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I .  INTRODUCTION 

A comprehensive eco log ica l  s imula t ion  model f o r  r e s e r v o i r s  and e s tua -  

r i e s  was o r i g i n a l l y  developed by Chen and Orlob under a  T i t l e  I1 c o n t r a c t  

w i th  t h e  Of f i ce  of Water Resources Research [ I ] .  During t h i s  same per iod ,  

t he  U.S. Army Corps of Engineers '  Hydrologic Engineering Center (HEC) con- 

t r a c t e d  wi th  Water Resources Engineers (WRE) t o  combine t h e  r e s e r v o i r  simu- 

l a t i o n  model mentioned above and a  r i v e r  s imula t ion  model developed by 

Norton [ 2 ]  t o  form a model capable of s imu la t ing  the  water  q u a l i t y  w i t h i n  

an e n t i r e  b a s i n  and t o  apply t h e  model t o  t h e  T r i n i t y  River system i n  Texas 

[3] .  This model was capable of analyzing 1 8  d i f f e r e n t  phys i ca l ,  chemical,  

and b i o l o g i c a l  water q u a l i t y  parameters i n  a  r i v e r  o r  r e s e r v o i r  o r  a  r i v e r -  

r e s e r v o i r  system. A preprocessor was developed by t h e  IIEC t o  s i m p l i f y  

p repa ra t ion  of i npu t  d a t a  and t h e s e  two programs toge the r  were then c a l l e d  

t h e  "Water Qual i ty  f o r  River-Reservoir Systems" (WQRRS) model [4 ] .  

The o r i g i n a l  r i v e r  r o u t i n e s  analyzed dynamic water q u a l i t y  cond i t i ons  

b u t  were developed t o  handle only s teady  flow hydrau l i c  condi t ions .  I n  

September 1974, t he  HEC cont rac ted  wi th  Resource Management Assoc ia tes  t o  

add streamflow rou t ing  c a p a b i l i t y  t o  t he  WQRRS model [5] .  This provided 

t h e  model wi th  a c a p a b i l i t y  t o  dynamically rou te  streamflows us ing  e i t h e r  

t he  S t .  Venant equat ions ,  Kinematic Wave, Muskingum, or  Modified Pu l s  

rou t ing  methods. The c a p a b i l i t y  of t he  model t o  analyze s teady  flow condi- 

t i o n s  was expanded t o  inc lude  both a  backwater a n a l y s i s  and a  stage-flow 

r e l a t i o n s h i p  s p e c i f i e d  by inpu t  da t a .  

I n  1976, the  HEC cont rac ted  wi th  the  j o i n t  venture  of Resource Manage- 

ment Assoc ia tes  and Te t r a  Tech, Inc.  t o  add t o  WQRRS the  c a p a b i l i t y  of 

analyzing branched and looped s t ream systems and t o  add a d d i t i o n a l  water  

q u a l i t y  and b i o l o g i c a l  c o n s t i t u e n t s  t o  more adequately r ep re sen t  s t ream 

and r e s e r v o i r  environments [6 ,7] .  



With t h e s e  l a t t e r  modi.fications came new d a t a  requirements  whi.ch 

were incompatible  w i th  t h e  WQRRS preprocessor .  I n  January 1978, t h e  

HEC con t r ac t ed  wi th  Resources Management Assoc ia tes  t o  i n t e g r a t e  t h e  

advantageous elements of t h e  preprocessors  i n t o  t h e  s imu la t ion  modules 

and expand and document t h e i r  c a p a b i l i t i e s .  

A l l  of t h e  above work was done under t h e  d i r e c t i o n  of M r .  R. G. Wil ley 

of t h e  BEC. 

The b a s i c  s t r u c t u r e  and c a p a b i l i t i e s  of t h e  l a t e r  ve r s ions  of t h e  

WQRRS model. is  descr ibed  below. 

MODEL STRUCTURE 

The WQRRS model c o n s i s t s  of t h r e e  s e p a r a t e  b u t  i n t e g r a b l e  modules; 

t h e  r e s e r v o i r  module, t h e  s t ream hydrau l i c  module, and t h e  s t ream q u a l i t y  

module. The r e s e r v o i r  and s t ream hydrau l i c s  modules a r e  s tand-alone programs 

and may be  executed,  analyzed and i n t e r p r e t e d  independent ly.  The s t ream 

q u a l i t y  module, however, has  no hydrau l i c  computation c a p a b i l i t y  and r e q u i r e s  

a hydrau l i c  d a t a  f i l e  which i s  generated by t h e  s t ream hydrau l i c s  module. 

The t h r e e  computer programs may a l s o  be i n t e g r a t e d  f o r  a complete r i v e r  

bas in  water  q u a l i t y  a n a l y s i s  through automatic  s t o r a g e  of r e s u l t s  f o r  i n3u t  

t o  downstream s imula t ions .  The subsequent a n a l y s i s  nay be  a p a r t  of t h e  

same s imu la t ion  o r  an e n t i r e l y  s e p a r a t e  model execut ion.  Input /output  com- 

p a t i b i l i t y  f o r  downstream a n a l y s i s  i s  c o n s i s t e n t  among modules. Many sub- 

r o u t i n e s  a r e  s i m i l a r  i f  n o t  i d e n t i c a l  among the  r e s e r v o i r  and s t ream modules. 

An example of t he  downstream d a t a  sav ing  technique wou1.d be t o  run t h e  

r e s e r v o i r  module and w r i t e  an ou tpu t  d i scharge  tape  and an assoc i .a ted  water  

q u a l i t y  tape.  The r e s e r v o i r  d i scharge  then se rves  a s  inf low t r i b u t a r y  

da t a  t o  t h e  s t ream hydrau l i c s  module whi.ch, a long  wi th  a d d i t i o n a l  t r i b u t a r y  

and geometric information,  provide  t h e  necessary  hydro logic  d a t a  f o r  t h e  

hydrau l i c  computation program. The s t ream flow r e s u l t s  a r e  then saved f o r  

t he  s t ream q u a l i t y  module. The t ape  of r e s e r v o i r  d i scharge  q u a l i t y ,  t he  



stream f low rou t ing  t ape ,  t h e  t r i b u t a r y  inf low hydrographs and a s soc i a t ed  

water  q u a l i t y ,  and o the r  ae t eo ro log ica l ,  b i o l o g i c a l  and chemical 

d a t a  s e rve  a s  i npu t  t o  t h e  stream q u a l i t y  module. 

The above procedure may a l s o  b e  executed i n  r e v e r s e  order  where 

t h e  s t ream flow hydrograph and water  q u a l i t y  information from t h e  s t ream 

module a r e  prepared and saved f o r  i npu t  t o  t h e  r e se rvo i r  module. 

The bas in  model has t h e  f l e x i b i l i t y  t o  run one element a t  a t ime 

( i . e . ,  i nd iv idua l  r e s e r v o i r s  o r  s t ream reaches)  during t e s t i n g  and c a l i b r a -  

t i o n  phases but  t o  run e n t i r e  s t ream o r  bas in  systems during l a t e r  produc- 

t i o n  phases.  

An output  p l o t  t ape  may be generated upon demand by t h e  s p e c i f i c a t i o n  

and system d e f i n i t i o n  of an a u x i l i a r y  s t o r a g e  device.  This t ape  has  t h e  

p o t e n t i a l  f o r  being used a s  an automatic  i npu t  d a t a  s e t  f o r  an o n l i n e  pen 

p l o t t i n g  system such a s  CALCOW or ZETA. This procedure has  been success- 

f u l l y  implemented and t e s t e d  a t  HEC, but  i s  not  included a s  a p a r t  of t h i s  

document except  f o r  t h e  c a p a b i l i t y  t o  genera te  t h e  r equ i r ed  tape .  Informa- 

t i o n  regarding t h i s  c a p a b i l i t y  i s  a v a i l a b l e  from t h e  HEC. 

GENERAL MODEL CAPABILITIES 

Reservoir  Mod- - 

The methodology i n  t h e  r e se rvo i r  s e c t i o n  of t h e  program i s  a p p l i c a b l e  

t o  ae rob ic  impoundments t h a t  can b e  represented  a s  one-dimensional systems 

i n  which the  isotherms,  o r  indeed the  contours  of any parameter,  a r e  ho r i -  

zonta l .  This approximation i s  genera l ly  s a t i s f a c t o r y  i n  smal l  t o  moderately 

l a r g e  lakes  o r  r e s e r v o i r s  wi th  long res idence  times. The approximation may 

be l e s s  s a t i s f a c t o r y  i n  shallow impoundments o r  those  t h a t  have a r ap id  

flow-through time. Systems t h a t  have a r ap id  flow-through time a r e  o f t e n  

f u l l y  mixed and can be t r e a t e d  a s  slowly moving s treams us ing  the  s t ream 

sec t ion  of t h e  model. The r e s e r v o i r  i s  capable of s imu la t ing  an unl imited 

mmbsr of days o r  years  ( t h e  chief  constraint is  computer and d a ~ a  prepara- 

t i o n  t ime).  



Stream Hydraulic Module 

The methodology i n  t h i s  s e c t i o n  of t h e  bas in  model i nc ludes  s i x  

hydrau l i c  computation opt ions .  The s t ream flow module is capable of 

handl ing hydrau l i c  behavior w i t h i n  both t h e  "gradual ly var ied"  s teady  

and unsteady flow regimes. Peak f lows from storm water runoff o r  

i r r e g u l a r  hydropower r e l e a s e s  can be  represented  i n  t h e  s t ream hydrau l i c  

module. Capab i l i t y  a l s o  e x i s t s  t o  s imula te  s teady  s t a t e  hydrau l i c s .  

Stream Oual i tv  Module 

I n  t h e  s t ream q u a l i t y  module t h e  r a t e  of t r a n s p o r t  of q u a l i t y  parameters  

can be represented  f o r  ae rob ic  s t reams,  and peak p o l l u t a n t  loads i n t o  the  

s t eady  o r  unsteady hydrau l i c  environment can b e  s imulated.  A s t eady  s t a t e  

s t ream water  q u a l i t y  a n a l y s i s  can be  s imulated only through s p e c i f i c a t i o n  of 

i n p u t s  t o  be  he ld  cons tan t  over a  long per iod  of time. 

Computer Requirements 

The computer programs descr ibed  i n  t h i s  manual a r e  o p e r a t i o n a l  on 

t h e  CDC 7600 and t h e  UNIVAC 1108. Maximum s t o r a g e  r equ i r ed  wi th  the  

CDC 7600 i s  50,000 words per  module. The programs a r e  w r i t t e n  i n  FORTRAN 

I V  and should r e q u i r e  only minor modi f ica t ion ,  i f  any, t o  run on most high 

speed computers. 

The computer t ime requirements a r e  q u i t e  v a r i e d  and a r e  a  func t ion  

of t h e  l eng th  of s imula t ion ,  computational t ime s t e p s  per  day, s i z e  and 

complexity of t h e  modeled system, number of water  q u a l i t y  c o n s t i t u e n t s  

( q u a l i t y  modules) and t h e  hydrau l i c s  computation method (stream hydrau l i c s  

modul e )  . 

Program inpu t  op t ions  al low t h e  u s e r  t o  s p e c i f y  input-output u n i t  

numbers a s  descr ibed  i n  Chapter VIII. In  a d d i t i o n  t o  t hese  u n i t s ,  numbers 

5, 6  and 7 a r e  reserved  f o r  t h e  card  r eade r ,  l i n e  p r i n t e r  and card punch 

r e s p e c t i v e l y ,  



11. REPRESENTATION OF PHYSICAL MASS TRANSPORT 

RESERVOIR MODULE 

The r e s e r v o i r  o r  l a k e  i s  r ep resen ted  conceptua l ly  by a series of one 

dimensional h o r i z o n t a l  s l i c e s  such a s  t hose  shown i n  F igure  11-1. Each 

h o r i z o n t a l  s l i c e  o r  layered  volume element is cha rac t e r i zed  by an  a r e a ,  th ick-  

nes s  and volume. I n  t h e  aggrega te  t h e  assemblage of layered  volume elements 

i s  a geometric r e p r e s e n t a t i o n  i n  d i s c r e t i z e d  form of t h e  pro to type  l a k e  o r  

r e s e r v o i r .  

Within each element,  t h e  water  is  assumed t o  be  f u l l y  mixed. This  

imp l i e s  t h a t  on ly  t h e  v e r t i c a l  dimension is  r e t a i n e d  during t h e  computation. 

Each h o r i z o n t a l  l a y e r  i s  assumed t o  be completely homogeneous wi th  a l l  

isotherms p a r a l l e l  t o  t h e  water  s u r f a c e  both l a t e r a l l y  and l o n g i t u d i n a l l y .  

Externa l  in f lows  and withdrawals occur  a s  sources  o r  s i n k s  w i t h i n  each 

l a y e r  and a r e  i n s t an t aneous ly  d i spe r sed  and homogeneously mixed throughout 

each element from t h e  headwaters of t h e  impoundment t o  t h e  dam. 

It i s  no t  p o s s i b l e ,  t h e r e f o r e ,  t o  look a t  l o n g i t u d i n a l  v a r i a t i o n s  i n  water  

q u a l i t y  c o n s t i t u e n t s .  

I n t e r n a l  t r a n s p o r t  of h e a t  and mass occur  only  i n  t h e  v e r t i c a l  d i r ec -  

t i o n .  The i n t e r n a l  t r a n s p o r t  i s  assumed t o  occur by advec t ion  and through 

an  e f f e c t i v e  d i f f u s i o n  mechanism t h a t  combines t h e  e f f e c t s  of molecular 

and t u r b u l e n t  d i f f u s i o n  and convect ive  mixing. Although t h e  d i f f u s i o n  gra-  

d i e n t  among l a y e r s  is  based on t h e  concen t r a t ion  d i f f e r e n c e s  of t h e  ind i -  

v i d u a l  c o n s t i t u e n t s ,  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i s  always based 

on temperature.  This  i s  important  t o  remember s i n c e  mass d i f f u s i o n  may 

no t  b e  equ iva l en t  t o  d i s p e r s i o n  of thermal  energy. 

Model r e s u l t s  a r e  most r e p r e s e n t a t i v e  of cond i t i ons  i n  t h e  main r e se r -  

v o i r  body. It may be d i f f i c u l t  t o  draw conclusions expected t o  occur  i n  
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cones o r  t h e  headwater a r e a  because of t h e  one-dimensional h o r i z o n t a l  con- 

s i d e r a t i o n s .  

Representa t ion  of Flow (See Pages 7 A - 7 D )  

The movement of water  and hence advec t ive  e f f e c t s  i s  governed by t h e  

l o c a t i o n  of in f low t o ,  and outf low from, t h e  r e s e r v o i r .  Thus t h e  computa- 

t i o n  of t h e  zones of d i s t r i b u t i o n  and withdrawal f o r  inf lows and outf lows 

a r e  of cons iderable  s i g n i f i c a n c e  i n  ope ra t ion  of t h e  model. Two op t ions  a r e  

a v a i l a b l e  f o r  de te rmina t ion  of t h e  a l l o c a t i o n  of outflow; t h e  Debler-Craya 

method and t h e  WES method. A modified Debler-Craya method i s  used exclu- 

s i v e l y  f o r  t h e  placement of inf lows.  

Debler-Craya -- Withdrawal A l loca t ion  Method -------- 

The Debler-Cr'aya withdrawal method employs two techniques f o r  a l l o -  

c a t i n g  t h e  withdrawals through an o u t l e t  g a t e  t o  t h e  ind iv idua l  elements.  

When water  i s  withdrawn from a  l e v e l  a t  which a  nega t ive  dens i ty  g rad ien t  

e x i s t s  ( i . e . ,  s t r a t i f i e d  zone),  Debler ' s  c r i t e r i a  [Pi] is  used t o  determine 

t h e  th ickness  of t h e  flow f i e l d .  The th i ckness  of t h e  flow f i e l d  i s  def ined  

by: 

where D = th ickness  of t h e  flow f i e l d  i n  meters  

Q = withdrawal r a t e  i n  m3/sec 

W = e f f e c t i v e  width of r e s e r v o i r  a t  t h e  withdrawal l e v e l  
i n  meter's 

6 = d e n s i t y  g rad ien t  a t  t h e  withdrawal l o c a t i o n  i n  kg/m4 

g  = a c c e l e r a t i o n  due t o  g r a v i t y  i n  m/sec 2 

p = water  d e n s i t y  a t  t h e  o u t l e t  l o c a t i o n  i n  kg/m3 



Re~resentation of Flow 

The movement of water and hence advective effects is governed b,y 
the 1oc:ation of inflow to, and ouflow from, the reservoir. Therefore, 
the computation of the zones of distribution and withdrawal for inflows 
and ouflows are of considerable significance in operation of the model. 
Associated with the al1oc:ation of flow is the operation of t,he reservoir 
outlet structure. 

Outlet Gate Selection 

The withdrawal structure assumed in the model may include one or 
two wet wells, containing up to eight ports each, a flood control 
outlet, and an uncontrolled spillway which operates only when the total 
flow exceeds the combined capacity of the wet wells and flood control 
outlet. As an option, the gate of the outlet structure c:an be operated 
to meet downstream temperature and water quality objectives. With this 
selective withdrawal option only one port in each wet well and the flood 
control outlet is operated. 

A port selection algorithm serves to determine which ports should 
be open and what flow rate should pass through each open port. Solution 
of this problem is accomplished by using mathematical optimization 
techniques developed by Poore and Loftis (7a). The optimization 
algorithm utilizes an objective function which is related to the 
departure from downstream target qualities subject to hydraulic 
constraints on the individual ports. 

The algorithm proceeds by considering a sequence of problems 
representing all possible combinations cf open ports. For each 
c:ombination of open ports, a sequence of flow allocation strategies is 
generated using a gradient method, a gradient projection method, or a 
Newton projection method as appropriate. The value of any flow 
allocation strategy is determined by evaluation of a water qua1it.y 
index. The sequence converges to the optimal flow allocation strategy 
for the particular c,ombination of open ports. The c:ombination of open 
p0rt.s and flows with the highest water quality index ( e .  smallest 
departure from the objective) define the optimal operation strateg,~. 

To evaluate the water quality index for a feasible flow allocation 
strategy, the release concentration for every water quality constituent 
is computed by: 

7a. Poore, A. B. and B. Loftis, "Water Quality Optimization Through 
Selective Withdrawal," Technical Report E-83-9, Army Engineers 
Experiment Station, Corps of Engineers, Vicksburg, Mississippi, 
March, 1983. 



where R c  = release concentration for constituent c: 

c = index for constituents 

p = index for open ports 

N = number of open ports P 

= concentration of constituent c at port p CP 

Q = flow rate through port p P 
N, = number of constituents under consideration 

The deviation of release qualities from downstream target qualities 
can be computed by: 

where D, = deviation of constituent c 

T c  = downstream target quality for constituent c 

The subindex S for each constituent can be determined by: 

Uhere the function f takes the form of the sixth order polynomial: 

In selecting these coefficients, the magnitude and importance of 
the water quality parameter should be considered. To aid in the 
coefficient selection process, Table 1, Figure la and the following 
discussson i s  provided. 



Table 1. Typical Coefficients in Constituent 
Suboptimization Function 

---- -- - - - ----- 
Curve Coefficient ------ 
Number a* b c d e f 

* a should always equal 100 

Curves 1 through 3 are functions where equal weight is given to 
deviation on either side of the target concentration. Under normal 
conditions, this t,ype of function should be used. 

Curve number 1 would be used for a quality parameter such as TDS 
since wide variations from the target are normally allowable. For a 
parameter such as nitrate where the concentration is low, curve number 3 
would be appropriate. Curve number 2 might be used for temperature or 
other parameters where the concentration range is 5 to 25. 

Curves number 4 and 5 are functions where deviations about the 
target are not weighted equally. Curve number 4 could be used for a 
toxic parameter where the lowest discharge concentration would be 
desirable, conversely, curve 5 could be used for a parameter where a 
higher concentration is always desirable. Curve 5 might be appropriate 
for dissolved ox,ygen. 

In sunmary, almost any shape of function can be developed (a curve 
fit routine will be very helpful) using the sixth order polynomial 
function. In developing these functions, the importance of the 
parameter and the normal anticipated concentration magnitude are the 
major considerations. 

Only the water quality parameters that are of interest in the 
outflow need to be included and are usually a subset of the total number 
of parameters being modeled. Present program dimensions limit the 
number of parameters to 10. 

Upon completion of the gate selection process, the flow must be 
allocated to the individual elements. Two options are available for 
allocation of outflow; the Debler-Craya method and the WES method. A 
modified Debler-Craya method is used exclusively for the placement of 
inflows. 





The water  d e n s i t y  i s  ca l cu la t ed  a s  a func t~ ion  of temperature and d i s -  

solved and ino rgan ic  suspended s o l i d s  using the fol l .owingempir ica1 express ion .  

where T = water  temperature i n  degrees c e l s i u s  

C 1  = t o t a l  d i sso lved  s o l i d s  concent ra t ion  i n  mg/R 

C 2  = t o t a l  suspended inorganic  s o l i d s  concent ra t ion  i n  mg/R 

This express ion  was numerical ly  der ived from a curve f i t  of phys i ca l  da ta .  

The outf lows a r e  withdrawn from elements above and below t h e  center -  

l i n e  of t h e  o u t l e t  assuming a uniform v e l o c i t y  d i s t r i b u t i o n  w i t h i n  t h e  f low 

f i e l d .  I f  t h e  zone of withdrawal extends above t h e  water  s u r f a c e  o r  below 

t h e  r e s e r v o i r  bottom, t h e  a r e a  above o r  below i s  ignored and t h e  v e l o c i t y  

increased  p ropor t iona l ly .  

When water  i s  withdrawn from a l e v e l  a t  which no d e n s i t y  g rad ien t  

e x i s t s  ( i . e . ,  zone of convect ive mixing),  t h e  theory of Craya a s  r epo r t ed  

by Yih [ 9 ] is  used t o  determine t h e  maximam amount of flow which w i l l  

remain contained i n  t h e  zone of convect ive mixing wi thout  encroaching i n t o  

t h e  s t r a t i f i e d  zone. This  flow, r e f e r r e d  t o  a s  Craya's c r i t i c a l  flow, i s  

def ined  by: 

where Q =  Craya 's  c r i t i c a l  f l o w o r  themaximumamount of flow 
which w i l l  remain contained i n  t he  zone of convect ive 
mixing i n  m3/sec 

C = empir ica l  cons t an t ,  C = .074 f o r  withdrawal from t h e  
s u r f a c e  element and C = . I 51  f o r  withdrawal from subsur- 
f a c e  elements 

W = e f f e c t i v e  width of t h e  r e s e r v o i r  a t  t h e  withdrawal level .  
i n  meters  

D = t h i ckness  of t h e  zone of convect ive mixing i n  meters  

Ap = t h e  maximum water  dens i ty  d i f f e r e n c e  between t h e  zone of 
convec t ive  mixing and t h e  s t r a t i f i e d  zone i n  kg/m3 



If the rate of withdrawal is less than Craya's critical flow, the entire 

withdrawal is distributed throughout the zone of convective mixing, assum- 

ing a uniform velocity distribution. If the rate of withdrawal is greater 

than the maximum which can remain contained in the zone of convective 

mixing, the excess is withdrawn from the stratified zone using Debler's 

criteria. 

WES Withdrawal Allocation Method 

The outflow component of the model incorporates as an option the selec- 

tive withdrawal techniques developed at the U.S. Army Engineer Waterways 

Experiment Station [lo]. Laboratory investigations were conducted to deter- 

mine the withdrawal zone characteristics created in a randomly density- 

stratified impoundment by releasing flow through a submerged orifice. From 

these investigations generalized relationships were developed for describing 

the vertical limits of the withdrawal zone and the vertical velocity dis- 

tribution within the zone. 

A definition sketch of variables for orifice flow is shown in Figure 

11.-2. The following transcendental equation defines the zero velocity 

Emits of the withdrawal zone. 

where V = average velocity through the orifice in m/sec 
0 

Z = vertical distance from the elevation of the orifice 
center line to the upper or lower limit of the zone of 
withdrawal in meters 

A = area of the orifice opening in m2 
0 

Ap' = density difference of fluid between the elevations of 
the orifice center line and the upper or lower limit of 
the zone of withdrawal in kg/m3 

Po = fluid density of the elevation of the orifice center 
line in kg/m3 

g = acceleration due to gravity in m/sec2 



----- 
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Definition Sketch of Variables for. Orifice F l o w  



With knowledge of t h e  withdrawal l i m i t s ,  t h e  v e l o c i t y  p r o f i l e  due t o  

outf low can be determined. F i r s t ,  t h e  l o c a t i o n  of t h e  maximum v e l o c i t y  

i s  determined by, 

Y1 - -  z1 2 
H 

- [ s i n  (1..57 -g)] 

where Y1 = v e r t i c a l  d i s t a n c e  from t h e  e l e v a t i o n  of t h e  maxi.mum 
v e l o c i t y  V t o  t h e  lower l i m i t  of t h e  zone of withdrawal. 
i n  meters  

H = th ickness  of t h e  withdrawal zone i n  meters  

Z 1  = v e r t i c a l  d i s t a n c e  from t h e  e l e v a t i o n  of t h e  o r i f i c e  
c e n t e r  l i n e  t o  t h e  lower l i m i t  of t h e  zone of withdrawal 
i n  meters  

The d i s t r i b u t i o n  of v e l o c i t i e s  w i th in  t h e  withdrawal. zone i s  then  determined 

by, 

where v = l o c a l  normalized v e l o c i t y  i n  t h e  zone of withdrawal a t  a  
d i s t a n c e  y from t h e  e l e v a t i o n  of t h e  maximum v e l o c i t y  V 

V = maximum v e l o c i t y  i n  t h e  zone of withdrawal. i n  m/sec 

y = v e r t i c a l  d i s t a n c e  from t h e  e l e v a t i o n  of t h e  maximum velo- 
c i t y  V t o  t h a t  of t h e  corresponding l o c a l  v e l o c i t y  v i n  
meters  

Y = v e r t i c a l  d i s t a n c e  from t h e  e l e v a t i o n  of t h e  maximum velo- 
c i t y  V t o  t h e  l i m i t  of t h e  zone of withdrawal i n  meters  

Ap = d e n s i t y  d i f f e r e n c e  of f l u i d  between t h e  e l e v a t i o n  of t h e  
maximum v e l o c i t y  V and t h e  corresponding l o c a l  v e l o c i t y  
v i n  kg/m3 

Ap = d e n s i t y  d i f f e r e n c e  of f l u i d  between t h e  e l e v a t i o n  of t h e  
m 

maximum v e l o c i t y  V and the  l i m i t  of t h e  zone of with- 
drawal i n  kg/m3 

This equat ion  can be  used t o  desc r ibe  both t h e  upper and lower s e c t i o n s  of 

a  v e l o c i t y  d i s t r i b u t i o n  us ing  t h e  e l e v a t i o n  of t h e  maximum v e l o c i t y  V a s  

t h e  r e f e rence  e l e v a t i o n ,  except  f o r  cond i t i ons  I n  which t h e  withdrawal zone 

i s  l i m i t e d  by e i t h e r  t h e  f r e e  s u r f a c e  o r  t h e  bottom boundary. For condi t ions  



where t h e  f r e e  s u r f a c e  and bottom boundary l i m i t  t h e  withdrawal zone, t h e  

v e l o c i t y  d i s t r i b u t i o n  i s  computed by, 

For. a  s i t u a t i o n  i n  which only one l i . m i t  (upper o r  lower) i s  a f f e c t e d  by a  

boundary ( f r e e  s u r f a c e  o r  bottom boundary), equat ion  11-6 can be  used t o  

determine t h e  v e l o c i t y  d i s t r i b u t i o n  from t h e  e l e v a t i o n  of maximum v e l o c i t y  

V t o  t h e  l i m i t  unaf fec ted  by a boundary, and equat ion  11-7 can be  used t o  

determine t h e  v e l o c i t y  d i s t r i b u t i o n  from t h e  e l e v a t i o n  of maximum v e l o c i t y  

V t o  t h e  l i m i t  a f f e c t e d  by a  boundary. The f low from each l a y e r  i s  then  

t h e  product of t h e  v e l o c i t y  i n  t h e  l a y e r ,  t h e  width of t h e  l a y e r  and t h e  

th i ckness  of t h e  l a y e r .  A flow-weighted average i s  app l i ed  t o  water  q u a l i t y  

p r o f i l e s  t o  determine t h e  va lue  of t h e  r e l e a s e  con ten t  of each c o n s t i t u e n t  

f o r  each t ime s t e p .  

A l loca t ion  of Inflow --- 

The a l l o c a t i o n  of in f lows  i s  based on t h e  assumption t h a t  t h e  in f low 

w a t e r  w i l l  seek  a  l e v e l  of l i k e  d e n s i t y  w i t h i n  t h e  l ake .  I f  t h e  inf low water  

d e n s i t y  i s  o u t s i d e  t h e  range of d e n s i t i e s  found w i t h i n  t h e  l ake ,  t h e  inf low 

i s  depos i ted  a t  e i t h e r  t h e  s u r f a c e  or t h e  bottom depending on whether t h e  

inf low water  d e n s i t y  i s  l e s s  than  t h e  minimum o r  g r e a t e r  than  t h e  maximum 

water dens i ty  found w i t h i n  t h e  l ake .  

Once t h e  e n t r y  l e v e l  i s  e s t ab l i shed ,  a l l o c a t i o n  of t h e  inf low t o  t h e  

i n d i v i d u a l  elements may proceed. I f  t h e  inf low e n t e r s  a  zone of convec t ive  

mixing, t h e  inf low i s  d i s t r i b u t e d  throughout t h e  convect ive mixed zone. 

I f  t h e  inf low e n t e r s  a  s t r a t i f i e d  reg ion  of t h e  l a k e ,  one of two u s e r  spec i -  

f i e d  op t ions  i s  used t o  a l l o c a t e  t h e  inflow. 

The f i r s t  op t ion  i s  anal.ogous t o  t h e  Debler-Craya withdrawal a l l oca -  

t i o n  method. Debler c r i t e r i o n  i s  used t o  determine t h e  th i ckness  of t h e  



flow f i e l d  r e s u l t i n g  from t h e  depos i t i on  of t h e  inf low a t  t h e  e n t r y  l e v e l .  

The water i s  depos i ted  t o  t h e  elements about t h e  e n t r y  l e v e l  assuming a  

uniform v e l o c i t y  d i s t r i b u t i o n .  With t h i s  a p p l i c a t i o n  of Debler ' s  c r i t e r i o n ,  

t h e  e f f e c t i v e  width of t h e  flow f i e l d  i s  defined a s  t h e  r e s e r v o i r  a r e a  a t  

t h e  en t ry  l e v e l  divided by t h e  e f f e c t i v e  r e s e r v o i r  l eng th  a t  t h e  inf low 

loca t ion .  This  op t ion  should be used when t h e  d i s t a n c e  from t h e  inf low 

l o c a t i o n  t o  t h e  deepest  p a r t  of t h e  r e s e r v o i r  i s  not  g r e a t .  

The second op t ion  al lows f o r  flow entrainment i n t o  a l l  elements down 

t o  t h e  e n t r y  l e v e l  a s  t h e  inf low water  t r a v e l s  along t h e  r e s e r v o i r  bottom 

seeking t h e  l e v e l  of l i k e  dens i ty .  The amount deposi ted t o  each element 

is  p ropor t iona l  t o  t h e  element s i z e .  This  op t ion  should be used when s e v e r a l  

mi l e s  s e p a r a t e  t h e  inf low l o c a t i o n  from t h e  deepest  p a r t  of t h e  r e s e r v o i r .  

V e r t i c a l  Advection - 

V e r t i c a l  advec t ion  i s  t h e  n e t  in te re lement  flow and is  one of two 

t r a n s p o r t  mechanisms used i n  t h e  model t o  t r a n s p o r t  h e a t  and d isso lved  o r  

suspended m a t e r i a l s  between elements.  The v e r t i c a l  advect ion i s  def ined  

a s  t h e  in te re lement  f lows which r e s u l t  i n  a  con t inu i ty  of flow i n  a l l  e le -  

ments. Beginning wi th  t h e  lowermost element, t h e  v e r t i c a l  advect ion i s  

ca l cu la t ed  by a l g e b r a i c a l l y  summing t h e  inf lows and outflows. Any flow 

inba lance  i s  made up by v e r t i c a l  advect ion i n t o  o r  ou t  of t h e  element 

above. This process  i s  repea ted  f o r  a l l  remaining elements tak ing  i n t o  

account t h e  v e r t i c a l  advect ion from o r  t o  t h e  element below. Any r e s u l t i n g  

flow inba lance  i n  t h e  s u r f a c e  element i s  accounted f o r  by an  inc rease  o r  

decrease  i n  t h e  l a k e  volume. 

E f f e c t i v e  Dif fus ion  

E f f e c t i v e  d i f f u s i o n  i s  t h e  o t h e r  t r anspor t  mechanism used i n  t h e  model 

t o  t r a n s p o r t  h e a t  and mass between elements.  The e f f e c t i v e  d i f f u s i o n  is  

composed of molecular and tu rbu len t  d i f f u s i o n  and convect ive mixing. 



Wind and f low induced tu rbu len t  d i f f u s i o n  and convect ive mixing a r e  t h e  

dominant components of e f f e c t i v e  d i f f u s i o n  i n  t h e  epi l imnion of  most r e s e r -  

v o i r s .  I n q u i e s c e n t w e l l  s t r a t i f i e d  r e s e r v o i r s ,  molecular d i f f u s i o n  may be 

a s i g n i f i c a n t  component i n  t h e  metalimnion and hypolimnion. For deep, 

w e l l  s t r a t i f i e d  r e s e r v o i r s  wi th  s i g n i f i c a n t  in f lows  t o  o r  withdrawals  from 

t h e  hypolimnion, flow induced turbulance  i n  t h e  hypolimnion dominates. 

For weakly s t r a t i f i e d  r e s e r v o i r s ,  wind induced o r  wind and flow induced 

tu rbu len t  d i f f u s i o n  w i l l  be  t h e  dominant component of t h e  e f f e c t i v e  d i f f u -  

s i o n  throughout t h e  r e s e r v o i r .  

One of two methods may be s e l e c t e d  by t h e  use r  t o  c a l c u l a t e  e f f e c t i v e  

d i f f u s i o n  c o e f f i c i e n t s ;  t h e  s t a b i l i t y  method and t h e  wind method. 

1. S t a b i l i t y  Method 

The s t a b i l i t y  method of computing t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i -  

c i e n t s  i s  appropr i a t e  f o r  most deep, w e l l  s t r a t i f i e d  r e s e r v o i r s  and 

shal lower r e s e r v o i r s  where wind mixing i s  no t  t h e  dominant t u r b u l e n t  

mixing f o r c e .  This  method i s  based on t h e  assumption t h a t  mixing w i l l  

be a t  a minimum when t h e  d e n s i t y  g r a d i e n t  or. water  column s t a b i l i t y  

i s  a t  a maximum. 

The r e l a t i o n s h i p  between s t a b i l i t y  and t h e  e f f e c t i v e  d i f f u s i o n  

is  shown g r a p h i c a l l y  i n  F igure  11-3. This  f i g u r e  shows the  range  of 

e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  r epo r t ed  by WRE [ l l ]  and were deduced 

from d a t a  c o l l e c t e d  i n  r e s e r v o i r s  of t h e  P a c i f i c  Northwest. E f f e c t i v e  

d i f f u s i o n  c o e f f i c i e n t s  f o r  r e s e r v o i r s  i n  o t h e r  reg ions  may f a l l  below 

t h e  lower envelop of va lues  shown on Figure  11-3. The r e l a t i o n s h i p  

between e f f e c t i v e  d i f f u s i o n  and s t a b i l i t y  i s  shown below. 

when E < E - c r i t  

D = A P E  when E > Ecrit 11-9 
C 





where D = e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i n  m2/sec 
C 

A1 = maximum e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i n  m2/sec 

E  = water  column s t a b i l i t y  o r  normalized d e n s i t y  g r a d i e n t  
i n  l l m e t e r  

E c r i t  = water  column c r i t i c a l  s t a b i l i t y  i n  l /meter  

A2,A3 = empir ica l  cons t an t s  

A t y p i c a l  d e n s i t y  p r o f i l e  one might f i n d  i n  a  s t r a t i f i e d  r e s e r v o i r  

a long wi th  t h e  r e s u l t i n g  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  d i s t r i b u t i o n  

i s  shown i n  F igure  11-4. 

2. Wind Method 

The wind method f o r  computing e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t s  

i s  a p p r o p r i a t e  f o r  r e s e r v o i r s  i n  which wind mixing appears  t o  be  t h e  

dominant component of t u r b u l e n t  d i f f u s i o n .  This  method assumes t h a t  

wind induced mixing i s  g r e a t e r  a t  t h e  s u r f a c e  and diminishes exponen- 

t i a l l y  w i th  depth. The fo l lowing  empi r i ca l  express ion  which i s  a com- 

b i n a t i o n  of wind induced t u r b u l e n t  d i f f u s i o n  and a  minimum d i f f u s i o n  

term rep resen t ing  t h e  combined e f f e c t s  of a l l  o t h e r  mixing phenomena 

i s  used t o  c a l c u l a t e  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t :  

where D = minimum e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i n  m2 / s e c  min 
A1 = empi r i ca l  c o e f f i c i e n t  i n  meters  

Vw = wind speed i n  m/sec 

A2 = empi r i ca l  c o e f f i c i e n t  

dt  = depth of t h e  thermocline i n  meters  o r  s i x  meters  during 
u n s t r a t i f i e d  cond i t i ons  

d  = depth of s p e c i f i c  l a y e r  i n  meters  
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Typical  volumes repor ted  by Baca [12] f o r  t h e  minimum e f f e c t i v e  

d i s p e r s i o n  coe f f i . c i en t  and t h e  empirical.  c o e f f i c i e n t s  requi red  by 

Equation 11-10 a r e  presented i n  Table 11-1. Within t h e  model t h e  ac- 

t u a l  d i f fus ion  c o e f f i c i e n t ,  Dc, i s  cons t ra ined  by a  maximum D max ' 
which i s  usua l ly  about 5 x  10-4. The shape of t he  d i f f u s i o n  coef f ic i .en t  

as a func t ion  of depth i s  shown i n  F igure  11-5 f o r  two d i f f e r e n t  cases .  

TABLE 11-1 

Minimum E f f e c t i v e  Di f fus ion  Coef f i c i en t  and 
Empir ical  Coe f f i c i en t  f o r  Wind Mixing Method 

Well Mixed S t r a t i f i e d  
Coef f i c i en t  -- Reservoi rs  Reservoi rs  --- 

Minimum E f f e c t i v e  
Di f fus ion  Coeff (Dmin) 1 x 1 0 - ~  t o  5 x 1 0 - ~  1 x 1 0 - ~  t o  1 x 1 0 - ~  

Empir ical  Coeff (A1) 

Empir ical  Coeff (A2) 4.6 4.6 

A more d e t a i l e d  d e s c r i p t i o n  of t h e  procedure f o r  d i s t r i b u t i n g  in-  

f low and withdrawals and t h e  development of t h e  e f f e c t i v e  d i f f u s i o n  

c o e f f i c i e n t s  has  been presented previous ly  by WRE [11,131, 

STREAM HYDRAULICS MODULE 

The s tream system i s  represented  conceptua l ly  a s  a  l i n e a r  network of 

segments o r  volume elements.  Each element i s  cha rac t e r i zed  by l eng th ,  

width,  c r o s s  s e c t i o n ,  and c e r t a i n  o t h e r  parameters t h a t  a r e  i d e n t i f i e d  wi th  

the  p a r t i c u l a r  s t ream sub-reach t h a t  t h e  element r e p r e s e n t s  ( see  Figure 

11-6). 
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Hydraulic Computation Methods 

Six methods of hydraulic computation are incorporated into the Stream 

Hydraulic Module. They include: 

1. Backwater hydraulic solution (steady flow) 

2. Solution of the full St. Venant equations 

3. Solution of the kinematic wave equations 

4. Direct input of a stage-flow relationship (steady flow) 

5. Muskingum hydrologic routing 

6. Modified Puls hydrologic routing 

Of the six methods listed above, the first three represent hydraulic 

behavior of the prototype stream system under gradually varied flow. 

The basic definitions of hydraulic parameters used by these methods is 

shown on Figure 11-7. With these three met.hods, the following assump- 

tions are made for the stream system as a whole and for each element. 

1. The system is one-dimensional in a mathematical sense 
(i.e., flow and velocity at any point is uniform both 
laterally and vertically with only variation in the longi- 
tudinal (x) direction). 

2,. The variation of cross-section over an element is such that 
linear interpolation gives an adequate definition of the 
system. 

3. The rate of energy loss for gradually varied steady and 
unsteady flow is the same as that for uniform flow having 
the same velocity and hydraulic radius. This implies a 
uniform flow formula can be used to evaluate friction 
slope and that roughness coefficients developed for uni- 
form flow are also applicable to gradually varied steady 
and unsteady flow. 

4. The slope of the channel bottom is small (i.e., cos 8 = I). 



FIGURE 11-7 

Definition Sketch--Gradually Varied Flow Equation 
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Each of these three methods assumes that the hydraulic behavior of the 

prototype stream can be represented by the St. Venant equation of motion 

(i.e., gradually varied flow equation). In its usual form, the St. 

Venant equation may be written as 

where v = velocity in the channel in m/sec 

t = time coordinates (seconds) 

x = space coordinate (meters) 

g = acceleration due to gravity in m/sec2 

a = invert elevation of the channel in meters 

y = depth of water in channel in meters measured from eleva- 
tion a 

p = effect of bed friction, in Manning form p = v2 n2 R -413 

M = momentum effect of inflow or withdrawal 

By transforming velocities into flow by Q = Av 11-1.2, 

where A = effective area of flow (i.e., within conveyance limits) 
in m2 

Equation 11-11 may be rewritten as 



I n  addi t i .on  t o  t h e  S t .  Venant equat ion of motion, t h e  kinematic  wave 

and t h e  S t .  Venant methods r e q u i r e  t h e  con t inu i ty  equat ion  given by 

where s = sources  and s i n k s  i n  m2/sec 

The assumptions which d i s t i n g u i s h  t h e  t h r e e  hydrau l i c  computation methods 

and t h e  r e s u l t i n g  modi f ica t ions  t o  t h e  transformed v e r s i o n  of t h e  S t .  Venant 

equat ion (11-15) and t h e  c o n t i n u i t y  equat ion  (11-16) w i l l  be  presented l a t e r  

i n  t h i s  chapter  . 

The f i n a l  t h r e e  hydrau l i c  computation methods a r e  a l l  independent of t h e  

fundamental hydrau l i c  r e l a t i o n s h i p s  a s  represented  by the  S t .  Venant equat ion .  

A gene ra l  d e s c r i p t i o n  of a l l  s i x  hydrau l i c  computation methods is  pro- 

vided below. A more d e t a i l e d  d e s c r i p t i o n  of t h e  mathematical formula t ions  

and numerical  methods used f o r  t h e  backwater, S t .  Venant and kinematic  

wave hydrau l i c  computation methods i s  presented  i n  Appendix A. 

1. Backwater Method 

This  method i s  a s teady  s t a t e  hydrau l i c  computation procedure i n  

which a l l  f lows a r e  assumed t o  be routed  wi thout  any time l a g .  The 

depth of flow a t  any p o i n t  i s  der ived  from t h e  g radua l ly  va r i ed  f low 

equat ions .  These equat ions  t a k e  account of t h e  geometric s e c t i o n  

p r o p e r t i e s  and l e a d  t o  a  s o l u t i o n  where depth of flow i s  no t  neces sa r i l y  

"normal deptht t  . 

This  method i s  l a r g e l y  used i n  a p p l i c a t i o n s  involv ing  low flow 

a n a l y s i s .  It i s  n o t  a p p l i c a b l e  t o  problems involv ing  dynamic flow, 

al though i t  can be used a s  an  i n i t i a l  check when prepar ing  c r o s s  

s e c t i o n  d a t a  f o r  t h e  dynamic f low computation methods. 



The s o l u t i o n  i s  der ived  by e l imina t ing  t h e  t ime dependent term 

from t h e  S t .  Venant equat ion  of motion (Equation 11-15), and then  

assuming t h e  flow i s  known a t  a l l  s e c t i o n s .  A d e t a i l e d  d e s c r i p t i o n  

of t h e  mathematical formulat ion and numerical methods used i n  t h e  

backwater computation i s  presented  i n  Appendix A. 

S t .  Venant Method 

The f u l l  s o l u t i o n  of t h e  S t .  Venant method r e q u i r e s  both t h e  

motion equat ion  g iven  by Equation 11-15 and t h e  c o n t i n u i t y  equat ion  

given by Equation 11-16. If s i d e  flow momentum i s  neglec ted ,  Equation 

11-17 can be der ived  by s u b s t i t u t i n g  Equation 11-16 i n t o  Equation 
3 

11-15 and mul t ip ly ing  by A . 

3 aa 2 2 -2R-4/3 
g~ ( x + g + q n ~  ) - Aqs = 0 

Equations 11-16 and 11-17 form t h e  two d i f f e r e n t i a l  equat ions  

t h a t  must be solved.  Equation 11-17 i s ,  of course,  nonl.inear;  no te  

t h a t  t h e  c r o s s  s e c t i o n a l  a r e a  A i s  a f u n c t i o n  of x, y and t. 

Because of i t s  proven r e l i a b i l i t y  i n  so lv ing  complex nonl inear  

systems, t h e  f i n i t e  element method has  been s e l e c t e d  and programmed 

f o r  s o l u t i o n  of t h e  S t .  Venant problem. The method was o r i g i n a l l y  

developed i n  t h e  aerospace i n d u s t r y  f o r  s t r u c t u r a l  a n a l y s i s  b u t  has  

been extended i n  t h e  l a s t  few y e a r s  t o  more gene ra l  problems i n  

mechanics and engineering sc i ence  and i s  we l l  s u i t e d  t o  t h i s  problem. 

Recent ly,  s o l u t i o n s  have been developed f o r  two-dimensional ve r s ions  

of t h e  Navier Stokes Equat ions,  inc luding  a l l  nonl inear  terms [14] .  

The development of t h e  method i n  t h i s  a p p l i c a t i o n  fo l lows  t h e  s a m e  

gene ra l  approach a s  descr ibed  i n  r e f e r e n c e  [ 1 4  ] and t h e  reader  i s  

r e f e r r e d  t o  t h i s  r e f e rence  and t o  r e f e rence  [15]  f o r  background 



informati.on and the more fundamental development of the method. A 

description of the complete mathematical formulation and application 

of the finite element techni.que to the St. Venant hydraulic compu- 

tation method is presented in Appendix A. 

3. Kinematic Wa= Method 

In the kinematic wave hydraulic computation method the equation of 

motion is simplified so that only the terms associated with bottom 

slope and friction effects remain. This means that the flow is assumed 

to be a known function of depth for all points. In most applications 

it is assumed to be the normal or friction flow. Solution of the two 

Equations 11-16 and 11-17 thus reduce to the single Equation 11-16 

with q as a function of y. 

The finite element method may again be used for this problem with 

only one degree of freedom (i.e., depth). A description of the 

mathematical formulation used with this method is presented in Appendix 

A. 

4. Stage-Flow Relationship 

The stage-,flow method is a steady flow hydraulic computation 

procedure in which all fl.ows are assumed to be routed without any time 

lag. The flow at any point is thus the accumulated flow from all up- 

stream inflows and withdrawals. It is assumed that the depth of flow 

at any point may be directly interpolated from a specified stage-flow 

table. 

This method is primarily suited to applications involving low 

flow analysis  here water surface profile analysis has already been 

completed. It is unsuitable to applications involving dynamic flow. 



5. Muskingum Routing Method - 

This  hydrologic  rou t ing  method i s  an approximate numerical 

procedure which s a t i s f i e s  only the  con t inu i ty  equat ion i n  t he  

sense t h a t  t o t a l  flow i s  preserved. 

The method is  der ived  from an assumption t h a t  r e l a t e s  s t o r a g e  

i n  a  s e c t i o n  t o  ins tan taneous  l e v e l s  of flow i n t o  and out  of t h e  sec- 

t i o n .  The express ion  r e l a t i n g  s t o r a g e  t o  inf low and outf low i s  

where S  = t o t a l  s t o r a g e  i n  t h e  s e c t i o n  

I and 0  = in f low t o  and outf low from t h e  s e c t i o n ,  and 

K and X = empi r i ca l  c o e f f i c i e n t s  used i n  c a l i b r a t i o n  

It should be noted a t  t h i s  t ime t h a t  K has  t he  u n i t s  of t ime and 

is  some measure of t r a v e l  t ime f o r  t h e  s e c t i o n .  X i s  a  dimensionless  

c o e f f i c i e n t  w i th  a  va lue  t h a t  must be  between 0  and .5. 

Consider equat ions  a t  t ime 1 and 2 f o r  t h e  beginning and end of 

a  t ime s t e p  A t  r e s p e c t i v e l y .  The change of s t o r a g e  A s  i n  t h e  t ime 

s t e p  may be w r i t t e n  from cons ide ra t ions  of inf low and outf low a s  

AS = A t  (Average Inf low - Average Outflow) I T - 1  9 

Rewriti.ng 11-18 f o r  AS 

Combining Equat ions 11-20 and 11-21 t o  e l i m i n a t e  AS, an  equat ion  

f o r  O2 may be developed, 



where C1 = (At - ~ K X ) /  (2K ( 1  - X) + At) 

C2 = (At + ~ K X ) / ( ~ K  ( 1  - X) + At) 

C3 = (2K ( 1  - X) - At)/(2K (1 - X )  + At) 

Since t h e s e  c o e f f i c i e n t s  should be  p o s i t i v e ,  X i s  l i m i t e d  t o  a  

va lue  l e s s  than At/2K. 

I n  p r a c t i c a l  appl . ica t ions  of t h i s  method K i s  gene ra l ly  s e l e c t e d  

so  t h a t  K = A t  which r e q u i r e s  X 2. 0.5. 

The r o u t i n e  cons t ruc ted  f o r  Muskingum r o u t i n g  d i f f e r s  from the 

four  methods previous ly  d iscussed  i n  t h a t  i n  a d d i t i o n  t o  t h e  concept 

of nodal  p o i n t s ,  a  s e r i e s  of c o n t r o l  p o i n t s  a r e  introduced.  These 

c o n t r o l  p o i n t s  a r e  t h e  i d e n t i f i e r s  f o r  t h e  rou t ing  s e c t i o n s  used by 

Equation 11-22  and thus  they a l low v a r i a b l e  l eng th  c o n t r o l  s e c t i o n s  

requi red  t o  develop a  good r e p r e s e n t a t i o n  of t h e  channel hydrograph. 

I n  c o n t r a s t  t o  o t h e r  methods i t  should be  noted t h a t  A t  i s  s e t  equal  

t o  t h e  frequency of d a t a  i npu t  of t h e  upstream hydrograph and i s  con- 

s ide red  f i x e d  f o r  t h e  s imula t ion .  I f  t h e  u se r  d e s i r e s  A t  = K he must 

a d j u s t  c o n t r o l  po in t s .  

For rou t ing  of t r i b u t a r y  f lows,  a l l  inf lows t o  a  c o n t r o l  s e c t i o n  

a r e  grouped and app l i ed  a t  t h e  upstream c o n t r o l  po in t .  Af t e r  t h e  flow 

r a t e  has  been determined, t h e  depth i s  c a l c u l a t e d  based on t h e  use r  

s p e c i f i e d  s t a g e  flow r e l a t i o n s h i p s  o r  normal depth. The v e l o c i t i e s  

and channel c r o s s  s e c t i o n a l  a r e a s  a r e  then  c a l c u l a t e d  based on t h e  

channel geometry da t a .  

6. Modified Pu l s  Routine Method 

The Modified Pu l s  flow computation method i s  a  kinematic  wave 

method i n  which outf low from a c o n t r o l  s e c t i o n  i s  a unique func t ion  of 

s t o r a g e  and thus  of t h e  s t o r a g e  i n d i c a t i o n  parameter,  S I ,  



where S  = volume of s to rage  i n  rou t ing  reach,  and 

0 = outf low = f  (SI) 

I n  p r a c t i c a l  appl . ica t ion  t h e  s to rage  i n d i c a t o r  i s  computed from 

time s t e p  t o  time s t e p  by 

S12 = SI  + Average inf low - Outflow at: beginning of s t e p  
1 

wi th  t h e  same n o t a t i o n  a s  f o r  Muskingum routi.ng. 

The same concepts f o r  c o n t r o l  p o i n t s  and s e c t i o n s  apply t o  t h e  

Modified Pu l s  procedure a s  f o r  t h e  Muskingum method; t h e  major d i f f i c u l -  

t y  wi th  t h i s  method i s  t h e  cons t ruc t ion  of t h e  func t ion  f .  

I n  t h e  p re sen t  development t h e  func t ion  f  is  inpu t  a s  a  s e r i e s  of 

t a b l e  e n t r i e s  f o r  outf low and s t o r a g e  (which i s  converted t o  t he  s to -  

r age  i n d i c a t o r )  and l i n e a r  i n t e r p o l a t i o n  i s  used t o  develop t h e  func- 

t i o n  f a s  requi red .  

Other hydrau l i c  d a t a  (e .g . ,  depth,  v e l o c i t y  and c ros s  s e c t i o n  

a rea )  a r e  computed i,n a  manner i d e n t i c a l  t o  t h a t  used by t h e  Muskingum 

rou t ing  method. 



111. TEMPERATURE AND WATER QUALITY RELATIONSHIPS 

The water quality model is designed to provide a detailed portrayal 

of the important processes that determine the thermal and water quality 

characteristics of lakes, reservoirs and streams. The conceptual frame-, 

work of the model is based on fundamental characterizations of the 

dynamics of constituent transport, and chemical and biological kinetics. 

The mathematical relationships used to model these processes are summarized 

in this section and in Appendix B. 

MODELING APPRO= 

The modeling approach is based on the assumption that the dynamics of 

each chemical and biological component can be expressed by the law of 

conservation of mass and the kinetic principle. A very important assumption 

is that all chemical and biological rate processes occur in an aerobic 

environment. The models are not capable of simulating processes that occur 

under anaerobic or oxygen-devoid conditions. There are several default 

algorithms included to permit the simulation to continue until oxygen 

returns to the layer, but these results need to be interpreted with 

extreme caution. An appropriate use of the model would be to determine 

if anaerobic conditions might develop in an impoundment but not to predict 

the duration of anoxic conditions. 

The fundamental principle of conservation of heat and mass is used 

to derive the following differential equation model for the dynamics of 

heat and biotic and abiotic materials. 



where 

C = thermal energy or constituent concentration in the 
reservoir or stream in appropriate units (e.g., kcal, 
mg/R and ~PN/100 ml) 

V = volume of the fluid element in m3 

t = time coordinate, seconds 

z = space coordinate, meters (vertical for the reservoir and 
horizontal for the stream) 

z 
= vertical advection in m3/sec 

A = element surface area normal to the direction of flow in rn2 
z 

Dc 
= effective diffusion coefficient: in m2/sec 

Q i 
= lateral inflow in m3/sec 

'i = inflow thermal energy or constituent concentration in 
appropriate units 

Qo 
= lateral outflow in m3/sec 

S = all. sources and sinks in appropriate units (e.g., kcallsec, 
mg/R/sec, etc. ) 

The above general expression is appropriate for temperature and those 

constituents which are passively transported with the movement of water. 

For those constituents which are assumed affixed to the bottom or are 

mobile (i.e., fish), the differential equation model is simply 

The source and sink term for temperature is limited to external heat 

fluxes. For the water quality constituents, sources and sinks may include 

settling, first order decay, reaeration, chemical transformations, bi.ologica1 

uptake and releases, growth, respiration, and mortality including predation. 



The following general expressions include the various components 

of the source and sink term for an abiotic constituent 

se t t l ing  reaeration decay chemica 2. 
transformation 

- EGnCnFn + LG n n n  C E + XR C F + ZM C n n n n n 

biot ic  b io t ic  byproducts mortality 
uptake 

and for a biological constituent 

se t t l ing  growth, respiration predation 
& mortaZity 

where 

1 = source and sink for the constituent 

vs = constituent settling velocity 

C = constituent concentration 

K2 = reaeration coefficient 

C* = concentration at saturati.on 

Kd = decay coefficients 

G = growth rate 



F = f a c t o r  r e l a t i n g  growth t o  uptake and r e l e a s e  of 
dependent c o n s t i t u e n t s  

E = f a c t o r  r e l a t i o n  growth t o  exc re t ion  of dependent 
c o n s t i t u e n t s  

R = r e s p i r a t i o n  r a t e  

M = m o r t a l i t y  r a t e  

A d e s c r i p t i o n  of t h e  source  and s i n k  terms f o r  temperature and t h e  

i n d i v i d u a l  water q u a l i t y  c o n s t i t u e n t s  i s  presented i n  t h e  fol lowing s e c t i o n s .  

THERMAL ANALYSIS 

The temperature of t h e  water  i s  one of t h e  most important parameters  

t o  be analyzed s i n c e  nea r ly  a l l  r a t e  c o e f f i c i e n t s  a r e  temperature dependent.  

Addi t iona l ly ,  t h e  d i f f u s i v e  mass t r a n s p o r t  mechanism w i t h i n  t h e  r e s e r v o i r  

i s  d i r e c t l y  dependent upon t h e  water  dens i ty  which i n  t u r n  i s  dependent on 

temperature.  

The e x t e r n a l  source and s i n k  f o r  h e a t  considered i n  t h e  r e s e r v o i r  model 

i s  h e a t  exchange a t  t h e  air-water  i n t e r f a c e .  Within t h e  s t ream model h e a t  

t r a n s f e r s  a t  both t h e  s u r f a c e  and s tream bottom a r e  considered.  A descr ip-  

t i o n  of t h e  component of t h e  source  and s i n k  terms a r e  provided below. 

Water Surface Heat Exchange -- 

The t r a n s f e r  of hea t  t o  and from t h e  water  body occurs  p r i m a r i l y  a t  

t h e  air-water  i n t e r f a c e .  The r a t e  of h e a t  t r a n s f e r  pe r  u n i t  of s u r f a c e  

area can be  expressed a s  t h e  sum of t h e  fol lowing f i v e  components: 



where 

Hn 
= n e t  r a t e  of h e a t  t r a n s f e r  i n  kcal/m2/sec 

qns = n e t  r a t e  of short-wave s o l a r  r a d i a t i o n  ac ros s  t h e  
i n t e r f a c e  a f t e r  l o s s e s  by adsorp t ion  and s c a t t e r i n g  
i n  t h e  atmosphere and by r e f l ec t i . on  a t  t h e  water  s u r f a c e  

4na 
= n e t  r a t e  of atmospheric long-wave r a d i a t i o n  ac ros s  t h e  

i n t e r f a c e  a f t e r  l o s s e s  by r e f l e c t i o n  a t  t h e  water  s u r f a c e  

4w = r a t e  of long-wave r a d i a t i o n  from t h e  water  s u r f a c e  

9 e = r a t e  of h e a t  l o s s  by evapora t ion  

q c = r a t e  of convect ive h e a t  exchange between t h e  water  
s u r f a c e  and t h e  over ly ing  a i r  mass 

The b a s i c  physical formula t ion  of each of t h e s e  terms can be  found 

i n  r e p o r t s  prepared by t h e  Tennessee Valley Author i ty  El61 and WRE [ 1 7 ] .  

Two methods based on t h e  above formula t ion  may be  s e l e c t e d  by t h e  use r  

t o  c a l c u l a t e  t h e  water  s u r f a c e  h e a t  f l u x ;  t h e  h e a t  budget method and t h e  

equi l ibr ium temperature method. 

1. Heat Budget Method 

With t h e  h e a t  budget method, t h e  f i v e  components of t h e  t o t a l  h e a t  

a r e  aggregated i n t o  two groups; t hose  which a r e  dependent on t h e  

s u r f a c e  temperature and those  which a r e  no t .  The s u r f a c e  temperature 

dependent terms of equat ion  111-5 ( i . e . ,  qw3 q e and q ) a r e  l i n e a r i z e d  
C 

t o  s imp l i fy  t h e  s o l u t i o n  technique r e s u l t i n g  i n  t h e  fol lowing 

expression.  

where 

7.36 x - pL (a+bW) (a .  
.J 

T = water  temperature i n  degrees c e l s i u s  



P = water dens i ty  i n  kg/m3 

a = evaporat ion c o e f f i c i e n t  "a" 

b = evaporat ion c o e f f i c i e n t  "b" 

W = wind speed i n  m/sec 

a @. = temperature dependent empir ica l  c o e f f i c i e n t s  summarized 
j ' ' i n  Table 111-1 

e = vapor p re s su re  of t h e  over ly ing  atmosphere i n  m i l l i b a r s  a  

P = atmospheric p re s su re  i n  m i l l i b a r s  

T = dry  bulb a i r  temperature i n  degrees c e l s i u s  
a 

L = l a t e n t  h e a t  of vapor i za t ion  i n  kcal/kg 

2.  Equi l ibr ium Temperature Method -- 

The equi l ibr ium temperature approach t o  hea t  t r a n s f e r  a t  t h e  a i r -water  

i n t e r f a c e ,  developed by Edinger and Geyer [18],  u t i l i z e s  t h e  concept 

of an "equi l ibr ium temperature" and an  o v e r a l l  r a t e  c o e f f i c i e n t  f o r  

s u r f a c e  hea t  exchange. The "equi l ibr ium temperature" i s  defined a s  

t h e  water  temperature a t  which t h e  n e t  r a t e  of h e a t  exchange a t  t h e  

a i r -water  i n t e r f a c e  is  zero.  The r a t e  c o e f f i c i e n t  f o r  s u r f a c e  h e a t  

exchange, when m u l t i p l i e d  by t h e  d i f f e r e n c e  between t h e  equ i l i b r ium 

and a c t u a l  s u r f a c e  temperature,  g ives  t h e  n e t  r a t e  of hea t  t r a n s f e r .  

The fol lowing formula desc r ibes  t h i s  r e l a t i o n s h i p :  

where 

H = t h e  n e t  r a t e  of hea t  t r a n s f e r  i n  kcal./m2/sec 
n 

Ke = t h e  r a t e  c o e f f i c i e n t  f o r  s u r f a c e  hea t  exchange i n  
kcal /m2/sec/  "C 

Te = t h e  equil . ibrium temperature i n  degrees c e l s i u s  

Ts = t h e  s u r f a c e  water  temperature i n  degrees c e l s i u s  



TABLE T I I - 1  

Temperature Dependent Empir ical  Coe f f i c i en t  a and B 

Temperature Range, OC 
- L 

0 -  5 6.05 

5 - 10 5.10 

10  - 1 5  2.65 

Values of a and B a r e  numerical ly  der ived from a curve f i t  of 
temperature ve r sus  s a t u r a t e d  vapor p re s su re  da t a .  



Both of the above methods (Equations 111-6 and 111-7) adequately 

represent the total heat flux at the water surface of a homogeneous water 

body. In the reservoir model, however, the shorter wave length components 

of visible solar radiation will penetrate beyond the surface element. 

That fraction which enters the second element must be subtracted from the 

heat flux to the surface element. 

The amount of solar radiation which penetrates beyond the surface 

element is dependent on the light attenuation characteristics of the water. 

The presence of any suspended particulate material such as inorganic sus- 

pended solids, detritus and plankton changes the light attenuation charac- 

teristics of the water. These characteristics may continually change during 

the simulation period due to changes in the concentration of particulate 

material. The light energy or intensity at any depth is determined by the 

following relationship: 

where 

I = light intensity at any depth in kcal/m2/sec 

I 
0 

= surface light intensity in kcal/m2/sec 

k = light extinction coefficient in llmeter 

z = depth in meters 

The light extinction coefficient is an indicator of light transmiss- 

ibility and is a function primarily of the suspended particulate material. 

Assuming that the effects of particulate material on light transmissibility 

are additive, the light extinction coefficient may be determined by: 

where 

k = composite light extinction coefficient in l/meter 

k 
0 

= extinction coefficient of pure water in l/meter 



S = shad ing / l i gh t  a t t e n u a t i o n  cons tan t  f o r  each p a r t i c u l a t e  
m a t e r i a l  i n  l/m/mg/R 

C = p a r t i c u l a t e  m a t e r i a l  concent ra t ion  i n  mglR 

With t h e  o r i g i n a l  hea t  budget formulat ion,  t h e  magnitude of I'll" 

(Equation 111-6) i s  simply reduced t o  account f o r  t h i s  reduct ion  i n  t h e  

hea t  f l u x  t o  t h e  s u r f a c e  element. 

With t h e  equi l ibr ium temperature approach, i t  i s  more d i f f i c u l t  t o  

account f o r  t h e  reduced s o l a r  r a d i a t i o n  component of t h e  t o t a l  hea t  f l u x  

s i n c e  both t h e  h e a t  exchange c o e f f i c i e n t  and t h e  equi l ibr ium temperature 

a r e  a f f e c t e d .  Within t h e  model, t h e  increment of s o l a r  r a d i a t i o n  which pene- 

t r a t e s  beyond t h e  s u r f a c e  element i s  sub t r ac t ed  from t h e  t o t a l  s u r f a c e  h e a t  

f l u x  ca l cu la t ed  by Equation 111-7. This  approximation is  adequate  i f  t h e  

f r a c t i o n  of s o l a r  r a d i a t i o n  pass ing  on t o  t h e  second element is  small .  I f  

t h e  combination of water c l a r i t y  and element th ickness  r e s u l t s  i n  a s i g n i -  

f i c a n t  f r a c t i o n  of t he  t o t a l  s o l a r  r a d i a t i o n  pene t r a t ing  beyond t h e  s u r f a c e  

element, then e r r o r s  i n  t h e  p r e d i c t i o n  of s u r f a c e  temperature may r e s u l t .  

When t h e  average secch i  d i s k  depth i s  g r e a t e r  than t h e  element th ickness ,  

t h e  h e a t  budget approach i s  recommended. 

Heat Exchange With ----- t h e  Sediments 

On1,y hea t  exchange ac ros s  t h e  air-water  i n t e r f a c e  w a s  considered 

wi th in  t h e  r e s e r v o i r  model. This approach is reasonable s i n c e  t h e  r e s e r v o i r  

bottom a r e a  t o  volume r a t i o  i s  usua l ly  r e l a t i v e l y  small .  I n  t h e  s t ream, 

however, t h i s  r a t i o  may be q u i t e  l a r g e  and hea t  exchange wi th  t h e  bottom 

may be s i g n i f i c a n t .  Within shal low streams,  t h e  r ap id  changes i n  tempera- 

t u r e  ca l cu la t ed  by t h e  model u sua l ly  exceed observed va lues .  H e a t  exchange 

wi th  t h e  bottom w i l l  have a moderating e f f e c t  on water  temperature f l uc tua -  

t i o n s ,  reducing t h e  maximum d a i l y  temperature by conducting h e a t  away from 

t h e  water  t o  t h e  cooler  bottom sediments. During t h e  n i g h t  when t h e  bottom 

temperature exceeds t h e  water temperature,  hea t  w i l l  be  t r a n s f e r r e d  from 

t h e  bottom t o  t h e  r i v e r  water ,  thereby l i m i t i n g  t h e  n ight t ime drop i n  r i v e r  

water temperature.  The r a t e  of h e a t  exchange wi th  t h e  bottom sediment is  

approximated by: 



where 

Hb 
= t h e  hea t  f l u x  t o  and from t h e  bottom sediments i n  kcal /m2/sec 

K 
C 

= t h e  hea t  conductance c o e f f i c i e n t  i n  k ~ a l / m ~ / s e c / ~ ~  

Tb = t h e  bottom sediment temperature i n  degrees c e l s i u s  

T = t h e  water  temperature i n  degrees ce l . s ius  
W 

The temperature of t h e  bottom sediment i s  ca l cu la t ed  based on t h e  hea t  

f l u x  (H) and t h e  hea t  capac i ty  of t h e  bottom sediment 

WATER QUALITY RELATIONSHIPS 

These p r i n c i p a l  b i o l o g i c a l  and chemical c o n s t i t u e n t s  considered i n  

t h e  water  q u a l i t y  module a r e :  

Fish:  t h r e e  types wi th  d i f f e r e n t  optimum temperature 
ranges,  d i f f e r e n t  growth, r e s p i r a t i o n  and 
m o r t a l i t y  r a t e s  and d i f f e r e n c e  feeding preferences  

Aquatic I n s e c t s  (Stream module on ly ) :  assumed t o  be a s soc i a t ed  
wi th  t h e  s u b s t r a t e  

Benthic Animals: assumed t o  be a s soc i a t ed  wi th  t h e  s u b s t r a t e  

0 Phytoplankton: two types wi th  d i f f e r e n t  optimum temperature 
ranges,  d i f f e r e n t  growth and r e s p i r a t i o n  r a t e s ,  
d i f f e r e n t  s ink ing  v e l o c i t i e s  and d i f f e r e n t  n u t r i e n t  
requirements 

0 Benthic Algae (Stream module on ly ) :  two types wi th  d i f f e r e n t  
optimum temperature ranges,  d i f f e r e n t  growth and 
r e s p i r a t i o n  r a t e s  and d i f f e r e n t  n u t r i e n t  requirements 

D e t r i t u s  

0 Organic Sediment ( i . e . ,  s e t t l e d  d e t r i t u s )  

0 Inorganic  suspended s o l i d s :  f i v e  types wi th  d i f f e r e n t  
s e t t l i n g  v e l o c i t i e s  



O Inorganic  sediment ( i . e . ,  s e t t l e d  ino rgan ic  suspended 
s o l i d s )  

o Dissolved phosphate a s  phosphorus 

o T o t a l  i .norganic carbon 

o Dissolved ammonia as n i t r o g e n  

0 Dissolved n i t r i t e s  as n i t r o g e n  

0 Dissolved n i t r a t e s  as n i t rogen  

0 Dissolved biochemical oxygen 

0 Coliform b a c t e r i a  

0 Total. a l k a l i n i t y  a s  calcium carbonate  

0 T o t a l  dissol.ved s o l i d s  

O pH 

0 Unit  t o x i c i t y  (Stream module only)  

The eco log ica l  processes  w i t h i n  t h e  l a k e  environment a r e  centered  

around phytoplankton. The t r o p h i c  r e l a t i o n s h i p  between phytoplankton and 

zooplankton and t h e  d i r e c t  and r e c i p r o c a l  r e l . a t i onsh ip  between phytoplankton 

and n u t r i e n t s  normal.ly c o n t r o l s  t h e  water  q u a l i t y  cond i t i ons  w i t h i n  t h e  

lake .  The i n t e r r e l a t i o n s h i p s  between a l l  c o n s t i t u e n t s  considered i n  t h e  

r e s e r v o i r  module a r e  shown schemat ica l ly  i n  F igure  111-1. 

The eco log ica l  processes  w i t h i n  t h e  s t ream model, however, a r e  centered  

around ben th i c  a l g a e  where t h e  t r o p h i c  r e l a t i o n s h i p  between ben th i c  a l g a e  

and a q u a t i c  i n s e c t s  form t h e  base  of t h e  food chain.  F igure  111-2 shows 

t h e  i n t e r r e l a t i o n s h i p s  between c o n s t i t u e n t s  making up t h e  food cha in  as 

represented  i n  t h e  s t ream module. The i n t e r r e l a t i o n s h i p s  between t h e s e  

food cha in  c o n s t i t u e n t s  and t h e  remaining s t ream water  q u a l i t y  c o n s t i t u e n t s  

a r e  s i m i l a r  t o  t hose  depic ted  i n  F igure  111-1. 

Table 111-2 desc r ibes  t h e  interdependence of c o n s t i t u e n t s  and Table 

111-3 t h e  va r ious  processes  which in f luence  changes i n  concent ra t ion .  The 



A Aeration G Growth S Settling 
B Bacterial Deday M Mortality H Harvest 
C Chemical Equilibrium P Photosynthesis 
E Excreta R Respiration 

FIGURE 111-1. Quality and Ecologic Relationships 



FIGURE 111-2. Food Chain Relationships Within the Stream Model 



TABLE 111-2 

Interdependence of Const i tuents  

* 
Y) 

U 

w  u a 2 
u w  u r( 

i?: -2 m w w z  C V ]  w 
CONSIIIUEN'I c u 

- -- 

Temperature K K K K 

Fish A D D D  D 

Benthic Animals A L 

Zooplankton A L D 

Aquatic Insects* A L 

Phytoplankton A 

Benthic Algae* A L 

Detritus A E 

Inorganic Suspended 
Solids 

/ Organic Sediment A E 

Inorganic Sediment 

Toxicity* 

BOD A 

Coliform Bacteria A 

1 Total Inorganic 
Carbon B B B B B B  B 

Ammonia A B B B B B B  B 

Nitrite A 

Nitrate A 

Phosphate B B B B B B  B 

Oxygen F C  C c c  C c c 

Alkalinity and IDS 

Carbon Dioxide F,H M 

pH H H 

* Streamimodule only 

LEGEND: 

A - Affects rate of decay, respiration, growth or mortality 
B .- By.-product of decay or respisation 
C - Consumed by decay and respiration 
D - Prey or nutrients required for growth 
E - By-product of growth 
F - Affects reaeration rates and saturation 
G - Limits growth or decay if out of acceptable range 

H - Affects chemical equilibrium 
I - Affects mortality 
J - Source through sedimentation or scour 
K - Limits energy input by affecting light penetration 
1 - Consumed by growth of other constituents 
m - At chemical equilibrium with other constituents 



X X X X X X  

X X X X X X  X  X  

X X X X X X  

X X X X X X X X  X X X X X X W  X  X  

X X X  X  X  X X X X X W  W X X W  X  



processes described in these tables may be represented mathematically by 

mass balance equations similar to equation 111-1 through 111-4. The 

specific equations for the source and sink term for. each of the water quality 

constituents i.s presented in Appendix B. 

A more detailed description of the chemical and biological consti- 

tuents and their interactions can be found in reports by Chen and Orlob [ I ] ,  

Chen et a1 1191, and Smith [ 7 ] .  

WATER QUALITY - CONSTITUENT INTERACTION MODIFICATION -- 

Included in both water quality modules is the capability of omitting 

a water quality constituent or holding the constituent at a constant value 

during the simulation. The only exception to the above is that the tempera- 

ture disconnect and constant temperature options are not included in the 

reservoir model since vertical mass transport is a function of water density 

which is dependent on temperature. 

Water Quality Constituent Disconnect -- - .-- 

The water quality constituent disconnect capability allows the user 

to restrict the simulation to only those constituents of interest and of 

importance in the context of the specific study, thereby reducing computer 

cost and data preparation cost. This option must be used with extreme 

caution and care taken not to exclude a constituent which may directly or 

indirectly affect a constituent of interest. 

Examples of the proper use of this option would be: 

1. Evaluation of just water temperature where algae and 
other particulate material do not significantly alter the light 
attenuation characteristics of the water in a reservoir 

2. Evaluation of only coliform bacteria distribution 
in a stream 



3. Evaluation of fewer than 5 inorganic suspended 
solids groups 

4. Evaluati.on of dissolved oxygen considering only BOD 
in a very polluted stream where the only significant dissolved 
oxygen sink is uptake related to BOD decay 

In these examples all other constituents could be set to zero except for 

temperature. (Temperature is always simulated in the reservoir module 

and set to 20 degrees celsius in the stream module when the stream tempera- 

ture is not simulated). 

Improper uses of the disconnect option would be: 

1. Evaluation of only dissolved oxygen and BOD in a strati- 
fied reservoir (it is very unlikely that the only significant 
dissolved oxygen sink in any reservoir would be uptake related 
to BOD decay) 

2. Evaluation of nutrients within a reservoir or 
stream without simulating phytoplankton or benthic algae 

3. Evaluation of total inorganic carbon without simu- 
lating alkalinity (alkalinity is necessary to determine the 
carbon dioxide component of total inorganic carbon) 

Constant Water Quality Constituent _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ -  

The constant water quality constituent option allows the user to 

simulate the effects of a constituent without actually simulating the 

constituent. As with the disconnect option, computer cost and data prepara- 

tion costs are reduced. With the use of this option, the effects of the 

constituent are considered but the concentration of the constituent is 

held constant during the simulation. With the use of this option extreme 

care must be taken to assign realistic values for the constituents held 

constant. 

Examples of proper use of this option might be: 

1. Hold the temperature of a stream at a constant observed value. 



2,. Ho1.d fish or benthic animal densities at observed or realistic 
level. during a short duration stream simulation. 

3. Hold organic sediment constant at a realistic level during a 
stream or reservoir simulation (i-e., constant benthic BOD and benthic 
nutrient source). 

An example of an improper use of this option would be to hold phyto- 

plankton constant during a year-long reservoir simulation (phytopl.ankton 

population are very dynamic and should never be held constant under normal 

circumstances). 

Summary -- 

Again it should be emphasized that a great deal of caution must be 

used when utilizing either of these options. The user should have a good 

understanding of the model concepts, particularly the constituent inter- 

action (see Figures 111-1 and 2 and Tables 111-2 and 3) and understand the 

ramifications of omitting or holding a water quality constituent constant. 

If there is any doubt as to the significance of a constituent,or a realistic 

value for a constituent to be held constant cannot be determined, then the 

interaction modification option should not be used. Lack of data should 

never be used as a criterion for selecting which constituents are to be 

modeled and which are to be held constant or omitted. 

In selecting the magnitude of a constituent to be held constant, it 

is advisable to perform hand calculations to determine the approximate 

effect of the constant constituent (e.g., dissolved oxygen uptake associated 

with a constant organic sediment level). 



I V .  PHYSICAL, CHEMICAL A N D  BIOLOGICAL 

RATE COEFFICIENTS 

With t h e  except ion of t h e  conserva t ive  c o n s t i t u e n t s  ( i . e . ,  a l k a l i n i t y ,  

TDS and u n i t  t o x i c i t y )  t h e  d i f f e r e n t i a l  equat ions  r ep re sen t ing  water  q u a l i t y  

r e l a t i o n s h i p s  i nco rpora t e  one o r  more phys i ca l ,  chemical o r  b i o l o g i c a l  coe f f i -  

c i e n t s .  Most of t h e s e  c o e f f i c i e n t s  a r e  based upon an  empi r i ca l  understanding 

of a process  (e .g . ,  t h e  BOD decay r a t e  is  a  s i m p l i f i e d  d e s c r i p t i o n  o r  a  

complex microbia l  a c t i v i t y ) .  Many of t h e s e  c o e f f i c i e n t s  a r e  h ighly  v a r i a b l e  

and depend upon such f a c t o r s  a s  r e g i o n a l  c l i m a t i c  v a r i a t i o n ,  t ime of day, 

synopt ic  weather p a t t e r n s ,  system geometry (e .g . ,  shal low stream, deep l a k e )  

and type  and gene ra l  l e v e l s  of p o l l u t i o n .  Table I V - I  l is ts  t h e  c o e f f i c i e n t s  

used i n  t h e  equat ions  and g ives  s e l e c t e d  ranges t h a t  have been previous ly  

used i n  va r ious  s imula t ions .  Note t h a t  f o r  some c o e f f i c i e n t s  a  s i n g l e  va lue  

i s  given. This  i s  no t  n e c e s s a r i l y  intended t o  imply t h a t  t h e  number i s  pre- 

c i s e l y  known, bu t  t h a t  l i t t l e  a t t e n t i o n  has been given t o  t h i s  c o e f f i c i e n t  

o r  t h a t  l i t t l e  research  has been conducted on t h e  process .  

Defaul t  va lues  f o r  many of t h e s e  c o e f f i c i e n t s  have been provided and 

a r e  a l s o  l i s t e d  i n  t h e  fol lowing t a b l e s .  I n  applying these  models c a r e  must 

be taken t o  i n s u r e  t h a t  t h e  d e f a u l t  va lues  f o r  a l l  c o e f f i c i e n t s  a r e  appro- 

p r i a t e  f o r  t h e  s t ream o r  r e s e r v o i r  being modeled. Defaul t  c o e f f i c i e n t s  may 

be over r r idden  by t h e  u s e r  by spec i fy ing  t h e  app ropr i a t e  c o e f f i c i e n t  code 

number along wi th  t h e  new c o e f f i c i e n t  va lue .  



TABLE IV-I 

Physical, Chemical and Biological Coefficients 

Coefficient Code 
Default Normal 

Reservoir Stream Value ----- Range 

Carbon Fraction (by weight) of: 

Phytoplankton & Benthic Algae 1 1 .4 .4-.5 

Zooplankton 4 4 .4 .4-.5 

Aquatic Insects 7 .4 .4-.5 

Benthic Animals 7 10 .4 4-.  5 

Fish 10 13 .4 .4-.5 

Detritus & Organic Sediment. 13 16 .4 .2-.5 

Nitrogen Fraction -- (by weight) of: 

Phytoplankton & Benthic Algae 2 

Zooplankton 5 

Aquatic Insects 

Benthic Animals 

Fish 

Detritus & Organic Sediment 1.4 

Phosphorus Fraction 
(by weight) - of: 

Phytoplankton & Benthic Algae 3 

Zooplankton 6 

Aquatic Insects 

Benthic Animals 9 

Fish 12 

Detritus & Organic Sediment 15 



TABLE I V - 1  

Phys ica l ,  Chemical and Biologica l  Coeff ici .ents  
(continued) 

Coeff ic ient  Codes ----- 
Default  Normal 

Reservoir Stream Value --- --. Range - 

Rate Coef f i c i en t  Temperature 
Adjustment Factors  

Temperature Limits  i n  
degrees c e l s i u s  

T 1  135 186 5 0-10 
Type 1 phytoplankton T2 137 188 2 2 15-25 
& benthic  a lgae  T3 139 190 2 5 20-30 

T4 141 192 3 4 25-40 

T1 136 187 10 5-15 
Type 2 phytoplankton T2 138 189 2 8 20-30 
& benthic  a lgae  T3 140 191 30 25-35 

T4 142 193 4 0 30-45 

Zooplankton 

T1 

Aquatic I n s e c t s  T2 
T3 
T4 

T; 156 215 2 2 15-30 
Benthic Animals * 3 157 216 2 5 20-35 

='4 158 2 1  7 3 8 30-40 

Type 1 Fish  

Type 2 F i sh  



TABLE IV-1 

Phys ica l ,  Chemi.ca1 and B io log ica l  Coe f f i c i en t s  
(continued) 

Type 3 F i sh  

Coef f i c i en t  Codes 
Defaul t  Normal 

Reservoir  Stream Value - -.--. . Range 

Carbonaceous T1 185 244 4 0- 5 
BOD decay T2 186 245 3 0 25-35 

Ammonia decay 

N i t r i t e  decay 

D e t r i t u s  & 1. 197 2 56 4 0-- .5 
Sediment decay T2 198 257 3 0 25-35 

Q10 Temperature Coe f f i c i en t s  
-- 

Coliform b a c t e r i a  die-off 199 258 1.04 1.03-1.06 

Reaerat ion * 263 1.022 1.02-1.025 

BOD decay 200 264 0 1.03-1.06 

Ammonia decay 2 01 265 0 1.02-1.03 

N i t r i t e  decay 2,O 2, 266 0 1.02-1.03 

D e t r i t u s  & sediment decay 203 267 0 1.02-1.04 

Non-growth r e l a t e d  
b i o l o g i c a l  a c t i v i t y  

Type 1 Fish  Related Coef f i c i en t s  

Maximum growth r a t e  i n  l / day  45 78 .02 -02-. 03 

Respi ra t ion  r a t e  i n  l / day  48 8 1  .003 .001-. 005 

Natura l  m o r t a l i t y  r a t e  i n  l / day  5 1  8 4 .002 .001-. 005 

Toxic m o r t a l i t y  r a t e  i n  
l/day/mg/R 8 7 0 0- 1 

* No ove r r ide  c a p a b i l i t y  i s  provided f o r  t h e  Q10 temperature c o e f f i c i e n t  f o r  
r e a e r a t i o n  i n  t h e  l a k e  model.. 



TABLE IV-,l 

Physical, Chemical and Biological Coefficients 
(continued) 

Coefficient Codes 
Default Normal 

Reservoir Stream Value ,- Range 

Growth half saturation con- 
stant for grazing zooplankton 54 90 .2 .05-. 2 
in mglR 

Feeding.preference number 1 
relating benthic animals to 60 96 .005 .001- .O1 
zooplankton in m2/R 

Feeding preference number 2 
relating aquatic insects to 
zooplankton in m2/2 

Assimilative efficiency 63 102 .5 .3-. 6 

Particulate fraction of 
excreta 

Type 2 Fish Related Coefficients 

Maximum growth rate in l/day 4 6 7 9 .025 .02,-. 03 

Respi.ration rate in llday 

Natural mortality rate in llday 

Toxic mortality rate in 
lldaylmglR 

Growth half saturation con- 
stant for grazing zooplankton 
in mg/R 

Feeding preference number 1 
relating benthic animals to 
zooplankton in m2/R 

Feeding preference number 2 
relating aquatic insects to 
zooplankton in m2/R 

Assimilative efficiency 

Particulate fraction of 
excreta 



TABLE I V - 1  

Phys i ca l ,  Chemical and Biologi.ca1 C o e f f i c i e n t s  
(cont inued)  

Coe f f i c i en t  Codes 
Defaul t  Normal 

Reservoir  Stream Value --- Range 

Type 3  F i s h  Related C o e f f i c i e n t s  - 
Maximum growth r a t e  i n  l / d a y  47 8  0  .02 .02-. 03 

Resp i r a t ion  r a t e  i n  l / day  50 8  3  .003 .001-, 005 

Natura l  mox ta l i t y  r a t e  i n  l / d a y  53 86 .002 .001- .005 

Toxic m o r t a l i t y  r a t e  i n  
l/day/mg/g 

Growth h a l f  s a t u r a t i o n  con-, 
s t a n t  f o r  graz ing  ben th i c  
animals and/or  a q u a t i c  
i n s e c t s  i n  mg/m2 

Feeding p re fe rence  number 1 
r e l a t i n g  o rgan ic  sediment t o  
ben th i c  animals and a q u a t i c  
i n s e c t s  

Feeding p re fe rence  number 2  
r e l a t i n g  ben th i c  a l g a e  type  1. 
t o  ben th i c  animals and 
a q u a t i c  i n s e c t s  

Feeding p re fe rence  number 3  
r e l a t i n g  ben th i c  a l g a e  type  2  
t o  ben th i c  animals and 
a q u a t i c  i n s e c t s  

Ass imi l a t ive  e f f i c i e n c y  6 5 

P a r t i c u l a t e  f r a c t i o n  of 
exc re t a  68 

Benthic Animals Related -- 
Maximum growth r a t e  i n  l / d a y  3  9 

Resp i r a t ion  r a t e  i n  l / d a y  4  0  

Natura l  m o r t a l i t y  r a t e  i n  l / d a y  41 

Growth h a l f  s a t u r a t i o n  con- 
s t a n t  f o r  g r a z i n  5 organ ic  42 
sediment i n  mg/m 

Ass imi l a t ive  e f f i c i e n c y  4  3  

P a r t i c u l a t e  f r a c t i o n  of 
exc re t a  4  4  



TABLE I V - I  

Phys ica l ,  Chemical and Bio logica l  Coe f f i c i en t s  
(continued) 

Coe f f i c i en t  Codes 
Defaul t  Normal 

Reservoir  S tream Value -- Range 

Aquatic I n s e c t s  Related 

Maximum growth r a t e  i n  l /day  

Resp i r a t ion  r a t e  i n  l / day  

Natura l  m o r t a 1 i . t ~  r a t e  i n  l / day  

Toxic m o r t a l i t y  r a t e  i n  
l /day/mg/i  

Growth ha l f  s a t u r a t i o n  con- 
s t a n t  f o r  graz ing  ben th i c  
a l g a e  type 1 i n  mg/m2 

Feeding preference  number 1 
r e l a t i n g  ben th i c  a l g a e  type  2 
t o  benth ic  a l g a e  type 

Feeding preference  number 2 
r e l a t i n g  organic  sediment 
t o  ben th i c  a lgae  type 1 

Ass imi l a t ive  e f f i c i e n c y  

P a r t i c u l a t e  f r a c t i o n  of 
exc re t a  

Zooplankton Related 

Maximum growth r a t e  i n  l /day  30 5 1 

Respi ra t ion  r a t e  i n  l / day  3 1 5 2 

Natura l  m o r t a l i t y  i n  l /day  3 2 5 3 

Toxic m o r t a l i t y  r a t e  i n  
l/day/mg/R 

Growth ha l f  s a t u r a t i o n  con- 
s t a n t  f o r  graz ing  type 1 33 55 
phytoplankton i n  mg/Q 

Feeding preference  number I 
r e l a t i n g  type  2 phytoplankton 
t o  type  1 phytoplankton 3 5 5 7 

Feeding preference  number 2 
r e l a t i n g  d e t r i t u s  t o  type 1 36 58 
phytoplankton 

5 4 



TABLE IV-1 

Physical, Chemical and Biological Coefficients 
(continued) 

Coefficient -. Codes 
Default Normal 

Reservoir Stream Value - Range 

Assimilative efficiency 

Particulate fraction of 
excreta 

Type 1 Phytoplankton Related 

Maximum growth rate in l/day 

Respiration rate in l/day 

Toxic mortality rate in 
l/day/mg/R 

Growth half saturation constants 

Light energy in kcal/m2/sec 2 0 
Phosphate as P in mg/R 2 2 
Ammonia plus nitrate as N 
in mglR 2 4 

Carbon dioxide as C in mg/R 2 6 

Sinking velocity in M/day 2 8 

Sinking velocity in  day 

Qpe 2 Phytoplankton Related 

Maximum growth rate in l/day 

Respiration rate in l/day 

Toxic mortality rate in 
l/day/mg/R 

Growth half saturation constants 

Light energy in kcal/m2/sec 2 1 
Phosphate as P in mg/R 2 3 
Ammonia plus nitrate as N 
in mg/R 2 5 

Carbon dioxide as C in mg/R 2 7 

Sinking velocity in M/day 2 9 

Sinking velocity in M/day 



TABLE I V - 1  

Phys i ca l ,  Chemical and B io log ica l  Coeff ici .ents  
(cont inued)  

Coe f f i c i en t  Codes 
Defaul t  Normal 

Reservoi r  Stream Value -- Range 

,Type 1 Benthic Algae Related 

Maximum growth r a t e  i n  l / day  

Resp i r a t ion  r a t e  i n  l / d a y  

Toxic m o r t a l i t y  r a t e  i n  
l/day/mg/Q 

Growth h a l f  s a t u r a t i o n  cons t an t s  

Light  energy i n  kcal/m2/sec 
Phosphate a s  P i n  mg/R 
Ammonia p l u s  n i . t r a t e  a s  N 

i n  mg/R 
Carbon d iox ide  a s  C i n  mg/R 

Scour r a t e  i n  l /day/m2/sec 4 9 .02 0- 1 

Type 2 Benthic Algae Related 

Maximum growth r a t e  i n  l l d a y  

Resp i r a t ion  r a t e  i n  l./day 

Toxic m o r t a l i t y  r a t e  i n  
l ldaylmglL 

Growth h a l f  s a t u r a t i o n  cons t an t s  

Light  energy i n  kcal /m2/sec 
Phosphate a s  P i n  mglR 
Ammonia p l u s  n i t r a t e  a s  N 

i n  mg/R 
Carbon d iox ide  a s  C i n  mg/Q 

Scour r a t e  i n  l /day/m2/sec 

Decay Rates  i n  l l d a y  

Carbonaceous BOD decay r a t e  105 

Ammonia decay r a t e  106 

N i t r i t e  decay r a t e  107 

Coliform d i e  o f f  r a t e  110 

D e t r i t u s  decay r a t e  108 

Organic sediment decay r a t e  109 



Physical, Chemical and Biological Coefficients 
(continued) 

Coefficient Codes -- 
Default Normal 

Reservoir -Stream Value Range ---- --.-- 

Stoichiometric Equivalences 

Carbon released with carbona- 
ceous BOD decay 111 

Oxygen consumed with ammonia 
(N) decay 112, 

Oxygen consumed with nitrite 
(N) decay 11.3 

Oxygen consumed with detritus 
and organic sediment decay 114 

Oxygen consumed with biomass 
respiration 11.5 

Oxygen produced with algae 
growth 1.16 

Settling Velocity in m/sec 

Detritus 117 

Detritus 

Phytop1,ankton Type 1 

Phytoplankton Type 1 

Phytoplankton Type 2 

Phytoplankton Type 2, 

Shading/Light Attenuation'constant --, 

in l/m/mg / R  for : 

Phytoplankton Type 1 118 

Phytoplankton Type 2 119 

Zooplankton 1.20 

Detritus 12,l 



TABLE I V - 1  

Phys i ca l ,  Chemical and B io log ica l  Coe f f i c i en t s  
(cont inued)  

Coe f f i c i en t  Codes 
p- 

Defaul t  Normal 
Reservoir  Stream Value Range 

Suspended So l id s  Number 1" 122 173 0  0-.5 

Suspended S o l i d s  Number 2 2  123 174 0  0-.5 

Suspended S o l i d s  Number 3" 124 175 0  0-. 5 

Suspended S o l i d s  Number 4" 125 176 0  0-. 5  

Suspended So l id s  Number 59c 126 177 0  0-. 5  

* See Table lV-2 f o r  r e l a t i o n s h i p  between p a r t i c a l  s i z e  and t h e  Shading/ 
Light  At tenuat ion  Constants.  



Chemical C o m ~ o s i t i o n  of Bio ta  and D e t r i t u s  

The chemical composition d a t a  s p e c i f y  t h e  chemical makeup ( i . e . ,  carbon, 

n i t r o g e n  and phosphorus) of a l l  o rganic  m a t e r i a l s  w i t h i n  t h e  model. To 

main ta in  c o n t i n u i t y  of mass, t h e  composition of a l l  o rganic  c o n s t i t u e n t s  

( i . e . ,  b i o t a ,  d e t r i t u s  and organic  sediment) must be kept  t h e  same s i n c e  a l l  

b i o t a  cyc l e  carbon, n i t rogen  and phosphorus p ropor t iona l  t o  t h e i r  own 

chemical makeup. 

Rate  C o e f f i c i e n t s  Temperature Adjustment Fac to r s  -- - 7-- 

The r a t e s  a t  which chemical and b i o l o g i c a l  processes  t ake  p l ace  i n  t h e  

a q u a t i c  environment a r e  normally a  f u n c t i o n  of temperature,  t h e r e f o r e  r a t e  

c o e f f i c i e n t s  desc r ib ing  t h e s e  processes  must be  ad jus t ed  t o  t h e  ambient 

temperature.  Two approaches a r e  used w i t h i n  t h e  models t o  make t h e  r equ i r ed  

temperature adjustments  ( s ee  F igure  IV-1). 

T e m ~ e r a t u r e  L i m i t s  

The temperature l i m i t  method assumes t h a t  t h e  r a t e  a t  which a  

r e a c t i o n  t akes  p l ace  i s  a  func t ion  of two exponent ia l  curves similar 

t o  t hose  depic ted  i n  F igu re  IV-1 .  The temperature t o l e r a n c e s  d e f i n e  

t h e  curves used t o  modify t h e  growth, r e s p i r a t i o n ,  and m o r t a l i t y  

r a t e s  of t h e  b i o t a  and t h e  decay r a t e s  of t h e  a b i o t i c  subs tances .  

The temperatures ,  TI and Tq, a r e  t h e  lower and upper t o l e r a n c e  l i m i t s ,  

r e s p e c t i v e l y ,  f o r  growth and decay. The temperatures ,  T2 and T3, 

d e f i n e  t h e  optimum range a t  which t h e  growth o r  decay r a t e  i s  a  

maximum. The upper range of t h e  optimum temperature,  T3, and t h e  

upper t o l e rance  l i m i t ,  T4, f o r  b i o t a  r e s p i r a t i o n  and m o r t a l i t y  and 

decay processes  a r e  assumed o u t s i d e  t h e  range of normal p ro to type  

temperatures and need no t  be s p e c i f i e d .  



2 .  Temperature Coe f f i c i en t s  - - 

The llQIO1' method assumes t h a t  t h e  r a t e  a t  which a  r e a c t i o n  t akes  

p l ace  inc reases  exponent ia l ly  wi th  inc reases  i n  temperature.  The 

r a t e  c o e f f i c i e n t  a t  any temperature can be ca l cu la t ed  by: 

LV- 1 

where Ra = r a t e  c o e f f i c i e n t  ad jus t ed  t o  t h e  ambient temperature 

R20 = r a t e  c o e f f i c i e n t  a t  20 degrees c e l s i u s  

Q10 = Q 1 0  tempeTature c o e f f i c i e n t  

T, = ambient temperature i n  degrees c e l s i u s  

The r e l a t i o n s h i p  between temperature and t h e  c o r r e c t i o n  f a c t o r  

f o r  a t y p i c a l  temperature coe f f i c i . en t  ( i . e . ,  Q10 = 1.04)  is  shown 

i.n F igure  IV-1.  

When t h e  d e f a u l t  QI0 temperature c o e f f i c i e n t s  a r e  used , the  Q tempera- 
10 

t u r e  c o r r e c t i o n  f a c t o r  i s  appl ied  t o  t h e  r e a e r a t i o n  c o e f f i c i e n t s  and co l i form 

die-off r a t e s  and t h e  temperature 1 . i m i t  approach i s  appl ied  t o  a l l  o the r s .  

A t  t h e  u s e r s  op t ion ,  t h e  QI0 approach may be used fo r  any o r  a l l  decay 

r a t e s  and b i o t a  r e s p i r a t i o n  and m o r t a l i t y  r a t e s  by ass igning  an appropr i a t e  

va lue  t o  t h e  r e s p e c t i v e  Q c o e f f i c i e n t .  I f  t h i s  op t ion  i s  chosen, t h e  va lue  
10 

of t h e  corresponding r a t e  c o e f f i c i e n t  would then correspond t o  a  temperature 

of 20 degrees c e l s i u s  i n s t e a d  of t h e  maximum r a t e  and may need t o  be reduced 

( e .g . ,  t h e  d e f a u l t  BOD decay r a t e  of 0 .3  i s  an appropr i a t e  maximum value  

whi le  a  va lue  of 0.2 i s  appropr i a t e  a t  20°C). 

MaximumSpecific Growth Rates  

The maximum s p e c i f i c  growth r a t e  i s  t h e  maximum f r a c t i o n a l  i nc rease  i n  

biomass which occurs  a t  optimum temperatures  ( i . e . ,  T2 2 Ta,( T3) wi th  

unl imited n u t r i e n t s ,  prey o r  o t h e r  food sources.  The growth r a t e  a t  sub- 

opt imal  ambient cond i t i ons  i s  determined by: 
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IV- 2 

where Ga = growth rate at ambient conditions in l/day 

6 = maximum growth rate in l/day 

Kt = rate coefficient temperature adjust factor 

F = concentration of nutrients, prey or other food supply 
in mg/R 

F2 = half saturation constant in mg/R 

Half Saturation Constants -. -- 

The half saturation constants or Michaelis-Menton constants are used 

to adjust the growth rate of an organism to the available nutrient, prey 

or other food supply. The half saturation constant is the concentration 

of the nutrient, prey or other food source at which an organism will grow 

at half its maximum rate. 

Respiration R a t s  

The respiration rate is that fraction of the biomass which is converted 

back to inorganic carbon, nitrogen and phosphorus by the normal process of 

respiration of the organism. Respiration rates at ambient conditions are 

a function of the rate coefficient temperatureadjustment. 

Mortality Rates 

The mortality rate is the fraction of the biomass which is converted 

to detritus or organic sediment by death of the particular organism. Within 

the reservoir model only natural mortality is considered while both natural 

and toxicity induced mortality is considered in the stream. The mortality 

rate under ambient conditions is determined by: 

IV- 3 



where Ma = m o r t a l i t y  r a t e  under ambient condi t ions  i n  l / day  

Kt = r a t e  c o e f f i c i e n t  temperature adjustment f a c t o r  

M1 = n a t u r a l  m o r t a l i t y  r a t e  i n  l l d a y  

M2 = t o x i c i t y  induced m o r t a l i t y  i n  l/day/mg/R 

TU = u n i t  t o x i c i t y  i n  mg/R 
* 

O2 = disso lved  oxygen concent ra t ion  a t  s a t u r a t i o n  i n  mg/R 

02 = disso lved  oxygen concent ra t ion  i n  t h e  ambient i n  mg/R 

Note t h a t  m o r t a l i t y  f o r  a l g a e  i s  incorpora ted  d i r e c t l y  i n t o  t h e  a l g a l  res.- 

p i r a t i o n  term and a lgae  a r e  assumed t o  become sediment when they s e t t l e  t o  

t h e  bottom of a s t ream o r  r e s e r v o i r .  

Feeding P r e f e r e n s  

Feeding preferences  a r e  used t o  r e l a t e  concent ra t ions  o r  secondary food 

sources t o  t h e  primary food source.  This a l lows inpu t  of a s i n g l e  ha l f  

s a t u r a t i o n  cons tan t  per  organism t o  r e l a t e  growth t o  an equiva len t  concentra- 

t i o n  of i t s  primary food source.  The equiva len t  concent ra t ion  of t h e  primary 

food source is  determined by: 

F = F  + C P F  
1 

LV- 4 
n n 

where F = equiva len t  concent ra t ion  of t h e  primary food source i n  
mg/R 

F = concent ra t ion  of primary food source 1 
Pn = feeding  preference  f a c t o r  f o r  food source  'In" 

F = concent ra t ion  of t h e  secondary food source n 

Note t h a t  s e v e r a l  feeding  preference  f a c t o r s  must account f o r  both t h e  des i ra -  

b i l i t y  of t h e  food source  and d i f f e r e n c e s  i n  u n i t s  (e .g . ,  t h e  primary prey 

f o r  f i s h  type  1 i s  zooplankton which a r e  i n  mg/R u n i t s  and the  secondary 

prey is ben th i c  animals which a r e  i n  mg/m2 u n i t s ) .  



Assimilation Efficiency 

The assimilation efficiency is that fraction of the ingested food that 

is absorbed or assimilated by the organism. The assimilation efficiency 

also controls the amount of food consumed and the amount of excrement. 

The amount of a particular food source consumed is determined by: 

and the amount of exreta determined by: 

IV- .5 
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where GZ = the amount of food source consumed in mg/R 

G = the predator growth rate in l/day 

C = predator concentration in mg/R 

AE = assimilation efficiency 

P = feeding preference factor 

F = concentration of the food source 

EX = total excrement in mg/R 

Particula~ Fraction of Excreta 

An organisms waste products or excrement may be in either a dissolved 

or particulate form. The particulate fraction of excreta controls the ratio 

between the two forms. The particulate form contributes to the detritus 

or sediment pool and the remaining dissolved form is returned to the nutrient 

pool. Dissolved oxygen consumption resulting from the feeding process is 

proportional to the non-particulate form. 



Decay Rates  - 

The decay r a t e  is  t h a t  f r a c t i o n  of t h e  c o n s t i t u e n t  which i s  removed 

o r  converted t o  o t h e r  c o n s t i t u e n t s  by b a c t e r i a l  o r  chemical decomposition. 

I n  some cases  t h i s  decay i s  dependent on t h e  presence of oxygen ( e . g . ,  BOD, 

NH3, and NO may b e  gene ra l ly  considered as a e r o b i c  r e a c t i o n s ) .  However, 2 
decay of sediments and d e t r i t u s  may be e i t h e r  ae rob ic  o r  anaerobic  wi th  

d i f f e r e n t  decay r a t e s  f o r  each type. Such ref inements  a r e  no t  p r e s e n t l y  

incorpora ted  i n  t h e  model, a l though oxygen dependent r e a c t i o n s  a r e  programmed 

t o  be i n h i b i t e d  by a  l a c k  of a v a i l a b l e  oxygen. 

S to i ch iome t r i c  Equivalences 

S to ich iometr ic  equivalence is  t h e  r a t i o  of t h e  amount of two cons t i -  

t u e n t s  needed f o r  a  given chemical o r  b i o l o g i c  r e a c t i o n  (e .g . ,  3.5 grams 

of oxygen a r e  consumed when one gram of ammonia n i t r o g e n  i s  oxid ized  t o  

n i t r i t e ) .  

S e t t l i n g  Ve loc i ty  - 

The s e t t l i n g  v e l o c i t y  d e f i n e s  t h e  r a t e  of f a l l  of a lgae ,  d e t r i t u s  and 

ino rgan ic  suspended s o l i d s  through t h e  water  column. It i s  of p a r t i c u l a r  

s i g n i f i c a n c e  i n  t h e  r e s e r v o i r  model where a l g a e  and d e t r i t u s  s e t t l i n g  i n t o  

t h e  hypolimnetic  r eg ion  may c r e a t e  a  s i g n i f i c a n t  oxygen s ink .  No d e f a u l t  

s e t t l i n g  v e l o c i t y  ( i . e . ,  d e f a u l t  s e t t l i n g  v e l o c i t y  of zero)  is provided 

f o r  i no rgan ic  suspended s o l i d s  s i n c e  t h e  p a r t i c a l  s i z e  and t h e r e f o r e  t h e  

s e t t l i n g  v e l o c i t y  must be use r  s p e c i f i e d .  Table IV-2 provides t y p i c a l  s e t t l i n g  

v e l o c i t i e s  f o r  d i f f e r e n t  suspended s o l i d s  c l a s s e s .  

Shading/Light - Attenuat ion  Constants  

The s h a d i n g / l i g h t  a t t e n u a t i o n  cons tan ts  r e l a t e  l i g h t  a t t e n u a t i o n  charac- 

t e r i s t i c s  w i t h i n  t h e  water  body t o  suspended p a r t i c u l a t e  m a t e r i a l .  No d e f a u l t  



va lues  f o r  t h e  shad ing l l i gh t  a t t e n u a t i o n  cons t an t s  (i . .  e .  , d e f a u l t  shading/  

l i g h t  a t t e n u a t i o n  cons t an t s  of zero)  have been provided s i n c e  p a r t i c a l  

s i z e  i.s an inpu t  i tem. Typical va lues  a r e  provided i n  Table IV-2.  

--- 

TABLE IV-2 

Suspended So l id s  C h a r a c t e r i s t i c s  

Light  
P a r t  i c l &  S e t t l i n g  At tenuat ion  

S ize  Temperature* Veloci ty* Constant 
-- Class  - (mm) ---- ("C> (cm/sec) (l/m/mg/R) 

Co l lo ida l  .001 - 0 .2 - . 5  

Very f i n e  .004-. 008 .5 .006 .1 - . 2  
s i l t  20 .008 

3  5  .010 

Fine s i l t  .008-. 016 5 .012 .05 - .1 
20 .019 
35 .024 

Medium s i l t  .016-. 031 5  .041 .02 - .05 
2 0  .068 
3  5  .086 

Coarse s i l t  .031-.0625 5  
20 
3  5  

Very f i n e  .0625-.I25 5  .49 0  -, .01  
sand 2 0  . 61  

3  5 . 81  

* S e t t l i n g  v e l o c i t i e s  and t h e i r  r e l a t i o n s h i p  wi th  temperaturewere obta ined  
from personal  correspondence wi th  D r .  Michael Gee, HEC. 

F i sh  Harvest Rates  

The f i s h  ha rves t  r a t e  i s  t h a t  f r a c t i o n  of t h e  t o t a l  f i s h  biomass re-  

moved by p reda t ion  and f i s h i n g  wi th in  a  30 day per iod  ( i . e . ,  l imonth u n i t s ) .  

F i sh  ha rves t  r a t e s  which vary  wi th  t ime of year  and t h e  type  of f i s h ,  

normally range from zero during per iods  of no f i s h i n g  t o  . 2  t o  . 5  per  month 

f o r  d e s i r a b l e  f i s h  types during per iods  of i n t e n s i v e  f i s h i n g .  



No d e f a u l t  va lues  have been provided ( i . e . ,  d e f a u l t  f i s h i n g  r a t e s  of 

zero)  s i n c e  h a r v e s t  r a t e s  a r e  s p e c i f i c  t o  p ro to type  s i t u a t i o n s .  F i s h  

ha rves t  r a t e s  may be  i npu t  us ing  t h e  c o e f f i c i e n t  code numbers l i s t e d  i n  

Table  IV-3. 

----- ------ 

TABLE IV-3 

F i s h  Harvest  C o e f f i c i e n t  Code Numbers 

F i s h  Type C o e f f i c i e n t  Code Number 

J a n  Feb Mar Apr May Jun  J u l  & - S~J- Oct Nov D e c  

Reservoi r  Model - 
F i s h T y p e l  69 70 71 72 73 74 75 76 77 78 79 80 

F i s h T y p e 2  8 1  82 83 84 85 86 87 88 89 90 91 92 

F i sh  Type 3  93 94 95 96 97 98 99 100 101 102 103 104 

Stream Model 

F i sh  Type 1 120 121 122 123 124 125 126 127 128 129 130 1 3 1  

F i sh  Type 2  132 133 134 135 136 137 138 139 140 141  142 143  

F i sh  Type 3  144 145 146 147 148 149 150 151  152 153  154 155 

I n s e c t  Emergence Rate  

The i n s e c t  emergence r a t e  i s  t h e  f r a c t i o n  of t h e  a q u a t i c  i n s e c t  biomass 

which matures and l eaves  t h e  water  body t o  become a  t e r r e s t r i a l  organism 

during a  30 day per iod .  

No d e f a u l t  va lues  a r e  provided f o r  emergence r a t e s  ( i . e . ,  d e f a u l t  

emergence r a t e s  of zero)  s i n c e  they vary  w i t h  t h e  a q u a t i c  i n s e c t s  s p e c i e s  

and t h e  geographica l  l o c a t i o n .  Emergence r a t e s  a p p r o p r i a t e  f o r  s t reams 

of t h e  P a c i f i c  Northwest a s  r epo r t ed  by Chen [20] a r e  presen ted  i n  Table  

IV-4. 



- 

TABLE IV-4 

Aquatic I n s e c t  Emergence Rates  

Emergence Rate 
Month -- Coef f i c i en t  Code .---- -- (l lmonth) 

J an  108 .4 

Feb 109 0 

Mar 110 .4 

Apr 111 0 

May 11 2 .1 

Jun 113 .1 

J u l  11 4 . 1.5 

Aug 115 .15 

S ep 116 .1 

Oct 117 .07 

Nov 118 0  

Dee 119 0  
-- 

Gas Exchange Rates  -- 

The r a t e  of gas  t r a n s f e r  ( i . e . ,  carbon d iox ide  and oxygen) through 

t h e  a i r -water  i n t e r f a c e  i n  both  t h e  s t ream and r e s e r v o i r  models is  calcu-  

l a t e d  us ing  t h e  fo l lowing  express ion:  
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where R = r a t e  of gas  t r a n s f e r  i n  mg/R/day 

K2 = t h e  r e a e r a t i o n  c o e f f i c i e n t  f o r  oxygen i n  l / day  

k = 1 f o r  oxygen t r a n s f e r  and 0.78 f o r  carbon d ioxide  t r a n s f e r  

G" = concen t r a t ion  of d i s so lved  oxygen o r  carbon d ioxide  a t  
s a t u r a t i o n .  

G = ambient concen t r a t ion  of d i sso lved  oxygen o r  carbon 
d ioxide .  



While t h i s  express ion  i s  used f o r  both t h e  stream and reservoir .  simu- 

l a t i o n ,  K2 i s  determined d i f f e r e n t l y  f o r  each. 

1. Reservoir  Model 

For t h e  r e s e r v o i r  model, t h e  fol lowing express ion  i s  used. 
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where K2 = t h e  r e a e r a t i o n  c o e f f i c i e n t  f o r  oxygen i n  l / day  

a , b  = empir ica l  coe f f i c i en t s '  ( i .  e . ,  0.50 and 0.025, respec-  
t i v e l y )  

V = wind speed i n  meters  per  second 

AZ = t h e  s u r f a c e  element t h i ckness  i n  meters  

2. Stream Model 

For t h e  s t ream s imula t ion ,  t h e  use r  has  t h e  opt ion  of s e l e c t i n g  any 

one of t h e  fol lowing seven methods f o r  computing t h e  di.ssolved oxygen 

r e a e r a t i o n  c o e f f i c i e n t :  

(1) Churchi l l  e t .  a l .  

( 2 )  0' Connor & Dobbins 
v a 5  

K2 = 3.951 HI. 5 

( 3 )  Owens e t .  a l .  

IV-  l o  

IV-  11 

(4)  Langbien and Durum - v 
K2 - 5' 133 333 

IV- 1 2  

* The va lues  of a and 5 were numerical ly  der ived  from a curve f i t  of d a t a  
presented by Kanwisher [21] 



(5) Thackston and Krenkel 
5 v* 

K = 24.9.5 (1  + F' ) x 2 IV-  1 3  

(6)  Tsivoglou and Wal.lace 
Ah 

K = 3.78 - o r  K = 13600 (S) (V) IV-,I4 2, A t  2 

(7) Input  K d i r e c t l y  
2 

where K = r e a e r a t i o n  c o e f f i c i e n t  i n  l / day  2 
V = stream v e l o c i t y  i n  m/sec 

H = hydrau l i c  depth i n  meters  

F = Fronde number = v/& 
.5  

V' = shear  v e l o c i t y ,  me te r s l s ec  = (H-S*g) 

Ah = water s u r f a c e  e l eva t ion  change, meters  

A t  = t ime of t r a v e l  corresponding t o  Ah, days 

S = s l o p e  of water  su r f ace ,  meters lmeters  

g = a c c e l e r a t i o n  due t o  g r a v i t y ,  meters2 /sec  

The d e f a u l t  method f o r  computing r e a e r a t i o n  i s  t h e  OIConnor and Dobbins 

method. The use r  may s e l e c t  one of t h e  o t h e r  methods by spec i fy ing  a 

c o e f f i c i e n t  code number of 259 along wi th  t h e  method number. 



V .  SOLUTION TECHNIQUE FOR WATER QUALITY 

The r e s e r v o i r  and s t ream q u a l i t y  modules of t h e  WQRRS model use  

s i m i l a r  techniques f o r  so lv ing  t h e  d i f f e r e n t i a l  equat ions  which r ep resen t  

t h e  response of t h e  water  q u a l i t y  and e c o l o g i c a l  c o n s t i t u e n t s .  For t h o s e  

c o n s t i t u e n t s  which a r e  pas s ive ly  t r anspor t ed  wi th  t h e  movement of water  

( i . e . ,  advec t ion  and d i f f u s i o n )  a  Gaussian r educ t ion  scheme i s  used t o  

s o l v e  t h e  s e t  of s imultaneous equat ions.  For t hose  c o n s t i t u e n t s  which 

a r e  assumed a f f i x e d  t o  t h e  bottom o r  a r e  s e l f  mobile ( i . e . ,  f i s h )  t h e  

equat ions  a r e  solved by simply mul t ip ly ing  t h e  time d e r i v a t i v e s  by t h e  com- 

p u t a t i o n  time s t e p  increment.  

The d i f f e r e n t i a l  equat ions  a r e  coupled between c o n s t i t u e n t s  (e .g . ,  

t h e r e  a r e  terms i n  t h e  oxygen equat ion  t h a t  depend on BOD and o t h e r  con- 

s t i t u e n t s ) ,  however, t h e  c o n s t i t u e n t s  a r e  processed s e q u e n t i a l l y  beginning 

w i t h  l e a s t  dynamic c o n s t i t u e n t s  and r eg res s ing  t o  t h e  most dynamic. Sources 

and s i n k s  r e s u l t i n g  from t h i s  coupling a r e  assumed cons tan t  over  t h e  t ime 

s t e p .  The magnitude of t h e  source  and s i n k  term is  a  func t ion  of t h e  

p re sen t  concen t r a t ion  of t h e  coupled c o n s t i t u e n t s  (e .g . ,  end of t ime s t e p  

concen t r a t ion  f o r  c o n s t i t u e n t s  prev ious ly  processed and beginning of t ime 

s t e p  concen t r a t ion  f o r  c o n s t i t u e n t s  y e t  t o  be  processed) .  

For r e a c t i o n s  t h a t  demand oxygen, t h e  model checks f o r  oxygen a v a i l -  

a b i l i t y  be fo re  process ing  t h e  parameter and a d j u s t i n g  t h e  demand r a t e  t o  

r e f l e c t  t h i s  a v a i l a b i l i t y .  

A s  an example of t h e  s o l u t i o n  technique t h e  gene ra l  mass balance 

equat ion  111-1 w i l l  be  used: i . e . ,  



The equation is rewritten in a form where a finite difference scheme 

is used to describe all the derivative processes. For element i adjacent 

to elements i-1 and i+l (see Figure V-1) the general mass balance equation 

becomes 

where 

subscripts i, i-1, i+l denote element numbers 

- 
v = the volume of the fluid element 

C = the constituent concentration 

t = computation time step increment 

A = cross-sectional area at the fluid element boundary 
z 

D = effective diffusion coefficient 
z 

AZ = element thickness 

Qu = upward advective flow between elements 

Qd = downward advective flow between elements 

Qw = flow removed from the element 

Qx = inflow rate to ;:he element 

Cx = constituent concentration in the inflow 

S = sources and sinks 



FIGURE V-1 

Physical Mass Transfers Between Elements 

7 3 



A finite difference equation of this type is formed for each element and 

integrated with respect to time. The system of finite difference mass 

balance equations represents the response of the constituent within the 

entire stream or reservoir system and, with the aid of a numerical inte- 

gration technique, the equations are solved with respect to time. 

The mass balance for any constituent, c, at any element, i, can take 

the form 

where 

- 
v = volume of element i i 

c = time rate of change of concentration c in element i i 

c = concentration of c in element i 
i 

s = the bracketed terms of the mass balance equations i 
(i-e., advection and diffusion) 

= the constant term for each element i 
(i.. e. , sources and sinks) 

The complete system of mass balance equations for the n elements can be 

written in the matrix form 

[vl {&I = [s] {cI + lPl v- 3 

where 

[v] is an n x n matrix with the element volumes on the diagonal 
and zeroes elsewhere 

is a column matrix of the rates of change of c in each of the 
n elements 

[s] is an n x n matrix of the coefficients which multiply the 
dependent variable, c. 



{c)  i s  a column matr ix  of t h e  concent ra t ions  c a t  each segment 

is  a column matr ix  of t h e  cons tant  terms f o r  each segment 

To i n t e g r a t e  t h e  b a s i c  equat ion over t ime, in t roduce  t h e  fol lowing 

numerical approximation f o r  each element: 

where 

c c = t h e  va lues  of t h e  dependent v a r i a b l e  a t  t h e  
t' t+At beginning and end of an i n t e g r a t i o n  i n t e r v a l ,  

r e spec t ive ly  

E_ = t h e  va lues  of t h e  r a t e  of change of t h e  dependent 
t '  

v a r i a b l e  a t  t h e  beginning and end of an i n t e g r a t i o n  
i n t e r v a l ,  r e spec t ive ly  

A t  = t h e  l.ength of an i n t e g r a t i o n  in terva l .  

A t  any poin t  i n  time c and & a r e  known, thus  t h e  expression becomes 
t t 

where 

Equation V-5 r ewr i t t en  i n  matr ix form i s  

where 

{c)  = a column matr ix  of t h e  concentrat ions a t  t h e  end of 
t h e  time i n t e r v a l  



{B) = a column matrix of the terms defined in V-5 

{;I} = a column matrix of the time rates of change of the 
concentrations c 

Substituting V-6 into V-3, 

at 
[v] {G} = [s] {B} + j- [s] {A} + 

where 

At 
[s"c] = [v] - -- [2] 2 

lpf:) = [s] {B) + 

Equation V-8 forms the basis for a solution, as there is only one unknown 

in the equation, {c ) .  The following recursive scheme can be used for the 

numerical solution of equation V-8. 

1. Form the vector {B) from the initial condition or the solution 
just completed. 

2. From the known hydraulic solution (assumed to be computed 
externally) and known boundary conditions, define the 
conditions which will exist at the end of the interval. 

3. With known values of [v] , [s] , and {p), form [s*] and {P;\). 

4 .  Solve for {c)  at time (t + At). 

5. Computer {c) by substitution in equation V-6. 

The above recursive scheme is that used in both computer codes and has 

proven to be very stable. 



V I .  PROGRAM STRUCTURE 

GENERAL SYSTEM STRUCTURE 

The r i v e r  bas in  water  q u a l i t y  program i s  a modular s e t  of mathematical 

computer models developed s p e c i f i c a l l y  f o r  dynamic a n a l y s i s  of water  q u a l i t y  

i n  r i v e r  and r e s e r v o i r  systems. Three s e p a r a t e  b u t  i n t e g r a b l e  modules a r e  

included wi th in  t h e  r i v e r  bas in  water  q u a l i t y  program. The r e s e r v o i r  module 

i s  a s tand  a lone  water  q u a l i t y  program, wh i l e  t h e  s t ream a n a l y s i s  programs 

c o n s i s t  of a dynamic f low computation module and a dynamic s t ream water  qua1.- 

i t y  module. A permanent. t ape  o r  d i s k  f i l e  (s t ream hydrau l i c s  i n t e r f a c e )  

i s  r equ i r ed  t o  t r a n s f e r  d a t a  between t h e  two s t ream modules. 

The system a n a l y s i s  procedure f o r  r i v e r  b a s i n  water  q u a l i t y  model.ing 

can be  performed wi th  t h e  r e s e r v o i r  r e s u l t s  being used a s  i npu t  t o  t h e  s t ream 

q u a l i t y  module o r  v i c e  ve r sa .  The t r a n s f e r  of d a t a  between t h e  q u a l i t y  mo-, 

du le s  i s  accomplished us ing  a permanent t a p e  o r  d i s k  f i l e  ( r e se rvo i r / s t r eam 

q u a l i t y  i n t e r f a c e ) .  

RESERVOIR MODULE ROUTINES - 

The r e s e r v o i r  module i s  composed of a main program and n ine t een  sub- 

r o u t i n e s .  The computational sequence i s  shown on F igu re  V I - 1  and t h e  rela- 

t i onsh ip  between r o u t i n e s  i s  shown on Figure  VI-2 .  A d e s c r i p t i o n  of t h e  

func t ion  of each r o u t i n e  is  provided below. 

PROGRAM MAIN i s  t h e  execut ive  program c o n t r o l l i n g  ope ra t ion  of t h e  

r e s e r v o i r  module. It begins by reading ,process i .ng  and p r i n t i n g  job t i t l e s ,  

s imula t ion  and p r i n t  c o n t r o l s ,  e x t e r n a l  t a p e  and f i l e  assignments ,  i nva r i -  

a n t  meteorological  d a t a ,  and miscel laneous phys i ca i  da t a .  It then  c a l l s  



------ 
RESERVOIR MODULE 

Time Step Loop 

TEMPORARY DATA 

(Reservoir/Strem 

Evaluate Changes in 

Inorganic Suspended Solids 
Inorganic Sediment 
Temperature 
Carbonaceous BOD 
Coliform Bacteria 
TDS 6 Alkalinity 
Fish L Benthic Animals 
Zooplankton 6 Phytoplankton 
Organic Detritua 6 Sediment 
Phoaphate Phosphorus 
Total Inorganic Carbon 
Ammonia, Nitrite 6 Nitrate Nitrogen 
Dissolved Oxygen 

Mix Reservoir as Required 6 Compute 
pH 6 Carbon Dioxide 

FIGURE V I - 1  

Reservoir Module Computational Sequence 
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RCOEF . 

FIGURE VI-2 

Reservoir Module Structure 

FITIT 



INPDR t o  inpu t  r e s e r v o i r  geometry d a t a ,  RCOEF t o  inpu t  phys i ca l ,  chemical 

and b i o l o g i c a l  c o e f f i c i e n t s ,  INCONC t o  i npu t  and OUTR t o  p r i n t  t h e  i n i t i a l  

q u a l i t y  cond i t i ons  and RESIM t o  inpu t  t r i b u t a r y  inf low and meteoro logica l  

da t a .  F i n a l l y  LAKECO i s  c a l l e d  which c o n t r o l s  t h e  dynamic q u a l i t y  simula- 

t i o n  of t h e  r e s e r v o i r .  

SUBROUTINE INPDR i n p u t s  a l l  r e s e r v o i r  geometry da t a .  It begins by 

reading  and p r i n t i n g  t h e  e f f e c t i v e  r e s e r v o i r  width a t  t h e  o u t l e t  e l e v a t i o n s ,  

t h e  e f f e c t i v e  r e s e r v o i r  l eng th  a t  a l l  t r i b u t a r y  inf low l o c a t i o n s , t h e  

depth-area  t a b l e  and t h e  width a t  withdrawal l e v e l s .  Element volumes, 

average c ros s - sec t iona l  a r e a s  and o the r  phys i ca l  parameters  a r e  then  ca l -  

cu l a t ed  and p r i n t e d .  

SUBROUTINE RCOEF reads  and p r i n t s  a l l  chemical,  phys i ca l  and b i o l o g i c a l  

c o e f f i c i e n t s .  Defaul t  va lues  a r e  provided f o r  most c o e f f i c i e n t s ,  t h e r e f o r e  

t h e  user  need only inpu t  those  c o e f f i c i e n t s  he wishes t o  change. No d e f a u l t  

va lues  a r e  provided f o r  sediment r e l a t e d  c o e f f i c i e n t s  s i n c e  a l l  c o e f f i c i e n t s  

a r e  a f u n c t i o n  of sediment s i z e  which i s  a l s o  u s e r  s p e c i f i e d .  The r a t e  

c o e f f i c i e n t s  a r e  converted t o  i n t e r n a l  u n i t s  and temperature adjustment  

f a c t o r s  a r e  s e t  up f o r  t h e  temperature-dependent c o e f f i c i e n t s .  FITIT i s  

c a l l e d  t o  form a  q u a d r a t i c  r e l a t i o n s h i p  between temperature and ino rgan ic  

suspended s o l i d s  s e t t l i n g  r a t e s .  

SUBROUTINE FITIT f i t s  a  second o rde r  curve through t h r e e  p o i n t s  us ing  

a  l e a s t  squares  method. 

SUBROUTINE INCONC reads  t h e  i n i t i a l  water  q u a l i t y  cond i t i ons .  E i t h e r  

uniform or depth vary ing  i n i t i a l  q u a l i t y  condi t ions  may be assigned.  I f  

non-uniform i n i t i a l  q u a l i t y  condi t ions  a r e  s p e c i f i e d ,  two o r  more s e t s  of 

i n i t i a l  q u a l i t y  ca rds  a r e  r ead ,  e s t a b l i s h i n g  p o i n t s  of known q u a l i t y .  The 

q u a l i t y  of any remaining elements is  determined by s t r a i g h t  l i n e  i n t e r p o l a -  

t i o n .  

PHC02 i s  c a l l e d  t o  compute t h e  i n i t i a l  concent ra t ions  of t o t a l  inor -  

gan ic  carbon and carbon d ioxide .  This  subrout ine  is  separa ted  i n t o  two 

s e c t i o n s .  The f i r s t  s e c t i o n  c a l c u l a t e s  t h e  t o t a l  i no rgan ic  carbon 



(CO +HCO-+CO--) and carbon d ioxide  (C02) concent ra t ions  based on equi l ibr ium 
2 3 3  

r e l a t i o n s h i p s  wi th  pH and a l k a l i n i t y .  This s e c t i o n  i s  used t o  determine t h e  

concent ra t ions  of t hese  c o n s t i t u e n t s  i n  t h e  inf low and i n  t h e  l a k e  a t  t h e  

beginning of t h e  s imula t ion .  The second s e c t i o n  u t i l i z e s  t h e  same e q u i l i -  

brium r e l a t i o n s h i p s  t o  determine t h e  pH and C02 concent ra t ion  based on a l -  

k a l i n i t y  and t o t a l  inorganic  carbon. This  s e c t i o n  i s  used t o  c a l c u l a t e  t h e  

pH and C02 concent ra t ion  i n  t h e  withdrawals and w i t h i n  the  lake.  

SUBROUTINE OUTR i s  the  r o u t i n e  which p r i n t s  t h e  i n i t i a l  condi t ions  and 

t h e  s imula t ion  r e s u l t s .  Af t e r  u n i t  conversions and minor c a l c u l a t i o n s  a r e  

performed, genera l  information about t h e  s imula t ion  i s  p r in t ed .  The t r i b u -  

t a r y  inf low and combined outf low quan t i t y  and q u a l i t y  a r e  p r i n t e d  along 

wi th  a  summary of t h e  outf low d i s t r i b u t i o n  r e s u l t i n g  from t h e  s e l e c t i v e  

withdrawal scheme. F i n a l l y ,  t he  s t a t u s  of t he  f i s h  crop and a  summary of 

t h e  water q u a l i t y  condi t ions  w i t h i n  the  r e s e r v o i r  a r e  p r i n t e d .  

SUBROUTINE RESIM i s  separa ted  i n t o  two sect i .ons.  I n  t he  f i r s t  s e c t i o n ,  

t r i b u t a r y  inf low da ta  a r e  read and a  temporary o r  permanent d i s k  o r  t ape  

f i l e  conta in ing  a  continuous record  of d a i l y  average t r i b u t a r y  inf low r a t e s  

and q u a l i t y  i s  c rea t ed .  It begins by reading c o n t r o l s  which de f ine  t h e  

l eng th  of record and which t r i b u t a r y  inf low q u a l i t y  d a t a  a r e  t o  be read 

and p r i n t e d .  T r ibu ta ry  inf low d a t a  may be  read a t  any time i n t e r v a l  wi th  

t h e  rate o r  q u a l i t y  held cons tan t  unt i .1  overr idden by a  new value.  I n  t h e  

second s e c t i o n ,  meteoro logica l  d a t a  a r e  read and p r i n t e d  and a  temporary 

o r  permanent d i s k  o r  t ape  f i l e  conta in ing  a  continuous record of meteorolo- 

g i c a l  d a t a  c r ea t ed .  Meteorological  d a t a  may be input  a t  i r r e g u l a r  day i n t e r -  

v a l . ~ ,  however, a  pre-spec i f ied  hourly i n t e r v a l  must be maintained during 

the  day (e .g . ,  hourly meteorological  d a t a  i npu t  a t  t h e  f i r s t  and f i f t e e n t h  

day of each month). The d a i l y  weather p a t t e r n  i s  repea ted  u n t i l  overr idden 

by new da ta .  

SUBROUTINE LAKECO i s  t h e  r o u t i n e  which c o n t r o l s  t h e  dynamic q u a l i t y  

s imula t ion  of t h e  r e s e r v o i r .  Af t e r  minor i n i t i a l i z a t i o n ,  i t  c a l l s  RADIAT 

t o  inpu t  t h e  i n i t i a l  meteorological  d a t a ,  INHYDR f o r  t he  i n i t i a l  withdrawal 

r a t e s  and outf low a l l o c a t i o n  and INFLO f o r  t h e  i n i t i a l  t r i b u t a r y  inf low r a t e s  



and q u a l i t y .  The withdrawal r a t e  and q u a l i t y  a r e  then  w r i t t e n  on a  f i l e  

( q u a l i t y  i n t e r f a c e )  f o r  u se  a s  input: t o  subsequent q u a l i t y  s imula t ions  of 

t h e  s t ream o r  r e s e r v o i r  immediately downstream. Upon e n t e r i n g  t h e  dai1.y 

computational loop,  t h e  r e s e r v o i r  volume i s  computed and checked t o  s e e  

t h a t  t h e  maximum volume has  no t  been exceeded. I f  t h e  maximum has  been ex- 

ceeded, t h e  q u a l i t y  s imula t ion  i s  terminated,  however t h e  inf low and with- 

drawal r a t e s  a r e  read  and t h e  r e s e r v o i r  volume c a l c u l a t e d  and p r i n t e d  f o r  

t h e  remainder of t h e  s imular ion  per iod .  Within t h e  inne r  loop r ep resen t ing  

t h e  fundamental t ime s t e p ,  t he  water  s u r f a c e  e l e v a t i o n  i s  computed and t h e  

need f o r  adding o r  d e l e t i n g  an  element due t o  a  r i s i n g  o r  f a l l i n g  water  sur-  

f a c e  i s  determined. An element i s  added when t h e  water  s u r f a c e  e l e v a t i o n  in-  

c r eases  t o  ha l f  t he  element t h i ckness  above t h e  s u r f a c e  element and d e l e t e d  

when the  water  su r f ace  e l e v a t i o n  f a l l s  below t h e  midpoint of t h e  s u r f a c e  

element. When t h e  number of elements change, t h e  water  q u a l i t y  of each e le -  

ment i s  ad jus t ed  up o r  down so  t h a t  t h e  water  q u a l i t y  of t he  new s u r f a c e  

element i s  t h e  same a s  t h e  previous  s u r f a c e  element. A f t e r  COMPUT i s  c a l l e d  

t o  eva lua t e  t h e  environmental changes , .a  check i s  made t o  s e e  i f  a  p o r t i o n  

o r  a l l  of t h e  r e s e r v o i r  i s  s u b j e c t  t o  convect ive mixing. I f  due t o  cool ing  

a t  t he  water  s u r f a c e ,  t h e  d e n s i t y  g rad ien t  i s  l e s s  than  the  minimum per- 

m i s s i b l e  f o r  s t a b i l i t y ,  t h e  r e s e r v o i r  i s  mixed t o  a l e v e l  where a l l  d e n s i t y  

g rad ien t s  a r e  g r e a t e r  than  the  mini.mum requi red  f o r  s t a b i l i t y .  PHC02 i s  then  

c a l l e d  t o  compute t h e  pH and d isso lved  carbon d iox ide  concen t r a t ion  f o r  each 

element. INHYDR i s  c a l l e d  t o  a l l o c a t e  t h e  withdrawal t o  t he  va r ious  o u t l e t s ,  

FLOWOT i s  c a l l e d  t o  compute the  end of t ime s t e p  withdrawal q u a l i t y  and 

OUTR is  c a l l e d  t o  p r i n t  a  summary of the  s imula t ion  r e s u l t s .  The withdrawal 

q u a l i t y  i s  w r i t t e n  on t h e  q u a l i t y  i n t e r f a c e  f i l e  and f i n a l l y  RADIAT, INHYDR 

and INFLO a r e  cal l .ed t o  i npu t  new meteoro logica l ,  withdrawal and inf low 

da ta  a s  requi red  f o r  t h e  next  time s t e p .  

SUBROUTINE RADIAT i s  separa ted  i n t o  t h r e e  s e c t i o n s .  The f i r s t  s e c t i o n  

is  c a l l e d  only i f  t he  equi l ibr ium temperature concept i s  being used. The 

equil . ibrium temperature,  h e a t  exchange c o e f f i c i e n t ,  shortwave s o l a r  rad ia-  

t i o n ,  wind speed and vapor p re s su re  a r e  read  from t h e  equi l ibr ium d a t a  f i l e  

and processed. Sec t ions  two and t h r e e  a r e  used i f  t h e  h e a t  budget approach 

is being used. Sec t ion  two reads  a  s e t  of meteorol.ogica1 d a t a  from t h e  



meteorological.  d a t a  f i l e  generated i n  RESIM, makes necessary  u n i t  conver- 

s i o n s ,  and then  by s t r a i g h t  l i n e  i n t e r p o l a t i o n  gene ra t e s  meteoro logica l  d a t a  

f o r  each hour of t he  day. The long wave atmospheric and shortwave s o l a r  

rad i .a t ion  a r e  c a l c u l a t e d  a t  hourly interva1.s .  The meteoro logica l  d a t a  a r e  

then  averaged over  t h e  computational t ime s t e p  and t h e  s a t u r a t e d  vapor pres-  

s u r e  i s  ca l cu la t ed .  On t h e  f i r s t  pass  through s e c t i o n s  one and two, d a t a  

f i l e s  a r e  pos i t i oned  so  t h a t  t h e  d a t e  of t h e  meteorological .  d a t a  corresponds 

t o  t h e  s imu la t ion  da t e .  I f  t h e  proper  d a t a  cannot be  found, t h e  s imu la t ion  

i.s terminated.  I n  t he  t h i r d  s e c t i o n ,  t h e  app ropr i a t e  meteorological .  d a t a  

a r e  ass igned  and t h e  s u r f a c e  h e a t  exchange c o e f f i c i e n t s  and evaporat ion r a t e  

a r e  ca l cu la t ed .  

SUBROUTINE INHYDR i s  d iv ided  i n t o  two sec t ions .  The f i r s t  s e c t i o n  reads  

withdrawal d a t a  from cards .  On t h e  f i r s t  pass  through t h i s  s e c t i o n ,  with- 

drawal d a t a  f o r  t ime pe r iods  p r i o r  t o  t h e  beginning of t h e  s imu la t ion  a r e  

bypassed. The second s e c t i o n  con ta ins  two op t ions  f o r  determining r e s e r v o i r  

r e l e a s e s .  The f i r s t  op t ion  computes t h e  app ropr i a t e  g a t e  s e t t i n g  f o r  achiev ing  

an outf low temperature c l o s e s t  t o  t h e  temperature o b j e c t i v e  by a l l o c a t i n g  a  

u se r  s p e c i f i e d  f r a c t i o n  of t h e  t o t a l  outf low t o  t h e  bottom o u t l e t  and t h e  

remainder t o  o t h e r  o u t l e t s .  I f  t h e  temperature o b j e c t i v e  i s  o u t s i d e  t h e  

r e s e r v o i r  temperature range,  t h e  b e s t  s i n g l e  o u t l e t  i s  used. The outf low 

through each g a t e  i s  then  checked a g a i n s t  t h e  user  s p e c i f i e d  maximum f o r  

t h a t  g a t e  and t h e  outf low i s  r e a l l o c a t e d  i f  t h e  maximum is  exceeded. Under 

t h e  second op t ion ,  r e s e r v o i r  g a t e  s e t t i n g s  a r e  p re spec i f i ed  by t h e  use r .  

SUBROUTlNE INFLO reads  and processes  t r i b u t a r y  inf low r a t e s  and q u a l i t y .  

F i r s t ,  a l l  in f low d a t a  generated by previous s imula t ions  a r e  read from re se r -  

v o i r l s t r e a m  q u a l i t y  i n t e r f a c e  f i l e s .  The remaining inf low d a t a  a r e  read from 

t h e  inf low d a t a  f i l e  generated i n  RESIM. PHCO2 i s  then c a l l e d  t o  c a l c u l a t e  

t h e  i n f l u e n t  t o t a l  i no rgan ic  carbon and carbon d ioxide  concent ra t ions .  On 

t h e  f i r s t  pass  through t h e  subrout ine ,  t h e  inf low d a t a  f i l e  i s  pos i t i oned  

so  t h a t  t h e  s imu la t ion  d a t e  corresponds t o  t h e  inf low d a t a  da t e .  I f  t h e  

proper  d a t e  cannot be  found, t h e  s imula t ion  i s  terminated.  

SUBROUTINE FLOWOT i s  t h e  r o u t i n e  t h a t  determines the a l l o c a t i o n  of 

outf low from t h e  i n d i v i d u a l  elements and i s  d iv ided  i n t o  two s e c t i o n s .  I n  



t h e  f i r s t  s e c t i o n  outf lows a r e  a l l o c a t e d  using t h e  Debler-Craya method. 

I n i t i a l i z a t i o n s  a r e  performed and then a  check i s  made t o  determine i f  t h e  

r e s e r v o i r  i s  s t r a t i f i e d  a t  t h e o u t l e t  e l eva t ion .  I f  s t r a t i f i e d ,  Debler ' s  c r i -  

t e r i o n  i s  used t o  a l l o c a t e  t h e  withdrawals from t h e  appropr i a t e  elements.  

I f  t h e  r e s e r v o i r  i s  u n s t r a t i f i e d  a t  or  w i th in  two elements of t h e  o u t l e t  

e l e v a t i o n ,  t h e  theory of Craya i s  used t o  a l l o c a t e  t h e  withdrawal.  I f  t h e  

a c t u a l  outf low i s  g r e a t e r  than Craya's c r i t i c a l  flow, t h e  excess  i s  a l l o c a t e d  

from t h e  reg ion  of s t r a t i f i c a t i o n  using Debler ' s  c r i t e r i o n .  F i n a l l y ,  a f t e r  

a l l  the  outf lows have been a l l o c a t e d ,  and t h e  outf low q u a l i t y  f o r  each with- 

drawal has  been determined, t h e  water q u a l i t y  of t h e  combined outf low from 

t h e  r e s e r v o i r  i s  c a l c u l a t e d .  PHC02 i s  c a l l e d  t o  compute t h e  pH and CO 
2 

concent ra t ions  i n  t h e  combined outflow. The second s e c t i o n  a l l o c a t e s  with- 

drawals using t h e  s e l e c t i v e  withdrawal technique developed a t  t h e  U.S. Army 

Engineers Waterways Experiment S t a t i o n .  

FUNCTION BETA determines the  dens i ty  g rad ien t  i n  t h e  water  column by 

a  l e a s t  squares  f i t .  

SUBROUTINE COMPUT i s  t h e  r o u t i n e  t h a t  computes t h e  environmental change 

f o r  each c o n s t i t u e n t .  F i r s t ,  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t s  a r e  computed 

and FLOWIN c a l l e d  t o  a l l o c a t e  t h e  inf low t o  t h e  r e s e r v o i r  on an  element-by- 

element b a s i s .  A mass ba lance  of a l l  in f lows  and outf lows i s  made t o  deter-- 

mine t h e  v e r t i c a l  advec t ive  f low between elements.  RADIAT i s  then cal. led 

t o  o b t a i n  the  s u r f a c e  hea t  exchange coe f f i c i . en t s  and t h e  shortwave s o l a r  

r a d i a t i o n  t o  be used i n  the temperature and a l g a e  c a l c u l a t i o n s .  Next, t h e  

shortwave s o l a r  r a d i a t i o n  i s  d i s t r i b u t e d  throughout t h e  water  column and t h e  

new temperature d i s t r i b u t i o n  i s  computed. The chemical and b i o l o g i c a l  coef f i . -  

c i e n t s  a r e  then  ad jus t ed  f o r  temperature changes and t h e  remaining cons t i -  

t u e n t s  a r e  processed s e q u e n t i a l l y .  

Two computational methods a r e  used t o  determine t h e  new concent ra t ions  

of t h e  va r ious  c o n s t i t u e n t s .  For c o n s t i t u e n t s  which a r e  advected through 

t h e  system, a s e t  of simultaneous l i n e a r  equat ions  r ep re sen t ing  t h e  response 

of t h e  e n t i r e  system i s  u t i l i z e d .  For each c o n s t i t u e n t ,  a  t r i d i a g o n a l m a t r i x  

i s  s e t  up which r e p r e s e n t s  t hose  e f f e c t s  d i r e c t l y  r e l a t e d  t o  t h e  concent ra t ion  



of t h e  c o n s t i t u e n t ,  such a s  growth or decay of t h e  c o n s t i t u e n t .  A column 

ma t r ix  which accounts  f o r  changes i n  t h e  c o n s t i t u e n t s  which a r e  dependent 

on inf lows  and o t h e r  c o n s t i t u e n t s  (e .g . ,  t h e  dependence of d i sso lved  oxygen 

on BOD) i s  a l s o  s e t  up. FORM i s  then  c a l l e d  t o  assemble t h e  simultaneous 

equat ions  and determine t h e  new concent ra t ion  of t h e  c o n s t i t u e n t .  On t h e  

f i r s t  pass  through COMPUT, IRATE i s  c a l l e d  t o  e s t ima te  t h e  i n i t i a l  t ime 

r a t e  of change be fo re  en t e r ing  FORM. For those  c o n s t i t u e n t s  which a r e  no t  

advected (e .g. ,  f i s h  and c o n s t i t u e n t s  a f f i x e d  t o  t h e  bottom), t h e  t ime r a t e  

of change i s  determined and m u l t i p l i e d  by t h e  time s t e p  increment t o  de t e r -  

mine t h e  change i n  concent ra t ion .  

SUBROUTINE FLOWIN i s  the  r o u t i n e  which d i s t r i b u t e s  t h e  inf low waters  

t o  t he  app ropr i a t e  elements.  F i r s t ,  t h e  proper  e n t r y  l e v e l  is  found by 

matching t h e  dens i ty  of t h e  inf low water  wi th  water  of l i k e  dens i ty  i n  t h e  

r e s e r v o i r .  I f  t h e  inf low water  e n t e r s  a  s t r a t i f i e d  reg ion ,  BETA i s  c a l l e d  

t o  determine t h e  s l o p e  of t h e  d e n s i t y  gr'adi.ent. The inf low i s  then  d i s t r i -  

buted t o  t he  app ropr i a t e  elements based on Debler ' s  c r i t e r i o n .  If t h e  inf low 

e n t e r s  a  reg ion  of convect ive mixing, t h e  fl.ow i s  d i s t r i b u t e d  evenly through- 

out  t h e  mixed region.  F i n a l l y ,  t h e  amount of each c o n s t i t u e n t  which i s  added 

t o  each element by t h e  t r i b u t a r y  inf low i s  c a l c u l a t e d  f o r  l a t e r  u se  i n  COMPUT 

a s  a  p a r t  of t h e  column mat r ix .  

SUBROUTINE IRATE es t ima te s  t h e  i n i t i a l  t ime r a t e  of change of cons t i -  

t u e n t s  p r i o r  t o  t he  c a l l  t o  FORM. This  i s  done only on t h e  f i r s t  pass  through 

COMPUT . 

SUBROUTINE FORM gene ra t e s  a  s e t  of simultaneous l i n e a r  equat ions  by 

combining t h e  app ropr i a t e  ma t r i ce s  generated i n  COMPUT. The equat ions  a r e  

then solved by Gaussian e l imina t ion  t o  y i e l d  t h e  c o n s t i t u e n t  concent ra t ions  

a t  t h e  end of t h e  t ime s t e p .  



STREAM -- HYDRAULIC M O D U E  ROUTINES 

The s tream hydrau l i c s  module i s  composed of a  main program and n ine t een  

sub rou t ines .  The computational sequence is shown i n  F igure  VI-3 and t h e  

r e l a t i o n s h i p  between r o u t i n e s  i s  shown i.n F igure  VI-4. A d e s c r i p t i o n  of 

t h e  func t ion  of each r o u t i n e  i s  provided below. 

PROGRAM MAIN i s  t h e  execu t ive  program c o n t r o l l i n g  ope ra t ion  of t h e  

s t ream hydrau l i c s  module. It begins  by reading ,  process ing  and p r i n t i n g  job 

t i t l e s ,  s imu la t ion  and p r i n t  c o n t r o l s ,  e x t e r n a l  t ape  and f i l e  assignments 

and t r i b u t a r y  inf low and withdrawal l o c a t i o n s .  It then  c a l l s  TSFLOW t o  inpu t  

STORM [ 2 2 ]  generated hydrographs, TFLOW t o  inpu t  and process  t h e  remaining 

t r i b u t a r y  inf low and withdrawal d a t a  and INPDS t o  inpu t  t h e  phys i ca l  descr ip-  

t i o n  of t h e  s t ream system. A f t e r  t h e  element l o c a t i o n s  of t he  t r i b u t a r y  

inf lows  and withdrawals  a r e  determined, t h e  d a i l y  t ime s t e p  loop is  entered  

where HYDROL is  c a l l e d  t o  i npu t  t h e  i n i t i a l  p o i n t  and non-point in f low and 

withdrawal r a t e s  and downstream s t a g e  c o n t r o l  d a t a .  Then, depending on t h e  

r o u t i n g  method, one of f i v e  subrout ines  a r e  c a l l e d  t o  perform t h e  hydrau l i c  

s imula t ion .  

SUBROUTINE TSFLOW reads  and p r i n t s  STORM generated t r i b u t a r y  inf low hydro- 

graphs. Flow d a t a  which i s  o u t s i d e  t h e  l i m i t s  of t h e  s imula t ion  per iod  a r e  

bypassed and t h e  remaining d a t a  i s  w r i t t e n  on temporary f i l e s  f o r  l a t e r  

process ing  i n  TQUAL. 

SUBROUTINE TFLOW gene ra t e s  a t ape  o r  d i s k  f i l e  conta in ing  t r i b u t a r y  

inf low and withdrawal d a t a .  T r ibu ta ry  inf low and withdrawal r a t e s  a r e  f i r s t  

read  and p r i n t e d .  Flow d a t a  a r e  read  a t  any time i n t e r v a l  and in t e rmed ia t e  

f low va lues  determined by s t r a i g h t  l i n e  i n t e r p o l a t i o n .  These flow d a t a  a r e  

then  combined wi th  STORM hydrograph d a t a  contained on t h e  temporary f i l e  

w r i t t e n  i n  TSFLOW t o  form a cont inuous record of in f low and withdrawal r a t e s  

f o r  t h e  s imu la t ion  per iod .  These d a t a  a r e  then  w r i t t e n  on a  temporary o r  

permanent t ape  o r  d i s k  f i l e  f o r  l a t e r  u se  during t h e  s imula t ion .  

SUBROUTINE INPDS reads ,  p r i n t s  and processes  gene ra l  phys i ca l  d a t a  

desc r ib ing  t h e  s t ream system. It begins by reading and p r i n t i n g  stream 
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FIGURE V I - 4  

Stream Hydraulics Module Structure 



reach and intersection definition data. (For definitions of these terms, 

see Figure VII-1). Then the channel cross section data is input by either 

reading cross section geometry cards or by calling GEDA which reads and 

processes cross section coordinate cards in HEC-2 [23]  format. After print-, 

ing and further processing of the cross section data, the channel. bottom 

or energy grade line elevation and the boundary condition specifications 

are read and printed. Additional geometric data are then calculated and 

interpolation arrays set up. Finally, all. stream physical data required 

by the stream quality modu1.e are written onto a permanent tape or disk 

file for use during subsequent quality simulations. 

SUBROUTINE GEDA controls the processing of channel cross section coordi- 

nate data. It begins by reading all reach numbers and stage flow relationships 

corresponding to the channel cross sections. Titles and controls are read 

and HEC2IN is called to input and ELOEQ to process the channel cross section 

coordinate data. Additional channel cross section geometry data are calculated, 

and, at the users option, written on a permanent tape or disk file for later 

use in subsequent hydraulic simulations. 

SUBROUTINE HEC2IN reads and processes channel. cross section coordinate 

data. 

SUBROUTINE ELOEQ makes minor computations and calls HYDLMT to compute 

additional channel cross section geometry data. 

SUBROUTINE HYDLMT computes much of the channel geometry data required 

by the flow computation routines from the channel. cross section coordinate 

data. 

SUBROUTINE HYDROL inputs daily downstream stage controls and inflow 

and withdrawal rates. It begins by positioning the inflow data file and 

reading daily downstream stage controls. NPFLOW is called to input non-point 

flow data and the inflow hydrographs and withdrawal rates are read and 

printed. 

SUBROUTINE HYDRO determines the steady flow hydraulics of the stream 

system (i.e., stage flow and backwater hydraulic computation methods). 



On t h e  f i r s t  pass  through t h e  subrout ine ,  REAORD i s  c a l l e d  t o  e s t a b l i s h  t h e  

proper order  of hydraul ic  a n a l y s i s  and HYDROL t o  inpu t  t h e  i n i t i a l  downstream 

s t a g e  c o n t r o l s  and t h e  i n i t i a l  inf low and withdrawal r a t e s .  The downstream 

s t a g e  and inf low and withdrawal r a t e s  a r e  then  ca l cu la t ed  f o r  t h e  app ropr i a t e  

time by s t r a i g h t  l i n e  i n t e r p o l a t i o n .  The s teady  s t a t e  flows and depths  

a r e  then  computed f o r  each s t ream segment. Depths a r e  computed us ing  e i t h e r  

a  s t eady- s t a t e  back-water computation o r  t h e  prescr ibed  s t a g e  flow curve. 

F i n a l l y ,  t he  s imula t ion  r e s u l t s  a r e  p r i n t e d  and t h e  f low r a t e s ,  c r o s s  s e c t i o n  

a r e a s  and depths a r e  w r i t t e n  onto a  permanent t ape  or  d i s k  f i l e  f o r  u se  

dur ing  subsequent q u a l i t y  s imula t ions .  

SUBROUTINE REAORD surveys t h e  i n t e r s e c t i o n  d a t a  and e s t a b l i s h e s  an  

acceptab le  computation o rde r  f o r  rou t ing  flows downstream. 

SUBROUTINE KWAVE i s  t h e  d r i v i n g  r o u t i n e  f o r  t he  kinematic wave hydrau l i c  

computation method. On t h e  f i r s t  pass  through t h e  subrout ine ,  REAORD i s  

c a l l e d  t o  e s t a b l i s h  the  proper  order  of hydrau l i c  a n a l y s i s ,  i n i t i a l  f low 

r a t e s ,  depths,  c ros s  s e c t i o n a l  a r e a s  and o t h e r  hydrau l i c  d a t a  a r e  read o r  

est imated and HYDROL i s  c a l l e d  t o  i npu t  t h e  i n i t i a l  in f low and withdrawal 

r a t e s .  Within t h e  computational t ime s t e p  loop, t r i b u t a r y  inf low and with- 

drawal r a t e s  a r e  ca l cu la t ed  f o r  t h e  app ropr i a t e  time by i n t e r p o l a t i o n  and 

a l l o c a t e d  t o  t h e  proper elements.  FORSLV i s  repea t ed ly  c a l l e d  u n t i l  a  

converged s o l u t i o n  f o r  depth a t  t he  end of t h e  t ime s t e p  i s  achieved. The 

r e s u l t s  a r e  then p r i n t e d  and w r i t t e n  onto a  permanent t ape  o r  d i s k  f i l e  f o r  

use during t h e  q u a l i t y  s imula t ion .  

SUBROUTINE FORSLV performs t h e  ma t r ix  assembly and s o l u t i o n  of equat ions  

fo r  b o t h t h e k i n e m a t i c  wave and S t .  Venant hydrau l i c  computation methods. 

It c a l l s  SVTSTF t o  develop element r e l a t i o n s h i p s  f o r  t h e  S t .  Venant method 

and KINSTF t o  develop s i m i l a r  r e l a t i o n s h i p s  f o r  t h e  kinematic  wave method. 

SYNEQ i s  c a l l e d  t o  so lve  t h e  simultaneous equat ions.  

SUBROUTINE KINSTF genera tes  t h e  element r e l a t i o n s h i p s  f o r  t h e  kinematic  

wave f i n i t e  element method using t h e  cu r r en t  approximation t o  t h e  hydrau l i c  

p r o p e r t i e s  t o  develop t h e  app ropr i a t e  c o e f f i c i e n t s .  



SUBROUTINE SYNEQ s o l v e s  a n  unsymmetrical  set of e q u a t i o n s  i n  a s p a r s e  

m a t r i x  form u s i n g  a modi f i ed  Gauss r e d u c t i o n  scheme. 

SUBROUTINE SANVEN i s  t h e  d r i v i n g  r o u t i n e  f o r  t h e  S t .  Venant h y d r a u l i c  

computat ion method. On t h e  f i r s t  p a s s  through t h e  r o u t i n e , v a r i a b l e  t i m e  

s t e p  c o n t r o l s  are r e a d ,  SETUP i s  c a l l e d  t o  i n p u t  t h e  i n i t i a l  f l o w  r a t e s  and 

d e p t h s , a n d  develop t a b l e s  f o r  i n t e r p o l a t i o n  of pa ramete rs  and set up c o n t r o l  

a r r a y s ,  thenHYDROLis c a l l e d  t o  i n p u t  t h e  i n i t i a l  i n f l o w  and wi thdrawal  rates. 

Wi th in  t h e  computa t iona l  t ime  s t e p  l o o p ,  FORSLV i s  r e p e a t e d l y  c a l l e d  u n t i l  

t h e  n o n l i n e a r  problem converges .  The r e s u l t s  a r e  t h e n  p r i n t e d  and w r i t t e n  

o n t o  a permanent t a p e  o r  d i s k  f i l e  f o r  u s e  d u r i n g  t h e  q u a l i t y  s i m u l a t i o n .  

SUBROUTINE SETUP r e a d s  i n i t i a l  f low r a t e s  and d e p t h s  and c r e a t e s  t h e  

c o n t r o l  a r r a y s  such  as t h e  s t r u c t u r e  of t h e  e q u a t i o n s  t h a t  a l l o w  s imul tane-  

ous  s o l u t i o n s  f o r  t h e  whole network system. 

SUBROUTINE SVTSTF g e n e r a t e s  t h e  e lement  r e l a t i o n s h i p s  f o r  t h e  S t .  Venant 

f i n i t e  e lement  method u s i n g  t h e  c u r r e n t  approx imat ion  t o  t h e  h y d r a u l i c  pro- 

p e r t i e s  t o  develop t h e  a p p r o p r i a t e  c o e f f i c i e n t s .  

SUBROUTINE MROUT i s  t h e  d r i v i n g  r o u t i n e  f o r  t h e  Muskingum h y d r o l o g i c  

r o u t i n g  computat ion method. On t h e  f i r s t  p a s s  through t h e  s u b r o u t i n e ,  

REAORD i s  c a l l e d  t o  e s t a b l i s h  t h e  p roper  o r d e r  of f l o w  a n a l y s i s .  The Mus- 

kingum r o u t i n g  f a c t o r  t a b l e s  a r e  r e a d  and HYDROL i s  c a l l e d  t o  i n p u t  t h e  i n i -  

t i a l  i n f l o w  and wi thdrawal  r a t e s .  Within  t h e  computa t iona l  t ime s t e p  l o o p ,  

t r i b u t a r y  i n f l o w  and wi thdrawal  r a t e s  a r e  c a l c u l a t e d  f o r  t h e  a p p r o p r i a t e  

t ime  by i n t e r p o l a t i o n  and a l l o c a t e d  t o  t h e  p roper  e lements .  The f low i s  

t h e n  r o u t e d  through t h e  s t r e a m  system u s i n g  t h e  Muskingum r o u t i n g  t echn ique .  

Other  h y d r a u l i c  d a t a  are t h e n  computed and t h e  r e s u l t s  p r i n t e d  and w r i t t e n  

o n t o  a  permanent t a p e  o r  d i s k  f i l e  f o r  u s e  d u r i n g  t h e  q u a l . i t y  s i m u l a t i o n .  

SUBROUTINE MPULS i s  t h e  d r i v i n g  r o u t i n e  f o r  t h e  modi f i ed  P u l s  h y d r o l o g i c  

r o u t i n g  computat ion method. On t h e  f i r s t  p a s s  through t h e  r o u t i n e  REAORD i s  

c a l l e d  t o  e s t a b l i s h  t h e  p roper  o r d e r  of f l o w  a n a l y s i s ,  t h e  s t o r a g e  v s .  ou t f low 

t a b l e s  a r e  r e a d  and HYDROL i s  c a l l e d  t o  i n p u t  t h e  i n i t i a l  i n f l o w  and wi th-  



drawal r a t e s .  Within t h e  computational time s t e p  loop, t r i b u t a r y  inf low 

and withdrawal r a t e s  a r e  c a l c u l a t e d  f o r  t h e  app ropr i a t e  t ime by i n t e r p o l a t i o n  

and a l l o c a t e d  t o  t h e  proper  elements.  The flow i s  then  routed  through t h e  

s t ream system us ing  t h e  modified Pu l s  rou t ing  technique.  Other h y d r a u l i c  

d a t a  a r e  then  computed and t h e  r e s u l t s  p r i n t e d  and w r i t t e n  onto a  permanent 

t ape  o r  d i s k  f i l e  f o r  use  dur ing  t h e  q u a l i t y  s imula t ion .  

STREAM QUALITY - MODULE ROUTINES 

The s t ream hydrau l i c s  module i s  composed of a  main program and n ine t een  

sub rou t ines .  The computational sequence i s  shown on Figure  VI-5 and t h e  

r e l a t i o n s h i p s  between r o u t i n e s  i s  shown on Figure  VI-6. A d e s c r i p t i o n  of  

t h e  func t ion  of each r o u t i n e  i s  provided below. 

PROGRAM MAIN i s  the  execu t ive  program c o n t r o l l i n g  ope ra t ion  of t h e  r i . ve r  

q u a l i t y  module. It begins  by reading ,  process ing  and p r i n t i n g  job t i t l e s ,  

s imu la t ion  and p r i n t  c o n t r o l s ,  e x t e r n a l  t a p e  and f i . l e  assignments,  t r i b u -  

t a r y  inf low and withdrawal l o c a t i o n s ,  and i n v a r i a n t  meteoro logica l  da t a .  

It then  c a l l s  RCOEF t o  inpu t  phys i ca l ,  chemical and b i o l o g i c a l  c o e f f i c i e n t s ,  

TQUAL t o  inpu t  t r i b u t a r y  in f low q u a l i t y  and meteorological.  d a t a ,  INPDS t o  

inpu t  t h e  phys i ca l  d e s c r i p t i o n  of t h e  s t ream, and 1.NCONC t o  i .nput and OUTS 

t o  p r i n t  t h e  i n i t i a l  qua l . i ty  cond i t i ons .  F i n a l l y  STREAM i s  c a l l e d  which 

c o n t r o l s  t h e  dynamic q u a l i t y  s imu la t ion  of t h e  s t ream system. 

SUBROUTINE RCOEF reads  and p r i n t s  a l l  chemical,  p h y s i c a l  and b i o l o g i c a l  

c o e f f i c i e n t s .  Defaul t  va lues  a r e  provided f o r  most c o e f f i c i e n t s ,  t h e r e f o r e  

t h e  user  need only inpu t  those  c o e f f i c i e n t s  he  wishs Go change. No d e f a u l t  

va lues  a r e  provided f o r  sediment r e l a t e d  c o e f f i c i e n t s  s i n c e  a l l  c o e f f i c i e n t s  

a r e  a func t ion  of sediment s i z e  which i s  a l s o  u s e r s  s p e c i f i e d  opt ion .  The 

r a t e  c o e f f i c i e n t s  a r e  then  converted t o  a p p r o p r i a t e  u n i t s  and temperature 

adjustment  f a c t o r s  a r e  set f o r  t h e  temperature-dependent c o e f f i c i e n t s .  

FITIT i s  c a l l e d  t o  form a  r e l a t i o n s h i p  between temperature and ino rgan ic  

suspended s o l i d s  s e t t l i n g  r a t e s .  
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SUBROUTINE FITTT f i t s  a  second o rde r  curve through t h r e e  p o i n t s  u s ing  

a  l e a s t  squares  method. 

SUBROUTINE TQUAL i s  sepa ra t ed  i n t o  two s e c t i o n s .  The f i r s t  s e c t i o n  

c o n t r o l s  t h e  input  of t r i b u t a r y  inf low q u a l i t y  da t a .  Subrout ine TSTORM i s  

c a l l e d  t o  i npu t  STORM [ 2 2 ]  generated t r i b u t a r y  inf low r a t e s  and q u a l i t y .  

Controls  a r e  then read  which d e f i n e  t h e  length  of in f low record  and which 

t r i b u t a r y  inf low q u a l i t y  d a t a  a r e  t o  be read and p r i n t e d .  T r ibu ta ry  in f low 

d a t a  may b e  read  a t  any t ime i n t e r v a l  wi th  t h e  q u a l i t y  h e l d  cons t an t  u n t i l  

over r idden  by a  new value.  A f t e r  a l l  d a t a  has  been read ,  p r i n t e d  and w r i t t e n  

on temporary f i l e s ,  MERGE i s  c a l l e d  t o  gene ra t e  a  continuous record  of i n f low 

r a t e s  and q u a l i t y .  Meteorological  d a t a  may be  inpu t  a t  i r r e g u l a r  d a t a  i n t e r -  

v a l s ,  however, a  pre-spec i f ied  hour ly  i n t e r v a l  must b e  maintained during t h e  

day (e.g. ,  hour ly  meteoro logica l  d a t a  i npu t  f o r  t h e  f i r s t  and f i f t e e n t h  of 

each month). The d a i l y  weather  p a t t e r n  is repea ted  u n t i l  over r idden  by new 

da ta .  These d a t a  a r e  a l s o  w r i t t e n  on temporary o r  permanent t a p e  or d i s k  f i l e s  

f o r  l a t e r  use  dur ing  t h e  s imula t ion .  

SUBROUTINE TSTORM reads  STORM generated t r i b u t a r y  inf low r a t e s  and 

q u a l i t y .  Flow and q u a l i t y  d a t a  which i s  o u t s i d e  t h e  l i m i t s  of t h e  simula- 

t i o n  per iod  a r e  bypassed and t h e  remaining d a t a  i s  w r i t t e n  on temporary 

f i l e s  f o r  l a t e r  process ing  i n  MERGE. 

SUBROUTINE MERGE combines i n t o  one continuous record ,  in f low q u a l i t y  

d a t a  contained on temporary f i l e s  w r i t t e n  i n  sub rou t ines  STORM and TQUAL and 

inf low d a t a  contained on t h e  s t ream h y d r a u l i c s / q u a l i t y  i n t e r f a c e  u n i t .  The 

continuous record of in f low r a t e  and q u a l i t y  i s  then  w r i t t e n  on a  temporary 

o r  permanent t ape  o r  d i s k  f i l e  f o r  l a t e r .  use dur ing  t h e  s imula t ion .  

SUBROUTINE INPDS reads  i n v a r i a n t  s t ream geometry d a t a  from t h e  f i l e  

generated by t h e  s t ream hydrau l i c s  module. Addi t iona l  s t ream geometry d a t a  

a r e  then  c a l c u l a t e d  and t h e  element connec t iv i ty  determined. 

SUBROUTINE INCONC reads  t h e  i n i t i a l  wa te r  q u a l i t y  condi t ions .  Uniform 

i n i t i a l  q u a l i t y  condi t ions  a r e  ass igned  t o  a l l  elements between s p e c i f i e d  



r i v e r  mi le  l oca t ions .  PHC02 is  c a l l e d  t o  compute t h e  i n i t i a l  concent ra t ions  

of t o t a l  inorganic  carbon and carbon dioxide.  

SUBROUTINE PHC02 is  separa ted  i n t o  two s e c t i o n s .  The f i r s t  s e c t i o n  

c a l c u l a t e s  t h e  t o t a l  inorganic  carbon (CO~+HCO-+CO--) and carbon di,oxide 3 3 
(C02) concent ra t ions  based on equi l ibr ium r e l a t i o n s h i p s  wi th  pH and a l k a l i n i t y .  

This  s e c t i o n  i s  used t o  determine t h e  concent ra t ions  of t hese  c o n s t i t u e n t s  

i n  t he  inf low and i n  t h e  s t ream a t  t h e  beginning of t h e  s imulat i ,on.  The 

second s e c t i o n  u t i l i z e s  t h e  same equi l ibr ium r e l a t i o n s h i p s  t o  determine t h e  

pH and C02 concent ra t ions  based on a l k a l i n i t y  and t o t a l  i no rgan ic  carbon. 

This  s e c t i o n  is  used t o  c a l c u l a t e  t h e  pH and CO concent ra t ions  i n  t h e  outf low 2 
and w i t h i n  t h e  s t ream as t h e  s imula t ion  progresses .  

SUBROUTINE OUTS is  the  r o u t i n e  which p r i n t s  i n i t i a l  condi t ions  and 

t h e  s imula t ion  r e s u l t s  a t  s p e c i f i e d  i n t e r v a l s .  Three use r - spec i f i ed  p r i n t  

op t ions  a r e  a v a i l a b l e .  The f i r s t  i s  a  summary of t h e  s t ream hydrau l i c s  and 

r e a e r a t i o n  c o e f f i c i e n t s .  The second i s  an  abbrevia ted  summary of t h e  simula- 

t i o n  r e s u l t s  where seve ra l  c o n s t i t u e n t s  have been combined (e .g. ,  t h e  i n d i -  

v i d u a l  n i t r o g e n  forms a r e  summed and r epor t ed  a s  t o t a l  n i t rogen) .  The t h i r d  

is a comprehensive summary of t h e  s imula t ion  r e s u l t s  i n  which t h e  concentra- 

t i o n  o f  a l l  c o n s t i t u e n t s  p lus  f i s h  growth r a t e s  a r e  p r in t ed .  A comprehensive 

summary of inf low q u a l i t y  i s  provided wi th  e i t h e r  q u a l i t y  p r i n t  op t ion .  

SUBROUTINE STREAM i s  t h e  r o u t i n e  which c o n t r o l s  t h e  dynamic q u a l i t y  simula- 

t i o n  of t h e  s t ream system. Within a  d a i l y  computat inal  loop, i t  c a l l s  RADIAT 

f o r  a s e t  of meteoro logica l  da t a ,  NPQUAL t o  i n p u t  non-point in f low q u a l i t y  and 

INFLO f o r  in f low and withdrawal r a t e s  and inf low q u a l i t y .  DHYDRO i s  c a l l e d  

t o  i npu t  a  s e t  of s t ream hydrau l i c s  d a t a  and determine t h e  app ropr i a t e  compu- 

t a t i o n a l  t ime s t e p  increment based on t h e  minimum element r e s i d e n t  t ime. 

RADIAT is aga in  c a l l e d  t o  average meteorological  d a t a  over t h e  t ime s t e p  

increment.  I n s i d e  t h e  computational t i m e  s t e p  loop, DHYDRO i s  c a l l e d  t o  

e x t r a c t  t h e  app ropr i a t e  s t ream hydrau l i c s  d a t a  and e x t e r n a l  inf low loadings .  

Af t e r  t h e  environmental changes have been eva lua ted  i n  COWS, PHC02 is  c a l l e d  

t o  compute t h e  pH and d isso lved  carbon d ioxide  concent ra t ion  f o r  each element. 

OUTS is c a l l e d  t o  p r i n t  t h e  s imula t ion  r e s u l t s  and t h e  quan t i t y  and t h e  flow 

rate through t h e  most downstream element i s  s t o r e d  on a  permanent t ape  o r  



d i s k  f i l e  f o r  f u t u r e  u se  i n  subsequent s imula t ion  of t h e  s t ream o r  r e s e r v o i r  

i.mmediately downstream. 

SUBROUTINE RADIAT i s  separa ted  i n t o  four  s e c t i o n s .  The f i r s t  s e c t i o n  

i s  c a l l e d  only i f  t h e  equi l ibr ium temperature concept is  being used. The 

equ i l i b r ium temperature,  h e a t  exchange c o e f f i c i e n t ,  shortwave s o l a r  r a d i a t i o n ,  

wind speed and vapor p re s su re  a r e  read  from t h e  equi l ibr ium d a t a  f i l e  and 

processed.  Sec t ions  two through four  a r e  en tered  i f  t h e h e a t  budget approach 

i s  be ing  used. Sec t ion  two reads  a s e t  of meteoro logica l  d a t a  from t h e  mete- 

o r o l o g i c a l  d a t a  f i l e ,  makes necessary  u n i t  conversions,  and then  by s t r a i g h t  

l i n e  i n t e r p o l a t i o n  genera tes  meteoro logica l  d a t a  f o r  each hour of t h e  day. 

The long wave atmospheric and shortwave s o l a r  r a d i a t i o n  a r e  c a l c u l a t e d  a t  

hour ly  i n t e r v a l s .  On t h e  f i r s t  pass  through s e c t i o n s  one and two, t h e  f i l e s  

a r e  pos i t i oned  so t h a t  t h e  d a t e  on the  meteoro logica l  da t a  f i l e  corresponds 

wi th  t h e  s imula t ion  d a t e .  I f  t h e  proper  d a t a  cannot be  found, t h e  s imu la t ion  

i s  terminated.  I n  t h e  t h i r d  s e c t i o n  t h e  meteoro logica l  d a t a  a r e  averaged over  

t he  computational t ime s t e p  and t h e  s a t u r a t e d  vapor p re s su re  is  ca l cu la t ed .  

I n  t h e  f o u r t h  s e c t i o n ,  t h e  app ropr i a t e  meteoro logica l  d a t a  a r e  assigned and 

t h e  s u r f a c e  h e a t  exchange c o e f f i c i e n t s  and evapora t ion  r a t e  a r e  computed. 

SUBROUTINE NPQUAL reads  nonpoint in f low q u a l i t y  da t a .  On t h e  f i r s t  

pass  through t h e  subrout ine  q u a l i t y  d a t a  f o r  time per iods  p r i o r  t o  t h e  beginn- 

i n g  of the  s imu la t ion  a r e  bypassed. Af te r  t h e  app ropr i a t e  d a t a  s e t  i s  found, 

uniform non-point q u a l i t y  i s  assigned t o  a l l  elements between s p e c i f i e d  r i v e r  

mi le  l o c a t i o n s  and PHC02 i s  c a l l e d  t o  compute t h e  concent ra t ions  of t o t a l  

i no rgan ic  carbon and carbon d ioxide  i n  t h e  inf low.  

SUBROUTINE INFLO reads  and processes  t r i b u t a r y  inf low r a t e s  and q u a l i t y .  

F i r s t ,  a l l  in f low d a t a  generated by previous s imula t ions  a r e  read  from q u a l i t y  

i n t e r f a c e  f i l e s ,  and then  t h e  remaining inf low d a t a  a r e  read from t h e  inf low 

d a t a  f i l e .  On t h e  f i r s t  pass  through t h e  sub rou t ine ,  t h e  inf low d a t a  f i l e  

i s  pos i t i oned  so  t h a t  t h e  s imu la t ion  d a t e  corresponds t o  t h e  inf low d a t a  

d a t e .  I f  t h e  proper  d a t e  cannot be  found, t h e  si.mul.ation i s  terminated.  

PHC02 i s  then c a l l e d  t o  c a l c u l a t e  t h e  i n f l u e n t  t o t a l  i no rgan ic  carbon and 

carbon d ioxide  concent ra t ions .  



SUBROUTINE DHYDRO i s  a l s o  d iv ided  i n t o  two s e c t i o n s .  I n  s e c t i o n  one, 

s t ream flow, depth and c ros s - sec t iona l  a r e a  d a t a  generated by t h e  s t ream 

hydrau l i c s  module a r e  read  from tape .  Necessary i n t e r p o l a t i o n  i s  done and 

an appropr i a t e  computational t ime s t e p  increment i s  determined based on t h e  

minimum element flow-through time. The second s e c t i o n  is en te red  a t  each 

t ime s t e p  t o  compute inf low and withdrawal r a t e s  and t h e  volume, s u r f a c e  

a r e a ,  and o t h e r  phys i ca l  c h a r a c t e r i s t i c s  of each element.  OXYK2 i s  c a l l e d  

t o  determine t h e  r e a e r a t i o n  r a t e s .  

SUBROUTINE OXYK2 computes r e a e r a t i o n  r a t e s  f o r  oxygen and carbon d ioxide  

exchange wi th  t h e  atmosphere us ing  any one of seven methods. 

SUBROUTINE COMPS i s  the  r o u t i n e  t h a t  computes t h e  changes i n  each con- 

s t i t u e n t  over t h e  time s t e p .  F i r s t ,  t h e  i n v a r i a n t  elements of t h e  c o e f f i -  

c i e n t  ma t r ix  r ep re sen t ing  t h e  e f f e c t s  of advec t ion  and d i f f u s i o n  a r e  s e t  up. 

RADIAT is  then  c a l l e d  t o  o b t a i n  both t h e  s u r f a c e  h e a t  exchange c o e f f i c i e n t s  

fo r  each element and t h e  shortwave s o l a r  r a d i a t i o n  t o  be  used i n  t h e  a l g a l  

c a l c u l a t i o n s .  The temperature i s  then  computed and t h e  phys i ca l ,  chemical,  

and b i o l o g i c a l  c o e f f i c i e n t s  ad jus t ed  t o  t h e s e  new temperatures .  The remaining 

c o n s t i t u e n t s  a r e  processed s e q u e n t i a l l y ,  

Two computational methods a r e  used t o  determine t h e  new concen t r a t ions  

of t h e  va r ious  c o n s t i t u e n t s .  For c o n s t i t u e n t s  which a r e  advected through 

t h e  s t ream system, a  s e t  of simultaneous l i n e a r  equat ions  r ep re sen t ing  t h e  

response of t he  e n t i r e  system is  u t i l i z e d .  F i r s t ,  one column ma t r ix  i s  s e t  

up which r e p r e s e n t s  those  e f f e c t s  r e l a t e d  d i r e c t l y  t o  t h e  concen t r a t ion  of 

t h e  c o n s t i t u e n t  be ing  considered,  such a s  growth or decay of t h e  c o n s t i t u e n t .  

A second column ma t r ix  which accounts  f o r  changes i n  t h e  c o n s t i t u e n t s  which 

a r e  dependent on inf lows and o ther  c o n s t i t u e n t s  (e .g . ,  t h e  dependence of 

d i sso lved  oxygen on BOD) i s  s e t  up. SOLVIT i s  then  c a l l e d  t o  form t h e  simul- 

taneous equat ions  and determine t h e  new concen t r a t ion  of t h e  c o n s t i t u e n t .  

For those  c o n s t i t u e n : ~  which a r e  no t  advected (e .g . ,  f i s h  and c o n s t i t u e n t s  

a f f i x e d  t o  t h e  bottom), t h e  time r a t e  of change i s  determined and m u l t i p l i e d  

by t h e  time s t e p  increment t o  determine t h e  change i n  concent ra t ion .  



SUBROUTINE SOLVIT is separated into two sections. The first is enter- 

ed only once to complete the coefficient matrix cross-reference by adding 

the terms generated by the Gaussian reduction scheme. The second section 

forms a set of simultaneous 1.inear equations by combining the invariant 

coeffici.ent matrix with the two column matrices generated by COMPS. The 

equations are then sol.ved utilizing a sparce matrix, banded, Gaussian eli-, 

mination method yielding the constituent concentrations at the end of the 

time step. 

SUBROUTINE SPOWER determines the suspended solids carrying capacity of 

each stream segment using the stream power concept. 



VII. DATA PREPARATION AND CALIBRATION 

The data requirements for the three modules of WQRRS are extensive 

and varied. To a large extent these data requirements will be adequately 

described in Chapter VIII. In this chapter, only those data which require 

some insight into their preparation and the extent to which the data should 

be modified during the calibration process is discussed. 

RESERVOIR MODULE 

The data requirements for the reservoir. module fall under the general 

categories of: 

* Simulation controls 

- Physical data 
* Physical, chemical and biological coefficients 

* Initial quality conditions 

Meteorological data 

Inflow data, and 

* Withdrawal specifications 

Reliable estimates or measurements of each data are essential. for calibrating 

the model to obtain valid simulatibn results. 

Simulation Controls 

Simulation or job controls include length of simulation definition, 

water quality interaction specifications, input and print controls, tape 



and f i l e  contro1.s and o t h e r  gene ra l  d a t a  which c o n t r o l  ope ra t ion  of t h e  mo- 

dule .  Those d a t a  f o r  which a d d i t i o n a l  in format ion  i s  r equ i r ed  f o r  proper  

s e l e c t i o n  i s  presented  i n  t a b u l a r  form below. 

Var iab le  - Descr ip t ion  

IDAY The f i r s t  day of s imula t ion  should b e  during a per iod  of t h e  
year  when t h e  pro to type  is  u n s t r a t i f i e d  (usua l ly  i n  t h e  e a r l y  
sp r ing ) .  Beginning t h e  s imula t ion  under. u n s t r a t i f i e d  condi- 
t i o n s  make i n i t i a l  cond i t i on  s p e c i f i c a t i o n s  much simpler s i n c e  
v e r t i c a l  v a r i a t i o n s  i n  temperature and q u a l i t y  need n o t  be 
s p e c i f i e d .  

NHOI 

ITEST 

IWES 

IEQF 
and 
IMETF 

Proper s e l e c t i o n  of t h e  computation t ime s t e p  increment i s  
extremely important .  The l eng th  of t h e  t ime s t e p  should be 
such t h a t  no more than  one element i s  added o r  d e l e t e d  dur ing  
any given time s t e p .  The a d d i t i o n  o r  d e l e t i o n  of more than  
one element pe r  time s t e p  may r e s u l t  i n  s i g n i f i c a n t  mass 
ba lance  e r r o r s .  The t ime s t e p  cannot be  g r e a t e r  than  one day. 

The water q u a l i t y  c o n s t i t u e n t  i n t e r a c t i o n  mod i f i ca t ion  op t ions  
should be  used wi th  caut ion .  The use  of t h e s e  op t ions  is d i s -  
cussed i n  d e t a i l  i n  Chapter 111. 

Both t h e  WES withdrawal op t ion  and t h e  Debler-Craya withdrawal 
op t ion  adequately a l l o c a t e  withdrawals from t h e  i .ndividua1 
elements.  The WES withdrawal method is  a more vi.gorous method, 
however, i t  r e q u i r e s  more computer t ime, These two methods 
a r e  descr ibed  i n  Chapter 1 x 1 .  

These inpu t  u n i t  numbers determine t h e  method of s u r f a c e  h e a t  
exchange computation. The h e a t  budget method i s  normally 
recommended ( i . e . ,  IEQF = 0). A d i scuss ion  of t h e  two methods 
i s  provided i n  Chapter 111. 

Phys ica l  Data 

Phys ica l  d a t a  i nc lude  gene ra l  r e s e r v o i r  geometry d a t a ,  d i s p e r s i o n  char- 

a c t e r i s t i c s ,  in f low and withdrawal l o c a t i o n  d a t a  and t h e  t a b l e  of r e s e r v o i r  

e l e v a t i o n  ve r sus  s u r f a c e  a r e a  and width a t  t h e  withdrawal l o c a t i o n  (e .g. ,  

width of dam a t  t h e  o u t l e t  e l e v a t i o n ) .  Those d a t a  f o r  which a d d i t i o n a l  

i n s i g h t  is  r equ i r ed  f o r  proper  s e l e c t i o n  i s  presented  below. Discussion of 

t h e  i n v a r i a n t  meteoro logica l  d a t a  which i s  normally placed i n  t h i s  category 

has been included i n  t h e  meteoro logica l  d a t a  s e c t i o n .  



Variab le  Descr ip t ion  

SDZ 

EDMAX 

BPCT 

GMIN 

GWSH, 
A 1  , 
A2 
and 
A3 

The th ickness  of t h e  elements i s  normally about 1 
meter, however, element th icknesses  l e s s  than 1 meter may be 
requi red  f o r  shal low impoundmentsto achieve  t h e  c o r r e c t  repre-  
s e n t a t i o n  of s t r a t i f i c a t i o n  and achieve  t h e  c o r r e c t  compensation 
p o i n t  f o r  t h e  s imula t ion  of phytoplankton. I n  some in s t ances ,  
elements a s  t h i c k  a s  3 meters  can be used i f  t h e  r e s e r v o i r  i s  
deep and a  r e l a t i v e l y  rough s imula t ion  is  acceptab le .  The choice 
of t h e  l eng th  of computational t ime s t e p  and t h e  element th ick-  
ness  should r e s u l t  i n  no more than  one element being d e l e t e d  
o r  added dur ing  a  t ime s t e p  (e .g. ,  t h e  element volume should 
always be  l a r g e r  than t h e  change i n  r e s e r v o i r  volume during 
a  time s t e p ) .  The number of elements (a  maximum of 100 i s  
allowed) i s  a l s o  determined by t h e  element th ickness  ( e .g . ,  
number of elements = [ELMAX-ELMIN]/SDZ). 

The Secchi  d i s c  depth i s  t h e  measure of l i g h t  t ransparency f o r  
t h e  d i s t r i b u t i o n  of l i g h t  energy wi th  depth. The va lue  should 
r e f l e c t  non-bloom condi t ions  s i n c e  t h e  program a d j u s t s  t h e  
l i g h t  e x t i n c t i o n  c o e f f i c i e n t  t o  account f o r  decreased l i g h t  
p e n e t r a t i o n  a s  a  func t ion  of t h e  i n c r e a s e  i n  a l g a l  concentra- 
t i o n s  and any o ther  p a r t i c u l a t e  m a t e r i a l  considered i n  t h e  
model run. During c a l i b r a t i o n ,  i t  may be necessary t o  change 
t h e  Secchi  d i s c  t o  i n f luence  t h e  l o c a t i o n  of t h e  thermocline. 
The thermocline w i l l  be  deeper wi th  inc reases  i n  Secchi d i s c  
depth. 

The f r a c t i o n  of t h e  t o t a l  withdrawal allowed through t h e  low- 
e s t  o u t l e t  is  used wi th  t h e  s e l e c t i v e  withdrawal opt ion .  
Higher va lues  w i l l  r e s u l t  i n  lower temperature o b j e c t i v e s  being 
met, however, l a r g e  withdrawals from t h e  bottom o u t l e t  may re-  
s u l t  i n  low d isso lved  oxygen concent ra t ion  i n  t h e  outf low 
dur ing  per iods  of low DO i n  t h e  hypolimnion. A trade-off 
between low temperature and low DO must be  made when s e l e c t i n g  
t h e  va lue  of BPCT. 

The water  column minimum s t a b i l i t y  i s  t h e  dens i ty  g rad ien t  
above which mixing of t h e  water column w i l l  occur.  The va lue  
i s  usua l ly  zero when d a i l y  t ime s t e p s  a r e  used and may range 
up t o  .001 kg/m2/meter when s h o r t e r  t ime s t e p s  a r e  s p e c i f i e d .  
A p o s i t i v e  va lue  w i l l  cause t h e  thermocline t o  form more 
quick ly  and de lay  d e s t r a t i f i c a t i o n .  

E f f e c t i v e  Dif fus ion  -- Coef f i c i en t s  

The magnitude of t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t s  i s  a  
func t ion  of t h e s e  v a r i a b l e s  and e i t h e r  t h e  dens i ty  g rad ien t s  
when t h e  s t a b i l i t y  method i s  s p e c i f i e d ,  o r  wind speed when 
t h e  wind method i s  s p e c i f i e d .  A d i scuss ion  of t h e  s i g n i f i c a n c e  
of each v a r i a b l e  along wi th  t y p i c a l  va lues  i s  provided i n  
Chapter 11. 



Variab le  Descr ip t ion  

RLEN 

WOUT 

1. - S t a b i l i t y  Method ----- 
To begin c a l i b r a t i o n ,  i t  i s  recommended t h a t  t h e  fo l lowing  
va lues  be assigned:  

GWSH = 2.  x  

During c a l i b r a t i o n ,  A3 i s  normally he ld  cons tan t  a t  t h i s  
va lue .  Decreases i n  t h e  va lues  of e i t h e r  or. both GSWH 
and A 1  w i l l  r e s u l t  i n  smal le r  e f f e c t i v e  d i f fus i .on  c o e f f i -  
c i e n t s  and sharper  g rad ien t s .  

2 .  Wind Method 

I f  t h e  wind method i s  s e l e c t e d ,  t h e  foll.owing i n i t i a l  va lues  
a r e  recommended: 

GSWH ( i . e . ,  Dmin) = 1 x 

A3 i . .  , Dmax) = 5 x loq4 

During c a l i b r a t i o n ,  A2 and A3 can normally be kept  a t  
t h e s e  va lues .  Increas ing  t h e  va lue  of GSWH and A 1  w i l l  
r e s u l t  i n  decreased g rad ien t s .  The e f f e c t  of changes i n  
GSWH i s  most. pronounced i n  t h e  hypolimnion, whi le  changes 
i n  t h e  va lue  of A 1  a f f e c t s  mixing p r imar i ly  i n  t h e  epolim- 
n ion  and metalimnion. 

The e f f e c t i v e  r e s e r v o i r  l eng th  ( i . e . ,  p o s i t i v e  va lues  of RLEN 
only)  w i l l  determine t h e  width of t h e  inf low l a y e r .  A d i scuss ion  
of how t h i s  width i s  used t o  a l l o c a t e  inf low waters  i s  provided 
i n  Chapter 111. 

The v i r t u a l  width i s  used i n  t h e  a l l o c a t i o n  of withdrawals  
under t h e  WES withdrawal method. A d i scuss ion  of how t h i s  
width i s  used i s  provided i n  Chapter T I .  



Phys ica l ,  Chemical and -- Bio log ica l  C o e f f i c i e n t s  

Before beginning t h e  c a l i b r a t i o n  process ,  i t  i s  s t r o n g l y  recommended 

t h a t  a l l  d e f a u l t  va lues  shown i n  Table I V - I  be  reviewed t o  ensure  t h a t  they 

adequately r ep re sen t  t h e  processes  which normally t ake  p l ace  under cond i t i ons  

expected i n  t h e  pro to type .  Any u n r e a l i s t i c  c o e f f i c i e n t s  should be over r idden  

wi th  an a p p r o p r i a t e  va lue  a t  t h e  t ime of t h e  f i r s t  c a l i b r a t i o n  run  and c o e f f i -  

c i e n t s  w i th  no d e f a u l t  va lues  ass igned  i f  a  non-zero va lue  i s  appropr i a t e .  

Af t e r  t h e  f i r s t  c a l i b r a t i o n  run  i s  performed, t h e  r e s u l t s  should be  checked 

f o r  reasonableness  and a g a i n s t  measured da t a .  I f  necessary,  some of t h e  

c o e f f i c i e n t s  may then have t o  be  changed t o  modify s imula t ion  r e s u l t s .  This  

process  should be repea ted  u n t i l  s a t i s f a c t o r y  r e s u l t s  a r e  obtained.  To some 

e x t e n t ,  t h i s  can be  done i n  conjunct ion wi th  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i -  

c i e n t  c a l i b r a t i o n ,  however, t h e  f i n a l  d i f f u s i o n  c o e f f i c i e n t s  should be  s e t  

be fo re  t h e  f i n a l  phys i ca l ,  chemical and b i o l o g i c a l  c o e f f i c i e n t s  a r e  e s t a b l i s h e d .  

Because of t h e  l a r g e  number of c o e f f i c i e n t s  and t h e  complex i n t e r r e l a -  

t i o n s h i p s  between c o n s t i t u e n t s ,  i t  i s  o f t e n  d e s i r a b l e  t o  s e l e c t  a  r e a l i s t i c  

v a l u e  f o r  c e r t a i n  c o e f f i c i e n t s  and l eave  them cons tan t  throughout t h e  c a l i b r a -  

t i o n  whi le  vary ing  t h e  remaining. The fol lowing t a b l e  is  a  summary by cons t i -  

t u e n t  of t h e  c o e f f i c i e n t s  which a r e  recommended f o r  change during t h e  c a l i -  

b r a t i o n  process .  I n  some in s t ances  i t  may be  necessary  t o  vary  more c o e f f i -  

c i e n t s  than  t h e  ones recommended below t o  a f f e c t  a  g r e a t e r  change. To c a l i b r a t e  

some water q u a l i t y  c o n s t i t u e n t s ,  i t  may a l s o  be  necessary  t o  change t h e  va lue  

of c o e f f i c i e n t s  p e r t a i n i n g  t o  r e l a t e d  c o n s t i t u e n t s  ( e .g . ,  t o  c a l i b r a t e  a lgae ,  

i t  may be necessary  t o  a d j u s t  t h e  h a l f  s a t u r a t i o n  cons tan t  f o r  zooplankton).  

Cons t i t uen t  -- 

Fi sh  

Constant C o e f f i c i e n t s  -- Variab le  C o e f f i c i e n t s  

Temperature l i m i t &  Maximum growth r a t e  
Feeding preferences  Mor t a l i t y  r a t e  
Ass imi la t ion  e f f i c i e n c y  Resp i r a t ion  r a t e  
P a r t i c u l a t e  f r a c t i o n  of Half s a t u r a t i o n  con- 

e x c r e t a  s t a n t  
Harvest  r a t e  

* Temperature l i m i t s  should be s e t  a t  reasonable  va lues  f o r  t h e  p a r t i c u l a r  
s p e c i e s  being modeled p r i o r  t o  c a l i b r a t i o n  and he ld  cons tan t  during t h e  
c a l i b r a t i o n  process .  
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Constituent 

Benthic Animals 

Zooplankton 

Phytoplankton 

Detritus 

Constant- Coefficient 

Temperature limits* 
Assimilation efficiency 
Particulate fraction of 
excreta 

Temperature limits* 
Feeding preference 
Assimilation efficiency 
Particulate fraction of 
excreta 

Temperature limits* 
Half saturation constants 
Settling velocity 

Temperature limits* 
Settling velocity 

Organic Sediment Temperature limits* 

Inorganic Suspended 
Solids 

Phosphate Phosphorus Chemical composition of biota 
and detritus 

Variable Coefficient 

Maximum growth rate 
Mortality rate 
Respiration rate 
Half saturation 
constant 

Half saturation 
constant and assi- 
milation of ef f ici- 
ency type 3 fish 

Maximum growth rate 
Mortality rate 
Respiration rate 
Half saturation rate 
Half saturation 
constant of assimi- 
lation efficiency 
of fish types 1 
and 2 

Maximum growth rate 
Respiration rate 
Half saturation con- 
stants and assimila- 
tion efficiency of 
zooplankton 

Decay rate 

Decay rate 

Settling rates 
Initial deposition at 
tributary inflow 
poi.nt 

Phytoplankton growth 
rate 

Particulate fraction 
of zooplankton and 
fish excreta 

* Temperature limits should be set at reasonable values for the particular 
species being model.ed prior to cal.ibration and held coilstant during the 
calibration process. 



Constituent Constant Coefficient Variable Coefficient 

Total Inorganic 
Carbon 

Ammonia Nitrogen 

Nitrite Nitrogen 

Nitrate Nitrogen 

O ~ Y  gen 

Colif orms 

Stoichiometric equivalence 
between carbon and BOD 

Chemical composition of 
biota and detritus 

Temperature limits* 
Chemical composition of 
biota and detritus 

Temperature limits* 

Nitrite decay rate 

Stoichiometric equivalence 

Temperature coefficient* 

Phytoplankton growth 
rate 

Particulate fraction 
of zooplankton and 
fish excreta 

Decay rate 
Phytoplankton growth 
rate 

Particulate fraction 
of zooplankton and 
fish excreta 

Decay rate 
Ammonia decay rate 

Phytoplankton growth 
rate 

Phytoplankton growth 
rate 

Sediment decay rate*" 
Particulate fraction 
of zooplankton and 
fish excreta 

Die-off rate 

Initial Quality Conditions -- 

To the extent possible, the initial conditions should be based on mea- 

sured data. For constituents which are not easily measured, such as fish, 

zooplankton, benthic animals, and organic sediment, an estimate should be 

made followed by a year of simulation. Then the amount of each of these con- 

stituents should be reestimated so that the net change over the year is small. 

This procedure may also have to be used for other constituents if no data 

exist. If very little data exist for all constituents, it will probably be 

* Temperature limits should be set at reasonable values for the particular 
species being modeled prior. to calibration and held constant during the 
calibration process. 

Both the sediment decay rate and the initial sediment amount may require 
modifications during calibration. 



impossible  t o  c a l i b r a t e  t h e  model r e l i a b l y .  

I d e a l l y ,  t h e  s imu la t ion  should begin  when t h e  r e s e r v o i r  i s  i so thermal  

o r  a t  t h e  t ime of minimum s t r a t i f i c a t i o n  so t h a t  t h e  formation of t h e  d e n s i t y  

s t r a t i f i c a t i o n  i s  no t  d i c t a t e d  by i n i t i a l  condi t ions .  I f  t h e  r e s e r v o i r  is  

i c e  covered dur ing  a  p o r t i o n  of t h e  yea r ,  only t h e  i c e  f r e e  per iod  should 

be s imulated s i n c e  t h i s  program does not  p r e s e n t l y  have i c e  cover c a l c u l a t i o n s .  

Meteorological  Data 

With t h e  use  of t h e  "equi l ibr ium temperature method", d a t a  must be i n p u t  

a t  d a i l y  i n t e r v a l s ,  t h e  p repa ra t ion  of t h i s  d a t a  i s  descr ibed  i n  t h e  Corps re-  

p o r t  "Thermal Simulat ion of Lakes" [ 2 4 ] .  The fol lowing d i scuss ion  a p p l i e s  

only t o  t he  "heat  budget method". 

Meteorological  d a t a  i s  o f t e n  t h e  most p l e n t i f u l  and e a s i l y  obta ined  

da t a .  Most Class  A weather s t a t i o n s  have monthly averages of t h e  f i v e  weather 

parameters  ( i . e . ,  d ry  and wet bulb or dew po in t  temperatures ,  cloud cover ,  

wind speed, and atmospheric p re s su re )  requi red  by t h e  model. Magnetic t apes  

conta in ing  t h i s  d a t a  a t  3 hour i n t e r v a l s  a r e  o f t e n  a v a i l a b l e  from t h e  Nat iona l  

Weather Center ,  NOAA, Ashv i l l e ,  N .C .  

Data should be inpu t  i n  s u f f i c i e n t  d e t a i l  t o  accu ra t e ly  d e f i n e  t h e  mete- 

o r o l o g i c a l  condi t ions .  For v e r i f i c a t i o n  of temperature i n  an  e x i s t i n g  r e s e r -  

v o i r ,  a  3 hour update i n t e r v a l  is  d e s i r a b l e .  

O f  t h e  f i v e  weather parameters  requi red  wi th  t h e  h e a t  budget method, t h e  

atmospheric  p re s su re  i s  r e l a t i v e l y  unimportant and t h e  s tandard  p re s su re  a t  t h e  

r e s e r v o i r  e l e v a t i o n  i s  g e n e r a l . 1 ~  adequate.  The o the r  fou r  parameters a r e  

a l l  important  i n  determining t h e  h e a t  exchange a t  t h e  a i r -water  i n t e r f a c e .  

Cloud cover i s  important  i n  t h e  a lgae  computation s i n c e  i t  determines t h e  

amount of l i g h t  energy which i s  a v a i l a b l e  f o r  photosynthesis .  Reaerat ion 



of oxygen and carbon d ioxide  i s  a  func t ion  of wind speed. Wind speed i s  

a l s o  important i f  t h e  u se r  has  s e l e c t e d  t h e  wind mixing method f o r  computing 

e f f e c t i v e  d i f f u s i o n .  

During c a l i b r a t i o n  i t  may be necessary t o  a d j u s t  t h e  evaporat ion 

c o e f f i c i e n t s  "a" and "b" of equat ion 111-6 t o  o b t a i n  acceptab le  s u r f a c e  

temperatures.  Increas ing  the  magnitude of e i t h e r  c o e f f i c i e n t  a  or b  w i l l  

r e s u l t  i n  lower s u r f a c e  temperatures .  The d e f a u l t  va lue  of "b" i s  1.5 x lo-' 
bu t  may vary  by a s  much a s  + - 50%. The d e f a u l t  va lue  of "a" i s  zero ,  however, 

va lues  up t o  2 x lo-' a r e  reasonable.  

Inflow Data 

Inflow d a t a  should be inpu t  i n  s u f f i c i e n t  d e t a i l  t o  g ive  an  a c c u r a t e  

r ep re sen ta t ion  of flow r a t e s  and a  reasonable  r e p r e s e n t a t i o n  of t h e  inf low 

water  q u a l i t y  c h a r a c t e r i s t i c s  during t h e  s imula t ion  per iod .  The concentra- 

t i o n  of n u t r i e n t s  ( i . e . ,  NH3, NO and PO ) i n  t he  inf low water i s  of p a r t i -  3 4 
c u l a r  importance. I f  t h e r e  is i n s u f f i c i e n t  d a t a  on inflowing n u t r i e n t  con- 

c e n t r a t i o n ,  reasonable va lues  may be ass igned ,  however, a s e n s i t i v i t y  a n a l y s i s  

where inf lowing n u t r i e n t  concent ra t ions  a r e  v a r i e d  should be performed. The 

s e n s i t i v i t y  a n a l y s i s  would y i e l d  t h e  range of water  q u a l i t y  condi t ions  which 

could be expected w i t h i n  t h e  l ake .  

Modif icat ion of inf low water q u a l i t y  i s  no t  recommended t o  a f f e c t  changes 

i n  water q u a l i t y  during c a l i b r a t i o n .  

Withdrawal S v e c i f i c a t i o n s  

Dai1.y average withdrawal r a t e s  should be  inpu t  i n  s u f f i c i e n t  d e t a i l  

t o  accu ra t e ly  r ep re sen t  t h e  outf low cond i t i ons  during t h e  s imu la t ion  per iod .  

During c a l i b r a t i o n ,  flows through i n d i v i d u a l  g a t e s  should be s p e c i f i e d  or. 

temperature o b j e c t i v e s  s e t  a t  t h e  measured withdrawal temperatures .  



STREAM HYDRAULICS MODULE 

The stream h y d r a u l i c s  module i s  c a p a b l e  o f  s i m u l a t i n g  h y d r a u l i c  b e h a v i o r  

under  s u b - c r i t i c a l  f low c o n d i t i o n s  i n  a  branched and looped ( i . e . ,  f l o w  

around a n  i s l a n d )  stream system. The s t r e a m  system i s  r e p r e s e n t e d  by a 

s e r i e s  of r e a c h e s  each c o n s i s t i n g  of e lements  bounded by node p o i n t s .  The 

h y d r a u l i c s  of t h e  s t r e a m  system a r e  computed a t  each of t h e  node p o i n t s  u s i n g  

one o f  s i x  h y d r a u l i c  computat ion methods. An example of a t y p i c a l  s t r e a m  

system i s  shown i n  F i g u r e  V I I I - 1 .  

The major c a t e g o r i e s  of d a t a  which d e s c r i b e  and c o n t r o l  t h e  s i m u l a t i o n  

of t h e  s t ream h y d r a u l i c s  module a r e :  

* S i m u l a t i o n  c o n t r o l s  

* STORM g e n e r a t e d  i n f l o w  d a t a  

Other  i n f l o w  and wi thdrawal  d a t a  

Stream geometry d a t a  

Boundary c o n d i t o n  s p e c i f i c a t i o n s  

Flow computat ion method s p e c i f i c  d a t a  

Depth c o n t r o l ,  and 

Non-point i n f l o w  and wi thdrawal  d a t a  

R e l i a b l e  e s t i m a t e s  o r  measurements of t h e  d a t a  a r e  e s s e n t i a l  f o r  u s e  and 

c a l i b r a t i o n  o f  t h e  model. 

S i m u l a t i o n  C o n t r o l s  

S i m u l a t i o n  o r  job c o n t r o l s  i n c l u d e  l e n g t h  of s i m u l a t i o n ,  h y d r a u l i c  com- 

p u t a t i o n  method s e l e c t i o n ,  computat ion t i m e  s t e p  s p e c i f i c a t i o n ,  t a p e  o r  f i l e  

a ss ignments  and o t h e r  d a t a  which c o n t r o l  o p e r a t i o n  of t h e  module. 

The p r o p e r  s e l e c t i o n  of a  r o u t i n g  method and t h e  c h o i c e  of a  computa- 

t i o n a l  t ime  s t e p  a r e  v e r y  impor tan t  i n  t h e  c a l i b r a t i o n  and u s e  of a  r o u t i n g  

method. The l a t t e r  is  more a  q u e s t i o n  of numer ica l  a c c u r a c i e s  because  some- 
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what erroneous r e s u l t s ,  which might i n i t i a l l y  be a t t r i b u t e d  t o  geometry o r  

f r i c t i o n ,  a r e  r e a l l y  a ques t ion  of computational time s t e p  compatabi l i ty  

wi th  t h e  phys i ca l  system and rou t ing  procedure. 

Actual experience wi th  d i f f e r e n t  phys i ca l  problems i s  extremely h e l p f u l  

i n  s e l e c t i n g  t h e  time s t e p  and rou t ing  method. I n  most cases ,  un le s s  t h e  

inf lows a r e  h ighly  dynamic and the  channel geometry or f r i c t i o n  v a r i e s  severe-  

l y  from one s e c t i o n  t o  another ,  a computational time s t e p  of 1 hour is  s u f f i -  

c i e n t .  Checking f low con t inu i ty  i s  a good t e s t  t o  t e l l  i f  t he  t ime s t e p  i s  

too  l a r g e .  Output of t o t a l  flow volume p a s t  each node during t h e  day i s  

p r in t ed  fo r  t h i s  purpose. 

A second and imminently important  d e c i s i o n  i s  t h e  choice  of t h e  r o u t i n g  

method. Again, a c t u a l  experience w i l l  g ive  rhe  engineer t h e  i n t u i t i o n  and 

judgment necessary f o r  e f f e c t i v e  and e f f i c i e n t  program usage. However, a 

few gu ide l ines  a r e  worth mentioning. F i r s t ,  c a r e f u l l y  examine t h e  type  of 

phys i ca l  problem t o  be s imulated.  Each of t h e  r o u t i n e s  was der ived  from 

equat ions which emphasize d i f f e r e n t  phys i ca l  c h a r a c t e r i s t i c s .  These depen- 

dencies  can b e s t  be understood by reading t h e  t e x t  and t h e  assumptions i n  

Chapter 11. Secondly, consider  t r y i n g  one of t h e  s teady  flow methods t o  

g ive  an upper bound on s t a g e  and flow. Then, i f  t h e  problem d i c t a t e s ,  s e l e c t  

a time dependent method and compare wi th  t h e  s teady  flow s o l u t i o n  f o r  rea-  

sonableness i n  s t a g e ,  flow, t r a v e l  time of peaks, con t inu i ty ,  e t c .  A f i n a l  

cons idera t ion  i s  computer c o s t s .  Decreased time s t e p s  w i l l  r e s u l t  i n  a pro- 

p o r t i o n a l  i nc rease  i n  computer c o s t s .  Also, t h e  S t .  Venant and kinematic  

wave methods r e q u i r e  s i g n i f i c a n t l y  more computer t ime than t h e  o t h e r  methods. 

STORM Generated Inflow Data --- 

STORM generated hydrograph d a t a  a r e  prepared au tomat ica l ly  by t h e  STORM 

program 1221. A complete d e s c r i p t i o n  of t h e  d a t a  requi red  by t h e  STORM pro- 

gram can be found i n  t h e  r e f e rence  and w i l l  no t  be covered here .  



Other Inflow and Withdrawal Data ---- 

Inflow and withdrawal r a t e s  should be inpu t  i n  s u f f i c i e n t  d e t a i l  t o  

g ive  an accu ra t e  r e p r e s e n t a t i o n  of t h e  flow a t  a l l  po in t  inf low l o c a t i o n s .  

When STORM generated hydrographs a r e  i n p u t ,  base flows r ep resen t ing  non-storm 

condi t ions  must be s p e c i f i e d .  The order  of i npu t  must be a s  fol lows:  The 

base  flow fo r  STORM generated hydrographs, a l l  o ther  po in t  inf lows and 

f i n a l l y  a l l  withdrawals.  

Stream Geometry .- Data 

Stream geometry d a t a  i nc lude  reach and element l eng ths ,  i n t e r s e c t i o n  de- 

f i n i t i o n s ,  channel c r o s s  s e c t i o n  geometry d a t a  and energy grade l i n e  or channel  

bottom e l eva t ions .  The reach  l eng th  should correspond t o  t h e  a c t u a l  l eng th  

of t h e  s t ream reach.  The element l eng th  which i s  normally between . 5  and 

2 m i l e s  should be  such t h a t  an  even number of elements w i l l  r e s u l t .  I f  

more than  one element l eng th  is  s p e c i f i e d  ( i . e . ,  GEOM2 c a r d s ) ,  an even 

number of each element s i z e  must a l s o  be maintained. I f  a  water  q u a l i t y  analy- 

sis is  planned, t h e  element l eng th  should a l s o  r e f l e c t  t h e  l e v e l  of d e t a i l  

r equ i r ed  by t h a t  a n a l y s i s .  

When e i t h e r  t h e  S t .  Venant method o r  kinematic  wave s o l u t i o n s  a r e  

s p e c i f i e d ,  element l eng th  should no t  exceed one mile .  I f  uns t ab le  s o l u t i o n s  

r e s u l t ,  s h o r t e r  element l eng ths  may be r equ i r ed .  

Channel c ros s  s e c t i o n  d a t a  should r ep re sen t  t h e  a c t u a l  channel geometry 

t o  t h e  e x t e n t  p r a c t i c a l .  These d a t a  may be  inpu t  i n  one of two forms. The 

f i r s t  form u t i l i z e s  channel c ros s  s e c t i o n  coord ina te  d a t a  i npu t  us ing  HEC-2 

[23] format.  These d a t a  d e f i n e  t h e  c r o s s  s e c t i o n  by a  s e r i e s  of x-y coordi-  

n a t e  p o i n t s .  Var iab le  Mannings "n" va lues  may be s p e c i f i e d  and conveyance 

l i m i t s  s e t  t o  r e s t r i c t  t h e  flow t o  a  p o r t i o n  of t h e  c ros s  s e c t i o n .  The a r e a  

w i t h i n  t h e  channel c r o s s  s e c t i o n  bu t  o u t s i d e  t h e  conveyance l i m i t s  i s  used 

f o r  channel s t o r a g e  volume only.  F igure  VIII-2 shows t h e  geometric represen-  

t a t i o n  of a  t y p i c a l  channel c r o s s  s ec t ion .  
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The second type  of channel c ros s  s e c t i o n  d a t a  ( i . e . ,  GEOM4) i s  i n  t h e  

form of a  t a b l e  of e l eva t ion  ve r sus  channel c h a r a c t e r i s t i c s .  This  d a t a  i f  

generated au tomat ica l ly  from channel c r o s s  s e c t i o n  coord ina tes  ( i . e . ,  HEC-2, 

format da t a )  w i l l  e l imina te  t h e  need t o  reprocess  t h e  channel c ros s  s e c t i o n  

coordi.nate d a t a  during each s imula t ion .  

During c a l i b r a t i o n ,  s l i g h t  modi f ica t ion  i n  t h e  f r i c t i o n  f a c t o r s  ( i . e . ,  

Mannings "n"),conveyance l i m i t s  and channel geometry may be requi red  t o  

reproduce measured flow da ta .  

Boundary Condition S p e c i f i c a t i o n s  

Boundary condi t ions  inc lude  flow, s t a g e  and s t a g e  versus  flow r e l a t i o n -  

s h i p  and a r e  normally s p e c i f i e d  a t  t he  e x t r e m i t i e s  of t he  stream system 

(e.g. ,  upstream ends of reach 1 and 2 and downstream end of reach 6 of t h e  

example s t ream system shown i n  F igure  VII-1). When us ing  t h e  S t .  Venant 

and backwater methods, s t a g e  o r  s t a g e  ve r sus  flow boundary condi t ions  may 

be s p e c i f i e d  a t  reach i n t e r s e c t i o n s  (e .g. ,  spec i fy  s t a g e  vs .  flow r e l a t i o n -  

s h i p  a t  t h e  downstream end of reach 5 of t he  example s t ream system shown i n  

F igure  VII-1) t o  s imula te  t h e  e f f e c t s  of we i r s  o r  o t h e r  control.  s t r u c t u r e s .  

The S t .  Venant method al lows t h e  s p e c i f i c a t i o n  of flow a t  e i t h e r ,  bu t  no t  

both,  t h e  upstream o r  downstream end of any reach.  When a  flow boundary 

condi t ion  i s  s p e c i f i e d ,  t h e  channel flow w i l l  equa l  t h e  inf low a t  t h a t  loca- 

t i o n  (e .g. ,  r e f e r r i n g  t o  F igure  V I I - l ,  a  flow boundary condi t ion  s p e c i f i e d  

a t  t h e  upstream end of reach 5 would r e s u l t  i n  a channel f low equal  t o  t h e  

inf low t o  node 1 9 ) .  A l l  o the r  hydrau l i c  computation methods al low t h e  

s p e c i f i c a t i o n  of flow boundaries a t  only t h e  upstream end of any reach.  

The boundary condi t ions  requi red  by t h e  model a r e  dependent on t h e  hydraul ic  

computation method s e l e c t e d  by t h e  user .  Table V I I - 1  summarizes t h e  boun- 

dary condi t ions  requi red  by t h e  va r ious  hydrau l i c  computation methods. 

When flow boundary condi t ions  a r e  s p e c i f i e d ,  t h e  channel flow r a t e  i s  

set equal  t o  t h e  t r i b u t a r y  inf low r a t e  a t  t h a t  l oca t ion .  When a  s t a g e  versus  

flow boundary condi t ion  i s  s p e c i f i e d ,  the stage-flow r e l a t i o n  input wi th  



t h e  s t ream geometry d a t a  i s  used. The s p e c i f i c a t i o n  of s t a g e  boundary condi- 

t i o n s  r e q u i r e s  t h e  inpu t  of a  continuous record of s t a g e  ve r sus  t ime d a t a  

( i . e . ,  D D 1  and DDlA cards)  a s  t h e  s imula t ion  progresses .  

TABLE V I I - 1  

Boundary Condition Requirements 

Hydraulic 
Computation Method -- Downs t r  eam Upstream --- .---- 

Flow Stage Stage vs .  Flow Flow Stage ---- 

Stage-flow 

Backwater 

Kinematic wave 

S t .  Venant* X X X 

Muskingum rou t ing  

Modi.£i.ed P u l s  

* Only one of t h e  two types of boundary cond i t i ons  may be s p e c i f i e d  a t  t h e  
upstream end of any given reach.  Only one of t h e  t h r e e  types  of boundary 
cond i t i ons  may be s p e c i f i e d  a t  t h e  dot~mstream end of any given reach.  

---.-.-- -. ------------ - -- 

Flow Computation Method S p e c i f i c  Data 

No flow computation method s p e c i f i c  d a t a  i s  requi red  f o r  e i t h e r  t h e  

stage-flow o r  backwater hydrau l i c  computation methods. The o the r  fou r  

methods, however, a l l  r e q u i r e  a d d i t i o n a l  da ta .  

The S t .  Venant method i s  provided wi th  t h e  c a p a b i l i t y  of a d j u s t i n g  t h e  

t ime s t e p  during t h e  s imula t ion  us ing  one of two use r  s p e c i f i e d  opt ions .  

With t h e  f i r s t  op t ion ,  t imes a r e  s p e c i f i e d  a f t e r  which t h e  time s t e p  

increment i s  increased  au toma t i ca l ly  up t o  a  maximum value .  This op t ion  

a l lows  t h e  use r  t o  s p e c i f y  a  r e l a t i v e l y  s h o r t  t ime s t e p  a t  t h e  beginning 

of t h e  s imu la t ion  t o  overcome numerical i n s t a b i l i t y  problems and then 

t h e  program w i l l  g r adua l ly  i n c r e a s e  t h e  time s t e p  t o  save  computer time. 



The second op t ion  al lows t h e  use r  t o  s p e c i f y  d i f f e r e n t  time s t e p  

increments  a t  d i f f e r e n t  t imes dur ing  t h e  s imula t ion .  This op t ion  should 

be  used t o  s p e c i f y  s h o r t  time s t e p s  dur ing  pe r iods  a f  very dynamic flow 

and longer  t ime s t e p s  f o r  more uniform flow condi t ions .  

Both the  S t .  Venant and kinematic  wave methods r e q u i r e  i n i t i a l  e s t i -  

mates of depth and flow. Normally t h e  s p e c i f i c a t i o n  of average flow and 

depth by reach i s  adequate.  I f  t h e  depth o r  flow w i t h i n  t h e  reach i s  q u i t e  

v a r i e d ,  i t  may be  necessary  t o  i n p u t  t h e  depth and flow a t  each node. 

These da t a  may be  prepared au tomat ica l ly  u s ing  t h e  backwater method. 

The Muskingum rou t ing  method r equ i r e s  c o n t r o l  p o i n t  d a t a  and r o u t i n g  

c r i t e r i a ,  K and x. The modified Pu l s  method r e q u i r e s  both  c o n t r o l  p o i n t  

and s torage-outf low da ta .  The s e l e c t i o n  and s i g n i f i c a n c e  of t h e s e  d a t a  

can b e s t  be  understood by reading  the  app ropr i a t e  s e c t i o n s  i n  Chapter I T .  

Depth Control  

Depth c o n t r o l  d a t a  a r e  r equ i r ed  f o r  each reach where depth boundary 

condi t ions  a r e  s p e c i f i e d .  These d a t a  must b e  i n p u t  f o r  each day of simula- 

t i o n .  

Non-Point Inflow and Withdrawal 

Non-point inf lows and withdrawals  i nc lude  a l l  flow which can b e  repre-  

s en ted  by a  l i n e  source  o r  s ink .  Groundwater in f low and outf low,  l o c a l  

s torm r e l a t e d  inf low and minor poorly def ined  a g r i c u l t u r a l  r e t u r n s  and 

d ive r s ions  could a l s o  be  considered non-point flow. These flow r a t e s  can 

be  i n p u t  a t  any time i n t e r v a l  g r e a t e r  than 24 hours  and r ep resen t  average 

d a i l y  condi t ions  from the  i n p u t  p o i n t  i n  t i m e  u n t i l  t h e  i n p u t  i s  updated 

w i t h  a  new value.  

Both c o n t r o l  and non-point in f low and withdrawal d a t a  a r e  i n p u t  as t h e  

s imula t ion  progresses ,  t h e r e f o r e  proper  phasing of t h e  d a t a  is e s s e n t i a l .  



STREAM OUALITY MODULE 

The d a t a  requirements  f o r  t h e  s t ream q u a l i t y  module f a l l  under t h e  

gene ra l  c a t e g o r i e s  o f :  

Simulat ion c o n t r o l s  

Phys i ca l  d a t a  ( i . e . ,  Tr ibutary  l o c a t i o n  and I n v a r i a n t  Meteornlogical  da t a )  

Phys ica l ,  chemical and b i o l o g i c a l  c o e f f i c i e n t s  

* STORM generated inf low d a t a  - same a s  s t ream hydrau l i c s  module 

* Inflow d a t a  - same a s  r e s e r v o i r  module 

Meteorological  d a t a  - same a s  r e s e r v o i r  module 

I n i t i a l  condi t ion ,  and 

Non-point in f low da ta  - same a s  s t ream hydrau l i c s  module 

Many of t he  g u i d e l i n e s  presented previous ly  i n  t h i s  chapter  p e r t a i n i n g  t o  

t h e  d a t a  requirements  of t h e  r e s e r v o i r  and s t ream hydrau l i c s  modules a r e  app l i -  

cab le  t o  t h e  d a t a  requirements  of t h e  s t ream q u a l i t y  module. h t h i s  s e c t i o n ,  

only those  d a t a  requirements which d i f f e r  from, o r  a r e  i n  a d d i t i o n  t o ,  t h e  

d a t a  requirements  previous1.y presented  w i l l  be discussed.  

Simulat ion Cont ro ls  

The time s t e p  increment o r  s imula t ion  i n t e r v a l  and t o t a l  l eng th  of simula- 

t i o n  d i f f e r  from those  recommended i n  t h e  r e s e r v o i r  s ec t ion .  

The s imu la t ion  i n t e r v a l  requi red  by t h e  s t ream module i s  a c t u a l l y  t h e  

maximum a l lowable  t ime s t e p .  The a c t u a l  computational t ime s t e p  increment 

i s  determined w i t h i n  t h e  program and i s  a  func t ion  of t h e  minimum element 

volume r e s i d e n t  time. The s imula t ion  i n t e r v a l  should normally be f o u r  hours 

o r  l e s s  so  t h a t  d i u r n a l  v a r i a t i o n s  i n  q u a l i t y ,  p a r t i c u l a r l y  temperature and 

d isso lved  oxygen, can be examined. 

I f  t h e  u se r  i s  mainly i n t e r e s t e d  i n  q u a l i t y  c o n s t i t u e n t s  which a r e  

t r anspor t ed  pas s ive ly  wi th  t h e  movement of water  ( i . e . ,  d i sso lved  and sus- 



pended m a t e r i a l s )  then  a  si .mulation per iod  of twice  t h e  t o t a l  r e s i d e n t  t i m e  

of t h e  s t ream system i s  o f t e n  s u f f i c i e n t .  Longer s imu la t ion  per iods  s i m i l a r  

t o  t hose  recommended f o r  t h e  r e s e r v o i r  s imu la t ion  a r e  r equ i r ed  i f  t h e  s easona l  

changes i n  f i s h ,  a q u a t i c  i n s e c t s ,  ben th i c  animals  and ben th i c  a l g a e  a r e  of 

i n t e r e s t .  

The previous  d i scuss ion  p e r t a i n i n g  t o  t h e  water  q u a l i t y  i n t e r a c t i o n  

s p e c i f i c a t i o n s  a l s o  a p p l i e s  t o  t h e  s t ream module, however, one i tem i s  worth 

mentioning. Represent ing t o x i c i t y  induced m o r t a l i t y  by t h e  u n i t  t o x i c i t y  

concept i s  o f t e n  u n r e a l i s t i c .  For t h i s  reason ,  i t  i s  recommended t h a t  u n i t  

t o x i c i t y  no t  be s imulated un le s s  t h e  use r  understands t h e  u n i t  t o x i c i t y  

concept completely and can i n t e r p r e t  t h e  r e s u l t s  accordingly.  

Phys i ca l ,  Chemical and B io log ica l  C o e f f i c i e n t s  -- 

The previous  d i scuss ion  f o r  t h e  r e s e r v o i r  module a p p l i e s  t o  t h e  s t ream 

q u a l i t y  module wi th  t h e  except ion  of s e t t l i n g  v e l o c i t i e s .  

In t h i s  module, t h e  s e t t l i n g  v e l o c i t i e s  of bo th  phytoplankton and d e t r i -  

t u s  shoul.d norma1. l~  be zero  s i n c e  s t ream v e 1 o c i t i . e ~  a r e  u s u a l l y  s u f f i c i e n t l y  

h igh  t o  prevent  depos i t i on .  

I n  t h e  ino rgan ic  suspended s o l i d s  computation, t h e  p a r t i c l a  s i z e  and 

n o t  t h e  s e t t l i n g  v e l o c i t y  i s  of primary importance. Two computational 

approaches a r e  employed t o  determine t h e  ino rgan ic  suspended s o l i d s  concen- 

t r a t i o n .  For s o l i d s  w i t h  p a r t i c l e  s i z e s  l a r g e r  than  0.065 mi l l ime te r s ,  t h e  

s t ream power concept descr ibed  by Yang and S t a l l  [ 2 5 J ,  is  used. With t h i s  

method, t h e  suspended s o l i d s  t r a n s p o r t  capac i ty  i s  c a l c u l a t e d  based on 

s t ream hydrau l i c s .  I f  t h e  t r a n s p o r t  capac i ty  i s  l a r g e r  than  t h e  s o l i d s  con- 

c e n t r a t i o n ,  i t  i s  assumed t h a t  t h e r e  i s  s u f f i c i e n t  i no rgan ic  sediment a v a i l -  

a b l e  and t h e  s o l i d s  d e f i c i t  i s  made up by scour .  I f  t h e  s o l i d s  concen t r a t ion  

exceeds t h e  t r a n s p o r t  capac i ty ,  t h e  excess  i s  immediately depos i ted  t o  t h e  

sediment bed. S o l i d s  w i t h  p a r t i c l e  s i z e s  sma l l e r  than 0.065 mi l l ime te r s  a r e  

t r e a t e d  a s  conse rva t ive  except  f o r  depos i t i on  below use r - spec i f i ed  v e l o c i t i e s .  
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Scour of t he  bottom sediment i s  n o t  p r e s e n t l y  considered f o r  t h e s e  s m a l l e r  

p a r t i c l e s ,  because the  s ta te -of - fhe-ar t  i s  n o t  w e l l  def ined.  

Several of t he  water q u a l i t y  c o n s t i t u e n t s  included i n  t h e  s t ream module 

a r e  n o t  considered i n  t h e  r e s e r v o i r  module. The c o e f f i c i e n t s  p e r t a i n i n g  t o  

t h e s e  c o n s t i t u e n t s  which t h e  use r  should cons ider  holding cons tan t  o r  chang- 

i ng  dur ing  t h e  c a l i b r a t i o n  per iod  i s  presented  below. 

Cons t i tuent  Constant Coe f f i c i en t  Var iab le  Coe f f i c i en t  -- 

Benthic Algae Temperature l i m i t s *  Maximum growth r a t e  
Half s a t u r a t i o n  cons t an t s  Resp i r a t ion  r a t e  
S e t t l i n g  v e l o c i t y  Scour r a t e  

Aquatic I n s e c t s  Tempera ture l imi . t s*  Maximum growth r a t e  
Feeding preferences  M o r t a 1 i . t ~  r a t e  
Ass imi la t ion  e f f i c i e n c y  Resp i r a t ion  r a t e  
P a r t i c u l a t e  f r a c t i o n  of Half s a t u r a t i o n  cons t an t  

exc re t a  
Emergence r a t e  

I n i t i a l  Conditions 

Except when t h e  system flow-through t ime i s  l a r g e  ( i . e . ,  week o r  more), 

i n i t i a l  condi t ions  a r e  r e l a t i v e l y  unimportant wi th  t h e  except ion of t hose  

c o n s t i t u e n t s  which a r e  n o t  advected (e .g. ,  f i s h ,  a q u a t i c  i n s e c t s ,  ben th i c  

animals ,  ben th i c  a l g a e  and sediment) o r  c o n s t i t u e n t s  being he ld  cons t an t .  

The e f f e c t  of t he  i n i t i a l  condi t ions  on advected c o n s t i t u e n t s  w i l l  normally 

be minimal w i t h i n  a  t ime span equal  t o  t h e  system flow-through time. I f  

t h e  s tudy  per iod  does n o t  exceed t h e  flow-through r a t e ,  the  i n i t i a l  condi- 

t i o n s  should be c a r e f u l l y  s e l ec t ed .  

Included wi th  the  i n i t i a l  condi t ion  s p e c i f i c a t i . o n  i s  t h e  e f f e c t i v e  

thermal capac i ty  and thermal conductance c o e f f i c i e n t  of t h e  s t ream bed. 

I f  t h e  use r  wishes n o t  t o  i nc lude  t h e  moderating e f f e c t  of t h e  s t ream bed 

on water  temperature,  the  thermal conductance c o e f f i c i e n t  should be s e t  

* Temperature l i m i t s  shouid be s e t  a t  reasonable  va lues  f o r  t h e  p a r t i c u l a r  
spec i e s  being modeled p r i o r  t o  c a l i b r a t i o n  and h e l d  cons t an t  dur ing  t h e  
c a l i b r a t i o n  process.  
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to zero. If the moderating influence of the stream bed is to be included, 

an initial value of . 5  to 1. meter is recommended for the thermal capacity 
Z 

and 0.025 to 0.075 kcallm /secI0C for the conductance coefficient. During 

calibration both values may be adjusted to obtain the proper diurnal variation 

in water temperature. If should be noted that the combination of a long 

time step, large conductance coefficient and a small thermal capacity may 

result in numerical instabilities in the temperature computation. 



V I I T .  INPUT DATA DESCRIPTION 

GENERAL 

The i n p u t  t o t h e R e s e r v o i r ,  Stream Hydraul. ics and Stream Qual. i ty Modules 

may b e  i n s e r t e d  from c a r d s  o r  as c a r d  images on magne t ic  t a p e  o r  o t h e r  

a u x i l i a r y  i n p u t  d e v i c e s  such  as a d i s k  f i l e .  A d e t a i l e d  d e s c r i p t i o n  of t h e  

i n p u t  d a t a  c a r d s  r e q u i r e d  by t h e  t h r e e  modules i s  prov ided  i n  t h i s  s e c t i o n .  

Th is  d e s c r i p t i o n  i n c l u d e s  t h e  v a r i a b l e  l o c a t i o n ,  FORTRAN v a r i a b l e  name, 

v a l u e  and d a t a  d e s c r i p t i o n .  

V a r i a b l e  l o c a t i o n s  f o r  each i n p u t  c a r d  a r e  shown by f i e l d  number. 

Each c a r d  i s  d i v i d e d  i n t o  t e n  f i e l d s  of e i g h t  columns each.  F i e l d  1 i s  

always r e s e r v e d  f o r  c a r d  i d e n t i f i c a t i o n ,  which must b e  l e f t  j u s t i f i e d .  

The d i f f e r e n t  v a l u e s  a  v a r i a b l e  may assume and t h e i r  a s s o c i a t e d  c o n d i t i o n s  

a r e  d e s c r i b e d  below. Some v a r i a b l e s  s imply i n d i c a t e  t h e  program o p t i o n  

t o  b e  used by s p e c i f y i n g  t h e  numbers -1, 0 o r  1. For t h o s e  having a + s i g n  

shown under  t h e  column "value",  t h e  numer ica l  v a l u e  o f  t h e  v a r i a b l e  i s  e n t e r e d  

as i n p u t .  For  t h o s e  having a  - s i g n  shown under  t h e  column "value",  t h e  i n p u t  

i s  t o  b e  a n e g a t i v e  v a l u e .  Where t h e  v a r i a b l e  v a l u e  i s  shown a s  z e r o ,  t h e  

v a r i a b l e  may be  l e f t  b lank .  

Data  f o r  v a r i a b l e s  beg inn ing  w i t h  t h e  l e t t e r s  I th rough  N a r e  i n t e g e r s  

and shou ld  n o t  i n c l u d e  dec imals ,  b u t  shou ld  b e  r i g h t  j u s t i f i e d  i n  t h e i r  f i e l d .  

Data f o r  v a r i a b l e s  beg inn ing  w i t h  l e t t e r s  A th rough  H and 0 through Z a r e  

f l o a t i n g  p o i n t  v a r i a b l e s  and shou ld  be  r i g h t  j u s t i f i e d  i n  t h e i r  f i e l d  i f  t h e  

decimal  p o i n t s  a r e  n o t  punched. 

Four b l a n k  c a r d s  must f o l l o w  t h e  d a t a  c a r d s  t o  s i g n a l  t h e  end of t h e  

run.  W h ~ n  a m u l t i - p r o j e c t  job i s  t o  b e  p r o c e s s e d  d u r i n g  t h e  same r u n  

( s t a c k e d  j o b s ) ,  t h e  d a t a  c a r d s  f o r  t h e  las t  job o n l y  a r e  t o  b e  fo l lowed  by 

f o u r  b lank  c a r d s .  



RESERVOIR MODULE 

The inpu t  d a t a  requirements  f o r  t h e  Reservoir  Module can be  sepa ra t ed  

i n t o  t h e  fol.lowing ca t egor i e s :  

1. Job T i t l e s  (TITLE c a r d s ) .  

2. Job c o n t r o l s  ( J O B  cards)  which inc lude  water  q u a l i t y  c o n s t i t u e n t  
i n t e r a c t i o n  mod i f i ca t ion  s p e c i f i c a t i o n s ,  inpu: and p r i n t  c o n t r o l s ,  
t ape  and f i l e  assignments and o t h e r  gene ra l  d a t a  which c o n t r o l  
ope ra t ion  of t h e  module. 

3. Phys i ca l  d a t a  (PHYS ca rds )  such as i n v a r i a n t  meteoro logica l  d a t a ,  
gene ra l  r e s e r v o i r  geometry d a t a ,  d i s p e r s i o n  c h a r a c t e r i s t i c s ,  in -  
flow and withdrawal l o c a t i o n  d a t a ,  and t h e  t a b l e  of r e s e r v o i r  
e l e v a t i o n  ve r sus  s u r f a c e  a r e a  and width a t  dam. 

4. Chemical., phys i ca l  and b i o l o g i c a l  c o e f f i c i e n t s .  (COEFF and SSOL 
ca rds ) .  

5. I n i t i a l  q u a l i t y  cond i t i ons  (INIT ca rds ) .  

6. Time v a r i a n t  in f low d a t a  (INFL cards)  which inc ludes  t h e  q u a l i t y  
parameters  t o  be  read,  l eng th  and d e s c r i p t i o n  of in f low record 
and t h e  inf low r a t e s  and water  q u a l i t y  c o n s t i t u e n t  concent ra t ions .  

7.  Time v a r i a n t  meteoro logica l  d a t a  (WEATH ca rds ) .  

8. Time v a r i a n t  withdrawal r a t e s  and temperature o b j e c t i v e s  (OUTL 
c a r d s ) .  

A l l  d a t a  c a t e g o r i e s  a r e  i n p u t  v i a  t h e  card reader  except  f o r  c a t e g o r i e s  

6 ,  7 and 8. These t h r e e  c a t e g o r i e s ,  may be  inpu t  v i a  t ape  o r  d i s k  f i l e s  

a t  t h e  u s e r s  op t ion .  Categor ies  6 and 7 a r e  processed and w r i t t e n  on f i l e s  

f o r  l a t e r  use  during t h e  s imula t ion .  A t  t h e  u s e r s  op t ion ,  t h e  f i l e s  may be  

made permanent and a l s o  used dur ing  subsequent s imula t ion ,  t hus  e l imina t ing  

t h e  need t o  r e r ead  and reprocess  t h i s  da t a .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  d a t a  card requirements a r e  presented  

below and followed by a  summary of i npu t  ca rds  showing t h e  sequent i .a l  arrange- 

ment of cards .  



DATA CARD REQUIREMENTS 
TITLE-JOB 1 

Job Title cards*- Three cards required 

Field -- Variable 
p- 

Value -- ---- Description 

1 TITLE** Card identification 

2-10 TITLE alpha Job title to be printed on the first page 
of printout. 

Job Control Card 1 

Field Variable -- Value Description - 

1 JOB1 Card identification 

2 IDAY + Date of first day of simulation; year, month 
and day (e. g. , 560701). 

3 LDAY + Date of last day of simulation; year, month 
and day. 

4 NHOI + Simulation time interval in hours (usually 
between 6 and 24 hours). 

5 NHMI .+ Meteorological data interval in hours 
(usually between 1 and 6 hours). 

*These cards and all remaining cards in this description are required cards 
unless the specific card description defines it as being optional. 

**Field 1 is always reserved for card identification, which must be left 
justified. 



Job Control  Card 2 - Water Qual i ty  Consti . tuent I n t e r a c t i o n  Modif icat ion Option 

F i e l d  Var iab le  Value Descr ip t ion  

1 JOB2 Card i d e n t i f i c a t i o n  

2 ITEST(~)  * Temperature opt ion  

3  LTEST (2) ;q. Dissolved oxygen opt ion  

4  ITEST (3) A 5-dayca~honaceous BOD opt ion  

5  ITEST (4) * Coliform b a c t e r i a  op t ion  

6  ITEST (5) ;q. Organic d e t r i t u s  op t ion  

7  ITEST(6) *. Arnonnia opt ion  

8  ITEST(7) d; N i t r a t e  opt ion  

9  ITEST (8) d; N i t r i t e  op t ion  

10 ITEST(9) * Phosphate opt ion 

Job Control  Card 2A - Water Q u a l i t y  Cons t i tuent  I n t e r a c t i o n  Modif icat ion Option 

F i e l d  Var iab le  Value Descr ip t ion  

1 JOB2A Card i d e n t i f i c a t i o n  

2 I T E S T ( ~ ~ )  * T o t a l  d i sso lved  s o l i d s  op t ion  

3  I T E S T ( ~ ~ )  * Type 1 phytoplankton opt ion  

4 ITEST(1.2) * Type 2  phytoplankton op t ion  

5  ITEST (1.3) * Zoopl.ankton op t ion  

6  ITEST(14) * Tota l  inorganic  carbon and pH op t ion  

7  ITEST(15) * Alkal in i . ty  opt  ion  

8  I.TEST(16) * Organic sediment opt ion  

9 ITEST(17) * Benthic animals opt ion  

10 ITEST(18) * Type 1 f i s h  op t ion  

* -1 - s p e c i f i e s  c o n s t i t u e n t  t o  be  he ld  cons tan t  a t  i t s  i n i t i a l  va lue  i n  
q u a l i t y  a n a l y s i s .  

0  - s p e c i f i e s  c o n s t i t u e n t  s e t  t o  zero and ignored i n  q u a l i t y  a n a l y s i s .  
1 - s p e c i f i e s  normal c o n s t i t u e n t  t reatment  i n  q u a l i t y  a n a l y s i s .  



Job C o n t r o l  Card 2B - Water Q u a l i t y  C o n s t i t u e n t  I n t e r a c t i o n  M o d i f i c a t i o n  Opt ion 

F i e l d  - V a r i a b l e  - -.- --- Value Descrllp -- t i o n  

1 JOB2B Card i d e n t i f i c a t i o n  

1TEST(19) * Type 2 f i s h  o p t i o n  

ITEST(20) * Type 3 f i s h  o p t i o n  

ITEST (22) I I 
I n o r g a n i c  suspended s o l i d s  
g r o u p s  1 through  5 o p t i o n  

I T E S T ( ~ ~ )  * I n o r g a n i c  sediment  o p t i o n  

J o b  C o n t r o l  Card 3 

F i e l d  -- - V a r i a b l e  . . - - . - Value --- D e s c r i p t i o n  - -- 

1 J O B 3  Card i d e n t i f i c a t i o n  

2 NOUTS .+ Number o f  o u t l e t s ;  maximum o f  18"" 

3 IWES 0 Index  t o  s e l e c t  WES wi thdrawal  o p t i o n .  

f I n d e x  t o  s e l e c t  Debler /Craya wi thdrawal  
o p t i o n .  

4 NTRIBS 

5 hTOINT 

+ Number o f  t r i b u t a r i e s  e n t e r i n g  t h e  r e s e r -  
v o i r ;  maximum of  10.  

+ Number. of  poi .n ts  d e f i n i n g  t h e  i n i t i a l  con,- 
c e n t r a t i o n  p r o f i l e s ;  maximum of  100.  

* -1 - s p e c i f i e s  c o n s t i t u e n t  t o  be h e l d  c o n s t a n t  a t  i t s  i n i t i a l  v a l u e  i n  
q u a l i t y  a n a l y s i s .  

0  - s p e c i f i e s  c o n s t i t u e n t  set t o  z e r o  and ignored  i n  q u a l i t y  a n a l y s i s .  
1 .- s p e c i f i e s  normal. c o n s t i t u e n t  t r e a t m e n t  i n  q u a l i t y  a n a l y s i s .  

** One uncon t ro l i ed  s p i l l w a y ,  one f l o o d  c o n t r o l  o u t l e t  and two wet w e l l s  

w i t h  8 o u t l e t s  each.  
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Job Cont ro l  Card 4  

F i e l d  V a r i a b l e  -- Value D e s c r i p t i o n  

1 JOB4 Card i d e n t i f i c a t i o n  

2  IPRT + Normal p r i n t o u t  i n t e r v a l ,  o u t p u t  w i l l  be 
p r i n t e d  e v e r y  IPRT days .  

3 IVAL + Output w i l l  be p r i n t e d  e v e r y  IVAL h o u r s  
w i t h i n  each day s p e c i f i e d  by IPRT (JOB4 
c a r d ,  f i e l d  2 ) .  IVAL should  be a  m u l t i p l e  
of NHOI  (JOB1 c a r d ,  f i e l d  4 ) .  

4 INTP 

5 I CT 

6 I C M  

7  NSD 

V e r t i c a l  l a y e r  p r i n t o u t  f requency  ( e . g . ,  
a  1 p r i n t s  e v e r y  l a y e r ,  a  2 p r i n t s  e v e r y  
o t h e r  l a y e r ,  e t c . ) .  

Index t h a t  s p e c i f i e s  t h e  i n p u t  w a t e r  
t empera tu re  d a t a  i s  i n  d e g r e e s  C e l s i u s .  

Index t h a t  s p e c i f i e s  t h e  i n p u t  w a t e r  
t empera tu re  d a t a  i s  i n  d e g r e e s  F a h r e n h e i t .  

Index t h a t  s p e c i f i e s  t h e  i n p u t  d a t a  o t h e r  
t h a n  m e t e o r o l o g i c a l  (WEAT111 c a r d s )  i s  i n  
m e t r i c  u n i t s .  

Index t h a t  s p e c i f i e s  t h e  i n p u t  d a t a  o t h e r  
t h a n  m e t e o r o l o g i c a l  d a t a  (WEATHI c a r d s )  
i s  i n  E n g l i s h  u n i t s .  

Number of " a d d i t i o n a l "  p r i n t  days  shown on 
t h e  JOB5 c a r d  o t h e r  t h a n  t h o s e  s p e c i f i e s  
by t h e  "normal" p r i n t o u t  i n t e r v a l ,  IPRT 
(JOB4 c a r d ,  f i e l d  2 ) ;  maximum of 45. 

Job Cont ro l  Card 5" 

F i e l d  V a r i a b l e  - -- Value ----- D e s c r i p t i o n  

1 JOB5 Card i d e n t i f i c a t i o n  

2-10 NDAYP ( I )  + P r i n t  days o t h e r  t h a n  t h o s e  s p e c i -  
f i e d  by t h e  normal p r i n t o u t  i n t e r v a l ,  IPRT 
(JOB4 c a r d ,  f i e l d  2 ) .  Use y e a r ,  month and 
day. 

*Include on ly  i f  NSD (JOB4 c a r d ,  f i e l d  7)  i s  p o s i t i v e .  Use up t o  9 numbers 
p e r  c a r d .  Use a s  many c a r d s  a s  needed f o r  a l l  NSD (JOB4 c a r d ,  f i e l d  7)  
v a l u e s .  



Job Control .  Card 6" 

F i e l d  V a r i a b l e  - 

1 

2  ITAPE 

3 TFILE 

4 JTAPE ( 1) 

5 JTAPE ( 2 )  

6  JTAPE (3) 

7 NHP (1)  

8 NHP (2 ) 

9  NHP ( 3 )  

10 LPLOT 

- Tape o r  f i l e  r e l a t e d  d a t a  

Value D e s c r i p t i o n  - 

JOB6 Card i d e n t  i f  i c a t  i .on. 

+ Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  10 
f o r  o u t p u t  of r e s e r v o i r  d i s c h a r g e  r a t e  and q u a l i t y  
d a t a  f o r  i n p u t  t o  subsequent  s i .mula t ions  o f  
downstream r i v e r  r e a c h e s  o r   reservoir.^. 

0 Data  w i l l  n o t  be  saved f o r  f u r t h e r  a n a l y s i s .  

-!- Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  11 
f o r  o u t p u t  o f  r e s e r v o i r  d i s c h a r g e  hydrograph f o r  
i n p u t  t o  h y d r a u l i c s  module. 

0 Data w i l l  n o t  be  saved f o r  f u r t h e r  a n a l y s i s .  

P o s i t i v e  numbers w i l l  a s s i g n  magnet ic  u n i t s  
12,-14 f o r  i.nput o f  f l o w  and q u a l i t y  d a t a  from 
p r e v i o u s  s i m u l a t i o n  of ups t ream r ive r '  r e a c h e s  
and r e s e r v o i r s .  Zero t o  3 u n i t s  may be a s s i g n e d .  
A ze ro  o r  b lank  w i l l  i n d i c a t e  t h a t  no i n p u t  u n i t  
from p r e v i o u s  a n a l y s i s  w i l l  be used .  

In f low r a t e  and q u a l i t y  d a t a  i n t e r v a l  on i n p u t  
u n i t s  JTAPE (JOB6 c a r d ,  f i e l d  4-6) . S e t  t o  

+ zero  i f  t h e  cor responding  JTAPE is  e q u a l  t o  
z e r o .  

+ Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t s  
89-93 f o r  o u t p u t  of s i m u l a t i o n  r e s u l t s  f o r  u s e  
i n  r e s e r v o i r  p l o t  r o u t i n e s .  

0 Not i n t e r e s t e d  i n  u s i n g  p l o t  r o u t i n e s .  

*The numbers i d e n t i f i e d  below may need t o  be a s s i g n e d  a  n1agneti.c t a p e  o r  
d i s k  name u s i n g  t h e  s p e c i f i c  job c o n t r o l  language f o r  t h e  u s e r s  computer 
system. No a c t i o n  i s  n e c e s s a r y  f o r  H a r r i s  500 computer u s e r s .  



Job Control. Card 7* - Tape o r  f i1 .e  r e l a t e d  d a t a  

F i e ld  Variable  Value Descr ip t ion  - .  

1 JOB7 Card i d e n t i f i c a t i o n .  

2 IEQF + Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  17 f o r  
input  of meteorological  d a t a  f o r  use  i n  c a l c u l a t i n g  
su r f ace  hea t  exchange r a t e s  us ing  t he  equi l ib r ium 
temperature approach. 

0 The hea t  budget approach t o  su r f ace  hea t  exchange 
w i l l  be used. 

4 T INFL 

+, Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  15 f o r  
output  of processed meteorological  d a t a  generated 
from d a t a  on u n i t  LMF (WEATHI ca rds ) .  

0 Used i f  IEQF (JOB7 card ,  f i e l d  2) i s  p o s i t i v e .  

- Any nega t ive  number w i l l  a s s ign  magnetic u n i t  15 f o r  
input  of processed meteorologi.ca1 da t a  generated by a 
previous s imu la t i on .  

+ Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  16 f o r  
output  of processed t r i b u t a r y  inf low and q u a l i t y  
d a t a  generated from d a t a  on u n i t  LQF (INFL ca rds ) .  

- Any nega t ive  number w i l l  a s s ign  magnetic u n i t  16 f o r  
input  of processed t r i b u t a r y  inf low and q u a l i t y  d a t a  
generated by a previous s imulat ion.  

5 LMF + Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  17 f o r  
input  of raw meteorological  d a t a  (WEATHI ca rds ) .  
Use a 5 f o r  card  input .  May be l e f t  blank i f  
IMETF (JOB7 card ,  f i e l d  3) is  nega t ive  o r  IEQF 
(JOB7 card ,  f i e l d  2) is p o s i t i v e .  

6 LQF + Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  18 f o r  
input  of t r i b u t a r y  inf low and q u a l i t y  da t a  
(INFL ca rds ) .  Use a 5 f o r  card  input .  May b e  
l . e f t  blank i f  IINFL (JOB7 card ,  f i e l d  3) is 
nega t ive  . 

7 LOF + Any pos i t i .ve  number w i l l  a s s ign  magnetic u n i t  19 f o r  
input  of r e s e r v o i r  r e l e a s e  d a t a  (OUTL ca rds ) .  Use a 
5 f o r  card  i npu t .  

*The numbers i d e n t i f i e d  below may need t o  be assigned a magnetic t ape  o r  d i s k  
name us ing  t h e  s p e c i f i c  job c o n t r o l  language f o r  t h e  u s e r s  computer system. 
No a c t i o n  is  necessary f o r  Ha r r i s  500 computer u s e r s .  



Physical Description Card 1 

Field -- Variable Value 
P. 

1 PHYSl 

2 IDEW 1 

3 AA + 
4 BB + 
5 XLAT + 

6 XLON + 

7 TURB + 

Description 

Card identification 

Wet bulb temperature is required (WEATHI 
card, field 5). 

Dew point temperature is required (WEATHI 
card, field 5). 

Evaporation coefficient (usually zero). 

-9*) Evaporati.on coefficient (usually 1.5 x 10 

North latitude of reservoir site in 
degrees. 

West longitude of reservoir site in 
degrees. 

East longitude of reservoir site in 
degrees. 

Atmospheric turbidity factor (range from 
for dear unpolluted atmosphere to 5 for 

highly polluted atmosphere). 

* The most general way to code exponential numbers is &xx.xxE+ee (e.g., 
1.5E-09). Some computers can accept the sample coded as 1.5-9. 
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Phys ica l  Desc r ip t ion  Card 2, 

F i e ld  Var i ab le  Value Desc r ip t ion  .- - - 

1 PHYS2 Card i d e n t i f i c a t i o n  

2, SDZ + Thickness of v e r t i c a l  l aye r  i n  f e e t  o r  meters  
(u sua l ly  about  1 meter ) .  

3 ELMAX t Maximum water  s u r f a c e  e l e v a t i o n  i n  f e e t  o r  
meters .  

4 ELMIN + Eleva t ion  of bottom of r e s e r v o i r  i n  f e e t  
o r  meters .  

5 RESEL t . I n i t i a l  water  s u r f a c e  e l e v a t i o n  i n  f e e t  o r  
meters .  

6  EDMAX + Secchi  d i s k  reading  :i.n f e e t  o r  meters .  The 
e f f e c t s  of a l l  p a r t i c u l a t e  materia1.s being 
modeled o r  he ld  cons tan t  should be  excluded. 

7  XQPCT 

8 XQDEP 

9 BPCT 

+ F r a c t i o n  of t h e  s o l a r  r a d i a t i o n  absorbed i n  
t h e  top  XQDEP(PHYS2 ca rd ,  f i e l d  8 )  depth.* 

+ Depth i n  which XQPCT (PHYS2 ca rd ,  f i e l d  7 )  
of t h e  s o l a r  r a d i a t i o n  i s  absorbed i n  f e e t  
o r  meters  (u sua l ly  1 . 0  f e e t ) .  

t Maximum f r a c t i o n  of t o t a l  outf low allowed 
through t h e  lowest p o r t  of one of t h e  wet 
w e l l s  when us ing  t h e  s e l e c t i v e  withdrawal  
op t ion  (e.g., .25  i s  25% of t h e  t o t a l  
flow) . 

-- 

* XQPCT = 0.2651.087 - .73  I n  (EDPIAX i n  me te r s ) ]  + 0.614 



Phys ica l  Descr ip t ion  Card 3A* - E f f e c t i v e  d i f f u s i o n ,  s t a b i l i t y  method only 

F i e l d  Var iab le  Value Descr ip t ion  

1 PHYS3A Card i d e n t i f i c a t i o n  

2 G M I N  4- 
3 

Water col.umn minimum s t a b i l i t y  i n  kg/m /meter 

3  GSWH + 3 Water column c r i t i c a l  s t a b i l i t y  i n  kg/m /meter 

4 A 1  + Dif fus ion  c o e f f i c i e n t  when t h e  water  column 
s t a b i l i t y  i s  l e s s  than  GWSH (PHYS3A ca rd ,  
f i e l d  2) i n  m2/second 

5 Not used 

Empir ical  cons tan t  f o r  computing d i f f u s i o n  
c o e f f i c i e n t s  based on d e n s i t y  g r a d i e n t s .  

Phsy ica l  Desc r ip t ion  Card 3Bik - E f f e c t i v e  d i f f u s i o n ,  wind method only 

F i e l d  Var iab le  Value Desc r ip t ion  

1 PHYS3B Card i d e n t i f i c a t i o n  

2 GMIN + 3 
Water column minimum s t a b i l i t y  i n  kg/m /meter 

3 GSWH + Minimum a l lowable  d i f f u s i o n  c o e f f i c i e n t  
i n  m2/second. 

4 A 1  + Empirical  cons tan t  f o r  computing d i f f u -  
s i o n  c o e f f i c i e n t s  based on wind speed. 

5 A 2 + Empirical  cons tan t  f o r  computing d i f f u s i o n  
c o e f f i c i e n t s  based on wind speed. 

+ Maximum a l lowable  d i f f u s i o n  c o e f f i c i e n t ,  
i n  m 2 /  second. 

* Use e i t h e r ,  bu t  n o t  bo th ,  t h e  PHYS3A o r  t h i s  PHYS3B card.  See t e x t ,  
page 1 3  f o r  d i scuss ion  of d i f f e r e n c e  i n  theory and t y p i c a l  d a t a  va lues .  



P h y s i c a l  D e s c r i p t i o n  Card 4  

F i e l d  -- D e s c r i p t i o n  Value - V a r i a b l e  

1 PHYS4 Card i d e n t i f i c a t i o n  

2-10 RLEN (K) t . E f f e c t i v e  l e n g t h  of  r e s e r v o i r  i n  f e e t  o r  
me te r s  a t  each t r i b u t a r y  in f low p o i n t .  Th i s  
v a l u e  i s  di.vi.ded i n t o  t h e  s u r f a c e  a r e a  of  
t h e  l a y e r  i n t o  which t h e  in f low p e n e t r a t e s  
t o  c a l c u l a t e  t h e  e f f e c t i v e  width  f o r  u s e  
i n  t h e  a l l o c a t i o n  of i n f low t o  t h e  i n d i v i -  
d u a l  elements .  NTRIBS (JOB3 ca rd ,  f i e l d  4) 
v a l u e s  a r e  r equ i r ed .  I f  NTRIBS=lO, an  addi-  
t i o n a l  PHYS3 card  i s  r e q u i r e d  w i t h  t h e  
e f f e c t i v e  l e n g t h  f o r  T r i b u t a r y  10  i n  f i e l d  
2. 

- The i n f l o w  w i l l  be  a l l o c a t e d  t o  a l l  e lements  
down t o  t h e  l e v e l  of l i k e  d e n s i t y  w i t h i n  
t h e  l a k e .  



PHYSS 
P h y s i c a l  D e s c r i p t l o n  Card 5* 

F i e l d  v a r i a b l e  Value Descr ip t - i ?~  - 

1 PHYS5 Card i d e n t i f i c a t i o n  

2 ELOUT +. C e n t e r - l i n e  e l e v a t i o n  of t h e  o u t l e t  i n  f e e t  
o r  m e t e r s .  

3 lJOUT 4- V i r t u a l  wid th&* of o u t l e t  i n  f e e t  o r  meters .  

4 OU l?MX +. Naximum a l l o w a b l e  f 1  ow r a t e  through o u t l e t  
i n  cfs o r  cms. 

5 NN 1 The o u t l e t  i s  a  p o r t  i n  wet w e l l  Number If 

2 The o u t l e t  i s  a  p o r t  i n  wet w e l l  Number 2 t  

3 The o u t l e t  i s  f l o o d  c o n t r o l  o u t l e t i t  

4 The o u t l e t  i s  t h e  u n c o n t r o l l e d  s p i l l w a y t t  

* One ca rd  r e q u i r e d  fo r  each o u t l e t  (NOUTS c a r d s ,  J O R 3 ,  f i e l d  2) 

*a  The v i r t u a l  w i d t h  i s  t h e  a c t u a l  o u t l e t  a r e a  d i v i d e d  by t h e  dep th  of a  
v e r t i c a l  l a y e r ,  SDZ (PHYS2 c a r d ,  f i e l d  2). 

t The o u t l e t  p o r t s  of a wet w e l l  must b e  i n p u t  i n  ascend ing  o r d e r .  
The number of p o r t s  can range  from 1 t o  8 and t h e  maxjmum a l l o w a b l e  
f1 ow should b e  t h e  same f o r  a l l  p o r t s  o f  t h e  wet we l l .  Only one p o r t  
of cach wet w e l l  w i l l  be  o p e r a t e d  t o  meet t h e  t e n p e r a t u r e  o b j e c t i v e  
except  when t h e  f low th rough  t h e  bot tom p o r t  i s  l i m i t e d  t o  a  f r a c t i o n  
( i . e . ,  RPCT, I'HYS2 c a r d ,  f i e l d  9 < 1) of t h e  t o t a l  f low. 'In t h i s  c a s e ,  
t h e  two lowes t  p o r t s  may b e  o p e r a t e d .  I f  t h e  f l o w  through t h e  lowest  - 
p o r t  is l i m i t e d  t o  a f r a c t i o n  o f  t h e  t o t a l  f low,  t h e  wet w e l l  w i t h  
t h e  lowest  p o r t  shou ld  b e  d e s i g n a t e d  wet w e l l  ?!umber 1. 

i f  Only one f l o o d  c o n t r o l  o u t l e t  and one  u n c o n t r o l l e d  s p i l l w a y  i s  allowed 
and t h e y  a r e  n o t  a f f e c t e d  by t h e  maximum f r a c t i o n  allowed through t h e  
bottom o u t l e t .  



Outlet constituent suboptimization objective function parameters; 
required card. 

One PL card is required for each water qua1it.y constituent being 
c:onsidered for outlet optimization. A maximum of 10 quality 
constituents can be considered. Only advected parameters being 
simulated (i.e., ITEST=l, 5082-28 cards) will be considered. 

Field Variable Value Description 

1 P L Card identification 

2 LPARAM 0 Selective withdrawal based on tempera- 
ture only. Suboptimization objective 
function will not be used. 

+ or - Quality constituent number (see ITEST 
subscripts, JOB 2-28 cards) to be 
included in the outlet optimization. 
A negative number signals the final 
PL card. 

4-9 PLYNML 

The parameter will not be considered in 
the outlet quality optimization. The 
specification of zero weighting allows 
removal of parameters from outflow 
optimization without altering outflow 
target data (Cards OUTL2-2A). 

Relative weights to be assigned to each 
constituent in overall suboptimization 
objectives function. Only the relative 
magnitude is important since the input 
values are normalized during the 
computation. 

+ or - a through f values for outlet constituent 
suboptimization objective function 
parameters. A discussion of the 
parameters for the outlet constituent 
suboptimization is provided in the outlet 
gate selection section of Chapter I1 



PHYS6 COEFF 

P h y s i c a l  D e s c r i p t i o n  Card 6* - R e s e r v o i r  d e p t h ,  area and w i d t h  t a b l e  

F i e l d  V a r i a b l e  -- Value D e s c r i p t i o n  

1 PHYS 6 Card i d e n t i f i c a t i o n  

2  D 1 + E l e v a t i o n  i n  f e e t  or  meters 

3 AREA + R e s e r v o i r  area a t  e l e v a t i o n  D l  i n  a c r e s  
o r  s q u a r e  mete r s (mus t  b e  g r e a t e r  t h a n  z e r o ) .  

4  WIDTH + E f f e c t i v e  r e s e r v o i r  wi thdrawal  w i d t h  a t  
e l e v a t i o n  D l  i n  f e e t  o r  m e t e r s  (normal ly  
t h e  dam w i d t h  a t  e l e v a t i o n  D l ) .  

5 VOL Reservo i r  volume below e l e v a t i o n  ELMIN 
(PHYS2 c a r d ,  f i e l d  4 ) .  Input: on f i r s t  c a r d  
o n l y  t o  account  f o r  any "dead s t o r a g e "  below 
e l e v a t i o n  ELMIN. 

D e f a u l t  C o e f f i c i e n t  Over r ide  Card*" 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 COEFF Card i d e n t i f i c a t i o n  

2, ICODE (1)  + C o e f f i c i e n t  code number ( s e e  Tab les  IV-1  
through IV-4. 

-1 Denotes f i n a l  d e f a u l t  c o e f f i c i e n t  o v e r r i d e  
v a l u e .  

3  RATE (1)  + New v a l u e  f o r  c o e f f i c i e n t  cor responding  t o  
ICODE (1) . 

4 ICODE (2 )  
5 
6  ICODE (3) C o e f f i c i e n t  code numbers and cor responding  
7 RATE (3)  ! new v a l u e s  of c o e f f i c i e n t s .  
8 ICODE (4) 
9 

I 
I 

* Repeat  PHYSG c a r d  a s  n e c e s s a r y  t o  d e f i n e  r e s e r v o i r  d e p t h ,  a r e a  and w i d t h  
between e l e v a t i o n s  ELMIN and ELMAX (PHYS2 c a r d ,  f i e l d s  4 and 3) beg inn ing  
a t  t h e  bottom and p r o g r e s s i n g  t o  t h e  top .  The d e p t h  D l  on t h e  f i r s t  c a r d  
must e q u a l  ELMIN and t h e  d e p t h  D l  on t h e  last  c a r d  must e q u a l  ELMAX. 

** Repeat as n e c e s s a r y  t o  r e d e f i n e  any o r  a l l  of t h e  chemical ,  p h y s i c a l  and 
b i o l o g i c a l  c o e f f i c i e n t s  l i s t e d  on Tab les  I V - 1  through IV-4. The f i n a l  
c a r d  must have a -1 i n  one of t h e  ICODE f i e l d s .  



Inorganic  Suspended So l id s  Card 1" 

F i e l d  Var iab le  Value Descr ip t ion  

1 SSOLl Card i d e n t i f i c a t i o n  

2 TY (1) 1 I Three p a i r s  of s e t t l i n g  v e l o c i t y ,  cm/sec 
3 TX(1) (TY) versus  temperature, 'C (TX) f o r  in-  
4 TY(2) > + / organic  suspended s o l i d s .  These t h r e e  

5 TX(2) [ ', p o i n t s  d e f i n e  t h e  curve from which set-.  
6 TY(3) / ' t l i r l g v e l o c i t i e s w i l l  be ca l cu la t ed  f o r  a 
7 

I 
(given water temperature.  

Inorganic  Suspended So l id s  Card 2** 

F i e l d  Var iab le  Value Descr ip t ion  

1 SSOL2 Card i d e n t i f i c a t i o n  

2 ISETL (1) + Number of elements which r e c e i v e  t h e  i n i -  
t i a l  depos i t i on  of suspended s o l i d s  group 1. 

0 No i n i t i a l  depos i t i on  of suspended s o l i d s  
group 1. 

-1 A l l  elements down t o  t h e  inf low e n t r y  
l e v e l  w i l l  r e c e i v e  t h e  i n i t i a l  depos i t i on  
of suspended s o l i d s  group 1 i n  p ropor t ion  
t o  t h e  element volume. 

SSLOST(1) + Frac t ion  of suspended s o l i d s  group 1, 
immediately l o s t  by depos i t i on  t o  t h e  top  
ISETL (SSOL2 card ,  f i e l d  2) elements.  

\ 

ISETL (2) 
ssLosT(2) (  + J '  Repeat s e t s  of ISETL and SSLOST f o r  each 
ISETL (3) 0 

suspended s o l i d s  group being modeled. 
SSLOST(3) ; Control led by ITEST (JOB2B ca rds ,  f i e l d  
ISETL(4) 4 through 8 ) .  
SSLOST(4) i \ 

* One card i s  r equ i r ed  f o r  each suspended s o l i d s  group being modeled. 
Control led by ITEST (JOB2B ca rd ,  f i e l d  4 through 8 ) .  

** One ca rd  i s  r equ i r ed  f o r  each t r i b u t a r y  inflow. I f  f i v e  suspended so- 
l i d s  groups a r e  being modeled, ( i . e . ,  ITEST(25)=1, JOB2B ca rd ,  f i e l d  8 )  
two ca rds  f o r  each t r i b u t a r y  inf low a r e  r equ i r ed  wi th  ISETL(5) and 
SSLOST(5) def ined  on t h e  second ca rd ,  f i e l d s  2, and 3 .  O m i t  a l l  SSOL2 
cards  i f  no ino rgan ic  suspended s o l i d s  a r e  being modeled. 



Initial Conditions Card 1-Fish Densities 

Field -. Variable Value Description 

1 INITl Card identification 

2 FISH (1) + Type 1 fish density in ~g/Ha. 

3 FISH(2) + Type 2 fish density in ~g/Ha. 

4 FISH(3) f Type 3 fish density in K ~ / H ~ .  

5 AREA .+ Surface area in hectares (default value 
is inftial, reservoir water surface). 

Initial Conditions Card 2* - Water Quality at Specified Elevation 

Field Variable - Value - Description 

1 INIT2 Card identification 

+ Elevati.on at which quality parameters are 
specified. 

3 TEMP + Temperature in OC or F. 

4 OXY ,+ Disso1,ved oxygen in mg/l.. 

5 BOD t . 5-day carbonaceous BOD in mg/l. 

6 COLIF + Coliform bacteria i.n MPN/100 ml. 

7 SEDMT + Organic sediment (settled detritus) in 
mg /m2. 

8 DETUS + Organic Detritus in mg/l. 

9 CNH3 + Ammonia as nitrogen in mg/l. 

10 CN03 + Nitrate as nitrogen in mg/l.. 

-- 
*The cards, ~NIT~-; INLT3 and INIT4, in that order, are repeated for NPOINT 
(JOB3 card, field 5) elevations. The order of repetition is from lowest 
elevation to highest elevation. Input data should at least include the 
quality data at the reservoir bottom and at the elevation of the initial 
water surface, RESEL(PHYS~ card, field 5). Isoquality profiles can be 
initiated with NPOINT = 1. Any parameter on this card can be left blank 
if the corresponding ITEST (JAB2, JOB2A or JOB2B card) value equals zero. 



1 n i t i . a l  Conditions Card 3* - Water Qual i ty  a t  Spec i f i ed  El.evati.on 

F i e l d  Var iab le  Value Descr ip t ion  

1 INIT3 Card i d e n t i f i c a t i o n  

2 CN02 + N i t r i t e  as n i t rogen  i n  mg/l 

3 PO4 + Phosphate a s  phosphorus - i n  mg/l 

4 TDS + T o t a l  d i sso lved  s o l i d s  i n  mg/l 

5 BEN + 2 
Benthic animals i n  mg/m . 

6 ALGAE ( 1 )  + Type 1 phytoplankton i n  mg/l 

7 ALGAE ( 2 ) + Type 2 phytoplankton i n  mg/l 

8 ZOO + Zoopl.ankton i n  mg/l. 

9 PH + pH i n  pH u n i t s  

10  ALKA + Al.ka l in i ty  a s  cal.cium carbonate  i.n mg/l. 

I n i t i a l  Condit ions Card 4* - Water Qual i ty  a t  Spec i f i ed  E leva t ion  

F i e l d  Var iab le  Value Descr ip t ion  

1 INIT4 Card i .dent i f  i c a t i o n  

2 > S SOL (1) ; 
3 SSOL(2) / Inorganic suspended so . l i d s  groups 1 
4 through 5 i n  mg/l. 
5 S SOL (4) 
6 SSOL (5) 

7 S SED 
2 

Inorganic  sediment i n  mg/m . 
- 

*The ca rds ,  INIT2, INIT3 and INIT4, i n  t h a t  o rde r ,  a r e  repeated f o r  NPOINT 
(JOB3 card ,  f i e l d  5) e l e v a t i o n s .  The o rde r  of r e p e t i t i o n  i s  from lowest  
e l e v a t i o n  t o  h ighes t  e l eva t ion .  Input  d a t a  should a t  least inc lude  t h e  
q u a l i t y  d a t a  a t  t h e  r e s e r v o i r  bottom and a t  t h e  e l e v a t i o n  of t h e  i n i t i a l  
water. su r f ace ,  RESEL(PHYS2 card ,  f i e l d  5 ) .  Any parameter on t h i s  card  
can be  l e f t  b lank  i f  t h e  corresponding ITEST (JOB2, JOB2A o r  JOB2B card)  
va lue  equals  zero.  



INFL1 
I n f l o w  R a t e  and Q u a l i t y  Card I*,- I n p u t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6 )  

F i e l d  

1 

2  

3  

V a r i a b l e  

I C O N  (2)  

I C O N  (3) 

I C O N  (4) 

ICON(5) 

ICON(6) 

I C O N  (7) 

I C O N  (8)  

I C O N  (9)  

I C O N  (10) 

Value -- 

INFL1. 

-1. .(. A 4, 

.r. J 
rr 8; 

D e s c r i p t i o n  

Card i d e n t i f i c a t i o n  

Temperature i n  O C  or. O F .  

D i s so lved  oxygen i n  mg/l 

5-day carbonaceous BOD i n  mg/l  

Col i form b a c t e r i a  i n  M P N / ~ O O  m l .  

Organic  d e t r i t u s  i n  mg/l 

Ammonia as n i t r o g e n  as mg/l 

N i t r a t e  a s  n i t r o g e n  i n  mg/l 

N i t r i t e  a s  n i t r o g e n  i n  mg/l 

Phosphate  a s  phosphorus i n  mg/l 

* INFLl c a r d s  de te rmine  which i n f l o w  q u a l i t y  pa ramete rs  w i l l  b e  i n p u t  v i a  
s e t s  of INFL3 and INFL4 c a r d s  o r  s e t s  of INFL3 and INFL5 c a r d s .  One s e t  
i s  r e q u i r e d  f o r  each non-zero v a l u e  of ICON(1) f o r  each t r i b u t a r y  in f low.  
ICON(1) c o n t r o l s  t h e  r e a d i n g  o f  t r i b u t a r y  f low r a t e  and i s  set i n t e r n a l l y  
t o  1 (e.g., t r i b u t a r y  f low rates a r e  always r e a d ) .  O m i t  a l l  IiJFL c a r d s  
if T X Y L  (5027 c a ~ d ,  f i c l d  4 )  i s  n e g a t i v e .  

-'. J; 
( .8 -1 - In f low q u a l i t y  d a t a  w i l l  b e  r e a d  b u t  n o t  p r i n t e d .  

0  - In f low q u a l i t y  d a t a  w i l l  n o t  b e  r e a d .  
+l - In f low q u a l i t y  d a t a  w i l l  b e  r e a d  and p r i n t e d .  



1 n f l . o ~  Rate and Q u a l i t y  Card 1A* - Input  v i a  u n i t  LQF (JOB7 card ,  f i e l d  6 )  

F i e l d  Var iab le  Value - Desc r ip t ion  

1 INFLlA Card i d e n t i f i c a t i o n  

2, ICON(11) ~t * T o t a l  d i s so lved  s o l i d s  i n  mg/l 

3  I C O N  (12) dt * Type 1 phytoplankton i n  mg/l 

4  ICON(13) ** Type 2 phytoplankton i n  mg/l 

5 I C O N  (14) * A Zooplankton i n  mg/l. 

6 I C O N  (15) 3; * pH i n  pH u n i t s  

7   ICON(^^) * JC A l k a l i n i t y  a s  CaC03 i n  mg/l 

Inf low Rate and Qual i ty  Card lB* - Input  v i a  u n i t  LQF (JOB7 card ,  f i e l d  6) 

F i e l d  ' Variab le  -- Value Descr ip t ion  

1 INFLlB Card i d e n t i f i c a t i o n  

1 2 ICON(17) , f 
3 ICON (18) ! 

I 

4 ICON(19) / ** Suspended s o l i d s  groups 1 through 5  i n  mg/l 
5  ICON(20) I 

6 

* INFLl ca rds  determine which inf low q u a l i t y  parameters w i l l  be  input  v i a  
sets of INFL3 and INFL4 ca rds  or. s e t s  of INFL3 and INFL5 cards .  One s e t  
is r equ i r ed  f o r  each non-.zero va lue  of ICON(1) f o r  each t r i b u t a r y  inflow. 
 ICON(^) c o n t r o l s  t h e  readings  of t r i b u t a r y  flow r a t e  and is  s e t  i n t e r n a l l y  
to  1 (e.g. ,  t r i b u t a r y  flow r a t e s  a r e  always r ead ) .  O m i t  a l l  INFL cards  
i f  IINFL (JOB7 card ,  f i e l d  4 )  i s  negat ive .  

** -1 - Inf low q u a l i t y  d a t a  w i l l  b e  read bu t  no t  p r i n t e d  
0  - Inflow q u a l i t y  d a t a  w i l l  n o t  be read .  

$1 - Inf low q u a l i t y  d a t a  w i l l  be  read and p r i n t e d .  



In f low Rate  and Q u a l i t y  Card 2* - I n p u t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6 )  

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  -- 

1. INFL2 Card i d e n t i f i c a t i o n  

2 I IDAY + F i r s t  day of i n f l o w  r a t e  and q u a l i t y  r e -  
cord f o r  a l l  t r i b u t a r i e s ;  y e a r ,  month and 
day. 

3 LLDAY + L a s t  day o f  i n f l o w  r a t e  and q u a l i t y  r e c o r d  
f o r  a l l  t r i b u t a r i e s ;  y e a r ,  month and day.  

In f low Rate  and Q u a l i t y  Card 3*f' - I n p u t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6 )  

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 INFL3 Card i d e n t i f i c a t i o n  

2 IDINT + In f low r a t e  and q u a l i t y  d a t a  upda te  i n t e r -  
v a l  i n  hours .  In f low d a t a  i s  i n p u t  u s i n g  
a s e r i e s  of INFL4 c a r d s  under t h i s  o p t i o n .  

0 Inf low d a t a  i s  i n p u t  a t  v a r i a b l e  t ime 
i n t e r v a l s  u s i n g  a  s e r i e s  of INFL5 c a r d s  
under t h i s  o p t i o n .  

CON ( I )  a l p h a  D e s c r i p t i o n  of i n f l o w  d a t a .  

* O m i t  a l l  INFL c a r d s  i f  IINFL (JOB7 c a r d ,  f i e l d  4 )  is  n e g a t i v e .  

? Repeat s e t s  of INFL3 and INFL4 o r  s e t s  of INFL3 and INFL5 c a r d s  f o r  each  
paramete r  and each t r i b u t a r y  (exc lud ing  t h o s e  i n p u t  v i a  JTAPE, JOB6 e a r d ,  
f i e l d  4-6). Control l .ed  by INFL1, INFLlA and INFLlB c a r d s .  



INFL.4- 
1 n f l . o ~  Rate  and Q u a l i t y  Card 4*f' - I n p u t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6 )  

F i e l d  V a r i a b l e  - Value D e s c r i p t i o n  

1 INFL4 Card i d e n t i f i c a t i o n  

2-10 CONC(I)** + In f low rate (cms o r  c f s )  o r  i n f l o w  q u a l i t y  
i n  a p p r o p r i a t e  u n i t s .  

* Repeat sets of INFL3 and INFL4 o r  s e t s  of INFL3 o r  INFL5 c a r d s  f o r  each  
p a r a m e t e r a n d e a c h  t r i b u t a r y  (exc lud ing  t h o s e  i n p u t  v i a  JTAPE, JOB6 c a r d ,  
f i e l d  4-6). C o n t r o l l e d  by INFL1, INFLlA and INFLlB c a r d s .  O m i t  a l l  
INFL c a r d s  i f  IINFL (JOB7 c a r d ,  f ie1 .d  4)  is  n e g a t i v e .  

,? The number of INFL4 c a r d s  i s  determined by t h e  l e n g t h  of i n f l o w  d a t a  
r e c o r d  (INFL2 c a r d s ,  f i e l d s  2  and 3 )  and t h e  i n f l o w  d a t a  u p d a t e  i n t e r v a l  
(INFL3 c a r d ,  f i e l d  3 ) .  ( e . g . ,  60 day of r e c o r d  w i t h  4  hour  u p d a t e  i n t e r -  
v a l  would r e q u i r e  60 x 24/4 = 360 v a l u e s  and a  t o t a l  of 40 c a r d s ) .  

** A n e g a t i v e  v a l u e  f o r  t empera tu re  wi1.l  r e s u l t  i n  a n  i .nf low tempera tu re  
e q u a l  t o  t h e  d a i l y  average  d r y  b u l b  a i r  tempera tu re  less t h e  i n p u t  tem- 
p e r a t u r e  v a l u e .  

A n e g a t i v e  v a l u e  f o r  oxygen s i g n i f i e s  a f r a c t i o n  of s a t u r a t i o n .  

A n e g a t i v e  v a l u e  of BOD d e n o t e s  BOD v a l u e s  which i n c l u d e  t h e  oxygen 
demands of ammonia, n i t r i t e  and d e t r i t u s .  These BOD v a l u e s  w i l l  b e  
reduced commensurated w i t h  t h e  c o n c e n t r a t i o n  of t h e  o t h e r  c o n s t i t u e n t s .  



INFL5 
Inflow Rate and Quality Card 5 * f  - Input via unit LQF (JOB7 card, field 6) 

Field Variable Value Description 

1 INFL5 Card identification 

ITIME 

ITIME 
CONC 

+ Time of observation; year, month, day 
and hour (e-g., 560701.00) 

-1 , Denotes the end of the data set. 

+ Inflow rate (cms or cfs) or inflow quality 
in appropriate units. 

+ Sets of time and corresponding inflow 
- 1 ( rate of quality 

* Repeat sets of INFL3 and INFL4 or sets of INFL3 of INFL5 cards for each 
parameter and each tributary (excluding those input via JTAPE, JOB6 
card, field 4-6). Controlled by INFL1, INFLlA and INFLlB cards. Omit 
all INFL cards if IINFL (JOB7 card, field 4) is negative. 

f Use one or more INFL5 cards to input the inflow rate or quality over 
the length of the inflow data record. 

The first time of observation must be on or before hour zero of IIDAY 
(INFL2 card, field 2). 

*** A negative value for temperature will result in an inflow temperature 
equal to the daily average dry bulb air temperature less the input 
temperature value. 

A negative value for oxygen signifies a fraction of saturation. 

A negative values of BOD denotes BOD values which include the oxygen 
demands of ammonia, nitrite and detritus. These BOD values will be 
reduced commensurated with the concentration of the other constituents. 



Weather Data Card l* - Input v i a  u n i t  LMF (JOB7 card,  f i e l d  5)  

F i e l d  Variable,  Value Descr ipt ion 

1 WEATHI Card i d e n t i f i c a t i o n  

2 ITIME** ,+ Time of observat ion;  year ,  month, day 
and hour. 

3 CLOUD + Frac t ion  of sky t h a t  i s  cloud covered. 

4 DBT t . Dry bulb a i r  temperature i n  OF. 

5 DPT + Wet bulb o r  dew po in t  air  temperature i n  
OF. Control led by IDEW (PHYS1 card,  f i e l d  3 ) .  

6 APRE S S + Barometric p ressure  i n  inches  of mercury 

7 WIND + Wind speed i n  mph. 

8 0 Not used 

9 0 Not used 

10 IEND 0 Denotes o t h e r  than l a s t  day of weather d a t a .  

-1 Denotes l a s t  day of weather d a t a .  The minus 
one must be included on a l l  ca rds  f o r  t h e  l a s t  
day. 

* The WEATHl card i s  repeated a t  NHMI (JOB1 card,  f i e l d  5) i n t e r v a l s  dur ing 
a day. [ ~ ~ / N H M I ]  WEATHl cards  a r e  requ i red  per  day ( i .  e . ,  i f  NHMI=3,  
8  WEATHl cards  would be requ i red  per  day).  This d a t a  would d e f i n e  t h e  
meteorological  cond i t ions  a t  hours 0, 3, 6 ,  ..... 1 8  and 21. The meteorological  
cond i t ions  a t  hour 24 would be s e t  equal  t o  hour 0 of t h e  nex t  day i f  
d a t a  were inpu t  a t  d a i l y  i n t e r v a l .  I f  o t h e r  than d a i l y  d a t a ,  hour 24 
would be s e t  equal  t o  hour 0 of t h e  same day. S e t s  of WEATHl cards  can 
be i n p u t  a t  any i n t e r v a l .  O m i t  i f  IEQF (JOB7 card ,  f i e l d  2 )  i s  p o s i t i v e  
o r  i f  IMETF (JOB7 card ,  f i e l d  3) i s  negat ive .  

** The time of t h e  f i r s t  obse rva t ion  must be on o r  be fore  t h e  f i r s t  day 
of s imula t ion  (JOB1 card ,  f i e l d  2) .  



Weather Data Card 2* - Input via unlt IEQF (JOB7, field 2) 

Field Variable Value Description 

1 WEATH2 Card identification 

2 ITIME* + Time of observation; year, month and day 

3 XTE + Equilibrium temperature in degrees C. 

4 XKE + Coefficient of surface heat exchange in 
kcal/m2/sec/~ 

5 XQNS + 2 Short wave solar radiation in kcal/m /sec. 

6 XWIND + Wind speed in meters/sec. 

7 E A + Vapor pressure in millibars. 

One card representing average meteorological conditions is required for 
each day of simulation. These cards can be obtained directly from the 
"Thermal Simulation of Lakes" computer program [ 2 4 ]  available at the HEC. 
Omit if IEQF (JOB7 card, field 2) is zero. 

3" The time of the first observation must be on or before the first day of 
simulation (JOB1 caed, field 2). 



OUTL 1 -0UTL 1 A 

Outlet Gate Operation Card l* - Input via unit LQF (JOB7 card, field 7) 
Use to specify reservoir releases 
explicitly by gate 

Field Variable Value Description 

1 OUTLl Card identification 

ITIMEf* 2 + 'Time of observation; year, month and day 

- Time of observation; year, month and 
day; however, negative time denotes 
final OUTL.1 card. 

4 FLOW (2) 
5 FLOW(3) 
6 FLOW (4) 
7 FL.0W (5) + 
8 FLOW (6) 
9 FLOW(7) 
10 FL.0W (8) 

Release rate through gate number one 
(lowest gate) in crns or cfs. 

Release rate through gates 2 through 8 
in cms or cfs. 

Outlet Gate Operation Card lA* - Continuation of c,ard OUTL.l and 
required only if NOUTS (JOB3 card, 
field 2) is greater than 8. 
Two 1A cards are required if 
NOUTS=18 

Field Variable Value Description 

1 OUTLlA Card identification 

2 FLOW (9) + Release rate for remaining gates in 
crns or cfs 

-- 
* Either OUTLl or OUTLZ cards may be input at an,y interval. 

** The time of the first observation must be on or before the first day 
of simulation (JOB1 card, field 2). 



O u t l e t  Gate Opera t ion  Card 2* - I n p u t  v i a  u n i t  LQF (JOB7 card,  f i e l d  7 )  
Use t o  specif,y water  q u a l i t y  r e l e a s e  
ob jec. t i ves 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 OUTL2 Card i d e n t i f i c : a t i o n  

2 I T I  ME** t Time o f  observa t ion ;  year,  rnonth and day 

- Time o f  observat . ion ;  yea r ,  rr~onth and 
da,y; however, n e g a t i v e  t i m e  denotes 
f i n a l  OUTL.2 card.  

3 FL.OW (1) - 1 Index t o  c a l l  s e l e c t i v e  w i thd rawa l  o p t i o n  

4 FLOM(2) + Tot .a l  f l o w  t.o be re leased  i n  c.fs o r  crns 

5 FL.0W (3 )  
G FL.0W ( 4 )  
7 FLOW(5) 
8 FL.0W ( 6 )  
9 FLOW(7) 

10 FLOW (8 )  

+ Ou t f l ow  o b j e c t i v e  f o r  temperature  ( F o r  
+ C) o r  o t h e r  water  q u a l i t y  parameter.  
+ One va lue  i s  r e q u i r e d  f o r  each pardmeter 

1 + cons idered i n  t h e  o u t l e t  s u b o p t i m i z a t i o n  
t o b j e c t i v e  func t ion .  The order  o f  i n p u t  
+ must conform w i t h  the  o rde r  o f  i n p u t  o f  

PL cards.  

O u t l e t  Gate Operat ion Card 2A*  - C o n t i n u a t i o n  o f  Card OUTL2 and r e q u i r e d  
o n l y  if t h e  number o f  PL. cards exceeds 
6. 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 OUTL.2A Card i d e n t . i f i c a t i o n  

2  FLOW(9) .t Out f l ow  ob jec . t i ves  f o r  remain ing water  
3 FL.OW(I0) .t, qua1 i t , y  parameters. A maximum o f  10 
4 FL.OW(11) + parameters may be cons idered.  
5 FLOW ( 12)  + 

NOTE:  U 6 E  4 B L A N K  CARDS A T  THE END OF THE DATA DECK 

* t i l l ~ c r  OlJ l 'L  1 o r  OUTL2 cards eiay be i n p u t  a t  any i n t e r v a l .  

* *  Ille t i ~ r l e  o f  l l ~ e  f i r s t  o l ~ s e r v a t i o r \  irl~rst I)e on or I)c:foril 1 t 1 t .  f i r s t  

/ 3YA (1,ly o f  5 i 1 1 1 1 1 1 ~ i t  i o r ~  ( ~ I O I I I  c~ird,  f i e l d  2 ) .  



S 1 M R Y  OF DATA CARDS 

FOR 

RES1:RVOI K Q(JAI.1 T Y  MOI)UI,l< 

I t .  1 l S I n  I IS1  11 \ \ l C S l  Is.! rl S S l r l S r  

(I)[ 1 (NSD) j 

IPRT  IVAL  INTI' I C T  I C H  NSf l  

T I T I F .  CARD 

i I I ] I _ J  T 1 n . E  CARD 

I 1nr lu . I r  Ion> r ~ r d \  ~ - l l y  I f  NSD (JOB4 c a r d .  i l c l d  7) Is p o s l t l v r .  
7 us# e l r l e a  r r PII\:lr. c r r r l lYS3U c a r d  b u r  nor b u t l a .  
1 On* 1 I I ) S i  c a r d  1% r . , q u l r c d  i .>r  each n u t l e t .  

5 Rat0a ~f * l l j S ( j  ~ 3 r d ~  a. n-cc..:#ry t o  d t f t n c  r c * c ~ r v o l r  K C O ~ I ~ Y  l ~ l v t < n  ~ l ~ v ~ t l ~ ~ m ~  t l J l l N  -md E I M X  ( r l l \ s ?  card* l ! . l d .  I & :) 
5 R I I - ~ I  C f l r f F  c.ed. I .  nac...,ry l o  r < , d c f l n t  nr 1~8ay c . . r f l l . I c n t .  .a- A ~ ~ r 1 r . A  
I I : C l I I  I r r  I I- r .  .a .( r .  .I I.., .. ~ r h  -s,-p..n#l. '1 *III 111* ~ : r . . ~ ~ ~ .  I,. Isat -.,I. I ,  .I 
I ' 1  J I I b  I f  I 0.1, 1 1  n.8 - t t *~.sn. I .  J -ull.l- f ' . . . , l . *  4, .  ..,a, I. .I 



SUMMARY OF DATA CARDS 

FOR 

RESEKVOI R qUAl.TTY M0DUI.E 

( c o n t i r  tied) 

CON CON 

9 

3 

5 or, t :  L:: IT , r t J  I: u.3  ti,^, : )1ws  * r e  b e i n g  s l m ~ l ~ a ~ e d .  

9 E.II..IL IWIT.!. I N I T J  .II\J I N 1 1 4  r r r d s .  l a  11111 o r d e r .  f o r  NI'OIN'I' (JOB3 card. f l e l d  5 )  r l v v r l l ~ ~ ~ l a . ,  
1 0  U.1,. &I a. IS 01 IN1  I I m J  I N k I  I. L $ 8  Js. o r  - *  1 -  0: I X t I  I anal I V I I  \ c. t ta ls l o r  e . a c i ~  q t , , t l l ~ y  <,,r,..: l t ~ , , , , ~  ,,,,%I ,.,,L 1, ,,,: 

II$.~>. I ~ ~ u I  " I d  IIAI'I:. JOI lb <,ard.  f l d l d s  & - 6 1 ,  
I 1  ri,, ts...at >CIS .,I u k r l l l l  c . a r J r  ot s c r s  01 UEATll.! c,r.lr, b u t  n o 1  b o t h .  as n r r r a s n r ) ,  t o  dcfit%r n l l * u r u l n ~ : l c a l  c a s a d l c l u c t s  .Itorinl: 

3 ~ 8 ~ 1 1  *I 1.34~ p ~ t  ICBJ 
1 '  Kc)-. 8, ,.cs 01 O U I 1 1  UUTLIA  zdtrlr or O U I L 2  c a r d s  ar r e q u i r e d  r o  d e f i n e  c l te  o u r f  lw c o n J l 1  lolls f o r  c u l l r e  %:udy 18, c t,,d 



STREAM HYDRAULICS MODULE - 

The i n p u t  d a t a  requ i rements  f o r  t h e  Stream H y d r a u l i c s  Module can be 

s e p a r a t e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  

1. Job  t i t l e s  (TITLE c a r d s ) .  

2. Job  c o n t r o l s  (JOB c a r d s )  which i n c l u d e  f l o w  computat ion method 
s e l e c t i o n ,  i n p u t  and p r i n t  c o n t r o l s ,  t a p e  and f i l e  a ss ignments  and 
and o t h e r  d a t a  which c o n t r o l  o p e r a t i o n  o f  t h e  module. 

3 .  T r i b u t a r y  l o c a t i o n s  (TRIB c a r d s ) .  

4 .  STORM[22] g e n e r a t e d  hydrograph d a t a  (STORM c a r d s )  which i n c l u d e s  
l e n g t h  of r e c o r d ,  q u a n t i t y  of i n f l o w  d a t a  and i n f l o w  rates. 

5. Time v a r i a n t  i n f l o w  and wi thdrawal  d a t a  (INFL c a r d s )  which 
i n c l u d e s  t h e  l e n g t h  of t h e  f l o w  r e c o r d ,  d e s c r i p t i o n  of f l o w  d a t a  
and f l o w  r a t e s .  

6.  Stream geometry d a t a  (GEOM c a r d s )  which i n c l u d e s  r e a c h  and e lement  
l e n g t h s ,  i n t e r s e c t i o n  d e f i n i t i o n s  and energy g r a d e  l i n e  e l e v a t i o n s .  

7a. Channel c r o s s  s e c t i o n  c o o r d i n a t e  d a t a  (CCC and a l l  HEC-2 [ 2 3 ]  
fo rmat  c a r d s )  which i n c l u d e s  s t age- f low r e l a t i o n s h i p s  and s u f f i -  
c i e n t  d a t a  t o  g e n e r a t e  a l l  channe l  geometry d a t a  r e q u i r e d  by t h e  
module. 

7b. Channel c r o s s  s e c t i o n  geometry d a t a  (GEOM4 c a r d s ) .  

8. Boundary c o n d i t i o n  s p e c i f i c a t i o n s  (BOUND c a r d s ) .  

9a. I n i t i a l  c o n d i t i o n s  (KW c a r d s )  f o r  t h e  k i n e m a t i c  wave f l o w  computa- 
t i o n  method. 

9b. S t .  Venant f l o w  computat ion method s p e c i f i c  d a t a  (STV c a r d s )  which 
i n c l u d e s  v a r i a b l e  t ime  s t e p  c o n t r o l s  and uniform o r  v a r i a b l e  i n i t i a l  
c o n d i t i o n s .  

9c. C o n t r o l  p o i n t s  (MR c a r d s )  f o r  t h e  Muskingum r o u t i n g  f l o w  computat ion 
method. 

9d. Modif ied P u l s  r o u t i n g  f low computat ion method s p e c i f i c  d a t a  (MP c a r d s )  
which i n c l u d e s  c o n t r o l  p o i n t s  and s to rage-ou t f low t a b l e s .  

10.  Downstream d e p t h  c o n t r o l s  (DD c a r d s ) .  

11. Non-point i n f l o w  and wi thdrawal  r a t e s  (NPF c a r d s ) .  



TITLE 

A l l  d a t a  c a t e g o r i e s  are i n p u t  v i a  t h e  c a r d  r e a d e r  excep t  f o r  c a t e g o r i e s  

4 ,  5 and 7,  which may b e  i n p u t  v i a  t a p e  o r  d i s k  f i l e s  a t  t h e  u s e r s  o p t i o n .  

C a t e g o r i e s  4 and 5 a r e  p rocessed  and a con t inuous  r e c o r d  of i n f l o w s  and wi th-  

d rawals  w r i t t e n  on a  s i n g l e  f i l e  f o r  l a t e r  u s e  d u r i n g  t h e  s i m u l a t i o n .  At 

t h e  u s e r s  o p t i o n ,  t h e  f i l e  may b e  made permanent and used f o r  subsequen t  

s i m u l a t i o n s ,  t h u s  e l i m i n a t i n g t h e n e e d  t o  r e r e a d  and r e p r o c e s s  t h i s  d a t a .  

E i t h e r  d a t a  c a t e g o r i e s  7a o r  7b may be  used t o  d e f i n e  t h e  channe l  c r o s s  

s e c t i o n  geometry.  I f  7a i s  used,  t h e  p rocessed  d a t a  may b e  punched o r  w r i t t e n  

on a  permanent f i l e  and i n p u t  as 7b c a r d s  i n  subsequent  s i m u l a t i o n s .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  d a t a  c a r d  requ i rements  are p r e s e n t e d  below 

and fo l lowed  by a summary of i n p u t  c a r d s  showing t h e  s e q u e n t i a l  ar rangement  

of t h e  c a r d s .  

DATA CARD REOUIREMENTS 

J o b  T i t l e  Cards  - Three c a r d s  r e q u i r e d  

F i e l d  V a r i a b l e  -- - -- Value D e s c r i p t i o n  -- 

1" TITLE Card i d e n t i f i c a t i o n  

2,- 1 0 TITLE a l p h a  Job  t i t l e  t o  b e  p r i n t e d  on t h e  f i r s t  page 
of p r i n t o u t .  

F i e l d  1 i s  always r e s e r v e d  f o r  c a r d  i d e n t i f i c a t i o n ,  which must be  l e f t  
j u s t i f i e d .  



Job Control Card l* 
JOB 1 

Field Variable Value -- 

1 ' JOB1 

2 IDAY + 

3 LDAY + 

4 NLf< :k + 
5 NSLOAD + 

0 

6 NREMJ~ * + 
0 

7 IDAM 0 

8 ICM 0 

1 

0 9 INTW 

Card identification 

First day of simulation; year, month and 
day (e.g., 560701). 

Last day of simulation; year, month and 
day 

Number of inflow hydrographs. 

Number of STORM generated inflow hydro- 
graphs; maximum of 20. (Maximum of 10 
if a quality simulation is planned). 

No STORM hydrographs. 

Number of withdrawals. 

No withdrawals. 

Not used 

Input data is in metric units. 

Input data is in english units. 

Non-point inflow and withdrawals will not 
be considered (omit NPF cards). 

Non-point inflow and withdrawals will be 
considered. 

* These cards and all remaining cards in this description are required 
cards unless the specific card description defines it as being optional. 

Jc* A combined total of 30 inflows, flow boundary conditions and withdrawals 
(i.e., NL+NREM < 30) are allowed in the hydraulics module, however, a 
maximum of 2,5 iKflows and 5 withdrawals are allowed if a quality simu1.a- 
tion is planned. 



Job Control Card 2, 

Field - Variable Value -- Description - 

Card i.dent i f icat ion 

Hydraulic computation method selector 

Steady state flow using stage vs. flow 
relationship. 

Steady stat.e flow using backwater method. 

Dynamic flow using kinematic wave solution. 

Dynamic flow using St. Venant solution. 

Dynamic flow using Muskingum routing. 

Dynamic flowlpusing modified Puls routing. 

NREACH 

INT 

NBPP 

Number of stream reaches. 

Number of stream reach intersections, 

Number of input channel cross sections; 
minimum of 2 per reach and maximum total 
of 41 over all reaches." 

NELEV t . Number of elevations defining cross section 
geometric data; maximum of 21. (Must equal 
the number of elevations on ET cards if the 
channel geometry is defined using cross 
section coordinate data). 

Scaling factor to adjust all channel cross 
section widths. 

VWR 

NCAL Not used. 

Normal pri.ntout interval., output will be 
printed every IPRT days. 

IPRT 

NSD Number of additional print days shown on 
the JOB2A card other than those specified 
by the normal printout interval, IPRT (JOB2 
card, field 9); maximum of 50. 

* If more than 41 sections of input are desired, consideration should be 
given to runni.ng 2 or more separate jobs using the downstream interface 
options between jobs . 
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Job Control  Card 2A* 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  .-- 

1 JOB2A Card i d e n t i f  i . ca t ion  

2-10 NDAYP (I ) + P r i n t  days o t h e r  than  those  s p e c i f i e d  by 
t h e  normal. p r i n t o u t  i n t e r v a l ,  IPRT (JOB2 
c a r d ,  f i e l d  9 ) .  Use y e a r ,  month and day. 

Job Control  Card 3 

F i e l d  -- V a r i a b l e  Value -- 

1 J O B  3 

2 DELT + 
3 FREQ +. 

4 ICND 0 

1 

D e s c r i p t i o n  

Card i d e n t i f  i . ca t ion  

Computational t ime s t e p  i n  hours.  

P r i n t o u t  frequency f o r  f low and s t a g e  
i n  hours  (not  t o  exceed 2 4 ) .  

Read i n i t i a l  c o n d i t i o n s  f o r  each node. 

Read on ly  one v a l u e  f o r  i n i t i a l  c o n d i t i o n s  
f o r  each reach.  This  va lue  w i l l  be assumed 
a s  a uniform condi t ion  throughout t h e  reach .  

Do n o t  read  downstream head c a r d s .  

Read downstream head ca rds .  

Do n o t  p r i n t  a l l  s t e p s  and d i a g n o s t i c  in -  
format ion.  

P r i n t  a l l  s t e p s  and d i a g n o s t i c  informat ion 
f o r  each t ime  s t e p .  

No cross-sect ion da ta  p r in ted .  

Abbreviated channel c r o s s  s e c t i o n  p r i n t o u t .  

Comprehensive channel c r o s s  s e c t i o n  p r i n t o u t .  

* Inc lude  only  i.f NSD (JOB2 c a r d ,  f i e l d  10)  i s  posi . t ive .  Use up t o  9 
numbers p e r  ca rd .  Use a s  many c a r d s  a s  needed f o r  a l l  NSD v a l u e s .  



Job Control  Card 4* - Tape o r  f i l e  assignments 

F i e l d  - Variable  .- Value Desc r ip t ion  -- - 

KTAPE 

JOB4 Card i d e n t i f i c a t i o n .  

+ Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
10 f o r  output  of out f low hydrograph f o r  input  
t o  subsequent s imula t ions  of downstream r i v e r  
reaches .  

LTAPE (2 ) 
LTAPE (3)  

0 Data w i l l  not  be saved f o r  f u r t h e r  a n a l y s i s .  

LSAVE 

Pos i . t ive  numbers w i l l  a s s i g n  magnetic u n i t s  
11-13 f o r  input  of inf low hydrographs from 
previous  s imula t ion  of upstream r i v e r  reaches  
and r e s e r v o i r s .  One t o  3 uni . t s  may be 
ass igned.  A negat ive  va lue  a l lows t h e  u s e r  
t o  c r e a t e  an i n t e r f a c e  u n i t  from card  input  
dur ing  t h e  s imula t ion .  The op t ion  should 
be used only  t o  ove r r ide  mean d a i l y  r e s e r v o i r  
r e l e a s e s  w i th  v a r i a b l e  hydropower r e l e a s e s .  
A zero o r  blank w i l l  i n d i c a t e  no input  u n i t  
from a previous  a n a l y s i s  w i l l  be used. 

\ 

+ Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
14 f o r  output  of a l l  hydrau l i c  d a t a  r e q u i r e d  
by t h e  s t ream q u a l i t y  module. 

0 Data w i l l  not  be saved f o r  f u r t h e r  a n a l y s i s .  

+ Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
15 f o r  output  o f  backwater r e s u l t s  f o r  use  a s  
i n i t i a l  cond i t ions  f o r  t h e  S t .  Venant method 
or S t .  Venant r e s u l t s  f o r  r e s t a r t i n g  a 
subsequent S t .  Venant s imula t ion .  

- Any nega t ive  number w i l l  a s s i g n  magnetic u n i t  
15 f o r  i npu t  of i n i t i a l  cond i t ions  f o r  t h e  
S t .  Venant method. (Only used f o r  S t .  Venant 
method. ) 

*The numbers i d e n t i f i e d  below may need t o  be assigned a magnetic t a p e  o r  
d i s k  name us ing  t h e  s p e c i f i c  job con t ro l  language f o r  t h e  u s e r s  computer 
system. No a c t i o n  is  necessary  f o r  Har r i s  500 computer u se r s .  



Job Cont ro l  Card 5* - Tape o r  f i l e  assignment 

F i e l d  V a r i a b l e  Value -- D e s c r i p t i o n  

1 JOB5 Card i d e n t i f i c a t i o n .  

2 1 TNFL t Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  
16 f o r  o u t p u t  o f  p rocessed  t r i b u t a r y  i n f l o w  ---- 
and wi thdrawal  r a t & ~  genera ted  from d a t a  on 
u n i t  LQF (INHY c a r d s ) .  

0  No wi thdrawals  and a l l  i n f l o w  d a t a  i n p u t  v i a  
LTAPE (JOB4 c a r d ,  f i e l d  3  th rough  5) f i l e s .  

Any n e g a t i v e  number wi.11 a s s i g n  magnet ic  u n i t  
16 f o r  i n p u t  o f  a  permanent r e c o r d  of 
p rocessed  t r i b u t a r y  i n f l o w  and wit ,hdrawal - 
r a t e s  g e n e r a t e d  by a  p r e v i o u s  s i m u l a t i o n .  

TNGEDA + 

LSF .t. 

JSFILE -I- 

0 

Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  
17 f o r  i n p u t  of r a w  t r i b u t a r y  i n f l o w  and -- 
withdrawal  r a t e s  (INHY c a r d s ) .  Use a  5  f o r  
c a r d  i n p u t  o r  it  may be  l e f t  b l a n k  i f  IINFL 
(JOB5 c a r d ,  f i e l d  2) i s  p o s i t i v e .  

Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  
18 f o r  i n p u t  of c r o s s  s e c t i o n  c o o r d i n a t e  d a t a  
u s i n g  C C C 1 ,  CCC2, JP,  ET, NC,  SC, X I ,  X3, 
KL and GR c a r d s .  Use a 5  f o r  c a r d  i n p u t .  

Any n e g a t i v e  number w i l l  a s s i g n  magnet ic  u n i t  
18 f o r  i n p u t  o f  c r o s s  s e c t i . o n  geometry d a t a  
GEOM4 c a r d s .  Use a  -.5 f o r  c a r d  i .nput .  

Any p o s i t i v e  number w i l l  a s s i g n  magnet ic  u n i t  
19 f o r  i n p u t  of STORM format  i n f l o w  hydrographs  
(STORM3 c a r d s ) .  Use a  5 f o r  c a r d  i n p u t .  

Any p o s i t i . v e  number w i l l  a s s i g n  a  s c r a t c h  u n i t  
20 f o r  p r o c e s s i n g  STORM format  i n f l o w  
hydrograph d a t a .  

No STORM format  i n f l o w  hydrograph d a t a  
(NSLOAD = 0, J O B 1  c a r d ,  f i e l d  5 ) .  

*The numbers i d e n t i f i e d  below may need t o  be a s s i g n e d  a magnet ic  t a p e  o r  
d i s k  name usi .ng t h e  s p e c i f i c  job c.ontr.01 language f o r  t h e  u s e r s  computer 
system. No a c t i o n  i s  n e c e s s a r y  f o r  Harris 500 computer u s e r s .  



TRIB-STORM 1-STORM2 

T r i b u t a r y  L o c a t i o n  Card 1" 

F i e l d  V a r i a b l e  Value 

1 TRIB 

2  TR +. 

Card i d e n t i f i c a t i o n  

Reach number a t  t r i b u t a r y  i n f l o w  o r  wi th -  
d rawal  l o c a t i o n .  

R iver  m i l e  l o c a t i o n  of t r i b u t a r y  i n f l o w  
o r  wi thdrawal .  

STORM Generated I n f l o w  Card I** 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 STORM1 Card i d e n t i f i c a t i o n  

2 I IDAY f F i r s t  day o f  STORM g e n e r a t e d  i n f l o w  r a t e  
and q u a l i t y  r e c o r d ;  y e a r ,  month and day.  

3 LLDAY 4- F i n a l  day of STORM g e n e r a t e d  i n f l o w  rate 
and q u a l i t y  r e c o r d ;  y e a r ,  month and day.  

STORM GEnerated In f low Card 25;k-f 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 STORM2 Card i d e n t i f i c a t i o n  

2-10 NSS ( I )  + Number o f  STORM g e n e r a t e d  i n f l o w  p o i n t s  
i n  t ime  (STORM3 c a r d s )  f o r  t r i b u t a r y  I. 

One c a r d  i s  r e q u i r e d  f o r  each t r i b u t a r y  i n f l o w  i n c l u d i n g  headwater  i n -  
f lows and withdrawals(NL+NREM) c a r d s ,  J O B 1  c a r d s ,  f i e l d s  4 and 6 ) .  The 
o r d e r  of i n p u t  must correspond t o  t h e  o r d e r  i n  which i n f l o w  d a t a  i.s r e a d .  
The t r i b u t a r y  i n f l o w  d a t a  i n p u t  v i a  t h e  i n t e r f a c e  t a p e s ,  i f  any ,  
must b e  i n p u t  f i r s t ;  t h e  b a s e  f low f o r  STORM g e n e r a t e d  hydrographs ,  i f  
any,  i n p u t  second;  remaining i n f l o w s ,  i f  any,  i n p u t  t h i r d ;  f low boundary 
c o n d i t i o n s  a t  r e a c h  i n t e r s e c t i o n s  ( e . g . ,  r e f e r r i n g  t o  F i g u r e  V I I - 1 ;  
f low s p e c i f i e d  a t  node 19 ,  r e a c h  5 ) ,  i f  any,  i n p u t  f o u r t h ;  and f i n a l l y  
wi thdrawals .  

k k  O m i t  a l l  STORM c a r d s  i f  NSLOAD (JOB1 c a r d ,  f i e l d  5 )  i s  z e r o  o r  i f  IINFL 
(JOB5 c a r d ,  f i e l d  2 )  i s  n e g a t i v e .  

f One v a l u e  of NSS (STORM2 c a r d s ,  f i e l d s  2 through 10)  i s  r e q u i r e d  f o r  
each STORM g e n e r a t e d  i n f l o w .  NSLOAD (JOB1 c a r d ,  f i e l d  5 )  v a l u e s  r e q u i r e d .  



STORM Generated Inf low Card3* - Input  v i a  u n i t  LSF (JOB5 ca rd ,  f i e l d  5 )  

F i e l d  Var iab le  Value Descript ion,  

1 STORM3 Card i d e n t i f i c a t i o n  

2 ITIME + Time of STORM generated inf low hydrograph 
da t a ;  yea r ,  month, day and hour. 

3  TS (1) +. STORM generated inf low i n  c f s  o r  cms. 

4  TS (2) + STORM generated suspended s o l i d s  i n  mg/l. 

5  TS (3) + STORM generated 5-day carbonaceous BOD i n  mg/l. 

6  TS (4) + STORM generated t o t a l  disso1,ved n i t r o g e n  i n  
mg/l. 

7  TS (5) .+ STORM generated t o t a l  d i sso lved  phosphorus 
i n  mgll. 

8 TS (6) + STORM generated co l i form b a c t e r i a  i n  MPN/100 m l .  

9 TS (7) + STORM generated s e t t l e a b l e  s o l i d s  i n  mg/l. 

-- -- 

* NSS (STORM2 ca rd ,  f i e l d s  2 through 10) ca rds  a r e  r equ i r ed  f o r  each tri- 
butary  r ece iv ing  STORM generated hydrographs. NSLOAD (JOB1 card ,  f i e l d  
5) s e t s  of ca rds  a r e  requi red .  STORM3 ca rds  a r e  prepared au toma t i ca l ly  
by STORM program [22] .  STORM output  card i d e n t i f i c a t i o n  ( i . e . ,  f i e l d  1 )  
w i l l  be  a  r i v e r  mi l e  i n s t e a d  of STORM3 and i s  accep tab le  t o  t h e  module 
and need no t  be changed. O m i t  a l l  STORM cards  i f  NSLOAD is  zero o r  i f  
IINFL (JOB5 card ,  f i e l d  2) i s  negat ive .  Note t h a t  c e r t a i n  pol lu tographs  
a r e  a l s o  included.  These a r e  not  used i n  t h e  module, bu t  they  a r e  incor-  
porated because i d e n t i c a l  cards  a r e  requi red  i n  t h e  s t ream q u a l i t y  module. 



INHY 1 -INHY 2-INHY 3 

Inf low and Withdrawal Card 1;k - I n p u t  v i a  u n i t  LQF (JOB5 c a r d ,  f i e l d  3)  

F i e l d  V a r i a b l e  Value D e s c r i p t i o n ,  

1 I N H Y l  Card i d e n t i f i c a t i o n  

2  I IDAY + F i r s t  day of i n f l o w  r e c o r d  f o r  a l l  t r i b u -  
t a r i e s ;  y e a r ,  month and day. 

3 LLDAY + L a s t  day o f  i n f l o w  r e c o r d  f o r  a l l  t r i b u -  
t a r i e s ;  y e a r ,  month arid day. 

In f low and Withdrawal Card 2*f - I n p u t  v i a  u n i t  LQF (JOB5 c a r d ,  f i e l d  3 )  
b 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 INHY 2  Card i d e n t i f i c a t i o n  

2  IDINT + In f low hydrograph d a t a  upda te  i n t e r v a l  
i n  hours .  Hydrograph d a t a  i s  i n p u t  u s i n g  
a  s e r i e s  of INHY3 c a r d s  under t h i s  o p t i o n .  

0 Hydrograph d a t a  i s  i n p u t  a t  v a r i a b l e  t i m e  
i n t e r v a l s  u s i n g  a s e r i e s  of INHY4 c a r d s  
under t h i s  o p t i o n .  

3- 7 CON ( I )  a l p h a  D e s c r i p t i o n  of i n f l o w  hydrograph. 

In f low and Withdrawal Card 3*t§ - I n p u t  v i a  u n i t  LQF (JOB5 c a r d ,  f i e l d  3)  

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 INHY 3  Card i d e n t i f i c a t i o n  

2-10 CONC ( I )  + In f low r a t e  i n  cms o r  c f s .  

* O m i t  a l l  INHY c a r d s  i f  IINFL (JOB5 c a r d ,  f i e l d  2) i s  n e g a t i v e .  

f Repeat s e t s  of INHY2 and INHY3 o r  s e t s  of INHY2 and INHY4 c a r d  f o r  each 
t r i b u t a r y .  O m i t  t h i s  d a t a  f o r  t h o s e  t r i b u t a r i e s  i n p u t  v i a  t a p e  i n t e r f a c e  
u n i t s  ( i . e . ,  p o s i t i v e  v a l u e s  of LTAPE, JOB4 c a r d ,  f i e l d s  3-5). 

4 The number of INHY3 c a r d s  i s  determined by t h e  l e n g t h  of t h e  i n f l o w  
hydrograph r e c o r d  (INHYl c a r d s ,  f i e l d s  2 and 3)  and t h e  i n f l o w  hydrograph 
upda te  i n t e r v a l  (INHY2 c a r d ,  f i e l d  2 ) .  ( e . g . ,  5  days of r e c o r d  w i t h  2  hour  
upda te  would r e q u i r e  5  x 24/2 = 60 v a l u e s  and a t o t a l  o f  7 c a r d s ) .  



Inflow and Withdrawal Card 4"tS - Input via unit LQF (JOB5 card, field 3) 

Field Variable Value - Description 

1 INHY 4 Card identification 

2 ITIME;';:; -I- Time of observation; month, day, hour 
and minute (e.g., 0701.0015) 

- 1 Denotes the end of the data set. 

CONC 

CONC 
ITLME 
CONC 
ITIME ; 
CONC j 

IYB 

f Inflow rate in cms or cfs. 

-I- 

( Pairs of time and corresponding inflow -1 rates. 

i 
Year of observation (e.g., 56) 

* Omit all INHY cards if IINFL (JOB.5 card, field 2) is negative. 

t' Repeat setsof INHY2 and INHY3 or sets of INHY2 and INHY4 card for each 
tributary. Omit this data for those tributaries input via tape interface 
units (i.e., positive values of LTAPE, JOB4 card, fields 3-5). 

§ Use one or more INHY4 cards to input the inflow hydrograph data over the 
length of the inflow record. 

** The first time of observation must be on or before hour zero of IIDAY 
(INHY1 card, field 2). 



Won-Point Inf low and Withdrawal Card l* 

F i e l d  - Var iab le  Value 
P. 

Desc r ip t ion  

1. KPFl Card i d e n t i f i c a t i o n  

2 NZON + Number of non-point in f low and wi thdrawal  
zones; maximum of 5. 

3 ITYPD 0 Non-point flows f o r  days no t  s p e c i f i e d  
on t h e  NPF3 ca rds  w i l l  be s e t  t o  ze ro .  

1 Non-point f lows w i l l  be  he ld  c o n s t a n t  
between days s p e c i f i e d  on NPF3 c a r d s  
( e . g . ,  t h e  flow r a t e s  s p e c i f i e d  on t h e  
f i r s t  NPF3 card  w i l l  apply  u n t i l  over-, 
r i d d e n  by the  second NPF3 c a r d ) .  

IPNP 0 P r i n t  non-point f low d a t a  

1 Do n o t  p r i n t  non,-point f low d a t a  

* O m i t  a11 NPF c a r d s  i f  INTlJ (JOB1 c a r d ,  f i e l d  9)  equa l s  ze ro ,  or. i f  
Z I N F L  (JOB5 c a r d ,  f i e l d  2)  i s  n e g a t i v e .  



Non-Point Inflow and Withdrawal Card 2 * i  

Field Variable Value Description 

1 NPF2 Card identification 

2 ILIMl -4- Reach number at upstream limit of non- 
point inflow and withdrawal zone. 

3 RMLIMl + River mile location at upstream limit 
of non-point inflow and wirhdrawal. zone. 

4 I L Z M ~  .+ Reach number at downstream limit of 
non,-point inflow and withdrawal zone. 

5 RMLIM2 4- River mile location at downstream limit 
of non,-point inflow and withdrawal zone. 

Non-Point Inflow and Withdrawal Csrd 3*§  

Field 
,- 

Variable Description 

1 NPF 3 Card identificati.on 

2 IT1 f Time of observation; year, month and day. 

- Time  of observation; year, month and day; 
however, a negative time denotes the final 
NPF3 card defining flows within the zone. 

Non-point inflow rate in cfs/mile or 
cms/km. 

Eon--point withdrawal rate in cfs/mile 
or cms/km. 

* Omit all hTF cards if INTW (JOB1 card, field 9) equals zero or if IINFL 
(JOBS card, field 2) is negative. 

f One NPF2 card is required for each non-point inflow zone (NZON, hTFl 
card, field 2) . 
NZON (mF1 card, field 2) sets of NPF3 cards arc required. 



GEOM I-GEOMP 
Stream Geometry Card l* - Reach d e f i n i t i o n  

F i e l d  Var iab le  Value Descr ip t ion  

1 G E O M ~  Card i d e n t i f i c a t i o n .  

2  RLEN $. Reach l e n g t h  i n  mi l e s  o r  km. 

3 ELEN + Element l eng th  i n  mi l e s  o r  km. 

- For v a r i a b l e  element l eng ths ,  number of d i f f e r e n t  

element s i z e s  i npu t  on card GEOM2. 

Stream Geometry Card 2* - Variab le  reach  card.  O m i t  i f  ELEN (GEOMlcard, 
f i e l d  3 )  is p o s i t i v e .  

F i e ld  Var iab le  Value Descr ip t ion  

1 GEOM 2  Card i d e n t i f i c a t i o n .  

2 NTP + Number of elements of l eng th  ELN (GEOM2. 
card ,  f i e l d  3 ) .  

3 ELN + Length of element i n  mi l e s  o r  km. 

4 NTP'I Number of elements and element l eng ths  
5 ELN beginning a t  t h e  upstream end of t h e  
6 NTP ; , ) r e a c h  f and progress ing  downstream. ELEN + 
7 ELN (GEOM1 card ,  f i e l d  3 )  p a i r s  a r e  r equ i r ed ,  
8 , r e p e a t  GEOM2 cards  a s  necessary.  A maximum 
9 !of e i g h t  element l eng ths  may be s p e c i f i e d  

q e r  reach.  

* Repeat GEOMl card o r  s e t s  of GEOMl and GEOM2 cards  f o r  each stream reach  
beginning wi th  t h e  f i r s t  and progress ing  s e q u e n t i a l l y  t o  t h e  l a s t  reach.  
An even number of elements and an  odd number of nodes a r e  requi red  
i n  each reach.  



Stream Geometry Card 3" - Intersection definition 

Field Variable Value 

1 GEOM3 

2 NCOM + 

4 NCOM + 

NCOM + 

SHARE 

Description 

Card identification 

Reach number upstream of the intersection. 

Reach number downstream of the intersec- 
tion. 

Reach is upstream of intersection. 

Fraction of the total flow through an 
intersection taken by the reach (the reach 
must be downstream of the intersection). 

Reach number upstream of the intersection. 

Reach number downstream of the intersec- 
tion. 

Reach is upstream of intersection. 

Fraction of the total fl.ow through an 
intersection taken by the reach (the reach 
must be downstream of the intersection). 

Reach number upstream of the intersection. 

Reach number downstream of the intersection. 

For all computational methods except .--- -----.-- 
St. Venant 

Reach is upstream of intersection. 

Fraction of the total flow through an 
intersection taken by the reach (the reach 
must be downstream of the intersection). 

For St. Venant ----- 

Momentum transfer to the reach will be 
ignored. Only one non-momentum transfer 
case is allowed per intersection. 

Momentum from the tributary will be transferred 
to the main stem. 

* One card is required for each intersection (INT, JOB2 card, field 4). 
A maximum of three reaches may enter a single intersection. (For defini- 
tion of reach and intersections, see Figure VII-1). 

** Must equal zero for St. Venant method. 



CCC 1-CCC2 
Channel Cross Section Coordinate Card l* 

Field Variable --. -- Value Description 

1 CCCl Card identification 

2 NREACH + Reach number of first cross section. 

3 RMT + River mile location of the first cross section. 

4 QST t . Discharge at first cross section elevation. 

-1 Discharge at all cross section elevations. 
will be computed by assuming normal depth 
in channel. 

5-10 QST + Discharge at remaining cross section ele,- 
vations in ascending order. 

Channel Cross Section Coordinate Card 2* 

Field Variable - Value Description - 

1 CCC2 Card identification 

2-10 QST + Discharge at remaining cross section ele- 
vations in ascending order. 

* One CCCl card along with sufficient CCC2 cards to define NELEV (JOB2 
card, field 5) values of QST are required for each channel cross section. 
NBPP (JOB2 card, field 5) sets are required. This data must be input in 
the same order as the following cross section coordinate cards. Omit all 
CCC2 cards if the first value ~f QST (GEDA1 card, field 3) is negative 
(i.e., normal depth will be assumed for stage flow relationship). Omit 
CCCl and CCC2 cards if INGEDA (JOB5 card, field 4) is negative. This 
data is used to relate water depth to flow when using the stage-flow hy- 
draulic computation method, the Muskingum or modified Puls hydrologic 
routing methods or where stage-flow boundary conditions are specified 
for other hydraulic computation methods. 



Channel Cross Section Coordinate Card JP* - required card 
Field** Variable Value Description 

0 JP Card identification 

AVGS 

ASEL 

IFILE + 

+ River mile location of the first channel 
cross section. 

+ Channel sl.ope for projecting the eleva- 
tion table upstream. 

KSW (11) 0 

1 

Not used 

Not used 

Not used 

Not used 

Output tape of file unit identification 
number containing channel cross section 
data (GEOM4 cards) generated from the 
channel cross section coordinate cards. 

Channel cross section geometry card images 
will not be saved. 

Not used 

Suppresses printout of subsection areas, 
wetted perimeters, conveyances, etc. 

Print the intermediate values of conveyance, 
area, hydraulic radius, n-value and reach 
length for each subsection in each cross 
section. 

* Omit JP card if INGEDA (JOB5 card, field 4) is negative. 

** The following field definition applies for channel cross section coor- 
dinate cards only: Field 0 is reserved for a two character card iden- 
tification and must conform to the stated value. Field 1 utilizes card 
columns 3 through 8. Fields 2 through 10 are eight columns each. 



ET-NC 

Channel Cross Section Coordinate Card ET*-f-- Elevation Table, required card 

Field Variable Value Description 

0 ET Card identification 

1-10 WS + Elevations in feet or meters. 

Channel Cross Section Coordinate Card NC*+f- required card for first cross 
section 

Field Variable Value Description 

0 NC Card identification 

1 XNL 0 No change in ~anning's "n" value for the 
left overbank. 

+ Manningf s "n" value for the left overbank. 

2 XNR 0 No change in Manning's "n" value for the 
right overbank. 

+ Manning's "n" value for the right: overbank. 

3 XNCH 0 No change in Manning' s "n" value for the 
channel. 

+ Manning ' s "ntl value for the channel. 

* The table of geometric elements must contain NELEV (JOB2 card, field 6) 
values of elevation. The difference between two successive elevation 
values on this card is called the elevation interval. Up to three 
different intervals may be utilized. The elevation intervals should be 
chosen so that the elevation range (i.e., WS(NELEV)-WS(1)) divided by 
the lowest common denominator of the elevation intervals is less than 
200. Values must be entered from lowest to highest elevation. 

** Manning's "n" values are entered for starting each job, or for changing 
values previously specified. The values on this NC card apply to the 
cross section described on the following X1 card and apply until changed 
by a future NC card. 

t Omit ET and NC cards if INGEDA (JOB5 card, field 4) is negative. 



Channel Cross S e c t i o n  Card N V A f  - O p t i o n a l  card  

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

0 NV Card i d e n t i f i c a t i o n  

1 NUMNV + 

VALN 

T o t a l  number o f  Manning's "n" v a l u e s  
e n t e r e d  on NV c a r d s  (maximum f i v e ) .  I f  
NUMNV e q u a l s  5 ,  a second NV c a r d  i s  
r e q u i r e d  w i t h  ELN(5) i n p u t  i n  f i e l d  1 
of t h e  second c a r d .  

Manning's "n" c o e f f i c i e n t  f o r  a r e a  below 
ELN. The overbank "n" v a l u e s  s p e c i f i e d  
on c a r d  NC w i l l  b e  used f o r  t h e  overbank 
roughness  r e g a r d l e s s  of t h e  v a l u e s  i n  
t h i s  t a b l e .  

ELN + E l e v a t i o n  of t h e  w a t e r  s u r f a c e  correspond-  
i n g  t o  VALN i n  i n c r e a s i n g  o r d e r .  

VALN 1 i 
I 

ELN 1 I 
+ P a i r s  of Manning1 s "n" c o e f f i c i e n t s  and 

: cor responding  e l e v a t i o n s .  
1 

VALN 

Channel Cross S e c t i o n  Coord ina te  Card SC$:/""t - O p t i o n a l  c a r d  

F i e l d  V a r i a b l e  Value -- D e s c r i p t i o n  

0 S C Card i d e n t i f i c a t i o n  

1 AVGS + River  m i l e  l o c a t i o n  of f i r s t  c r o s s  sec-  
t i o n  where t h e  new s l o p e  a p p l i e s .  

2 ASEL - ,o ,+ Channel s l o p e  f o r  p r o j e c t i n g  t h e  e l e v a t i o n  
t a b l e  upst ream.  

* NV c a r d s  are used t o  v a r y  t h e  Manning's n-values  v e r t i c a l l y .  S t r a i g h t  
l i n e  i n t e r p o l a t i o n  i s  used between p o i n t s .  

t O m i t  NV and SC c a r d s  i f  INGEDA (JOB5 c a r d ,  f i e l d  4)  i s  n e g a t i v e .  

A *  The s l o p e  ASEL (JP c a r d ,  f i e l d  2 )  i s  changed a t  any c r o s s  s e c t i o n  w i t h  
t h i s  c a r d .  



Channel Cross Sec t ion  Coordinate Card XI*-requi red  card  f o r  each c r o s s  s e c t i o n  

F i e l d  Var iab le  -- Value Descr ip t ion  

0 X 1  Card i d e n t i f i c a t i o n  

1 SECNO + River mi le  l o c a t i o n  of channel c r o s s  s e c t i o n .  

2 NUMST 0 Previous c r o s s  s e c t i o n  i s  used f o r  c u r r e n t  
s e c t i o n .  Next GR ca rds  a r e  omit ted.  

+ 

STCHL 0 

STCHR 0  

i- 

XLOBL + 

XLOBR + 

XLCH + 

PXSECR 0  

+ 

Tota l  number of s t a t i o n s  on t h e  next  GR 
cards .  

NUMST (X1 card ,  f i e l d  2 )  i s  zero. 

The s t a t i o n  of t h e  l e f t  bank of t h e  channel.  

NUMST (XI ca rd ,  f i e l d  2 )  i s  zero.  

The s t a t i o n  of t h e  r i g h t  bank of t h e  channel 
must be equal  60 o r  g r e a t e r  than  STCHL 
(Xl card ,  f i e l d  3 ) .  

Length of reach between cu r ren t  c r o s s  s e c t i o n  
and t h e  previous c r o s s  s e c t i o n  of t h e  l e f t  
overbank i n  f e e t .  

Length of reach between cu r ren t  c ros s  sec- 
t i o n  and t h e  previous  c r o s s  s e c t i o n  f o r  t h e  
r i g h t  oberbank i n  f e e t  . 

Length of reach between cu r ren t  c ros s  sec- 
t i o n  and t h e  previous  c r o s s  s e c t i o n  f o r  t h e  
channel i n  f e e t .  

Cross s e c t i o n  s t a t i o n s  w i l l  no t  be changed 
by t h e  f a c t o r  PXSECR. 

A r a t i o  which w i l l  be mu l t ip l i ed  times a l l  
c r o s s  s e c t i o n  s t a t i o n s ,  except t h e  f i r s t  
s t a t i o n ,  t o  i n c r e a s e  o r  decrease  c r o s s  
s e c t i o n  width. The r a t i o  can apply t o  a  
repea ted  c ros s  s e c t i o n  o r  a  cu r r en t  one 
(e .g . ,  1.1 would i n c r e a s e  t h e  width by 10%).  

This  card i s  r equ i r ed  f o r  each c r o s s  s e c t i o n ,  and i s  used t o  spec i fy  t h e  
c r o s s  s e c t i o n  geometry and program op t ions  a p p l i c a b l e  t o  t h a t  c ros s  s ec t ion .  
O m i t  X 1  card  i f  INGEDA (JOB5 ca rd ,  f i e l d  4 )  i s  negat ive .  



Channel Cross Section Coordinate Card XI* ,  (continued) 

Field Variable Value Description 

9 PXSECE 0 Cross section elevations will not be 
changed. 

Constant to be added (+) or subtracted 
(-) from all cross section elevations. 
A repeated cross section is handled in 
the same manner as one just entered. 
Elevation changes are permanent; there- 
fore, changes accumulate with successive, 
repeated sections. 

* This card is required for each cross section, and is used to specify the 
cross section geometry and program options applicable to that cross section. 
Omit X1 card if INGEDA (JOB5 card, field 4) is negative. 



Channel Cross Section Coordinate Card X3" - opti.ona1 card 

Field Variable Value Description 

0 X3 Card identification 

1 IEARA 0 Total area of cross section described on 
GR cards below the water surface eleva- 
tion is used in the computations. 

10 Only the cross sectional area confined 
by levees below the water surface eleva- 
tion is used in the computations. If the 
water surface elevation is above the top 
of Levee (elevations corresponding to 
STCHLandSTCHR (XI card, fields 3 and 4) 
the flow areas outside the levee will 
be included. 

2 Not used 

3 ENCFP 0 Width between encroachments is not changed 
or is not specified. 

-f Width between encroachments is centered 
in the channel, midway between the left 
and right overbanks. Flow areas o  side 
this width are not included in the compu- 
tations. This width will be used for all 
cross sections unless changed by a positive 
ENCFP on card X3 of another cross section 
or unless overridden by the use of STENCL 
(X3 card, field 4). 

4 STENCL 0 Encroachments by specifying stations and/or 
elevation will not be used on the left 
overbank. 

-t . Station of the left encroachment. Flow 
areas to the left of (less than) this sta- 
tion and below ELENCL (X3 card, field 5) 
are not included in the computations. 
This option will override the option using 
ENCFP (X3 card, field 3) when both are 
used. 

5 ELENCL 0 An encroachment elevation on the left side 
is not applicable. 

+ Elevation of the left encroachment. Flow 
areas below this elevation and less than 
STENCL (X3 card, field 4) are not included 
in the computations. 

* Omit X3 card if INGEDA (JOB5 card, field 4) is negative. 
168 



Channel Cross Section Coordinate Card X3" (Continued) 

Field -- Variable Value Description 

6 STENCR 0 An encroachment station on the right is 
not used. 

+ Station of the right encroachment. Flow 
areas to the right of (greater than) this 
station and below ELENCR (X3 card, field 
7) are not included in the computations. 

7 ELENCR 0 

-I- 

An encroachment elevation on the right 
side is not applicable. 

Elevation of the right encroachment. 
Flow areas below this elevation and greater 
than STENCR (X3 card, field 6) are not in- 
cluded in the computations. 

Channel Cross Section Coordinate Card KLJct - optional card 

Field Variable Value -- Description 

0 KL Card identification 

1 AVGS + River. mile location of channel cross 
section where conveyance limits apply. 

2 STST 0 The entire cross section is used for 
both volume and conveyance on the left 
overbank. 

+ The cross section station separating sto- 
rage from conveyance on the left overbank. 

0 The entire right overbank of the cross 
section is used to convey flow. 

+ The cross section station separating 
storage from conveyance on the right overbank. 

-- 
* Omit X3 and KL cards if INGEDA (JOB5 card, field 4) is negative. 

t' The unsteady flow calculations must describe both volume and conveyance. 
Satisfying the volume requirement often causes cross sections to extend 
up tributaries. This is an area that does not contribute to conveyance 
of the mainstem discharge and conveyance limits should be established. 



GR-EJ 

ChannelCrossSection Coordinate Card GR*f' - optional card 

Field Variable Value Description 

0 GR Card identification 

1 EL + Elevation of cross section in feet or meters 
- at station STA (GR card, field 2). May 

be positive or negative. 

2 STA + Station of cross section in feet or 
meters correspondi.ng to elevation EL (GR 
card, field 1). 

'\ 
EL ' 
STA 
EL 
STA j 
EL : 

STA 
EL 
STA 

, 

I 
/ Pairs of elevation of cross section and ' corresponding station location in feet 
i or meters. 

Channel Cross Section Coordinate Card EJ t- required card 

Field Variable Value - Description 

0 EJ Card identification 

1-10 Not used 

* This card specifies the elevation and station of each point in a cross 
section used to describe the ground profile. It is required for each 
X1 card unless NUMST (XI card, field 2) is zero. Repeat GR cards as 
necessary to input NUMST pairs of values. 

? Omit GR and EJ cards if INGEDA (JOB5 card, field 4 )  is negative. 



Stream Geometry Card 4*t- Cross Section Geometry - input via unit INGEDA 
(JOB5 card, field 4) 

Field Variable -- - Value - Description 

1 GEOM4 Card identification 

2 NR + Reach number 

3 XMX + River mile location of cross section. 

4 ELEV + Elevation in feet or meters. 

5 A + Cross section area in square feet or square 
meters below elevation ELEV (GEOM6 card, field 5). 

6 R2 3 + Hydrau.1i.c radius to the 2/3 power at e1.e- 
vation ELEV. 

+ Surface width in feet or meters at eleva- 
tion ELEV. 

8 AMAN + Manning's n at elevation ELEV. 

9 Not used 

Known discharge in cfs or cms at elevation 
ELEV. If QST is left blank, normal flow 
will be computed assuming normal depth. 
QST flows are used in the stage-flow hydrau- 
lic computation method, the Muskingum or 
modified Puls hydrologic routing methods 
or where stage-flow boundary conditions are 
specified for other hydraulic computation 
methods. 

2' NELEV (JOB2 card, field 6) cards are required for each cross section. 
These cards can be prepared automatically from channel cross section 
coordinate data by setting IFILE (JP card, field 7) equal to a punch 
unit or saved on file by setting IFILE equal to a permanent file unit 
number. Omit all GEOM4 cards if INGEDA (JOB5 card, field 4 )  is positive. 

t The elevation increments (between layers) must be identical for all 
cross sections within a reach. 



GEOM5-GEOM6 
Stream Geometry Card 5* 

F i e l d  Var i ab le  -- Value D e s c r i p t i o n  

1 GEOM5 Card i d e n t i f i c a t i o n  

ELEV -!-. Actual. channel. bottom e l e v a t i o n  (not  neces-  
s a r i l y  t h e  minimum e l e v a t i o n  s p e c i f i e d  on 
t h e  GEOM4 c a r d s )  i n  f e e t  o r  meters  f o r  
each c r o s s  sec t i .on  (NBPP s e c t i o n s ,  JOB2 
c a r d ,  f i e l d  5)  from upstream t o  downstream. 
The o r d e r  of i n p u t  i s  i d e n t i c a l  t o  t h a t  of 
t h e  GEOM4 ca rd  and t h e  r e v e r s e  of t h e  
channel  c r o s s  s e c t i o n  c o o r d i n a t e  c a r d s .  

Stream Geometry Card 6** 

F i e l d  Var i ab le  --- Value -- D e s c r i p t i o n  

GEOM6 Card i d e n t i f  i ~ a t i o n  

2 ELEV + Ac.tua1 channel  bottom e l e v a t i o n  i n  f e e t  
o r  meters .  

3 EGL + Energy g rade  l i n e  e l .eva t ion  i n  f e e t  o r  
meters .  These d a t a  must. r e s u l t  i n  a posi , -  
t i v e  energy s l o p e  and may be observed d a t a  
o r  ob ta ined  from HEC-2 [23] o r  from any 
s i m i l a r  program f o r  computing wa te r  s u r f a c e  
p r o f i l e s  . 
Flow cor responding  t o  t h e  energy g rade  
l i n e  e l e v a t i o n  (EGL, ca rd  6,  f i e l d  2) i n  
c f s  o r  cms. Normal depth  f lows computed 
from t h e  c r o s s  s e c t i o n  geometry and energy 
g rade  l i n e  d a t a  w i l l  b e  s c a l e d  such t h a t  
t h e  s t a g e  v s .  f low t a b l e  a t  e l e v a t i o n  EGL 
w i l l  e q u a l  QEL. 

S tage  vs. f low t a b l e  w i l l  equal. normal dep th  
o r  u s e r  s p e c i f i e d  r e l a t i o n s h i p .  

-- 
* Repeat GEOM5 ca rd  a s  neces sa ry  t o  i n p u t  NBPP v a l u e s .  Required f o r  on ly  

t h e  S t .  Venant and Backwater methods ( i - e . ,  IHYDRO, JOB2 c a r d ,  f i e l d  2 = 
2 o r  4 )  and can r e p r e s e n t  n e g a t i v e  o r  p o s i t i v e  s l o p e s .  

** Repeat GEOM6 c a r d  a s  necessary  t o  i n p u t  NBPP ca rds .  Required only 
i f  s t a g e  v s .  flow, k inemat ic  wave, Muskingum r o u t i n g  o r  modified 
Pu l s  method i s  s p e c i f i e d  ( i . e . ,  IHYDRO = 1,3,5 o r  6 ) .  The o r d e r  
of i n p u t  i s  i d e n t i c a l  t o  t h a t  of the GEOX4 card and t h e  r e v e r s e  of 
t h e  channel  c r o s s  s e c t i o n  coord ina t e  c a r d s .  



BOUND 

Boundary Condition Card* 

Field Variable .- Value -- 

1 BOUND 

2 NB -1 

NRN 

- 

NB 
NRN 

IEND 0 

Description 

Card identification 

A flow rate is specified at the downstream 
end of reach NRN (BOUND card, field 3). 

A flow rate is specified at the upstream 
end of reach NRN. 

The depth is specified at the downstream 
end of reach NRN. 

The depth is specified at the upstream 
end of reach NRN. 

A stage-flow relationship is specified 
at the downstream end of reach NRN. 

A stage-flow relationship is specified 
at the upstream end of reach NRN. 

Reach number where boundary conditions 
NB (BOUND card, fi.eld 2) applies. 

Pairs of boundary condition types and f 
i reach numbers where the bounday condi- tions app1.y. 
L 

Another boundary condition card will 
f0ll.0~. 

Denotes the final boundary condition card. 

;k A maximum of ten boundary conditions of each type are allowed. Repeat 
BOUND cards as necessary to input: all desired boundary conditions. 
The boundary conditions requirements for the various flow computational 
methods are presented in Table VIII-1. 



Kinematic Wave Card I* - Initial conditions 

Field Variable --- Value ---- Description 

1 KW1 Card identification 

2, N + Reach number 

3 Q + Uniform initial flow within the reach in 
cfs or crns. 

+ Initial guess at uniform normal depth 
within the reach in feet or meter's. 

Kinematic Wave Card 2* - Initial conditions 

Field Variable -- Value Description 

1 KW2 Card identification 

2 N + Node number 

3 VEL 2 + Initial flow in cfs or cms. 

4 VELl +, Initial depth in feet or' meter's. 

5 DQDT + Not used 

6 DYDT + Not used 

* Either, but not both KM1 or KW2 cards must be used to define initial 
conditions when using the kinematic wave method. If ICND (JOB3 card, 
field 4) is 1, one KW1 card is required per reach. If ICND is zero, 
one KW2 card is required for each node. Omit all KW cards if IHYDRO 
(JOB2 card, field 2) is other than three. 



STV I -STV2 

St. Venant Card I* - Time step control 

Field Variable Value Description 

1 STVl Card identification 

2 TMAX + Maximum allowable time step in hours. 

+ Time in hours from the beginning of simu- 
lation after which the time step increment 
will be increased by a factor of 1.005 per 
time step. 

The time step will not be increased during 
the simul.ation unless increased by STV2 
card data. 

Time in hours from the beginning of simu- 
lation after which the time step increment 
will be increased by a factor of 1.01 per 
time step. 

Time in hours from the beginning of simu- 
lation after which the time step increment 
will be increased by a factor of 1.02 per 
time step. 

St. Yenant Card 2* - Time step control 

Field Variable Value Description 

1 STV2 Card identification 

2 TSTIME -t . Time in hours from the beginning of simu- 
1.ation after. which the time step increment 
will be set to TSNOW (STV2 card, field 3). 

0 The time step will not be changed during 
the simulation unless increased by STVl 
card data. 

3 TSNOW + Time step increment in hours used after 
time TSTIME (STV2 card, field 2). 

\ 

4 TSTIME ! f‘ 
5 TSNOW 1 
6 TSTIME ' / Pairs of times from the beginning of simu- 
7 TSNOW ! 4- 

-'lation and corresponding time step incre- 

8 TSTIME 
ments in hours. 

9 TSNOW ! 
/ 

* Omit all STV cards if IHYDRO (JOB2 card, field 2) is other than four. 



St. Venant Card 3* - Initial conditions 

Field Variable Value -- Description 

1 S TV3 Card identification 

2 N + Reach number 

3 Q + Uniform initial flow within the reach in 
cfs or crns. 

4 YS + Initial guess at uniform normal depth within 
the reach in feet or meters. 

St. Venant Card 4* t' - Initial Conditions 

Field Variable .- Value Description 

1 STV4 Card identification 

2 N + Node number 

3 VELl + Initial flow in cfs or cms. 

4 VEL 2 + Initial depth in feet or meters. 

5 DQDT + Initial rate of change of flow in cfs/sec 
or cms/sec. (Usually zero except for simu- 
lation restart.) 

6 DYDT + Initial rate of change of depth in feetlsec 
or meterslsec. (Usually zero except for 
simulation restart.) 

- 
*Either, but not both STV3 or STV4 cards must be used to define initial 
conditions when using the St. Venant method. If ICND (JOB3 card, field 4) 
is 1, one STV3 card is required per reach. If ICND is zero, one STV4 card 
is required for each node. Omit all STV cards if IHYDRO (JOB2 card, field 
2) is other than four. 

?Omit STV4 cards if LSAVE(JOB4 card, field 7) was generated on last run of 
this job. 



Muskingum Routing Card* - Control points 

Field Variable -- Value -- Description 

1 MR Card identification 

2 NCP + Number of routing steps to control point 

- Number of routing steps to control point, 
however, a negative value denotes the 
final MR card. 

3 NR 

4 CPMT 

5 RCK 

6 RCX 

Reach number location of control point. 

River mile or kilometer location of control point 
(downstream end of control section) 

Muskingum K to control point in hours. 

Muskingum X to control poi.nt. 

* One MR card is required for each Muskingum routing reach beginning up- 
stream and progressing downstream. Omit all MR cards if IHYDRO (JOB2 
card, field 2) is other than five. 



Modified Pu l s  Routing Card I* - Control  p o i n t s  

F i e ld  Var iab le  Value -. Descr ip t ion  

1 MP1 Card i d e n t i f i c a t i o n  

2 NCP + Number of rou t ing  s t e p s  t o  c o n t r o l  po in t .  

- Number of rou t ing  s t e p s  t o  c o n t r o l  p o i n t ,  

however, a nega t ive  va lue  denotes  t h e  f i n a l  
s e t  of MP cards .  

3  NR + Reach number l o c a t i o n  of c o n t r o l  p o i n t .  

4 CPMT +. River m i l e  o r  k i l o n ~ e t e r  l o c a t i o n  of c o n t r o l  
po in t  (downstream eand of c o n t r o l  s e c t i o n ) .  

Modified Pu l s  Routing Card 2" - Storage ca rds  

F i e l d  Var iab le  Value Descr ip t ion  

1 MP2 Card i d e n t i f i c a t i o n  

2 CPSX(1) + Storage volume i n  ac re - f ee t  o r  m3 of 
f i r s t  po in t  i n  t h e  s torage-outf low t a b l e  
[ e .g . ,  s t o r a g e  volume corresponding t o  
outf low r a t e  CPSO(1.) , MP3 card ,  f i e l d  21. 

CPSX(2) 
CPSX(3) 
CPSX(4) 
CPSX(5) 
CPSX (6) 
CPSX(7) 
CPSX(8) 
CPSX (9) 

Remaining s t o r a g e  volumes de f in ing  t h e  

, + storage-outf low t a b l e .  A minimum of 2  
j and a  maximum of 9  va lues  may be used t o  

/ de f ine  t h e  t a b l e .  

;\ Repeat s e t s  of MP cards  f o r  each reach where s torage-outf low t a b l e s  a r e  
de f ined ;  maximum of 10.  O m i t  a l l  MP cards  i f  IHYDRO (JOB2 card ,  f i e l d  2 )  
i s  o the r  than s i x .  



Modified Puls Routing Card 3* - Outflow cards 

Field Variable -- Value Description 

1 MP3 Card identification 

2 CPOX (1) t Outflow rate in cfs or cms of first point 
in the storage-outflow table (e.g., outflow 
rate corresponding to storage volume 
CPSX(l), MP2 card, field 2) 

CPOX(2) ' r 
CPOX(3) ! 

CPOX(4) , , Remaining outflow rates defining the sto- 
CPOX (5) + C 

I rage-outflow table. A minimum of 2 and 
CPOX(6) ( maximum of 9 value may be used to define 
CPOX( 7) the table. 
CPOX (8) 
CPOX(9) 

* Repeat sets of MP cards for each reach where storage-outflow tables are 
defined; maximum of 10. Omit all MP cards if IHMRO (JOB2 card, field 2) 
is other than six. 



Depth Card l* 

Field .- Variable 

2 I IDAY 

3 NHY 

Depth Card l A k  

Field Variable 

Value Description 

DD1 Card identification 

t . Julian date 

+ Number of downstream depth-time point 
for. reach. 

+ Time in hours. 

+ Downstream depth in feet or meters at time 
TY. 

/ 

Pairs of times and corresponding 
+ depths . 

Value Description 

DDlA Card identification 

Pairs of times and corresponding 
+ '\ depths 

* DD1 and DDlA card are required only if a backwater (IHYDRO=2, JOB2 card, 
field 2) or a St. Venant (IHYDRO=4) method is specified and IDST (JOB3 
card, field 5) is positive. One DD1 card along with sufficient DDlA cards to 
define NHY (DD1 card, field 3) pairs of time-depth points are required for 
each reach for which downstream depth boundary conditions have been specified 
(i.e., NB = + 2, BOUND card, even numbered fields). The period of data used 
on the DD1 cards must be the same as the period used on the INHY cards. 



END 1 
End of Hydraul ic  Data Card 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  - -- 

1 END1 Card i d e n t i f i c a t i o n  

2 T A  999 S i g n a l s  t h e  end of t h e  h y d r a u l i c  d a t a .  

NOTE: USE 4 BLANK CARDS AT THE END OF DATA DECK 



SUMMARY OF DATA CARDS 

FOR 

STREAM HYDRAULICS MODULE 

1. One TRIB c a r d  requ i red  f o r  each t r i b u t a r y  in f low and withdrawal  (NL+NREM c a r d s ,  JOB1 c a r d ,  f i e l d s  4 and 6 ) .  
2 .  NSS (STORM2 c a r d s .  f i e l d s  2 through 10)  c a r d s  a r e  requ i red  f o r  each t r i b u t a r y  r e c e i v i n g  STORM genera ted  

hydrographs ,. 
3. Repeat s e t s  of INKY? and INHY3 c a r d s  or  s e t s  of INHY2 and INKY4 c a r d s  f o r  each t r i b u t a r y  and withdrawal  

(exc lud ing  t h o s e  t r i b u t a r i e s  i n p u t  v i a  LTAPE, JOB4 c a r d ,  f i e l d s  3-5). 
3A. Repeat s e t s  of NPFl t o  NPF3 c a r d s  a s  r e q u i r e d  t o  d e f i n e  non-point i n f l o w  and withdrawal  r a t e s .  



SUMMARY OF DATA CARDS 

FOR 

STREAM HYDRAULICS MODULE 
(continued) 

4. One GEOMl o r  s e t s  of GEOMl and GEOM2 cards required f o r  each reach. 
5. One GEOM3 card is required f o r  each in t e r sec t ion .  
6. Omit a l l  CCCl through EJ cards i f  INGEDA (JOB5 card,  f i e l d  4 )  is  negative. 
6a. One CCCl card o r  s e t s  of C C C l  and CCC2 cards i s  required f o r  each channel cross  sec t ion .  
6b. Se t s  of NC through GR cards def ines  each c ros s  section.  
7. NELEV (JOB2 card,  f i e l d  6) card i s  required f o r  each channel c ~ o s s  sec t ion .  Omit i f  INGEDA 

(JOB5 card,  f i e l d  4) i s  pos i t ive .  
8. Ei ther  s e t s  of KW1 o r  s e t s  of KW2 cards  a r e  required unless INHYDRO (JOB2 card,  f i e l d  2) i s  o ther  than three  



SUMMARY OF DATA CARDS 

FOR 

STREAM HYDRAULICS MODULE 
(continued)  

9 

J 

.J 

L J 

9. One STVl and STV2 c a r d  fol lowed by e i t h e r  s e t s  of STV3 o r  s e t s  of STV4 a r e  r e q u i r e d  u n l e s s  
IHYDRO (JOB2 c a r d ,  f i e l d  2 )  is  o t h e r  than  f o u r .  

10. Repeat MR c a r d s  a s  necessa ry  t o  d e f i n e  a l l  Muskingum r o u t i n g  c o n t r o l  p o i n t s  u n l e s s  IHYDRO 
(JOB2 c a r d ,  f i e l d  2 )  is  o t h e r  than  f i v e .  

11. Repeat s e t s  of MP1, MP2 and MP3 c a r d s  a s  necessa ry  t o  d e f i n e  a l l  modif ied P u l s  s to rage-ou t f low 
r e l a t i o n s h i p s  u n l e s s  IHYDRO (JOB2 c a r d ,  f i e l d  2 )  is  o t h e r  than  s i x .  

12. Repeat s e t s  of DD1 and DDlA c a r d s  a s  r e q u i r e d  t o  d e f i n e  downstream head c o n t r o l s .  



STREAM QUALITY MODULE 

The inpu t  d a t a  requirements  f o r  t h e  Stream Qual i ty  Module can be 

sepa ra t ed  i n t o  t h e  fol lowing c a t e g o r i e s :  

1. Job t i t l e s  (TITLE c a r d s ) .  

2. Job c o n t r o l s  (JOB cards)  which inc lude  water  q u a l i t y  c o n s t i t u e n t  
i n t e r a c t i o n  modi f ica t ion  s p e c i f i c a t i o n s ,  i n p u t  and p r i n t  c o n t r o l s ,  
t ape  and f i l e  assignments and o t h e r  gene ra l  d a t a  which con t ro l  
ope ra t ion  of t h e  module. 

3. Phys i ca l  d a t a  (PHYS ca rds )  such as t r i b u t a r y  l o c a t i o n s  and i n v a r i -  
a n t  meteoro logica l  da t a .  

4. Chemical, phys i ca l  and b i o l o g i c a l  c o e f f i c i e n t s  (COEFF and SSOL 
c a r d s ) .  

5. STORM generated inf low r a t e  and q u a l i t y  d a t a  (STORM cards)  which 
inc ludes  p o l l u t a n t  c o r r e c t i o n  f a c t o r s ,  l eng th  of record  and f low 
and q u a l i t y  da t a .  

6. Time v a r i a n t  inf low q u a l i t y  d a t a  (INFL cards)  which inc lude  t h e  
s p e c i f i c a t i o n  of which q u a l i t y  d a t a  a r e  t o  be  r ead ,  l eng th  and 
d e s c r i p t i o n  of t h e  q u a l i t y  record  and t h e  water  q u a l i t y  c o n s t i t u e n t  
concen t r a t ions .  

7. Time v a r i a n t  meteoro logica l  d a t a  (WEATH c a r d s ) .  

8. ' I n i t i a l  q u a l i t y  cond i t i ons  (INIT ca rds ) .  

9. Non-point in£  low q u a l i t y  d a t a  (NPQ c a r d s ) .  

A l l  d a t a  c a t e g o r i e s  a r e  i npu t  v i a  t h e  card  r eade r  except  f o r  5, 6 and 7 .  

These t h r e e  c a t e g o r i e s ,  which may be  inpu t  v i a  t ape  o r  d i s k  f i l e s  a t  t h e  

u s e r s  op t ion ,  a r e  processed and w r i t t e n  on f i l e s  f o r  l a t e r  u se  dur ing  t h e  

s imula t ion .  A t  t h e  u s e r s  op t ion ,  t h e  f i l e s  may be  made permanent and a l s o  

used dur ing  subsequent s imula t ion ,  thus  e l imina t ing  t h e  need t o  r e r ead  and 

reprocess  t h e  da t a .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  d a t a  card requirements  a r e  presented  

below and followed by a  summary of i n p u t  ca rds  showing t h e  s e q u e n t i a l  arrange-  

ment of cards .  



TITLE-JOB 1 
DATA CARD REQUIREMENTS 

,Job Title Cards - Three cards required 

Field Variable Value Description 

1 TITLE* Card identification 

2-10 TITLE1 alpha Job title to be printed on the first page 
of printout. 

Job Control Card l** 

Field Variable Value Description 

1 JOB1. Card identification 

2 IDAY 4- Date of first day of simulation; year, month 
and day (e.g., 560701). 

3 LDAY + Date of last day of simulation; year, month 
and day. 

4 NHO I + Simulation time interval in hours (usually 
between 1 and 4 hours). 

5 NHMI + Meteorological data interval in hours 
(usually between 1 and 6 hours). 

Stream hydraulics data input interval 5 2  '-.-,- (usually 
1) 

7 INTW*** 0 Non-point inflow quality will not be consid- 
ered. (Omit all NPQ cards). 

1 .  Non-point inflow quality will be considered. 

* Field 1 is always reserved for card identification, which must be left 
justified. 

** These cards and all remaining cards in this description are required 
cards unless the specific card description defines it as being optional. 

*** The value of INTW must be equal to that specified in the stream hydraulics 
module (Stream Hydraulics Module JOB1 card, field 10). 



Job Control Card 2 - Water Quality Constituent Interaction Modification Option 

Field Variable -- Value Description 

1 JOB2 Card identification 

2 ITEST (1) * Temperature option 

3 ITEST(2) k Dissolved oxygen option 

4 ITEST(3) * 5-daycahonaceous BOD option 

5 ITEST (4) * Coliform bacteria option 

6 ITEST (5) * Organic detritus option 

'7 ITEST(6) * Amonnia option 

8 ITEST(~) * Nitrate option 

9 :ITEST(8) * .  Nitrite option 

10 ITEST (9) * Phosphate option 

Job Control Card 2A - Water Quality Constituent Interaction Modification Option 

Field Variable Value Description 

1 JOB 2A Card identification 

2 ITEST(10) * Total dissolved solids option 

3 ITEST(~~) * Type 1 phytoplankton option 

4 LTEST(12) * Type 2 phytoplankton option 

5 ITEST(13) * Zooplankton option 

6 ITEST(14) * Total inorganic carbon and pH option 

7 ITEST(15) * Alkalinity option 

8 ITEST(16) * Organic sediment option 

9 ITEST(17) * Benthic animals option 

10 ITEST(18) * Type 1 fish option 

* -1 - specifies constituent to be held constant at its initial value in 
quality analysis. 

0 - specifies constituent set to zero and ignored in quality analysis. 
1 - specifies normal constituent treatment in quality analysis. 



Job Control Card 2B - Water Quality Constituent Interaction Modification Option 

Field Variable Value Description 

1 JOB2B Card identification 

2 ITEST(19) * Type 2 fish option 

3 ITEST(20) * Type 3 fish option 

4 ITEST(21) 

5 ITEST (22) 

6 ITEsT23] * [I 1 5 option g anic suspended solids groups 1 through 

7 ITEST (24) 

8 ITEST (25) 

9 ITEST(26) * Inorganic sediment option 

Job Control Card 2C - Water Quality Constituent Interaction Modification Option 

Field Variable -- Value Description 

1 JOB2C Card identification 

2 ITEST(27) * Aquatic insects option 

3 ITEST(28) * Type 1 benthic algae option 

4 ITEST(29) * Type 2 benthic algae option 

5 ITEST(30) * Unit toxicity option 

* -1 - specifies constituent to be held constant at its initial value in 
quality analysis. 

0 - specifies constituent set to zero and ignored in quality analysis. 
1 - specifies normal constituent treatment 5n quality analysis. 



Job  Contro l  Card 3 

F i e l d  Var i ab le  Value -- 

1 JOB3 

2 INTPl + 
3 INTP2 + 

4 INTP 3 + 

5 INTH + 

6 NPRTI 

7 NSD 

Job  Con t ro l  Card 4* 

F i e l d  -- V a r i a b l e  Value 

1 JOB4 

2-10 NDAYP ( I )  + 

D e s c r i p t i o n  -- 

Card i d e n t i f i c a t i o n  

Hydraul ics  summary p r i n t o u t  i n t e r v a l  i n  days .  

P r i n t o u t  i n t e r v a l .  i n  days f o r  a b b r e v i a t e d  
s u m a r y  of  wa te r  q u a l i t y  s i m u l a t i o n  r e s u l t s .  

P r i n t o u t  i n t e r v a l  i n  days  f o r  comprehensive 
summary of wa te r  q u a l i t y  s i m u l a t i o n  r e s u l t s .  

P r i n t o u t  i n t e r v a l  i n  hours .  [ e . g . ,  o u t p u t  
w i l l  be  p r i n t e d  every  INTH hour s  w i t h i n  each  
day s p e c i f i e d  by INTP1, INTP2 and INTP3 (JOB3 
card ,  f i e l d s  2 through 4) 1. INTH must b e  a  
m u l t i p l e  of NHOI (JOB1 ca rd ,  f i e l d  4 ) .  

Element p r i n t o u t  i n t e r v a l  (e .g . ,  a  1 w i l l  
p r i n t  r e s u l t s  f o r  each  e lement ,  a  2 p r i n t s  
every  o t h e r  e lement ,  e t c . ) .  

Number of  a d d i t i o n a l  p r i n t  days o t h e r  t h a n  
t h o s e  s p e c i f i e d  by t h e  p r i n t o u t  i n t e r v a l s ,  
INTP1, INTP2 and INTP3 (JOB3 c a r d ,  f i e l d s  
2 through 4); maximum of 45. A l l  o u t p u t  
o p t i n n s  w i l l  be p r i n t e d  on t h e s e  days.  

D e s c r i p t i o n  

Card i d e n t i f i c a t i o n  

P r i n t  days o t h e r  t h a n  t h o s e  s p e c i f i e d  by 
t h e  normal p r i n t o u t  i n t e r v a l ,  INTP1, INTP2 
and INTP3 (JOB3 ca rd ,  f i e l d s  2 through 4 ) .  
Use y e a r ,  month and day. 

* I n c l u d e  on ly  i f  NSD (JOB3 c a r d ,  f i e l d  7) i s  p o s i t i v e .  U s e  up t o  9 d a t e s  
p e r  ca rd .  Use a s  many c a r d s  a s  needed f o r  a l l  NSD (JOB3 c a r d ,  f i e l d  7 j  
v a l u e s .  



Job Control  Card 5 

F i e l d  .- Variable  Value 

1 JOB5 

2 NPOINT + 
3 I CT 0 

4 ICM 

5 NTL 

6 NREM 

7 NSLOAD 

8 IRR 

Descr ipt ion 

Card i d e n t i f i c a t i o n  

Number of i n i t i a l  water q u a l i t y  zones. 

Index t h a t  s p e c i f i e s  t h e  inpu t  water tempera- 
t u r e  d a t a  is  i n  degrees Cels ius .  

Index t h a t  s p e c i f i e s  t h e  inpu t  water tempera- 
t u r e  d a t a  i s  i n  degrees Fahrenheit .  

Index t h a t  s p e c i f i e s  t h e  inpu t  d a t a  o t h e r  
than meteorological  (WEATHI ca rds )  i s  i n  
met r i c  u n i t s .  

Index t h a t  s p e c i f i e s  t h e  inpu t  d a t a  o t h e r  
than meteorological  d a t a  (WEATHI ca rds )  i s  
i n  English u n i t s .  

Number of t r i b u t a r i e s  o r  o t h e r  d ischarges  
t o  t h e  s t ream system. Include t r i b u t a r y  
inflows inpu t  v i a  q u a l i t y  i n t e r f a c e  t apes  
(JTAPE, JOB6 card,  f i e l d s  4 through 6) and 
t h e  base flow f o r  STORM generated inpu t .  
The maximum number is  25. 

Number of withdrawals from t h e  s t ream system. 
The maximum number i s  5. 

Number of STORM generated t r i b u t a r y  inflows. 

No STORM i n t e r f a c e  is  required.  

Reach number a t  t h e  downstream end of t h e  
s t ream system. 



Job Cont ro l  Card 6* - Tape o r  f i l e  r e l a t e d  d a t a  

F i e l d  Var iab le  Value D e s c r i p t i o n  -- 

1 JOB6 Card i d e n t i f i c a t i o n .  

2 IHYD + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
14 f o r  i n p u t  of h y d r a u l i c  d a t a  genera ted  by 
s t ream h y d r a u l i c s  module. 

3 ITAPE + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
13 f o r  ou tpu t  of t h e  s t ream system d i s c h a r g e  
r a t e  and q u a l i t y  d a t a  f o r  inpu t  t o  subsequent 
s i m u l a t i o n s  of downstream r i v e r  r e a c h e s  o r  
r e s e r v o i r s .  

4 JTAPE ( 1 ) 
5 
6 JTAPE (3) 

7 NHP (1) 
8 NHP ( 2 )  
9 NHP (3)  

10 LPLOT t. 

Data w i l l  n o t  be  saved f o r  f u r t h e r  a n a l y s i s .  

P o s i t i v e  numbers w i l l  a s s i g n  magnetic u n i t s  
10-12 f o r  inpu t  of f low and q u a l i t y  d a t a  from 
prev ious  s i m u l a t i o n  of upstream r i v e r  r e a c h e s  
and r e s e r v o i r s .  Zero t o  3 u n i t s  may be 
ass igned .  A zero o r  b lank  w i l l  i n d i c a t e  no 
i n p u t  u n i t  from prev ious  a n a l y s i s  w i l l  be  
used. 
6 

In f low r a t e  and q u a l i t y  d a t a  i n t e r v a l ,  on 
inpu t  u n i t s  JTAPE (JOB6 c a r d ,  f i e l d s  4-6). 
Se t  t o  zero i f  t h e  corresponding JTAPE is 
zero. A n e g a t i v e  v a l u e  w i l l  cause t h e  f low 
r a t e  d a t a  on t h e s e  f i l e s  t o  b e  over r idden  
by t h e  f low r a t e s  inpu t  v i a  t h e  s t ream 
h y d r a u l i c s  i n t e r f a c e  IHYD (JOB6 c a r d ,  

\ 
f i e l d  2 ) .  

Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  
17 f o r  ou tpu t  of s i m u l a t i o n  r e s u l t s  f o r  u s e  
i n  post-processor  g raph ics  and s t a t i s t i c s  
programs. 

Not i n t e r e s t e d  i n  u s i n g  post-  processor. 

*The numbers i d e n t i f i e d  below may need t o  be ass igned  a magnetic t a p e  o r  
d i s k  name us ing  t h e  s p e c i f i c  job c o n t r o l  language f o r  t h e  u s e r s  computer 
system. No a c t i o n  is necessa ry  f o r  H a r r i s  500 computer u s e r s .  



Job Control  Card 7% -- Tape o r  f i l e  r e l a t e d  d a t a  

F ie ld  Var iable  -- Value Descr ip t ion  

1. J O B 7  Card i d e n t i f i c a t i o n .  

2 IEQF + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  20 f o r  
input  of meteorological  d a t a  for  use i n  c a l c u l a t i n g  
s u r f a c e  h e a t  exchange r a t e s  us ing  t h e  equ i l ib r ium 
temperature approach. Cards can no t  be used. 

0 The h e a t  budget approach t o  s u r f a c e  hea t  exchange 
w i l l  be used. 

3 LMETF + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  19 f o r  
output  of processed meteorological  d a t a  generated 
from d a t a  on u n i t  LMF (WEATHI c a r d s ) .  

0 Used i f  IEQF (JOB7 card ,  f i e l d  2)  i.s p o s i t i v e ,  

- Any nega t ive  number w i l l  a s s i g n  magnetic u n i t  19 f o r  

input  of processed meteorological  d a t a  generated by 
a previous  q u a l i t y  s imulat ion.  

4 IINFL + Any p o s i t i v e  number w i l l  a s s ign  magnetic u n i t  18 f o r  
output  of processed t r i b u t a r y  inf low q u a l i t y  d a t a  
generated from d a t a  on u n i t  LQF (INFL and STORM c a r d s ) .  

- Any nega t ive  number w i l l  a s s i g n  m a g n e t i . ~  u n i t  18 f o r  
input  of processed t r i b u t a r y  inflow q u a l i t y  d a t a  
generated by a previous  q u a l i t y  s imulat ion.  

5 LM.F + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  20 f o r  
input  of - raw meteorological  d a t a  (WEATHI c a r d s ) .  
Use a 5 f o r  card  inpu t .  May be l e f t  blank i f  IMETF 
(JOB7 card ,  f i e l d  3) is  nega t ive  o r  IEQF (JOB7 card ,  
f i e l d  2) i s  p o s i t i v e .  

6 LQF + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  21 f o r  
input  of - raw t r i b u t a r y  inf low q u a l i t y  d a t a  (INFL c a r d s ) .  
Use a 5 f o r  card  inpu t .  May be l e f t  blank i f  IINFL 
(JOB7 card ,  f i e l d  4) i s  negat ive .  

7 LSI + Any p o s i t i v e  number w i l l  a s s i g n  magnetic u n i t  22 f o r  
input  of STORM generated inflow q u a l i t y  d a t a  (STORM 
cards )  . Use a 5 fo r  ca rd  inpu t .  May be l e f t  blank 
i f  IINFL (JOB7 card ,  f i e l d  3) is  nega t ive  o r  NSLOAD 
(JOB5 c a r d , , f i e l d  7) is zero.  

8 P o s i t i v e  va lues  w i l l  a s s i g n  s c r a t c h  u n i t s  15-16. 
9 JSFILE (2) 

JsFLLE(l' + i One f i l e  i s  always requ i red .  Two f i l e s  a r e  requ i red  
i f  both  NSLOAD (JOB5 card ,  f i e l d  7) & IINFL (JOB7 card ,  
f i e l d  4) a r e  p o s i t i v e .  

*The numbers i d e n t i f i e d  below may need t o  be ass igned a magnetic t ape  o r  
d i s k  name us ing  t h e  s p e c i f i c  job c o n t r o l  language f o r  t h e  u s e r s  computer 
system. No a c t i o n  i s  necessary  f o r  H a r r i s  500 computer use rs .  



Physical  Descr ip t ion  Card 1 ; k  - Tributary  and Withdrawal Locat ion 
PHYSI 

Fie ld  Var iab le  Value Descr ip t ion  

1 PHY Sl. Card i d e n t i f i c a t i o n  

2 I R  + Reach number a t  t r i b u t a r y  inf low loca t ion .  

3 RMI + River mi le  l o c a t i o n  of t r i b u t a r y  inflow. 

4  REAR;^;^ + Reaerat ion c o e f f i c i e n t  t o  be app l i ed  t o  t h e  
d isso lved  oxygen d e f i c i t .  

5 IRET t. An o p t i o n a l  c a p a b i l i t y  de f in ing  a n  element 
number from which a withdrawal i s  made, t o  
which water  q u a l i t y  c o n s t i t u e n t s  a r e  added 
and which i s  re turned  t o  t h e  s t ream a t  RMI. 
A p o s i t i v e  va lue  causes t h e  inf low q u a l i t y  
de f ined  on t h e  INFL3 o r  INFL4 ca rds  t o  be  
t r e a t e d  as incremental  temperature o r  con- 
c e n t r a t i o n s .  Can be  used f o r  any t r i b u t a r y  
except  t hose  from q u a l i t y  i n t e r f a c e  tapes .  
This  c a p a b i l i t y  might b e  u s e f u l  f o r  a  cool ing  
water  in f low which warms t h e  water  by an  
incrementa l  temperature and then  r e t u r n s  
i t  t o  t h e  stream. 

* One PHYSlcard i s  r equ i r ed  f o r  each t r i b u t a r y  inf low and withdrawal (NTL+NREM 
c a r d ,  JOB5 card,  f i e l d s  5 and 6 ) .  The o rde r  of i npu t  must correspond 
t o  t he  o rde r  i n  which t h e  inf low q u a l i t y  d a t a  is  read.  The t r i b u t a r y  i.nflow 
q u a l i t y  d a t a  i npu t  v i a  t he  q u a l i t y  i n t e r f a c e  t ape ,  i f  any, must be  i n p u t  
f i r s t ;  t h e  base  flow f o r  STORM generated hydrographs, i f  any, i npu t  second; 
a l l  remai.ning inf lows ,  i f  any, i n p u t  t h i r d ;  and f i n a l l y  a l l  withdrawals.  
The order  of i n p u t  should be  i d e n t i c a l  t o  t h e  o r d e r  used i n  t h e  s t ream 
hydrau l i c s  simul.ation except t h a t  flow boundary condi t ions  s p e c i f i e d  a t  
reach i n t e r s e c t i o n s  a r e  n o t  included.  

** The r e a e r a t i o n  c o e f f i c i e n t  i s  appl ied  only t o  those  t r i b u t a r y  inf low 
inpu t  v i a  q u a l i t y  i n t e r f a c e  t apes  (JTAPE, JOB6 ca rd ,  f i e l d s  4 through 6 ) .  
This  r e a e r a t i o n  c o e f f i c i e n t  i s  app l i ed  t o  t h e  oxygen d e f i c i t  t o  account 
f o r  oxygenation due t o  t u rbu len t  r e l e a s e s  from impoundments. 



Physical Description Card 2 - 

Field - Variable Value 

1 PHYS2 

2 IDEW 1 

AA 

BB 

XLAT 

XLON 

TURB 

Invariant Meteorological. Data 

Card identification 

Wet bulb temperature is required (WEATHI 
card, field 5). 

Dew point temperature is required 
(WEATHI card, field 5). 

Evaporation coefficient (usually zero). 

-9*) 
Evaporation coefficient (usually 1.5 x 10 . 
North latitude of study area in degrees. 

West longitude of study area in degrees. 

East longitude of study area in degrees. 

Atmospheric turbi.dity factor (range from 
2 for clear unpo1,luted atmosphere to 5 
for highly polluted atmosphere). 

The most general way to code exponential numbers is + xx.xxE+ee (e.g., 
1.5E-09). Some computers can accept the example coded as 1.5-9. 



COEFF 
Default Coefficient Override Card* 

Field Variable -- Value -- Description 

1 COEFF Card identification 

2 I CODE (1 ) + Coef f i.cient code number (see tables IV-1 
through IV-4). 

- 1. Denotes final default coefficient override 
value. 

RATE (1) + New value for coefficient corresponding 
to ICODE(~). 

ICODE (2) 
RATE (2) 
ICODE (3) Coefficient code numbers and corresponding 
RATE (3) new values of coefficients. 
ICODE (4) 
RATE (4) 

* Repeat as necessary to redefine any or all of the chemical, physical and 
biological coefficients listed onTables IV-1 through IV-4. The final 
card must have a -1 in one of the ICODE fields. 



Inorganic  Suspended S o l i d s  Card * 

F i e l d  Var iable  Value Descr ipt ion 

1 SSOL Card i d e n t i f i c a t i o n  

2  Three p a i r s  of s e t t l i n g  v e l o c i t y ,  cmjsec 
3  1 (TY) ve r sus  temperature,  O C  (TX) f o r  inorgan ic  
4 suspended sol . ids .  These t h r e e  p o i n t s  d e f i n e  
5  t h e  curve from which s e t t l i n g  v e l o c i t i e s  
6 w i l l  be c a l c u l a t e d  f o r  a  given water  tempera,- 
7 t u r e .  

8  SIZE** + suspended s o l i d s  par t ic .1e  s i z e  i n  mi l l imete r s .  

9 SSLIM + C r i t i c a l  flow v e l o c i t y  a t  which no depos i t ion  
of suspended s o l i d s  w i l l  t ake  p l a c e  i n  meters/sec.  

Reaerat ion C o e f f i c i e n t s  *** 
F i e l d  Var iable  Value Descr ip t ion  

1 K2 Card i d e n t i f i c a t i o n  

2  SK2 (1) + Reaerat ion c o e f f i c i e n t  f o r  element number 1. 

3-10 SK2 + Reaerat ion c o e f f i c i e n t s  f o r  remaining 
elements. 

* One card i s  required f o r  each suspended s o l i d s  group being modeled. 
Control led by ITEST (JOB2B card,  f i e l d s  4 through 8 ) .  

** Two computational approaches a r e  used. For p a r t i c l e  s i z e s  l e s s  than 
0.065 mi l l imete r s ,  t h e  s o l i d s  a r e  t r e a t e d  conserva t ive ly  except f o r  depo- 
s i t i o n  a t  v e l o c i t i e s  below t h e  c r i t i c a l  f low v e l o c i t y .  No scour i s  
allowed. For p a r t i c l e  s i z e s  g r e a t e r  than 0.065 m i l l i m e t e r s ,  t h e  s t ream 
power concept i s  used t o  determine t h e  s o l i d s  t r a n s p o r t  capac i ty  of t h e  
stream. 

*** O m i t  a l l  K2 ca rds  except when d i r e c t  inpu t  of r e a e r a t i o n  c o e f f i c i e n t s  i s  
d e s i r e d  ( i .  e. , ICODE = 259, COEFF card,  f i e l d s  2, 4 ,  6 o r  8 ) .  Repeat 
ca rds  a s  necessary  t o  inpu t  a  r e a e r a t i o n  c o e f f i c i e n t  f o r  each element. 



STORM 1 

STORM Generated Inflow Card I* 

Field Variable -- Value 

1 STORM1 

2 ISQ2 +1 

PQUAL (2) + 

- 

5 PQUAL (3 ) + 
6 PQUAL (4) + 

8 PQUAL (6) + 

Description -- 

Card identification 

STORM generated tributary inflow quality will 
override tributary base flow quality. 

STORM generated tributary inflow quality ldga 
(i.e., concentration times flow) will be com- 
bined with the base flow quality load when 
the STORM hydrograph exceeds the base flow rate. 

Temperature of the STORM inflow. 

The STORM inflow temperature will be equal 
to the daily average dry bulb air temperature 
less PQUAL(1). This option cannot be used if 
ISQ2 (STORM1 card, field 2) is negative. 

Dissolved oxygen concentration in the STORM 
inflow. 

The STORM inflow dissolved oxygen concentration 
will be determined as a PQUAL(2) fraction of 
saturation. This option cannot be used if 
ISQ2 (STORM1 card, field 2) is negative. 

Fraction of the STORM generated BOD. Usually one. 

Fraction of the STORM generated coliform 
bacteria. Usually one. 

Organic detritus fraction of the STORM generated 
suspended solids. Usually 0-.25. 

Suspended solids group 1 fraction of the STORM 
generated suspended solids. Usually .75-1.0. 

Ammonia nitrogen fraction of STORM generated 
total nitrogen. Usual.ly about .5. 

Nitrate nitrogen fraction of STORM generated 
total nitrogen. Usually about .5. 

* Omit all STORM generated inf1.o~ cards if NSLOAD (JOB5 card, field '7) is 
zero or if IINFL (JOB7 card, field 4) is negative. 

** The sum of the fraction for ammonia and nitrate should usually equal 
one or less. 



STORM I A-STORM2 

STORM Generated Inflow Card l A *  

F i e l d  Var iable  -- Value -- Descr ip t ion  

1 STORMlA Card i d e n t i f i c a t i o n  

2 PQUAL (9)  + Orthophosphate phosphorus f r a c t i o n  of 
STORM generated t o t a l  phosphorus. 

3 PQUAL(10) + Suspended s o l i d s  group 2 f r a c t i o n  of t h e  STORM 
generated s e t t l e a b l e  s o l i d s .  

4 PQUAL(11) + Suspended s o l i d s  group 3 f r a c t i o n  of t h e  STORM 
generated s e t t l . e a b l e  sol . ids .  

STORM Generated Inflow Card 2* 

F i e l d  Var iable  Value Descr ipt ion -- 
1 STORM2 Card i .dent i f  i c a t i o n  

2 1 IDAY + F i r s t  day of STORM generated in f low r a t e  and 
q u a l i t y  record;  year ,  month and day. 

3 LLDAY + F i n a l  day of STORM generated inf low r a t e  and 
q u a l i t y  record;  year ,  month and day. 

* O m i t  a l l  STORM generated inf low cards  i f  NSLOAD (JOB5 card ,  f i e l d  7) is 
zero o r  i f  IINFL (JOB7 card,  f i e l d  4)  i s  nega t ive .  



STORM Generated Inflow Card 3;kt 

Field .- Variable Value Description 

1 STORM3 Card identification 

2-10 NSS (I) + Number of STORM generated inflow and 
quality points in time (STORM4 cards) 
for tributary I. 

STORM Generated Inflow Card 4*"i 

Field Variable Value -- Description 

1 STORM4 Card identification 

2 ITIME + Time of STORM generated inflow and quality 
data; year, month, day and hour. 

3 TS (1) t. STORM generated inflow in cfs or cms. 

4 TS(2) + STORM generated suspended solids in mg/l. 

5 TS (3) + STORM generated 5-day carbonaceous BOD in 
mgll. 

6 TS (4) + STORM generated total dissol.ved nitrogen 
in mg/l. 

7 TS (5) + STORM generated total dissolved phosphorus 
in mg/P. 

8 TS (6) + STORM generated coliform bacteria in MPN/100 ml. 

9 TS (7) + STORM generated settleable solids in mg/l. 

* NSLOAD (JOB5 card, fie1.d 7) values are required. One value of NSS 
(STORM3 cards, fields 2 through 10) is required for each STORM generated 
inflow. 

t' Omit all STORM cards if NSLOAD (JOB5 card, field 7) is zero or if IINFL 
(JOB7 card, field 4) is negative. 

** NSS (STORM3 cards, fields 2 through 10) cards are required for each 
tributary receiving STORM generated hydrographs. NSLOAD (JOB5 card, 
field 7) sets of cards are required. STORM4 cards are prepared auto- 
matically by the STORM program [22]. STORM output card identification 
(i.e., field 1) will be a river mile instead of STORM4 and is acceptable 
to the module and need not be changed. 



Inf low Qua l i t y  Card l* - Input  v i a  u n i t  LQF (JOB7 ca rd ,  f i e l d  6) 

F i e ld  Var iab le  Value Descr ip t ion  

1 INFLl Card i d e n t i f i c a t i o n  

2 I C O N  (1) ** Temperature i n  O C  o r  OF. 

3 I C O N  (2 )  *JC Dissolved oxygen i n  m g / l  

4  I CON (3) ** 5-day carbonaceous BOD i n  mg/l 

5  I C O N  (4) * JC Coliform b a c t e r i a  i n  MP~/100 m l .  

6  I C O N  (5) * A Organic d e t r i t u s  i n  mg/l 

7 ICON(6) d; JC Ammonia a s  n i t rogen  a s  mg/l 

8  ICON(7) ~t * N i t r a t e  a s  n i t r o g e n  i n  mg/l 

9 ICON(8) * JC N i t r i t e  a s  n i t r o g e n  i n  mg/l 

10 ICON(9) * * Phosphate a s  phosphorus i n  m g / l  

* INFLl ca rds  determine which in f low q u a l i t y  parameters  w i l l  be  i npu t  v i a  
sets of INFL3 and INFL4 ca rds  or  s e t s  of INFL3 and INFL5 cards .  One s e t  
is requ i r ed  f o r  each non-zero va lue  of ICON(1) f o r  each t r i b u t a r y  inf low.  
O m i t  a l l  I N z  ca rds  i f  I I P J F L  (5037 card ,  f i e l d  4)  i s  negat ive .  

** -1 - Inf low q u a l i t y  d a t a  w i l l  be  read  bu t  no t  p r i n t e d .  
0  - Inf low q u a l i t y  d a t a  w i l l  no t  be  read .  
+1 - Inflow q u a l i t y  d a t a  w i l l  be  read  and p r i n t e d .  



INFL 1 A-INFL 1 B 

Inflow Quality Card lA* - Input via unit LQF (JOB7 card, field 6) 

Field Variable Value Description 

1 INFLlA Card identification 

2 ICON (10) * * Total dissolved solids in mg/l 

3 ICON(11) ** Type 1 phytopl.ankton in mg/l 

4 ICON(12) x k Type 2 phytoplankton in mg/l 

5 ICON (1 3) 3t.k Zooplankton in mg/l 

6 ICON(14) ** pH in pH units 

7 ICON(15) *.A. Alkalinity as CaC03 in mg/l 

Inflow Rate and Quality Card 1B* - Input via unit LQF (JOB7 card, field 6) 

Field Variable Value - Description 

1 1NFLl.B Card identification 

2 
3 
4 ICON (18) Suspended solids groups 1 through 5 in mg/l 
5 ICON (19) 
6 ICON (20) 

7 ICON(21) ** Unit toxicity in mgfl. 

* INFLl cards determine which inflow quality parameters will be input via 
sets of INFL3 and INFL4 cards or sets of INFL3 and TNFL5 cards. One set 
is required for each non-zero value of ICON(1) for each tributary inflow. 
Omit all INFL cards if IINFL (JOB7 card, field 4) is negative. 

** -1 - Inflow quality data will be read but not printed. 
0 - Inflow quality data will not be read. 
+1 - Inflow quality data will be read and printed. 



I n f l o w  Q u a l i t y  Card 2* - Inpu t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6) 

-- Var iab le  F i e l d  Value Descr ip t ion  

1 INFL2 Card i d e n t i f i c a t i o n  

2 I IDAY + F i r s t  day of in f low q u a l i t y  record  f o r  a l l  
t r i b u t a r i e s ;  y e a r ,  month and day. 

3 LLDAY + Las t  day of in f low q u a l i t y  record  f o r  a l l  
t r i b u t a r i e s ;  year ,  month and day. 

In f low Q u a l i t y  Card 3*,? - Inpu t  v i a  u n i t  LQF (JOB7 c a r d ,  f i e l d  6) 

F i e l d  Var iab le  Value - Descr ip t ion  

1 INFL3 Card iden t i . f  i . ca t ion  

2 IDINT + Inf low q u a l i t y  d a t a  update  i n t e r v a l  i n  
hours.  In f low d a t a  is  i n p u t  usi.ng a s e r i e s  
of I.NFL4 c a r d s  under th i . s  o p t i o n  (should 
n o t  exceed 24) .  

0 Inf low d a t a  i s  i n p u t  a t  v a r i a b l e  t ime i n t e r -  
v a l s  u s i n g  a s e r i e s  of INFL5 cards  under 
t h i s  op t ion .  

a lpha  Descr ip t ion  of in f low d a t a  

* O m i t  a l l  lNFL c a r d s  i f  IINFL (JOB7 c a r d ,  f i e l d  4) i s  nega t ive .  

t Repeat s e t s  of INFL3 and INFL4 o r  sets of INFL3 and INFL5 cards  f o r  each 
parameter  and each t r i b u t a r y  (excluding t h o s e  i n p u t  v i a  JTAPE, JOB6 
c a r d ,  f i e l d  4-6). Cont ro l led  by INFL1, INFLlA and INFLlB c a r d s ,  



Inflow Quality Card 4*f - Input via unit LQF (JOB7 card, field 6) 

Field Variable Value Description 

1 INFL4 Card identification 

2-10 CONC(I)** + Inflow quality in appropriate units. 

* Repeat sets of INFL3 and INFL4 or sets of INFL3 and INFL5 cards for 
each parameter and each tributary (excluding those input via JTAPE, 
JOB6 card, field 4-6). Controlled by INFL1, INFLlA and INFLlB cards. 
Omit all INFL cards if IINFL (JOB7 card, field 4) is negative. 

i The number of INFL4 cards is determined by the length of inflow data 
record (INFL2 cards, fields 2 and 3) and the inflow data update interval 
(INFL3 card, field 2). (e.g., 60 day of record with 4 hour update inter- 
val would require 60 x 2414 = 360 values and a total of 40 cards). 

A negative value for temperature will result in an inflow temperature 
equal to the daily average dry bulb air temperature less the input 
temperature value. 

A negative value for oxygen signifies a fraction of saturation. 

A negative value of BOD denotes BOD values which include the oxygen 
demands of ammonia, nitrite and detritus. These BOD values will be 
reduced commensurated with the concentr.ati.ofi of the other constituents. 



Inflow Rate and Quality Card 5*t - Input via unit LQF   JOB^ card, field 6) 

Field Variable Value Description 

1 INFL5 Card identification 

2 ITIME** -I- Ti.me of observation; year, month, day 
and hour (e.g., 56070100). 

-1 Denotes the end of the data set. 

3 CONC'k** + Inflow quality in appropriate units. 

4 ITIME 
5 
6 Pairs of time and corresponding inflow 
7 CONC quality. 
8 ITIME 
9 CONC 

- 
* Repeat sets of INFL3 and INFL4 or sets of INFL3 and INFL5 cards for 

each parameter and each tributary (excluding those input via JTAPE, 
JOB6 card, field 4-6). Controlled by INFL1, INFLlA and INFLlB cards. 
Omit all INFL cards if IINFL (JOB7 card, field 4) is negative. 

f- Use one or more INFL5 cards to input inflow quality over the length 
of the inflow data record. 

** The first time of observation must be on or before hour zero of IIDAY 
(INFL2 card, field 2). 

*** A negative value for temperature will result in an inflow temperature 
equal to the daily average dry bulb air temperature less the input 
temperature val.ue. 

A negative value for oxygen signifies a fraction of saturation. 

A negative value of BOD denotes BOD values which include the oxygen 
demands of ammonia, nitrite and detritus. These BOD values will be 
reduced commensurated with the concentration of the other constTtuents. 



Weather Data Card l* 

F i e l d  Var iab le  Value 

1 WEATHI 

2 ITIME*J< + 

3 CLOUD + 
4 DBT + 
5 DPT + 

6 APRE SS + 
7 WIND + 
8 0 

9 0 

10 IEND 0 

-1 

Descr ip t ion  

Card i d e n t i f i c a t i o n  

Time of observa t ion;  year ,  month, day 
and hour. 

Frac t ion  of sky t h a t  i s  cloud covered. 

Dry bulb  a i r  temperature i n  OF. 

Wet bulb or dew po in t  a i r  temperature i n  
OF. Control led by IDEW (PHYS2 card ,  f i e l d  3 ) .  

Barometric p re s su re  i n  inches  of mercury. 

Wind speed i n  mph. 

Not used 

Not used 

Denotes o the r  than l a s t  day of weather d a t a .  

Denotes l a s t  day of weather d a t a .  The minus one 
must be  included on a l l  c a rds  f o r  t h e  l a s t  day. 

- - 
* The WEATHl card  i s  repea ted  a t  WMI (JOB1 card ,  f i e l d  5) i n t e r v a l s  dur ing  

a  day. [ ~ ~ / N H M I ]  WEATHl ca rds  a r e  requi red  f o r  each day ( i . e . ,  i f  NHMI=3, 
8 WEATHl cards  would be requi red  per  day).  This d a t a  would d e f i n e  t h e  
meteorological  condi t ions  a t  hours  0, 3 ,  6,  ... 18 and 21. The meteorological  
cond i t i ons  a t  hour 24 would be s e t  equal  t o  hour 0 of t h e  next  day i f  
d a t a  were i n p u t  a t  d a i l y  i n t e r v a l s .  I f  o t h e r  than d a i l y  da t a ,  hour 24  
would be s e t  equal  t o  hour 0 of t he  same day. Se t s  of WEATHl cards  can 
be i n p u t  a t  any i n t e r v a l .  O m i t  i f  IEQF (JOB1 card ,  f i e l d  2) i s  p o s i t i v e  o r  
i f  IMETF (JOB7 card ,  f i e l d  3) is  negat ive.  

** The time of t h e  f i r s t  observa t ion  must be on o r  be fo re  t h e  f i r s t  day of 
s imu la t ion  (JOB: c a rd ,  f i e l d  2 ) .  



WEATH2 
Weather Data Card 2* - Input  v i a  u n i t  IEQF (JOB7 card ,  f i e l d  2) 

F i e ld  -- Variab le  Value 

1 WEATH2 

2 ITIME* ,'c + 
3 XTE + 
4 XKE + 

5 XQNS + 
6 XWIND + 
7 E4 + 

Desc r ip t ion  

Card i d e n t i f i c a t i o n  

Time of observa t ion;  yea r ,  month and day 

Equil ibr ium temperature i n  degrees C. 

Coe f f i c i en t  of  s u r f a c e  h e a t  exchange i n  
k c a l / m 2 / s e c / ~ .  

2 Shor t  wave s o l a r  r a d i a t i o n  i n  kcal/m / sec .  

Wind speed i n  meters l sec .  

Vapor p re s su re  i n  m i l l i b a r s .  

Note: F i e l d s  6 and 7 a r e  no t  used f o r  s t ream a n a l y s i s .  These f i e l d s  a r e  
only  shown so  t h e  u s e r s  knows t h e  same s e t  of c a r d s  can be  used f o r  
both r i v e r  and r e s e r v o i r  a n a l y s i s .  

* One card r ep re sen t ing  average meteoro logica l  cond i t i ons  i s  r equ i r ed  f o r  
each day of s imula t ion .  These ca rds  can be  obta ined  d i r e c t l y  from t h e  
"Thermal Simulat ion of ~ a k e s "  computer program a v a i l a b l e  a t  t h e  HEC. O m i t  
i f  IEQF(JOB7 card ,  f i e l d  2) i s  zero.  

** The f i r s t  t ime of t h e  f i r s t  observa t ion  must be on o r  be fo re  t h e  f i r s t  
day of s imula t ion  (JOB1 ca rd ,  f i e l d  2 ) .  



I n i t i a l  Conditions Card l* 

Fie ld  -- Variab le  - Value 

1 INITl 

2 NFZONE + 
3 IDIST + 

I n i t i a l  Conditions Card 2** 

F ie ld  Var iab le  Value 

1 INIT2 

2 I R 1  -I- 

3 m1 + 

6 FISH (1) ,+ 

7 FISH (2) + 
8 FISH (3) + 

Descr ip t ion  

Card i d e n t i f i c a t i o n  

Number of f i s h  zones; maximum of 10. 

Red i s t r i bu te  f i s h  populat ion wi th in  each 
f i s h  zone a t  t h e  end of each time s t e p .  

Do n o t  r e d i s t r i b u t e  f i s h  populat ion.  

Descr ip t ion  

Card i d e n t i f  i . ca t ion  

Reach number a t  upstream l i m i t  of f i s h  zone. 

River mi le  1.ocation of upstream 1 i m i . t  of 
f i s h  zone. 

Reach number a t  downstream l i m i t  of f i s h  
zone. 

River mile 1.ocation of downstream l i m i t  of 
f i s h  zone. 

Type 1 f i s h  d e n s i t y  i n  kg/km. 

Type 2 f i s h  dens i ty  i n  kg1k.m. 

Type 3 f i s h  d e n s i t y  i n  kg/km. 

* O m i t  INLTl card i f  ITEST 18,  19 and 20 (JOB2A card ,  f i e l d  10 and JOB2B 
card,  f i e l d s  2 and 3) a r e  a l l  zero. 

** NFZONE (INIT1 card,  f i e l d  2) cards  a r e  requi red .  O m i t  a l l  INIT2 ca rds  i f  
ITEST 18, 1 9  and 20 a r e  zero. 



PNIT3 
I n i t i a l  Conditions Card 3* 

F i e l d  Var iab le  -- Value 

1 INIT3 

2 I R I  + 

6 TEMP + 
7 OXY + 
8 BOD + 
9 COLIF + 

10  SEDMT + 

Descr ip t ion  

Card i d e n t i f i c a t i o n  

Reach number a t  upstream l i m i t  of i n i t i a l  
q u a l i t y  zone. 

River mi le  l o c a t i o n  a t  upstream l i m i t  of 
i n i t i a l  q u a l i t y  zone. 

Reach number a t  downstream l i m i t  of i n i t i a l  
q u a l i t y  zone. 

River mi le  l o c a t i o n  a t  downstream l . i m i t  of 
i n i t i a l  q u a l i t y  zone. 

Temperature i n  'C or. O F .  

Dissolved oxygen i n  mg/l.. 

5-day carbonaceous BOD i n  m g / l .  

Coliform b a c t e r i a  i n  MPN/100 m l .  

2 
Organic sediment ( s e t t l e d  d e t r i t u s )  i n  mg/m . 

* The ca rds ,  INIT3, INIT4, INIT5 and INIT6, i n  t h a t  o rde r ,  a r e  repea ted  f o r  
NPOINT (JOB5 card ,  f i e l d  2 ) q u a l i t y  zones. I n i t i a l  cond i t i ons  must be de- 
f i n e d  a t  a l l  elements.  Any parameter on t h i s  card  can be  l e f t  blank i f  t h e  
corresponding ITEST(JOB2, JOB2A, JOB2B and JOB2C card)  va lue  equals  zero.  



I n i t i a l  Conditions Card 4* 

F i e l d  Var iab le  Value Descr ip t ion  

1 INIT4 Card i d e n t i f i c a t i o n  

2 DETUS + Organic d e t r i t u s  i n  mg/l. 

3 CNH3 + Ammonia a s  n i t r o g e n  i n  mg/l. 

4 CN03 + N i t r a t e  a s  n i t rogen  i n  mg/l. 

5 CN02 + N i t r i t e  a s  n i t r o g e n  i n  mg/l. 

6 PO4 + Phosphate a s  phosphorus i n  mg/l. 

7 TDS + Tota l  d i sso lved  s o l i d s  i n  mg/l. 

8 BEN + 2 Benthic  animals i n  mg/m . 
9 ALGAE (1) +, Type 1 phytoplankton i n  mg/l. 

10 ALGAE ( 2 )  + Type 2 phytoplankton i n  mg/l. 

I n i t i a l  Conditions Card 5* 

Fie ld  Var iab le  

ZOO 

ALKA 

SSOL (1) 
SSOL(2) 
SSOL (3) 
S SOL (4) 
SSOL(5) 

SSED 

Value - Descr ip t ion  

INITS Card i d e n t i f i c a t i o n  

+ Zooplankton i n  m g / l  

+ pH i n  pH u n i t s  

+ A l k a l i n i t y  a s  cal.cium carbonate  i n  mg/l. 

I 
I I norganic  suspended s o l i d s  groups 1 

+ \i through 5 i n  mg/l. 

i 
Z 

2 Inorganic  sediment i n  mg/m . 

* The cards ,  INIT3, INIT4, INIT5 and INIT6, i n  t h a t  o rde r ,  a r e  repea ted  f o r  
NPOINT (JOB!) card ,  f i e l d  2) q u a l i t y  zones. I n i t i a l  cond i t i ons  must be  defi.ned 
a t  a l l  elements. Any parameter on t h i s  card can be l e f t  b lank  i f  t h e  
corresponding ITEST (JOB2, JOB2A, JOB2B and JOB2C card)  va lue  equals  zero.  



I n i t i a l  Condition Card 6* 

Value Var iab le  F i e l d  - Descr ip t ion  

1 INIT6 Card i d e n t i f i c a t i o n  

2 TOX t. Unit  t o x i c i t y  i n  mg/l. 

YNSECT 4- 
2 

3 Aquatic i n s e c t s  i n  mg/m . 
BALGAE(1) + 2 

4 Type 1 b e n t h i c  a l g a e  i n  mg/m . 
5 BALGAE(2) + 2 

Type 2 b e n t h i c  a l g a e  i n  mg/m . 
6 CMUD + Thermal conductance c o e f f i c i e n t  of t h e  

s t ream bed i n  kcal/m2 / s e c / c  ( u s u a l l y  between 0.025 
and 0.075). 

7 DMUD + E f f e c t i v e  thermal  c a p a c i t y  of s t ream bed 
ex r e s s e d  a s  meters  of wa te r  (usual ly  between 
0.5 and 1 . 0 ) .  

8 EXCO + Secchi  d i s k  read ing  i n  f e e t  or meter's. 
The e f f e c t s  of a l l  p a r t i c u l a t e  m a t e r i a l s  
being modeled o r  h e l d  cons tan t  should be 
excluded. 

Non-Point Inf low Q u a l i t y  Card I** 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 NPQl Card i d e n t i f i c a t i o n  

2 ITl*** + Time of observa t ion ;  y e a r ,  month and day. 

- Time of observa t ion ;  y e a r ,  month and day: 
however, a n e g a t i v e  t ime denotes  t h e  f i n a l  
set of NPQ cards .  

3 NZON Number. of non-point q u a l i t y  zones (maximum 
of 20).  

* The c a r d s ,  INIT3, INIT4, INIT5 and INIT6, i n  t h a t  o r d e r ,  a r e  repea ted  f o r  
NPOINT (JOB5 card ,  f i e l d  2) q u a l i t y  zones. I n i t i a l  c o n d i t i o n s  must b e  
def ined  a t  a l l  elements.  Any parameter  on t h i s  ca rd  can be l e f t  b lank  
i f  t h e  corresponding TTEST (JOB2, JOB2A, JOB2B and JOB2C card)  v a l u e  
equa l s  zero.  

** Inpu t  s e t  of NPQ cards  a t  any t ime i n t e r v a l .  O m i t  a l l  NPQ cards  i f  INTW 
(JOB1 card ,  f i e l d  7) equa l s  zero.  

*** The time of t h e  f i r s t  o b s e r v a t i o n  must be  on o r  b e f o r e  t h e  f i r s t  day of 
s i m u l a t i o n  (JOB1 card ,  f i e l d  2 ) .  



Non-Point In f low Q u a l i t y  Card 2" 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  

1 NPQ2 Card i d e n t i f i c a t i o n  

2 ILIM(~)  + Reach number a t  upst ream l i m i t  of  non-point 
i n f l o w  q u a l i t y  zone. 

3 RMLIM(1) + River  m i l e  l o c a t i o n  a t  upst ream l i m i t  of  
non-point  i n f l o w  q u a l i t y  zone. 

4 ILIM(2) + Reach number a t  downstream l i m i t  of  non-point  
i n f l o w  q u a l i t y  zone. 

5 RMLIM ( 1  ) + River  m i l e  l o c a t i o n  a t  downstream l i m i t  o f  
non-point  i n f l o w  q u a l i t y  zone. 

6 DA(1) + Temperature i n  O C  o r  OF. 

- A n e g a t i v e  v a l u e  f o r  t empera tu re  w i l l  r e s u l t  

i n  a n  i n f l o w  t e m p e r a t u r e  e q u a l  t o  t h e  d a i l y  
a v e r a g e  d r y  b u l b  a i r  t empera tu re  l e s s  t h e  
i n p u t  t e m p e r a t u r e  v a l u e .  

Disso lved  oxygen i n  mg/l .  

A n e g a t i v e  v a l u e  f o r  oxygen s i g n i f i e s  a 
f r a c t i o n  o f  s a t u r a t i o n .  

5-day carbonaceous  BOD 

A n e g a t i v e  v a l u e  of BOD d e n o t e s  BOD v a l u e s  
which i n c l u d e  t h e  oxygen demands of ammonia, 
n i t r i t e  and d e t r i t u s .  These BOD v a l u e s  w i l l  
b e  reduced commensurated w i t h  t h e  concen- 
t r a t i o n  o f  t h e  o t h e r  c o n s t i t u e n t s .  

Coli.form b a c t e r i a  i n  MPN/lOG m l  . 
Organic  d e t r i t u s  i n  mg/ l .  

* I n p u t  s e t  of NPQ c a r d s  a t  any t i m e  i n t e r v a l ,  O m i t  a l l  NPQ c a r d s  i f  INTW 
(JOB1 c a r d ,  f i e l d  7)  e q u a l s  one.  



Non-Point Qual i ty  Card 2A* 

F ie ld  -. Variab le  Value 

1 NPQ2A 

2 DA(8) + 
3 DA(9) + 
4 DA(10) + 
5 ~ ~ ( 1 1 )  + 
6 DA(14) + 
7 DA(5) + 
8 DA(6) + 
9 DA(4) + 

Descr ip t ion  

Card i d e n t i f i c a t i o n  

Ammonia n i t r o g e n  i n  mg/l. 

N i t r a t e  n i t rogen  i n  mg/l. 

N i t r i t e  n i t r o g e n  i n  mg/l. 

Phosphate phosphorus i n  mg/l. 

T o t a l  d i sso lved  s o l i d s  i n  mg/l. 

Type 1 phytoplankton i n  mg/l. 

Type 2 phytoplankton i n  mg/l. 

Zooplankton i n  mg/l. 

10 DA(23) + pH i n  pH u n i t s .  

Non-Point Qual i ty  Card 2,B* 

F i e l d  Var iab le  -- Value Descr ip t ion  

1 NPQ2B Card i d e n t i f k a t i o n  

2, DA(12,) 4- A l k a l i n i t y  a s  calcium carbonate  i n  mg/l. 

4 DA(17) 1 
5 DA(18) ) + 

) Suspended s o l i d s  groups 1 through 5 i n  

6 DA(19) 1 I mg/l. 
I 

8 DA(21) +, Unit t o x i c i t y  i n  mg/l. 

NOTE: USE 4 BLANK CARDS AT THE END OF DATA DECK 

* Input  s e t  of NPQ c a r d s a t  any t ime i n t e r v a l .  O m i t  a l l  NPQ ca rds  i f  INTW 
(JOB1 card ,  f i e l d  7) equals  one. 



SUMMARY OF DATA CARDS 

FOR 

STREAM QUALITY MODULE 

NHP NII 

NPOINT ICT 

j (1 ) j  (2 ) j  (3 )  1 ( 4 )  j (5 )  1 6  7  (8) 1 .- 
IDAY LDAY NHOI NlMI IFL INTW 

I 1 - i - L i - I  
TITLE CARD 

TITLE CARD 

1. I n c l u d e  JOB5 c a r d s  o n l y  i f  NSD (JOB3 c a r d ,  f i e l d  7) i s  p o s i t i v e ,  
2 .  One PHYSl c a r d  i s  r e q u i r e d  f o r  e a c h  t r i b u t a r y  i n f l o w  and w i t h d r a w a l  (NIL+NKEM c a r d s ,  1085 c a r d ,  f i e l d s  5  and 6 )  
3 .  R e p e a t  COEFP c a r d s  a s  n e c e s s a r y  t o  r e d e f i n e  a s  many c o e f f i c i e n t s  a s  d e s i r e d  
4 .  One SSOL c a i d  i s  r e q u i r s d  f o r  e a c h  suspended  s o l i d s  g roup  b e i n g  modeled 
5 .  Omit K2 c a r d s  u n l e s s  d i r e c t  i n p u t  o f  r e a e r a t i o n  c o e f f i c i e n t s  is s p e c i f i e d  
6 .  NSS (STORM3 c a r d s ,  f i e l d s  2 t h r o u g h  10)  c a r d s  a r e  r e q u i r e d  for. e a c h  t r i b u t a r y  r e c e i v i n g  STOKM g e n e r a t e d  d a t a . .  



SUMMARY OF DATA CARDS 

FOR 

STREAM QUALITY MODULE 

(continued) 

7 .  Repeat sets of INFL3 and INFL4 cards or sets of INFL3 and INFL5 cards for each quality constituent and each tributary (excluding 
those input via JTAPE, JOB6 card, fields 4-6) 

8 Repeat sets of IJEAlI11 cards or sets of WEA'IHZ cards, but not botli, as necessary to define meteorologirnl corlditions during Lhe 
simulation prriud, 

9. Omit IN111 and INII? c a r d s  if no fish types are bring simulated 
10. Repeat sets of IN113 through IN116 for NPOINl (JOBS card, field 2) initial water quality zones. 
11,. Repeat sets of NPQ2, NPQZA and NPQLB for NZON (NQP1 card, field 3) non-point inflow quality zones 



I X .  M O D E L  APPLICATION 

TOTAL SYSTEM REPRESENTATION --- - 

The f i r s t  s t a g e  i n  u t i l i z a t i o n  of t h e  model i s  reduct ion  of t h e  proto-  

type  s i t u a t i o n  i n t o  a model r ep re sen ta t ion .  The r e s e r v o i r  module i s  capa- 

b l e  of ana lyz ing  a s i n g l e  r e s e r v o i r  and t h e  s t ream modules a r e  capable  of 

ana lyz ing  a branched s t ream system. The s i z e  of t h e  s t ream system is  l i m i t e d  

by one of t h e  fol lowing c o n s t r a i n t s .  

Maximum of 10  reaches.  

* Maximum of 100 volume elements.  

Maximum of 105 nodes. 

Maximum of 10 inf lows and 5 withdrawals.  

The p ro to type  must be reduced t o  a s e r i e s  of r e s e r v o i r s  and s t ream 

systems f o r  s imula t ion .  Ind iv idua l  modules of t h e  WQRRS model a r e  l i nked  

by s t o r a g e  on magnetic f i l e s  of downstream r i v e r  flow and q u a l i t y  o r  r e s e r -  

vo i r  d i scharge  flow and q u a l i t y .  These f i l e s  a r e  i npu t  a s  inf lows t o  t h e  

s t ream o r  r e s e r v o i r .  The ope ra t ion  of t h e  t o t a l  system is  b e s t  demonstrated 

by an  example. 

The sample s t ream-reservoi r  system i s  shown i n  F igure  IX-la. It con- 

sists of two r i v e r s ,  t h r e e  r e s e r v o i r s  and known inf lows and withdrawals.  

This  system must be broken i n t o  a s e r i e s  of subsystems, each c o n s i s t i n g  

e i t h e r  of a r e s e r v o i r  o r  a s t ream system. F igure  IX-1.b shows a schematic 

r e p r e s e n t a t i o n  i n  which t h e r e  a r e  t h r e e  s t ream systems. Note t h a t  s t ream 

system S2 con ta ins  t h r e e  s t ream reaches ,  t h e  t r i b u t a r y  and t h e  main stem 

above and below i t s  confluence wi th  t h e  t r i b u t a r y .  The requi red  a n a l y s i s  

process  may be  l i s t e d  i n  t h e  fo l lowing  s t e p s :  



Res. A 1 
Municipal 
Withdrawal 

Industrial ..:. 
Municipal 
Effluent 
(ME) l L L U U L d L Y  

Main Stem 

Res . 

(a) prototype 

\ Storm Water 
Runoff (SWR) 

(b) schematic 

FIGURE IX-1 

Typical Stream-Reservoir System 



1. Simulate  s t ream S1 hydrau l i c s  and gene ra t e  downstream 
flows F1Q. 

2 .  Simulate  s t ream S1 q u a 1 i . t ~  and gene ra t e  downstream flows 
FlQU. 

3.  Simulate  Reservoi r  A us ing  inf lows  F1Q and FlQU and gener- 
a t e  outf lows FAQ and FAQU. 

4. Simulate  Reservoir  B and gene ra t e  d i s cha rge  f low and 
q u a l i t y  FBQ and FBQU. 

5 .  Simulate  s t ream system S2 h y d r a u l i c s  us ing  upstream in-  
f lows FAQ and FBQ, in f lows  ME, I E  and SWR and withdrawal 
MW and gene ra t e  downstream f lows F2Q. 

5 .  Simulate  s t ream S2 q u a l i t y  us ing  upstream inf low q u a l i t y  
FAQU and FBQU, inf low q u a l i t y  ME, LE and SWR, and genera te  
downstream q u a l i t y  F2QU. 

7. Simulate  Reservoi r  C us ing  inf low F2Q and F2QU and gener- 
a t e  outf lows FCQ and FCQU. 

8. Simulate  s t ream S4 hydrau l i c s  us ing  upstream f lows FCQ and 
gene ra t e  f i n a l .  downstream f lows F4Q. 

9. Simulate  s t ream S4 q u a l i t y  us ing  upstream q u a l i t y  FCQU and 
gene ra t e  f i n a l  downstream q u a l i t y  F4QU. 

The model i s  s t r u c t u r e d  t o  ope ra t e  slich a problem by process ing  t h c  

9 s t e p s  above a s  semi-independent s t e p s .  Each s t e p  may have up t o  t h r e e  

i n p u t s  from previous s t e p s  (e .g . ,  s t ream system r e c e i v i n g  inf low from t h r e e  

r e s e r v o i r s ) .  

To demonstrate t h e  use of the system approach, an example u t i l i z i n g  a 

f i c t i t i o u s  reservoi r - s t ream system h a s  been prepared.  Because of need f o r  

a  s i m p l i f i e d  example d a t a  set ,  a  s h o r t  s imu la t i on  pe r iod  has  been s e l e c t e d  

w i th  a  minimum of  inf low,  meteoro logica l  and channel c ros s  s e c t i o n  da t a .  

I n  an a c t u a l  a p p l i c a t i o n ,  a l onge r  s imu la t i on  pe r iod  should be  used (e.g. ,  

a  t y p i c a l  s imu la t i on  pe r iod  f o r  a  r e s e r v o i r  s imu la t i on  i s  one yea r )  and 

a l l  d a t a  i n p u t  i n  s u f f i c i e n t  d e t a i l  t o  a c c u r a t e l y  d e s c r i b e  p ro to type  condi- 

t i o n s .  A d i scus s ion  of t h e  i n p u t  and t h e  ou tput  fol lows.  



EXAMPLE - OF A RIVER-mSERVOIR WATER QUALITY ANALYSIS ------- - 

The example problem u t i l i z e s  a  f i c t i t i o u s  r i v e r  system (see  Figure 

IX-2)  which inc ludes  the  C a l i f o r n i a  River  between r i v e r  mi les  340 and 366 

and S u t t e r  Creek between r i v e r  mi les  100 and 108. 

A water  q u a l i t y  a n a l y s i s  i s  requi red  t o  eva lua t e  t h e  impact of Smith 

Reservoir ,  a proposed impoundment, on downstream s p o r t  f i s h i n g .  The down- 

s t r eam f i s h e r y  i s  p r i n c i p a l l y  a cold  water  type (e.g. ,  t r o u t ,  s t ee lhead ,  

e t c . ) .  One a spec t  of t h e  a n a l y s i s  is  t o  determine t h e  r equ i r ed  number and 

e l e v a t i o n  of p o r t s  f o r  a  m u l t i l e v e l  i n t a k e  s t r u c t u r e  t o  provide f o r  t h e  

r e l e a s e  of water  wi th  a  cons t an t  temperature of 55 degrees Fahrenhei t  

( i . e . ,  12.8OC). I n  a d d i t i o n  t o  temperature,  o t h e r  water  q u a l i t y  parameters  

a r e  being analyzed i n  t h e  channel between t h e  dam and S t a t i o n  3 so  t h a t  a  

comparison of p r o j e c t  and p r e p r o j e c t  wa te r  q u a l i t y  condi t ions  can be  made. 

The h i s t o r i c a l  drought per iod  of 1 June 1956 through 30 September 

1956 i s  be ing  used f o r  a n a l y s i s .  This per iod  does n o t  con ta in  t h e  lowest  

flows of record ,  b u t  i t  i s  a low-flow pe r iod  f o r  which a  s u b s t a n t i a l  amount 

of in f low q u a l i t y  d a t a  is  a v a i l a b l e .  Water q u a l i t y  d a t a  a r e  a l s o  a v a i l a b l e  

i n  t h e  s t ream channel dur ing  t h i s  per iod  and have been used t o  c a l i b r a t e  

t h e  model. 

Reservoi r  Example --- 

The r e s e r v o i r  example c o n s i s t s  of a  fou r  month s imula t ion  beginning 

on June 1. I f  t h i s  were an a c t u a l  a p p l i c a t i o n  t h e  r e s e r v o i r  should be 

s imula ted  f o r  the  e n t i r e  year .  A r e s e r v o i r  s imula t ion  beginning a t  mid- 

y e a r  should b e  avoided s i n c e  the  i n i t i a l  cond i t i ons  w i t h i n  t h e  r e s e r v o i r  

may dominate t h e  r e s u l t s  dur ing  c r i t i c a l  pe r iods .  This is  p a r t i c u l a r l y  

t r u e  f o r  preimpoundment s t u d i e s  where i n i t i a l  condi t ions  cannot be  known. 

A l l  water  q u a l i t y  c o n s t i t u e n t s  have been modeled except  f o r  co l i form 

b a c t e r i a ,  f o u r  c l a s s e s  of i no rgan ic  suspended s o l i d s  and ino rgan ic  sed i -  

ment. 





A d e s c r i p t i o n  of t h e  phys i ca l  c h a r a c t e r i s  t i c s  of t h e  r e s e r v o i r  are 

given i n  Tables  1.X-1 and IX-2. Determination of t h e  b e s t  number of with- 

drawal p o r t s  and t h e i r  l o c a t i o n  i s  a t r i a l  and e r r o r  process .  For t h e  

sample problem, seven p o r t s  d i s t r i b u t e d  w i t h  depth a s  shown i n  Table IX-3 

have been used. The assumed i n i t i a l  q u a l i t y  condi t ions  f o r  t h e  r e s e r v o i r  

are given i n  Table IX-4. I n i t i a l  f i s h  d e n s i t i e s  of 10 kglhec tare  have 

been assumed f o r  each f i s h  type.  The hydro logica l ,  meteoro logica l  and 

inf low q u a l i t y  d a t a  f o r  t h e  s imula t ion  per iod  a r e  given i n  Tables TX-5 

and IX-6. 

Assume t h a t  on ly  minor changes t o  d e f a u l t  phys i ca l ,  chemical and 

b i o l o g i c a l  o o e f f i c i e n t s  were r equ i r ed  dur ing  s e p a r a t e  c a l i b r a t i o n  s t u d i e s  

n o t  descr ibed  here in .  

The coded i n p u t  d a t a  f o r  t h e  r e s e r v o i r  module r ep re sen t ing  t h e  d a t a  

re ferenced  above i s  shown i n  F igure  IX-3. A p o r t i o n  of t h e  output  gener- 

a t e d  by t h e  s imula t ion  i s  shown i n  F igure  IX-4. The f i r s t  twelve pages of 

t h e  output  a r e  a  summary of a l l  i npu t  d a t a  which a r e  processed p r i o r  t o  

t h e  beginning of the  q u a l i t y  s imula t ion .  The remaining pages a r e  an exam- 

p l e  of t h e  s imula t ion  r e s u l t s .  The complete output  would inc lude  simu- 

l a t i o n  r e s u l t s  a t  t e n  day i n t e r v a l s  p lus  two s p e c i a l  p r i n t  days. To reduce 

t h e  volume of output  presented  he re in ,  only the  s imula t ion  r e s u l t s  f o r  

J u l i a n  days 212 and 257 have been included.  

Stream E x a m ~ l e  

The s t ream example c o n s i s t s  of a  two day s imula t ion  f o r  t h e  period 

of September 1 3  through September 14. A l l  water  q u a l i t y  c o n s t i t u e n t s  have 

been modeled except  f o r  fou r  c l a s s e s  of inorganic  suspended s o l i d s ,  

i no rgan ic  sediment and u n i t  t o x i c i t y .  

The gene ra l  phys i ca l  c h a r a c t e r i s t i c s  of t he  s t ream system a r e  given 

i n  Table IX-7 and t h e  channel c ros s  s e c t i o n s  a r e  shown i n  Figure IX-5. 



The assumed i n i t i a l  cond i t i ons  f o r  t h e  s t ream system a r e  given i n  Table 

IX-8. 

Inflows t o  t h e  stream system inc lude  t h e  S u t t e r  Creek headwater, E lk  

C i t y  STP and t h e  power r e l e a s e s  from t h e  r e s e r v o i r .  The inf low r a t e  and 

q u a l i t y  of t h e  S u t t e r  Creek headwater and Elk Ci ty  STP a r e  given i n  Table 

IX-9. The Elk Ci ty  withdrawal r a t e  was a  cons tan t  22 c f s .  

For t h e  r e s e r v o i r  s imula t ion ,  average monthly out f low were used. For 

t h e  s t ream s imula t ion ,  however, a dynamic f low cond i t i on  t y p i c a l  of power 

gene ra t ion  r e l e a s e s  was used. I n  t h e  stream q u a l i t y  s imula t ion ,  t h e  

r e s e r v o i r  ou t f low q u a l i t y  combined wi th  t h e  dynamic out f low r e s u l t s  i n  

dynamic loading  a t  t h e  upstream end of t h e  r i v e r  system. The - re se rvo i r  

ou t f low hydrograph i s  shown i n  Figure LX-6. Meteorological  d a t a  f o r  t h e  

s imu la t ion  pe r iod  is  shown i n  Table I X - 1 0 .  

The a c t u a l  input  d a t a  f o r  t h e  s t ream hydrau l i c s  module and t h e  s t ream 

q u a l i t y  module r e p r e s e n t i n g  t h e  d a t a  re ferenced  above i s  shown i n  F igures  

I X - 7  and I X - 9  r e s p e c t i v e l y .  P o r t i o n s  of t h e  output  generated by t h e  s t ream 

hydrau l i c  and s t ream q u a l i t y  s imu la t ions  i s  shown i n  F igures  IX-8 and TX-10.  

The f i r s t  n ine  pages of t h e  s t ream hydrau l i c s  ou tput  and t h e  f i r s t  e leven  

pages of t h e  s t ream q u a l i t y  output  a r e  a  summary of a l l  input  d a t a  which 

a r e  processed p r i o r  t o  t h e  beginning of t h e  s imula t ion .  The remaining 

pages a r e  samples of t h e  s imu la t ion  r e s u l t s .  The complete s t ream hydrau l i c  

and q u a l i t y  output  i nc ludes  s imu la t ion  r e s u l t s  a t  fou r  hour i n t e r v a l s  f o r  

each day of s imula t ion .  To reduce t h e  volume of o u t p u t ,  only t h e  hydrau l i c  

s imu la t ion  r e s u l t s  f o r  a l l  of t h e  second day and t h e  q u a l i t y  s imula t ion  

r e s u l t s  f o r  hour 0400 of t h e  second day have been included.  



Summary .- 

The inpu t  and output  f o r  t h e  r e s e r v o i r  and the  s t ream q u a l i t y  module 

have many s i m i l a r i t i e s  as do the  s t ream hydrau l i c  and t h e  s t ream q u a l i t y  

modules. This s i m i l a r i t y  w i l l  b e n e f i t  t h e  u se r  once any one of t h e  t h r e e  

modiles has  been run and an understanding of t he  inpu t  and output  has  

been accomplished. 

The documented example was completed by execut ing  each module. indepen- 

dent ly.  I n  theory, a l l  t h r e e  modules could be  l i nked  toge the r  and exe- 

cu ted  i n  a s i n g l e  computer job. This use  of t h e  model i s  n o t  encouraged. 

The output  from each module should normally be  c a r e f u l l y  examined before  

proceeding t o  t h e  next s t ep .  

The approximate computer time requi red  t o  so lve  t h e  example problems 

on t h e  Control Data Corporati.on 7600 a re :  

* Reservoir  Module 
(1.22 day s imula t ion)  

Stream Elydraulic Module 
( 2  day s imula t ion)  

Stream Qual i ty  Module 
(2  day s imula t ion)  

4 seconds 

37 seconds 

7 seconds 



TABLE I X - 1  

Miscellaneous Phys i ca l  Data 

Meteorological  

Evaporation Coef f i c i en t  "A" 

Evaporation Coef f i c i en t  "B" 

L a t i t u d e  i n  degrees n o r t h  

Longitude i n  degrees west 

Atmospheric t u r b i d i t y  

Reservoir  -- 

Layer t h i ckness  i n  f e e t  

Maximum pool  e l e v a t i o n  i n  f e e t  

Bottom e l e v a t i o n  i n  f e e t  

I n i t i a l  ( 1  June 1956) e l e v a t i o n  i n  f e e t  

Secchi  d i s k  depth i n  f e e t  

F rac t ion  of s o l a r  r a d i a t i o n  absorbed i n  top f o o t  

Maximum f r a c t i o n  of outf low through bottom o u t l e t  

Water column s t a b i l i t y  i n  ~ ~ / m ~ / m e t e r  

Water column c r i t i c a l  s t a b i l i t y  i n  l /meter  

Maximum e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i n  m2/sec 

Emperical d i f f u s i o n  cons t an t  A3 

E f f e c t i v e  l eng th  a t  t h e  t r i b u t a r y  inf low l o c a t i o n  
i n  f e e t  

Desired d ischarge  temperature i n  OF 



TABLE IX-2 

Outlet Characteristics 

Elevation Virtual Width Madmum Outflow Rate 
(feet) (feet) (cf s) 

TABLE IX-3 

Reservoir Elevation-Area-Width Table 

Elevation Area Width at Dam 
(feet) (acres) (feet) 



TABLE IX-4 

Initial. Reservoir Quality 

Elevation (feet) 

Cons ti tuenr 

Temperature in O F  

DO in mg/l 

Carbonaceous BOD in mg/l 

Coliform in MPN/100 ml 

Sediment in mg/m2 

Detritus in mg/l 

NH3 in mg/ 1. 

NO3 in mg/l 

NO2 in mg/l 

PO4 in mg/l 

TDS in mg/l 

Benthic animals in mg/m2 

Phytoplankton 1 in mg/l. 

Phytoplankton 2 in mg/l 

Zooplankton in mg/l 

pH 

Alkalinity in mg/l 

Suspended Solids in mg/l 





TABLE IX-6 

T r ibu ta ry  Inf low Qual i ty  

Temperature i n  OF below a i r  temp. 

F rac t ion  of DO s a t u r a t i o n  

Carbonaceous BOD i n  mg/l 

Coliform i n  MPNIIOO m l  

D e t r i t u s  i n  mg/l 

NH3 i n  mg/l 

NO3 i n  mg/l 

NO2 i n  mg/l 

PO4 i n  mg/l 

TDS i n  mg/l 

Phytoplankton 1 i n  mg/l 

Phytoplankton 2 i n  mg/l 

Zooplankton i n  mg/l 

pH 

A l k a l i n i t y  i n  mg/l 

Suspended S o l i d s  i n  mg/l 



FIGURE IX-3 

RESERVOIR MODULE INPUT DATA 

TITLE 
TITLE 
TITLE 
JOB 1 
JOB 2 
JOB2A 
JOBZB 
JOB 3 
JOB4 
JOB5 
JOB6 
JOB7 
PHY S 1 
PHY S 2 
PHY S3A 
PHYS4 
PHY S 5 
PHY S 5 
PHY S 5 
PHYSS 
PHYS5 
PHY S 5 
PHY S 5 
PHY S6 
PHY S6 
PHY S6 
PHYS6 
PHYS6 
PHY S6 
PHY S 6 
PHY S6 
COEFF 
COEFF 
COEFF 
COEFF 
SSOL 1 
SSOLZ 
INITl  
INIT2 
INIT3 
INIT4 
SNIT2 
SNIT3 
INIT4 

EXAMPLE PROBLEM - RESERVOIR QUALITY 
FICTITIO'JS CALIFORNIA RIVeR SYSTEM 
SMITH RESERVOIR 
560601 560930 2 4 2 4 

1 1 1 0 1 

4 1 1 1 1 1 
1 1 1 0 0 
7 1 1 4 

10 2 4 1 1 1 
560913 560916 

1 0 0 0 0 
0 1 1 0 0 
1 0 0 4 1 121 
5 560 400 536 6 

.0010 2.-6 .3-4 -.7 
15000 

405 10 500 1 
425 10 500 2 
450 10 500 1 
475 10 500 2 
500 15 500 1 
525 15 500 2 
550 15 500 1 
400 10 5 0 5 0 
430 3 6 150 
440 8 0 200 
450 190 240 
470 500 300 
490 1180 380 
530 3400 530 
560 9000 650 

74 - 2  75  . 1  76  
122 .1  39 .03 2 8 
8 6  - 0 5  8 7 .1 88  
8 9  .15 - 1 

-001 10 .0012 22 .0014 
- 1 - 1  
10 10 10 2000 

400 4 2 5 .1 0 
.002 .01 300 500 . l o 0  

1 0 0 0 0 
5 15  48  7 .1  0 

.002 .01 300 500 . l o 0  
1 0 0 0 0 



INIT2 
INIT3 
IYTT4 
INIT2 
TNIT3 
INIT4 
INFZ 1 
INFL 1 A 
INFL 1 R 
TNFL2 
INFL3 
INFL5 
INFLS 
IYFL3 
TYFL5 
INFL 3 
INFL5 
INFL 3 
INFL5 
INFL 3 
INFL5 
TNFL3 
INFT,S 
INFL3 
I??FT,S 
TNFL3 
I?J FL 5 
INFL3 
INFT,5 
INFL 3 
INFL5 
INFL3 
INFL5 
INFL3 
INFT35 
WGATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
SEATFI 1 
NEATH 1 
WEATH 1 
YEATH 1 
O!JTL 1 
OTJTL 1 
Or.JTL 1 
OrJTL 1 
T T. TLE 
TITL3 
TITLF 
JOB 1 

1/85 
530 70 8 . l  0 50000 2 .0 1 .05  

.005 .O1 300 509 1 .2  -300 .015 7.6 5 0 
1 0 0 0 0 0 

550 75 3 - 1  0 50000 2 - 0 1  .05  
-005 .01 300 500 1 .5  .400 .020 7.6 5 0 

1 0 0 0 0 0 
1 1 1 0 1 1 1 0 1 
1 0 0 0 1 1 
1 0 3 0 0 

56060 1 56 100 1 

0 1NFCC)V RATE 
56050100 1000. 56061100 700. 56062100 500. 56070100 300. 
55071100 100. 56082100 209. - 1 

0 TEMPRRATJRE 
560601 00 - 5 - 1 

0 DTSSOSVED OXYGEY 
56060 100 - .9 - 1 

0 BOD 
56050 100 . 5  - 1 

0 DETRTTUS 
56050100 5 - 1 

0 AMMONIA 
56050 100 .008 - 1 

0 NITRATE 
56060 100 .020 - 1 

0 PHOSPHATE 
560501 00 .005 - 1 

0 TDS 
56050100 300 - 1 

0 PH 
56050 100 7.4 - 1 

O ATXALTNITY 
560601 09 4 0 - 1 

0 SS9L YO 1 
56060 100 10. - 1 
56050 100 .3  5 6 5 3 30 
5606 1 100 . 3  68 55 3 0 
56062 100 .2  70 5 4 30 
560 70100 . 3  72 55 3 0 
56071 100 . 1  7 7 5 8 30 
56072100 - 1  75 5 8 30 
56050 100 . 4  7 4 6 3 30 
5603 1 100 -6 7 4 66 30 
56082 100 . 7  74 67 3 0 
56030 100 . 5  76 62 30 
5603 1 100 - 2  7 8 62 30 
56092 100 .2  7 8 6 2  30 

55060 1 - 1 600 55 
56070 1 - 1 400 55 
55030 1 - 1 200 55 

-560901 - 1 300 5 5 
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TABLE IX-7 

Miscellaneous Phys ica l  Data f o r  STREAM System 

Meteorological 

Evaporation Coeff ic ient  "A" 

Evaporation Coeff ic ient  "B" 

Lat i tude  i n  degrees nor th  

Longitude i n  degrees west 

Atmospheric t u r b i d i t y  

Stream 

Location of dam i n  r i v e r  mi les  

Location of Elk Ci ty  water supply withdrawal i n  
r i v e r  m i l e s  

Location of Elk Ci ty  sewage treatment  p l a n t  i n  
r i v e r  miles  

Location of S u t t e r  Creek inflow i n  r i v e r  mi les  

Location of S t a t i o n  3 i n  r i v e r  m i l e s  

Location of S t a t i o n  2 i n  r i v e r  mi les  

Downstream end of S u t t e r  Creek i n  r i v e r  m i l e s  

Element length  i n  mi les  

Reaeration appl ied  t o  r e s e r v o i r  r e l e a s e  



C a l i f o r n i a  River - RM 340 

Cal i . forn ia  River - RM 348 

S u t t e r  Creek - RM 100 

FIGURE IX-5  

Typical  Cross Sect ions f o r  t h e  

C a l i f o r n i a  River and S u t t e r  Creek 



TABLE IX-8 

River Mile Limits -- 

360 to 366 

348 to 360 

100 to 108 

340 to 348 

Constituents 

Temperature in O F  

DO in mg/l 

Carbonaceous BOD in mg/l 

Coliform in MPN/100 ml 

Sediment in mg/m2 

Detritus in mg/l 

NH3 in mg/l as N 

NO3 in mg/l as N 

NO2 in mg/l as N 

PO4 in mg/l as p 

TDS in mg/l 

Parameters 

Initial Stream Conditions ' 

Initial Fish 

Fish Densities in Kg/Km 

Type 1 ------ Type 2 Type 3 

3 0 5 10 

2 0 10 1.0 

5 1.0 10 

10 2 0 10 

Quality Conditions 

Cons t i tueng 

Benthic animals in mg/m 2 

Phytoplankton 1 in mg/l 

Phytoplankton 2 in mg/l 

Zooplankton in mg/l 

pH 

Alkalinity in mg/l 

Suspended solids in mg/l 

Aquatic Insects in mg/m 2 

Benthic Algae 1 in mg/m2 

Benthic Algae 2 in mg/m2 

Physical Conditions 

Bottom condition in kcal/m2/sec/c 

Bottom thermal capacity in feet 

Secchi disk in feet 

Reach Number 



4 

TABLE IX-9 

Inflow Rate and Quality 

Constituent Elk City STP 

Inflow Q in cis 

Inflow Temperature in O F  

DO 

BOD in mg/l 

Coliform in MPN/100 ml 

Detritus in mg/l 

NH3 in mg/l 

NO3 in mg/l 

NO2 in mg/l 

PO4 in mg/l 

TDS in mg/l 

Phytoplankton 1 in mg/l 

Phytoplankton 2 in mg/l 

Zooplankton in mg/l 

pH 

Alkalinity in mg/l 

Suspended Solids in mg/l 

Sutter Creek 

95% saturation 

2 

100 

1 

.02 

.20 

0 

.03 

5 00 

0 

0 

0 

7.6 

6 0 

2 

* Sutter Creek Temperature in O F  

Date Time of Day (Hour) 

0 4 8 12 16 20 

Sept 13 66 65 6 8 71 70 68 

Sept 14 65 64 6 7 71 70 6 7 

Sept 15 66 64 67 7 0 69 68 

Sept 16 66 65 68 7 1 70 6 8 



FIGURE IX-6 

Reservoi r  Outflow Hydrograph 



TABLE IX-10 

Meteorological Condition 

Sept 13, 1956 through Sept 16, 1956 

Time in hours 

0 4 8 12 16 20 

Cloudiness 

Dry Bulb Temperature in O F  

Wet Bulb Temperature in OF 

Barometric Pressure in inches of Hg 

Wind speed in mph 



TITLE 
T I m E  
TITLE 
JOB 1 
JOB2 
JOB3 
JOB4 
JOB5 
TRI B 
TRIB 
TRI B 
TRIB 
INBY 1 
INHY 2 
INHY 4 
INHY 4 
INHY 4 
INHY 2 
TNHY 4 
INHY 2 
INHY 4 
INHY 2 
INHY 4 
GEOM 1 
GEOM2 
GEOM 1 
GEOM 1 
GEOM3 
CCC 1 
CC 2 
CC 2 
CCC 1 
CCC 1 
CCC 1 
CCC 1 
ccc 1 
CCC 1 
J P  340 
ET 614 
ET 620 
NC .04 
XI 340 

FIGURE I X - 7  

STREAM HYDRAULICS MODULE INPUT DATA 

EXAMPLE PROBLEM 1 - MUSKINGUM ROTRING 
FICTITIOUS CALIFORNIA RIVER SYSTEM 
CALIFORNIA RIVER BELOW SMITH RESERVOIR INCLUDING SUTTER CREEK 
560913 560914 3 0 1 0 1 0 

5 3 1 7 2 0 1 0 1 
4 1 0 0 0 0 
0 - 1 0 0 1 0 
1 5 5 5 0 0 0 
1 366 
1 360.4 
2 108 
1 362 

560913 560916 
O RESERVOIR RELEASES 

9130000 130. 9130730 130. 9130800 640. 9132130 640. 56 
9132200 120. 9140630 120. 9140700 680. 9141400 680. 5 6 
9141415 880. 9142300 880. 9142315 130. - 1 56 

0 ELK CITY STP 
9130000 18. - 1 

0 SUTTER CREEK HEADWATER 
9130000 120. - 1 

0 ELK CITY WATER SUPPLY 
9130000 22. - 1 

18 - 2 
8 .5  14 1. 
8 1 
8 1 
1 0 - 3 0 2 - 1 
3 340 0 2 4 8 20 3 5 60 

9 0 130 225 380 580 820 1100 1400 1725 
2100 2530 3000 3550 

3 344 - 1 
3 348 - 1 
1 348 - 1 
1 366 - 1 
2 100 - 1 
2 108 - 1 

.00019 
614.5 615 615.5 61% 616.5 

62 1 622 623 624 625 
.04 .035 

5 0 320 0 0 



GR 634 0 
X 1 '344 0 
X1 348 5 
GR 640 0 
XI 348 0 
SC 348 .000284 
XI 366 0 
SC 366-. 000284 
X l  100 6 
Kt 100 115 
GR 640 0 
GR 641 190 
SC 100 .000380 
XI 108 0 
S T  
GEOM6 649 
GEOM6 622 
GEOM6 638 
GEOM6 62 2 
GEOM6 622 
GEOM6 618 
GEOM6 6 14 
BOUND 1 
MR 4 
MR 2 
MR - 2 
END 1 999 
TITL9 
TITLE 
TITLE 
JOB 1 
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JOB5 
JOB6 
JOB7 
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PHY S 1 
PHY S 1 
PHYS1 
PHYS2 
COEFF 
SSOL 
INFL 1 
INFL 1 A 
INFT, 1 B 
INFL2 
INFL 3 
INFLS 
INFL3 
INFLS 
INFL 3 
INFLS 
INFL3 
INFL5 
INFL 3 
INFL5 
INFL3 
INFLS 
INFL3 
INFL5 
INFL 3 
INFL5 
INFL3 
INFLS 

FIGURE IX-9 

STREAM QUALITY MODULE INPUT DATA 

EXAMPLE PROBLEM - STREAM QUALITY 
FICTITIOUS CALIFORNIA RIVER SYSTEM 
CALIFORNIA RIVER B3LOW SMITH RESERVOIR 
560913 560914 4 4 1 

1 1 1 1 1 
1 1 1 1 1 
1 1 1 0 0 
1 1 1 0 
1 1 500 4 1 

5609 16 
1 1 1 3 1 
1 0 1 0 0 
0 1 1 5 5 
1 366 .33 
1 360.4 
2 108 
1 362 
1 0 0 4 1 121 

7 1 .03 173 . 1  - 1 
-00  1 10 .0012 22 .0014 

1 1 1 1 1 
1 0 0 0 1 
1 0 0 0 0 

560913 560916 
0 ELK CITY STP TEMPERATURE 

5609 1300 7 8 - 1 
o ELK cIm STP m 

5609 1300 6 - 1 
0 ELK CITY STP BOD 

5609 1300 - 8 - 1 
0 ELK CITY STP COLIFORMS 

5609 1300 500 - 1 
0 ELK CITY STP DETRITUS 

5609 1300 5 - 1 
o ELK cIm STP AMMOVIA 

5609 1300 . 5  - 1 
0 ELK CITY STP NTTRATE 

5609 1300 . 5  - 1 
0 ELK CITY STP PHOSPHATE 

56091 300 .25 - 1 
0 ELK CITY STP TDS 

5609 1300 1500 - 1 

INCLUDING SUTTER CREEK 
0 
1 1 1 
1 7 1 
0 0 0 



INFL 3 
l/85 INFL5 

INFL 3 
INFL5 
INFL3 
INFLS 
INFL 3 
INFL4 
INFL4 
INFL4 
INFL3 
INFTIS 
INFIa3 
INFLS 
INFL 3 
INFLS 
INFL3 
INFLS 
INFL3 
INFL5 
INFL3 
INFL5 
INFL3 
INFLS 
INFL3 
INFL5 
INFL3 
TNFLS 
IPJFL3 
INFL5 
INFL 3 
INFL5 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
WEATH 1 
INIT 1 
INIT2 
INIT2 
INIT2 
INIT2 
INIT3 
INTT4 
INITS 
INIT6 
TITLE 
TITLE 
TITLE 
JOB 1 

ELK CITY STP PH 
7 - 1 

ELK CITY STP ATJKAT~INITY 
100 - 1 

ELK CITY STP SSOI, YO 1 
2 0 - 1 

SIJTTER CREEK TEMPERATURE 
6 5 6 8  7 1 
7 0 67 6 6  
6 5  6 8  7 1 

SUTTER CREEK DO 
- .95 - 1 

SIJTTER CREEK BOD 
- 2 - 1 

SUTTER CREEK COLIFORMS ' 

100 - 1 
SUTTER CREEK DETRITUS 

1 - 1 
SUTTER CREEK AMMONIA 

.02 - 1 
SUTTER CREEK NITRATE 

-20  - 1 
SUTTER CREEK PHOSPHATE 

.03  - 1 
SUTTER CREEK TDS 

500 - 1 
SUTTER CREEK PH 

7 .6  - 1 
SUTTER CREEK ALKALINITY 

6 0 - 1 
SUTTER CREEK SSOL NO 1 

2 - 1 
. 3  70 6 1 
. 3  66  6 0 
.2 7 8 6 2 
.1 9 2 6 3  
.1  88 64 
. 2  7 4 6 2 
0 

366 1 360 
360 1 348 
108 2 100 
348 3 340 
366 3 340 
.05 .20 .O 1 
7 .5  5 0 5 
400 500 1000 
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A p p e n d i x  A 

Mathematical Formulations and Numerical Methods 
used i n  t h e  Stream Hydraulics 

BACKWATER SOLUTION 

For t h e  purposes of backwater a n a l y s i s ,  s teady  s t a t e  can be  assued 
a A 

and t h e  time dependent terms and - may be de l e t ed .  Because t h e  f low a t  a t  
i s  assumed t o  be known a t  a l l  p o i n t s  i n  t h e  s t ream s e c t i o n ,  t h e  p r i n c i p a l  

unknown of equat ion 11-15 i s  t h e  depth y. Equation 11-15 can then be 

w r i t t e n  i n  terms of *- a s  ax 

Note t h a t  i n  s teady  s t a t e  .!h r e p r e s e n t s  t h e  r a t e  of t r i b u t a r y  inf low.  
a q 

ax 
Thus i f  i t  i s  assumed t h a t  - > 0, t h e r e  is  t r i b u t a r y  inf low and i t s  ax 
momentum e f f e c t  may be approximated by 

i f  < 0 t h e r e  i q  fl,ow withdrawal and no momentum e f f e c t .  Thus M = 0. ax 

auat ion  A-l  may t hus  be r e w r i t t e n  as 



where 

The " t r apezo ida l  method" of i n t e g r a t i o n  i s  used t o  develop t h e  w a t e r  

s u r f a c e  p r o f i l e  y. I n  t h i s  process  t h e  depth y a t  p o i n t  2  i s  es t imated  

from t h e  depth y a t  p o i n t  1 and t h e  average s l o p e  of t h e  water  s u r f a c e  

between 1 and 2. 

Thus 

where 

Ax i s  t h e  s e l e c t e d  i n t e g r a t i o n  l e n g t h  along t h e  channel.  

- 
1 3. 2 Assuming t h a t  -% = 2 [ (ax) + (ax) 1 

ax 
1 2 

where 

p o i n t s  1 and 2 d e f i n e  t h e  end p o i n t s  of t h e  g rad ien t .  The va lue  f o r  

y2 
can be es t imated  by t h e  f o u r  s t e p s  given below. 

3 1. Compute (ax) us ing  y whi.ch is  a l r eady  known wi th  equat ion A-3 
1 1 

2z = (3) 2. Assume (ax)2 
ax 1 

3. Compute y us ing  equat ion  A-4 
2 

a 
4.  I f  f i r s t  i t e r a t i o n ,  compute new es t ima te  of (2) . On subsequent 

2 2 i t e r a t i o n s  check f o r  convergence of y be fo re  computing ( ) 
2 ax 

and r epea t ing  from s t e p  3.  

I n  p r a c t i c e ,  i n  o rde r  t o  a s s u r e  convergence, t h e  i n t e g r a t i o n  l eng th  Ax 

is  s e l e c t e d  t o  be  l e s s  o r  equal  t o  200 f e e t .  

A- 2 



ST. VENANT METHOD --.- 

The f i n i t e  element method assumes p a r t i c u l a r  approximating f u n c t i o n s  

f a r  each of t h e  unknown v a r i a b l e s .  Through t h e  s o l u t i o n  procedure c e r t a i n  

c r i t e r i a ,  which a r e  uniquely coupled t o  t h e  governing d i f f e r e n t i a l  equat ions ,  

must be s a t i s f i e d  by t h e s e  approximating func t ions .  Example c o n s t r a i n t s  

on these  assumed approximations inc lude  t h e  s a t i s f a c t i o n  of known boundary 

cond i t i ons  of t h e  func t ion  and c o n t i n u i t y  of t h e  func t ion  and one o r  more 

of i t s  d e r i v a t i v e s  throughout t h e  element and a t  t h e  element i .n te r face ,  By 

f o r c i n g  t h e s e  types  of condi t ions  on t h e  approximating func t ions  w i t h i n  t h e  

s o l u t i o n  domain, t h e  number of nodes i s  exac t ly  p re sc r ibed  f o r  each element.  

I n  gene ra l ,  as t h e  o rde r  of t h e  approximating func t ions  inc rease ,  t h e  g r e a t e r  

t h e  number of nodes necessary  t o  f o r c e  s a t i s f a c t i o n  of t h e  s o l u t i o n  cond i t i ons .  

For a s imple l i n e a r  approximation of t h e  unknown v a r i a b l e s  i n  c e r t a i n  

governing equat ions ,  t h e  s o l u t i o n  condi.t ions may a l l  be  s a t i s f i e d  by p l ac ing  

nodes only  a t  t h e  extreme ends of each element. The r e s u l t i n g  element form 

i s  then r e s t r i c t e d  t o  l i n e a r  v a r i a t i o n s  of t h e  unknowns, The approximating 

func t ions  a r e  e x a c t l y  descr ibed  by f i n d i n g  t h e  s o l u t i o n  f o r  t h e  unknown 

v a r i a b l e s  a t  each of t h e  p re sc r ibed  node p o i n t s .  I n  choosing h igher  o r d e r s  

of approximating func t ions  f o r  t h e  unknown v a r i a b l e s ,  a d d i t i o n a l  nodes w i l l  

be  r equ i r ed  w i t h i n  each element t o  i n s u r e  s a t i s f a c t i o n  of t h e  s o l u t i o n  condi- 

t i o n s .  By s e l e c t i n g  a f i n i t e  o r d e r  t o  t h e  unknown approximating f u n c t i o n s ,  

t h e  i n f i n i t e  problem has  been reduced t o  one of f i n i t e  degree. I f  t h e  

unknown f u n c t i o n s  a r e  r equ i r ed  t o  be cont inuous over  t h e  element i n t e r f a c e  

as a s o l u t i o n  condi t ion ,  then  t h e  number of unknowns exac t ly  equals  t h e  

number of nodes m u l t i p l i e d  by t h e  number of unknown v a r i a b l e s .  

I n  i t s  f ina l .  form, t h e  f i n i t e  element method coupled w i t h  t h e  s e l e c t i o n  

of t h e  b e s t  approximation of t h e  unknown func t ions  always l e a d s  t o  a  s e t  of 

s imultaneous equat ions  assembled from i n d i v i d u a l  c o e f f i c i e n t  m a t r i c e s  

developed f o r  each element. The essence  of t h e  f i n i t e  element method is  

t h e  cons t ruc t ion  of t h e s e  element c o e f f i c i e n t  m a t r i c e s  which, when assembled, 

l e a d  t o  t h e  s o l u t i o n  which i s  t h e  "best"  approximation of t h e  governing 

d i f f e r e n t i a l  equat ion.  



For t h e  p re sen t  problem, a quadra t i c  approximating func t ion  has  

been s e l e c t e d  f o r  both of t h e  unknowns ( i . e . ,  f low and depth) .  Thus, a 

t h r e e  node element i s  used wi th  va lues  of t h e  unknowns being def ined  a t  

e i t h e r  end and a t  t h e  middle. F igure  A-1 de f ines  t h e  element and t h e  

l o c a t i o n  of t h e  p r i n c i p a l  parameters.  

The approximation of t h e  unknowns q and y over each element a r e  

expressed as geometric func t ions  mul t ip l i ed  by t h e  unknown va lues  of q 

and y a t  t h e  node p o i n t s  L, M, N ,  i . e . ,  



where N i s  a row v e c t o r  desc r ib ing  t h e  quadra t i c  approximation 

1 4 1 [N] = [ g ( - 2 )  ( -  , - - - x(2x-1) 1 
L L 2 

For one-dimensional equat ions ,  t h e  Method of Weighted Residuals  i s  

used t o  express  a d i f f e r e n t i a l  equat ion,  D = 0, a s  an  i n t e g r a l  equat ion .  

l e n g t h  

I n  p a r t i c u l a r ,  i f  a s e r i e s  of w ' s  a r e  s p e c i f i e d  which have u n i t  va lue  a t  

one node and a r e  zero everywhere e l s e ,  a s e r i e s  of equat ions may be 

der ived ,  i. e.  , 

w D dx = 0 f o r  i = 1, number of node p o i n t s  / 
1 eng th  

Thus, each element makes a c o n t r i b u t i o n  f t o  t h e s e  equat ions  def ined  as 

element 
length 

I n  t h i s  case  w a p p l i e s  twice  a t  each node, because t h e r e  a r e  two unknowns 
i 

a t  each node i n  t h e  element and f ,  has  two rows ( i . e . ,  f low and depth)  

f o r  each node. I n  t h e  Galerkin approach w i s  s e t  equal  t o  t h e  shape 
i 

func t ions  f o r  each element,  and so ,  s e p a r a t e s  f  i n t o  two components, one 

f o r  flow and one f o r  depth. 



where 

'F 
= equ iva l en t  f low based upon Manning" equat ion 

aao -- = 
ax e f f e c t i v e  bottom s lope  

7. 

I, = t o t a l  channel a r e a  inc lud ing  a r e a  o u t s i d e  the conveyazlce Ilmirs 

Direc t  formula t ion  of N~ g A' $ dx i s  no t  always convenient  f o r  

s p e c i f i c a t i o n  of boundary va lues  and thus  i t  is  convenient t o  apply in t eg ra -  

t i o n  by p a r t s  t o  equat ion A-10. 



Equations A-10 and A-11 a r e  t ime dependent and an i m p l i c i t  f i n i t e  d i f f e r e n c e  

scheme has been incorpora ted  t o  desc r ibe  t h e  dynamic a spec t s .  In  t h i s  

procedure a t i m e  s t e p  A t  i s  used and i t  i s  assumed t h a t  t h e  va lues  of q 

and y vary i n  t h e  fol lowing form over  t h i s  t ime s t e p :  

where s u b s c r i p t  1 r e p r e s e n t s  t h e  i n i t i a l  condi t ion ,  then  

s u b s t i t u t i n g  equat ion A-14 i n t o  A-15 t o  e l imina te  b 



Then, i n  p a r t i c u l a r ,  y a t  t ime A t ,  us ing  s u b s c r i p t  2 

Note t h a t  i f  a = 1, t h i s  reduces t o  t h e  convent ional  l i n e a r  i n t eg ra -  

t i o n  scheme and i f  a = 2,  t h e  scheme i s  i d e n t i c a l  t o  t h e  q u a d r a t i c  i n t eg ra -  

t i o n  method. I n  t h i s  a n a l y s i s ,  a = 1 .5  has  been found s t a b l e  f o r  l a r g e  

t ime s t e p s  and a l s o  t o  g i v e  good accuracy. 

The dynamic formulat ion used i n  t h i s  s o l u t i o n  so lves  f o r  t h e  va lues  

of q and y a t  t h e  end of t h e  t ime s t e p ,  t hus  i t  i s  convenient t o  s u b s t i t u t e  

3. f o r *  and t h e  a t .  a t y  

For f u t u r e  r e f e r e n c e  no te  t h a t  

where yn r e p r e s e n t s  t h e  nodal  va lue  of y .  

Because equat ion  A-13 i s  non l inea r ,  t h e  Newton Raphson method has been 

used t o  reduce t h e  nonl inear  s e t  of simultaneous equat ions  t o  a pure ly  

simultaneous form which a r e  t h e  sub jec t  of an  i t e r a t i o n  technique t o  reach  

a converged form. In s t ead  of so lv ing  an  assemblage of f  and f a set 
1 ' 2 ' 

of p a r t i a l  d i f f e r e n t i a l s  w i th  r e s p e c t  t o  t h e  unknowns q and y a t  each node 

must be formed. 

a f a f 
Thus, A + - A y  + f = 0 a (4 a Y 

must be cons t ruc ted  and solved.  f  now s t ands  f o r  an  e r r o r  func t ion  repre-  

s en t ing  t h e  l a c k  of f i t  of t h e  equat ions.  



The element c o e f f i c i e n t  ma t r ix  f o r  t h i s  two degrees of freedom system 

w i l l  then be 

and t h e  c o n t r i b u t i o n  t o  t h e  e r r o r  func t ion  w i l l  be  f l  and f 2 .  

Then from equat ion A-13 and us ing  equat ion  A-19 f o r  t ime dependence 



a f 
1 & ? A N  - q2 ( a 2 ~  

ax ay dxdy 

0 

aA av aa a 2 ~  a~ N + - - - A  a a  a A aao 
+ T~P- ax ay ax 

1 + ( - qlslqf-' Tz 1 3 f 1 3  5 N + g~~ --- ax qlgl 

-3  % + % ? Y + ? %  a2A u ,  ) N - N- 3gA2 ( ax a y  ax axay -2qi ay Y C p l j i x  

This  func t ion  i s  only  evaluated a t  t h e  downstream end of t h e  system; 

a t  a l l  inter-element  connections i t  is  assumed t o  be  zero.  And from 

equat ion  A-11 

The extreme complexity of t h e s e  equat ions  makes i t  impossible  t o  o b t a i n  

an exac t  i n t e g r a t i o n ;  i n  f a c t ,  t h e  func t ions  desc r ib ing  A and qf a r e  only  

desc r ibab le  by t a b u l a r  e n t r i e s .  The i n t e g r a l s  a r e  thus  formed by numerical 

i n t e g r a t i o n  i n  which t h e  i n t e g r a l s  are evaluated and summed a t  so-cal led 

Gauss p o i n t s  ( a f t e r  t h e  developer of t h e  method),each wi th  a  weighting f a c t o r .  



Then i f  t h e  s u b s c r i p t  g  denotes  t h e  func t ions  computed a t  t h e  Gauss 

p o i n t s  and w t h e  weight ing f a c t o r ,  equat ions  A-24 and A-27 become 
g  

n i n t  

where L i s  t h e  element length .  Note t h e  eva lua t ion  of t h e  shape f u n c t i o n  
e  

must a l s o  t ake  p l ace  a t  t h e  Gauss p o i n t s .  

n i n t  

a i 
e 

g=l 

3 % )  - ( q 2  (G  a 2 ~  a 2 ~  ay 2 a A  a N  
t ( q a ~ a y  g g 

- -  ) N - (q ) --- 
a y 2 a x  g g a~ f3 2% 

a~ aa  -2 aao a a o - 3  aq 
+ ( 3gA2 q ( - q l q l q f  Ng + ( 2gA3 -z q l q l q f  i& I g  Ng 



T 
2 aA - w (E) [ ( g ~ ~  + 3gA - y) N ] 

ay 
+ downstream boundary term. A-29 

g ax g 

n i n t  

n i n t  

(S imi la r  summations may be  w r i t t e n  f o r  f  and f p  t o  e s t a b l i s h  t h e  e r r o r  
1 

f u n c t i o n s . )  

Note t h a t  a l l  t h e  d e r i v a t i v e s  represented  by equat ions  A-28 through A-31 

a r e  3 x 3 submatr ices  and t h e  f i n a l  c o e f f i c i e n t  m a t r i x  i s  thus  6 x 6,  A s  

prev ious ly  i n d i c a t e d ,  t h e  va lues  A and qf a r e  represented  by t a b u l a r  v a l u e s  

f o r  a s e r i e s  of e l e v a t i o n s  a t  each node po in t .  I n  f a c t ,  va lues  of qf need 

n o t  b e  inpu t  d i r e c t l y ;  t h e  program w i l l  compute q fram Mannings equat ion  
f 

i f  no v a l u e  i s  given. 

Because a c o n s i s t e n t  r e p r e s e n t a t i o n  of g r a d i e n t s  w i t h  r e s p e c t  t o  y i s  

e s s e n t i a l  t o  smooth convergence of t h e  method, d a t a  desc r ib ing  p r o p e r t i e s  

must b e  r ep re sen ted  by a polynomial which extends ac ros s  s e v e r a l  t a b l e  

e n t r i e s  and develops a c o ~ s i s t e n t  t r a n s f e r  when new t a b l e  l e v e l s  a r e  used.  

A s  a demonstrat ion,  t h e  curve f i t t i n g  f o r  q w i l l  be  descri .bed. 
f  

F igu re  A-2 shows a s e r i e s  of va lues  of q a t  d i f f e r e n t  e l e ~ a t i o n s .  f 



Figure A-2,. Tabular Values for q f 

If we select point 3 for development, it is assumed that its polynomial 

functions fit over the interval from (yp + y3)/2 to ( y ,  + y,)/2. First 

using three adjacent values, derivatives are constructed at each mid-point 

(a finite difference quadratic fit is used), the two values resulting for 

each mid-point are then averaged and used to construct a quadratic poly- 

nomial fit of the derivatives, for example from q 2m to q,, (in this fit, 

values are used at the end points and the table point). This curve is 

integrated and assumed to apply over the range specified above. The 

constant of integration assures continuity of curve across ranges. 



Kinematic Wave Method ------ 

The kinematic wave hydraulic computation method utilizes a quadratic 

approximating function, a process similar to that used in the St.Venant 

hydraulic computation method for the solution of the dynamic, nonlinear 

problem. An error function may be written as 

and the element coefficient matrix 

or when numerical integration is used 

where Le is t h e  element length. 

nin t 



The f i n i t e  element process  f o r  t h e  kine ma ti.^ wave fo l lows  t h e  same 

procedure a s  t h e  S t .  Venant s o l u t i o n ,  t h e  major d i f f e r e n c e  i s  t h a t  on ly  

one degree of freedom ( i . e . ,  depth)  e x i s t s  a t  each node p o i n t .  The 

element c o e f f i c i e n t  ma t r ix  i s  thus  a 3 x 3 matr ix .  

I n  a d d i t i o n ,  only an upstream boundary cond i t i on  i s  necessary  t o  

s o l v e  t h e  problem; s i n c e  t h i s  cond i t i on  i s  usua l ly  expressed i n  terms of  

f low,  i t  i s  always necessary  t o  conver t  t h i s  by so lv ing  t h e  functi .on of 

equat ion  11-12 f o r  depth. 





APPENDIX B 

Source and Sink Equations 
f o r  Water Qua1 i t y  Const i tuents  





A p p e n d i x  B 

Source and Sink Equations f o r  
Water Qual i ty  Cons t i t uen t s  

TEMPERATURE 

Reservoi r  Model ---- 

f o r  s u r f a c e  elements 

aT - 1 - - -- A I 
a t  nzpc 

(Hn - I o )  + -- 
Azpc 

and f o r  sub-surface elements 

a T - A 1  - - 
a t  azpc 

where 

T = water  temperature 

t = t ime 

z = depth 

P = water  d e n s i t y  

c = s p e c i f i c  h e a t  of water 

H = n e t  r a t e  of s u r f a c e  h e a t  t r a n s f e r  n 

I. = l i g h t  energy which pene t r a t e s  below t h e  s u r f a c e  

I = l i g h t  energy a t  depth 



Stream Model 

where 

D = hydrau1.i~ depth 

Hb = heat transfer to and from the bottom sediments 

COLIFORM BACTERIA -- 

where 

E = concentration of coliform bacteria 

KE = rate of coliform bacteria decay 

BIOCHEMICAL OXYGEN DEMAND --- 

where 

L = ultimate carbonaceous BOD concentration 

KL = BOD decay rate. 

ALKALINITY, TOTAL DISSOLVED S O L I D S  AND U N I T  TOXICITY 

where 

C = concentration of conservative constituent 

B- 2 



FISH (Three types)  

where 

F 

FG 

FMAX 

PREY 

PREY 

PREY 
n 

FPR2 

FR 

FM 

HARVST 

= f i s h  concentrat ion 

= f i s h  growth r a t e  

= maximum f i s h  growth r a t e  

= t o t a l  a v a i l a b l e  food (e.g., benthic  animals,  aqua t i c  
i n s e c t s ,  zooplankton, e t c . )  

= primary prey (e.g.,  zooplankton) 

= Grazing preference f a c t o r  r e l a t i n g  t h e  secondary prey 
t o  primary prey 

= secondary prey 

= ha l f  s a t u r a t i o n  constant  f o r  f i s h  grazing i t s  primary 
Prey 

= f i s h  r e s p i r a t i o n  r a t e  

= f i s h  mor ta l i ty  r a t e  

= f i s h  removal r a t e  by f i s h i n g  and predat ion 



BENTHIC ANIMALS 

- - aB - B(BG - BR - BM) - BPRED a t  

where 

B = equiva len t  concent ra t ion  of ben th i c  animals 

= BEN AV 

BEN = ben th i c  animal biomass per  u n i t  a r e a  

BMAX 

SED 

BR 

BM 

BPRED 

FBEN 

FEFF  

= r a t i o  of a r e a  t o  volume 

= ben th i c  animal growth r a t e  

- SED 
- BMAX (SED? + SED 1 
= maximum ben th i c  animal growth r a t e  

= quan t i t y  of organic  sediment pe r  u n i t  a r e a  

= ha l f  s a t u r a t i o n  cons tan t  f o r  ben th i c  animals graz ing  
organic  sediment 

= ben th i c  ani.ma1 r e s p i r a t i o n  r a t e  

= ben th i c  animal m o r t a l i t y  r a t e  

= q u a n t i t y  of ben th i c  animals removed by p reda t ion  (e .g. ,  
f i s h )  

= f i s h  growth a t t r i b u t e d  t o  graz ing  ben th i c  animals 

= d i g e s t i v e  e f f i c i e n c y  of f i s h  



AQUATIC INSECTS (Stream Model Only) 

8AI - - 
at 

- AI(AIG - AIR - AIM - EMERG) - AIPRED 

where 

A1 = equivalent concentration of aqua ti.^ insects 

AIG = aquatic insect growth rate 

PREY 
= (T + PREY 1 

AIMAX = maximum aquatic insect growth rate 

PREY = total available food (e.g., benthic algae and organic 
sediment 

AIPR2 = half saturation constant for aquatic insects grazing 
its pri.mary prey (i.e., benthic algae type 1) 

AIR = aquatic insect respiration rate 

AIM = aquatic insect mortality rate 

FMERG = aquatic insect emergence rate 

AIPRED = quantity of aquatic insects grazed by fish 



ZOOPLANKTON 

- - - Z (ZG - R - Z )  - ZPRED 
at 

where 

Z = zooplankton concentration 

ZG = zoopl.ankton growth rate 

PREY 
= (ZPR? + PRE) 

ZMAX = maximum zooplankton growth rate 

PREY = total available food (e.g., phytoplankton and detritus) 

ZPR2 = half saturation constant for zooplankton grazing its 
primary prey (i.e., phytoplankton, type 1) 

ZR = zooplankton respiration rate 

ZM = zooplankton mortality rate 

ZPRED = quantity of zooplankton grazed by fish 



PHYTOPLANKTON (Two types j 

- - ap - P (PG - PR) + PS - - APRED 
at a z 

where 

P 

P G 

PMAX 

C 

APRED 

= algae growth rate 

= maximum phytoplankton growth rate 

= the critical nutrient concentration (e.g., C02,P0 
or NH3 + NO3) 4 

= half saturation constant for algae utilizing the critical 
nutrient C 

= available light energy 

= ha1.f saturation constant for algae uti.lizing light energy 

= algae respiration rate 

= algae settling velocity 

= quantity of algae grazed by zooplankton 



BENTHIC ALGAE (Two types)  - --- Stream Model only 

- aBA = ,(BAG - BAR) - BAPRED - BSCOUR a t  

where 

B A = equi .valent ,  concentrat i .on of ben th i c  a l g a e  

BAG = b e n t h i c  a l g a e  growth r a t e  

BAMAX = ben th i c  a l g a e  maximum growth r a t e  

BAR = ben th i c  a l g a e  r e s p i r a t i o n  r a t e  

BAPRED = q u a n t i t y  of ben th i c  a l g a e  grazed by f i s h  and 
a q u a t i c  i n s e c t s  

BSCOUR = b e n t h i c  a l g a e  removed by scour  

= SK VEL 2 

SK = c o e f f i c i e n t  r e l a t i n g  ben th i c  a l g a e  l o s s  by scour  
t o  v e l o c i t y  

VEL = v e l o c i t y  



DETRITUS 

aDET -- = 
a t  - KDET DET + ZDET + Z . ZM - DGRZ + BSCOUR B-11 DS -- a~ 

where 

DET = detritus concentration 

DS = detritus settling velocity 

KDET = detritus decay rate 

ZDET = amount of particulate zooplankton excrement 

z - - 

ZG - - 

ZEFF = 

ZEXC - 

ZM - - 

DGRZ = 

BSCOUR = 

I 
Z ZG (- - 1) ZEXC 

Z E F F  

zooplankton 

zooplankton growth rate 

zooplankton digestive efficiency 

particulate fraction of zooplankton excrement 

zooplankton mortality rate 

detritus grazed by zooplankton 

benthic algae added to detritus pool by scour 



ORGANIC SEDIMENT 

as - - 
at 

- - K D E T W  S + P  ' P S + D E T .  D S + C E X C  * EXF 

+ CPRED . PREDM - SGRZ 

where 

KDET = detritus decay rate 

S = equivalent concentration of organic sediment 

P = algae concentration 

P S = algae settling rate 

DET = detritus concentration 

D S = settling rate of detritus 

EXC = amount of particulate excrement 

1 
PRED . PREDG (- - 1) 

PEFF 

PRED = preditor concentration (e.g., fish, aquatic insects, 
and benthic animals) 

PREDG = preditor growth rate 

PEFF = preditor digestive efficiency 

EXF = particulate fraction of total excrement 

PREDM = preditor mortality rate 

SGRZ = sediment grazed by fish, benthic animals and 
aquatic insects 



INORGANIC SUSPENDED SOLIDS ---- 

-- - ass ass - SET, - 
at az 

where 

SS = inorganic suspended solids concentration 

SETL = settling rate 

INORGANIC SEDIMENTS ---- -. 

= SETL . SS 
at 

where 

SSOL = equivalent concentration of inorganic sediment 



PHOSPHATES PHOSPHORUS 

KDET 

DET 

where 

B I O  

B I O P  

B I O R  

BIOG 

B I E F F  

EXF 

A 

AP 

AG 

AR 

1 + BIOG(-- -- 1) (1 - E X F ) ]  - CA AP(AG - AR) 
B I E F F  

= phosphate concentration as phosphorus 

= detritus decay rate 

= detritus concentration 

= equivalent concentration of organic sediment 

= phosphorus fraction of detritus 

= biota concentration excluding algae 

= phosphorus fraction of biota 

= biota respiration rate 

= biota growth rate 

= biota digestive efficiency 

= particulate fraction of total excrement 

= algal concentration (i.e., phytoplankton and benthic algae) 

= phosphorus fraction of algae 

= algal growth rate 

= algal respiration rate 



CARBON 

a c - - 
at 

- K~ (CO; -, coZ) + KDET(DET + S)DC c KLL-LC 

1 + C B I O  BIOC [ B I O R  + BIOG (= ,- 1) (1 - E X F ) ]  

- CA AC(AG - AR) 

where 

co; 

KDET 

DET 

S  

L 

L C  

B I O  

B I O C  

B I O R  

BIOG 

B I E F F  

EXF 

A 

= concentration of total inorganic carbon 

= surface exchange coefficient for carbon dioxide 

= concentration of carbon dioxide as carbon at saturation 

= concentration of dissolved carbon dioxide as carbon 

= detritus decay rate 

= detritus concentration 

= equivalent concentration of organic sediment 

= carbon fraction of detritus 

= rate of BOD removal by oxygen uptake 

= concentration of ultimate BOD 

= carbon produced with BOD decay 

= biota concentration excluding algae 

= carbon fraction of biota 

= biota respiration rate 

= biota growth rate 

= biota digestive efficiency 

= particulate fraction at total excrement 

= algae concentration (i.e., phytoplankton and benthic algae) 

= carbon fraction of algae 

= algal growth rate 

= algal respiration rate 

B-13  



AMMONIA NITROGEN 

aNH3 -- = - a t  KNH3 . NH3 + KDET(DET + S)DN + 1BI.O BION [BIOR 

1 + BIOG(----- - 1 )  ( 1  - EXF)] - EA AP(AG * FNN - AR) 
BIEFF 

B-17 

where 

NH3 
= ammonia concen t r a t ion  as n i t r o g e n  

KNH3 
= ammonia decay r a t e  

KDET = d e t r i t u s  decay r a t e  

DET = d e t r i t u s  concen t r a t ion  

S = equ iva l en t  concen t r a t ion  of organic  sediment 

DN = d e t r i t u s  f r a c t i o n  of d e t r i t u s  

B I O  = b i o t a  concen t r a t ion  excluding a l g a e  

BION = n i t r o g e n  f r a c t i o n  of b i o t a  

BIOR = b i o t a  r e s p i r a t i o n  r a t e  

B I O G  = b i o t a  growth r a t e  

B1,OEFF = b i o t a  d i g e s t i v e  e f f i . c iency  

EXF = p a r t i c u l a t e  f r a c t i o n  of t o t a l .  excrement 

A = a l g a e  concen t r a t ion  ( i . e . ,  phytoplankton and ben th i c  
a lgae )  

AN = n i t r o g e n  f r a c t i o n  of a l g a e  

AG = a lga l ,  growth r a t e  

AR = a lga l ,  r e s p i r a t i o n  r a t e  

FNN = ammonia f r a c t i o n  of ava i l ab l e -  n i t r o g e n  



NITRITE NITROGEN 

where 

N02 
= concentration of nitrite nitrogen 

KNH3 = ammonia decay rate 

NH3 
= ammonia concentration as nitrogen 

KN02 = nitrite decay rate 

NITRATE NITROGEN 

where 

N03 
= nitrate concentration as nitrogen 

KN02 
= nitrite decay rate 

N02 
= nitrite concentration as nitrogen 

A = algae concenrration (i.e., phytoplankton and benthic algae) 

AN = nitrogen fraction of algae 

AG = algae growth rate 

FNN = ammonia fraction of available nitrogen 



DISSOLVED OXYGEN 

0 2 N 0 2  - KDET (DET + S)  02DET - b B I O  . 02,R [ B I O R  

1 + BIOG(---- - 1) (1 - EXF)] + bA(O2P AG - 0 2 R  AR) 
B I E F F  

B-20 

where 

DET 

B I O  

B I O R  

B I O G  

= concentration of dissolved oxygen 

= surface exchange coefficient for dissolved oxygen 

= concentration of dissolved oxygen at saturation 

= rate of BOD removal by oxygen uptake 

= concentration of ultimate BOD 

= ammonia decay rate 

= ammonia concentration as nitrogen 

= stoichi.ometric equivalence between oxygen and ammonia 

= nitrite decay rate 

= nitrite concentration as nitrogen 

= stoichiometric equivalence between oxygen and nitrite 

= detritus decay rate 

= detritus concentration 

= concentration equivalent of organic sediment 

= stoichiometric equivalence between oxygen and detritus decay 

= biota concentration excluding algae 

= stoichiometric equivalence between oxygen and biomass 
respiration 

= biota respiration rate 

= biota growth rate 

B-16 



BIEFF = biota digestive efficiency 

EXF = particulate fraction of total excrement 

A = algal concentration (i.e,, phytoplankton and benthic algae) 

02P 
= oxygenation factor for algal photosynthesis 

AG = algal growth rate 

AR = algal respiration rate 





APPENDIX C 

D e f i n i t i o n  o f  Selected FORTRAN Var iables 
used i n  the  Stream Hydraul ics Module 





A p p e n d i x  C 

Var iab le  - 

A 

AMAN 

ASC 

ASEC 

ASECG 

AVAM 

BASE 

CFAF 

CORD 

CPL 

CPMT 

CPOF 

CPOX 

CPSI 

CPSX 

Def in i t i on  of Se lec ted  FORTRAN Var iab les  

used i n  t he  Stream Hydraulics Module 

Def in i t i on  .- 

Cross s e c t i o n a l  a r e a  t a b l e  

Manning c o e f f i c i e n t  t a b l e  

Cross s e c t i o n a l  a r ea  dur ing  computation 

Cross s e c t i o n a l  a r e a  a t  node p o i n t s  a t  any t i m e  i n  t h e  
s imula t ion  

Cross sec t i .ona1  a r e a  a t  Gauss p o i n t  dur ing  numerical  in -  
t e g r a t i o n  f o r  each element 

Average va lue  of change of flow and depth duri.ng one 
i t e r a t i o n  

Parameters desc r ib ing  cubic curve f i t  of c ros s  s e c t i o n a l  
a r e a  f o r  each node p o i n t  and each t a b l e  e l e v a t i o n  

Table i den t i . fy ing  n e a r e s t  t a b l e  e n t r y  f o r  e l e v a t i o n  implied 
by s u b s c r i p t  number t imes minimum s t e p  i n t e r v a l  of t a b l e  
(STINT) 

Conversion f a c t o r  f o r  s t o r a g e  va lues  i n  a c r e - f t  t o  cu f t  
when English u n i t s  a r e  used 

Length coord ina te  of each node point: 

Control  p o i n t  l o c a t i o n  measured upstream f o r  p r i n t i n g  

Control  p o i n t  l o c a t i o n  a s  read  on da t a  cards  

Table conta in ing  outf low va lues  a t  c o n t r o l  p o i n t s  f o r  
equ iva l en t  s t o r a g e  va lues  (CPSI) 

Outflow va lues  f o r  a  c o n t r o l  p o i n t  as read  on d a t a  cards  

Table conta in ing  s t o r a g e  l e v e l s  a t  c o n t r o l  p o i n t s  f o r  
equ iva l en t  outf low va lues  (CPOF) 

Storage l e v e l s  f o r  a  c o n t r o l  p o i n t  a s  read  on d a t a  cards  



Variab le  

CROUT 

DADX 

DADXG 

DADY 

DADY G 

DAY 

DELT 

DFLY 

DHEAD 

DHF 

DISTF 

DNX 

DQDT 

DQDTG 

DQDTO 

DQDX 

DQDY 

DWDY G 

DRDXG 

D e f i n i t i o n  .- 

Array con ta in ing  Muskingum r o u t i n g  c o e f f i c i e n t s  CI, C2, 
C3 f o r  each c o n t r o l  p o i n t  

Routing coe f f i . c i en t s  a s  def ined  i n  d e s c r i p t i o n  of 
Muskingum method 

Rate of change of bottom e l e v a t i o n  f o r  each element 

aA/ax a t  a Gauss p o i n t  

aA/ay a t  s p e c i f i e d  p o i n t  

aA/ay a t  a Gauss p o i n t  

2 
D A/axay a t  s p e c i f i e d  po in t  

Function desc r ib ing  aA/ay a t  any e l e v a t i o n  o r  l o c a t i o n  

Time s t e p  f o r  s o l u t i o n  

Subelement l eng th  f o r  s o l u t i o n  of backwater equat ion  

Required accuracy f o r  changes i n  depth dur ing  computation of 
backwater s o l u t i o n  

Downstream head 

Der iva t ives  of each shape func t ion  i n  l o c a l  coord ina tes  
f o r  each Gauss poi.nt 

Non-point in f low and withdrawal rate 

Der iva t ives  of each shape func t ion  i n  g loba l  coord ina tes  
f o r  a Gauss p o i n t  

a Q / a t  a t  each node p o i n t  a t  end of ti.me s t e p  

a Q / a t  a t  a Gauss p o i n t  f o r  an element a t  end of time s t e p  

a Q / a t  a t  each node po in t  a t  beginning of ti.me s t e p  

aQ/ax a t  each node p o i n t  o r  a Gauss p o i n t  of an el.ement 

aQ/ay f o r  each e l e v a t i o n  a t  t h e  downstream node p o i n t  

aQ/ay a t  a Gauss p o i n t  f o r  an element 

aQ/ax a t  a Gauss p o i n t  of an element 



Variab le  

DRDY 

DRDY G 

DRXYG 

DRY 

DSAVE 

DWDXG 

DYDT 

DYDTG 

DYDTO 

DY DX 

D2A 

D2AY 

D2AYG 

D2R 

D2RY G 

ELEV 

ES TIFM 

F 

G 

HF 

HOUR 

HRAD 

HRADG 

HRD 

Def in i t i on  

aQ/ay a t  upstream node during i t e r a t i o n s  t o  determine up- 
s t ream depth 

aQ/ay based on normal flow-depth r e l a t i o n s h i p  a t  a Gauss 
p o i n t  of an element 

2 a Q/axay a t  a Gauss p o i n t  of an element 

Function desc r ib ing  aQ/ay based on normal flow-depth t a b l e s  

Array conta in ing  backsubs t i t u t ion  parameters t o  develop 
midelement flows and depths a s  app ropr i a t e  

2 a ~ / a x a y  a t  a Gauss po in t  of an element 

a y / a t  a t  each node a t  end of time s t e p  

a y / a t  a t  a Gauss p o i n t  f o r  an element a t  end of a time 
s t e p  

ay /a t  a t  each node a t  beginning of each t i m e  s t e p  

ay/ax a t  a Gauss p o i n t  f o r  an element 

2 2 Function f o r  computing a ~ / a y  a t  any e l eva t ion  o r  node 

Bottom s lope  a t  node p o i n t  

2 2 a A/ay a t  a Gauss p o i n t  f o r  an element 

2 2 
Function f o r  computing a A/ay a t  any e l eva t ion  o r  node 

2 a2Q/ay a t  a Gauss p o i n t  f o r  an element 

Cross s e c t i o n  e l e v a t i o n  t a b l e  

Coe f f i c i en t  ma t r ix  formed f o r  each element 

E r ro r  vec to r  f o r  each element 

Acce lera t ion  due t o  g r a v i t y  

Shape func t ion  a t  each Gauss p o i n t  

Time 

Instantaneous flow a t  each node 

Instantaneous flow a t  a Gauss po in t  

Instantaneous flow a t  an i n t e g r a t i o n  p o i n t  



Variab le  - 

IALL 

I C M  

I C N D  

IDAY 

IDCP 

IDST 

IHYDRO 

I IDAY 

ILVL 

ISEG 

ITRLIM 

JJMAX 

JMAX 

J-MIN 

KEY 

KMAX 

KMIN 

KTAPE 

LDAY 

L I 

LP 

Def in i t i on  

I n d i c a t o r  t h a t  a l l  in te rmedia te  time s t e p s  should be  
p r i n t e d  

I n d i c a t o r  f o r  i d e n t i f y i n g  i n p u t  u n i t s  

I n d i c a t o r  f o r  i d e n t i f y i n g  i n i . t i a 1  condi t ions  

F i r s t  day of s imula t ion  

Segment number of each con t ro l  p o i n t  

I d e n t i f i e s  where downstream condi t ion  is  s p e c i f i e d  head o r  
head flow t a b l e  

Logical  number f o r  f i l e  conta in ing  record  of flows and 
depths a t  a l l  nodes 

I n d i c a t o r  which i d e n t i f i e s  which method of rou t ing  has  been 
s e l e c t e d  

Temporary s t o r a g e  of day number of hydrograph 

Array conta in ing  l o c a t i o n  i n  d a t a  t a b l e s  of t h i s  depth of 
water  t imes the  s t e p  i n t e r v a l  (STINT) 

Node l o c a t i o n  of t r i b u t a r y  flow 

Maximum number of i t e r a t i o n s  dur ing  non l inea r  so l .u t ion  

Maximum column l o c a t i o n  dur ing  e l imina t ion  process  

Maximum column l o c a t i o n  of s imultaneous equat ions  

Locat ion of d iagonal  t e r m  of simul.taneous equati.ons 

I n d i c a t o r  t o  s e p a r a t e  wave and s e t t l e m e n t  s o l u t i o n s  

Maximum row l o c a t i o n  dur ing  an individual .  e l iminat i .on s t e p  

Minimum row l o c a t i o n  dur ing  an i n d i v i d u a l  e l imina t ion  s t e p  

Logi.cal, number of f i . l e  on whi.ch downstream va lue  of flow 
i s  w r i t t e n  

L a s t  day of simul.ati.on 

Logica l  number of card  reader  

Logica.1 number of l i n e  p r i n t e r  



Variab le  

LTAPE 

MK 

MX 

NBC 

NBPP 

ND 

NDAY S 

NDF 

NE 

NELEV 

NEQS 

NFREQ 

NL 

NOP 

N-FJ 

NRB 

NREM 

NROW 

NROWB 

NS 

NSLOAD 

NS TEP 

NS ZF 

Q A 

Def in i t i on  -- 

Logica l  numbers of upstream inpu t  f i l e s  

Value of K i n  Muskingum rou t ing  f o r  each c o n t r o l  p o i n t  

Value of X i n  Muskingum r o u t i n g  f o r  each c o n t r o l  p o i n t  

Array conta in ing  equat ion  number f o r  each node and degree 
of freedom 

Number of c r o s s  s e c t i o n s  of i n p u t  d a t a  

Counter on number of days 

Maximum day of s imula t ion  

Number of degrees of freedom p e r  node i n  s imultaneous 
equat ions  

Number of elements used i n  t h e  s imu la t ion  

Number of l e v e l s  i n  i n p u t  c ros s  s e c t i o n  d a t a  

Number of equat ions  i n  system 

Frequency of p r i n t i n g  of s imu la t ion  r e s u l t s  

Number of l o c a t i o n s  wi th  t r i b u t a r y  i n p u t  

Matr ix  conta in ing  node connect ions f o r  each element 

Number of nodes i n  t h e  system t o  be  s imula ted  

Row l o c a t o r  when forming g loba l  ma t r ix  

Number of withdrawals  

Equation number when forming g l o b a l  r i g h t  hand v e c t o r  

Equation number f o r  s p e c i f i e d  node and degree of freedom 

Number of segments i n  system 

Number of s torm infl.ows 

Number of t ime s t e p s  p e r  day of s i rnulat ion 

Number of equat ions  i n  g loba l  system 

Flow a t  each node 



Variab le  

QADD 

QAx 

QG 

Q I N  

QONE 

QREM 

QS T 

Q S  TAGE 

QT 

QTCP 

QTCPO 

QTWO 

QW 

RAD 

RADY 

RCK 

RCX 

R1 

Def in i t i on  --- 

Tributary  flow between c o n t r o l  p o i n t s  

Flow a t  a  subelement during computation of depth by back- 
water  method 

Ins tan taneous  flow a t  a  Gauss p o i n t  of a n  element 

Tr ibutary  inf low 

Flow a t  c o n t r o l  po in t  a t  start  of time s t e p  

Withdrawal r a t e  

Table of i n p u t  s p e c i f i e d  flows f o r  each e l e v a t i o n  and c ros s  
s e c t i o n  

Table of s p e c i f i e d  flows developed f o r  each e l e v a t i o n  s t e p  
and each node p o i n t  

Sum by node of a l .1  t r i b u t a r y  inf lows 

Sum of a l l  t r i b u t a r y  inf lows and outf lows by c o n t r o l  po in t  

Sum of a l l  t r i b u t a r y  inf lows and outflows by c o n t r o l  p o i n t  
f o r  previous time s t e p  

Computed flows a t  c o n t r o l  p o i n t s  a t  end of time s t e p  

Sum by node of t r i b u t a r y  outflows 

Normal o r  f r i c t i o n  flow a t  each node f o r  each e l e v a t i o n  of 
t h e  t a b l e  

Rate of change of normal o r  f r i c t i o n  flow wi th  e l e v a t i o n  
a t  each node f o r  each e leva t i .on  of t h e  t a b l e  

Muskingum rou t ing  c o e f f i c i e n t  K f o r  a  c o n t r o l  po in t  

Muskingum rou t ing  c o e f f i c i e n t  X f o r  a  control .  p o i n t  

Right  hand s i d e  v e c t o r  f o r  simultaneous equat ions  and cor- 
r e c t i o n  v e c t o r  a f t e r  s o l u t i o n  

Curve f i t  parameters  f o r  normal o r  func t ion  flow f o r  each 
node and e l e v a t i o n  

Hydrau1i.c r ad ius  t o  t h e  2 / 3  power 

Curve f i t  parameters f o r  normal o r  f r i c t i o n  flow f o r  each 
node and e l e v a t i o n  



Variab le  --. 

SCALE 

SE 

SEC 

SECY 

snow 

SK 

SLOPE 

SO 

STEP 

STINT 

TIME 

VEL 

VOLD 

WAIT 

WD 

X 

X I  NC 

XL 

XM 

XMT 

XN 

XOVER 

Parameter used f o r  i n t e r p o l a t i o n  of c ros s  s e c t i o n  d a t a  t o  
nodal  p o i n t s  

F r i c t i o n  s l o p e  used i n  computation of backwater s o l u t i o n  

Cross s e c t i o n a l  a r e a  f o r  each node and e1,evation 

Der iva t ive  of c r o s s  s e c t i o n a l  a r e a  wi th  r e s p e c t  t o  e l e v a t i o n  
f o r  each node and e l e v a t i o n  

Net r a t e  of i.nflow p e r  u n i t  l eng th  f o r  each element 

Global ma t r ix  of simultaneous equat ions ,  s t o r e d  i n  rec tan-  
gu la r  form 

Mean e f f e c t i v e  channel  s l o p e  a t  a  convection d a t a  p o i n t  

E f f e c t i v e  channel  s lope  a t  each node 

Dis tance  between a c t u a l  depth and t a b l e  e l e v a t i o n  f o r  use 
i n  i n t e r p o l a t  ion  func t ion  

Basic  s t e p  i n t e r v a l  ( lowest  common m u l t i p l i e r )  of i n t e r v a l  
i n  e l e v a t i o n  of c ros s  s e c t i o n  d a t a  

Incremental  t ime i n  hours  dur ing  day of s imulat i .on 

L a t e s t  va lue  i n  simulati .on f o r  flow and depth a t  a  node 

Value a t  end of previous time s t e p  f o r  flow and depth 

Waiting func t ion  used i n  numerical  i n t e g r a t i o n  

Surface  width a s  en tered  i n  c ros s  s e c t i o n  t a b l e s  

Locat ion of c r o s s  s e c t i o n  d a t a  

Increment between each e l e v a t i o n  i n  geometric d a t a  t a b l e  

Length of each f i n i t e  element d i s t a n c e  between c o n t r o l  
poi .nts  

Coordinates of nodal  p o i n t s  

Locat ion of t r i b u t a r y  

Values of each shape func t ion  of each Gauss p o i n t  

Dis tance  between a c t u a l  depth from n e a r e s t  t a b l e  e leva t i .on  



Variab le  - 

Y 

YC 

YN 

ZB 

D e f i n i t i o n  

Depth a t  each node o r  Gauss p o i n t  

Spec i f i ed  downstream depth 

Normal flow depth 

Bottom e l e v a t i o n  a t  each node 



APPENDIX D 

D e f i n i t i o n  o f  Selected FORTRAN Var iables 
used i n  the  Qua1 i t y  Modules 





A p p e n d i x  D 

Var iab le  

AH 

ALGAC 

ALGADT 

ALGAE 

ALGAN 

ALGAP 

~ L K A  

ALKADT 

AMU 

AREA 

ART 

ASEC 

ATOP 

ATOV 

BDET 

BDETR 

BEFFIC 

BEN 

BENC 

BENDT 

BENN 

BENP 

BFLUX 

Def in i t i on  of Se lec ted  FORTRAN Var iab les  

used i n  t he  Qual i ty  Modules 

Def in i t i on  

Element s u r f a c e  a r e a  

Ca rbonc f rac t ion  of a lgae  

Rate of change i n  a lgae  ( i .  e . ,  aP/at)  

Algae ( i . e . ,  phytoplankton and b e n t h i c  a lgae )  concen t r a t ion  

Carbon f r a c t i o n  of a lgae  

Phosphorus f r a c t i o n  of a lgae  

A l k a l i n i t y  concent ra t ion  

Rate' of change i n  a l k a l i n i t y  

Algal  growth r a t e  

Element s u r f  ace a r e a  

Algal  r e s p i r a t i o n  r a t e  

Channel c ros s  s e c t i o n  a r e a  

Lake s u r f a c e  a r e a  

Element bottom a r e a  t o  volume r a t i o  

Benthos ( i . e . ,  Benthic animals) e x c r e t a  

P a r t i c u l a t e  f r a c t i o n  of benthos e x c r e t a  

Ass imi l a t ive  e f f i c i e n c y  of benthos 

Benthos dens i ty  

Carbon f r a c t i o n  of benthos 

Rate of change i n  benthos 

Nitrogen f r a c t i o n  of benthos 

Phosphorus f r a c t i o n  of benthos 

Heat f l u x  between water  and sediment 

D- 1 



Variable 

BMAX 

BMORTA 

BMORTB 

BMT 

BMU 

BOD 

BODDT 

BRESP 

BRT 

BS2SED 

CARBDT 

CARBON 

CBALGA 

CBEN 

CMUD 

CNH3DT 

CN02 

CE02DK 

CN02DT 

CN0 3 

CN0 3DT 

CNSECT 

Definit ion - 

Benthos maximum growth r a t e  

Benthos natural.  morta l i ty  coeff ic ient  

Benthos t ox i c i t y  induced mortal i ty coef f ic ien t  

Benthos morta l i ty  r a t e  

Benthos growth r a t e  

BOD ( i . e . ,  ul t imate carbonaceous BOD) concentration 

Maximum BOD decay r a t e  

Rate of change i n  BOD 

Five day BOD 

Maximum benthos resp i ra t ion  r a t e  

Benthos respira t ion,  r a t e  

Half sa tu ra t ion  constant f o r  benthos grazing organic 
sediment 

Rate of change i n  TIC ( i . e . ,  t o t a l  inorganic carbon) 

T I C  concentration 

Equivalent concentration of benthic algae 

Equivalent concentration of benthos 

Bottom sediment thermal conductance coef fici.ence 

Ammonia nitrogen concentration 

Maximum ammonia decay r a t e  

Rate of change i n  ammonia nitrogen 

N i t r i t e  nitrogen concentration 

N i t r i t e  decay r a t e  

Rate of change i n  n i t r i t e  nitrogen 

Nit ra te  nitrogen concentrati.on 

Rate of change i n  n i t r a t e  nitrogen 

Equivalent concentration of aquatic insec t s  



Variab le  

COLIDK 

COLIDT 

COLIF 

CSED 

C S TAR 

DC 

DEEP 

DELT 

DENS 

DETRC 

DETRN 

DETRP 

DETUDK 

DETUDT 

DETUS 

DFALG 

DFALGl 

DFBEN 

DFBENl 

DFB T 

DFCOL 

Def in i t i on  - 

Coliform decay r a t e  a t  20°C 

Rate of change i n  col i forms 

Coliform dens i ty  

Carbon d ioxide  carbon concent ra t ion  

Carbon dioxide produced wi th  BOD decay 

Function f o r  computing carbon d ioxide  concent ra t ion  a t  
s a t u r a t i o n  

Equivalent  concent ra t ion  of organic  sediment 

Function f o r  computing d isso lved  oxygen concent ra t ion  a t  
sa tura t i .on  

E f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  

Stream element mean depth 

Computation time s t e p  increment- 

Water dens i ty  

Carbon f r a c t i o n  of d e t r i t u s  

Nitrogen f r a c t i o n  of d e t r i t u s  

Phosphorus f r a c t i o n  of d e t r i t u s  

Maximum d e t r i t u s  decay r a t e  

Rate of change i n  d e t r i t u s  

D e t r i t u s  concent ra t ion  

Temperature c o r r e c t i o n  f o r  a l g a l  growth 

Temperature co r r ec t ion  f o r  a l g a l  r e s p i r a t i o n  and m o r t a l i t y  

Temperature co r r ec t ion  f o r  benthos growth 

Temperature c o r r e c t i o n  f o r  benthos r e s p i r a t i o n  and m o r t a l i t y  

Temperature c o r r e c t i o n  f o r  BOD decay 

Temperature c o r r e c t i o n  f o r  col i form d ieo f f  



Variab le  --. 

DFDT 

DFFSH 

DFFSHl 

DFINS 

DFINSl 

DFNH3T 

DFNO 2 T 

DFSED 

DFZOO 

DFZOOl 

DISTF 

DISTQ 

DMUD 

DSED 

DSETL 

DTBY 2 

DTH 

DVDT 

DVOL 

ELTC 

EMERGE 

EX 

EXT 

EXCO 

EXTINP 

Def in i t i on  

Temperature c o r r e c t i o n  f o r  d e t r i t u s  decay 

Temperature c o r r e c t i o n  f o r  f i s h  growth 

Temperature c o r r e c t i o n  f o r  f i s h  resp i ra t i .on  and m o r t a l i t y  

Temperature c o r r e c t i o n  f o r  a q u a t i c  i n s e c t  growth 

Temperature c o r r e c t i o n  f o r  aqua t i c  i n s e c t  r e s p i r a t i o n  and 
mortal i .  t y  

Temperature c o r r e c t i o n  f o r  ammonia decay 

Temperature c o r r e c t i o n  f o r  n i t r i t e  decay 

Temperature c o r r e c t i o n  f o r  organic  sediment decay 

Temperature c o r r e c t i o n  f o r  zoopl.ankton growth 

Temperature c o r r e c t i o n  f o r  zooplankton r e s p i r a t i o n  and mor- 
t a l i t y  

Non-point in f low r a t e  

Non-point in f low qua1 i t y  

Bottom sediment t h i ckness  

Inorganic  sediment accumulation r a t e  

D e t r i t u s  s e t t l i n g  r a t e  

One h a l f  t h e  computational time s t e p  increment 

Time s t e p  incuemen t 

Rate of changes i n  element volume 

Element volume 

Eleva t ion  of thermocline 

Aquatic i n s e c t  emergence r a t e  

Light  e x t i n c t i o n  c o e f f i c i e n t  

Light  e x t i n c t i o n  c o e f f i c i e n t  

Light  e x t i n c t i o n  c o e f f i c i e n t  wi thout  t h e  e f f e c t s  of modeled 
p a r t i c u l a t e  m a t e r i a l s  

Se l f  shading c o e f f i c i e n t s  

D-4 



Variab le  

FALGA 

FBALGA 

FBEN 

FC 

FDET 

FDETR 

FEE 

FEFFIC 

FG 

FGROW 

FISH 

FI SHC 

FI  SHDT 

FI  SHN 

FISHP 

FISHT 

FMA 

FMAX 

FMORTA 

FMORTB 

FMT 

FRT 

FN 

FNSECT 

FONE 

D e f i n i t i o n  - 

Algae consumed by zooplankton 

Benthic  a l g a e  consumed by f i s h  and a q u a t i c  i n s e c t s  

Benthos consumed by f i s h  

Sources and s i n k s  of TIC 

Sources and s i n k s  of d e t r i t u s  

P a r t i c u l a t e  f r a c t i o n  of f i s h  e x c r e t a  

Ex te rna l  sources  of h e a t  

Ass imi l a t ive  e f f i c i e n c y  of f i s h  

F ish  growth r a t e  

F ish  growth r a t e  

F ish  d e n s i t y  

Carbon f r a c t i o n  of f i s h  

Rate of change i n  f i . sh  

Nitrogen f r a c t i o n  of f i s h  

Phosphorus f r a c t i o n  of f i s h  

F ish  densi. ty 

Function f o r  i n t e g r a t i n g  the  e f f e c t s  of l i g h t  energy on 
a l g a l  growth over  depth 

Maximum f i s h  growth r a t e  

F i s h  n a t u r a l  m o r t a l i t y  coef f i c i . e n t  

F i sh  t o x i c i t y  induced m o r t a l i t y  c o e f f i c i e n t  

F ish  morta1,ity rate 

Fish  r e s p i r a t i o n  r a t e  

Sources and s i n k s  of n i t rogen  

Aquatic i n s e c t s  consumed by f i s h  

Surface h e a t  exchange c o e f f i c i e n t  



Variab le  

FOOD 

FOXY 

FP 

FPREF 

FRACT 

FRES 

FRESP 

FRT 

FSEDMT 

FTWO 

FZOO 

F2FOOD 

HARVST 

IDAY 

ISEG 

ITEST 

lTIME 

JFZONE 

LD 

LDAY 

MAXE 

NEQ 

NFZONE 

NS 

NUME 

Def i n i t i z  

Tota l  a v a i l a b l e  f i s h  prey 

Sources and s i n k s  of d i sso lved  oxygen 

Sources and s i n k s  of phosphorus 

Grazing preference  f a c t o r  f o r  f i s h  

F rac t ion  of r e s e r v o i r  element i n  con tac t  w i t h  t h e  bottom 

F i sh  r e s p i r a t i o n  r a t e  

Maximum f i s h  r e s p i r a t i o n  r a t e  

F ish  r e s p i r a t i o n  r a t e  

Sources and s i n k s  of organic  sediment 

Surface h e a t  exchange c o e f f i c i e n t  

Zooplankton consumed by f i s h  

F ish  growth h a l f  s a t u r a t i o n  cons tan t  

F ish  ha rves t  r a t e  

F i r s t  day of s imula t ion  

Segment r ece iv ing  t r i b u t a r y  inf low 

Water q u a l i t y  c o n s t i t u e n t  computation modi f ica t ion  switch 

Number of p o i n t s  de f in ing  inf low hydrograph 

Limits  of f i s h  zones 

Days s i n c e  beginning the  s imula t ion  

F i n a l  day of s imula t ion  

Maximum number of elements 

Number of equat ion r ep re sen t ing  changes i n  a water  qua l . i ty  
c o n s t i t u e n t  

Number of f i s h  zones 

Number of elements 

Number of elements 



Variab le  

OSAT 

OXY 

OXYD T 

02DET 

P 

P ALGAE 

PALK 

PBOD 

PCAR 

PCOLIF 

PDET 

PMAX 

PMORT 

PNH3 

PN02. 

PN0 3 

FOXY 

PO4 

P04DT 

PP04 

PREF 

PRESP 

Def in i t i on  

Dissolved oxygen concent ra t ion  a t  s a t u r a t i o n  

Dissolved oxygen concent ra t ion  

Rate of change i n  d isso lved  oxygen 

Oxygen consumed w i t h  d e t r i t u s  decay 

Oxygen produced wi th  a l g a l  growth 

Oxygen consumed wi th  ammonia decay 

Oxygen consumed wi th  n i t r i t e  decay 

Oxygen consumed w i t h  b i o t a  r e s p i r a t i o n  

Source and s i n k  term 

Ex te rna l  sources  of phytoplankton 

Externa l  sources  of  a l k a l i n i t y  

Externa l  sources  of BOD 

Externa l  sources  of TIC 

Externa l  sources  of co l i forms  

External  sources  of d e t r i t u s  

Maximum a l g a l  growth r a t e  

Benthic  a lgae  t o x i c i t y  induced m o r t a l i t y  c o e f f i c i e n t  

Externa l  sources  of ammonia n i t rogen  

Externa l  sources  of n i t r i t e  n i t r o g e n  

Ex te rna l  sources  of n i t r a t e  n i t rogen  

Ex te rna l  sources  of d i sso lved  oxygen 

Phosphate phosphorus concent ra t ion  

Rate of change i n  phosphate phosphorus 

Externa l  sources  of phosphate phosphorus 

Preference  f a c t o r  f o r  zooplankton graz ing  phytoplankton 

Maximum a l g a l  r e s p i r a t i o n  r a t e  



Variable 

PSED 

PSOL 

PS2C02 

PS2L 

PS2N 

PS2PO4 

PTDS 

PTOX 

PZOO 

Q A 

Q H I  

QHQ 

Q I N  

QM 

QREM 

QTEN 

QWP 

QVDN 

QW 

RATE 

ROX 

ROXY 

R02C02. 

Def in i t ion  

External sources of inorganic sediment 

External sources of inorganic suspended s o l i d s  

Half s a t u r a t i o n  constant  f o r  a lgae  u t i l i z i n g  TIC 

Half sa tu ra t ion  constant  f o r  a lgae  u t i l i .z i .ng  l i g h t  energy 

Half s a t u r a t i o n  constant  f o r  algae u t i l i z i n g  ni t rogen 

Half s a t u r a t i o n  constant f o r  a lgae  u t i l i z i n g  phosphorus 

External sources of TDS 

External sources of u n i t  t o x i c i t y  

External  sources of zooplankton 

Stream interelement flow r a t e  

Reserv0i.r element i.nflow r a t e  

Reservoir element outflow r a t e  

I n f 1 . 0 ~  r a t e  

Mean atream element flow r a t e  

Withdrawal r a t e  

Temperature correc t ion f o r  reaera t ion of oxygen 

Reservoir interelement flow r a t e  

Reservoir interelement flow r a t e  

Stream element withdrawal r a t e  

Function f o r  i n t e r p o l a t i n g  r a t e  c o e f f i c i e n t  temperature 
adjustment f a c t o r s  

Function f o r  ca lcu la t ing  water densi ty  a s  a function of 
temperature and dissolved and p a r t i c u l a t e  s o l i d s  

Oxygen reaera t ion coef f i c ien t  

Oxygen reaera t ion coef f i c ien t  

Ratio between the  reaera t ion c o e f f i c i e n t s  of carbon dioxide 
and oxygen 



Var iab le  

SDZ 

SEDDK 

SEDDT 

SEDMT 

SETL 

SIZE 

SO 

SORS 

S SCAP 

SSED 

SSEDDT 

SSETL 

SSLIM 

SSOL 

SSOLDT 

SWS 

TBENT 

TDS 

TDSDT 

TEMP 

TEMPDT 

TFG 

TFOOD 

TINSEC 

TMUD 

Def in i t i on  

Element th ickness  

Organic sediment decay r a t e  

Rate of change i n  organic  sediment 

Organic sediment 

Phytoplankton s e t t l i n g  r a t e  and ben th i c  a lgae  scour  r a t e  

Inorganic suspended s o l i d s  p a r t i c a l  s i z e  

s t ream channel s lope  

Var ian t  p o r t i o n  of c o e f f i c i e n t  ma t r ix  r ep re sen t ing  t h e  
r a t e s  of change i n  a q u a l i t y  c o n s t i t u e n t  

Inorganic  suspended s o l i d s  car ry ing  capac i ty  of t h e  s t ream 

Inorganic  sediment 

Rate of change i n  inorganic  sediment 

S e t t l i n g  v e l o c i t y  of inorganic  suspended s o l i d s  

Stream v e l o c i t y  below which inorganic  suspended s o l i d s  
may s e t t l e  

Inorganic  suspended s o l i d s  concen t r a t  i.on 

Rate of change i n  i no rgan ic  suspended s o l i d s  

Shor t  wave s o l a r  r a d i a t i o n  a t  depth 

Total. avail.ab1.e ben th i c  animal food 

TDS ( i . e . ,  t o t a l  d i sso lved  sol . ids)  concent ra t ion  

Rate of change i n  TDS 

Water temperature 

Rate of change i n  water  temperature 

To ta l  f i s h  growth 

To ta l  a v a i l a b l e  f i s h  prey 

To ta l  a v a i l a b l e  a q u a t i c  i n s e c t  food 

Temperature of bottom sediment 



Variab le  

TMTJDDT 

TOX 

TOXDT 

TOXI 

VEL 

VOL 

X I N  

XLEN 

XQNS 

WIND 

XX 

YBAR 

YDETR 

YEFFI C 

YG 

YMAX 

YMORTA 

YMORTB 

YNSECT 

YNSEDT 

YPREF 

YRESPA 

YSECC 

YSECN 

YSECP 

WP 

Def in i t i on  

Rate of change i n  bottom sediment temperature 

Unit t o x i c i t y  concent ra t ion  

Rate of change i n  u n i t  t o x i c i t y  

Unit  t o x i c i t y  ad jus t ed  t o  t h e  d i s so lved  oxygen concen t r a t ion  

Veloc i ty  i n  s t ream channel 

Reservoir  volume 

Inflow concent ra t ions  of a l l  advected c o n s t i t u e n t s  

S tream element l eng th  

Short  wave s o l a r  r a d i a t i o n  

Wind speed 

I n v a r i a n t  p o r t i o n  of c o e f f i c i e n t  ma t r ix  

Mean channel depth 

P a r t i c u l a t e  f r a c t i o n  of a q u a t i c  i n s e c t  e x c r e t a  

Ass imi l a t ive  e f f i c i e n c y  of a q u a t i c  i n s e c t s  

Aquatic i n s e c t  growth r a t e  

Aquatic i n s e c t  maximum growth r a t e  

Aquatic i n s e c t  n a t u r a l  m o r t a l i t y  c o e f f i c i e n t  

Aquatic i n s e c t  t o x i c i t y  induced m o r t a l i t y  c o e f f i c i e n t  

Aquatic i n s e c t s  

Rate of change i n  a q u a t i c  i n s e c t s  

Grazing p re fe rence  f a c t o r s  f o r  a q u a t i c  i n s e c t s  

Aquatic i n s e c t  maximum r e s p i r a t i o n  r a t e  

Carbon f r a c t i o n  of a q u a t i c  i n s e c t s  

Nitrogen f r a c t i o n  of aqua t i c  i n s e c t s  

Phosphorus f r a c t i o n  of a q u a t i c  i n s e c t s  

Avai lab le  food f o r  benthos, a q u a t i c  i n s e c t s  and f i s h  by 
elements 

Y ZFOOD Aquatic i n s e c t  growth h a l f  s a t u r a t i o n  cons tan t  



Variable 

YDETR 

z 

ZDET 

ZEFFIC 

ZMAX 

ZMORTA 

ZMORTB 

ZMT 

zm 

zoo 

ZOOC 

ZOODT 

ZOON 

ZOOP 

ZRESP 

ZRT 

ZS2P 

Def in i t ion  - 

P a r t i c u l a t e  f r a c t i o n  of aqua t i c  i n s e c t  exc re ta  

Reservoir element e l eva t ion  

Zooplankton exc re ta  

Ass imi la t ive  e f f i c i e n c y  of zooplankton 

Maximum zooplank ton growth r a t e  

Zooplankton n a t u r a l  mor ta l i ty  c o e f f i c i e n t  

Zooplankton t o x i c i t y  induced mor ta l i ty  c o e f f i c i e n t  

Zooplankton mor ta l i ty  r a t e  

Zooplankton growth r a t e  

Zooplankton concent ra t ion  

Carbon f r a c t i o n  of zooplankton 

Rate of change i n  zooplankton 

Nitrogen f r a c t i o n  of zooplankton 

Phosphorus f r a c t i o n  of zooplankton 

Zooplankton maximum r e s p i r a t i o n  r a t e  

Zooplankton r e s p i r a t i o n  r a t e  

Zooplankton growth ha l f  s a t u r a t i o n  constant  
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APPENDIX E 

T M P m  00111taSLSfm 
Abrolute Temperatures Coav.rriar Ioctotr Intorpolation Figurer 

" 
9 3.6 2 1 . 1  12.6 7 3.9 

5.4 3 1.7 14.4 8 4 .4  
7.2 4 2.2 16.2 9 5.0  
9.0 5 2 .8  18.0 10 5.6 ---- 

The bold figures are the temperature readings i n  OC or OF, which can be converted t o  OF 
01 OC 9 E~!?P~-C~~VL~X_-  - - --.- -- -- 

1 4 ' ~  -10 -23 .3 '~  104'~  40 4.44O~ 194Ot 90 32.2OC 770°P 410 210°C 
15 .8  - 9 -22.8 106 41 5.00 196 91  32.8 788 420 216 
17.6 - 8 -22.2 108 42 5.56 198 92 33.3 806 430 221 
19.4 - 7 -21.7 109 43 6 .11  199 93 33.9 824 440 227 
21.2 - 6 -21.1 111 44 6.67 201 94 34.4 842 450 232 
23.0 - 5 -20.6 113 45 7.22 203 95 35.0 860 460 238 
24.8 - 4 -20 115 46 7.78 205 96 35.6 878 470 243 
26.6 - 3 -19.4 117 47 8.33 207 97 36.1 896 480 249 
28.4 - 2 -18.9 118 48 8.89 208 98 36.7 914 490 254 
30.2 - 1 -18.3 120 49 9.44 210 99 37.2 932 500 260 



Feet 00 10 20 30 40 50 . 60 70 80 90 --------------------- 

-_-- - ---------------- 
Feet 000 100 200 300 460 500 600 700 800 900 - - -.-----. -- - -- 



Nomograph f o r  converting water-measurement units (by William Back) .. 

Copied from "Water Facts and Figures for  Planners and Managers," 
U.S. Geological Surrey Circular 601-1, 1973. 
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JULIAN DATE CALENDAR 
(PERPETUAL) 

FOR LEAP YEAR USE REVERSE SIDE 



JULIAN DATE CALENDAR 
FOR LEAP YEARS ONLY 

(USE IN 1964, 1968, 1972, eve.) -.I- 0-7- 
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