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DOWNSTRW4 EFFECTS OF THE LEVEE OVERTOPPING AT 
WILKES-BARKE, PA, DURING TROPICAL ST OR^ AGNES (1) 

Arlen D. Feldman (2) 

ABSTRACT 

A ra infa l l - runoff  model f o r  Tropica l  Storm Agnes i n  t h e  Susquehanna 
River Basin was developed. A r e se rvo i r  opera t ion  model was a l s o  developed 
i n  order  t o  compute regulated streamflows. Susquehanna River flood d i s -  
charges were computed f o r  Wilkes-Barre, PA, f o r  both levee mnovertopping 
and levee overtopping condit ions.  The levee  overtopping condi t ions  were 
modeled using storage-outflow r e l a t i o n s  developed from water su r face  pro- 
f i l e s  f o r  t h e  Wilkes-Barre reach. I f  t h e  levee  had been s u f f i c i e n t l y  high 
t o  conta in  the  flow, the  peak discharge would have been increased and 
occurred e a r l i e r .  Trans la t ing  t h i s  e a r l i e r  and l a r g e r  peak downstream 
would have resu l t ed  i n  p r a c t i c a l l y  a 10 percent increase  i n  t h e  peak d i s -  
charge a t  Sunbury. This l a r g e  peak is due t o  both t h e  increased peak 
a t  Wilkes-Barre and coincident  timing with the  peak coming from the  West 
Branch of t h e  Susquehanna River. Since t h e  a c t u a l  peak flow a t  Sunbury 
was wi th in  inches of the  top-of-levee, a p o t e n t i a l l y  d i sas te rous  flood 
could have occurred a t  Sunbury i f  t h e  Wilkes-Barre levee  had not been 
overtopped. 

BACKGROUNZ) FOR TIIE STUDY 

The Hydrologic Engineering Center was requested by t h e  Corps of 

Engineers, North A t l a n t i c  Division, t o  p a r t i c i p a t e  i n  a spec ia l  hydrologic 

study of Tropical  Storm Agnes, June 1972, i n  t h e  Susquehanna and t h r e e  

o ther  e a s t  coas t  r i v e r  basins. The flood waters  produced by Agnes rain-  

f a l l  along with l o c a l  f r o n t a l  storms produced record f looding i n  many 

p a r t s  of t h e  Susquehanna River Basin. The town of Wilkes-Barre, PA, was 

p a r t i c u l a r l y  hard-hit when flood waters  overtopped the  levees  and inun- 

dated the  f lood p l a i n  on which most of the  c i t y  was b u i l t .  C i t i e s  down- 

stream from Wilkes-Barre were a l s o  flooded, but t h e  s e v e r i t y  of t h e  

' I 'Fo~ presenta t ion  a t  t h e  54th Annual Meeting of American Geophysical. 
Union, Apr i l  1973, Washington, D.C. 

(2 ) - - - .  . -9 isevearch Hydraulic Engineer, l n e  Iiydroiogic Engineering Center, U.S. 
Army Corps of Engineers, Davis, Cal i fornia .  



downstream flooding was reduced considerab1.y by the  d i sas te rous  flood 

s to rage  i n  t h e  c i t y  of Wilkes-Barre. 

The Agnes study included flood frequency, ra infa l l - runoff ,  r e se rvo i r  

system operat ion,  and water su r face  p r o f i l e  analyses i n  the  Susquehanna, 

Schuylki l l ,  Potomac and James River Basins, The Corps of Engineers con- 

tracted w i t h  Axdersox Nichols, Ixc., a Bostox-based consu?.ting engineering 

firm, t o  perform t h e  water su r face  p r o f i l e  analyses i n  the  Susquehanna 

River Basin. The water su r face  p r o f i l e  s t u d i e s  were used t o  v e r i f y  e x i s t i n g  

Piuskingum flood rout ing  c r i t e r i a  or  t o  r ep lace  i t  with storage-outflow 

r e l a t i o n s h i p s  where t h e  l i n e a r  Pfuskingum method was not adequate. 

STUDY OBJECTIVES AND MODELS USED 

There were two major ob jec t ives  i n  the  Agnes Study: inves t iga te  t h e  

e f f e c t  of t h i s  l a r g e  event on previously computed flood frequency r e l a -  

t ionships ;  and develop mathematical models of ra infa l l - runoff  and rese rvo i r  

operat ion.  Resul ts  of the  Susquehanna and Schuylki l l  River s t u d i e s  have 

been reported i n  "Hydrologic Study - Tropical Storm Agnes, Report No. 2" 

( reference  1 ) .  The mathematical models a r e  t o  be used t o  a s s i s t  i n  

studying new flood con t ro l  p r o j e c t s  and t o  compute regulated and n a t u r a l  

frequency curves. Two general.ized copputer programs developed by The 

Hydrologic Engineering Center were used: IIEC-1, Flood Hydrograph Package 

( reference  2 ) ,  and HEC-5, Reservoir System Operation f o r  Flood Control. 

( reference 3 ) ,  A t h i r d  computer program of The IIydrologic Engineering 

Center, HEC-2, Water Surface P r o f i l e s  ( reference  4 ) ,  was used by the  

consul t ing  engineering f i rm f o r  t h e i r  p a r t  of the  projec t .  

RAINFALL-RUNOFF 

Basin da ta  f o r  t h e  HEC-1 ra infa l l - runoff  and HEC-5 rese rvo i r  operat ion 

models were obtained from t h e  National Weather Service, U.S. Geological 

Survey, and t h e  Baltimore D i s t r i c t  of the  Corps of Engineers. The National 



Weather Serv ice  provided a n  i sohye ta l  map of r a i n f a l l  dur ing  t h e  Agnes 

fl.ood and hourly r a i n f a l l  d a t a  a t  record ing  s t a t i o n s .  The Bal.timore 

D i s t r i c t  had previous ly  conducted a comprehensi.ve s tudy  of t h e  Susquehanna 

River & s i n  above Harr isburg,  PA, rhe  r e s u l t s  of which were published i n  

Appendix D, "Hydrology," Susquehanna River Basin Study Report ( r e f e rence  5). 

The hydrology appeildiir de l i aea t ed  over 149 l i y d r ~ l o g i ~  subbasins  and their 

u n i t  hydrograptl c h a r a c t e r i s t i c s o  A map of t h e  Susquehanna River Basin i s  

shown i n  f i g u r e  1, The r e p o r t  a l s o  s p e c i f i e d  t h e  Muskingum r o u t i n g  c r i -  

t e r i a  f o r  a l l  of t h e  reaches connect ing t h e  subbas ins  and forming t h e  

r i v e r  system. Reservoir  s t o r a g e  c h a r a c t e r i s t i c s ,  gene ra l  ope ra t ion  c r i t e r i a  

and a c t u a l  Agnes ope ra t ing  r e s u l t s  were obtained from t h e  Baltimore D i s t r i c t .  

The U.S. Geological  Survey provided stream gage d a t a  where a v a i l a b l e  and 

made e s t ima te s  of f lows where gages were washed out.  

The r a i n f a l l  i npu t  t o  t h e  r a in fa l l - runof f  model, HEC-l,was cons t ruc ted  

us ing  t h e  i s o h y e t a l  r a i n f a l l  paceern t o  determine average t o t a l  r a i n f a l l  

f o r  each subbasin and t h e  recorder  d a t a  t o  d i s t r i b u t e  t h i s  t o t a l  r a i n f a l l  

per iod by period.  Emphasis was placed on reproducing t h e  observed volume 

of runoff whi le  maintaining t h e  t iming and magnitude of t h e  peak w i t h i n  

reasonable  l i m i t s .  Samples of computed and observed hydrographs a t  major 

r i v e r  s t a t i o n s  a r e  shown i n  f i g u r e  2. Table 1 summarizes p e r t i n e n t  d a t a  

about Agnes r a i n f a l l  and runoff .  

I n  order  t o  b e  a b l e  t o  r e c o n s t i t u t e  t h e  rainfal.1-runoff process  f o r  

Agnes, i t  w a s  not  necessary t o  u s e  t h e  r e s e r v o i r  system ope ra t ion  model, 

HEC-5, because t h e  observed r e s e r v o i r  r e l e a s e s  could be given t o  t h e  

IIEC-1 model, The observed r e s e r v o i r  outf lows were inputed d i r e c t l y  i n t o  

EIEC-1 and runoff  was computed o r ~ l y  f o r  t h e  a r e a s  below t h e  r e s e m o i r s .  

The p r i n c i p a l  u se  of t h e  r e s e r v o i r  ope ra t ion  model was f o r  eva lua t ion  

of f u t u r e  changes i n  r e s e r v o i r s ,  l evees  and channel  improvements on regu- 

l a t e d  frequency curves.  

COMPUTATION OF FLOOD FLOWS I N  THE WILKES-BARRE REACH 

The r a in fa l l - runof f  model was used t o  compute t h e  inf low t o  t h e  



IJilkes-Barre Reach of t h e  Susquehanna River dur ing  Trop ica l  Storm Agnes. 

The aforementioned r a i n f a l l ,  l o s s  r a t e ,  u n i t  graph and l i n e a r  rou t ing  

c r i t e r i a  were used t o  compute t h i s  flow. Although t h e  l i n e a r  Muskingum 

rou t ing  c r i t e r i a  was no t  t h e o r e t i c a l l y  a p p l i c a b l e  i n  some of t h e  r o u t i n g  

reaches  dur ing  t h e  high f lows of Agnes, t h e  inf low t o  t h e  Wilkes-Rarre 

Reach and t h e  flms i n  most o the r  p a r t s  of the basin appear tc be good 

es t ima te s  of t h e  observed f lows when us ing  t h e  l i n e a r  rout ing .  The 

c1.osest upstream v e r i f i c a t i o n  w a s  a t  The Towanda, PA, gage and t h e  eom- 

p a r i s o n  of computed and observed d ischarges  were shown i n  f i g u r e  2b. 

Flood rou t ing  through t h e  Wilkes-Barre Reach was accomplished by 

two d i f f e r e n t  methods, F i r s t ,  t h e  f lows were routed by t h e  l i n e a r  Muskingum 

c r i t e r i a  assuming t h a t  t h e  l evees  were s u f f i c i e n t l y  h igh  t o  c0ntai.n t h e  

Agnes f lood  flow, Second, t h e  f lows were routed by a nonl inear  s torage-  

outf low method (modified Puls )  cons ider ing  t h e  e x i s t i n g  topography and 

l e v e e  he igh t s  i n  t h e  reach  be fo re  t h e  f lood .  

The r e s u l t s  of t h e  two r o u t i n g s  a r e  shown i n  f i g u r e  3. The peak 

d i scha rge  s f  t h e  l i n e a r  rou t ing  is  seen t o  be 27,000 c i s  l a r g e r  than  t h e  

nonl inear  r o u t i n g  and 17,000 c i s  l a r g e r  than  t h e  observed peak d ischarge .  

The peak d i scha rge  f o r  t h e  nonl inear  rou t ing  i s  10,000 c f s  l e s s  than  t h e  

observed peak discharge.  

It was d i f f i c u l t  t o  s imu la t e  t h e  l evee  overtopping cond i t i on  a t  Wilkes- 

Barre because of t h e  manner i n  which t h e  event  occurred. The f lood wa te r s  

were no t  bel ieved t o  have eroded t h e  l e v e e  on t h e  r i s i n g  limb of t h e  hydro- 

graph, In spec t ion  of t h e  l e v e e  a r e a  a f t e r  t h e  f lood ind ica t ed  t h a t  t h e  

l evee  d i d  no t  erode upon overtopping, but  e ros ion  occurred as f lood  waters  

re turned  t o  t h e  r i v e r  channel  on t h e  f a l l i n g  limb of t h e  hydrograph. Because 

of t h e  d i f f e r e n c e  i n  s t o r a g e  volumes be fo re  and a f t e r  t h e  levee  eroded, i t  

was necessary t o  develop two storage-outf low r e l a t i o n s h i p s  f o r  t h e  Wilkes- 

Barre  reach--one f o r  t h e  r i s i n g  and another  f o r  t h e  f a l l i n g  limb of t h e  

f lood hydrograph. 

The two storage-outflow curves f o r  t h e  Wilkes-Barre reach were computed 

wi th  1IEC-2, Water Surface  P r o f i l e s .  I n  t h e  f i r s t  c a s e  l evees  were considered 



i n t a c t ,  I n  t h e  second case  l e v e e s  were considered t o  be completely 

destroyed.  

The t r a n s i t i o n  between t h e  two storage-outflow curves  w a s  ins tan-  

taneous  when r i v e r  s t a g e s  reached t h e  top  of t h e  levee.  For computational 

purposes i t  w a s  necessary  t o  make two passes  through t h e  computer t o  

r o u t e  through t h e  e n t i r e  hydrograph. The r e s u l t s  of t h e  f i r s t  pas s  

(S + 4 rou t ing )  were u t i l i z e d  t o  t h e  po in t  j u s t  beyond t h e  peak d ischarge .  

That furn ished  t h e  s t a r t i n g  s t o r a g e  wi th  which t o  begin t h e  r eces s ion  

computation us ing  t h e  second storage-outflow curve. There was some l o s s  

i n  volume because of basement and o the r  s t o r a g e  i n  t h e  c i t y ,  but  t h i s  

was no t  a s i g n i f i c a n t  p o r t i o n  of t h e  225,000 a c r e  f e e t  of f lood waters  

i n  t h e  c i t y  a t  t h e  t i m e  of t h e  maximum flow of t h e  r i v e r .  

D0WNSTRW.I EFFECTS OF TIIE LEVEE OVERTOPPIPIG 

The downstream e f f e c t s  of t h e  l evee  overtopping a t  Wilkes-Barre were 

analyzed by rou t ing  t h e  hydrographs which r e s u l t e d  from t h e  two r o u t i n g s  

(with and without  i n f i n i t e  l evees  i n  t h e  IJilkes-Barre Reach) on downstream 

t o  Harr isburg.  Both r o u t i n g s  took i n t o  account t h e  flows from in t e rven ing  

a r e a s  i n  computing t h e  t o t a l  Agnes flow a t  Harrisburg. The routed and 

in t e rven ing  f lows between Wilkes-Barre and Harr isburg were computed i n  

t h e  same manner f o r  both of t h e  hydrographs from t h e  Wilkes-Barre Reach. 

Muskingum rou t ing  c o e f f i c i e n t s  were used f o r  a l l  t h e  reaches below Wilkes- 

Barre  on t h e  Susquehanna River and on its t r i b u t a r i e s .  

The r e s u l t s  of t h e  two computed f lows and t h e  observed f lows a r e  

shown i n  t a b l e  2.  Figure  2c showed t h e  compari.son of computed and observed 

f lows  a t  Harr isburg f o r  t h e  l evee  n o n f a i l u r e  rou t ing  a t  Wilkes-Barre. The 

l evee  overtopping rou t ing  of t h e  flows t o  Harr isburg was e s s e n t a i l . 1 ~  t h e  same 

shape wi th  a reduced peak a s  noted i n  t a b l e  2. 

I t  i s  noted t h a t  t h e  computed peak flows ( f o r  t h e  l evee  overtopping 

c a s e  which occurred)  d i f f e r  from t h e  observed peak flows by a s  much a s  



10  percent .  Di f fe rences  between computed and observed flows a t  most gage 

l o c a t i o n s  on  t h e  mainstem and t r i b u t a r i e s  of t h e  Susquehanna River system, 

were less than  10 percent .  The Agnes event  was of such a magnitude ( e s t i -  

mated t o  be a 300 t o  400-year r e t u r n  period a t  Harr isburg)  t h a t  many of t h e  

d ischarge  gages d id  not  func t ion  proper ly  o r  were destroyed. For many of 

t h e  gages t h a t  d id  func t ion  c o r r e c t l y , t h e  observed s t a g e s  were a t  o r  beyond 

t h e  upper l i m i t  of t h e  h i s t o r i c a l  r a t i n g  curve,  During t h e  time (August- 

October 1972) when t h i s  p r o j e c t  was being undertaken, i t  was no t  uncommon 

t o  have t h e  e s t ima te s  of r i v e r  d i scharges  be updated a s  t h e  f lood  was 

s tud ied  i n  more d e t a i l .  

Every p o s s i b l e  e f f o r t  w a s  made w i t h i n  t h e  t i m e  c o n s t r a i n t s  of t h i s  

p r o j e c t  t o  reproduce t h e  observed flows. Because of t h e  d i f f e r e n c e s  

between t h e  computed and observed flows and because of t h e  u n c e r t a i n t y  

i n  t h e  observed f lows themselves, a more v a l i d  a n a l y s i s  of t h e  e f f e c t s  

of t he  l evee  overtopping can be accomplished by a comparison of t h e  two 

computed flows. The d i f f e r e n c e s  between computed flows were shown i n  

t a b l e  2. The l a r g e s t  i nc rease  I.n flow would have occurred a t  Sunbury i f  

t h e  l evee  had not  been overtopped. This  i nc rease  would have been about 

71,000 c f s .  

The p o t e n t i a l l y  l a r g e  inc rease  i n  flow a t  Sunbury was due t o  both 

t h e  l a r g e r  peak a t  Wilkes-Barre (about 27,000 c f s )  and t h e  co inc iden t  

t iming wi th  t h e  peak flow coming from t h e  West Branch of t h e  Susquehanna 

River.  The peak f low a t  Wilkes-Barre, without  t h e  levee  overtopping,  

occurred about 20 hours  earlier than  t h e  peak flow w i t h  t h e  l e v e e  being 

overtopped. The d i f f e r e n c e  between t h e  two hydrographs was 77,000 c f s  

a t  t h e  t i m e  of t h e  e a r l i e r  peak flow a t  Wilkes-Barre. The occurrence of 

t h e  peak a t  t h i s  e a r l i e r  t ime would have made i t  co inc ide  wi th  t h e  peak flow 

from t h e  West Branch when they met a t  Sunbury. The d i f f e r e n c e  of 

77,000 c f s  would reduce t o  about 71,000 c f s  when routed t o  Sunbury. 

The p o t e n t i a l  i nc rease  i n  flow was not  a s  l a r g e  a t  Danvi l le  because 

Danv i l l e  i s  above t h e  confluence wi th  t h e  West Branch and t h e  co inc iden t  

t iming could only  have been wi th  t h e  loca l ,  f low, The inc rease  i n  flow 



was a l s o  l e s s  a t  Harrisburg; t h i s  was due t o  t h e  e f f e c t s  of the  rout ing  

from Sunbury t o  Harrisburg a s  wel l  a s  t h e  e f f e c t  of t h e  l a r g e  amount of 

t r i b u t a r y  flow which would have occurred i n  e i t h e r  case. 

The Agnes f lood peak t h a t  occurred a t  Sunbury was wi th in  inches of 

the  top of t h e  levee  a t  t h a t  locat ion .  The increase  i n  flow t h a t  would 

have occurred i f  t he  Wiikes-Barre levee had not been overtopped would 

have undoubtedly brought about severe floodi.ng a t  Sunbury and increased 

t h e  f looding a t  Harrisburg. It is  d i f f i c u l t  t o  determine whether t h e  

inundation of Sunbury and t h e  increased f looding a t  Harrisburg would 

have caused more o r  l e s s  economic l o s s  than what a c t u a l l y  occurred a t  

Wilkes-Barre. Damage es t imates  f o r  f loods  of t h i s  magnitude a r e  sub jec t  

t o  much uncer ta in ty  a s  a r e  t h e  flows themselves. 

The Agnes flood i n  the  Susquehanna River Basin above Harrisburg, PA, 

was modeled f o r  e x i s t i n g  condi t ions  and f o r  the  poss ib le  eondit ions s f  a 

higher levee  a t  Wi.lkes-Barre. The p o t e n t i a l  impact of a f i c t i c i o u s ,  high 

levee  which could conta in  t h e  flow a t  Wilkes-Rarre was analyzed i n  t e r m s  

of changes i n  downstream discharges. It was found through a comparison of 

two sets of computed flows t h a t  t h e  Agnes flood could have been about 71,000 

c f s  l a r g e r  a t  Sunbury and 58,000 c f s  l a r g e r  a t  Harrisburg if the  Wilkes- 

Barre levee  had not been overtopped. The increased flow would have been 

due t o  both a l a r g e r  and e a r l i e r  peak discharge a t  Wilkes-Barre t h a t  would 

have coincided with tile peak discharge from t h e  West Branch a t  Sunbury. 
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TABLES 



Locat ion 

Susquehanna River 
above : 

!aavc r 1.y , NY 
Wilkes-Harre, PA 
Harr i sburg ,  PA 

Chemung River 
above : 

Chemung, NY 

P 
\O Iqes t Branch 

Susquehanna River 
above : 

J u n i a t a  River 
above : 

Newport, PA 

Table  1. Summary of Asnes R a i n f a l l  and  Runoff 

Wainage  R a i n f a l l  ( i n )  Runoff Volume (2) Xunoff Fac to r  (3) 
Area (mi') Aanes PYS(1) - Acre-feet Inches -- (% of R a i n f a l l )  

(1) Probable  ~faxinum Storm, U. S. Weather Bureau, "~ydrometeoro1ogica1 Report No. 40," :lay 1965. 

(2) Volume of flow f o r  per iod  June 21-28, 1972, i n c l u s i v e .  

(3) For T rop ica l  Storm Agnes. 





 

Technical Paper Series 
 
 
TP-1 Use of Interrelated Records to Simulate Streamflow 
TP-2 Optimization Techniques for Hydrologic 

Engineering 
TP-3 Methods of Determination of Safe Yield and 

Compensation Water from Storage Reservoirs 
TP-4 Functional Evaluation of a Water Resources System 
TP-5 Streamflow Synthesis for Ungaged Rivers 
TP-6 Simulation of Daily Streamflow 
TP-7 Pilot Study for Storage Requirements for Low Flow 

Augmentation 
TP-8 Worth of Streamflow Data for Project Design - A 

Pilot Study 
TP-9 Economic Evaluation of Reservoir System 

Accomplishments 
TP-10 Hydrologic Simulation in Water-Yield Analysis 
TP-11 Survey of Programs for Water Surface Profiles 
TP-12 Hypothetical Flood Computation for a Stream 

System 
TP-13 Maximum Utilization of Scarce Data in Hydrologic 

Design 
TP-14 Techniques for Evaluating Long-Tem Reservoir 

Yields 
TP-15 Hydrostatistics - Principles of Application 
TP-16 A Hydrologic Water Resource System Modeling 

Techniques 
TP-17 Hydrologic Engineering Techniques for Regional 

Water Resources Planning 
TP-18 Estimating Monthly Streamflows Within a Region 
TP-19 Suspended Sediment Discharge in Streams 
TP-20 Computer Determination of Flow Through Bridges 
TP-21 An Approach to Reservoir Temperature Analysis 
TP-22 A Finite Difference Methods of Analyzing Liquid 

Flow in Variably Saturated Porous Media 
TP-23 Uses of Simulation in River Basin Planning 
TP-24 Hydroelectric Power Analysis in Reservoir Systems 
TP-25 Status of Water Resource System Analysis 
TP-26 System Relationships for Panama Canal Water 

Supply 
TP-27 System Analysis of the Panama Canal Water 

Supply 
TP-28 Digital Simulation of an Existing Water Resources 

System 
TP-29 Computer Application in Continuing Education 
TP-30 Drought Severity and Water Supply Dependability 
TP-31 Development of System Operation Rules for an 

Existing System by Simulation 
TP-32 Alternative Approaches to Water Resources System 

Simulation 
TP-33 System Simulation of Integrated Use of 

Hydroelectric and Thermal Power Generation 
TP-34 Optimizing flood Control Allocation for a 

Multipurpose Reservoir 
TP-35 Computer Models for Rainfall-Runoff and River 

Hydraulic Analysis 
TP-36 Evaluation of Drought Effects at Lake Atitlan 
TP-37 Downstream Effects of the Levee Overtopping at 

Wilkes-Barre, PA, During Tropical Storm Agnes 
TP-38 Water Quality Evaluation of Aquatic Systems 

TP-39 A Method for Analyzing Effects of Dam Failures in 
Design Studies 

TP-40 Storm Drainage and Urban Region Flood Control 
Planning 

TP-41 HEC-5C, A Simulation Model for System 
Formulation and Evaluation 

TP-42 Optimal Sizing of Urban Flood Control Systems 
TP-43 Hydrologic and Economic Simulation of Flood 

Control Aspects of Water Resources Systems 
TP-44 Sizing Flood Control Reservoir Systems by System 

Analysis 
TP-45 Techniques for Real-Time Operation of Flood 

Control Reservoirs in the Merrimack River Basin 
TP-46 Spatial Data Analysis of Nonstructural Measures 
TP-47 Comprehensive Flood Plain Studies Using Spatial 

Data Management Techniques 
TP-48 Direct Runoff Hydrograph Parameters Versus 

Urbanization 
TP-49 Experience of HEC in Disseminating Information 

on Hydrological Models 
TP-50 Effects of Dam Removal:  An Approach to 

Sedimentation 
TP-51 Design of Flood Control Improvements by Systems 

Analysis:  A Case Study 
TP-52 Potential Use of Digital Computer Ground Water 

Models 
TP-53 Development of Generalized Free Surface Flow 

Models Using Finite Element Techniques 
TP-54 Adjustment of Peak Discharge Rates for 

Urbanization 
TP-55 The Development and Servicing of Spatial Data 

Management Techniques in the Corps of Engineers 
TP-56 Experiences of the Hydrologic Engineering Center 

in Maintaining Widely Used Hydrologic and Water 
Resource Computer Models 

TP-57 Flood Damage Assessments Using Spatial Data 
Management Techniques 

TP-58 A Model for Evaluating Runoff-Quality in 
Metropolitan Master Planning 

TP-59 Testing of Several Runoff Models on an Urban 
Watershed 

TP-60 Operational Simulation of a Reservoir System with 
Pumped Storage 

TP-61 Technical Factors in Small Hydropower Planning 
TP-62 Flood Hydrograph and Peak Flow Frequency 

Analysis 
TP-63 HEC Contribution to Reservoir System Operation 
TP-64 Determining Peak-Discharge Frequencies in an 

Urbanizing Watershed:  A Case Study 
TP-65 Feasibility Analysis in Small Hydropower Planning 
TP-66 Reservoir Storage Determination by Computer 

Simulation of Flood Control and Conservation 
Systems 

TP-67 Hydrologic Land Use Classification Using 
LANDSAT 

TP-68 Interactive Nonstructural Flood-Control Planning 
TP-69 Critical Water Surface by Minimum Specific 

Energy Using the Parabolic Method 



 

TP-70 Corps of Engineers Experience with Automatic 
Calibration of a Precipitation-Runoff Model 

TP-71 Determination of Land Use from Satellite Imagery 
for Input to Hydrologic Models 

TP-72 Application of the Finite Element Method to 
Vertically Stratified Hydrodynamic Flow and Water 
Quality 

TP-73 Flood Mitigation Planning Using HEC-SAM 
TP-74 Hydrographs by Single Linear Reservoir Model 
TP-75 HEC Activities in Reservoir Analysis 
TP-76 Institutional Support of Water Resource Models 
TP-77 Investigation of Soil Conservation Service Urban 

Hydrology Techniques 
TP-78 Potential for Increasing the Output of Existing 

Hydroelectric Plants 
TP-79 Potential Energy and Capacity Gains from Flood 

Control Storage Reallocation at Existing U.S. 
Hydropower Reservoirs 

TP-80 Use of Non-Sequential Techniques in the Analysis 
of Power Potential at Storage Projects 

TP-81 Data Management Systems of Water Resources 
Planning 

TP-82 The New HEC-1 Flood Hydrograph Package 
TP-83 River and Reservoir Systems Water Quality 

Modeling Capability 
TP-84 Generalized Real-Time Flood Control System 

Model 
TP-85 Operation Policy Analysis:  Sam Rayburn 

Reservoir 
TP-86 Training the Practitioner:  The Hydrologic 

Engineering Center Program 
TP-87 Documentation Needs for Water Resources Models 
TP-88 Reservoir System Regulation for Water Quality 

Control 
TP-89 A Software System to Aid in Making Real-Time 

Water Control Decisions 
TP-90 Calibration, Verification and Application of a Two-

Dimensional Flow Model 
TP-91 HEC Software Development and Support 
TP-92 Hydrologic Engineering Center Planning Models 
TP-93 Flood Routing Through a Flat, Complex Flood 

Plain Using a One-Dimensional Unsteady Flow 
Computer Program 

TP-94 Dredged-Material Disposal Management Model 
TP-95 Infiltration and Soil Moisture Redistribution in 

HEC-1 
TP-96 The Hydrologic Engineering Center Experience in 

Nonstructural Planning 
TP-97 Prediction of the Effects of a Flood Control Project 

on a Meandering Stream 
TP-98 Evolution in Computer Programs Causes Evolution 

in Training Needs:  The Hydrologic Engineering 
Center Experience 

TP-99 Reservoir System Analysis for Water Quality 
TP-100 Probable Maximum Flood Estimation - Eastern 

United States 
TP-101 Use of Computer Program HEC-5 for Water Supply 

Analysis 
TP-102 Role of Calibration in the Application of HEC-6 
TP-103 Engineering and Economic Considerations in 

Formulating 
TP-104 Modeling Water Resources Systems for Water 

Quality 

TP-105 Use of a Two-Dimensional Flow Model to Quantify 
Aquatic Habitat 

TP-106 Flood-Runoff Forecasting with HEC-1F 
TP-107 Dredged-Material Disposal System Capacity 

Expansion 
TP-108 Role of Small Computers in Two-Dimensional 

Flow Modeling 
TP-109 One-Dimensional Model for Mud Flows 
TP-110 Subdivision Froude Number 
TP-111 HEC-5Q:  System Water Quality Modeling 
TP-112 New Developments in HEC Programs for Flood 

Control 
TP-113 Modeling and Managing Water Resource Systems 

for Water Quality 
TP-114 Accuracy of Computer Water Surface Profiles - 

Executive Summary 
TP-115 Application of Spatial-Data Management 

Techniques in Corps Planning 
TP-116 The HEC's Activities in Watershed Modeling 
TP-117 HEC-1 and HEC-2 Applications on the 

Microcomputer 
TP-118 Real-Time Snow Simulation Model for the 

Monongahela River Basin 
TP-119 Multi-Purpose, Multi-Reservoir Simulation on a PC 
TP-120 Technology Transfer of Corps' Hydrologic Models 
TP-121 Development, Calibration and Application of 

Runoff Forecasting Models for the Allegheny River 
Basin 

TP-122 The Estimation of Rainfall for Flood Forecasting 
Using Radar and Rain Gage Data 

TP-123 Developing and Managing a Comprehensive 
Reservoir Analysis Model 

TP-124 Review of U.S. Army corps of Engineering 
Involvement With Alluvial Fan Flooding Problems 

TP-125 An Integrated Software Package for Flood Damage 
Analysis 

TP-126 The Value and Depreciation of Existing Facilities:  
The Case of Reservoirs 

TP-127 Floodplain-Management Plan Enumeration 
TP-128 Two-Dimensional Floodplain Modeling 
TP-129 Status and New Capabilities of Computer Program 

HEC-6:  "Scour and Deposition in Rivers and 
Reservoirs" 

TP-130 Estimating Sediment Delivery and Yield on 
Alluvial Fans 

TP-131 Hydrologic Aspects of Flood Warning - 
Preparedness Programs 

TP-132 Twenty-five Years of Developing, Distributing, and 
Supporting Hydrologic Engineering Computer 
Programs 

TP-133 Predicting Deposition Patterns in Small Basins 
TP-134 Annual Extreme Lake Elevations by Total 

Probability Theorem 
TP-135 A Muskingum-Cunge Channel Flow Routing 

Method for Drainage Networks 
TP-136 Prescriptive Reservoir System Analysis Model - 

Missouri River System Application 
TP-137 A Generalized Simulation Model for Reservoir 

System Analysis 
TP-138 The HEC NexGen Software Development Project 
TP-139 Issues for Applications Developers 
TP-140 HEC-2 Water Surface Profiles Program 
TP-141 HEC Models for Urban Hydrologic Analysis 



 

TP-142 Systems Analysis Applications at the Hydrologic 
Engineering Center 

TP-143 Runoff Prediction Uncertainty for Ungauged 
Agricultural Watersheds 

TP-144 Review of GIS Applications in Hydrologic 
Modeling 

TP-145 Application of Rainfall-Runoff Simulation for 
Flood Forecasting 

TP-146 Application of the HEC Prescriptive Reservoir 
Model in the Columbia River Systems 

TP-147 HEC River Analysis System (HEC-RAS) 
TP-148 HEC-6:  Reservoir Sediment Control Applications 
TP-149 The Hydrologic Modeling System (HEC-HMS):  

Design and Development Issues 
TP-150 The HEC Hydrologic Modeling System 
TP-151 Bridge Hydraulic Analysis with HEC-RAS 
TP-152 Use of Land Surface Erosion Techniques with 

Stream Channel Sediment Models 

TP-153 Risk-Based Analysis for Corps Flood Project 
Studies - A Status Report 

TP-154 Modeling Water-Resource Systems for Water 
Quality Management 

TP-155 Runoff simulation Using Radar Rainfall Data 
TP-156 Status of HEC Next Generation Software 

Development 
TP-157 Unsteady Flow Model for Forecasting Missouri and 

Mississippi Rivers 
TP-158 Corps Water Management System (CWMS) 
TP-159 Some History and Hydrology of the Panama Canal 
TP-160 Application of Risk-Based Analysis to Planning 

Reservoir and Levee Flood Damage Reduction 
Systems 

TP-161 Corps Water Management System - Capabilities 
and Implementation Status 

 



 

 


	Front Cover
	Abstract
	Background for the Study
	Study Objectives and Models Used
	Rainfall-Runoff
	Computation of Flood Flows in the Wilkes-Barre Reach
	Downstream Effects of the Levee Overtopping
	Summary
	References
	Figures
	Tables
	Technical Papers Series

