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2-d or not 2-d, that is the question.  Whether tis nobler to provide our clients a product based on accepted methodologies or should we look to more advanced technologies and methods that may ultimately provide a better product, whom of we  knows?



NORTH DAKOTA  -  TERRA INCOGNITA 
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Eric Sevareid called it “A large blank rectangle in the Nation’s mind.”



 
Certified Floodplain Managers in ND 
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What is Modeling? 
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What is Modeling? 
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XP-SWMM Notes 

 
 Proprietary Software Package 
 Combines hydrology and 

hydraulics 
 Nodes and Links 
 TuFlow 

Presenter
Presentation Notes
Equations and screen shots
Not a spectator sport – at end



Tioga Dam Breach 
2-Dimensional Approach 
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Visualization





• Originally Purpose – Water Supply 
Contributing Area =    5.9 sq mi 
 
Primary embankment - 39  feet 
5 Saddle levees ( as high as 24 ft) 
Drop manhole an 18- inch pipe 
primary spillway 
Earthen Auxiliary Spillway – 
Activated in 50-year storm 
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Dam and reservoir located 
north of Tioga.   
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Culverts and storm sewers
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Check volume computations




Channels, storm 
sewers and 
culverts convey 
normal discharge 
through town.  
No controlled 
discharge to the 
west.  
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FIRM (1988)  
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Purpose is to produce 
inundation maps as part 
of an Emergency Action 
Plan (EAP)  based on dam 
breach hydrograph 
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Build model in stages 
 
   • Mesh 
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Build model in stages 
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• Buildings 
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Build model in stages 
 
   • Mesh 
• Buildings 
• Streets                       
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Build model in stages 
 
   • Mesh 
• Buildings 
• Streets   
• Breaklines (Ridges)                    
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Build model in stages 
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• Breaklines (Ridges)  
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Build model in stages 
 
   • Mesh 
• Buildings 
• Streets   
• Breaklines (Ridges)  
• Gullies (Streams)   
• Culverts / Bridges                
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Celebration  
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Continuity and 
Intermediate 

Cross Sections Inflow volume = 6090 AF 
Outflow volume = 14,260 AF 
Volume on mesh =     510 AF 
Total volume        = 14,770 AF 

Error =                                          = 135%  14,260 AF – 6090 AF 
              6090 AF   
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Continuity and 
Intermediate 

Cross Sections 

Inflow volume = 6090 AF 

Outflow volume =    5470 AF 
Volume on mesh =     350 AF 
Total volume        =   5820 AF 

Error =                                          = - 4.4%  5820 AF – 6090 AF 
              6090 AF   
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Continuity and 
Intermediate 
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LESSON LEARNED - Continuity 









18th Avenue Southeast Storm Sewer 

 City of Minot Storm Water 
Management Plan – 2015 
 

 Seven Minor Systems Improvements 
 

 18th Avenue Southwest is one of those 
recommended improvements 
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18th Avenue Southeast Storm Sewer 
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Low Point 
 Existing Storm 

Sewer Limitations 
 

To Puppy Dog 
Coulee  

Edison School 

Our 
Lady of 
Grace 
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Design Criteria 
 2-year storm for residential, 5-year storm for commercial 

 Local streets: 6-inch depth in gutter, spread to crown 

 Gravity flow during design storm 

 3fps  < Velocity in Pipe  < 20 fps 

 Check 100-year storm , 6-inch above crown maximum depth  



Hydrology 
 NRCS Curve Number 

 Velocity Method (NEH) 

 NRCS Type II 

 NOAA Atlas 14 

  



18th Avenue Southeast Storm Sewer 
1-Dimensional Approach 
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18th Avenue Southeast Storm Sewer 
1-Dimensional Approach 
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1-Dimensional Approach 
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1-Dimensional Approach The standard orifice equation is: 
 
 Qo = Co·Ao· Sqrt(2·g·h) 
 
 where, Co = discharge coefficient (a function of the type of opening and the length of the 
orifice tube),  
 
 Ao = cross-sectional area of the orifice, 
 
 g  = gravitational acceleration, and 
 
 h = the hydraulic head on the orifice. 
 
 Values of Co and Ao are specified by the user. To convert the orifice to a pipe, the program 
equates the orifice discharge equation and the Manning pipe flow equation, i.e., 
(m/n)·A·R2/3·Sqrt(So) = Co·Ao·Sqrt(2·g·h)       (36) 
 
where m = 1.486 for U.S. customary units and 1.0 for metric units, and So is the bed slope. 
 
The orifice conduit is assumed to have the same diameter or depth, D, as the orifice and to 
be nearly flat, the invert on the discharge side being set 0.01 ft (3 mm) lower than the invert 

on the inlet side. In addition, for a sump orifice, the pipe invert is 
set by the program 0.96·D below the junction invert so that the 
orifice conduit is flowing full before any outflow from the junction occurs in any other pipe. 
For side outlet orifices, the user specifies the height of the orifice invert above the junction 
floor. 
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18th Avenue Southeast Storm Sewer 

June 4, 2014 Rainfall Event 
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2-Dimensional Approach 
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Inlets 
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Inlets 
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Inlets 
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Hydrology 
 Rain on Grid 

 Initial Loss / continuing loss 

  

 For Academic Study  

 Type II 

 NOAA Atlas 14 

  



June 4, 2014 Rainfall 

DATA 
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June 4, 2014 Rainfall 

NEXRAD DATA 
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The Problem with Parameters 

NDSU Ag Station 

Storm Total = 2.2-inches (>10-year, 3 hr storm) 

Peak Intensity = 1.05-in/hr  (>2 year intensity) 

NEXRAD 

Storm Total = 1.8-inches (>10-year, 1-hr storm) 

Peak Intensity = 3.5 in/hr = 0.31 inches in 5 min (<2 year intensity) 
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June 4, 2014 Rainfall Event (~1.8”) 



 
June 4, 2014 Rainfall Event (~1.8”) 



 
Comparison of 1-D and 2-D 
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Comparison of 1-D and 2-D 

1D-Model 2D-Model 

Pipe 1 115 cfs  79 cfs 

Pipe 2 48 cfs 38 cfs 

Pipe 3 86 cfs 56 cfs 

Pipe 4  93 cfs 65 cfs 

Pipe 1 
Edison School 

Our 
Lady of 
Grace 

Br
oa

dw
ay

 

20th Ave 

18th Ave 

10
th
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t 

16th Ave 

       Pipe 3 

Pipe 2 

Pipe 4 

 
2-Year Storm 

(Type II, NOAA Atlas 14) 
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Comparison of 1-D and 2-D 

Depth In 18th Avenue Sag 

2-Year 
 

5-Year 

Model 1-D 2-D 1-D 2-D 

Existing 1.0 ft 0.9 ft 2.1 ft 1.9 ft 

Project 0.4 ft 0.5 ft 1.3 ft 0.9 ft 
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Comparison of 1-D and 2-D 

The Problem with Parameters 

Used to SCS curve number methodology 

SCS Method 2D-Mesh 

Curve Number Initial  
Abstraction 

(Inch)  
 

Total RO Initial Loss 
(Inch) 

 

Total RO 
 

Commercial 94 0.12 1.50 Building 0.1 2.01 

Street 91 0.20 1.26 Impervious 0.1 2.01 

Residential 82 0.50 0.72 Pervious 1.3 0.71 

School 76 0.63 .47 
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Comparison of 1-D and 2-D 

The Problem with Parameters 

Used to SCS curve number methodology 

SCS Method 2D-Mesh 

Initial  
Abstraction  

Initial Loss 

Rate of Water 
Transmission 

Continuing Loss 

Curve Number 86.7 92.3 (equivalent) 

Rainfall (inch) 2.11 2.11 

Runoff (inch)  0.97 (equivalent)  1.36 (computed) 
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Comparison of 1-D and 2-D 

The Problem with Parameters 

Used to SCS curve number methodology 

Curve Number Runoff (inches) Area Volume 

98 1.88 1-acre 6,840 cu ft 

61 0.10 1-acre 347 cu ft 

79.5 0.60 2-acres 4,422 cu ft 
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So which is it? 2-D or not 2-D? 
“I am not bound to please thee with my answer.”  
    (The Merchant of Venice, Act 4) 

 
 Results 
 Time building models 
 Required data 
 Computation Time 
 Puddles 
 Visual outputs 

 
 XP-SWMM or RAS 2D? 



Questions? 

Tom Johnson 
Ackerman-Estvold 
1907 17th Street SW 
Minot, ND 58701 
thomas.johnson@ackerman-estvold.com 
701-857-9142 

mailto:Thomas.johnson@ackerman-estvold.com
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