provide insufficient dilution. 

 Recommended Alternative:  multiport diffuser in the channel perpendicular to the 
flow. Achieve a dilution factor of 10 within 20 feet downstream of the discharging 
point. 



Happy New Year of the Rabbit!





Construction Pictures
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Construction Pictures



Top View

Θ=45°

Side View

6’ 6’

Diameter 4”

Construction Water Flow

Multiport Diffuser Simulated in the Model

- Port Number: 3

- Port Diameter: 4 inch

- Distance between continuous port: minimum 6 ft

- Orientation of Nozzles

- Vertical: 45 degrees

- Horizontal: parallel to the diffuser (length)














