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Section 1.0 
INTRODUCTION 

 
The Chicago Department of Transportation (CDOT) in partnership with the Metropolitan Water 
Reclamation District (MWRDGC) has retained MWH Americas, Inc. (MWH), to complete final 
engineering for a stormwater diversion tunnel between the North Branch of the Chicago River and 
the North Shore Channel along Foster Avenue.  The project is described in detail in the general 
permit application.  60% design drawings are included in the general permit materials. 
 
This portion of the permit describes the development of an unsteady flow hydraulic model that 
combines several existing models into one comprehensive model that was used for the hydraulic 
design of the tunnel inlet and outlet structures and to assess the impacts the project will have on 
water levels and flows.    
 
Exhibits 1 and 2 show the limits of the floodplain and floodway near the inlet and outlet structures.  
Both the inlet and outlet structures are to be built below ground level at that location and will not 
encroach on the floodway.  
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Section 2.0 
MODEL DEVELOPMENT 

 
In order to construct a complete model of potentially impacted areas and expedite simulation run 
times, the relevant reaches of the North Branch Detailed Watershed Plan (DWP) model developed by 
the MWRDGC and Chicago Area Waterway System (CAWS) model developed by the U.S. Army 
Corps of Engineers (USACE) for the Great Lakes and Mississippi River Interbasin Study (GLMRIS) 
were clipped and merged together at the North Branch Dam.  The CAWS model was truncated at 
North Avenue, where a stage hydrograph taken from the simulation results of the 1957 flood event in 
the full CAWS model was used as the downstream boundary condition.  The Controlling Works at 
Wilmette were not modified.  The NBCR model used in the current analysis was truncated at Golf 
Road, where a flow hydrograph from the simulation result of the 100-year event in the full DWP 
model was used as the upstream boundary condition.  Figure 2.1 shows a schematic of the resulting 
model. 
 

FIGURE 2.1 
Model Schematic 
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The tunnel is modeled as a 5700ft long, 18ft diameter circular conduit approximately 140ft below 
grade with a 0.1% slope towards the downstream end.  A Manning’s n coefficient of 0.013 was used 
to represent the roughness of the finished conduit.   
 
The inlet structure weir is 211ft long and is set at elevation 589.6.  The weir feeds a chute parallel to 
the weir that is 20 feet wide that leads to the 18-foot diameter shaft.  The outlet structure has a weir 
set at an elevation of 579.3, about 2 feet above the normal NSC level to prevent inflow to the tunnel 
during non-flood events.  The inlet and outlet structures at each end of the tunnel reach are simulated 
in the HEC-RAS model using a weir and gate in series.  The weir controls the start of flow into the 
tunnel.  The gate was used to approximate the headloss through the structure.  The discharge 
coefficients of the gates were determined based on results from detailed Computational Fluid 
Dynamics (CFD) models of the structures, see Attachment A.  The maximum headloss through the 
inlet and outlet structures determined for the design flow are approximately 2.8 feet and 2.9 feet, 
respectively. 
 
The DWP model used standard design storms while the CAWS model used historical storms.  To 
allow the models to work together a historic storm was selected for use in the CAWS model that had 
a similar rainfall magnitude and duration to the 100-yr storm used in the DWP model.  The 1957 
event fit this criterion.  The timing of the start of the 1957 event was adjusted so that the peak of the 
1957 rainfall fell at about the same time as the peak of the 100-yr rainfall.  In the original CAWS 
model this adjustment was not included.  For the GLMRIS study the adjustment was made by the 
USACE.  The original modeling for the tunnel sizing used the original CAWS model.  The current 
analysis uses the GLMRIS model with the adjustment.  As a result, the minimum available head to 
drive water through the proposed tunnel is increased by approximately 4 feet. 
 
Figure 2.2 shows a plot of the stages in the North Branch at Foster Avenue and in the NSC at the 
confluence with and without the timing adjustment.          
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FIGURE 2.2 

Stage Comparison 

 
The shift in peaks on the NSC was about 36 hours.  Because the inflow from the drainage area in the 
CAWS model occurred earlier in the event the resulting peak stage on the NSC was reduced about 4 
feet from the unadjusted model results.   
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Section 3.0 
MODEL RESULTS 

 
The model was run for the 100-yr, 10-yr and 2-yr storm events without and with the project in place.  
The following tables (3.1, 3.2 and 3.3) summarize the stages and velocities at select street crossings 
within the project area.  The locations are in three groups; those along the North Branch above the 
dam, along the North Branch below the dam and below the confluence and above the confluence.  
The results are ordered downstream to upstream.  The intake is located between Foster Ave. 1 and 
Foster Ave. 2.  The outlet is located just below Foster Avenue on the “Above Confluence” reach.      
 
At all locations and for all storm events the water levels are reduced with the project in place.  In the 
target reach (Albany Ave. up to Foster Ave. 1) the water levels are reduced up to 4.4 feet over much 
of the reach.  Along the reaches downstream of the dam the changes in water level are negligible.   
 
Flow velocities are generally reduced in the target reach but are increased upstream (Foster Ave. 2 up 
to Devon Avenue) along the North Branch and generally unchanged downstream of the dam.  The 
increase in velocity (up to 40% during the 2-year event) is due to the drawdown effects from the 
inlet.  The water level is drawn down about 4 feet at the inlet for the 100-yr event (and around 3 feet 
for the 10- and 2-year events) which decreases the flow area significantly close to the structure.  
However, even the higher velocities are not so high as to increase the risk of scour that could 
destabilize the banks.      
 
Exhibits 3, 4 and 5 show the plots of the water surface profiles with and without project for the 100-
, 10- and 2-year events.  All three branches (North Branch above the dam, North Branch below the 
dam and the North Shore channel are shown on the plots.     
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TABLE 3.1 
Water Surface and Velocity Comparison for the 100-Year Storm Event 
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TABLE 3.2 
Water Surface and Velocity Comparison for the 10-Year Storm Event 
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TABLE 3.3 
Water Surface and Velocity Comparison for the 2-Year Storm Event 
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Figure 3.2 shows a map of the locations of select stage and flow hydrographs extracted from the 
model to illustrate the operation of the tunnel for the 2-, 10- 100-year events.    
 

FIGURE 3.2 
Output Locations 

 
 
Figure 3.3 through Figure 3.8 are flow hydrograph comparisons and Figure 3.9 through Figure 3.14 
are stage comparisons.     
 
The comparison between Figures 3.3 and 3.4 (locations 1 and 2) shows the effect of the diversion at 
the Inlet Structure.  For the 100-yr event the in-river flow is reduced approximately 2300 cfs.  For the 
10-yr event the reduction is about 1300 cfs and for the 2-year it is about 600 cfs.    
 
Figure 3.7 (Location 5) shows the effect of the tunnel outflow on river flows.  Without the project in 
place the flow in that reach of the river is nearly zero for the 100-year event but increases to 2300 cfs 
with the tunnel in place.  The high flows at the start of the plot are the result of the starting conditions 
in the GLMRS model; they have no effect on the maximum flows that occur later.  The spike in flow 
for all events starting at about hour 12 is due to the operation of the gates at Wilmette and Chicago, 
by hour 24 or so their effects have dissipated. At no other cross section does the discharge increase 
with the project in place. 
 
Figure 3.8 shows that the peak flows with and without the project are virtually the same. 
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FIGURE 3.3 
Flow Comparison at Location 1 (XS 7472.488) 

 
 
 

FIGURE 3.4 
Flow Comparison at Location 2 (XS 5909.655) 
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FIGURE 3.5 
Flow Comparison at Location 3 (XS 180.7782) 

 
 
 

FIGURE 3.6 
Flow Comparison at Location 4 (XS 1188) 
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FIGURE 3.7 
Flow Comparison at Location 5 (XS 1191) 

 
 
 

FIGURE 3.8 
Flow Comparison at Location 6 (XS 332.856) 
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FIGURE 3.9 
Stage Comparison at Location 1 (XS 7472.488) 

 
 
 

FIGURE 3.10 
Stage Comparison at Location 2 (XS 5909.655) 
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FIGURE 3.11 
Stage Comparison at Location 3 (XS 180.7782) 

 
 
 

FIGURE 3.12 
Stage Comparison at Location 4 (XS 1188) 
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FIGURE 3.13 
Stage Comparison at Location 5 (XS 1191) 

 
 
 

FIGURE 3.14 
Stage Comparison at Location 6 (XS 332.856) 
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Section 4.0 
Conclusion 

 
The model runs provided show that the construction of the proposed Albany Park Stormwater Relief 
project will not have a detrimental effect on adjacent streams.  Within the targeted reach (Foster 
Avenue to Albany Avenue) the flood levels are lowered more than 4 feet, eliminating overbank 
flooding for events up to the 100-year.  While velocities are increased in the reach upstream of the 
inlet, these increases are not sufficient to promote scour where none existed previous to the 
construction of the project.     
 
We believe that this project as proposed, meets the Floodway Construction in Northeastern Illinois 
(Illinois Adm. Code Part 3708) rules and requirements for issuance of an Illinois Department of 
Natural Resources – Office of Water Resources Floodway Construction Permit. 

 
  

4-1 
 



Chicago Department of Transportation (CDOT) 
 Albany Park Stormwater Diversion Project 

 
 
 

 
  

 



Chicago Department of Transportation (CDOT) 
 Albany Park Stormwater Diversion Project 

 
 
 

 
  

 



Chicago Department of Transportation (CDOT) 
Albany Park Stormwater Diversion Project 

 
 
 
 

 

Exhibit 3 – 100 year Water Surface Profiles 
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Exhibit 4 – 10 year Water Surface Profiles 
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Exhibit 5 – 2 year Water Surface Profiles 
  
  
 



  



 

 

 

 

 

 

 

 

 

 

 

 

Attachment A 
Computation Fluid Dynamic Modeling 
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Date: 11/12/14    
To: Wade Moore, Project Files        
From: Justin Bartels, Nick Stepina     
Subject: Albany Park Stormwater Diversion Tunnel 
 Inlet and Outlet Structure CFD Model Results 
 
 
The focus of this TM is on the Computational Fluid Dynamics (CFD) model testing of the 
proposed Albany Park Stormwater Diversion Tunnel inlet and outlet structures.  The models 
were utilized to assess the following: 

• The approach conditions to the inlet structure from the North Branch of the Chicago 
River (NBCR); 

• The departure conditions from the outlet structure to the North Shore Channel (NSC); 
• The flow and velocity patterns within both structures; 
• The discharge capacity of the inlet structure; and 
• The head loss (HL) through both structures including the drop shaft and tunnel 

transitions for use in the combined HEC-RAS model of the NBCR and NSC1. 

CFD is a three dimensional (3D) numerical-based design and analysis modeling tool that is 
commonly utilized by MWH in the hydraulic analysis of stormwater facilities as it is well-suited 
to assess the overall hydraulic conditions affecting these facilities and identify the need for large-
scale or major improvements before construction is undertaken.  Most importantly, the analyses 
provides a mechanism to allow for iterative discussions between the MWH hydraulic, structural, 
geotechnical and mechanical technical leads during the design process.  The results of these 
discussions commonly lead to improvements to preliminary layouts and a higher overall 
confidence level in the final design.     

1.0 CFD Model Construction 

The 3D modeling of the inlet and outlet structures was constructed using the Flow-3D (version 
11) software developed by Flow Science, Inc.  Flow-3D provides a powerful tool for complex 
fluid modeling problems that uses structured, free-form rectangular gridding based upon the 
Fractional Area Volume Obstacle Representation (FAVOR) method and the Volume-of-Fluid 
(TruVOF) technique.  The FAVOR and TruVOF based techniques provide some of the most 
1 Albany Park Stormwater Diversion Tunnel – Model Results, Draft Report, MWH, 06/10/14. 
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highly accurate free-surface modeling capabilities of all commercial CFD codes available today.  
General information related to the Flow-3D software package can be found at www.flow3d.com. 

1.1 Geometry 

The 3D model geometry for the various natural and structural components was developed 
entirely within Flow-3D based on preliminary drawings of the facility developed by MWH 
shown in Attachment B2.  Each model included a portion of the existing topography/bathymetry 
near the structure, the structure, the drop shaft and a portion of the diversion tunnel.  Renderings 
of the CFD outlet and inlet structures are shown on Figures 1-1 and 1-2, respectively.  The 
topographic and bathymetric data3 used in the analysis was extracted from CADD and GIS and 
incorporated into the CFD models using 1 foot grid spacing.  All elevations called out in this 
report reference the North American Vertical Datum of 1988 (NAVD88) and the Chicago City 
Datum (CCD)4. 

The proposed outlet structure is 83ft long that varies in width between 30ft and 64ft with a fixed 
weir and trash rack assembly set at elevation 579.0ft (-0.2 CCD), about 3.8 feet above the normal 
NSC level.  This elevation was selected to minimize the probability of inflow to the tunnel via 
the NSC during non-flood events.  Four 13.5-ft long by 9-ft high trash racks are located at the 
outlet weir each consisting of 0.25-inch steel bars at 4-inch spacing (modeled with a porosity of 
0.88 and a quadratic loss coefficient of 4.2e-03).  The side walls and floor upstream of the weir 
transition to a circular approach section, 18-ft in radius, directly connected to the 30-foot-
diameter drop shaft at elevation 574.5ft (-4.7 CCD).  Downstream of the outlet weir is a 15ft-
long by 64ft-wide concrete apron set at elevation 574.7ft (-4.5 CCD).  The apron slopes down to 
the NSC at 2 percent and is fitted with two rows of alternating 3ft-long by 3ft-wide by 3-ft high 
baffle blocks.  The blocks were included to help dissipate energy and reduce the discharge 
velocity of the outlet structure in order to minimize the probability of scour to the existing NSC 
riverbed while the diversion tunnel is operational.  The top of the structure is supported by an 
array of 3-ft-diameter support columns extending to elevation 588.0ft (+8.8 CCD).     

The proposed inlet structure is 200-ft long by 18-ft wide with a fixed weir set at elevation 589.3ft 
(+10.1 CCD).  The structure will be offset approximately 12 to 17ft from the south shore of the 
NBCR depending on the chosen construction methodology.  The structure slopes back at 1 
percent to the drop shaft entrance at elevation 573.5ft (-5.7 CCD).  The entire top of the inlet 
structure is covered by a trash rack set at elevation 588.5.0ft (+9.3 CCD).  The size and spacing 
of the trash racks are identical to those used at the outlet structure.  The side walls and floor 
beneath the trash rack transition to a circular approach section, 18-ft in radius, directly connected 
to the 18-foot-diameter drop shaft.  Two 6.5-ft wide by 6.5-ft high sluice gates (with an 
accompanying trash rack) are also included on the north face of the structure, downstream of the 
weir.  The sill elevations of the gates are at elevation 582.3ft (+3.1 CCD).  The gates will allow 

2 Albany Park Stormwater Diversion Tunnel 60% Detailed Design Drawings, MWH, 08/26/14, rev 11/06/14. 
3 Topographic surveys provided to MWH by American Surveying and Engineering (ASE) on September 15, 2014.  
4 NAVD88 = CCD + 579.2ft 
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the tunnel to be partially filled during periods of extended dry weather so the tunnel dewatering 
pumps can be exercised. 

 
Figure 1-1 – CFD Model Renderings – Proposed Outlet Structure on NSC 
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Figure 1-2 – CFD Model Renderings – Proposed Inlet Structure on NBCR 
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1.2 Meshing 

The CFD modeling was composed of several separate runs (i.e. base model with multiple restart 
simulations) each consisting of linked, multi-block meshes of varying resolution.  The coarser, 
less-defined base and initial restart models were used to get the flow moving quickly towards a 
steady-state condition through each river system.  The finer, more-defined restart models were 
then run, in order, to provide the necessary resolution of the key project features such as the inlet 
and outlet structure geometry, drop shaft and tunnel transitions and the existing bridge piers.  
The modeling approach utilized Cartesian (i.e. x-, y-, z-) coordinates with minimum mesh sizes 
of 0.5ft for both structures. 

1.3 Numerical and Physical Options 

The CFD models were run under a one-fluid, free surface condition utilizing the gravity and 
viscosity / turbulence options available within Flow-3D.   

Turbulence within the facility utilized the implicit renormalized group theory (RNG) κ-ω model.  
The RNG κ-ω model is the turbulence model currently recommended for most hydraulic 
applications as it is generally considered to more accurately capture the turbulent fluctuations of 
swirling flows within Flow-3D. 

Pressure calculations were made using the generalized minimum residual implicit pressure-
velocity solver and the dynamically adjusted pressure convergence tolerance setting available 
within Flow-3D.  This pressure solver setup is the default setting in Flow-3D and is 
recommended for most hydraulic applications. 

A second-order momentum advection option was used for all simulations.  The second-order 
option was adopted for this analysis as it has been found to best capture the secondary, swirling 
flows (i.e. vortices) that may be present within/near each structure. 

1.4 Boundary Conditions 

1.4.1 Outlet Structure 

Boundary conditions used in outlet structure model are shown in Figure 1-3 and included user-
specified volumetric flow boundaries at the upstream (Wilmette) side of the modeled NSC and 
diversion tunnel and a fixed pressure boundary (i.e. fluid elevation) applied to the NSC about 
460ft downstream (Chicago side) of the Foster Avenue Bridge.  Specific values were based on 
initial runs of the proposed conditions HEC-RAS model of the NBCR and NSC (with the 
diversion tunnel operational) for the 100-year storm event.  The receding limb of the hydrograph 
was used as it produced the highest velocities at the outlet while the diversion tunnel is 
operational at/near its design capacity due to the low submergence over the outlet weir (roughly 
1 foot).  Flow within the NSC was assumed at 290cfs towards downtown Chicago. 
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Figure 1-3 – CFD Boundary Conditions for Proposed Outlet Structure on NSC 

1.4.2 Inlet Structure 

Boundary conditions utilized in the analysis of the inlet structure included a user-specified 
volumetric flow rate applied at the upstream end of the modeled reach of the NBCR, a fixed weir 
set at elevation 585.5ft (+6.3 CCD) applied 300ft from the downstream Foster Avenue Bridge 
and a fixed fluid elevation ranging between elevation 589.9ft (+10.7 CCD) and 591.4ft (+12.2 
CCD) applied within the diversion tunnel approximately 180ft downstream of the drop shaft.   

The width of the downstream weir was 17.54ft and was sized to match the discharge rating curve 
at the inlet structure determined by the existing conditions HEC-RAS model of the NBCR and 
NSC.   

The range of elevations modeled within the diversion tunnel was based on initial runs of the 
proposed conditions HEC-RAS model of the NBCR and NSC (with the diversion tunnel 
operational) as shown in Figure 1-4 and includes the CFD-based orifice discharge coefficient 
developed for the proposed outlet structure (see Section 3.0).  The tunnel roughness (Manning’s 
‘n’) was assumed to fall within 0.012 and 0.013 for cast-in-place concrete lining.  Flow within 
the NBCR was assumed at 4,000cfs and represents the 100-year storm event.   

6 
 



Albany Park Stormwater Diversion Tunnel – Inlet and Outlet Structure CFD Model Results 
 

Figure 1-4 – CFD Boundary Conditions for Proposed Inlet Structure on NBCR 

1.5 Model Assumptions 

The following assumptions were used in the CFD analysis of the two structures: 

• The models utilized constant river and diversion flow rates within the existing 
channels and diversion tunnel, respectively; 

• The presence/formation of entrained air was not modeled; and 
• The NBCR, NSC and both structures (including trash racks) were modeled free of 

debris and/or sedimentation. 

2.0 Graphical Model Results 

Graphical results of the steady-state flow and velocity patterns are presented in Figures 2-1 and 
2-2 for the outlet and inlet structure, respectively.  The plots have velocity units of feet per 
second (ft/s) and a color scale ranging between 0.0 ft/s (blue) and 10.0+ ft/s (red).   

Brief discussions of the results for various locations within both CFD models are as follows: 

2.1 Outlet Structure 

Flows within the outlet structure were relatively uniform and free of surface turbulence with 
areas of flow separation evident around the support columns (see Sections A-A and C-C and the 
Details shown on the bottom of Figure 2-1).  Average velocities within the structure increased 
from at/below roughly 2.5 ft/s at the upstream end of the structure to over 20.0 ft/s as the flow 
nears the outlet weir.  Downstream of the weir the baffle blocks were able to reduce the 
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velocities to less than 5 ft/s at most locations (see Detail 1).  Although some jetting persisted 
immediately downstream of the blocks these areas were shown to dissipate rather quickly within 
the NSC and were not found to reach the western side nor the invert of the channel. 

Flow conditions immediately upstream of the outlet structure showed a large area of 
recirculation within the entire water column near the western side of the NSC created as the flow 
from the diversion tunnel transitions into the main channel flow (see Detail 2).  Velocities in this 
area range between roughly 2 to 3 ft/s.  Flow conditions within the NSC both along and 
downstream of the outlet structure remained concentrated along the western side of the channel 
with velocities increasing to roughly 3 to 5 ft/s (see Sections A-A and B-B and Detail 3).   

Exit velocities from the proposed outlet structure are not expected to significantly increase the 
scour potential of the NSC downstream of the structure during tunnel operation.  Mitigation of 
potential scour will be accounted for by the proposed armoring plan shown in the 60% design 
drawings. 

2.2 Inlet Structure 

Flow conditions within the NBCR immediately upstream of the inlet structure are biased to the 
north side of the channel with velocities ranging between roughly 8 to 12 ft/s as called out by 
Detail 1 of Figure 2-2.  Flow conditions within the NBCR both along and downstream of the 
fixed weir (see Sections B-B and C-C) remained concentrated along the north side of the channel 
but saw a significant reduction in velocity due to the diversion. 

Upstream of the drop shaft the flows within the inlet structure were relatively free of surface 
turbulence due to the diversion weir being submerged (see Detail 2).  As the flow nears the drop 
shaft a small build-up of flow as well as an area of flow separation was evident along the 
southern and eastern walls of the structure (see Sections A-A and C-C and Detail 3).  This build 
up could likely be reduced with modifications to the structure at the entrance to the drop shaft.  
Average velocities within the structure increased from at/below roughly 2.5ft/s at the upstream 
end of the structure to over 10.0ft/s as the flow nears the drop shaft. 

The inlet structure was shown to divert between roughly 2,160 and 2,240 cfs (54 to 56 percent) 
of the 100-year NBCR flow to the NSC depending on the downstream tunnel hydraulics (i.e. 
head loss within the diversion tunnel system). 
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Figure 2-1 – Velocity Results – Proposed Outlet Structure 

9 
 



Albany Park Stormwater Diversion Tunnel – Inlet and Outlet Structure CFD Model Results 
 

 
Figure 2-2 – Velocity Results – Proposed Inlet Structure (Tunnel WSEL = 590.7ft / +11.5 CCD)
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3.0 Head Loss Results 

Head loss (HL) results for both structures are based on the difference in flux-averaged total 
hydraulic head (i.e. potential and kinetic energy) calculated between cross sections located 
within each structure and the tunnel and losses through the trash racks.   

3.1 Outlet Structure 

The anticipated head loss within the outlet structure is expected to range between roughly 1.5 to 
2.5ft for maximum diversionary flow rates ranging between 2,160 and 2,240 cfs (anticipated 
range of operation) as shown in Figure 3-1.  The corresponding head loss (K) and orifice 
discharge coefficients (Cd) for the structure were 4.24e-07 and 0.59, respectively.  The orifice 
coefficient assumed an 18ft square orifice/gate located at the base of the modeled drop shaft 
within the proposed conditions HEC-RAS model of the NBCR and NSC (with the diversion 
tunnel operational).   

 

Figure 3-1 – Outlet Structure Head Loss Results 

  

Anticipated Range of 
Tunnel Operation 
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3.2 Inlet Structure 

Head loss within the inlet structure is expected to range between 1.5 and 2.3ft for the same range 
in diversionary flows as shown in Figure 3-2.  The corresponding K and Cd for the inlet structure 
were 3.97-07 and 0.61, respectively.   

 

Figure 3-2 – Inlet Structure Head Loss Results 

4.0 Conclusions 

The inlet structure was shown to divert between roughly 2,160 and 2,240 cfs (54 to 56 percent) 
of the 100-yr NBCR flow to the NSC depending on the downstream tunnel hydraulics. 

Head loss within the both structures is expected to range between 1.5 and 2.5ft depending on the 
diversionary flow rate.  The corresponding orifice discharge coefficients were 0.59 and 0.61 for 
the outlet and inlet structures, respectively based on an 18ft square orifice.   

Exit velocities from the proposed outlet structure are not expected to significantly increase the 
scour potential of the NSC downstream of the structure during tunnel operation.  Mitigation of 
potential scour will be accounted for by the proposed armoring plan shown in the 60% design 
drawings. 

Anticipated Range of 
Tunnel Operation 
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ATTACHMENT B 

Albany Park Stormwater Diversion Tunnel Inlet and Outlet Structures - 60% Design Drawings 

Initial Submittal on August 26, 2014 

Revised November 6, 2014 to Reflect Changes to the Inlet Structure Concept 
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