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Background	
  

•  Desire	
  to	
  use	
  higher-­‐dimensional	
  models	
  in	
  
support	
  of	
  specialized	
  culvert	
  hydraulics.	
  

•  Desire	
  to	
  es<mate	
  forces	
  on	
  arrays	
  of	
  
structures	
  in	
  the	
  flow	
  field.	
  

	
  



SToRM	
  

•  SToRM	
  is	
  one	
  of	
  recent	
  genera<on	
  of	
  
computer	
  programs	
  that	
  facilitates	
  the	
  use	
  of	
  
computa<onal	
  fluid	
  dynamics	
  (CFD)	
  methods	
  
by	
  non-­‐experts	
  (in	
  CFD)	
  for	
  prac<cal	
  modeling	
  
problems.	
  	
  



Purpose	
  

•  See	
  if	
  non-­‐experts	
  can	
  realis<cally	
  use	
  the	
  
tool.	
  

•  Reverse	
  engineer	
  a	
  modeling	
  protocol.	
  
•  Compare	
  model	
  results	
  to	
  observa<ons.	
  
•  Record	
  piSalls	
  



Methods	
  

•  Need	
  X,Y,Z	
  topography	
  database	
  
•  Needs	
  boundary	
  condi<ons	
  

– Specified	
  stage	
  
– Specified	
  discharge	
  

•  Needs	
  a	
  resistance	
  model	
  



Methods	
  

•  Need	
  a	
  grid	
  system	
  (grid	
  generator	
  is	
  part	
  of	
  
the	
  program)	
  
–  Inside/outside	
  of	
  boundaries	
  tricky	
  

•  Need	
  to	
  select	
  a	
  <me-­‐step	
  



Research	
  Flume	
  



Research	
  Flume	
  



Research	
  Flume	
  

•  Used	
  total	
  sta<on	
  to	
  produce	
  topographic	
  
model.	
  
– 26	
  fixed	
  targets	
  (establishes	
  a	
  reference	
  plane).	
  
– 200	
  random	
  targets	
  to	
  generate	
  the	
  topography.	
  
– Gridding	
  with	
  analyst	
  oversight	
  to	
  produce	
  the	
  
topographic	
  database	
  



Research	
  Flume	
  



Research	
  Flume	
  

•  Manning’s	
  resistance	
  model	
  	
  
•  Boundary	
  condi<ons	
  from	
  an	
  experimental	
  
run	
  

•  Ini<al	
  condi<on	
  -­‐	
  	
  set	
  to	
  downstream	
  flow	
  
depth	
  

•  Time	
  step	
  selec<on	
  –	
  trial	
  and	
  error	
  



Research	
  Flume	
  



Research	
  Flume	
  



Research	
  Flume	
  



White	
  River	
  



White	
  River	
  

•  Used	
  total	
  sta<on	
  to	
  produce	
  conven<onal	
  
cross-­‐sec<ons	
  from	
  an	
  indirect	
  discharge	
  
measurement.	
  

•  July	
  4,	
  2010	
  remnants	
  of	
  TS	
  Alex	
  



White	
  River	
  



White	
  River	
  



White	
  River	
  

•  Used	
  the	
  sec<ons	
  to	
  produce	
  a	
  topographic	
  
model.	
  

•  Direct	
  applica<on	
  of	
  sec<ons	
  were	
  
problema<c,	
  needed	
  to	
  grid.	
  



White	
  River	
  

•  Gridding	
  (or	
  the	
  internal	
  TIN)	
  introduces	
  
“ar<facts.”	
  



White	
  River	
  

•  Manning’s	
  resistance	
  model	
  	
  
•  Boundary	
  condi<ons	
  from	
  the	
  indirect	
  Q	
  and	
  
WSE.	
  

•  Ini<al	
  condi<on	
  -­‐	
  	
  set	
  to	
  downstream	
  flow	
  
depth	
  

•  Time	
  step	
  selec<on	
  –	
  trial	
  and	
  error	
  



White	
  River	
  



White	
  River	
  

1 2 3 4 



Tierra	
  Blanca	
  Creek	
  

•  Used	
  total	
  sta<on	
  to	
  produce	
  conven<onal	
  
cross-­‐sec<ons	
  from	
  an	
  indirect	
  discharge	
  
measurement.	
  

•  What	
  are	
  the	
  effects	
  of	
  the	
  nearby	
  (recent)	
  
culverts	
  on	
  crest-­‐stage	
  gage?	
  



Tierra	
  Blanca	
  Creek	
  

•  Crest-­‐stage	
  gage	
  is	
  on	
  golf	
  course	
  



Tierra	
  Blanca	
  Creek	
  

•  Culverts	
  were	
  recently	
  added	
  and	
  are	
  close	
  to	
  
gage	
  	
  



Tierra	
  Blanca	
  Creek	
  

•  Topographic	
  Survey	
  



Tierra	
  Blanca	
  Creek	
  

•  Used	
  the	
  sec<ons	
  to	
  produce	
  a	
  topographic	
  
model	
  

•  Knowing	
  the	
  sec<ons	
  would	
  be	
  gridded	
  
influenced	
  the	
  survey	
  	
  
– namely	
  more	
  sec<ons	
  per	
  length	
  than	
  White	
  
River,	
  and	
  several	
  points	
  far	
  from	
  thalweg.	
  



Tierra	
  Blanca	
  Creek	
  

•  SToRM	
  upgraded	
  during	
  study	
  
– Graphics	
  changed,	
  also	
  results	
  on	
  quasi-­‐regular	
  
grid	
  



Tierra	
  Blanca	
  Creek	
  

•  Two	
  models	
  
– Without	
  
– With	
  culvert	
  



•  Two	
  models	
  
– Without	
  
– With	
  Culvert	
  

Tierra	
  Blanca	
  Creek	
  



•  Modeling	
  the	
  
culvert	
  
– Treated	
  as	
  a	
  notch	
  
– 2D	
  model	
  needs	
  to	
  
“see”	
  the	
  sky	
  

Tierra	
  Blanca	
  Creek	
  



Tierra	
  Blanca	
  Creek	
  

•  Culvert	
  effects	
  (whole	
  point	
  of	
  the	
  work)	
  



Conclusions	
  

•  Can	
  produce	
  meaningful	
  results.	
  
•  Substan<al	
  reverse	
  engineering	
  to	
  make	
  
models	
  run.	
  

•  Topographic	
  requirements	
  are	
  severe	
  –	
  will	
  
typically	
  need	
  some	
  external	
  processing;	
  
conven<onal	
  cross-­‐sec<ons	
  insufficient.	
  

•  Convergence	
  is	
  an	
  issue	
  (seman<cs)	
  



Conclusions	
  

•  Substan<al	
  effort	
  involved,	
  thus	
  one	
  would	
  
really	
  have	
  to	
  need	
  the	
  2D	
  results.	
  
– Recircula<on.	
  
– Flow	
  around	
  arrays	
  of	
  piers.	
  
– Need	
  to	
  discriminate	
  between	
  tangen<al	
  and	
  
normal	
  forces	
  on	
  an	
  object.	
  

•  Within	
  realm	
  of	
  non-­‐experts	
  to	
  use,	
  but	
  not	
  
quite	
  state-­‐of-­‐prac<ce.	
  


