
US Army Corps 
of Engineers 
Hydrologic Engineering Center 

 
 
 
 
 
 
 
 
 

Calibration, Verification, and 
Application of a Two-Dimensional 
Flow Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
September 1983 
 
 
 
 
 
 
 
Approved for Public Release.  Distribution Unlimited. TP-90 
 



 Standard Form 298 (Rev. 8/98) 
 Prescribed by ANSI Std. Z39-18 

REPORT DOCUMENTATION PAGE Form Approved OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this 
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to the Department of Defense, Executive 
Services and Communications Directorate (0704-0188).  Respondents should be aware that notwithstanding any other provision of law, no person shall be 
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION. 
1.  REPORT DATE (DD-MM-YYYY) 
September 1983 

2.  REPORT TYPE 
Technical Paper 

3.  DATES COVERED (From - To) 

5a.  CONTRACT NUMBER 

5b.  GRANT NUMBER 

4.  TITLE AND SUBTITLE 
Calibration, Verification, and Application of a Two-Dimensional 
Flow Model 

5c.  PROGRAM ELEMENT NUMBER 

5d.  PROJECT NUMBER 
5e.  TASK NUMBER 

6.  AUTHOR(S) 
D. Michael Gee 

5F.  WORK UNIT NUMBER 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
US Army Corps of Engineers 
Institute for Water Resources 
Hydrologic Engineering Center (HEC) 
609 Second Street 
Davis, CA  95616-4687 

8.  PERFORMING ORGANIZATION REPORT NUMBER 
TP-90 

10.  SPONSOR/ MONITOR'S ACRONYM(S) 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
11.  SPONSOR/ MONITOR'S REPORT NUMBER(S) 

12.  DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 
13.  SUPPLEMENTARY NOTES 
Presented at the American Society of Civil Engineers (ASCE) Conference on Frontier in Hydraulic Engineering held at the 
Massachusetts Institute of Technology, Cambridge, Massachusetts, on 9-12 August 1983. 
14.  ABSTRACT 
Information was required concerning velocity distributions in the outlet channel immediately downstream from the Harry S. 
Truman Dam generating facility.  This information was to be used to ascertain hydraulic forces and flow directions for 
structural design of a fish net or other type of fish barrier to be placed across the outlet channel.  The velocity distribution in 
the outlet channel is complex, governed by operation of various combinations of one to six pump-turbine units in either 
generation or pumpback mode.  The flow pattern can be further complicated by spillway release with or without 
simultaneous operation of the powerhouse.  To provide timely design information for the planned fish facilities, a 
mathematical model was used to predict the flow fields.  This paper describes the model application and compares model 
results with prototype data. 
 
 
 
 
 
 
 
 
 
15.  SUBJECT TERMS 
two-dimensional flow, modeling, finite elements 

16. SECURITY CLASSIFICATION OF: 19a.  NAME OF RESPONSIBLE PERSON 
a.  REPORT 
 U 

b.  ABSTRACT 
 U 

c.  THIS PAGE 
 U 

17. LIMITATION  
 OF 
 ABSTRACT 
 UU 

18. NUMBER 
 OF 
 PAGES 
 14 19b.  TELEPHONE NUMBER 



 
 
 
 
 
 
 
 

Calibration, Verification, and 
Application of a Two-Dimensional 
Flow Model 
 
 
 
 
 
 
 
 
 
 
 

September 1983 
 
 
 
 
 
 
 
 
 
 
 
 
US Army Corps of Engineers 
Institute for Water Resources 
Hydrologic Engineering Center 
609 Second Street 
Davis, CA 95616 
 
(530) 756-1104 
(530) 756-8250 FAX 
www.hec.usace.army.mil TP-90 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Papers in this series have resulted from technical activities of the Hydrologic 
Engineering Center.  Versions of some of these have been published in 
technical journals or in conference proceedings.  The purpose of this series is to 
make the information available for use in the Center's training program and for 
distribution with the Corps of Engineers. 
 
 
 
The findings in this report are not to be construed as an official Department of 
the Army position unless so designated by other authorized documents. 
 
 
 
The contents of this report are not to be used for advertising, publication, or 
promotional purposes.  Citation of trade names does not constitute an official 
endorsement or approval of the use of such commercial products. 

 



C a l i b r a t i o n ,  V e r i f i c a t i o n ,  and App l i ca t ion  of a  
Two-Dimensional Flow Model 

* 
D.  Michael Gee M.ASCE 

Abs t r ac t  

Information w a s  r equ i r ed  concerning v e l o c i t y  d i s t r i b u t i o n s  i n  t h e  o u t l e t  
channel immediately downstream from t h e  Harry S. Truman D a m  gene ra t ing  
f a c i l i t y  ( s ee  F i g  1 ) .  This  in format ion  was t o  be  used t o  a s c e r t a i n  
hydrau l i c  f o r c e s  and f low d i r e c t i o n s  f o r  s t r u c t u r a l  des ign  of a f i s h  n e t  
o r  o t h e r  type  of f i s h  b a r r i e r  t o  b e  placed a c r o s s  t h e  o u t l e t  channel .  
The v e l o c i t y  d i s t r i b u t i o n  i n  t h e  o u t l e t  channel  i s  complex, governed by 
ope ra t ion  of v a r i o u s  combinations of 1 t o  6 pump-turbine u n i t s  i n  e i t h e r  
gene ra t ion  o r  pumpback mode. The f low p a t t e r n  can b e  f u r t h e r  complicated 
by sp i l lway  r e l e a s e s  w i th  or  wi thout  s imultaneous o p e r a t i o n  of t h e  power- 
house. To provide  t h t e l y  design informat ion  f o r  t he  planned £ i s% faci:i-  
t i e s ,  a  mathematical  model was used t o  p r e d i c t  t h e  f low f i e l d s .  

S e l e c t i o n  of a Mathematical Model - 

A model f o r  s imu la t ion  of two-,dimensional f r e e  s u r f a c e  f lows i n  t h e  h o r i -  
z o n t a l  p l ane  w a s  deemed a p p r o p r i a t e  f o r  t h i s  s tudy .  The problem w a s  
p a r t i c u l a r l y  w e l l  s u i t e d  f o r  u s e  of t h e  two-dimensional f i n i t e  element 
hydrodynamics model, RMA-2(?) which had been used p rev ious ly  by h Hydro- T, r l o g i c  Engineering Center  (HEC) on s e v e r a l  p r o j e c t  a p p l i c a t i o n s .  

Data Summarv 

The d a t a  r equ i r ed  t o  perform t h i s  s tudy  mag b e  d iv ided  i n t o  t h r e e  ca t e -  
go r i e s :  (1) "Run" d a t a ,  i . e .  t h a t  in format ion  r equ i r ed  t o  execute  a 
s imula t ion ,  (2) "Cal ibra t ion"  d a t a ,  i .e .  p ro to type  measurements which 
are used t o  a d j u s t  v a r i o u s  model c o e f f i c i e n t s  t o  b r i n g  t h e  model 's  per-  
formance i n t o  conformance w i t h  t h a t  of t h e  p ro to type ,  and (3) "Ver i f i -  
ca t ion"  d a t a ;  a d d i t i o n a l  pro to type  measurements used t o  e v a l u a t e  model 
performance. 

Run d a t a  were de r ived  from c o n s t r u c t i o n  drawings of t h e  o u t l e t  channel  
and r e l a t e d  p h y s i c a l  f e a t u r e s .  C a l i b r a t i o n  and v e r i f i c a t i o n  d a t a  con- 
s i s t e d  of s e v e r a l  s e t s  of d e t a i l e d  v e l o c i t y  measurements. Both magnitude 
and d i r e c t i o n  of f low v e l o c i t y  were measured a t  s e v e r a l  p o i n t s  i n  t h e  
v e r t i c a l  a t  s e v e r a l  l o c a t i o n s  a c r o s s  t h e  channel  ( s ee  F i g  1 )  f o r  t h r e e  
d i scha rges  as shown i n  Table I. Values used i n  t h i s  s tudy  were averages  
of t h e  p o i n t  v e r t i c a l  d a t a  a t  each l o c a t i o n .  

* Research Hydraul ic  Engineer, Hydrologic Engineering Center 
US Army Corps of Engineers, Davis, C a l i f o r n i a ,  USA 

Presented a t  t h e  ASCE Conference on F r o n t i e r s  i n  Hydraul ic  Engineering he ld  
a t  t h e  Massachusetts I n s t i t u t e  of Technology, Cambridge, Mass. on 9-12 Aug- 
u s t  1983. 
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TABLE 1. CALIBRATION CONDITIONS 

DATE DISCHARGE TAILWATER ELEV UNITS 
MEASURED (cf  s )  ( f t .  NGVD) 

5  May 82 27,000 
26 May 82 24,900 
27 May 82 1.5,280 

- 

Note: 1 c f s  = 0.026 m 3 / s ;  1 f t  = 0.305 m. 

Development of t h e  F i n i t e  Element Network/Problem Schematizat ion - ---- - ------------ 

The f i n i t e  element network was developed t o  provide  d e t a i l  i n  t h e  a r e a  
where a f i s h  n e t  was being considered and i n  a r e a s  of a n t i c i p a t e d  s t r o n g  
ve l . oc i ty  g r a d i e n t s .  S u f f i c i e n t  network d e t a i l  was provided a t  t h e  power- 
house f a c e  t o  r e s o l v e  f lows  emanating from i n d i v i d u a l  u n i t s .  The a r e a  
schematized extended from t h e  powerhouse f a c e  downstream approximately 
2700 f e e t .  

The s ~ i l l w a y  s t i l l i n g  b a s i n  was a l s o  included i n  t h e  area modeled as 
c i r c u l a t i o n s  i n  t h a t  a r e a  a r e  important t o  t h e  f low f i e l d  i n  gene ra l  and 
t o  a l low f o r  s imu la t ion  of sp i l lway  f lows i f  d e s i r e d .  I n  gene ra l ,  
curved-sided elements  were used a long  t h e  f low boundar ies  t o  a l low tan-  
g e n t i a l  f low a long  t h e  banks. The network used f o r  c a l i b r a t i o n  and pro- 
duc t ion  runs  is  shown on Fig.  1. Note t h e  d i s t i n c t  rows of e lements  
a long  t h e  p o s s i b l e  n e t  a l ignments ;  t h i s  provides  a mechanism f o r  simula- 
t i n g  t h e  e f f e c t  of t h e  f i s h  n e t  on t h e  f low f i e l d  by i n c r e a s i n g  t h e  bed 
roughness w i t h i n  one of t h e s e  rows of  e lements  t o  account  f o r  head l o s s  
a c r o s s  t h e  n e t .  Boundary c o n d i t i o n s  used were; i n f low (genefa te )  o r  out- 
flow (pumpback) r a t e s  a t  t h e  a p p r o p r i a t e  u n i t s ,  s l i p  c o n d i t i o n s  f o r  o t h e r  
f low boundar ies ,  and a p re sc r ibed  water  s u r f a c e  e l e v a t i o n  a t  t h e  down- 
s t ream boundary. A l l  s imu la t ions  were of s teady  s t a t e  cond i t i ons .  

C a l i b r a t i o n  P roces s /Resu l t s  ----- 

The d a t a  obta ined  on 26 May 82 were used t o  c a l i b r a t e  t h e  model and t h e  
o t h e r  two d a t a  s e t s  used f o r  v e r i f i c a t i o n .  The measured v e l o c i t i e s  
showed a f low r e v e r s a l  on t h e  l e f t  s i d e  of t h e  channel  w i t h  v e l o c i t i e s  
t h e r e  of up t o  1 f t / s e c  (0.305 m/sec) d i r e c t e d  towards t h e  powerhouse. 
Th i s  c i r c u l a t i o n  is  appa ren t ly  d r i v e n  by f lows  from t h e  powerhouse per-  
s i s t i n g  a s  a j e t  a long  t h e  r i g h t  bank. I n i t i a l  model r u n s  i n d i c a t e d  a  
tendency f o r  t h e  j e t  t o  s t a y  on t h e  r i g h t  s i d e  of t h e  channel ,  however, 
i t  d i f f u s e d  and mixed a c r o s s  t h e  channel  much more completely than  was 
observed i n  t h e  p ro to type .  The s imula ted  v e l o c i t i e s  were i n  t h e  down- 
s t ream d i r e c t i o n  a c r o s s  n e a r l y  t h e  e n t i r e  c r o s s  s e c t i o n  a t  t h e  l o c a t i o n  
of t h e  measurement. U s e  of sma l l e r  t u r b u l e n t  exchange c o e f f i c i e n t s  was 
i n d i c a t e d  t o  dec rease  mixing i n  t h e  model. However, when c o e f f i c i e n t s  
l e s s  than  about  15/f  t2 / s e c  (1. 4m2 / sec )  were used t h e  Newton-Raphson 
method used t o  s o l v e  t h e  non l inea r  system of equa t ions  d i d  n o t  converge. 

Boundary roughness i s  desc r ibed  by t h e  Chezy equat ion  i n  RMA-2. A Chezy 
c o e f f i c i e n t  of 120 f t % / s e c  (66 &/sec)  was used;  approximately equ iva l en t  
t o  a Manning's n  of 0.020. Bottom f r i c t i o n  does no t  p l a y  a  dominant r o l e  
i n  t h i s  problem, a s  evidenced by t h e  s m a l l  head l o s s  i n  t h e  reach  of 



i n t e r e s t  ( t h i s  was confirmed by p re l imina ry  s e n s i t i v i t y  r u n s ) .  Improve- 
ment of t h e  c a l c u l a t e d  flow d i s t r i b u t - i o n  by vary ing  t h e  bottom roughness 
s p a t i a l l y  was not  a t tempted because t h e r e  was no phys i ca l  j u s t i f i c a t i o n  
f o r  doing so.  

The i n i t i a l  approach t o  ob ta in ing  a  convergent s o l u t i o n  w i t h  lower t u r -  
L . . - I ~ - +  UUIcII~ exchaiige c o e f f i c i e n ~ s  w a s  t o  increase network d e t a i l .  (The 
i n i t i a l  network contained 228 elements  and 509 nodes; t h e  f i n a l  313 e l e -  
ments and 686 nodes.)  It  was thought  t h a t  t h i s  would improve t h e  model 's  
performance f o r  two reasons :  (1) i nc reased  network d e t a i l  would a l low 
r e s o l u t i o n  of sma l l e r  s c a l e  flow f e a t u r e s ,  and ( 2 )  sma l l e r  exchange co- 
e f f i c i e n t s  a r e  usual ly,  used wi th  sma l l e r  e lements .  Model performance 
improved somewhat, b u t  was s t i l l  u n s a t i s f a c t o r y .  Attempts were a l s o  made 
t o  vary  t h e  t u r b u l e n t  exchange c o e f f i c i e n t s  i n  t h e  t r a n s v e r s e  d i r e c t i o n  
from t h o s e  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  These e f f o r t s  a g a i n  d i d  no t  
s i g n i f i c a n t l y  improve t h e  r e s u l t s .  

Convergence of t h e  Newton-Raphson a lgo r i thm r e q u i r e s  t h a t  t h e  f i r s t  
I I guess" a t  t h e  s o l u t i o n  b e  f a i r l y  c l o s e  t o  t h e  f i n a l  s o l u t i o n ;  even f o r  
r e l a t i v e l y  well-behaved func t ions .  The f i r s t  guess  used i n  RMA-2 is  
zero  v e l o c i t y  everywllere and a  h o r i z o n t a l  water s u i t a c e .  P rov i s ion  a l s o  
e x i s t s  t o  u se  a s  t h e  f i r s t  guess  t h e  s o l u t i o n  from a  p rev ious ly  run  simu- 
l a t i o n .  HEC had used t h i s  f e a t u r e  i n  a  p rev ious  s tudy  of a s i t u a t i o n  
involv ing  a l a r g e  change i n  water  s u r f a c e  e l e v a t i o n  w i t h i n  t h e  s tudy  
domain. Success ive  problems were so lved ,  each having l a r g e r  water  sur -  
f a c e  g r a d i e n t s  and provid ing  t h e  f i r s t  guess  a t  t h e  subsequent  problem 
s o l u t i o n  u n t i l  t h e  d e s i r e d  problem was so lved .  I t  w a s  decided t o  t r y  
t h i s  technique  by us ing  t h e  convergent s o l u t i o n  obta ined  w i t h  l a r g e  ex- 
change c o e f f i c i e n t s  a s  t h e  beginning  guess  f o r  a s o l u t i o n  wi th  a sma l l e r  
exchange c o e f f i c i e n t s .  This  technique  proved s u c c e s s f u l ' i n  a l lowing  u s e  
of exchange c o e f f i c i e n t s  of 7 . 7  f  t 2  /sec  (0.  7m2 / sec)  which gave a so lu-  
t i o n  t h a t  c l o s e l y  matched t h e  observed d a t a  ( s ee  Fig 2 ) .  

The o t h e r  c r i t i c a l  a s p e c t  of s u c c e s s f u l l y  modeling t h e  H.S. Truman f low 
f i e l d  was s e l e c t i o n  of t h e  depth a t  t h e  powerhouse. The p ro to type  d i s -  
charge e n t e r s  (o r  e x i t s )  over  about  t h e  lower 2 / 3  of t h e  t a i l r a c e  depth  
and i.s n o t  uniformly d i s t r i b u t e d  over  t h i s  po r t ion .  A s  RMA-2 i s  a  v e r t i -  
c a l l y  averaged model, cap tu r ing  t h i s  v e r t i c a l  d e t a i l  was n o t  p o s s i b l e .  
Consequently,  proper  en t r ance  v e l o c i t i e s  were obta ined  by a d j u s t i n g  t h e  
bottom e l e v a t i o n  a t ,  and immediately downstream from, t h e  powerhouse f ace .  

The model was then  t e s t e d  a g a i n s t  t h e  v e r i f i c a t i o n  d a t a  sets ( s e e  f o r  
example F ig .  3) and produced r e s u l t s  equa l ly  a s  good as t h e  c a l i b r a t i o n  
run .  

Product ion  Runs 

Once t h e  model was c a l i b r a t e d  and v e r i f i e d ,  p roduct ion  runs  were made. 
A l l  c o e f f i c i e n t s  and phys i ca l  c h a r a c t e r i s t i c s  of t h e  model were unchanged 
from t h e  c a l i b r a t i o n  runs ;  on ly  inf low l o c a t i o n s  and q u a n t i t i e s  and down- 
s t ream t a i l w a t e r  e l e v a t i o n s  were changed t o  model t h e  v a r i o u s  ope ra t iona l  
con f igu ra t ions .  To d a t e ,  f o u r t e e n  gene ra t ion  and pumpback c o n f i g u r a t i o n s  
have been analyzed wi th  t h e  model. The computed v e l o c i t y  f i e l d s  have 
provided v a l u a b l e  information f o r  t h e  s e l e c t i o n  and des ign  of a v i a b l e  
f i s h  f a c i l i t y .  
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Fig .  4 Data Flow and Program Linkage 

Performance of t h i s  type  of s tudy  r e q u i r e s  manipulat ion of s e v e r a l  d a t a  
f i l e s ,  a p p l i c a t i o n  of a t  l e a s t  t h r e e  d i f f e r e n t  computer programs, and 
g raph ic s  c a p a b i l i t y  f o r  a n a l y s i s  of i n p u t  d a t a  and s imu la t ion  r e s u l t s .  
The d a t a  f low and correspondence between t h e  computer programs are ,shown 
on Fig.  4 .  A l l  s imu la t ions  were performed on HEC's Harris 500 mini- 
computer. The RMA-2 s imu la t ions  r e q u i r e d  3-4 minutes of c .p .u.  t ime 
p e r  i t e r a t i o n ,  o r  a t o t a l  t ime of about  20 mi.nutes per  s imu la t ion .  
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