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ABSTRACT 

The  develoiment  and  use of mathematical  models  for  flood  routing 
in  the  Fraser  River  .basin'  are  described.  The  initial  use of  the "SSARR" 
computer  program'  is-  discussed  and  a  brief  description of the  river  .routing. 
portions of that  program  is  provided  along  with  an  evaluation of the SSARR 
program  in  terms of 'the  needs  of  the  Fraser  River  Upstream.  Storage  Study. 
The  subsequent  development  and  use  in  these  studies of a  new  streamflow 
modelling  computer  program  known  as "SIMPAK" is  documented  and  examples of 
the  program's  operation  are  provided. A user's  manual  for  the SIMPAK 
program  is  included.  The  report  tabulates  all  the  routing  parameters'  and 
the  model  configurations  required  to  apply  either  the SSARR or  the SIMPAK 
programs to the  Fraser  River  system. 

RESUME 

L'6laboration  et  l'utilisation  des  modsles  math6matiques  pour  le 
calcul  de  la  propagation  des  crues  dans  le  fleuve Fraser'sont d6crites. . . 

La  premibre  utilisation du  programme  machine !'SGARR" est  ,examin6e  et  'une 
courte  description  des  parties  pr6visionnelles d'un cours  d'eau. de  ce 
programme  est  fournie y compris  une  gvaluation du programme SSARR en  fonction 
des  besoins de 1'6tude  de  la  retenue  des  eaux  d'amont du fl&ve Fraser. 
L'6laboration  et'  l'utilisation  ult6rieures  dans  ces  6tudes  d'un  nouveau 
programme  machine de  .mod6lisation  d'un  Bcoulement  connu  sous le nom  de 
"SIMPAKtt est  document6  et  des  exemples  de  l'op6ration du programme  sont 
fournis.  Un  manuel  pour  les  usagers du programme SIMPAK est  inclu. 
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FRASER  RIVER  UPSTREAM  STORAGE  STUDY 

Define  and  Develop  Mathematical  Simulation 
Models for Flood  Regulation  Studies 

(Tasks #5 and #7)  

1. Introduction 

This  report  covers  two  tasks of the  Fraser  River  Upstream 
Storage  Study;  Task #5, "Define  Mathematical  Simulation  Models",  and 
Task # 7 ,  "Develop  Mathematical  Model  for  Flood  Regulation  Studies".  The 
first of  these,  Task #5, had  the  objective  to  assess  the  suitability of 
the  SSARR  (Streamflow  Synthesis  and  Reservoir  Regulation)  computer  model 
and  determine  whether  a  simpler  model  was  needed. The  second,  Task #7, 
had  the  objective  to  develop  a  mathematical  model of the  Fraser  basin 
that  would  be  suitable  to  process  flow  data  and  to  simulate  a  manner of 
reservoir  operation  for  flood  control  that  is  equivalent  to  present  day 
operating  methods.  Task #5 and  the  first  part of  Task # 7 ,  development  of 
a  mathematical  model  to  process  flow data, were  carried  out  concurrently. 
Since  they  are  highly  inter-related,  both  these  tasks  are  included  in 
this  report. 

The  second  part  oflthe  Task #7 objective,  to  simulate  a  manner 
of  reservoir  operation  that  is  equivalent  to  present  day  operating  methods, 
was  carried  out  separately  by  testing  and  refining  procedures of reservoir 
regulation  along  with  the  modelling  procedures  developed  to  process  flow 
data.  The  development  of  those  regulating  procedures  has  been  carried 
out  as  a  part of Task #35, "Test  Simulation  Models  and  Carry  Out  Detailed 
Studies",  and  will  be  included  in  the  documentation of that  task. 

This  report  deals  with the development  and  use of streamflow 
modelling  computer  programs  for  the  Fraser  River  Upstream  Storage  Study 
The  work  was  preceded  by the, adaptation of  the  U. S. Corps of Engineers' 
SSARR  program  to  the  computer  system  at  the  University of British  Columbia. 
This  computer  program  was  then  used  to  develop  a  flood  routing  mathemati- 
cal  model of  the  main-stem  Fraser  and  Thompson  Rivers.  This  model  was 
used  for  preliminary  tests  of  flood  routing  in  the  Fraser  basin. 
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The prel iminary  use of t h e  SSARR model i n d i c a t e d   t h a t  a simpler 

program  could  be  developed  that would car ry   ou t  similar r iver   model l ing  
func t ions ,   bu t   i n  a manner more su i t ed   t o   t he   l imi t ed   needs   o f   t he  up- 

stream storage  s tudies .   Subsequent ly ,   the  SIMPAK computer  modelling  package 
fo r   r i ve r   s imu la t ion  w a s  developed. The SIMPAK program  formed t h e   b a s i c  

framework f o r  a l l  modelling  studies  and was u t i l i z e d   i n  a l l  regula t ion  

s t u d i e s .  

This   repor t   b r ie f ly   descr ibes   the   use   o f   the  SSARR computer 

program in   p re l imina ry  Fraser River  f lood  routing  studies  and  defines  the 

mathematical model t h a t  i s  used i n   t h a t  program t o   s i m u l a t e   t h e  Fraser 

and Thompson Rivers. The r epor t   a l so   desc r ibes   t he  SIMPAK computer  program, 
defines  the  mathematical  models used   in  i t  fo r   t hese   s tud ie s  and  gives 

an example  of the  program's  use.  A User's Manual desc r ib ing   t he  use of 
the  SIMPAK program i s  included as an  appendix t o   t h i s   r e p o r t .  

2 .  SSARR Program 

2 . 1  General  Description 

The Streamflow  Synthesis  and  Reservoir  Regulation (SSARR) computer 

program w a s  developed by the  U.S. Army Corps of  Engineers  and  has  been 

u t i l i zed   in   model l ing   s t reamflows  in  many areas around  the  world. The 

program  has  been  used  extensively  in  studies of  t he  Columbia River  basin 

and i s  cu r ren t ly   u sed   i n   fo recas t ing   f l ows   fo r   t he   ope ra t ion   o f   r e se rvo i r s  

on the  Columbia River   basin.  The program is well s u i t e d   t o   t h e  task of  modelling 

the  Fraser River  Basin. 

I 

The SSARR computer  program i s  a generalized  streamflow  modelling 

system  which  contains  several   computational  routines  that   each  simulate a 

given  hydrologic  function. Each of   these   rou t ines   can   be   "ca l led"   wi th  
different   parameters  so  t h a t  it may be   used   to   s imula te   the   hydro logic  

func t ion   i n  any given area by inpu t t ing   t he   co r rec t   va lues  of the  parameters 

f o r   t h a t  area. Each of   these  hydrologic   funct ions  operates  on an i n p u t   t o  

produce  an  output;  for  example, a bas in   rou t ing   func t ion   opera tes  on inputs  

of meteorological   data   to   produce an output  record  of water discharge from 

the  basin.   Likewise,  a reach  rout ing  funct ion  operates  on an input  Of 
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discharge   a t   the   ups t ream end of  a r ive r   r each   t o   p roduce  an  output 

discharge a t  the  lower end of   the  reach.  

The p r inc ipa l   hydro log ic   func t ions   i n   t he  program are l i s t e d  

below: 

i )   bas in   rou t ing   us ing   meteoro logica l   da ta  as input   to   produce 

a s imulated  basin  runoff ,  

i i )   r i v e r   c h a n n e l   r o u t i n g  which s imula tes   the   a t tenuat ing   ac t ion  

of a reach   of   r iver   channel ,  

i i i )  lake rout ing  which  computes the  outflows  from a free-f low 

lake ,  knowing the   in f lows ,  

i v )   r e s e r v o i r   r o u t i n g  which  oomputes the   ou t f low,   e leva t ion  and 

cu r ren t   s to rage   l eve l   o f  a r e s e r v o i r ,  knowing the   in f low 

t o   t h e   r e s e r v o i r  as well as va lues   for   any  one o f   t hese  

parameters as a cont ro l   func t ion ,  

v)   extension  of   data   through  use  of   correlat ion  curves  

r e l a t ing   t he   f l ows  a t  two s t a t i o n s .  

A s  well as these hydro logica l   func t ions ,  the program  handles many 

s imple  ar i thmetic   operat ions  such as adding  the  flows  from two o r  more 

s t a t ions ,   sub t r ac t ing   one   s t a t ion ' s   f l ows  from another   to   determine  the 

local'   inflow  between  them,  converting  the  discharge a t  a s t a t i o n   t o   t h e  

equivalent  water elevat ion  with  or   without   backwater   considerat ions,   scal ing 

the   da t a   va lues  a t  a s t a t i o n  by a cons t an t   f ac to r ,  etc.  A l l  these  opera-  

t i o n s  are con t ro l l ed  by the   conf igura t ion   of   the   input   bas in  model. The 

program au tomat i ca l ly   f i nds   t he   co r rec t   da t a   fo r   each   s t a t ion  and  keeps 

t r ack  of a l l  t iming   of   the   da ta   (a l igns   da ta   to   the   cor rec t   da tes ) .  Any 

time increments  can  be'used and t h e  program will in t e rpo la t e   w i th in   t he  

i n p u t   d a t a   t o  compute the   app l i cab le   da t a   va lues   fo r   t hose  time increments. 

Each component of   the  model i s  considered by the  computer  program 

as a " s t a t ion" .   S t a t ions  may have   severa l   d i f fe ren t   func t ions ,   for  example 

some s t a t ions   s imp ly   ho ld   da t a   t ha t   has  been  input   to   the  computer ,   o thers  
compute the  outflow  from a lake o r  channel   sect ion  of  a r ive r ,  and o the r s  

s imply   add   toge ther   the   da ta   he ld   in  two o r  more o t h e r   s t a t i o n s .  Each 
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s t a t i o n  i s  i d e n t i f i e d  by a s t a t i o n  number which i d e n t i f i e s  a l l  data   asso-  

c i a t e d   w i t h   t h a t  component o f   t he  model. 

The program  outputs   the  data   in  a convenient  form  only a t  

s t a t i o n s   s p e c i f i e d  by the   u se r .  For t h e   s p e c i f i e d   s t a t i o n ,   t h e   d i s c h a r g e ,  

e l eva t ion  and s torage   va lues  are l i s t e d ,  one  value  for  each time increment. 

The program will a l s o   p l o t  any d a t a   i n   t h e  form o f  a computer p r i n t e r - p l o t  

when spec i f i ed .  

A l l  computations i n   t h e  program are con t ro l l ed  and  scheduled 

by the   bas in  model.  This model i s  i n p u t   t o   t h e  program i n   t h e  form o f  
con t ro l   da t a  made main ly   o f   "charac te r i s t ic   da ta"  and "configurat ion  data"  

The b a s i c  framework of  t he  model i s  given by the   conf igura t ion   da ta ,   whi le  

the  type  of   operat ion  to   be  performed a t  each   s t a t ion ,  and the  parameter 

va lues   t o   be   u sed   i n - these   ope ra t ions ,  are d e f i n e d   i n   t h e   c h a r a c t e r i s t i c  

data .  

The conf igura t ion   da ta   g ives   the   l inkages  among a l l  t h e   s t a t i o n s  

i n   t h e  model.  These l inkages are s p e c i f i e d  by showing f o r   e a c h   s t a t i o n ,  

a l l  t h e   o t h e r   s t a t i a n s   i n   t h e  model  which use   the   da ta  from t h a t   s t a t i o n .  

The program then   p icks  up a l l  t he   r equ i r ed   da t a  from o the r   s t a t ions   acco rd ing  

t o   t h e   c o n f i g u r a t i o n  l i s t  when computing the   ope ra t ions  a t  each   s ta t ion .  

Care must   be   t aken   in   se t t ing  up t h e  model t ha t   each   s t a t ion  is  de f ined   i n  

the   conf igu ra t ion  l i s t  ahead  of a l l  o t h e r   s t a t i o n s   t o   w h i c h i t  i s  l inked.  

For e a c h   s t a t i o n   i n   t h e  model t he re  i s  c h a r a c t e r i s t i c   d a t a   i n p u t  

t h a t  t e l l s  t h e  program what func t ion  i s  t o   b e  computed f o r   t h a t   s t a t i o n  

and g ives   the   va lues   for   the   parameters   requi red   in   the   func t ion .   This  

cha rac t e r i s t i c   da t a   i nc ludes   t ab l e s   o f   s to rage /e l eva t ion   r e l a t ionsh ips  

and backwater   re la t ionships  where required.   In  other  words,  a l l  t he   da t a  

r e q u i r e d   t o   f u l l y   d e f i n e   t h e   c h a r a c t e r i s t i c s   o f  a p a r t   o f   t h e   r i v e r  model 

i s  i n p u t   t o   t h e  program as c h a r a c t e r i s t i c   d a t a   f o r   t h e   s t a t i o n   t h a t   r e p r e -  

s e n t s   t h a t   p a r t   o f   t h e   b a s i n .  
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By combining t h e   c h a r a c t e r i s t i c   d a t a  a t  each   s t a t ion   w i th   t he  

conf igura t ion   da ta ,  a f u l l  model of   the   bas in  is def ined.  The program 

works i n  sequence  through  the  station  configuration,  computing  the  functions 

f o r  each s t a t i o n ,   u s i n g  as inpu t   t o   each   func t ion   e i the r   t he   ou tpu t  from 

o t h e r   s t a t i o n s  as s p e c i f i e d  by the   conf igura t ion  l i s t ,  or i f  t h e r e  i s  no 

l i nk   w i th  an upstream  s ta t ion,   p icking up i n p u t   f o r   t h e   s t a t i o n  from t h e  

input   da ta  f i l e .  

I n   t h i s  way t h e  SSARR program provides a general  framework i n  

which  any model can  be se t  up to   s imu la t e   t he   d i scha rge   cha rac t e r i s t i c s   o f  

a r i v e r .  

2 . 2  SSARR Routing Methods 

In   us ing   the  SSARR program f o r  Fraser River Upstream Storage 

Study,   only  the  r iver   rout ing  funct ions were u t i l i z e d  and no cons idera t ion  

was g iven   t o   t he   bas in   rou t ing   po r t ion   o f   t he  program.  Thus,  no  discussion 

w i l l  be  provided  here for t he   bas in   rou t ing  methods  of t he  program. The 

fo l lowing   d i scuss ion   descr ibes   b r ie f ly   the   opera t ion   of   the  %&e rout ing ,  

r e s e r v o i r   r o u t i n g  and  channel (or reach)   rout ing  port ions  of   the  program. 

Much o f   t h i s   d i scuss ion   has   been   abs t r ac t ed  from re fe rence  #3.  

Routing  streamflow  through  lakes or r e s e r v o i r s  on t h e   b a s i s   o f  

f ree-f low  condi t ions may be  applied  wherever  the  relationship  between  dis-  

charge and s torage  i s  known. Th i s   r e l a t ionsh ip  i s  f i x e d  and can  be  deter-  

mined f o r  any  uncontrolled  lake or for a r e s e r v o i r   i n  which the   d i scharge  

th rough   t he   ou t l e t s  i s  dependent  only upon t h e  water l eve l   o f   t he   r e se rvo i r .  

For free f low  rout ing ,   the   bas ic   rou t ing  method relies on t h e  law of  

con t inu i ty   i n   t he   s to rage   equa t ion :  

where : 

I = inflow 

0 = outflow 

S = s to rage  

The subsc r ip t s  1 and 2 refer  to   va lues  a t  the  beginning  and end o f   t h e   f i n i t e  

time period t .  
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In   na tura l   l akes  or short   reaches  of   channels ,  where wedge s to rage  i s  
n e g l i g i b l e   i n  comparison  with  pr ismatic   s torage,   s torage i s  a funct ion 

of   outf low,  and T r ep resen t s   t he   p ropor t iona l i t y   f ac to r  as shown 

schematical ly  below: 
S 

Each free-f low  rout ing  operat ion is  carr ied  out   completely  before  

p r o c e e d i n g   t o   t h e   n e x t   s t a t i o n   i n   t h e  model. In   other   words,   the  compu- 

t a t i o n s   f o r  a l l  days i n   t h e  run will be  completed a t  a s t a t i o n   b e f o r e  

p roceed ing   t o   t he   nex t   s t a t ion .  However, i n   t h e  case of   reach   rou t ing  

s ta t ions ,   the   computa t ions  may be  broken  into  several   sub-reaches or 
"increments  of  storage".  Within  the  operations a t  one s t a t i o n ,   t h e  computer 

operates  on each  specif ied  increment   of   s torage  consecut ively  for   one  per iod 

a t  a t ime. The mathematical  process by  which rou t ing  i s  performed  for  one 

increment o f  s ' to rage   for  one per iod  i s  i l l u s t r a t ed   i n   t he   fo l lowing   d i ag ram:  
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0 1 4  f rom 0, 

The outflow (0 ) a t  t h e  end  of  the  period, for given  values  of  inflow 

( I  = (I  + I ) / 2 )  and outflow (0 ) at   the   beginning  of   the  per iod,  i s  given 
. 2  

m 1 2 1 
by 

0 2 =[VI (TS+ t 2)  + o1 

In   t he  SSARR program, the  value  of  + 2l is evaluated as t 

(TS 
a cons tan t   fo r  a spec i f i ed   cond i t ion ,  and t h e   d i f f e r e n c e  between Im and 

O1 i s  mul t ip l i ed  by th i s   cons tan t   to   ob ta in   the   incrementa l   changes   in  

outf lows.   In   channel   rout ing  this   computat ion is  ca r r i ed   ou t   fo r   each  

increment or phase  of   the  rout ing.  The outflow computed  from t h e  first 

increment i s  t rea ted   as   the   in f low  for   the   next   increment .   This   s tep   by  

s tep   p rocess  i s  con t inued   fo r   t he   spec i f i ed  number of   rout ing  increments ,  

and then   the   next   per iod ' s   rou t ing  i s  begun  from spec i f ied   in f lows .  

The SSARR program u s e s   t h i s   b a s i c  method o f   rou t ing   fo r   l akes ,  

f ree- f lowing   reservoi rs  and  channel  routing. The on ly   d i f f e rences   i n  

t h e s e   t h r e e  cases is  i n   t h e  computation  of  the  parameter T . 
' S  
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(a) Lake Routing 

For na tura l   l akes ,   the   va lue   o f  T i s  not   constant ,   but   can  be 
S 

evaluated from s to rage  and out f low  charac te r i s t ics .  From t h e  above 
diagrams : 

dS dO - d t  = P S I  dt 
The d i f f e r e n t i a l   w i t h   r e s p e c t   t o  h yields   the  fol lowing  equat ion:  

dS/ dh 
s dO/dh 

T = -  

i n  which T f o r  a g iven   e leva t ion ,   h ,  i s  g i v e n   i n   u n i t s   o f  time, dS/dh 

represents   the   s lope   o f   the   s torage-e leva t ion   curve ,   and  dO/dh i s  the  

s lope  of   the  discharge-elevat ion  curve a t  e levat ion  h .  I t  can  be shown 

that  with  zero  inflow,  the  outflow  recession is i n   t h e  form 

S 

0 = O e  - t / T s  t 1 

i n  which 0 is t h e  i n i t i a l  outflow a t  time t = 0 ,  0 i s  the  outflow a t  
time t ,  and T i s  the  proport ional i ty   constant   def ined  above 

cor responding   to   the   va lue   o f  0,. This is the  typical   decay-type 

func t ion   charac te r i s t ic   o f   s t reamflow  recess ion ,   bu t   wi th  a varying 

r e c e s s i o n   c o - e f f i c i e n t   f o r   t h i s  method. This can  be shown t o   b e  

equiva len t   to   the   "Puls  Method" of lake  rout ing.  

1 t 

S 

Routing  through  natural   lakes i s  always  accomplished  on  the 

basis  of  free-flow  routing.  Outflow i s  computed for   each  per iod  using 

the  basic  storage  equation  and  the  relationship  between  elevation,  dis-  

charge  and  s torage  specif ied  to   the  computer   in   the  form  of   tables   in  

t h e   s t a t i o n   c h a r a c t e r i s t i c   i n p u t   d a t a .  The values   of  Ts may a l s o   b e .  

s p e c i f i e d   i n   t h o s e   t a b l e s ,   i n  which case   t he  above equations  are  over- 

r idden by the   spec i f ied   va lues .  

(b)  Reservoir  Routing 

Man-made r e se rvo i r s  may be  designated as a "routing" or %on- 

routing"  type.  When the   d i scharge  from the   r e se rvo i r  i s  con t ro l l ed  

only by the  hydraulic  head on t h e   s t r u c t u r e ,  and the   d i scharge-s torage  
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r e l a t i o n  i s  known, the   r e se rvo i r  i s  a "rout ing-type"  reservoir  and 

the   rou t ing  i s  accomplished i n   t h e  same manner as f o r  a na tura l   l ake .  

O the r   r e se rvo i r s   hav ing   a r t i f i c i a l ly   con t ro l l ed   d i scha rges   a r e  

termed  %on-routing"  reservoirs,   and  for  these,   the  tables  of  discharge 

and Ts va lues   a r e   no t   i nc luded   i n   t he   cha rac t e r i s t i c   da t a .  Only the  

r e l a t ionsh ip  between  elevation  and  storage  need  be known i n   t h i s   c a s e ;  

however,  the  outflows o r  some o ther   parameter   tha t  will al low  the 

computation  of  the  outflow must be spec i f i ed  as c o n t r o l   d a t a   f o r   t h e  

non-rout ing  reservoir .  The program use r  may specify  any  of  the  follow- 

ing  values  each  day as cont ro l   da ta :  

( i )   ou t f low 

( i i )   e l e v a t i o n  

( i i i )   s t o r a g e  

(iv)  change  in  discharge 

(v)  change i n   e l e v a t i o n  

(vi)   change  in  storage 

I f   ou t f low  spec i f ica t ions   a re   omi t ted ,   the   ou t f low  d ischarge  

w i l l  be  computed as being  equal  to  inflow.  Differences  between  inflow 

and outflow will be   added   (a lgebra ica l ly)   each   per iod   to   the   in i t ia l  

reservoi r   s torage   va lues .  

The r e s e r v o i r  will only  operate  between  specified  upper and 

lower  bounds. If ,  these   a r e   v io l a t ed ,   t he   ou t f lows  will be   ad jus ted   to  

hold  the  reservoir   wi thin  the  specif ied  bounds.  

(c)  Channel  Routing 

The t ime  rate  of  change  of  streamflow  in a r i v e r   r e a c h  i s  

evaluated by successive  routings  through small increments   of   reservoir-  

type  s torage.  The number of  increments making  up a reach i s  designated 

"phases" i n   t h e  model  and the   cha rac t e r i s t i c s   o f   t hese   phases   a r e  

constant  throughout  the  reach.  Outflow  from  each  increment i s  computed 

by the  same  method as used   for   l akes   except   tha t   the  T value i s  de te r -  

mined different ly .   Outf low from  each  increment i s  used as in f low  to   t he  

next  downstream  increment  and t h e   s t e p  by step  procedure  completed  for 

each  increment  in  each  time  period. The basic   equat ion i s :  

S 
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O2 = [w] t +ol 

O1 and O2 = outflow a t  beginning  and  end  of  period 

Im = Mean inflow = ( I  + 1 2 ) / 2  

T = Time o f   s to rage   i n   hour s  

t = Routing  per iod  in   hours  

1 

S 

Time of   s torage  for   channel   rout ing  increments  may be   spec i f i ed  
i n  a t a b l e   o f  time of   s torage  versus   discharge o r  may vary   inverse ly  as 

a power func t ion   of   d i scharge .  Normally t h e  time of   s torage   decreases  

as discharge  increases ,   and it i s  conven ien t   t o   exp res s   t he   r e l a t ion  from 

the  fol lowing  equat ion : KTS 
Ts = Q" 

where: T = t h e  time of storage  per  increment  ( in  hours)  determined by 
S 

t r i a l  and e r r o r  o r  by observat ions on observed  hydrographs, 

KTS = a constant  determined by t r i a l  and e r r o r  o r  by phys ica l  

measurements of   the   channel   s torage ,  

Q = discharge   in   cubic  feet  per   second (or  i n   c u b i c  meters p e r  

second when computing i n   t h e  metric system ), 

n = a c o e f f i c i e n t  between  zero  and  one  determimed  mathematically 

o r  by t r i a l  and e r r o r   r e c o n s t i t u t i o n .  

I n   t h e  Columbia Basin it has  been  found  that time o f  s to rage   va r i e s  

i nve r se ly   w i th   d i scha rge   i n   cub ic  feet  per   second  approximately  to   the 

0 .2  power. S t u d i e s   i n   t h e  Fraser b a s i n   i n d i c a t e   t h a t   t h e  same 0 . 2  value 

a p p l i e s   t o  most channel  reaches. 

The increments  (or  phases) may be  thought of  as represent ing  a 
series o f  small r e se rvo i r s  where the  "wedge" s to rage  i s  small i n  com- 

parison  with  "prismatic"  storage. '  The number of  increments may be 

q u i t e   d i f f e r e n t   f o r   d i f f e r e n t  streams. 

I n   c a l i b r a t i n g   t h e  Fraser River  model, it was found t h a t  slow 

running  reaches  of  channel  could  best   be  simulated by one  increment  of 

routing  whereas fast running  reaches were best   handled by seve ra l   i nc re -  

appeared t o  be l i t t l e   r e l a t i o n s h i p  between the   l eng th  of  
t h e  number of  increments  needed t o   r e p r e s e n t  it i n   t h e  model. 
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2 . 3  Assessment  of  the SSARR Program f o r  Fraser Upstream Storage  Study 

The SSARR program i s  a complex  computer  program des igned   to  

handle   severa l   d i f fe ren t   hydro logic   manipula t ions   o f   r iver   f low  da ta .  

These  can  be c l a s s i f i e d   i n t o  two bas i c   subd iv i s ions ;   r i ve r   f l ow  r econs t i -  

t u t i o n s  and f o r e c a s t s   i n  which  flows are computed  from  an input  of  meteoro- 

l o g i c a l   d a t a ,  and r e se rvo i r   r egu la t ion   s imula t ions   i n  which the  observed 

r ive r   f l ows  are to   be   modi f ied  a t  v a r i o u s   p o i n t s   i n   t h e   r i v e r  and t h e  

result ing  changes down t h e   r i v e r  are t o   b e  computed.  Basin routfng 

func t ions  are used  only in   t he   fo rmer  of these   subdiv is ions ,   whi le   the   s imple  

lake, r e s e r v o i r  and channel  routing  functions are used in   bo th .  The work 

necessary   for   the  Upstream Storage   s tud ies   requi red   on ly   the   reservoi r  

regulat ion  type  of   s imulat ion.  

The l a r g e s t   p a r t   o f   t h e  SSARR program  concerns  the  basin  routing 

computations.  These  include  several  complex  simulations  such as snowmelt 

determinations and water budget  computations,  and  routing  overland  flow 

and  ground-water  flow to   the   r iver   channel .   Thus ,  most o f   t h e  computa- 

t i o n s   i n   t h e  program are   no t   requi red  for t h e  Fraser Upstream Storage 

s tud ie s .  The program,  however, i s  se t  up i n  such a way that   these  unused 

portions  can  not  be removed.  Although the   input  model does  not  require 

these   computa t ions   in   the   case   o f  a r e se rvo i r   r egu la t ion  model, it i s  

neve r the l e s s   necessa ry   t o   l oad   t he  whole  program i n t o   t h e  computer,  and 

when ope ra t ing   t he  program, much valuable  computer time i s  used   s e t t i ng  
up the  requirements   of   these  unused  rout ines .  An attempt was 

made to   s epa ra t e   ou t   on ly   t hose   rou t ines   t ha t  were r equ i r ed   fo r   t he  

r e se rvo i r   s imu la t ions ,   bu t  it was’ found  tha t   the   bas ic  framework o f   t h e  

program  ran  through a l l  rou t ines  i n  such a way tha t   they   could   no t   be  

sepa ra t ed   w i thou t   v i r tua l ly   r e -wr i t i ng   t he  whole  program. What was most 

d e s i r e d   f o r   t h e  Fraser River   s tud ies  was the   i nd iv idua l   sub rou t ines   fo r  

each   r iver   rou t ing   func t ion  so  t h a t   t h e y   c o u l d   b e   f i t t e d   s e p a r a t e l y   i n t o  

any reservoir   regulat ion  system. 

O t h e r d e s i r e d   f e a t u r e s   t h a t  were not   poss ib le   wi th   the  SSARR 

program  can  be  summarized as   fo l lows:  

( i )  The ab i l i t y   t o   rou te   i nc remen t s   o f   r i ve r   f l ows   t o  a downstream 

loca t ion   ( i . e .   r ou t ing   o f   r e se rvo i r   ho ldou t s )  would g r e a t l y  

s impl i fy   t he   s tud ie s .  
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( i i )  The a b i l i t y   t o   o p e r a t e  a l l  r e s e r v o i r s  i n  t h e  model on a 

day t o  day b a s i s  was r e q u i r e d .   I n   t h i s  program a l l  reser- 

vo i r   ou t f lows   fo r   t he  whole s imulat ion  per iod must  be 

pre-determined. 

( i i i )  A fas ter  and more convenient method of   da ta   input  and output  

was requ i r ed   fo r   ope ra t ing   e f f i c i ency .  

Seve ra l   fu r the r   f ac to r s  were i n c l u d e d   i n   t h e  SSARR program t h a t  

were not   necessary   for   these   s tud ies  and tha t   s imp ly   r e su l t ed   i n  a slower 

and less e f f i c i e n t   o p e r a t i o n  f o r  the  purposes   of   the   Fraser   River   s tudy.  

Therefore,  it was dec ided   tha t  a s impler   program,  f i t ted more d i r e c t l y   t o  

the  needs  of this   s tudy  should  be  produced.   In   developing  this  new program, 

t h e   b a s i c   i d e a   o f   t h e  SSARR program was followed; i . e .  a b a s i c  framework was 
se t  up for   use  with any general ized model.   Also,   several   of  the  functions 

of   the  SSARR program were adapted  to  f i t  i n t o   t h e  new program. 

SIMPAK Program 

General  DescriDtion 

Although the   s imula t ion   package   for   r iver   s imula t ion  (SIMPAK) was 

developed t o  meet the  needs  of   the  Fraser ,River  Upstream Storage   S tudies ,  

t h e  computer  program  has  been  written so as t o  be  completely  general   in  

nature ,   a l lowing it to   be   app l i ed   t o  any r i v e r   b a s i n .  The program was 

developed  using  the IBM 360/67 duplex  computer a t  t he   Un ive r s i ty   o f   Br i t i sh  

Columbia, u t i l i z i n g   t h e  Michigan  Terminal  System (MTS) operating  system. 

The program  could  be eas i ly   adap ted   t o  any medium o r  l a r g e  scale computer 

system. 

The SIMPAK program is b a s i c a l l y  a package  of  individual  programs 

o r  subrout ines   that   each do some opera t ion  on a set  of time dependent  data 

r ep resen t ing   r i ve r   f l ows ,   e l eva t ions ,   s to rage   va lues  and  change i n   s t o r a g e  

values   for   each  day  of   the  s imulat ion  per iod.  Each set  of  such  data i s  set 
up i n   t h e  main  program as a "s ta t ion"  having a unique   ident i f ica t ion  number, 
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i n   t h e  same manner a s   i n   t h e  SSARR program. The var ious  individual   sub-  

programs a r e   t h e n   c a l l e d   i n   t h e  main  program  from  an input  l i s t  of   opera t ion  

i n s t r u c t i o n s ,   e a c h   i n s t r u c t i o n   t e l l i n g   t h e  type of  operation  to  be  performed 

and t h e   s t a t i o n s  and s ta t ion   parameter   va lues   wi th  which it i s  t o   b e   p e r -  

formed.  This se t  o f   ope ra t ion   i n s t ruc t ions  i s  similar to   bo th   t he   cha rac -  

t e r i s t i c  d a t a  and conf igura t ion   da ta   o f   the  SSARR program  combined i n t o  one 

l i s t .  

The program i s  set  up i n  such a way that   each  type of opera t ion  

can  be removed from t h e  program as a sepa ra t e  and  complete  subroutine 

t h a t  can   be   inc luded   in   any .o ther  program t o   c a r r y   o u t   t h e  same opera t ion  

on the   da t a  of  t h a t  program.  Because  of t h i s   f e a t u r e  it has  been  possible 

t o   u t i l i z e   t h e s e   r o u t i n e s   i n   o t h e r  more spec ia l i zed  programs  used i n  

s imula t ing   reservoi r   opera t ion   for   f lood-cont ro l .  The methods o f   da t a  

handling  within  the  program are re l a t ive ly   s imp le  So t h a t  it i s  easy 

f o r  a user t o  add  any  desired  additional  operation  to  the  program,  or 

t o   ma in ta in  a number o f   aux i l i a ry   rou t ines   t ha t   can   be . added   t o   t he  

package a t  computer  load time t o   c a r r y   o u t   s p e c i a l i z e d  tasks. These 

f ea tu res  make SIMPAK a v e r y   f l e x i b l e   t o o l   f o r  any task  involving  manipula- 

t ion  of   s t reamflow  data .  

This   report   includes as an  appendix t h e  User's Manual f o r   t h e  

SIMPAK program. The manual o u t l i n e s   b r i e f l y   t h e   b a s i c  framework of 

t he  program  and g i v e s   d e t a i l e d . i n s t r u c t i o n s  as t o   t h e  make-up of   the   input  

d a t a  and i n s t r u c t i o n s   t o   t h e  program. The manual a l s o   d e s c r i b e s   t h e  

methods used in   t he   d i f f e ren t   s t r eamf low  rou t ing   func t ions   o f   t he  model. 

This manual provides a good understanding  of   the  uses   of   the   program. 

Further  information is  a v a i l a b l e  from the  Inland Waters Direc tora te ,  

Pacific Region, i n   t h e  form of  a l i s t i n g   o f   t h e   a c t u a l   s o u r c e   i n s t r u c t i o n s  

f o r   t h e  program  and a Program Manual which d iscusses   the   da ta   handl ing  

procedures  used  within  the program. 
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3 . 2  Features  of  the SIMPAK Program 

Some of   the main f ea tu res  and capab i l i t i e s .   o f   t he  SIMPAK program 

_ .  are  discussed  below: 

(a)  Data  Input 

The program will read  the  required  s t reamflow  data   for   the 

model  from severa l   d i f fe ren t   sources   such  as computer  cards or  card- 

image computer d i sc   f i l e s ,   magne t i c   t ape ,  and d i s c   f i l e s   h o l d i n g  

unformatted  data. On any o f   t he   da t a   i npu t   un i t s   ( i . e .   c a rds ,   t ape  

o r  d i sc)   the   da ta   can   be   handled   in   any   of   th ree   d i f fe ren t   da ta   formats .  

these   a re :  

( i )  W.S.C. format,  the  format  used by t h e  Water  Survey  of 

Canada  on t h e i r  computer  data  tapes,  

( i i )  SSARR format , the   format   used  in   the SSARR program f o r  

da ta   input  , 
( i i i )  "long  records"  format, made up of   da ta   records   cons is t ing  

of  unformatted  ( i .e.  machine  code  form)  data. 

Inpu t   i n s t ruc t ions   t o   t he  program  specify  from  which  source  the  data 
i s  t o   b e   r e a d  and i n  what. format   the 'data  i s  to   be  ,on  each  of   the  source 

u n i t s .  The program w i l l  automatical ly   search a l l  the  data   f rom a l l  t h e  , 

spec i f i ed   sou rces   t o   f i nd   t he   da t a   r equ i r ed   fo r   i npu t   t o   t he  model.  Data 

may be i n  any station  order  and  unused  data may be   inc luded   in   the   da ta  

f i l e s .  

The program  also  has a subrout ine   en t ry   po in t   tha t   a l lows   the  

u s e r   t o  program h i s  own da ta   input   rou t ines .   In  most cases,  however, it 

is p r e f e r a b l e   t o   t r a n s l a t e   t h e   d a t a   s e p a r a t e l y   i n t o   t h e   l o n g   r e c o r d  

format  of  the  program  and  enter it i n   t h e  normal  manner. 

A sample  of  input  data i s  shown  on page 1 of  Figure 2.  

(b)  Data  Output 

The program  outputs  data i n   s e v e r a l  forms. The  most common 

data   output  i s  simply a l i s t i n g   o f   t h e   d i s c h a r g e s   f o r   e a c h   s t a t i o n   i n  

t a b l e s  showing  one month of   data   for   e ight   s ta t ions  per   page,   indexed 
by the  calendar   date .  Examples of  such  output  are shown in   F igu re  2. 
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The complete d a t a . f o r  a s t a t i o n   c a n   a l s o   b e   p r i n t e d ;   t h a t  i s  

d ischarge ,   e leva t ion ,   s torage  and  change i n   s t o r a g e .  

The program w i l l  a l s o   o u t p u t   d a t a   t o  computer f i l e s  i n   e i t h e r  

SSARR format o r  the  long  record  format .  An associated  program i s  ava i l ab le  

t o   c o n v e r t   e i t h e r  of t h e s e   t o   t h e  W.S.C. format. 

Two d i f fe ren t   types   o f   da ta   p lo t t ing   can   be   accompl ished  

by t h e  program. The most f l ex ib l e   t ype   o f   p lo t   i nc luded  i s  t h e   p r i n t e r -  

p l o t ,   i n  which t h e   p r i n t e r   o u t p u t   s h e e t  i s  scaled  and a hydrograph i s  

"plot ted"  using  pr inter   symbols .   This  method provides a fast  and  inex- 

pens ive   p lo t  of any  specified  t ime-dependent  data.   Several   stations  can 

be   p lo t t ed   t oge the r   t o   g ive  a c lear  comparison of t he   da t a  a t  those  

s t a t i o n s .  Examples o f   t h i s   t y p e  of  p l o t  are shown in   F igu re  2 .  

The second  type o f  p l o t   t h a t  can be  accomplished i s  t h e   l i n e  

plot  produced on a Calcomp P l o t t e r .  The program will produce  such a 
p l o t   o f  any s p e c i f i c   d a t a ,   u s i n g   e i t h e r  a spec i f i ed  scale o r  using an 

au tomat ic   sca l ing   fea ture .  Only  two d i f f e r e n t  sets o f   da t a  may b e   p l o t t e d  

on any  one  graph  using  the  present  version  of  the  program f o r  l i n e   p l o t s .  

(c) Model Time Control 

The program  works on a f ixed  time increment  of  one  day  except 

i n   c e r t a i n  cases of t he   r each   rou t ing   rou t ine   i n  which ca l cu la t ions  

are made f o r   s h o r t e r  time per iods .  A l l  input  flows are cons ide red   t o  

be mean dai ly   discharges.   Values   of   e levat ion and s to rage  are computed 
as the  end-of-day  values. 

The time boundar ies   for  any  run  of  the  program are i n p u t   i n   t h e  

program  control   inst ruct ions.  The program i n  i t s  present  form  handles 

up t o  200 days i n  any cyc le ,  however, th i s   could   eas i ly   be   ex tended  

by re-dimensioningthe  program. A l l  d a t a  i s  checked f o r   t h e   c o r r e c t  time 
per iod   and   on ly   the   da ta   wi th in   tha t   per iod  i s  s e l e c t e d  from the   da t a -  

bank. A l l  d a t a  i s  input  and  output  from  the  program  in terms of  i t s  

calendar  (Gregorian)  date.  
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Any run  of   the program  can be   cyc led   to   p rovide   addi t iona l  

s imula t ions   fo r   d i f f e ren t  time boundaries   using  the same input  model. 

In   such   cases ,   the   da ta   appl icable   to   the  new cyc le  time period will 

be  picked up automatical ly  from the   i npu t   da t a  f i l es .  

(d)  Organization  of the Program 

The program i s  w r i t t e n  as a series of  independent  subroutines,  

each t o   c a r r y   o u t  a spec i f ied   opera t ion .  Each opera t ion   uses   da ta  

spec i f i ed  by s t a t i o n  numbers t h a t  are s u p p l i e d   t o   t h e  program as 

parameters   in  t he  input   operat ion  card l i s t .  Each of   these  subrout ines  
I 
I 
1 
I 
I 
I 
1 

can  be removed  from the  program  and  used s e p a r a t e l y   i n  any o the r  program 

t o   c a r r y   o u t   t h e  same function  within  that   program. 

Each set  of  data  within  the  program i s  indexed  according  to  a 
unique   s ta t ion  number. A l l  operations  of  the  program are then made by 
r e f e r e n c e   t o   t h e s e   s t a t i o n  'numbers. Each operat ion of  the program takes 

t h e   d a t a   h e l d   i n  one o r  more s t a t i o n s ,   u s e s   t h a t   d a t a   i n   c a r r y i n g   o u t  

t he   spec i f i ed   ope ra t ion ,  and s t o r e s   t h e  computed va lues   o f   the   opera t ion  

under   another   spec i f ied   s ta t ion  number. I n   t h i s  way each  operat ion 

s p e c i f i e d   i n   t h e  program opera t ion   card  l i s t  a l s o   s p e c i f i e s   t h e  con- 

f i g u r a t i o n  of t h e  model. 

For each   s t a t ion ,   t he re  are fou r   d i f f e ren t   t ypes   o f   da t a   s to red  

i n   t h e  computer  under  index numbers as fol lows;  

index 1 = discharges 
I 1  2 = e leva t ions  

It 3 = s torage  

4 = change i n   s t o r a g e  

Thus,  each s t a t i o n   h a s  a s p a c e   i n   t h e  computer  reserved  for  each of 

these  four   types  of   data .  They are no t   necessa r i ly . a l1   f i l l ed   i n   w i th  

meaningful  data,  depending upon the   ope ra t ions   t ha t  are ca r r i ed   ou t  

I u s i n g   t h a t   s t a t i o n .  
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Each opera t ion  i s  spec i f i ed  by  an input   opera t ion   card  which 

t e l l s   t h e  program what t ype   o f   ope ra t ion   t o   ca r ry   ou t  and s p e c i f i e s  

t h e   s t a t i o n s   t o   u s e   i n   t h e   o p e r a t i o n  as well as the   pa rame te r s   t o  

u se   fo r   t hose   s t a t ions .  The opera t ion   card  l i s t  con t ro l s   t he   ope ra t ion  

of  the  program  and  can  be  considered as t h e  "model" of   the   bas in .  

The method of   specifying  the  operat ions  through  the  operat ion  cards  

i s  desc r ibed   i n  Appendix 1. 

\ 

There a l s o  may be   t ab les   assoc ia ted   wi th   any   s ta t ion .  If t h e  

ope ra t ion   be ing   ca r r i ed   ou t   r equ i r e s   cha rac t e r i s t i c   da t a  o r  con t ro l  

d a t a   i n   a d d i t i o n   t o   t h a t   s p e c i f i e d  on the   con t ro l  l i s t ,  the  program 

looks   for  a t ab le   hav ing   t he   s t a t ion  number as i t s  i d e n t i f i c a t i o n .  

(e)  Operation  of SIMPAK 

The seve ra l   ope ra t ions   t ha t  can  be  carr ied  out  by SIMPAK are 

summarized  below. Each of   these  operat ions are i n i t i a t e d  by an e n t r y  

i n   t h e   o p e r a t i o n   c a r d  l i s t .  The SIMPAK User's Manua1,included  here as 
Appendix 1;shows t h e   s p e c i f i c a t i o n s   f o r   t h e   c o n t r o l   c a r d s .   I n  many 

of   these  operat ions  only one type   o f   da t a   fo r   t he   s t a t ion  i s  operated 

on;   the  type may b e   s p e c i f i e d   i n  many cases. In   o the r   ope ra t ions ,  

such as lake   rou t ing ,  a l l  t y p e s   o f   d a t a   f o r   t h e   s t a t i o n  are used. 

The ope ra t ions   ava i l ab le   i n  SIMPAK are; 

route  flows  through a free flow lake, using  the  Modified 

Puls Method of lake rou t ing ,  

route  f lows  through a reserv0i.r   based on a con t ro l -   r eco rd  

cons i s t ing   o f   spec i f i ed   va lues   fo r  any  one  of  the  four 

da ta   types   (d i scharge ,   e leva t ion ,   s torage  o r  change i n  

s t o r a g e ) ,  

route  flows  through a r iver   channel   reach   us ing   the  SSARR 

method of  channel  routing, 

r o u t e ' r i v e r   f l o w s   o r   r e s e r v o i r   h o l d o u t s   t o  a downstream 

p o i n t   i n   t h e   r i v e r   u s i n g  a polynomial  (or  convolution) 

method o f   rou t ing ,  

sum t h e   d a t a  from two o r  more s t a t i o n s ,  
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( v i )   s u b t r a c t   t h e   d a t a   f o r  one s t a t i o n  from another ,  

( v i i )   m u l t i p l y   d a t a   f o r  a s t a t i o n  by  any specif ied  constant ,  

(v i i i )   ex tend   records  on t h e   b a s i s  of a co r re l a t ion   cu rve ,   u s ing  

a s p e c i f i e d   s t a t i o n  as a b a s e r e c o r d ,  

( i x )  compute d a i l y   r a t i o s  between s t a t i o n s '   d a t a ,  

(x)  extend  records on t h e   b a s i s   o f   i n p u t   d a i l y   r a t i o s  between 

the   base   s t a t ion  and the   ex tended   s ta t ion ,  

(x i )  compute monthly means and t o t a l s   o f   d a t a   v a l u e s .  

In   add i t ion   t o   t hese   ope ra t ions ,   t he re  i s  a dummy operat ion 

ffUSER" tha t   a l lows  a u s e r   t o  program his .  own r o u t i n e   t o  f i t  i n t o   t h e  

SIMPAK s t r u c t u r e .  Any o t h e r  program may be   ca l led  by t h e  SIMPAK 

operat ion  card l i s t  by i d e n t i f y i n g   t h e  program  with  the name "USER" 

and concatenating it t o   t h e  SIMPAK program. 

3 . 3  SIMPAK Routing Methods 

The SIMPAK program carries out   four   types of s t reamflow  rout ing;  

lake   rou t ing ,   reservoi r   rou t ing ,   channel   rou t ing   us ing   the  SSARR method,  and 

channel  routing  using  the  polynomial method.  Each o f   t hese  methods i s  

desc r ibed   i n   t he  SIMPAK u s e r ' s  Manual (see Appendix #1) .  A sho r t   desc r ip t ion  

o f   t hese  methods i s  given  below. 

(a)  Lake Routing ("LAKE") 
The SIMPAK program  uses  the  Modified  Puls Method of   l ake  

rout ing .   This  method is simply an app l i ca t ion   o f   t he   bas i c   con t inu i ty  

equation 

outflow = inflow - change i n   s t o r a g e .  

The inf low  values  are computed a c c o r d i n g   t o   t h e  model conf igu ra t ion   i n  

the   opera t ion   cont ro l   cards .  The outflow and  change i n   s t o r a g e   v a l u e s  

are   inter-dependent  and are determined  in  the  program by re ference  t 0 . a  

t a b l e   r e l a t i n g   l a k e   e l e v a t i o n ,   l a k e   s t o r a g e  and na tura l   l ake   d i scharge .  

The de r iva t ion  and operation  of  the  Modified  Puls Method of   rou t ing  i s  

shown i n  most  textbooks  of  Hydrology,  and i s  shown in   Sec t ion  VI1 of 

t h e  SIMPAK User's Manual (see Appendix #1) .  
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(b) Channel  Routing  by  SSARR  Method (IIREACII) 
The  same  computations  used  in  the  SSARR  program  for  channel 

routing  are  included  in  the  SIMPAK  program  under  the  "REAC"  operation 
to  route  channel  flows.  These  computations  are  discussed  previously  in 
this  report  under  Section 2.2. 

Basically,  this  method  of  routing  considers  a  river  reach  to  con- 
sist of  several  .routing  elements, o r  "phases"  each  having  the  same  effect 
on  discharges  as  does  a  small  lake.  The  characteristics of  these  routing 
elements  are  defined  by  the  parameters N and KTS, and  when  combined  with 
the  number of elements  "NPS"  making  up  the  river reach, they  define 
the  characteristicsof  the  reach.  This  method  neglects  the  wedge  storage 
in  river  channels,  however,  good  results  are  obtained  in  flow  reconsti- 
tutions  in  spite of this  simplification. 

Using  this  type of channel routing, the  same  model  can  be  used 
in  both  the  SIMPAK and SSARR  programs  for  river  simulations. 

(c) Polynomial  Method  of  Routing  ("WAVE") 
This  method  of  routing  was  adapted  from  the U.B.C. Watershed 

Model,  The  method  utilizes  a  convolution.type  of  calculation  to 
compute  the  routed  flows  at a point  downstream in .the  basin.  The  flow 
at  any  given  day  at  the  upstream  location  contributes  over  several 
days  to  the  flow  at  the  downstream  location.  The  routed  flow  at  the 
downstream  location  consists  of.  the  summation  of  the  contributions 

from  the  upstream  location  over  all  previous  days.  This  method  is 
shown  by  the  following  equation: 

QD,t = kl Qu,t 4. k2 Qu,t-1 + . *  + kn+l  QU,t-n 
o r  

QD,t = sdkn+l n= 0 QU,t-n 

where  the  subscripts  represent  the  following; 
D = downstream  location 
U = upstream  location 
t = current  time  period 
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O f  course   the   cont r ibu t ions  are s igni f icant   on ly   over  a l imi t ed  

number of  days so  tha t   t he   equa t ion   r educes   t o   t he  form: 

l a g  2 

n=lag 1 
QD,t =2 Kn+l Qu , t -n  

where l ag  l i s  t h e   l a g   i n  days u n t i l   t h e  f irst  s i g n i f i c a n t  

cont r ibu t ion   occurs  and 

l ag  2 i s  t h e   l a g   u n t i l   t h e  last  s ign i f i can t   con t r ibu t ion  

occurs 

. .  

This method assumes tha t   the   cons tan t   va lues  "k" do not  change 

with  the  level  of  flow.  This  assumption limits t h e   a p p l i c a b i l i t y  of t h e  

method t o  a f a i r l y  narrow  range  of  flows. I t  has  been  found,  however, 

t h a t   i n   t h e  Fraser R i v e r   t h i s  method produces   resu l t s   jus t  as accura te  

as t h e  SSARR method of  routing  within  the  range  of  f lows  occuring  over 

t h e   p e r i o d s   i n  which f lood=cont ro l   reservoi rs  would be   s to r ing  water. 

A major  advantage  of  this method for   f lood  control   computat ions 

i s  t h a t  any  increment  of  flow  can  be  routed  directly  from  an  upstream 

l o c a t i o n   t o  any poin t  downstream.  Also,  negative  flows  (i.e.  reservoir 

ho ldouts )   can   be   rou ted   in   th i s  way. Thus, t h i s  method provides a much 

s impler  model and a much more f l e x i b l e   r o u t i n g  method fo r   s tudy ing  

t h e  effects o f   r e se rvo i r   ope ra t ion  on a r iver   such  as t h e  Fraser River. 

Further   information  about   this  method of   rout ing . i s  g iven   i n  

Appendix 1 under  Operation Code "WAVE". . 

4. Computer  Models f o r  Routing Flows of   the  Fraser River 

Mathematical  models t o  f i t  bo th   the  SSARR program and t h e  

SIMPAK program  have  been  developed f o r   t h e  Fraser River  system.  These 

were developed  by f irst  sepa ra t ing   t he   r i ve r   sys t em  in to  components  con- 

s i s t i ng   o f   r i ve r   channe l   r eaches ,   l akes ,  and junction  points.   For  each 

channel  section  routing  parameters were der ived  using a t r i a l  and e r r o r  

procedure  termed  "calibration"  of  the model.   This  calibration was c a r r i e d  

out   using  the  observed  f low  data   for   the  years  1966  and  1967. 
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A schematic   diagram  of   the  basic  model for   use   wi th   the  SSARR 

program i s  g iven   in   F igure  1. This  diagram,  along  with  Table 1, gives  

a l l  the   in format ion   requi red   to   def ine   the  model. Figure 1 shows t h e  

s t a t ions   u sed   fo r   t he  Fraser River model and g ives   the   conf igura t ion   of  

t h e  model.  Included a t  t h e   r e l e v a n t   s t a t i o n s  on the  diagram are t h e  

va lues   o f   the   parameters   requi red   to   def ine   the   rou t ing   charac te r i s t ics  

o f   t h e   r i v e r .  The c h a r a c t e r i s t i c s   o f  Kamloops Lake , a l s o  a p a r t   o f   t h e  

bas i c  model, a re   g iven   in   Table  1. 

Data i n   t h e  form  of  reservoir  outflows a t  the  upstream  port ions,  

and der ived   loca l   in f lows   a long   the   r iver ,  are i n p u t   t o   t h i s  model t o  

produce  simulated  discharges a t  a l l  po in t s   a long   t he   r i ve r .  Each o f   t h e  

local   inf lows shown i n   t h e  model are computed  by a sepa ra t e  model segment 

th,at  can i f  necessary  be  included  with  the  basic  model. The local   inf lows 

a re   u sua l ly  computed between two or more observed   d i scharge   s ta t ions .  The 

p r o c e d u r e   f o r   t h i s   d e r i v a t i o n  of local   f lows i s  to   rou te   t he   obse rved  up- 

stream f lows   th rough  the   appl icable   sec t ion   of   the   r iver ,   then   subt rac t  

the  routed  f low from the  observed  f low a t  t h e  downstream s t a t i o n   t o  

p roduce   t he   l oca l   f l ow  fo r   t ha t   s ec t ion   o f   t he   r i ve r .  

Using these  procedures ,  a set  of   local   f lows i s  computed f o r  any 

given  set   of   f low  data  on t h e   r i v e r .  Then the   f l ows   t o  be t e s t e d  a t  t h e  

r e s e r v o i r  sites are i n p u t   t o   t h e  model,   along  with  the  derived  local  f lows, 

and are' routed  through  the model to   give  the  modif ied  f lows a t  a l l  po in t s  

a long   t he   r i ve r .  

This SSARR model f o r   t h e   r i v e r  can a l s o  be  used i n   t h e  SIMPAK 

program. However, t h e  SIMPAK program also  can  route   f lows  using  the 

polynomial  method of   rou t ing  which requi res  a different   typ,e   of  model. In 

t h i s  case, t h e  model may cons i s t   o f  a sub-model t o  compute the  flow  changes 

a t  t h e   r e s e r v o i r  si tes,  then  these  f low  increments are operated on by t h e  

"WAVE" rou t ing   ope ra t ion   t o  compute the  re levant   increments   in   the  f lows a t  

any pre-se lec ted  downstream loca t ion .  These increments are then added t o  
or subtracted  from  the  observed  f lows a t  t h e  downstream loca t ion   t o   p rov ide  

the  modif ied  f lows  under   operat ion  of   the  reservoir .  A l l  r e se rvo i r   r egu la t ion  

s t u d i e s  were ca r r i ed   ou t   u s ing   t h i s   p rocedure .  
In  the  polynomial method of   rou t ing ,   the   rou t ing   parameters  

re la te  the  upstream s i t e  d i r e c t l y   t o   t h e   s e l e c t e d  downstream s t a t i o n .  
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These  parameters  may  be  derived  by  individual  analysis of  several  sections 
of the  river  and  combining  the  parameters  for  all  reaches.  The  para- 
meters  can  be  estimated  from  observed  channel  characteristics.  These 
parameters  can  also  be  determined  from  the  SSARR  routing  model  by  routing 
a unit  discharge  through  the.mode1  and  examining  the  resulting  routed 
discharge  values  at  the  downstream  station. 

The  parameters  for  the  polynomial  method  of  routing  can  best  be 
shown  as  routing  equations.  Such  equations,  relating  some of the  key 
points  in  terms  of  flood  control  on  the  Fraser  River,  are  shown  in 
Table 2 .  

These  models  give  the  basic  requirements  to  use  the  SSARR pro- 
gram  and  the  SIMPAK  program f o r  analyses  on  the  Fraser  River.  Several 
further  sub-models  and  associated  computations  are  usually  necessary  in 
setting  up a model  to  test a  given  operation,  however,  these  vary  from 
j ob  to j'ob. 

This  report,  along  with  the  SIMPAK  User's  Manual,  describes 
the  general  characteristics of both  the  SSARR  and  SIMPAK  programs  and . 

shows  how  they  are  applied  in  the  Fraser  River  studies. A working 
knowledge  of  these  programs,  however,  can  be  obtained  only  from  experience 
in  applying  the  programs  to  modelling  problems. 
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TABLE 1 

Kamloops Lake Characteristics  Table 

Stage 
(ft> 

2.59 
3.50 
4.00 
4.32 
6.00 
6.15 
8.00 
9.00 
9.50 
10.00 
12.50 
13.00 
13.50 
14.00 
14.50 
16.00 
17.50 
18.00 
21.50 
22.50 
25.00 
29.37 
35.00 

I 

Discharge 
(cfs 1 

"-_I_ _" 
4,480 
6 , 300 
7,310 
8,110 
12,235" 
12,630 
17,650 
20,660 
22,395 
24,410 
34,920 
37 , 125 
39,385 
41,760 
44 , 370 
52,480. 
60,900 
63,910 
85,620 
92,030 
108,540 
138,256 
176,540 

Storage 
(acre-ft) 

"." 

0 
13,010 
20,160 
25,165 
48 , 760 
55,910 
77 , 360 
91  ,660 
100,100 
107,750 
148,700 
157,500 
166,300 
175,500 
185,300 
214,700 
244,100 
254 , 000 
325,000 
347 , 000 
402,000 
500 , 000 
625 , 000 
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Polynomial  Routing  Equations  for  Use  in  the  "WAVE"  Routing  Operation 

terminology: 
0 = discharge  at  the  downstream  station 
I = discharge  at  the  upstream  station 
j = the  current  day  in  the  simulation 

(a)  Routing to Fraser  River  at  Mission: 

(i) from  Lower  McGregor  Reservoir  and  from  Grand  Canyon 
Reservoir 

0. = . 0 3  I 
3 j - 2  + - 2 3  Ij-3 

+ .51 1 + . 2 3  I j -4 j -5 

(ii) from Cariboo  Falls  Reservoir 

O j = 5 - 1  
+ .22 Ij_* + .52  Ij-3 + 

(iii)  from  Hemp  Creek  Reservoir  (also  used f o r  Hobson  Lake 
and  Clearwater-Azure  Reservoir) 

0 = .04 I + .18 I + .34 I 
j j j -1 j - 2  

+ .30  Ij-3 + -12 I + .02 I j -4 j -5 

(iv)  from  Nechako  Reservoir  (Skins  Lake  Spillway) 

O j = a o 3  5-4 
+ .06 Ij-5 + .09 Ij-6 + .ll  I j - 7  

+ *11 5 - 8  + .ll Ij-9 + .10 Ij-lo 

+ 5-11 
+ .08 Ij-12 + .08 Ij-13 

+ s o 6  5-14 
+ .OS Ij-15 + . 0 3  Ij-16 
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(v) from Bridge  River 

0 = .18 I + .55 I + .27 I 
j  j j -1 j - 2  

(b) Routing t o   P r i n c e  George 

( i )  from Lower  McGregor Reservoir and from Grand Canyon 

Reservoir 

O = s g 9  5 - 1  j j -2  
+ .01 I 

( i i )  from Nechako Reservoir  (Skins Lake Spillway) 

0 .  = .04 I + . 06   I j -2  + .09 I j - 3  
I j - 1  + 5 - 4  

+ *13 5 - 5  

+ .OS I j - lo  + .07 I j - l l  

+ s o 2  5 - 1 4  

+ . 1 2  I j -6  + .10   I j -7  + 5 - 8  

+ .Os  5 - 1 2  + e o 4  5 - 1 3  

(c)  Routing t o  Quesnel 

( i )  from Lower  McGregor Reservoir  and from Grand Canyon 

Reservoir 

0 = . l l  I + .89 I 
j j - 1  j -2  

( i i )  from Cariboo  Falls  Reservoir 

0 = .06 I .  + .94 I 
j 1 j - 1  

( i i i )  from Nechako Reservoir  (Skins Lake Spillway) 

0. = .03 I 
3 j -2  + -06   I j -3  + *09 5 - 4  + . ll  5 - 5  

+ . 1 2  I.j-6 + . l l  I 

+ 5 - 1 0  + * 0 7  5-11 

+ s o 3  5 - 1 4  

j - 7  + *lo  5 - 8  + 5 - 9  

+ .06 Ij-12 + .OS I j -13 
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(d) Routing to Kamloops 

(i) from  Hemp  Creek  Reservoir (also used  for  Hobson Lake 

and  Clearwater-Azure  Reservoir) 

0. = . 3 4  I 
J j + .46 5 - 1  

+ .17 I j -2  + .02  I j - 3  
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I BASIC FRASER RIVER SSA RR MODEL 

a l  FRASER Rl VER  PORTfON : 

Grand Canyon to  Hansard 
Loca l   ln f low 

\ 

Sta. 230/0 
Grand Canyon Reservoir 
Outf/ow 

P Sta .  25809 
Bowron  River Nr. Hansard  
Observed  Discharge 
( W.S.C. S ta .  B K D  004 I 

S t a .  26019 
Froser   R iver  at Hansard 
Total Discharge 

- 
S t a .  2 7 0 l O  
McGregw  Reservoir 
Outf low 

Sta. 28049 
Route  Mc  Gregor  River 
Phases = 3 
N = 0.2 
K T S  =9.5 

Fraser  River  at  McGregor  River  Junction 
Sum o f   D ischarge 

Sta. /lo49 
Route  Fraser   River ,   McGregor   Junct ion  to  She/ ley 
Phases = 2 
N = 0.2 
K T S  = 86 

ro Sta .  //0/9 
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Route  Fraser  River,  She/ley to Ouesne/ 
Phases = 4  
N = 0.2 
KTS = 40 

From Sta. ll049 sta. ll006 
McGregor  Junction t o  Shelley 
Loco/   ln f /ow 

From Sta. 373/9 
Nechoko  River por 

Fraser  River  at  Shelley 
Total  Discharge 

(see page 6 j 

Froser  River Below  Nechako  River  Junction 
Sum of  Discharge 

Fraser  River  below Quesne/ 
Sum of   Discharge 

' T O  Sta  . l3049 

0 sta. 43010 
Carib00  Reservoir 
Reservoir  Outflows 

P Sta .  47049 

Route Quesnel River,  Coriboo to Fraser River 
Phases =2 
N = O . 2  
K T S  =20 

sto. 47006 
Quesne/  River 
Loca l   l n f l ow  

Ouesnel  River  at  Qoesnel 
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From Sta. /.?/I9 

Route  Fraser  River,  Quesnel t o  Marguerite 
Phases =2  
N =  0.2 
KTS = 30 

sta. 13006 
She l l ey  t o  Marguer i te  
Loca l  In  f low 

Fraser   R iver  at  Marguer i te  
Tota l   D ischarge 

Route  Fraser  River,  Marguerite t o  Si9  Bar 

N =  0.2 
K T S  = 25.2 

sta. I5006 
Marguerite  to Big Bar 
Local   Inf low 

Froser   River   a t   B ig  Bar 
Total  Discharge 

S ta .  I5949 

P R o u t e   F r a s e r   R i v e r ,   B i g   B a r   t o   L i I l o o e l  
Phases = l 
N = 0.1 
K T S  = 33 
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From 
s to .  15949 

Seton R i v e r   B i g  ear t o  L i / / ooe t  
P ro jec t   F /ows   Loca l   / n   f / ow  
t ie .   Br idge  R iver  

Reservoir  Outflows) 

Fraser   River  ot L i / / o o e t  
Toto/   Discharge 

Route  Fraser  River,  Li l looet to  Thompson R. Junction 
Phases = 3 
N = 0.2 

From  Sta. 7 90/9 K T S  = 20 
Thompson River  portion 

see page 8 1 

Fraser  River  ee/ow Thompson R iver   Junc t ion  
Sum o f  Discharge 

S t a .  f7049 
Route  Fraser  River, Thompson Junction to  Hope 
Phases = 4 
N =  0.2 
K T S  = 18 

Sta .  f7006 
L i l l o o e t  to  Hope 
Loca l   I n f l ow  

Froser   R iver  a t  Hope 
Tota f   D ischarge 

t T 0  Sta .  17549 



Harrison  River at 
Harrison Hot Spr ings 

Observed Flows 
f W.S.C. Sta. BMG 0 f3 )  

FfGURE f 
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From Sta. f70f9 

Sta. f7549 
Route  Fraser  River,   Hope Po Harrison  Mills 
Phases = 3 
N = 0.2 
K T S  = f 2  

, S t a .  f 7519 
Fraser   R iver  
Sum  Point 

Route F r aser 
Phases = f 
N = 0.2 
K T S  = f00 

below  Harrison  Mil ls 

River ,   Harr ison  Mi / /s  

s t o .  M O O 6  
Hope t o  Mission 
Local  f n f f o w  

Fraser   R iver  a? Mission 
r o t o f   D i s c h a r g e  

to  Mission 



b )  NECHAKO Rl VER PORTION : 

FIGURE / 
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Sta.  32010 
Sk ins   Lake   Sp i l lway  
out f l o w  

s t a .  32549 
Route   Ches la t ta   Lake  
(Simulate  Cheslatta  Lake by a reach 

Phases = I 
N = 0.2 
K T S  = .  750 

routing procedure 

Skins Lake 
Spillway to Vonder - 

-hoof 
L o c a l   I n f l o w  

J Route  Nechako  River,  Cheslalta Lake to Vanderhoof 
Phases = 2 
N = 0.2 
K T S  = 200 

t 
I 
I 
I 
1 
I 
I 
1 
1 

Vanderhoof t o  

Loca l   In f low 
I s l e   P i e r r e  

\’$cn”d’kz’:iver at Vanderhoof 
h o r g e  

P 
sta. 37349 

Route   Nechako   R iver ,   Vonderhoof  t o  Isle P i e r r e  
Phases = I 
N = 0.2 
K T S  = 33 

Nechako  River  at Is le  P i e r r e  
ro ta1  D-ischarge 



, I  
I 

FIGURE I I 
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/ 

C )  THOMPSON RIVER PoRrIoN : 
, 

,” 

r River  Reservoirs 

Route Nor th  Thompson River , Clearwater  River 

P h a s e s  = 2 
N = 0 .2  
K T S  = 3e 

Junc t ion  to   Mc  Lure 

North Thompson R. 

L o c a l  I n f l o w  
above  McLure 

N o r t h  Thompson River at McL ure 
rota/  Discharge 

Sta. 73049 
Route  North Thompson River,  McLure to  Kamloops 
Phases = 2 
N = 0.2 
K T S  = 4 4  

Sta.  72009 
South Thompson River  or Monte  Cr. 
Observed 
( u s e  W.S.C. Sta. B L E - 0 6 9   o r - 0 3 l )  

Route  South  Thompson  River , 
Monte Creek t o  Kamloops 

Phases = 3 
N = 0.2 
K T S  = 2 7  

J Sta. 74019 
Sum of Discharge a t  Kamloops 
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F r o m   S t a .  74019 

'Lake  Route Karn/oops Lake 
(see Table 1 for lake  characteristics ) 

S t a .  79049 
R o u f e  Thompson River ,   Kamloops  Lake t o  Spences 

Phases = 2 
N = .0.2 
K T S  = 60 

6 r i d g e  

M c L u r e  to  Spences 

L o c a l  / n f / o w  

S ta .  79019 
Thompson R. near Spences  Bridge 
Tota l   D ischarge 

To S t a ,  /6619 f see  page 4 )  
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SAMPLE- RUN OF "SIMPAK" PROGRAM 

P L C T  P Y C F C G R 8 P H S  t ? E l % H €  PNC: P f l E K   R O U T I N G  TO M I 5 S I ( . l N  
67009 1 C L E A R W P T E H  R I V E R  AT C L E A R W E T E R S T A T  ION 
l e C 4 9  1 RCIUTF C l . .  R. A T  C L . S l N ,  10 MISSIOh 

$ERO 
01 C5 1948 31 07 1548 1 
W A V E  l E 0 4 9  47009 o s  

P L G T  2 
004 -18 034  03C 012 a02 

67C09 1 0 7 c c c c  
18049 1 P 7000C 

$END . . .  . .  - . .  . 

C Y C L E  01 05 1571 31  07 1'371 
C Y C L E  C l  CS 1572 31 07 1472 
SENE 

6 )  ouwur FROM r H / s  RUN IS SHOWN 

ON PAG€S 2 TO 16 FOL LOW/NG. 
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0 67009 CLEARUATER RIVER AT C L E A R W A T E R  STATION CF S 

1 Y A Y  4 9  4 0. 0 

3 Y A Y  48 R n *  . . 
' 4 Y A Y  48 R O  e e 0 

.... 5 Y A Y  48 a. ...... . - R .  . . .  . e  . . .  a 0 

6 Y A Y  48 Rn 
7 Y A Y  48 s n  0 

9 Y A Y  48 RO . 
10 Y A Y  48 ~n e e . 
11 Y A Y  4 8  ..... . . .  a .  a 8  . 0 e .  
1 2  Y A Y  48 e . u  n * *  . 
1 3  Y A Y  48 R n e  
1 4  M A Y  48 a R O  . 
15 H A Y  48 R m O  
16 Y A Y  48 . P. 0 e 

. 17 Y A Y  48  . . . . . . . . . .  ..... R 0  e e 

18 Y A Y  48 . * R  D 
1 9  Y A Y  4 8  m R  I? 0 

21 M A Y  48 Fi e f l  0 

2 2  Y A Y  48 Rm o m  . 
.... . .  23 M A Y  48 . . . . . . . . .  . . . . . . . . . .  . .  m R  * D  * 

25 'IAY 48 e R m  0 .  
2 5  MAY ' 48 . . * P  e 

26 M A Y  48 e a a R *  

28 Y A Y  4 8  0 

. 29 NAY 48 ......... a . .  a. . . . . .  a .. 
3 0  Y A Y  48 e 0 

3 1  Y A Y  48 . 
1 JUWE 48 a . *  a . 
2 JUNE 48 
3 JIJYE 48 e '  . 

........ 4 JUNE 48 ........ a . . . . . . .  a a 
5 JUNE 48 . 
6 JlJYF 48 . 
7 JUNE 4 9  a a . 
A JllNF 4A 
9 JllYF 4R e e 0 

10 JUNE 4 8  . .  a e . 
11 JUNE 48 e a e 

12 JUUE 4 4  e * .  . 
13 JUNE 48 a a 0 a , *  0 .  
14 JUNE 4R e a e . " n "8 

1 5  JUNF 4A a e O P  
16 JUN€ 48 a a Q m  
17 JlJNF 48 e Rr) . 
18 JUNF 48 , rlP 0 

19 J r l Y E  48 e 0  R 
2 0  JUNE 48 * O  R 0 

2 1  JUNE 4 8  a O R  . 
23  JIJNF 4 9  0. H 
24 JllNE 48 nR 
2 5  JU%E 4 8  0 R e  0 

26 JIINE 48 n R e  

27 JUNE 48 a . 0. P 

2 9  JONE 48 3 R  0 

30 JIJNE 4 4  . e e .  n P .' 
1 J IJL  Y 48 a O R  
2 JULY 48 n Q .  
1 JULY 4A a *O R . 
4 JULY 48 a . . .  *n R e . .  * .  . 
S JULY 48 O R  
6 JULY 48 R a 

7 JULY 48 e a 5.0 
8 JULY. 48 a P 0 
9 JULY 48 * R  D 

.......... 10 JULY 4 8  ... ... ....... . a  . R .n- . a . .  * .  
11 JULY 4 8  e ?O 
1 2  JULY 48 , *  m R  
1 3  JULY 48 . a * O R  
14 JULY 48 0 P. 
15 J?lLY 48 .a R e 

17  JIJLY 4 8  OR 

. .  2 Y a y  48 m R  . 0, 0 

8 yay  48 P O  * .  

' .  
.. , 2 0  Y 4 Y  48 . .  e . a  R p *  . 

2 7  Y a y  48 * Q  

0 

. ,  

i 

- .  ...... 2 2  JIJNE 48 . .  a . . . . . . .  a O R  
I 

. .  \* 
j -29 .JUNE ..4e .. .. .n a R , .  , .. 

.. 16 JUL'Y 48 .np-....-".a - ..... c R . . . . . . .  . . .  . . . . .  

*" - .. - .OR e 

19 JlJLY 48 . . . . . . . .  I R e 

20 JULY 48 R e 

21  JULY 48 a R 
. 2 2  .... JULY.  +.8._. - a L ........ RO . . . . . . .  a . . . . . . .  e 

23 JULY 48 R 

-18.. JUL-Y-4.8- ' 

-, 24 JULY 48 e R O  

26 JIJLY 48 n .R 

__ 2 8 .  JULY 4 8  ..... - ........ . . . . .  a . . .  RO a 

29 JULY 48 R e  0 e 

30 JULY 4 8  nR 
3 1  .JULY 4.8. . .  a a OmR e 

. . . .  2 5  J U L Y . 4 8  ...... a . . . . . . . .  a . . e R  

27 JULY 48 OmR 1: i 
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APPENDIX #1 

FRASER RIVER UPSTREAM STORAGE STUDY 

Tasks  #5 and # 7  

SIMPAK Computer  Program 

User I s  Manual 

Appendix t o   t h e   R e p o r t  

"Define  and  Develop  Mathematical 

Simulation Models f o r  Flood  Regulation 

Study '' 

Department of the  Environment 

Inland Waters D i r e c t o r a t e ,   P a c i f i c  E Yukon Region 

Water Planning  and Management Branch 

March 19 74 

Note: Any u p d a t e s   t o   t h i s  manual will be   ava i lab le  
from the   In land  Waters Di rec to ra t e ,  Pacific 
E Yukon Region. 



APPENDIX NO. 1 

SIMPAK User's Manual 

The following  pages  of  documentation  are  intended  to  introduce 
t h e   u s e r   t o  'SIMPAK', the   r iver   s imula t ing   package .  

The in t roductory   sec t ion  is d i r e c t e d   t o   t h e   u n i n i t i a t e d .  The 
prac t ic ing   hydro logis t  may wish t o   s k i p   t h i s   p a r t .  However, i t  i s  o f t en  
s a f e r   t o  assume ignorance  ra ther   than  leave  the  user   groping  for   missing 
background  material. 

As a set of  programs 'SIMPAK' i s  wr i t t en   a lmos t   en t i r e ly   i n  
Fortran.  There  are,  however, a few subprograms  written  in  Assembler. 
Or ig ina l ly   the   rou t ines  were  developed t o  run on the  IBM 360/67  duplex 
system a t  U . B . C . ,  however the   rou t ines   a re   genera l  enough tha t   they   can  
be run on any medium t o   l a r g e   s c a l e  machine  which  supports Fortran. To 
t h e   u s e r   t h i s  means that  he  can  use 'SIMPAK' in   a lmost   any   sc ien t i f ic  
computing  environment t o  model a r iver   sys tem.  

Hopefu l ly   th i s  manual will serve two purposes: 
1. To in t roduce   t he   u se r   t o  'SIMPAK'. 
2.  To act as a handbook o r  ' u se r s   gu ide '   i n   s e t t i ng  up 

r i v e r  models. 
, 

Anauxi l ia ry  manual 'SIMPAK PROGRAM GUIDE '  ' is  also.   avai lable .  
This volume a long   wi th   the   source   l i s t ings   should   sa t i s fy   the   user  who 
wishes t o   d e l v e   i n t o   t h e   a c t u a l  programming  and l o g i s t i c   d e t a i l s   o f  
'SIMPAK'. I t  covers  everything  from  the  assignment  of  logical  units  to 
the  handl ing of input  and  output  devices. 

The SIMPAK program  has  evolved  during  the  course  of  the  Fraser 
River  Upstream  Storage  Study t o   t h e  form presented  herein.   This  manual 
presents  the  program as o f  March 1974.  Several   further  changes  to  the 
program  a re   p lanned   to   p rovide   addi t iona l   capabi l i t i es .   In format ion  as 
t o   t h e   c u r r e n t   s t a t e   o f  SIMPAK at  any time  can  be  obtained  from  the  Inland 
Waters   Directorate ,   Pacif ic  E Yukon Region. 
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I Introduct ion 

The purpose  of   this   package  of   computer   rout ines  i s  t o  compute 
the   s t r eamf low  cha rac t e r i s t i c s   o f  a r ive r   sys t em  fo r  any  given water 
i n p u t   t o   t h e  r iver .  The computations  have  the same ef fec t  as a physical  
model. They will t e l l  f o r  any  given  configurat ion  of   the  r iver   system 
the   e f fec t   the   sys tem i t se l f  has   i n   de l ay ing  o r  manipulating  f lows. 

I n   t h i s  way t h e  program  simulates o r  more accurately  speaking 
"modelsf1  streamflow.  Study  with a model i s  usefu l  when a t t empt ing   t o  
d e s i g n   e f f i c i e n t  methods f o r   c o n t r o l l i n g  water flow. 

O f  course  the model i s  no t   exac t   s ince   t he  real  l i f e  s i t u a t i o n  
i s  never   per fec t ly   descr ibed  by t h e  model parameters.  I t  can,  however, 
g ive  a good approximation  and  indication  of what control   act ion  should 
be   t aken ,   and   in   th i s  way he lps   in   p lanning  and eva lua t ing   t he  method of  
opera t ion   of   var ious  types of   cont ro l  works within a r iver   system. 

'SIMPAK' has  a lso  proved  to   be  useful   in   manipulat ing stream- 
flow  data.  Since a l l  input   da ta  and ou tpu t   da t a  i s  automatically  given 
t h e   c o r r e c t   d a t e  and s t a t i o n  number it has  been  found t o  be a convenient 
method f o r  making s imple   ex tens ions   to   da i ly   f low  da ta ,   p lo t t ing   hydro-  
graphs  and  computing r iver   e leva t ions   cor responding   to   r iver   f lows .  

A r iver   sys tem i s  usually  monitored a t  obse rva t ion   po in t s   o r  
s t a t i o n s .  A t  these  points   the  usual   parameter   measured i s  the  water 
s u r f a c e   e l e v a t i o n   r e l a t i v e   t o  some prechosen  datum. The r ive r   f l ow i s  
obtained by r e l a t ing   f l ow  to   e l eva t ion   t h rough  a continually  updated 
s c a t t e r   p l o t   ( r a t i n g   c u r v e ) .  The ra t ing   curve  must be  updated  because 
the   phys i ca l   a t t r i bu te s   o f   t he   channe l   can  change with time. 

A hydrograph f o r  a channel i s  a p lo t   o f   f low as a func t ion  of 
time. Hydrograph da ta   for .   var ious   s ta t ions   a long  a r ive r   sys t em.a re  made 
ava i l ab le  by a monitoring  agency , such as .the..Water.  Survey 05 .Canada, 'who 
reduce  observed water surface  e levat ions  to   f low  values   through  racing 
curves.  

A r iver   sys tem  i s .made  up of  a linked  network  of 3 main 
components : 

1. the   reach  o r  length  of  channel, 
2 .  t h e  lake,  
3 .  and the   r e se rvo i r :  

A property common t o  each component i s  t h a t  it introduces  ' f low  delay '  
into  the  composite  r iver  system  through  temporary o r  permanent  storage. 

~ To the   neophyte   the   s tor ing  effect  and i t s  assoc ia ted  component o f   t he  
to ta l   f low  de lay   in t roduced  by a r e s e r v o i r  i s  q u i t e  familiar but   usual ly  
not  so  the  temporary  s tor ing effects introduced by lakes  and reaches.  

I n   t h e  above we r e f e r r e d   t o  a component o f   t he   t o t a l   f l ow  de l ay .  
The to ta l   f low  de lay   in t roduced  by a reach i s  due f i r s t l y   t o   t h e  time o f  
t r a v e l  of the   f lood  wave through  the  channel  and  secondly  to  the  temporary 
s t o r i n g  effect  within  the  channel  caused by t h e   l i m i t a t i o n s  on the  
discharging  capaci ty .  / 
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. 

Consider   the  fol lowing  lake  inf low and  outflow  hydrographs. 

1 
T i  me 

If t h e  lake were i n   t h e   s t e a d y  s ta te  the   idea l   in f low and outflow  hydro- 
graphs would be as follows: 

1 T irne 

However t h i s  i s  not   the  usual   case.   In  real l i f e  t h e   i n f l o w   t o   t h e   l a k e  
i s  dynamically  r ising o r  f a l l i n g .  The outflow  channel  of  the  lake 
has a volume capac i ty  which is a funct ion  of  i t s  phys ica l   cons t r a in t s  
and the  driving  head.  Should  the  inflow rise above the   d i scharge   capac i ty  . 
the   excess  i s  s t o r e d  and t h e  water s u r f a c e   e l e v a t i o n . r i s e s .  If  
f o r  a g iven   e leva t ion  and discharge  the  inf low  drops below the   d i scharge ,  
the   l ake   l eve l   d rops  and t h e  water prev ious ly   s tored  is discharged. Thus 
one  can  conclude t h a t  f o r  a lake  the  discharge and s t o r i n g  effect  are 
both  funct ions  of   lake  e levat ion and  due t o   t h e  temporary  storing effect ,  
the   l ake  can introduce downstream  flow  delay. 
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Overlaying  the  inflow and outflow  hydrographs  graphically,  as 
below, shows the   pe r iod   o f   s to r ing  and discharging.  Included are t h e  
cha rac t e r i s t i c   d i scha rg ing  and s tor ing   func t ions   o f   l ake   e leva t ion ,  upon 
which t h e   l a k e   s t o r i n g   c h a r a c t e r i s t i c s  depend. 

1 

T i m e  

Storage  Discharge 

A reach   a l so   d i sp lays   th i s   p roper ty   o f   in t roducing   th rough 
temporary  storage a component t o   t h e   t o t a l  flow  delay. The secondary 
component i s  due t o   t h e  t ime  required  for  an i n f l o w   t o   p h y s i c a l l y   t r a v e r s e  
the  reach.  

In   t he  case of t he   r e se rvo i r   t he   d i scha rge  is  no t  a func t ion   of  
sur face   e leva t ion .  The discharge  hydrograph i s  forcefu l ly   cont ro l led .  
However f o r  any f ixed  discharge and inf low  there  can  be a r i se  o r  f a l l  i n  
e l eva t ion  and an inc rease  or decrease   in   s torage .  

To the   p rac t i c ing   hydro log i s t   t he   pas s ing   o f  a flow  through  any 
of these  components i s  termed  routing. The inflow i s  routed  through  the 

. i )   r e a c h  
i i )   l a k e ,  or 

i i i )   r e s e r v o i r .  

I1 'SIMPAK' Modelling 

1. In t roduc t ion   t o  ' SIMPAK' conceptual ly  : 

In   the  previous  sect ion  the  concept   of   rout ing  inf low  through 
components to  produce an outflow was introduced.  This i s  t h e  main t a s k  
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performed  by 'SIMPAK' . I t  performs  operations on inflows  to  produce 
outflows  and  through  chaining,  the  outflow  can become t h e   i n f l o w   t o   t h e  
next  downstream component e t c .  , etc .  The outflow is  termed a routed 
out  flow. 

This  operation  equivalent  can  be drawn diagramatical ly  as: 

A t  t he   ou t f low  s t a t ion  (where the  routed  f lows  exis t )   o ther  
s.tream flow cha rac t e r i s t i c s   such  as water su r face   e l eva t ion  and s to rage  
values  can  be computed. 'SIMF'AK' can  perform a l ake ,   r e se rvo i r  o r  reach 
rou t ing   ca l cu la t ion  on an inflow  hydrograph  and  complete  the  description 
o f   t he   ou t f low  s t a t ion   g iven   t he   cha rac t e r i s t i c   d i scha rge   l imi t a t ion .  
In   the case of  a r e s e r v o i r   t h e s e   l i m i t a t i o n s  are cont ro l led .  They can  be 
s p e c i f i e d  as cont ro l led   va lues   o f   d i scharge ,   reservoi r   e leva t ions ,   s torage  
o r  changes i n   s t o r a g e .  However the   equat ion   of   cont inui ty ,  

OUTFLgW = INFLgW - CHANGE IN STgRAGE 

l inks   s to rages   t o   d i scha rge .  The charac te r i s t ic   s torage   e leva t ion   curve ,  
as i l l u s t r a t e d  below, must be  known i n   o r d e r   t o   c o m p l e t e   t h e   d e s c r i p t i o n  
o f   t h e   r e s e r v o i r   s t a t i o n .  

Storage  
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The concept  of  'operating on a s ta t ion '   hydrograph allows for   the   ex tens ion  
t o  any meaningful  operation. The discussion t o  th i s   po in t   has   i nc luded  
rout ing  only,  however, obviously  other  operations  could  be  envisaged. For 
example t o  compute the  net   f low where two reaches  join,   the   f lows  routed 
to   the  junct ion  could  be  'added ' .  To compute the  local  flow  between 2 
s t a t ions , '   t he   ups t r eam  s t a t ion  would  be ' subtracted '   f rom  the downstream 
s t a t i o n .  

'SIMPAK' incorporates  many operations  which w i l l  be  discussed 
ind iv idua l ly  and i n   d e t a i l   i n  a special   sect ion.   This  i s ,  however,  the 
basic   idea  behind a l l  'SIMPAK' models. Each  component o r  meaningful 
operat ion i s  def ined as operat ing upon specified  hydrographs or  o the r  

. s t reamflow  charac te r i s t ics  known a t   s p e c i f i e d   s t a t i o n s   t o   p r o d u c e   e i t h e r  
c h a r a c t e r i s t i c s  a t  o t h e r   s t a t i o n s  (-routed  flows,  locals o r  co r re l a t ions )  
o r  he lpfu l   auxi l ia ry   in format ion   (p lo ts ) .  

2 .  Description  of a S ta t ion  

A s t a t i o n  i s  a point   a long  the  r iver   system a t  which  streamflow 
c h a r a c t e r i s t i c s   a r e   e i t h e r  known or t o   be   ca l cu la t ed .  For example  an 

a. i npu t   s t a t ion  a t  which flow i s  known 
b. a r e s e r v o i r   s t a t i o n  a t  which 

(I) discharge  flow i s  known 
(2)  e l eva t ions   a r e   t o   be   ca l cu la t ed  
(3) s to rages   a r e   t o   be   ca l cu la t ed  
(4) changes i n   s t o r a g e   a r e   t o  be  calculated 

(1)  the  discharge  as a funct ion  of   e levat ion is  known 
(2)  t he   s to rage  as a funct ion  of   e levat ion is  known 
(3) the   d i scharge  i s  t o   b e   c a l c u l a t e d  
(4) t h e   s t o r a g e s   a r e   t o   b e   c a l c u l a t e d  
(5) t h e   e l e v a t i o n s   a r e   t o   c a l c u l a t e d  
( 6 )  t h e  change i n   s t o r a g e  i s  t o  be  calculated 

c. a l a k e   s t a t i o n  a t  which 

Each s t a t i o n  is i d e n t i f i e d  by a unique number r e f e r e d   t o  as t h e   s t a t i o n  
number.  These  numbers usua l ly .obey   cer ta in  naming  conventions: 

e.  g. Water  Survey  of  Canada  numbers 
Streamflow  Synthesis  and  Reservoir  Regulation 
(WSC numbers o r  SSARR numbers) 

- 

As it i s  of ten  convenient   to   access   data   for  a s ta t ion   under  a d i f f e r e n t  
numbering  convention  than  the  one  used  within  the  model, a cross-reference 
tab le   can   be   se t  up t o   f a c i l i t a t e   t h i s .  
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3. Time  Base: 

The 'SIMPAK' model  operates  over  a  specified  period of time. 
The  beginning  and  ending  dates of the  model  period  must  be  made  known  to 
'SIMPAK'. It  assumes  that  streamflow  characteristics  must  be  calculated 
fo r  that  period  only.  To  the  user,  dates  are  specified  as  Gregorian  dates 
although  internally  the  program  logic  uses  the  Julian  calendar. 

4. Closing  Remarks 

Having  discussed  the  general  concepts  of  river  streamflow 
modelling  and  to  some  extent  including 'SIMPAK' in  the  discussion,  it  is 
time  to  move  on  to  the  details of setting  up  and  invoking  a 'SIMPAK' model. 
Naturally  the  program  has  shortcomings  and  idiosyncracies  which  may  not 
be  covered  in  the  next  section.  The  only  way to become  aware of  these, 
plus  the  flexibility  and  auxiliary  uses  of  the  modelling  program,  is to 
actually  set  up  and  compute  flow  characteristics for oneself. 
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I11 Se t t ing  vp t he  Model 
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Let us go back  and r e s t a t e   t h a t  

( i )  'SIMPAK' - computes  streamflow  characterist ics a t  s t a t i o n s  
s p e c i f i e d   f o r  any g iven   input   to   the   r iver   sys tem,  

( i i )  'SIMPAK' - opera tes  on da ta  which is i d e n t i f i e d  by s t a t i o n  
number t o  produce  (a)  data a t  ano the r   s t a t ion  

(b)   auxi l iary  information,  

( i i i )  - 911 s t a t i o n s   i n  a model,  be  they i n i t i a l   c o n d i t i o n   s t a t i o n s  
o r  a s t a t i o n   t o   b e   c a l c u l a t e d ,  must be made  known t o  'SIMPAK'. 

'SIMPAK' quite  simply  scans  the l i s t  o f  a l l  s t a t i o n s  and automatical ly  
r e t r i e v e s  from the   da t abanks   t he   i n i t i a l   i npu t   t o   t he   r i ve r   sys t em.  I t  
then   executes   the   spec i f ied   opera t ions   be   they   ca lcu la t ing   da ta  a t  another  
s t a t i o n  o r  producing  auxi l iary  information.  As has  already  been  mentioned, 
t he  program  operates   in  a spec i f i ed  model t ime  period. However, it is 
capable, upon completion  of  the model f o r  t h a t   p e r i o d ,   o f   r e i n i t i a l i z i n g  
the   s t a t ions   t o   ano the r  time period and execut ing  the model for t he  new 
time base. 

- 

I V  Control  Cards 

The use r  communicates  with 'SIMPAK' v i a  a deck  of  control  cards. 
These  cards  describe a l l  s t a t ions   w i th in   t he  model,   specify  operations and 
can se t   t he   r ecyc le   op t ion  on. The fol lowing  pages  descr ibe  these  control  
cards .  

1. Preamble : 

de l imi t e r s  and other  conceDts: 

(1.   a)   often when the  number of   cards   read  can  not   be  ant ic i -  
pa ted   there  must  be a ' t h a t ' s  a l l '  f lag .   This  
i s  ca l l ed  an  end  of f i l e   d e l i m i t e r .  'SIMPAK' de l imi t e r s  
t ake   t he  form $END. 

(1.b) 'SIMPAK' i s  capable   of   calculat ing up t o   f o u r  stream- 
f low  cha rac t e r i s t i c   va r i ab le s  a t  any s t a t i o n .  They a re :  
1 = flows  (cfs) 
2 = e leva t ions   ( fee t )  
3 = .  s torages   (acre   fee t )  
4 = changes in   s to rages   ( c f s  - days) 
These are r e f e r r e d   t o   a s   v a r i a b l e s   ( i . e . )  VARIABLE3=ST@RAGES 

( 1 . c )   A ' f i l e  i s  a group  of  re'cords of da ta .  For example a 
f i l e  of  f low  da ta   in  WSC card image format. 

(1.d) A 'volume' i s  a phys ica l   un i t  upon  which the   da t a  i s  
s t o r e d .  
a card  deck, 

a magnetic  tape  or a d i s c  pack 
e .  g. 
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Numbers: real o r  f l o a t i n g  - have a decimal  point which 
can  be  wri t ten (i. e.>  14.713 
i f  not  expressed it d e f a u l t s   t o   t h e   r i g h t  

i n t ege r  numbers - do not  have a decimal   point   wri t ten.  
I t  i s  assumed t o  be r i g h t   j u s t i f i e d  

- 1313 = 1313. 

14713 = 14713. 

2.  T i t l e  Card: 

The t i t l e   c a r d  i s  t h e  first card   in   the   deck .  The information 
on it i s  t i t l e  information  which w i l l  appear  on  the  top  of  each  page  of 
pr in ted   ou tput .  

3. Stat ion  Cards:  

These   ca rds   fo l low  the   t i t l e   ca rd  and a re   c losed  wi th  the  
del imeter  ($END). They are order   f ree   but   should  fol low a natural   model l ing 
order.  Each  and  every s t a t i o n  must appear i n  t h i s   s e t  of cards .  

Column Description 

5 - 13 ""_ The s t a t i o n  number. 
24 "-" The v a r i a b l e s   t o   b e   p r i n t e d   f o r   t h i s  

s t a t i o n  upon completion  of  model. 

e.g.   value what i s  p r in t ed  
1 - 1 
2 
3 
4 
5 
6 
7 
9 - a1 1 
0 - NO PRINTgUT 

where 1 - flows 
2 - e leva t ions  
3 - s torages  
4 - changes i n   s t o r a g e  

- 
- - 2 ,  1 

3,  1 
- 49 1 
- 1, 2 ,  3 

1, 3 ,  4 

- - 
- 
- 
- - 

' J   2 J  - - 
- 
- 
- 
- 
- 
- 

""""" An alphanumeric  description  of  the 
szation which appears i n  t h e   l i s t i n g .  

4. The ' I n i t i a l i z a t i o n  Card: < 

This   card   fo l lows   the   s ta t ion   de l imi te r  ($END). I t  s e t s  up 
the  time boundaries  of  the model and a l so   def ines   the   type   o f   input  f i les .  
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1 -  2 
4 -  5 
7 - 10 

13 - 14 
16 - 17 
19 - 2 2  

25 - 29 

30 - 34 
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DescriDtion 
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i n i t i a l  day o f  model per iod  
i n i t i a l  month of  model per iod 
i n i t i a l   y e a r  o f  model per iod  
f i n a l  day of  mode1,period 
f i n a l  month o f  model per iod  
f ina l   yea r   o f  model per iod  

c 

blank   or  0 = no r e t r i e v a l  from WSC databank  (tape) 
1 = r e t r i e v a l  from 1st volume of  databank 
2 = r e t r i e v a l  from 2nd volume of  databank 
3 = r e t r i e v a l  from 1st and 2nd volume of 

databank 

b lank   or  0 = no d a t a   r e t r i e v e d  from a d i sk  f i l e  
1 = d a t a   t o   b e   r e t r i e v e d  from a SSARR f i l e  
2 = d a t a   t o   b e   r e t r i e v e d  from a SSARR f i l e  

3 = d a t a   t o  be r e t r i e v e d  from a WSC f i l e  
and  from a WSC f i l e  

Not e : - In  a SSARR f i l e  card image da ta  i s  i n   t h e  SSARR format. 
In  a WSC f i l e  card  images are i n   t h e  WSC format. If 
WSC da ta  i s  used a c ross   re fe rence   be tween  the   s ta t ion  numbers 
on the   desc r ip t ion   ca rds  (SSARR by convention)  and  the  cor- 
responding WSC numbers i n   t h e   d a t a  f i l e  must be  suppl ied.  The 
c ross   re fe rence  f i l e  name i s  WSC.DICT. For a writeup on WSC.DICT 
see t h e  Appendices. 

35 - 39 

40 - 44 

45 - 49 

50 - 54 

"" To compute s to rages  and  elevations 
a t  lake   and   reservoi r   s ta t ions   the  
cha rac t e r i s t i c   func t ions   o f   e l eva t ions  
f o r   t h o s e   s t a t i o n s  must be   read   in :  
0 = no t a b l e s   t o   b e   r e a d   i n  
1 = r ead   t ab l e s  
For a desc r ip t ion   o f   t he   t ab l e   fo rma t  
see t h e  Appendices.  These tab les   can  
be  used  for  other  purposes  such as flow 
co r re l a t ions .  

-"- The l ead  time used by t h e  'wave' opera t ion .  
See  the  wri teup on WAVE 
blank = 0 

"" f o r   f u t u r e   u s e  

"" If  t h i s   f l a g  is on,data i s  r e t r i e v e d  from 
a special ly   formated f i l e  c a l l e d  ' a  long 
record f i l e ' .  Data w i t h i n   t h i s  f i l e  i s  
c rea t ed  by r e fo rma t t ing   t he  WSC o r  SSARR card 
formats   to   another   format  which  can  be  read 
faster thus  reducing  the  computing  cost. 
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5.  The'Operation  Cards: 

The operat ion  cards   specify what operat ion is  t o   b e  done  and 
upon  what s t a t i o n s .  I t  may a l so   spec i fy  a s t a t i o n  number to   be  ass igned 
a t  the  output   of   the   operat ion.  Thus it i s  a se t   o f   these   l inked   opera-  
t i o n s  which def ine   the  model. 

They a l l  take   the  same form but   for   each   opera t ion   the   s ign i f i -  
cance  of  each f i e l d  i s  d i f f e r e n t .  

Standard  format  for a l l  operat ion  cards:  

Column Description 

1 -  4 
6 - 15 STAl "" s t a t i o n  number t o   a s s i g n   t o   r e s u l t s   o f  

"" the   'code '   of   the   operat ion 

operat   ion 
the  upstream  s ta t ion 16 - 25 STA2 "" 

26 - 35 
36 - 45 
46 - 47 
48 - 49 
50 - 51 
52 - 60 
61 - 70 
71 - 80 

STA3 
STA4 

PAR3 

"" a second  upstream  s ta t ion (if required)  
"" a th i rd   ups t r eam  s t a t ion   ( i f   r equ i r ed )  

"" ' i n teger '   parameters   tha t  may be  required 

"" ' f l oa t ing   po in t '   pa rame te r   t ha t  may be 

by the   opera t ion  

required by the   opera t ion  

These  operation  cards are s t a c k e d   a f t e r   t h e   d a t a   i n i t i a l i z a t i o n   c a r d  and 
are  .followed by the   de l imi t e r  $END. Each operat ion will be  described 
separa te ly .  The columns t o   s p e c i f y  w i l l  be i d e n t i f i e d  by name. 

. i - e .  STAl = 6 - 15 
STA2 = 16 - 25 
vAR3 = 50 - 51 

When  'SIMPAK' encounters an operat ion  card it performs  the  operation 
spec i f i ed  which may be  generating a p lo t   o r   ca l cu la t ing   va lues   fo r  a 
s t a t i o n .  The operat ions which def ine   the  model a re   t aken   i n   s equen t i a l  . 
order .  

(5. a)  Operation Code  'WAC' 

When  'SIMPAK' encounters   this   operat ion  code  the 'sub-program t o  
do a reach  rout ing by the  SSARR method i s  invoked. The f i e l d s   t o   s p e c i f y   a r e :  

STAl = t he   r each   rou te   s t a t ion  number 
STA2 = the   ups t ream  s ta t ion  
STA3 = a second  upstream  s ta t ion which will be  added t o   s t a t i o n  2 

t o  form the  inflow  hydrograph (if  required)  
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PARl = SSARR I N 1  parameter 
PAR2 = SSARR 'KTS' parameter 
VARl  = SSARR 'NPS' parameter (number of   phases)  
PAR3 = t he   s t a r t i ng   i n f low.  If not   spec i f ied   s ta r t ing   in f low 

is determined by  backward ex t r apo la t ion  from day 1. 

i . e .  

I t 
0 I 2 

STA4 = t he   s t a r t i ng   ou t f low and i f   no t   spec i f iedSTA4 = PAR3 

Note : ( i )  If STA2 and STA3 are both  specif ied  they are added  together 
t o  form the  inflow  hydrograph. 

phase are i n i t i a l i z e d  by interpolation  between PAR3 and STA4.. 

the  SSARR method (see  Sect.  VII' for  a; d i scuss ion   o f   t h i s .  
method). 

(ii) 'VAR1'  phases are e s t ab l i shed  and  inflow  values fo r  each 

( i i i )  Routing is performed  for  each  day i n  t h e  model per iod  using 

(5.b)  Operation Code 'LAKE' 

When  'SIMPAK' encounters  this  operation  code  the  sub-program 
t o  do a 'LAKE ROUTE' is invoked,  (see  Sect.   VII).  The f i e l d s   t o   s p e c i f y  are: 

STAl = t h e   ' l a k e   r o u t e   s t a t i o n '  
STA2 = the   ups t ream  s ta t ion  
STA3 = a second  ups t ream  s ta t ion   ( i f   requi red)  
PARl = t he  i n i t i a l  inflow. If t h i s  value i s  not   spec i f ied  it 

i s  assumed t o  be  equal   to   the  value  obtained by extra- 
p6lat ing  back from  day  one. 
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PAR2 = t h e   i n i t i a l   o u t f l o w   ( i f  PAR2 not   spec i f ied ,  PAR2 = PAR1) 

- Note : ( i )  Lake rout ing  is performed  for  each  day  of  the model per iod 
(See  Sec.  VII) 

( i i )  The ' l a k e   s t a t i o n '   d e s c r i p t i o n  will be  completed.  Elevation, 
s torage  and  changes i n   s t o r a g e  will be   ca lcu la ted   for   each  
day of  the-model  period. The desc r ip t ion  is completed  by 
using  the  Tables  read i n  f o r   t h e   l a k e   s t a t i o n .  

(5.  c)  Operat ion 'Code LOCA' 

When'SIMPAK' encounters t h i s  operation  code  the  sub-program  to 
c a l c u l a t e  a ' l o c a l '  i s  invoked ,   ( see   Sec t .   VII ) .The   f ie lds   to   spec i fy  are: 

STAl = t h e ' l o c a l '   s t a t i o n  
STA2 = t he   ups t r eam  s t a t ion   t o   be   sub t r ac t ed  
STA3 = the   second  ups t ream  s ta t ion   to   be   subt rac ted   ( i f   requi red)  
STA4 = t h e   s t a t i o n  from  which s t a t i o n s  2 and 3 are subt rac ted .  

Note : (i) FLgW(STA1) = FLgW(STA4) - (FLgW(STA3) + FLOW(STA2)) 
( i i )  If STA3 i s  not   spec i f ied  it will no t   en t e r   i n to   t he   ca l cu la t ion .  

(5.d)  Operation Code 'SUBTI 

When  'SIMPAK' encounters  this  operation  code  the  sub-program 
which  performs a 'genera l ized   subt rac t ion '   over   the  model per iod i s  invoked. 
The f i e l d s   t o   s p e c i f y   a r e :  

STAl = t h e   ' s u b t r a c t '   s t a t i o n  
STA2 = s t a t i o n   t o   b e   s u b t r a c t e d  from 
STA3 = s t a t i o n   t o   b e   s u b t r a c t e d  
STA4 = a second  s ta t ion   to   be   subt rac ted   ( i f   requi red)  
V A R l  = v a r i a b l e   f o r   s t a t i o n  1 ( i . e .   f l ow,   e l eva t ion ,   s to rage   o r  

VAR2 = v a r i a b l e   f o r   s t a t i o n  2 
VAR3 = v a r i a b l e   f o r   s t a t i o n s  3  and 4. 

change i n   s t o r a g e )  

Note: ( i )  A t  any s t a t i o n ,  up t o   f o u r   v a r i a b l e s   a r e   a v a i l a b l e   f o r   u s e  - 
i n  SUBT. These  variables are: 

1 = flows 
2 = e leva t ion  
3 = s to rage  
4 = change i n   s t o r a g e  
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(5. e)  Operation Code  'RESE' 

APPENDIX NO. 1 

When  'SIMPAK' encounters  this  operation  the  sub-program 
do a ' reservoir   route '   (see  Sect .   VII)  i s  invoked. The f i e l d s   t o   s p e c i f y  
a re  : 

STAl = t h e   ' r e s e r v o i r   r o u t e '   s t a t i o n  
STA2 = the   ups t ream  s ta t ion  
STA3 = a second  upstream  s ta t ion (if required)  
VARl  = type   o f   ' cont ro l '   da ta   (or   ra ther   the   var iab le   used)   for  

express ing   the   d i scharge   cont ro l  
1 = flows 
2 = e leva t ions  
3 = s torage  
4 = changes i n   s t o r a g e  

i s  not   spec i f ied  when VARl = 1 o r  4, an e r r o r  will occur. 
PAR1 = t h e   i n i t i a l   v a l u e   o f   ' s f o r a g e ' i n   a c r e   f e e t .  If t h i s   v a l u e  

Note : ( i )  If STA2 and STA3 are   both  specif ied  they  are   added  together .  - 
( i i )  The ' r e s e r v o i r   s t a t i o n '   d e s c r i p t i o n  will be  completed. 

Eleva t ion ,   s torage  and  changes in   s to rage  will be   ca lcu la ted .  
f o r  each  day of  the  s imulat ion  per iod using the e leva t ion  tables.  

must  be  concatenated o r  included i n  t h e   d a t a   f i l e .   ' S I m K '  
uses  the  inflow  hydrograph  plus  the  control  function  to 
comple te   the   descr ip t ion   of   the   reservoi r   rou te   s ta t ion .  

( i i i )  The con t ro l   func t ion   fo r   a ' r e se rvo i r  i s ' a  time s e r i e s .  I t  

(5.f)   Operation Code 'ADD' 

When  'SIMPAK' encounters  this  operation  the  sub-program which 
performs a keneral ized  'add '   over   the  per iod  of   the model is invoked. The 
f i e l d s   t o   s p e c i f y   a r e :  

STAl = t h e  ' A D D '  ope ra t ion   s t a t ion  number 
STA2 = t h e   s t a t i o n   t o  add 
STA3 = t h e   s t a t i o n   t o  add 
STA4 = t h e   s t a t i o n   t o  add 
VARl  = t he   va r i ab le  added a t  each   s t a t ion  

1 = flows 
2 = e leva t ions  
3 = s torages  
4 = changes i n   s t o r a g e  

- Note: (i) The number of   var iab les   for  a s ta t ion  can  be up t o  4 as 
mentioned i n   t h e   ' s u b t r a c t ' .  VARl p o i n t s   t o  which va r i ab le  
t h a t  i s  t o   e n t e r   i n t o   t h e  add operat ion.  

( i i )  The add operat ion  runs  over   the  per iod  of   the model. 

t o  
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(5.  g)  Operation 'Code . 'TRSF' 

When  'SIMPAK' encounters   this   operat ion  code it t r a n s f e r s  and 
-scales   data   over   the model per iod.  The f i e l d s   t o   s p e c i f y  are: 

STAl = t h e   s t a t i o n  number of  the 'TRSF' operat ion 
STA2 = s t a t i o n   t o   b e   m u l t i p l i e d  
VARl  = v a r i a b l e   f o r  STAl 
VAR2 = v a r i a b l e   f o r  STA2 
PARl = t h e   s c a l i n g   f a c t o r  

Note : ( i )  The number o f   v a r i a b I e s   ' f o r   . a ' s t a t i o r i   ' c m   b e  up t o  4. VAR2 
p o i n t s   t o  which va r i ab le  i s  sca l ed  and VARl  t o  where it is  

- 
t o  be   s tored .  
VARl (STA1) = VAR2(STA2) * PARl 

( i i )  The defaul t   value  of  PARl = 1 . 0  

(5.  h)  Operation Code 'SET' 

When  'SIMPAK' encounters  this  operation  code  the  sub-program 
t o  set a v a r i a b l e   t o  a constant i s  invoked. The f i e l d s   t o   s p e c i f y   a r e :  

STAl = t h e   ' s e t '   s t a t i o n  number 
PARl = t h e   c o n s t a n t   t o   s t o r e  
VARl = var i ab le  number where r e s u l t s  are s tored  

Note : ( i )   There   a re  up t o  4 va r i ab le s  known a t  any s t a t i o n .  VARl  
i nd ica t e s  which  of t he  4 a r e   t o  be s e t   t o  a constant .  
1 = flows 
2 = e leva t ions  
3 = s torage  
4 = changes i n   s t o r a g e  

V A R l  (STA1) = PARl 
( i i )  The s e t t i n g   t o  a constant   value runs over   the  per iod  of   the 

mode 1. 

(5.i)   Operation Code 'FILE' 

' When  'SIMPAK' encounters  this  operation  code  the  sub-program 
t o   w r i t e  ' a  SSARR'file i s  invoked. The f i e l d s   t o   s p e c i f y   a r e :  

STAl = t h e   s t a t i o n  number f o r  which da ta  is t o   b e   w r i t t e n  
VARl = t h e   v a r i a b l e   f o r   s t a t i o n  STAl t o  be   wr i t ten  

Note : ( i )  Data f o r   t h e   e n t i r e   p e r i o d   o f   t h e  model will be   wr i t ten .  
VARl  i s  the   va r i ab le  number t o  write, 

Variable Number 
1 = flows 
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2 = e leva t ions  
3 = s to rages  
4 = changes in   s to rage  
9 = a l l  fou r  

( i i )  Note t h e   w r i t t e n   d a t a  i s  i n  SSARR Format. 

APPENDIX N O .  1 

Operation 'Code ' PRIN' 

When  'SIMPAK' encounters  this  operation  code  the  sub-program 
to   p r in t   va r i ab le s   w i th   Gregor i an   da t e s  i s  invoked. The f i e l d s   t o   s p e c i f y  
are : 

STAl = t h e   s t a t i o n   t o   b e   p r i n t e d  
VARl  = con t ro l s  what will be   p r in ted .  The lega l   va lues  and 

what t h e y   p r i n t  are the  same as values on t h e   s t a t i o n   c a r d s .  

Note : 
( i )  The da ta  will be   p r in t ed   fo r   t he   i nd ica t ed   ( s t a t ion ,   va r i ab le ( s ) )  

over   the   per iod   of   the  model. The p r i n t   o u t  w i l l  be  paged on 
a monthly b a s i s .  

(5.k)  Operation Code'WAVE' 

When 'SIMPAK' encounters   th i s   opera t ion  code it invokes a 
' reach   rou te '  by the  polynomial method (see Sect .   VII) .  The f i e l d s   t o  
spec i fy  are : 

STAl = t h e  'wave r o u t i n g '   s t a t i o n  
STA2 = the   pr imary  upstream  s ta t ion 
STA3 = a second  upstream  s ta t ion,   ( i f   required)  
VARl  = the   beginning   day   re la t ive   to   the  time or ig in   ( see   Sec t .  'VII) 
VAR2 = t h e   f i n a l  day r e l a t i v e   t o   t h e  time o r i g i n  (see Sect.   VII),  

Note : 
( i )  The r o u t i n g   c o e f f i c i e n t s   f o r   t h e  'wave' r o u t i n e   a r e  coded on a 

fixed  format  card.  This  card must fo l low  the  'wave' opera t ion  
ca rd   i n   t he   con t ro l   deck .  The format  of  the  card i s  discussed 
i n   t h e   S e c t .  VI1 . 

(5 .I) Operation Code 'EXTN' 

When  'SIMPAK' encounters   this   operat ion  code  the  sub-program  to  
genera te   f lows   for   s ta t ion  STAl from the   ' cor re la t ion '   curve   re la t ing   f lows  
a t  s t a t i o n  STAl t o  STA2 is invoked. -The 'Corre la t ion  .Curve  'must  .be  read i n  
as . a  c h a r a c t e r i s t i c   t a b l e   ' f o r   ' S t a t i o n  STA1. The f i e l d s   t o   s p e c i f y   a r e :  

STAl = t h e   s t a t i o n   f o r  which f lows  are   to   be  generated 
STA2 = t h e   s t a t i o n  whose flows are i n p u t   t o   t h e   c o r r e l a t i o n   c u r v e  

to  determine  f lows at STAl 
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(5.m) Operation Code 'PLOT' 

When t h i s   o p e r a t i o n  code is encountered  the 'SIMPAK' will 
produce a ' p r i n t e r   p l o t '   o f   s e l e c t e d   v a r i a b l e s  (flow,  elevation,  storages,  
changes in   s torage)   wi th   ca lendar   da t ing .  The f i e l d s   t o   s p e c i f y   a r e :  

VARl  = t he  number o f   p l o t s   t o   g e n e r a t e .  

Di rec t ly   fo l lowing   the   p lo t   opera t ion   card   a re   the   p lo t   cards   (one   card   for  
each  hydrograph  to  be  plotted on the  same page). 

C o l m   P l o t  'Card  'Description 

7 - 15 
20 
25 

26 - 35 
36 - 45 

S ta t ion  number t o   b e   p l o t t e d  
Variable number t o   b e   p l o t t e d  
Charac t e r   t o   p lo t  a t  t he   da t a   po in t s  
Beginning  scale  (iowest  value) 
Ending scale   (highest   value)  

Note : ( i )  The sca l e s ,   l abe l s ,   cha rac t e r s  and u n i t s  are pr in ted   ou t  
for   each  var iable .  

( i i )  One da ta   card   'p lo t   card '  i s  r equ i r ed   fo r   each   p lo t .   l i ne .  

(5.n)  Operation Code  'USER' 

This i s  a special   operat ion  code which  would not  normally 
be  used. When  'SIMPAK' encounters  this  code a message i s  w r i t t e n  on 
the   p r in t ed   ou tpu t   t o   i nd ica t e   t ha t  a c a l l   t o  'USER' was made, however, 
no operat ion i s  performed on any data.   This  operation  code  does  have 
a very  important  use  which i s  d i scussed   i n   t he  'SIMPAK Program  Guide'. 
I t  i s  t h i s   o p e r a t i o n  code  which  a l lows  the  user   to   create   his  own rou t ines ,  

e.  g. - r e se rvo i r   r egu la t ion  
- st reamflow  forecast ing 

while   taking  ful l   advantage  of  'SIMPAK's' 1/0 h a n d l i n g   f a c i l i t i e s  as 
wel l  as the   o ther   opera t iona l  commands. 

(5.0) Operation Code  'SARP' 

When  'SIMPAK' encounters   this   operat ion  code,  calcomp  pen 
p lo ts   for   spec i f ied   s ta t ion( . s )   a re   p roduced .  The f i e l d s   t o   s p e c i f y  
a r e  : 

STAl = t h i s   s t a t i o n  will be   p lo t ted   (var iab le-1)  
STA2 =: . . th i s   s ta t ion  will be   p lo t ted   (var iab le   1 )  

I f  STA2 i s  not   spec i f ied  it will not  be p l o t t e d  



Column 

1 - 5  
6 - 10 
11 - 15 
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VARl = a swi t ch   t o   de f ine   t he  time scale;  
1 = 4 days/inch, 
any o ther   va lue  = 40 days per   inch .  

VAR2 = a swi tch   to   def ine   the   d i scharge  scale;  
0 = au tomat i c   s ca l ing   t o  f i t  t e n   i n c h   p l o t ,  

. non zero = a scale card must be  read. 

Format o f   t h e   s c a l e   c a r d  

Description 

t h e  minimal  flow value 
c fs /p lo t   inch  
days/plot   inch 

Note: (i) A l l  v a l u e s   i n   t h e  scale card must be   spec i f i ed ,  and they  
will supersede  values   given  in   the  plot   card.  

( i i )   . T h e   s c a l e   c a r d ,  if it i s  t o  be  read, m u s t  f o l low  d i r ec t ly  
behind  the SAW card.  

(5.P)  ODeration Code “EAN’ 
When  ‘SIMPAK’ encoun te r s   t h i s  command it computes mean monthly 

f lows   fo r   spec i f i ed  months. F i e l d s   t o   s p e c i f y  are: 

STAl = ‘ s t a t i o n   f o r  which means are ca l cu la t ed  
VARl = 0 p r i n t  means only 

= 1 p r i n t  means t o  a f i l e  
= 2 means and t o t a l s  are w r i t t e n   t o  2 sepa ra t e  f i l es  

= 1 = write f lows   i n  KCFS 
VAR2 = 0 = write f lows   i n  CFS 

The month con t ro l   ca rd  must follow  the  meancard.  I t  s p e c i f i e s   f o r  which 
months means are calculated.   (Zero or blank,  means not   ca lcu la ted . )  

Go lumn 
1 -  2 
3 -  4 
5 -  6 
7 - - 8  
9 - 10 

11 - 12 
13 - 14 
15 - 16 
17 - 18 
19 - 20 
21 - 22 
23 - 24 

Descr ipt ion 
1st month o f  a year  (January) 
2nd If 

3rd 
4 t h  
5th 
6 th  
7th 
8 th  
9 t h  
10th 
11th 
12th 

1 1  If  .fI 

Only  months f a l l i n g   w i t h i n   t h e  model per iod  should  be  specif ied.  
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Note : ( i )  VAR2 is  appl icable   on ly  when VARl = 0 or 1 

(5.q)  Operation Code 'RATI' 

This   operat ion  code  requests  'SIMPAK' t o   c a l c u l a t e   t h e  

r a t i o s  between dai ly   f low  values .  The f i e l d s   t o   s p e c i f y  are: 

STAl = t h e   s t a t i o n  number o f   t h e   r a t i o s  

STA2 = t h e   s t a t i o n  number of  the  numerator 

STA3 = t h e   s t a t i o n  number o f   t h e   d i v i s o r  

Note : 

Ci) Only r a t io s   o f   f l ows  are computed. 

(5.r) Operation Code 'LOOK' 

This   operat ion  code  requests  'SIMPAK' to   de t e rmine   t he  

var iab le   va lue  a t  a s t a t ion   g iven  a genera l   cor re la t ion   curve .  

The f i e l d s   t o   s p e c i f y  are: 

STAl = t h e   s t a t i o n   f o r  which values  are generated 

STA2 = t h e   s t a t i o n   e n t e r i n g   t h e   t a b l e  

VAR2 = variable   used a t  s t a t i o n  STA2 

VARl  = variable   used a t  s t a t i o n  STAl 

This   operat ion i s  des igned   for  use wi th   the   s tandard   s tage /  
s torage /d ischarge   t ab les   tha t   can   be   input   for  a s t a t i o n .  I t  i s  usua l ly  
used to   de t e rmine   r i ve r   s t ages  from discharges or vice-versa ,  and i n  
such cases STAl and STA2 are the  same. I t  can  apply  from one s t a t i o n   t o  
ano the r ,   bu t   i n   t ha t   ca se   spec ia l  care i s  r e q u i r e d   i n  i t s  use.  
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(5. s )  Operation Code 'WLNR' 

When 'SIMPAK' encoun te r s   t h i s   ope ra t ion ,   da t a   fo r   spec i f i ed  
s t a t i o n ( s )  i s  d a t a   w r i t t e n   i n   t h e  I E D P R  long  record'  format.  These 
a r e   t h e  most e f f i c i e n t   r e c o r d s   t o  write. I f  reread  they  can  reduce  the 
input  time by up t o  60%. The f i e l d s   t o   s p e c i f y  are: 

STAl = t h i s   s t a t i o n  will be wr i t t en  i f  s p e c i f i e d  
STA2 = It 

STA-3 = 
STA4 = 
V A R l  = Variab le   to   be   wr i t ten   for   s ta t ion 'STA1 
VAR2 = STA2 
VAR3 = It STA3 
PAR1 = I'  STA4 

I 1  1 1  1 1   1 1  1 1  1 1  

1 1   1 1  1 1  1 1  1 1   1 1  

1 1  I 1  1 1  1 1  1 1  I 1  

1 1  I t  I I  1 1  I I  

I I  I I  I I  II 1 1  

1 1  I I  I t  1 1  II 

6.  End Card : 

Because it i s  imposs ib l e   t o  know a p r i o r i  how  many operat ions 
def ine a model t he   de l imi t e r  $END fol lows  the last  operat ion command. 

7 .  Cycle Card: 

Having  invoked a l l  the   opera t ions   the   model l ing   p rocess   has  
been  completed f o r  t h i s  time period,  however  through  the use of  a ' cyc le '  
card  the  user  can  cause 'SIMPAK' t o   r e i n i t i a l i z e   t h e  same s t a t ions   w i th  
new time base   da ta  and  invoke  the  operation commands again.   In effect  
t h e  user i s  running  the same model f o r  a d i f f e r e n t  model per iod.  

The number of   cyc les  i s  a r b i t r a r y .  However, t h e  last cycle  
m u s t  be  followed  with a de l imi t e r  $END. If t h e r e  arem cycles   the  
operat ions are thus  followed by two $END cards.  

The format   of   the   cycle '   card:  

Column 

1 -  4 
11 - 1 2  
14 - 15 
17 - 20 
22 - 23 
25 - 26 
28 - 31 
32 - 37 
38 - 45 

DescriDtion 

'CYCL'  must appear 
i n i t i a l  day of   cycle  
i n i t i a l  month of   cyc le  
i n i t i a l   y e a r   o f   c y c l e  
f i n a l  day of   cyc le  
f i n a l  month of  cycle 
f ina l   year   o f   cyc le  
f o r   f u t u r e  use 
i f  a d i f f e r e n t   t a p e  i s  to   be   u sed   fo r  
t h i s   I c y c l e '   ( i . e . )  a d i f f e r e n t  number 
o f   t h e   d a t a  bank  volume, i t  can  be 
spec i f i ed   he re .  (See Columns  25 - 29 of 
i n i t i a l i z a t i o n   c a r d . )  
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V Deck Setup 

Based  on  what has  been  mentioned  above,  what  would a 'SIMPAK' 
deck  look l i k e   f o r  any a r b i t r a r y  model? 

J O B  TITLE CARD 
STATION 1 DESCRIPTION CARD 

2 
5 

STATION N DESCR1,PTION 
$END 
INITIALIZATION CARD 
OPERATION 1 CARD 

OPERATION K CARD 

CYCLE CARD 
$END 

$END 

I t  is  as simple as t h a t .  No control   card deck va r i e s  from t h i s   s e t u p .  
I t  might  perhaps  be  useful t o   c o n s u l t   t h e  example volume of  a 'SIMPAK' 
run. Look only a t  the   genera l   se tup   and   ver i fy   tha t  it follows  the 
general  form s t a t e d .  

V I  Automatic  Data  Handling: 

The source  type  of   data  is made  known t o  'SIMPAK' on the   da t a  
i n i t i a l i z a t i o n   c a r d .  For example a 1 i n   c a r d  columns 25 - 29 would t e l l  
'SIMPAK' t h a t   t h e   i n i t i a l   d a t a  i s  i n  a f i l e   o f  which  each  record i s  on 
the  SSARR card image format.  There  are many input  data  combinations 
which i f  s p e c i f i e d   c o r r e c t l y  will cause 'SIMPAK' t o   a u t o m a t i c a l l y   r e t r i e v e  
the  correct   (s ta t ion,   t ime)   values .   For  example a 1 i n   c a r d  column 54 
and a 2 i n  25 - 29 t e l l  'SIMPAK' t h a t  

( i )  some o f   t h e   i n i t i a l   d a t a  i s  i n  a ' l ong   r eco rd   f i l e '  
( i i )  some o f   t h e   i n i t i a l   d a t a  i s  i n  a SSARR f i l e  

( i i i )  some o f   t h e   i n i t i a l   d a t a  i s  i n  a WSC f i l e  

'SIMPAK' will au tomat i ca l ly   s ea rch   each   f i l e   i n  an  a t tempt   to   f ind a l l  
o f   t h e   i n i t i a l   s t a t i o n   v a l u e s .  

F i les   a re   accessed  by logical  units.   These  can  be  thought of 
as da ta   pa ths .   The re   a r e   un i t s   fo r  a l l  input   output   servicing.  For 
example, t h e   u n i t  number o r  t h e  number o f   t he   da t a   pa th   fo r   r ead ing  SSARR 
f i l e s  is 0,  for wri t ing  on t h e   p r i n t e r  is 6 ,  for   wri t ing  out   long  records 
i s  15. A d e t a i l e d  l i s t  of  the  logical  assignments i s  i n   t h e  Appendices 
of   the 'SIMPAK Program  Guide'. 

The u s e r  must ass ign a l l  the   un i t s   requi red   for   running  a s p e c i f i c  
model  on h is   run   card .  
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The run . card . format i s  : 

APPENDIX NO. 1 

$R Program name Logical  assignments 

For  example, if wi th in  a run   the   user   wishes  t o  
(.i) read SSARR d a t a  from f i l e  FDS. 18009 

( i i )   r e a d  WSC d a t a  from f i l e  FDW.18077 

( i v )   r e a d   h i s   c o n t r o l  deck  through  the  card  reader  

(v i )   read   tab les   f rom a f i l e  TDF.16007 

(iii) w r i t e  on t h e   p r i n t e r  

(VI write long   r eco rds   t o  a F i l e  FDL.130017 

the  run  might   look  l ike 

$R PO.SIMPAK 0 = FDS.18009 1 = FDW.18077 
6 = *SINK* 5 = *SOURCE* 
8 = TDF.16007 15 = FDL.130017 

These  logical   ass ignments   es tabl ish  the  ,data   paths   required by PO.SIMPAK. 
*SINK* and *SQKJRCE* are t h e   d e f a u l t   v a l u e s   f o r  6 and 5 so th i s   ca rd   can   be  
condensed t o   r e a d  

I t  i s  v i r tua l ly   imposs ib l e  t o  lay   ou t  a l l  t h e   o p t i o n s   f o r   t h e   l o g i c a l  
ass ignments .   Fami l ia r i ty  w i l l  be   gained  through  the  experience  of  
running  various  models. The programming staff  s h o u l d   a i d   i n  showing t h e  
use r  more about   the   concepts   and   a l te rna t ives   behind   log ica l   ass ignments .  

Nefe : - 
In   t he  above  example it i s  assumed t h a t   t h e   u s e r  i s  running 
h i s  model a t  U.B.C.under MTS. 
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VI1 Additional  Notes 

1. Lake Routing ' 
The object  of  performing a ' l ake   rou t ing '   c a l cu la t ion  i s  t o  

determine  the  outflow  hydrograph of the  lake  given  the  inflow  hydrograph 
and the  ' f low  delay '  or d i scha rge   cha rac t e r i s t i c s   o f   t he   l ake  i t s e l f .  
As the  f lood  passes  through  the  lake  the  inflow  hydrograph is modified 
by  ' temporary  storage'  to  produce  the  outflow  hydrograph. 

0, 

Y 
O 
c 
0 
m .- 
L3 

I 6 
T i m e  

The f i g u r e  above shows the  respect ive  hydrographs  and  displays 
t h e   ' s t o r i n g '   e f f e c t .  

The reason  for   ' rout ing '   the   f low  through  the  lake i s  t h a t   i n  
general  t h e  outflow or discharge  hydrograph i s  the  inflow  hydrograph t o  
the   next  downstream s t a t i o n .  

There are many ways of   performing  the  lake  rout ing a l l  of  which 
depend upon the  equat ion of con t inu i ty ,  

I = O +  A S  

where I = t h e   t o t a l   i n f l o w  
0 = t he   t o t a l   ou t f low 

A S  = t h e  change i n   s t o r a g e  

The method used by 'SIMPAK' is  a version  of  'Puls  Method', which i s  
d e s c r i b e d   i n  most t ex t  books  on  hydrology. 

Consider a rout ing  per iod(T2,  T1), such   tha t  T = T2 - T1 i s  
of  short   duration.  Equation 1 can  then  be  wri t ten as, 

where I i s  t h e  mean inf low  over   the .per iod  T2 - T1. 

I = S 2  + i-9 2 - s1 + Cl 2 2 + 9 2 
or  
' - s2 + -2 = I + (SI + $)' - 01 0 

2 

This  equation i s  the   bas ic   rou t ing   equat ion .  

..... (1) 
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Next  let Y = s + 2 0 

A 
then  yk+l = f(I(k,  k+l), Yk, Ok) implies  that  Y  at  the  end of 

' the  kth  period  is  Y  at  the  beginning of the  period  modified  by  equation (1). 

A method  for  determining 02 would  involve  calculating  Yk  for 
each  period T and  knowing  ok  and  I  (k,  k+l)  calculate by (1) Yk+l. Yk+l 
however  determines  the  value  of Ok+l from  a Y(0) function. 

are  known; 
The  elevation,  storage  and  discharge  relationships  for  the  lake 

I 

Y 

from  these  a  Y = S + 'i can be  plotted  as a function  of 0. 
I 

U 

For any  Y  the  value  of 0 can  be  determined  from  this  function. 
For examp!:: consider  the  following  inflow  hydrograph ; 

s + 0 / 2  

by  (1) if k+l = 1 D a y  No. 
1 

(Note that  values  of Io and 0 are  the  initial  conditions.) 
0 

calculate Yo = So + f and Y1 

from  Y  as  function  of 0 determine 0, 

0 
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k = k + l  = 2 

P 
Y2 = I (1 ,2)  + Y1 - 01, Y and 0 from previous   s tep  1 1 

Y as funct ion  of  0 determine  02, 

k = k + l  = 3 
A 

Y = - i  
3 (392) 2 

+ Y - o*, Y and 0 from previous   s tep  2 2 

from Y as funct ion  of  0 determine 0 3 ,  

k = k + l  = 4 

etc.  

By con t inu ing   i n   t h i s   f a sh ion   s t ep  wise across  the  inflow  hydrograph 
the  outflow  hydrograph  can  be  determined. The changes i n   e l e v a t i o n ,  
s to rage  and  changes i n   s t o r a g e  as func t ions   o f  time can  be  determined 
knowing the  outflow  hydrograph  (discharge) and the   s to rage  and discharge 
expressed as func t ions   o f   e leva t ion .  

2.  'Reservoir  Routine'  

The object   of   performing a ' r e s e r v o i r '   r o u t i n g   c a l c u l a t i o n  i s  
to   determine  the  outf low  hydrograph  of   the  reservoir   g iven  the  inf low 
hydrograph  and the   ' f l ow  de l ay '   cha rac t e r i s t i c s   o f   t he   r e se rvo i r  i t s e l f .  
A s  a f lood  passes   through  the  reservoir   the   inf low  hydrograph .is modified 
by 'control lable   s torage '   to   produce  the  outf low  hydrograph.   In   the case 
o f  a lake ,   the   d i scharge   as  a funct ion  of  time, is  n o t   c o n t r o l l a b l e ;   i n   t h e  
case of  a r e se rvo i r   t he   d i scha rge  is cont ro l led .  

The r e se rvo i r   rou te   ca l cu la t ion   o f  'SIMPAK' can  follow  one  of 
four  paths  depending upon how t h e   r e s e r v o i r   c o n t r o l  i s  expressed. 

The equat ion  of   cont inui ty  i s  the  fundamental  equation  used: 

I = O -  AS + 

where I = the   in f low 
0 = the   outf low 
S = t h e   s t o r a g e  

This equation.  can  be  writ ten as: 

'k+l+ 'k = %+I ' k + k + l  - 'k f o r  a rout ing   per iod  + o  s 
2 2 

AT = Tk+l. - Tk 

The r e s e r v o i r   s t o r i n g  effect i s  expressed by t h e  S(E) where, 

S = t h e   s t o r a g e  
E = t h e   r e s e r v o i r   e l e v a t i o n  
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A A 

2 

i f  Ik+l + Ik 'k+l , Ok+l + Ok Ok+l , 'k,k+l - - 'k - 'k+l 
- - 

2 
- - 

and S is an i n i t i a l   c o n d i t i o n  o f  s torage .  The recursive  equat ions  then 
depen8 upon t h e   r e s e r v o i r   c o n t r o l  which   may 'be   spec i f ied   in   one   o f   four  ways: 

(a)   d ischarge  control  
A A  

'k,k-1 = 'k - Ok 

'k - 'k-1 + 'k,k-1 
- 

Ek = E(Sk) 

(b)   e levat ion  control  

sk 

- 
'k,k-l - 'k - 'k-1 
A b  
Ok = Ik  - 'k ,k- 1 

(c)   s torage  control  

Ek = E(Sk) 

'k,k-l = 'k - 'k- 1 
A 3 k = I k -  'k,k-l 

(d) i f  change i n   s t o r a g e   c o n t r o l  

- 
'k - 'k,k-1 - 'k-1 

Ek = 

h 8, = Ik - 'k ,k- 1 
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Note : - 
The type  of   control  will govern  the method o f   ca l cu la t ing   t he  
miss ing   var iab les   to   comple te ly   descr ibe   the   reservoi r .  

3.  'Reach  Routing' 

(a) 'SSARR Method' 

The object   of   performing a ' r each   rou te '  i s  to   de te rmine   the  
outflow  hydrograph  of  the  reach  given  the  inflow  and  the  'flow  delay' 
c h a r a c t e r i s t i c s   o f   t h e   r e a c h  i t s e l f .  

This method assumes that   the   reach  can  be  considered as t h e  
sum of 1 t o  10  storage  elements  called  "phases". Each s to rage  
element  operates as a simple  lake.  The ou t f low  cha rac t e r i s t i c s  of 
these"1akes" i s  s p e c i f i e d  by a "time of   s torage" (Ts) determined by 
two input   parameters .  

The outflow from each  "phase"is  determined  using T i n  a l i n e a r  
r e l a t i o n s h i p   a s  shown below. S 

routing 

i n f l ow  

o u t f l o w  

period 

The i n i t i a l   c o n d i t i o n s   r e q u i r e d  are: 

STARTing outflow Oo 

STARTing inflow Io 

This method of  performing a reach  route  is  somewhat more 
sophis t ica ted   than  'WAVE' method,  however, t h e  end r e s u l t s  are similar. 
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(b) 'Wave Method' 

The ob jec t  of performing a ' reach '   . rou t ing   ca lcu la t ion  is t o  
route  the  inflow  hydrograph  over  the  length  of  reach  given the , 'flow  delay' 
c h a r a c t e r i s t i c s   o f   t h e   r e a c h   i t s e l f .  

The flow i s  routed  using a l i nea r   rou t ing  method i n  which t h e  
outf low  of   the  reach on  any p a r t i c u l a r  day i s  def ined as a l i nea r   func t ion  
of   the  inf lows  to   the  reach  over  a number of  days. 

i . e .  + C I  + . . . e t c .  J = j + blj-l j -2 
. . . (1) 

where 0 = the  outflow 
I = the   inf low 
a ,b ,c   , . . . . a re   the   ' f low  de lay '  CONSTANTS 

The rou t ing   cons t r a in t s  do not  change  from  day t o  day  nor  with  level  of 
f low,   bu t   a re   cons tan t   for  a given  length  of  reach. From equation (1)' it 
can  be  seen  that   the   outf low on day J i s  control led  by:  

( i )   the   weight ing   cons tan ts  
(ii) t h e  length of  'memory' (M) of   the  equation 

o ( t )  =&x) w(.t -A+1> 
A = t - M  + I  

4. 'Local  Calculations'  
I 

To ca l cu la t e   t he   ' l oca l '   f l ow a t  a s t a t ion   t he   rou ted   f l ow  fo r  
a l l  upstream  s ta t ions i s  subtracted  from  the  observed  net  flow a t  the  
s t a t i o n .  

'For'Example: If STATION1 contains  the  f low  routed  over  branch A and 
STATION2 the  f low  routed  over B,  then   the   loca l  a t  STATION3 
i s  defined as: 

Local  flow a t  STATION3 = net flow (STATION3) - (flow (STATIJbNl) + 

flow (STATION2) ) 
o r  Local = Net Flow - Routed Upstream Flow 
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Corre la t ing  Flows 

If f lows   fo r  STATION2 are not  known f r o m t l   t o  t2 ,  but  known 

f o r  STATIONI, it i s p s s i b l e   t o   d e t e r m i n e  flows f o r  STATION2 from t l  t o  t 2 i f ;  

( i )  a cor re la t lon   curve  i s  known. 

( i i )  it i s  assumed t h a t   t h e   c o r r e l a t i o n  law i s  va l id   ove r  t l  t o  t2.  

I 
D i s c h a r g e  fo r  S t a  , 2 

Using t h i s  method i n   t h e   o p e r a t i o n  'EXTN' missing  data  can  be  generated.  
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6 .  WSC.DICT and 'TAPELIB 

By convent ion   the   s ta t iqn  numbers u s e d   i n  EDPR models o f   t h e  
Fraser are SSARR numbers. However, o f t e n   t h e   i n i t i a l   d a t a  i s  i n  WSC 
format. A cross   re fe rence  f i l e  TAPELIB e s t a b l i s h e s  a SSARR number/WSC 
number c ros s   r e f e rence   fo r   t he   h i s to r i ca l   da t abank .  For a--WSC f i l e  the  
c ross   re fe rence  i s  i n   t h e  f i l e  WSC.DICT. This f i l e  must .be set .Up.by 
t he   u se r .  

Format of WSC.DICT 

1 - 2 Blank 
3 - 10 WSC ( in t ege r  number) 

11 - 20 , SSARR ( i n t e g e r  number) 

7 .  Tables 
To complete  the  description  of a lake s t a t i o n ,   t h e   d i s c h a r g e  

and s torage  as func t ions   o f   e leva t ion  must be   i npu t .   S imi l a r ly   fo r  a 
r e se rvo i r   t he   s to rage   e l eva t ion   cu rve  must be   input .  If t h e  EXTN 
rou t ine  i s  used   the   cor re la t ion   curve  must be  input .  

The format  of  these  records i s  

1 - 10 s t a t i o n   o f   o p e r a t i o n  
11 - 20 card number 
2 1  - 30 E l e v a t i o n   ( f t . )  ------------- t a b l e   p o s ' n  1 
31 - 40 Storage  (acre-ft / lOO)--------  1 1  It  2 
41 - 50 ~l~~ (cfs) - - - - - -_- - - -_- - - - -  II If  3 
51 - 60 Time of   Storage  (hrs . ) - - - - - - -  4 1 1  

This f i l e -  is  r e a d   v i a   l o g i c a l   u n i t  8. 

8. Wave card 

1 -  5 
6 - 10 

11 - 15 
16 - 20 
2 1  - 25 
26 - 30 
31 - 35 
36 - 40 
41 - 45 
46 - 50 

Descr ipt ion 

c o e f f i c i e n t  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 1  

II 

I 1  

I 1  

II 

II 

II 

1 1  

11 

Note: ( i )  Sum of   coe f f i c i en t s  must be 1 

( i i )  Not a l l  need  be  used. 
- 
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