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I .  INTRODUCTION 

Backsround 

The Hydrologic Engineering Center (HEC) of the  U.S. Army Corps 

of Engineers possesses and commonly uses a computer model capable 

of analyzing e i t h e r  dynamic o r  s teady-s ta te  water qual i ty  in te r -  

ac t ions  in r ive r - rese rvo i r  systems. This model has been developed 

over the  years by numerous consulting engineering firms as discussed 

in  reference ( I ) ,  and i s  ca l led  the "Water Qua1 i t y  For River-Reservoir 

Systems" (WQRRS) Model. 

Because of the  volume of output generated by the Stream Qua l i t y  

Module of the  WQRRS Model, there  has exis ted  a need t o  develop 

methods t o  a s s i s t  users i n  i n t e rp r e t t i ng  and displaying the  output 

of  t h i s  module. As a consequence, over the  past  several years the 

HEC has developed a preliminary p lo t t ing  routine and s t a t i s t i c a l  pro- 

gram to  accomplish these goals. These programs have been f ina l i zed  

by Tetra Tech, Inc. ,  and a r e  described herein. The resu l t ing  pro- 

grams a r e  compositely ca l l ed  the Stream Water Quality Post-Processor. 

Project  Organization, -. - 

Dr. Marc W .  L.orenzen served as principal-in-charge, and 

Mr. William B. Mills served as project  manager f o r  Tetra Tech. All 

computer programming was performed by Mr. Larry Woods of Tetra 

Tech. Mr. Steve Gherini, a1 so of Tetra  Tech, aided in the prepa- 

ra t ion  of the f ina l  repor t .  

Mr. R .  G .  Willey of the  Hydrologic Engineering Center served as 

project  o f f i c e r ,  and provided technical  ass is tance .  Mr. A1 Onodera 

and Paul E'ly of H E C  a l s o  provided technical  input .  



General Capabi ----- 1 i t i  es of the Pos --- t-Processor 

The Stream Water Qual i ty  Post-Processor now consists of three 

major components: two plott ing programs and a s t a t i s t i c a l  program. 

Each of these programs can be executed independently of the other two, 

and each accepts input from a tape containing selected output of the 

Stream Quality Module. Additionally, cards containing observed data 

can be read in with each program and comparisons can then be made 

between the simulated and observed data. The capabi l i t ies  of the 

three programs will be discussed in detail  in the chapters describing 

each component of the post-processor, b u t  t he i r  overall capabi l i t ies  

will be summarized here. 

Each of the three programs can analyze u p  t o  eleven water 

quality parameters. The parameters are: 

streamf 1 ow 

water temperature 

dissolved oxygen 

ammonia nitrogen 

n i t r a t e  nitrogen 

phosphate phosphorus 

a1 kal ini ty  

col i forms 

total  dissolved solids 

pH 
5-day biochemi cal oxygen demand 

The f i r s t  plott ing program plots the resu l t s  of the stream simu- 

lations as a function of time for  any number of these eleven para- 

meters a t  user specified locations throughout the study reach. The 

user has the option t o  superimpose observed values on these plots.  



Water qual i ty  standards can be speci f ied  and plotted as well.  In the  
case of temperature and pH, both maximum and minimum standards values 

can be plotted.  

The second p lo t t ing  program p lo t s  longitudinal p rof i l e s  of 

water qua l i ty  parameters a t  a l l  nodes throughout the  study reach. 

For each of the eleven parameters, p lo t s  of the  maximum and/or mini- 

mum simulated values over the study period a t  each node can be genera- 

ted.  The user can specify t h a t  observed data and water qua l i ty  

standards be plot ted  as  well .  The water qua l i ty  standards can be 

changed as  a function of r i ve r  mile to  r e f l e c t  d i f f e r en t  stream 

segment qual i ty  designations. As a separate option,  the user can 

a l so  input cards containing val ues of the water qua1 i  t y  parameters 

t h a t  a r e  indicat ive  of a pa r t i cu la r  c r i t i c a l  qua l i ty  condition. 

The mean e r ro r  and standard deviation associated with these c r i t i c a l  

values can a1 so be plot ted .  The input values f o r  t h i s  option gen- 

era l  l y  come from the resul t s  of the s t a t i s t i c a l  program. 

The s t a t i s t i c a l  program has the capab i l i ty  of summarizing by 

node the  maximum, minimum, mean, and standard deviation of the simu- 

la ted  values over the  study period, o r  over a se lected subperiod f o r  

each of the  eleven water qual i ty  parameters. I t  can a l so  compare 

simulated parameter values against  se lected water qua l i ty  standards 

and determine the  number and percent of points exceeding the se lected 

standards. Lastly,  i t  can accept observed data via card input f o r  

various locations throughout the study reach and then determine the 

mean and standard deviation of the  di f ference between the  simulated 

and observed values. 

The two p lo t t ing  programs have been writ ten t o  use standardized 

Cal-Comp software, and a l l  three  programs have been successfully 



t e s t e d  on t h e  CDC 7600 and t h e  UNIVAC 1108. U n f o r t u n a t e l y ,  Cal-Comp 

s o f t w a r e  i s  n o t  c o m p l e t e l y  s t a n d a r d i z e d  between i n s t a l l a t i o n s ,  and 

t h i s  may n e c e s s i t a t e  t h a t  the user i n s t i t u t e  minor program changes 

depending on t h e  computer f a c i l i t y  b e i n g  used.  The l o c a t i o n s  of 

p o s s i b l e  cod ing  changes  a r e  d i s c u s s e d  i n  t h e  c h a p t e r s  d e a l i n g  w i t h  

t h e  p l o t t i n g  programs. Comments have been i n c o r p o r a t e d  i n t o  t h e  two 

p l o t t i n g  programs t o  f a c i l i t a t e  t h e  a d a p t a t i o n  o f  t h e  programs t o  any 

i n s t a l  l a t i o n .  



I I .  WATER QUALITY VERSUS T IME PLOTTING PROGRAM 

Description of Capabil i  t i e s  --- --- - ----. --- 

This component of t he  post-processor p lots  water qua l i ty  

parameters a t  specif ied-l  ocations w i t h i n  the study reach and over the  

time period f o r  which r e su l t s  a r e  contained on the output tape from 

the WQRRS model. A summary of each of the capab i l i t i e s  of the program 

follows. The capab i l i t i e s  wil l  l a t e r  be demonstrated by an i l l u s t r a -  

t i ve  t e s t  case. The word "simulated" in the following discussion i s  t o  

be associated with the output generated by the WQRRS model, while the  

word "observed" i s  t o  be associated w i t h  measured values,  and i s  not 

re la ted  t o  model output. 

The capab i l i t i e s  of t h i s  p lo t t ing  program are:  

1 . The program p lo t s  up to  11 water qua1 i t y  parameters 

( including flow) a t  any se lected node within the 

study reach. Any combination of the eleven parameters 

can be plot ted  a t  a locat ion,  The parameters normally 

a re  contained on tape in the following order ,  and a r e  

p lot ted  with the  uni ts  indicated: 

. streamflow, 1000's c f s  

. water temperature, O C  

. dissolved oxygen, mg/l 

. ammonia nitrogen,  mg-N/1 

. n i t r a t e  ni trogen,  mg-N/1 

. phosphate phosphorus, mg-PI1 

. a lka l i n i t y ,  mg/l as CaC03 



. 1 og col iforms , log MPN/100 ml 

. to ta l  dissolved so l i d s ,  mg/l 

pH 
. 5-day biochemical oxygen demand, mg/l 

2 .  The same simulated water qual i  ty  parameters t h a t  

a re  se lected f o r  p lot t ing a t  one node are  a lso  

plot ted  a t  a l l  o the r  nodes se lected f o r  p lo t t ing ,  

3. Plots can be generated f o r  up  t o  f ive  locations 

within the study reach. 

4.  The simulated resul t s  a r e  s tored on tape 

a t  in te rva l s  of 2 to  24 hours, constant  

fo r  the e n t i r e  tape,  A time interval  f o r  

p lo t t ing  can be chosen w h i c h  i s  an integral  

mu1 t ip1 e of t h i s  storage time interval  . 

5. The horizontal axis  of the  plots  i s  always 

labeled in Jul ian days. Even i f  values a r e  

p lot ted  every two hours, hourly indicators  

are  not labeled. Tick marks a re  shown a t  midday, 

however, and gr id  l i ne s  are drawn a t  the  beginning 

and end of each day t o  f a c i l i t a t e  the loc3tian of 

p o i n ~ s  on the plods. 

6. Observed data f o r  the same 11 water qual i t y  

parameters can be plot ted  a t  any o r  a l l  of 

the f i ve  o r  l e s s  locat ions  a t  which 

simulated data a r e  p lo t t ed ,  



7 .  When observed data are plotted a t  a particular 

node for  a particular parameter, simulated data 

are also plotted for  that  parameter. However, 

a t  the same location, simulated data may be 

plotted for  some parameters for  which no observed 

data are plotted. 

8. T'he number of observed data points can vary by 

location and by parameter. The total  number of 

data points a t  any one location may not exceed 50. 

9. A l ine  showing a water quality standard can be 

plotted for each water quality parameter. For 

temperature and pH, two l ines  can be plotted that  

show maximum and minimum standards ( i f  specified).  

The standard must remain constant during the 

plott ing time period. 

10. For each execution of the program, exactly one reach 

can be analyzed. If more than one reach is  t o  be 

analyzed, then sequential program runs must be made. 

A reach, as used in t h i s  report, i s  a continuous 

portion of a r iver  system whose hydraulic and quality 

character is t ics  can be analyzed by the WQRRS model. 

An en t i re  r iver  system may be analyzed by dividing 

i t  into several reaches. Figure 11-1 shows how the 

Oconee River in Georgia was divided into f ive  reaches 

and then analyzed using the WQRRS model ( 2 ) .  For a 

more detailed description of the term "reach", 

reference (1 ) can be consulted. 



a Denotes reach number - Denotes extent of 
reach 

Denotes beginning or 
end of reach 

Figure 11-1. Division of the Oconee River into Reaches 
for  Analysis by the WQRRS Model 



Because of variations of Cal-Comp software between 

computer instal  l a t  ions, several of the subroutines 

comprising the program contain cards tha t  are 

instal  1 ation-dependent. These subroutines are: 

INITPL, N E X T F R ,  and STOPPL. Their functions are 

described in the next section. The program code 

i tsel  f contains comment cards describing the 

functions of these routines, and indicates 

that  they are  system-dependent. Additionally 

the call  to subroutine AXIS from the main program 

has different  numbers of arguments depending on 

the instal la t ion being used. In testing th i s  

program i t  was found that  the f i r s t  eight 

arguments were the same a t  b o t h  instal  la t ions.  

If a ninth argument i s  specified which defines 

the number of 90' rotations to  be performed 

before drawing the axis,  t h i s  integer argument 

should be s e t  to zero, 

Description -- of Subroutines 

PROGRAM WQPLOT i s  the main subroutine controlling operation of 

the plotting program, as shown in Figure 11-2. This routine f i r s t  

reads data from input cards and then reads the simulated resul ts  

from tape and stores them temporarily on disk f i l e s  to  be read as 

needed. I t  then ca l l s  other subroutines tha t  actually create the 

plots. 

SUBROUTINE RJDC packs one array of hollerith characters in nAl 

format into another array in which each computer word contains as 



F i g u r e  11-2. S u b r o u t i n e s  Comprising %k Water qua1 i t y  

Versus Time P l o t t i n g  Program 

B 

W 

Q 

a 

R J D C  

I N I T P L  

I 

D D G R I D  L W G R I D  

D D L B L  

3 s 

< 

. D R T I C K  



many characters as the computer word s ize allows ( 4  or  6 ,  for  

example). This routine removes leading and t r a i l i ng  blanks from the 

hol l e r i t h  constants, and i t  a1 so returns the number of non-blank 

characters found (imbedded blanks in a s t r ing are counted as non-blank). 

SUBROUTINE INITPL in i t i a l i zes  the plotting device. I t  i s  a 

separate subroutine because portions of i t s  code are instal la t ion-  

dependent. 

SUBROUTINE DDLBL writes Julian day numbers along the horizontal 

axis. 

SUBROUTINE DDGRID draws the grid l ines and t ick marks used for  

each plot.  I t  ca l l s  LWGRID four times (once each for  the lower hori- 

zontal axis, the upper horizontal axis,  the l e f t  vertical axis,  and 

the right vertical ax is ) .  

SUBROUTINE LWGRID draws grid l ines  and t ick marks along one 

axis by repeatedly call ing DRTICK. 

SUBROUTINE DRTICK moves the plot ter  pen one increment of distance 

along a given axis and then draws a l ine  of specified length perpen- 

dicular t o  tha t  axis.  This l ine could be e i ther  a tick mark or a 

grid l i ne .  

SUBROUTINE XFORM performs any necessary data transformations on 

simulated data such as convers'ion of flow units.  

SUBROUTINE XFORMO performs any necessary data transformations 

on observed data. 



SUBROUTINE STCURV draws minimum and/or maximum standards curves 

( s t r a i g h t  horizontal 1 ines)  on a p lo t ,  provided t h a t  standards val ues 

a re  speci f ied ,  

SUBROUTINE NEXTFR advances the  p l o t t e r  t o  the next frame. I t  
i s  a  separate routine because the  code can vary from in s t a l l a t i on  t o  

i n s t a l l a t i o n .  

SUBROUTINE STOPPL terminates a1 1 p lo t t ing  a c t i v i t y .  I t  a1 so 

i s  a separate routine because the code i s  instal lat ion-dependent.  

Card Format 

This section contains a deta i led  descript ion of every var iable  

on each input card. These descript ions will be found in Table 11-1 

which follows t h i s  discussion.  Figure 11-3 a t  the end of the section 

shows the  sequential arrangement of i n p u t  cards f o r  t h i s  p lo t t ing  

rout ine ,  

All var iables ,  except p lo t  and axes t i t l e s ,  a r e  speci f ied  by 

f i e l d s  of e igh t  columns each. T i t l e s  a r e  given as nAl format. Field 

1 of each card i s  always reserved fo r  card iden t i f i ca t ion ,  and must 

be l e f t  j u s t i f i e d .  

The range of values a var iable  may assume and the corresponding 

in te rpre ta t ions  a r e  described below. Some variables simply indicate  

the program option t o  be used by specifying d i s c r e t e  numbers. For 

those var iables  having a t sign shown under the column "value," the 

numerical value of the var iable  i s  entered as  input.  Where the 

val ue i s  zero, the corresponding input f ie1  d may be l e f t  blank, 



Data for  variables beginning with the l e t t e r s  I  through N are  

integers and should n o t  include decimals, b u t  should be r ight  jus t i -  

fied in the i r  f i e ld .  Data for  variables beginning with l e t t e r s  A 

t h r o u g h  H and 0 through Z are floating point variables and should be 

right jus t i f ied  in the i r  f i e l d  if the decimal points are not punched. 

Variable names fo r  plot and axes t i t l e s  may begin with any l e t t e r ,  

and may begin in any column within the i r  specified f i e l d ,  

The simulated resul ts  of the Stream Quali ty  Module a re  read 

from tape once the required data cards have been read. A detailed 

understanding of how the program reads data from the tape i s  n o t  
required of the user. However, the user does need to know which 

parameters are stored on tape and the i r  order because some of th i s  

information must be specified on certain input cards. (See p .  11-1 
for  the order in which the parameters are normally stored on the 

WQRRS output tape. ) 

I t  i s  of in te res t  to the user to note tha t ,  a t  the time of th i s  

writing, an additional variable i s  being written onto tapes contain- 

ing the stream water quality resul ts  which i s  not present on ea r l i e r  

tapes. This additional variable specifies the r iver  reach, and i s  

contained in the f i r s t  f i e l d  of each record on  the tape, Otherwise, 

the information stored on the new and old tapes i s  identical.  The 

ef fec t  of th i s  i s  tha t  tapes containing resul ts  t ha t  do not have a 

reach specification cannot be processed using th i s  program without 

modifying both the tape read statement contained in t h i s  program, 

and the program logic tha t  checks for  the desired reach number. 



TITLE 

TABLE 11-1 

DETAILED DESCRIPTIONS OF INPUT CARDS 

FOR WATER QUAL.ITY VERSUS TIME PLOTTING PROGRAM 

T i t l e  Description Card* 

Field Variable Value Description -- 

1 TITLE Card i den t i f i c a t i on .  

2-4 TIT1 (1 ) t o  T I T I  (20)** alpha(A1) TIT1 and TIT2 comprise 
the  p lo t  t i t l e  f o r  a l l  
frames in a r u n .  This 
i den t i f i e s  the r i ve r  

) t o  ~ 1 ~ 2 ( 2 0 ) * *  ) [ and reach under 
J siudy ( e .  g. , YORK RIVER) .  

* 
This card and a l l  remaining cards in t h i s  descript ion a r e  required 
cards unless the spec i f i c  card descript ion defines i t  a s  being 
optional . 

* * 
TITl ends in f i e l d  4 and TIT2 begins i n  f i e l d  4. 



TABL.E 11-1 

(CONTINUED) 

Job Description Card 1 

Field Variable 

1 

2 N PTAP E 

3 NPAR 

5 NPT'S 

6 NOBS 

7 NHH I 

8 NHHIT 

9 N U M D Y  

10 INTDY 

Val ue -- 

JOB1 

Description --~.- -- 

Card iden t i f i ca t ion .  

Number of parameters on 
tape (from 1 t o  11) .  

Number of parameters t o  be 
plot ted  [from 1 to  NPTAPE) . 
Number of nodes in the 
reach. 

Number of nodes f o r  which 
simul ated resul t s  a re  to  
be plot ted  ( <  - 5 ) ,  

Number of nodes where there  
a re  observed data 
(from 0 t o  5 ) .  

Number of hours between 
points t o  be plot ted  
(from 2 t o  24).* 

Number of' hours between 
simulated values stored 
on tape (from 2 to 24) . 
Number of days f o r  which 
r e su l t s  a re  stored on 
tape ( > I  - ) . 
Number o f  days per plot.** 

* 
NHHI must be an integral  mu1 t i p l e  of  NHHIT. 

* * 
For example, i f  NUMDY=60 and INT'DY=20, three p lo t s  a re  generated 
f o r  one water qua1 i t y  parameter. This re la t ionship  controls  the 
sca le  of the horizontal axis .  



TABL.E 11-1 

(CONTINUED) 

Job Description Card 2 

Field Variable --- 

1 

2 LNGTH 

INTP 

IOTMP 

I RE,ACH 

INGRID 

Value 

JOB2 

t 

Description 

Card i dent i f i  cat  i on. 

Length of horizontal axis in 
hundredths of inches. LNGTH 
must equal INTDY (JOB1 card, 
f i e ld  10) times any integer 
times ten. 

Logical unit number of 
simulated data f i le .*  

Lowest of five consecutive 
logical u n i t  numbers to  be 
used for temporary storage 
f i l e s .*  

3 For observed flow in m Is.** 

For observed flow , i n  cfs.** 

Reach number for which plots 
are to  be generated. 

Normal grid plotted. 

Gr id  eliminated. This option 
may be used for making overlays 
for color reproduction of 
graphical outputs. 

*Any unit number acceptable t o  the user ' s  computer system may be used. 
The numbers used may need to  be assigned a magnetic tape or disk 
name using the specif ic  job control language for  the user 's  computer 
system. 

**If there are no observed values for  stream flow, IFLOW does not 
have t o  be specified. 



T A B L E  11-1 

(CONTINUED) 

Job Description Card 2 

Fi el d -- Variable- 

8 INCDY 

INCLIN 

INCTIC 

Value - Description 

0 Every day labeled on graphical 
output. 

+ Magnitude of increment for 
labeling graphical output. 
This option is needed when the 
horizontal distance per day is 
too small for a daily label. 

0 A vertical line at the end of 
each day. 

t Magnitude of increment for 
vertical lines. This option 
is used to produce an "open 
grid." 

0 Four tic marks or subdivisions 
per vertical inch on the Y axis. 

t , Number of tic marks or subdivisions 
per vertical inch on the Y axis. 



Job Description Card 3" 

F'i el d .-- Variable .--- 

1 

2 PLOCS ( I )  

Val ue Description ----- 

JOB3 Card iden t i f i ca t ion .  

t River mile where simulated 
r e su l t s  a re  to be plot ted.  

3 RV(l , I )  to  RV(8,I) 
T i t l e  given to  a l l  p lots  
a t  t h i s  r i v e r  mile ( e . g . ,  
RIVER MILE 31.5). 

7 RV(33,I) to  RV(40,I) * * 

*There should be NPTS (JOB1 card, f i e l d  5)  JOB3 cards. 
** 

RV i s  in 40A1 format. 

Job Description Card 4' 

Field --. --- Variable 

1 

Value - Description 

JOB4 Card ident i f , ica t ion.  

-I- The number of the parameter on 
tape which i s  t o  be plot ted.  
IPAR(1) i s  l e s s  than o r  equal 
t o  NPTAPE (JOB1) card,  f , ie ld  2 ) .  

t Minimum value of' IPAR(1) fo r  
p lo t t ing  purposes. 

+, Maximum value of IPAR(1) fo r  
p lo t t ing  purposes. 

 here are  NPAR (JOB1 card, f i e l d  3 )  JOB4 cards.  

 or example, i f  the  f i f t h  parameter stored on tape i s  the  f i r s t  
parameter t o  be plot ted,  then IPAR(1)=5. 



TABLE 11-1 

( C O N T I N U E D )  

Job Description Card 5" 

Field Vari ab 1 e  Value --- --- Description 

1 JOB5 Card ident i f icat ion,  

2- 4 GRLBLE(1 , J )  alpha(A1) Ti t le  to be given to al l  
t o  GRLBLE(~O,J)**  plots of th i s  parameter 

(e .  g . ,  WATER TEMPERATURE). 

4- 6 Y L B U L ( ~  , J )  alpha(A1) Vertical axis label for  
t o  YLBUL (1  5,  J)** a l l  plots of th is  param- 

e t e r  ( e -g . ,  DEG C ) .  

*There are NPAR   JOB^ card ,  f i e ld  3) JOB5 cards. 

**There i s  some overlap in f i e l d  4 between the l a s t  value of' GRLBLE 
and the f i r s t  value of YLBUL. 

Standards Description cardt - Standards fo r  coliforms are input as 
1 og MPN/100 ml . 

Fie1 d --- Variable ----- Val ue -- ---- Description 

1 STAN Card identification. 

2 STAND(] , I R , I P Q )  + Minimum standard for  the 
IRth node and IPQth param- 
e te r .  Tf. 

3 STAND(2,IR, IPQ) + Maximum standard for  the 
IRth node and IPQth 
parameter. 

 here are NPTS*NPAR (JOB1 card, f ie lds  3 and 5)  STAN cards. 

"1f no standards value i s  specified, the f i e ld  should be l e f t  blank. 
The standards should be specified for  the same parameter a t  a1 1 
nodes before changing parameters ( i  .e . ,  the variable IR varies 
fas te r  than the variable IPQ) * 



TABLE 11-1 

(CONTINUED) 

Observed Data Description card* - include only i f  NOBS (JOB1 card, 
f i e l d  6 )  $0. Otherwise, no more input cards are  required fo r  t h i s  
program. 

Fie1 d -- Variable Val ue Description --- 

1 OBSl Card iden t i f i ca t ion  

-I- River mile where observed 
data occur (must be the  same 
as a location where simu- 
l a ted  data e x i s t ) .  

+ Total number of d i s t i n c t  
times a t  which observed 
data were recorded a t  
t h i s  r i ve r  mile. 

*This card and the corresponding OBS2 and OBS3 cards appear as a s e t  
NOBS (JOB1 card, f i e l d  6 )  times. 

I I -  16 



Observed Data D e s c r i p t i o n  Card 2* - I n c l u d e  o n l y  i f  NOBS (JOB1 card,  
f i e l d  6 )  $0. Otherwise, no more cards a r e  r e q u i r e d  f o r  t h i s  program 
i n p u t .  Observed c o l i f o r m  da ta  a re  i n p u t  as l o g  MPN/100 ml .  

F i e l d  -- Var iab le  ---- Value D e s c r i p t i o n  -. 

1  OBS2 Card i d e n t i f i c a t i o n .  

2 JDAY 

JHRS 

OBSRV(I ,J,K) 

OBSRV (7,  J  , K)  

-I- J u l i a n  da te  t h i s  observa- 
t i o n  was made. See 
Appendix A t o  conve r t  
ca lendar  da te  t o  J u l i a n  
date.  

+ Hour (an i n t e g e r  f rom 0  
t o  24)  t h i s  obse rva t i on  
was made. 

+ Observed da ta  va lues f o r  
t he  f i r s t  7  parameters o r  
f i r s t  NPTAPE (JOB1 card,  
f i e l d  2 )  parameters, i f  

-I- NPTAPE i s  l e s s  than 7. 
A  m iss ing  va lue  i s  denoted 
by a  b lank .  I f  a  t r u e  
zero  i s  observed, a  smal l  
p o s i t i v e  number must be 
en te red  i ns tead .  

*For  a  g i ven  r i v e r  m i l e  t h e r e  a r e  N (OBS1 card, f i e l d  3)  OBS2 and 
OBS3 cards. I f  t h e  number o f  observed parameters i s  l e s s  than  8, 
however, t he  OBS3 card  i s  o m i t t e d  e n t i r e l y ,  r ega rd less  o f  t h e  va lue  
o f  N. The OBSl card, and t h i s  e n t i r e  sequence o f  OBS2 and OBS3 cards,  
appear NOBS (JOB1 card, f i e l d  6 )  t imes.  



TABLE 11-1 

Observed Data Description Card 3* - Include only i f  NOBS (JOB 1 card, 
f ie ld  6 )  fO and the number of observed parameters exceeds 7 .  
Observed coliforms are input as log MPN/100 ml. 

Field Variable -- -- ---- Value -- Description 

1 OBS3 Card i den t i f i  cation. 

2 OBSRV(8,J,K) Values of the observed 
parameters 8 through 
NPTAPE (JOB1 card, f ie ld  2 )  
when NPTAPE exceeds 7 .  

!i O B S R V ( ~ ~  , J ,K)  A missing value i s  denoted 
by a blank. If a true 
zero i s  observed, a small 
positive number must be 
entered instead. 

*See the footnote pertaining t o  the OBS2 card. 

11-18 



NOTE 1, There are NPTS (JOB1 card, f i e ld  5) JOB3 cards. 

\ 

. . .oBsRv(~)\  

NaTE 2, Each element of the array RV occupies 1 column. Hence, 40 elements of RV occupy 5 f ie lds  (3 through 7). 

NOTE 3 ,  There are NPAR (JOB1 card, f i e ld  3) JOB4 and JOB5 cards. 

/ 

\ 

NOTE 4 ,  GRLBLE occupies 20 spaces beginning in column 9; YLBUL occupies 15 spaces beginning i n  column 29. 

NOTE 5, There are NPTS*NPAR (JOB1 card, f ields 3 and 5) STAN cards. 

\ 

\ 

\ 

INCDy INCLIN i INCTIC' 

NOTE 6,  There are NOBS (JOB1 card, f i e ld  6) OBSl cards. Before the OBSl card i s  repeated, N (OBS1 card, f i e ld  3) 
OBS2 and OBS3 cards follow which pertain t o  the river mile, RIV, on the present OBSl card. 

1 

HHIT NUMDY INTDY 

\ 

NOTE 7 ,  There are N (OBS1 card, f ie ld  3)  OBS2 and OBS3 cards (the OBS3 card may be unnecessary depending on 
the number of parameters observed). 

/ 

Figure 11-3. Card Sequence f o r  the Water Qua l i ty  

Versus Time Plot t ing Program 

/ 

/ 

/ 

1 

1 9 2 10 

/ 

3 4 

Field Nun 

5 

bers 

6 7 8 



Application of Plot t ing Program -------- -------- --. 

This p lo t t ing  program has been applied to  reach 3 of the  Middle 

Oconee River ( r i v e r  mile 31.5 to  17.0) near Athens, Georgia using 

simulated r e su l t s  obtained during a study of the  r i ve r  from 1 October 

1970 through 31 October 1970. The observed data t h a t  a re  used f o r  

t h i s  t e s t  case a re  hypothetical and a r e  used to  i l l  us t ra te  the prograr,rl s  

c apab i l i t i e s .  

I n p u t  - 

Figure 11-4 shows the arrangement of the input data chosen f o r  

t h i s  system. The TITLE card i den t i f i e s  the r i v e r  system under study. 

The next two cards,  the  JOB1 and JOB2 cards,  contain information 

specifying what the user wants p lot ted ,  how i t  i s  t o  be plot ted ,  

and on what uni t  the data a r e  s tored.  

In t h i s  example, a l l  eleven parameters a r e  s tored on tape, and 

p lo t s  a r e  generated fo r  a11 eleven parameters. Within the  study 

reach there  a r e  30 nodes, and a t  f i ve  of these both simulated r e s u l t s  

and observed data a r e  p lot ted .  The r e su l t s  a r e  stored on the tape a t  

two-hour in te rva l s  and a r e  a lso  plot ted  a t  two-hour in te rva l s .  Data 

f o r  a1 1 31 days f o r  each parameter a r e  p lot ted  on one 8 inch p lo t ,  

The data a r e  stored on u n i t  number 20 and uni ts  1 through 5 a re  used 

f o r  temporary storage f i l e s .  The observed flow i s  i n p u t  a s  c f s  

( s ince  IFLOW f l )  . 

The JOB3 card shows the r i v e r  mile where simulated r e su l t s  a r e  

p lot ted  ( i n  t h i s  case r i ve r  miles 31.5, 29.0, 25.5, 19.5, and 17.0) 

and the p lo t  t i t l e s  ( a s  contained i n  R V )  ident i fy ing these locat ions .  
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As shown by the 11 JOB4 cards,  a1 1 water qua1 i ty  parameters 

a re  p lot ted .  The iden t i f i ca t ion  of each parameter i s  speci f ied  by 

the var iable  GRLBLE on the JOB5 card (e .g . ,  STREAM FLOW) and the 

ver t i ca l  axis  label is  speci f ied  by YLBUL (e.g. ,  1000 C F S ) ,  

To i l l  ust r a t e  a case where not a1 1 parameters a re  stored on 

tape and only a portion of those t ha t  a re  stored a r e  to  be plot ted ,  

consider the following instance.  Suppose only streamflow, n i t r a t e ,  

and phosphate a re  contained on the tape, and t h a t  only n i t r a t e  and 

phosphate a r e  to be plot ted .  In t h a t  case the JOB4 card would appear 

a s  follows: 

This indicates  t h a t  the second ( n i t r a t e )  and th i rd  (phosphate) param- 

e t e r s  stored wil l  be plot ted .  She JOB5 card would then contain 

t i t l e  information f o r  these two nu t r i en t s ,  in the order they a r e  t o  

be plot ted .  

The STAN card indicates  t h a t  the following standards were chosen 

fo r  t h i s  t e s t  case: 

water temperature 

d i s sol ved oxygen 

ammonia nitrogen 

n i t r a t e  nitrogen 

phosphate phosphorus 

log coliform 

di ssol ved sol ids 

pH 
BO D5 

10°C minimum, 30°C maximum 

5 mg/l minimum 

0.5 mg/l maximum 

0.5 mg/l maximum 

0.05 mg/l maximum 

3.38, log MPN/100 ml maximum 

500 mg/l maximum 

5.5 minimum, 9.0 iiiaximun~ 

5.0 mg/l maximum 



Note t h a t  t h i s  card i s  repeated fo r  each parameter to  be plot ted ,  

even i f  a  standard i s  not speci f ied  (such as f o r  streamflow and alka- 

l i n i t y  in t h i s  case) .  When a standard i s  not speci f ied  f o r  a param- 

e t e r  to be plot ted ,  a  blank i s  l e f t  in the desired f i e l d s .  For each 

parameter a t  each location t o  be plot ted ,  both maximum and minimum 

standards must be entered on the STAN card (both en t r i e s  could be 

blanks). Standards which a r e  i den t i c a l l y  zero a r e  not a1 lowed. 

Standards can change from location to  loca t ion ,  t o  r e f l e c t  d i f f e r en t  

water qua l i ty  designations of d i f f e r en t  r i v e r  reaches. 

The remaining input cards deal excl usively with observed data,  

and i f  there  a r e  none, these cards (OBS1, OBS2, and OBS3) a r e  omitted 

a l together .  For t he  t e s t  case, observed data e x i s t  and a r e  p lot ted  

a t  the same f i ve  r i ve r  miles a s  f o r  the simulated r e su l t s  ( r i v e r  miles 

31-5, 29.0, 25.5, 19.5, and 17,O) a s  shown on the OBSl cards. Note 

t h a t  the OBS2 and OBS3 cards pertaining to  each r i v e r  mile (such as 

31 -5 )  a r e  inserted before the next OBSl card i s  repeated. The OBSl 

card a l so  contains the  number of unique sampling times. For example, 

a t  r i v e r  mile 31 -5 ,  11 observations were made, a1 tliough no more than 

ten observations of any s ing le  parameter were made. I t  should a l so  

be noted t h a t  i f  the observed data were ac tua l ly  col lec ted a t  a  loca- 

t ion near a node b u t  not exactly a t  a  node, such as  r i v e r  mile 31.4, 

the data have to  be speci f ied  as being col l ec ted  a t  a  nearby node, 

such as  r i ve r  mile 31.5. Unless the  var iable  RIV contains a node 

location,  the observed data a r e  not p lot ted  fo r  t h a t  locat ion.  

The OBS2 card spec i f i es  the  date ( Ju l i an  date)  the observation 

was made, the hour of the day, and the observed data f o r  u p  t o  the 

f i r s t  seven parameters. If  a  parameter value was not observed, the 

ent ry  i s  l e f t  blank. Also, i f  the hour and date of the observation 



do n o t  correspond t o  an hour  and da te  s p e c i f i e d  t o  be p l o t t e d ,  t h e  

p o i n t  i s  p l o t t e d  a t  t h e  c l o s e s t  t i m e  f o r  which a s imu la ted  va lue  

i s  p l o t t e d .  For example, t h e  f o u r t h  observa t ion  a t  r i v e r  m i l e  31.5 

was made on day 280 a t  hour 21. S ince hour  21 i s  n o t  an hour  f o r  

which s imu la ted  da ta  a r e  t o  be p l o t t e d ,  b u t  hour  20 i s ,  t h i s  observa- 

t i o n  w i l l  be p l o t t e d  a t  hour  20 o f  t h a t  same day. 

The OBS3 ca rd  f o l l o w s  t h e  OBS2 card  and con ta ins  t h e  remainder 

o f  t he  parameters t o  be p l o t t e d  f o r  a s i n g l e  sampl ing da te  and hour.  

These two cards a r e  then  repeated f o r  t h e  remainder o f  t h e  sampl ing 

dates and hours a t  t he  same r i v e r  m i l e .  A t  r i v e r  m i l e  31.5, f o r  

example, t h e r e  a re  a t o t a l  o f  11 p a i r s  o f  these cards. T h i s  sequence 

o f  OBS1, OBS2, and OBS3 cards i s  repeated f o r  each a d d i t i o n a l  l o c a t i o n  

where observa t ions  were taken. 

The o u t p u t  o f  t h i s  p l o t t i n g  program c o n s i s t s  o f  p l o t s  generated 

by Cal-Comp so f tware .  F igures  11-5 through 11-7 i 1 l u s t r a t e  t h e  

p l o t t i n g  capabi 1 i t i e s .  I n  general  , s imu la ted  r e s u l t s  a r e  shown by 

t h e  cont inuous wavy l i n e s ,  w h i l e  observed da ta  p o i n t s  a re  dep i c ted  

by t h e  t r i a n g l e s .  Water q u a l i t y  s tandards a re  shown as h o r i z o n t a l  

s t r a i g h t  l i n e s ,  w i t h  t h e  word 'MAX' b r a c k e t i n g  t h e  maximum standards 

l i n e  and t h e  word 'MINI b r a c k e t i n g  t h e  minimum s tandard  l i n e .  

F i gu re  11-5 shows a p l o t  o f  s t reamf low over  t h e  p e r i o d  o f  record ,  

J u l i a n  day 274 through 304, o r  e q u i v a l e n t l y ,  1 October through 31 

October, a t  r i v e r  m i l e  19.5 o f  t h e  Oconee R i ve r ,  reach 3. The p l o t  

con ta ins  bo th  observed and s imu la ted  f l o w  data.  T'he t i t l e ,  "OCONEE 

RIVER, GA. REACH 3," was generated by  t h e  TITLE card, "MILE 19.5" 

by t h e  JOB3 card, and "STREAM FLOW" by t h e  JOB5 card. G r i d  l i n e s  



STREFlM FLOW 

OCONEE R I V E R  Gf l  a 

R E R C H  3 
A = observed flow - = simulated flow 

Figure 11-5. I l l u s t r a t i v e  Plot  of Stream Flow from Water Qua l i ty  

Versus Time Plot t ing Program 



JULIRN D R T E  

WRTER TEMPERRTURE 
M I L E  19.5 

OCONEE R I V E R  GFl.  
R E R C H  3 

A = observed temperature - = simulated temperature 
MIN-MIN = minimum standard 
MAX-MAX = maximum standard 

Figure 11-6. I l l u s t r a t i v e  Plot  of Water Temperature from 

Water Qua1 i t y  Versus Time Plot t ing Program 
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bracket each Julian date, and the t ick mark direct ly  above each 

date denotes noon of that  day. The curve of simulated resul ts  

connects points spaced a t  two-hour intervals and the triangles are 

plotted a t  the closest  two-hour interval to the time of observation. 

Figure 11-6, which shows water temperature, i l l u s t r a t e s  an 

additional capabil i  ty ,  the inclusion of '  standards. B o t h  maximum 

(30°C) and minimum (1 0°C) standards are specified and 1 abel ed. 

The vertical axes of a l l  plots are scaled to include the range 

of simulated resu l t s ,  observed data, and standards. If the observed 

data or standards have a range of values considerably different  from 

the simulated resu l t s ,  a l l  values are  scaled onto the plot,  even i f  

the plot then lacks some resolution, as shown i n  Figure 11-7. This 

plot shows one observed phosphate value of 1 . 1  mg/l , while the high- 

e s t  simulated value i s  approximately 0.35 mg/l . If there i s  reason 

t o  believe the 1 .1  mg/l observation i s  an out1 ie r ,  i t  can be removed 

from the input data, and the range of the vertical axis will then be 

approximately from 0.0  to 0.4 mg/l , instead of from 0 .0  to 1.6 mg/l , 
and the plot will show more resolution. 



111. STATISTICAL PROGRAM 

Descr ip t ionof  Capabil i t i e s  ---- 

T h i s  component of the Stream Water Quality Post-Processor 

provides a s t a t i s t i c a l  summary, by node within the study reach, of 

the output of the Stream Qua1 i  t y  Module of the  WQRRS Model . She 

spec i f i c  c apab i l i t i e s  of the program a r e  described below: 

The program computes s t a t i s t i c s  f o r  the 

11 water qual i  ty  parameters ( including flow) 

stored on the output tape of the WQRRS model 

which contains the r e su l t s  of the stream 

qual i t y  simulations. The parameters a re  analyzed 

in the following order and with the f o l -  

lowing uni ts :  

3 . streamflow, m /s 
temperature, O C  

. dissolved oxygen, mg/l 

. ammonia nitrogen,  mg/l 

. n i t r a t e  nitrogen, mg/l 

. phosphate phosphorus, mg/l 

. a1 ka l in i ty ,  mg/l a s  CaC03 

. log coliforms, log MPN/100 ml 

. to ta l  dissolved sol ids ,  mg/l 

pH 

. 5-day biochemical oxygen demand, mg/l 

For these parameters the program computes the 

mean and standard deviat ion,  and determines 

the maximum and minimum values over the period 



of record. In computing the mean and standard 

deviation of log coliforms and pH, the  program 

f i r s t  takes the  anti-logarithm of each logged 

value, and then computes the mean and standard 

deviation.  The values t ha t  appear in the 

tabulated output f o r  the  mean and standard 

deviation of pH and log coliform a r e  ac tua l ly  

the  logged values of each of these two s t a t i s -  

t i c s .  For example, suppose a number of pH 

val ues produce a mean of 7.6 and standard 

deviation of 8.6. Then 7.6 1 8.6 i s  not a 

t rue  indicator of the variabi 1 i t y  of the  pH, 

but ra ther  the following i s  a t rue  indication 

of the va r i ab i l i t y  of the hydrogen ion 

concentration: 

In t h i s  case the variabil  i  t y  of the hydrogen 

ion concentration i s  an order of magnitude 

less  than the mean value. I t  should a l s o  be 

noted t ha t  averaging pH's i s  not en t i r e ly  

s c i e n t i f i c a l l y  j u s t i f i a b l e ,  but i s  done i n  

t h i s  program to  provide a general indication -- 
of the average concentration of hydrogen ion,  

2. The time period over which analyses a r e  performed 

can be ident ical  w i t h  the  study period, o r  i t  can 

be a shor te r  period, as specif ied by the  user, 



3. Any number of nodes w i t h i n  the study reach can 

be analyzed, generally (but  not necessari ly)  

beginning i n  the most upstream direct ion.  Also, 

i t  i s  possible t o  analyze more than one reach 

sequential ly.  However, because of the way the 

program i s  writ ten i t  i s  i ne f f i c i en t  computationally 

to  do t h i s .  I t  i s  suggested t ha t  to conserve 

computer time when mu1 t i p l e  reaches a re  to be 

analyzed, each reach be writ ten on a separate 

f i l e ,  and analyzed separately.  

4 .  Observed data fo r  a1 1 parameters except flow can 

be compared against  the simulated r e su l t s  a t  any 

node. The program computes the  e r ro r  associated 

w i t h  each observation ( t h e  difference between 

simulated and observed values) ,  and from t h i s  

difference i t  computes the mean e r ror  and standard 

deviation. The program a l so  determines the  number 

of observation points f o r  each parameter (which 

can d i f f e r  from parameter to parameter) . 

5. Water qua l i ty  standards can be specif ied fo r  up t o  

ten parameters (stream flow n o t  included), and the 

number of points exceeding these standards i s  

computed over the study period, The percent of 

simulated yalues exceeding the standards i s  a lso  

calculated,  Both maximum and minimum water 

qua1 i t y  standards can be specified for  temperature 

and pH, 



Description of Subroutines ----- 

The s t a t i s t i c a l  program i s  comprised of three basic programs, 

as shown in Figure 111-1. The program i s  only modularized to a minor 

extent, and a l l  s t a t i s t i ca l  calculations are  contained i n  the main 

routine WQSTAT. 

SUBROUTINE SKIP skips to the appropriate place in the f i l e  of 

selected data. The arguments of th i s  subroutine are the logical 

u n i t  number and the number of records to be skipped. 

SUBROUTINE JULDAY converts cal endar dates contained in vari - 
ables t h a t  have day, month, and year information embedded in them to 

Jul ian date. The subroutine also puts the day, month, and year infor- 

mation contained in the calendar dates into a COMMON block. 

Card Format 

This section contains a detailed description of every variable 

on each input card. These descriptions will be found in Table 111-1 

which follows th i s  discussion. Figure 111-2 a t  the end of the section 

shows the sequential arrangement of input cards for  th i s  program, 

A l l  variables, except those specified on the TITLE cards, are 

specified by f ie lds  of eight columns each. Ti t les  are given in A4 

format. Field 1 of each card i s  always reserved for card identi- 

f icat ion,  and must be l e f t  jus t i f ied ,  

The range of values a variable may assume and the corresponding 

conditions are described below. Some variables simply indicate the 
program option to  be used by specifying discrete numbers. For those 



Figure 111-1. Subrout ines  Comprising S t a t i s t i c a l  Program 



variables having a  + sign shown under the column "value," the numer- 

ical value of the variable i s  entered as input. Where the value i s  

zero, the corresponding input f i e ld  may be l e f t  blank. 

Data for variables beginning with the l e t t e r s  I  through N are  

integers and should not include decimals, b u t  should be right ju s t i -  

f ied in the i r  f ie ld .  Data for  variables beginning with l e t t e r s  A 

through H and 0 through Z are  floating point variables and should be 

right just i f ied in the i r  f i e ld  i f  the decimal points are  not punched. 

Variables containing t i t l e s  may begin with any l e t t e r ,  and can begin 

in any column in the i r  specified f i e l d ,  

The simulated resu l t s  of the Stream Qua1 i t y  Module are read from 

tape once the required data cards have been read. A detai 1  ed under- 

standing of how the program reqds the data from the tape i s  not 

required of the user. However, the user does have to prescribe 

values of certain parameters stored on the tape via card input. 

These parameters will be discussed with the input card descriptions. 

I t  i s  also of in te res t  to the user to note tha t ,  a t  the time of 

t h i s  writing, an additional variable i s  being written onto the tape 

containing the stream water qua1 i ty  resul t s  t ha t  was n o t  present on 

e a r l i e r  tapes. This additional variable specifies the r iver  reach, 

and i s  contained in the f i r s t  f i e ld  of each record on the tape. 

Otherwise, the information stored on the new and old tapes i s  

ident ical ,  The ef fec t  of th i s  i s  tha t  tapes containing resul ts  

that  do not have a  reach specification cannot be processed using 

th i s  program without modifying both the tape read statement con- 

tained in th i s  program, and the program logic that  checks for  the 

desired reach number, 



TITLE 

T A B L E  111-1 

D E T A I L E D  DESCRIPTIONS OF INPUT CARDS 

FOR STATISTICAL PROGRAM 

Ti t le  Description Card* - Three t i t l e  cards are required. 

Field -- Variable -- Value --- Description 

1 TITLE Card Identification. 

2 T I T L E ( I )  The array TITLE i s  the t i t l e  
that  will be printed on the 
top of each page of output. 
Any a1 phanumeric characters 

10 TITLE(18) Alpha (A4) 
may be used in the t i t l e .  

*This card and a l l  remaining cards in th i s  description are required 
cards unless the specif ic  card description defines i t  as being optional. 



TABLE 111-1 

( C O N T I N U E D )  

JOBl Card - Designates input uni t  f o r  simulation data and describes 
r ive r  reach and s imul a t  ion period. 

Fie1 d Variable ---.- Val ue --- Description - 

1 JOB1 Card iden t i f i ca t ion .  

RMST 

RMINC 

I DAY 

L DAY 

INCHR 

Designates the  input uni t  
number from which the program 
will read the simulation data 
generated by the  WQRRS program. 

If L,P i s  not a  posi t ive  
number, the program terminates 
operation. 

The r i ve r  mile f o r  the  , 
beginning of the reach f o r  
the simulation data on uni t  
L P  (JOB1 card, f i e l d  2 ) .  

The r i ve r  mile fo r  the end 
of the reach f o r  the  simulation 
data on uni t  L.P (JOB1 card, 
f i e l d  2 ) .  

Subreach length i n  miles. 

F i r s t  day of the  simulation 
period on un i t  L P  (JOB1 card, 
f i e l d  2 ) .  Enter as year,  
month, day (e .g . ,  741001). 

Last day of the simulation 
period on unit  L P  (JOB1 card, 
f i e l d  2 ) .  Enter as year ,  
month, day (e .g . ,  741031). 

Simulation time interval  in 
hours. 



TABLE III- 1 
(CONTINUED) 

JOB2 Card - Designates river mile where calculations are to be made 
and specifies time limits. 

Field Variable Value Description 

1. JOB2 Card identification. 

NOBS 

LDST 

KFC 

t River mile at which observed 
or simulated values were made. 
If RPlOBS is not specified, 
program returns to beginning 
to read new TITLE card. 

t Number of observed data cards 
(i.e., number of pairs of OBS1. 
and OBS2 cards). 

0 If NOBS is zero, then no ob- 
served data cards are read. 

+ First day of "special. study 
period."* Enter as year, month 
day (e.g., 740825). If no value 
is entered, IDAY (JOB1 card, 
field 6) will be used. 

+ Last day of "special study 
period."* Enter as year, 
month, day (e.g., 740910). I f  
no value is entered, LDAY (JOB1 
card, field 7) wi 11 be used. 

0 Indicates that observed temper- 
ature data and temperature stan 
dards are in degrees Celsius.*A 

1 Indicates that observed temper- 
ature data and temperature stan- 
dards are in degrees Fahrenheit.** 

0 Indicates that water quality 
standard cards STDl and STD2 
will not follow the JOB2  card.^^^^* 

1 Indicates that water quality 
standard cards STDl and STD2 
will follow the JOB2 card. *>?* 

See followi.ng page for footnotes. 



TABLE 111-1 
(CONTINUED) 

JOB2 Card (Continued) 

Field Variable Value -. Description 

8 JCOMP 

KREACH 

JMNMX 

0 Indicates that simulation data 
are not to be compared with 
water quality standards. 

1 Indicates that simulation data 
are to be compared with water 
quality standards. .JCOMP should 
not be set equal to 1 unless 
water quality standards have 
been or will be read by the 
program 

f Reach number identifying the 
study reach. 

+ Index requesting output on 
water quality concentrati.ons 
vs. % of time of exceedance. 
These values are used to plot 
quality duration curves. 

0 Output as documented. 

;\Special study period is defined as that portion of the simulation 
period on unit LP (JOB1 card, field 2) which is of interest for 
statistical. summary purposes. If IDST, (JOB2 card, field 4) and 
LDST (JOB2 card, field 5) are equal, the special study period is 
one day. 

-1. #,..The program performs all temperature calculati.ons in degrees 
Celsius. Hence, even if observed temperatures are i.nput i.n degrees 
Fahrenheit, they will be converted to degrees Celsius before any 
computations are performed. Simulated temperature data are in 
degrees Celsius. 

-9. .T. .*. dbdx-The water quality standards cards STDl and STD2 need not be read 
more than once unless water quality standards change at a new river 
mile. When standards are not reread set JSTN=O. Otherwise, set 
JSTN=l and include the STDl and STD2 cards. 



TABLE 111 -I 
(CONTINUED) MIN-MAX 

MIN Cards 

Field Variable 

1. 

2-10 MMIN 

Field -- Variable 

1 

2 MMIN 

1'ilAX Cards 

Field Variable 

1 

2 - 10 

Field Variable 

1 

2 MMAX 

Value Description 

MINl Card identif i.cation. 

-t The minimum simulated value expected 
for each of the first 9 water quality 
parameters. The field may be left 
blank for any parameter not being 
simulated. 

Value Description 

MIN2 Card identi.fi.cati.on. 

t. The minimum si.mul.ated value expected 
for the tenth water quality parameter. 
The field may be left blank if the 
parameter is not being simulated. 

Value - Description 

MAX1 Card identification. 

+ The maximum simulated value expected 
for each of the first 9 water. quality 
parameters. The field may be left 
blank for any parameter not bei.ng 
simulated. 

Value -- Description 

MAX2 Card identification 

+ The maximum simulated value expected 
for the tenth water quality parameter. 
The field may be left blank if the 
parameter is not being simulated. 



STM 
TABLE 111-1 

(CONTINUED) 

STDl Card* - I n c l u d e  o n l y  i f  JSTN (JOB2 c a r d ,  f i e l d  7 )  i s  equa l  t o  
1 .  I f  i t  is  n o t ,  s k i p  t o  t h e  OBSl c a r d .  

Fie1 d -- V a r i a b l e  ---- Value 
-.- - Descr9ti  -- on 

1  STDl Card i d e n t i f i c a t i o n .  

2  STAN ( 1 ) + S t a n d a r d  f o r  minimum w a t e r  
t e m p e r a t u r e  i n  d e g r e e s  C e l s i u s  
o r  F a h r e n h e i t  a s  i n d i c a t e d  by 
t h e  v a l u e  of  KFC (JOB2 c a r d ,  
f i e l d  6).** 

3 STAN ( 2 )  t S t a n d a r d  f o r  maximum w a t e r  
t e m p e r a t u r e  i n  d e g r e e s  C e l s i u s  
o r  F a h r e n h e i t  a s  i n d i c a t e d  by 
t h e  v a l u e  o f  KFC (JOB2 c a r d ,  
f i e l d  6 ) . * *  

4 STAN (3)  t . S t a n d a r d  f o r  minimum d i s s o l v e d  
oxygen i n  mg/l. 

5  STAN ( 4 )  + S t a n d a r d  f o r  maximum ammonia 
n i t r o g e n  in  mg/l.  

6  STAN ( 5 )  + S t a n d a r d  f o r  maximum n i t r a t e  
n i t r o g e n  i n  mg/l . 

7 STAN(6) -t S t a n d a r d  f o r  maximum phospha te  
phosphorus  in  mg/l.  

8 STAN ( 7 )  + S t a n d a r d  f o r  maximum a1 kal i n i t y  
in  mg/l.  

9  STAN (8) + S t a n d a r d  f o r  maximum c o l i f o r m  
i n  MFh/lOO ml . 

1 0  STAN ( 9 )  -I- S t a n d a r d  f o r  maximum t o t a l  
d i s s o l v e d  s o l i d s  i n  mg/l.  

*Standards  v a l u e s  need t o  --a always be s p e c i f i e d  f o r  a l l  12  STAN 
v a l u e s  on the STDl and STD2 c a r d s .  I f  no comparison i s  t o  be 
made between t h e  s t a n d a r d s  and t h e  s i m u l a t e d  v a l u e s ,  t h e  ap- 
p r o p r i a t e  STAN f i e l d  i s  l e f t  b l a n k .  

**If '  obse rved  t e m p e r a t u r e  v a l u e s  a r e  r e a d  i n  a s  d e g r e e s  F a h r e n h e i t ,  
t hen  STAN(1) and STAN(2) s h o u l d  be i n  d e g r e e s  F a h r e n h e i t .  
O the rwise ,  t h e y  s h o u l d  be i n  d e g r e e s  C e l s i u s .  



TABLE 111-1 

(CONTINUED) 

STD2 Card* - I n c l u d e  o n l y  i f  JSTN (JOB2 c a r d ,  f i e l d  7 )  is  equal  
t o  1 .  I f  i t  i s  n o t ,  s k i p  t o  t h e  OBSl c a r d .  

Fie1 d --- Vari ab  1 e ---- Value -- - Des c r b t  .-- i on 

1 .  STD2 Card i d e n t i f i c a t i o n .  

2 STAN( 10)  + S t a n d a r d  f o r  minimum pH. 

3 ST AN(^^ ) t S t a n d a r d  f o r  maximum pH. 

4 STAN ( 12) t S t a n d a r d  f o r  maximum 5-day 
carbonaceous  BOD i n  mg/l . 

* 
See  t h e  f i r s t  f o o t n o t e  a t  t h e  bottom o f  t h e  STDl c a r d .  



TABLE 111-1 

(CONTINUED) 

OBSl card*- Include only i f  NOBS (JOB2 card,  f i e l d  3 )  + 0. 

Field --- Variable ---- Val ue --- ------- Description 

1 OBSl Card iden t i f i ca t ion .  

2 NDOB 

NHROB 

t Calendar day of observation. 
Enter as year,  month, day 
( e .  g .  , 740805). 

t The hour the  observation was 
made. Enter as a 4 d i g i t  
number from 0100 t o  2400. 
I f  no hour is entered,  the 
program will  compute the  e r r o r  
as the difference between the  
observed value and the maximum 
o r  minimum simulated value f o r  
the day using whichever e r r o r  
i s  smaller.** 

+ Water temperature i n  degrees 
Cel s i u s  o r  Fahrenheit depending 
on the  value of KFC (JOB2 
card, f i e l d  6 ) .  

5 XOBS(2) t D,issolved oxygen in mg/l . 
6 XOBS(3) t Ammonia nitrogen i n  mg/l. 

7 XOBS(4) t, Nit ra te  nitrogen in mg/l. 

8 XOBS (5)  + Phosphate phosphorus i n  mg/l. 

9 XOBS(6) -t Alkal in i ty  as calcium 
carbonate in mg/l . 

10 XOBS(7) t Coliform in MPN/100 m l .  

* 
There must be one pa i r  of OBSl and OBS2 cards f o r  each observation. 
Each pa i r  should be placed in chronological order. Any pa i r  with 
NHROB (OBS1 card, f i e l d  3) not given should be placed a f t e r  a l l  
o the r  observation cards f o r  the  same day. If  no observed value i s  
t o  be speci f ied  f o r  a pa r t i cu l a r  f i e l d ,  t ha t  f i e l d  i s  l e f t  blank. 
I f  the observed value i s  a t rue  zero, a small pos i t ive  value 
should be entered instead.  

**If NHROB (OBS1 card,  f i e l d  3 )  i s  no more than an hour d i f f e r en t  
from a time f o r  which simulated data a r e  stored on tape ,  the  data 
taken a t  t h i s  time wil l  be compared t o  the simulated data a t  
the c loses t  hour. 



TABLE 111-1 

(CONTINUED) 

OBS2 Card - Inc lude  on ly  i f  NOBS (JOB2 c a r d ,  f i e l d  3) f 0. 

F'iel d --- V a r i a b l e  Value D e s c r i p t i o n  - -- 
1 OBS2 Card i d e n t i f i c a t i o n .  

2 XOBS(8) 4- Tota l  d i s s o l v e d  s o l i d s  in mg/l . 
3 XOBS(9) + pH. 

4 XOBS(l0) 4- 5-day carbonaceous BOD i n  mg/l .  



TABLE 111-1 

( C O N T I N U E D )  

NOTE: If another r i v e r  mile i s  t o  be analyzed, another JOB2 card 
i s  t o  follow the  OBS2 card,  which i s  then fo1 lowed by the STD and 
OBS cards. This sequence i s  repeated fo r  each new r ive r  mile t o  
be analyzed before the card sequence i s  ended by 5 END cards.  

END Descri ption Card* 

F'i el  d -- Variable -- 

1 

Val ue ---- Description ----- 

E N D  Card i den t i  f i  c a t  i on. 

* 
If a s ing le  reach i s  being analyzed, f ive  END cards are  needed 
as  the l a s t  input cards. I f  another reach, s tored on the same 
f i l e ,  i s  to  be analyzed, only one END card i s  used, followed 
by the repe t i t ion  of the e n t i r e  card stream, beginning with the  
three  TITLE cards. 



NOTE 1, STDl and STD2 cards a r e  required only i f  standards a re  t o  be read 

NOTE 2 .  These a r e  NOES (JOB2 card. f i e l d  3) p a i r s  of  OBSl and OBS2 cards. 

NOTE 3.  If another r ive r  mile i s  t o  be analyzed, another JOB2 card i s  t o  follow t h e  OBS2 ca rd ,  
which i s  then followed by the  STD and OBS cards.  This sequence i s  repeated for  each 
new r i v e r  mile t o  be analyzed before t h e  card sequence i s  ended by 5 E N D  cards.  

F i g u r e  111-2. S e q u e n t i a l  Arrangement o f  I n p u t  Cards  

f o r  S t a t i s t i c a l  Program 



Ap 1 i ca t ion  of S t a t i s t i c a l  Program P ----- .- -- ,--.,- ,--.- 

The s t a t i s t i c a l  program has been applied t o  reach 3 of the  

Middle Oconee River ( r i v e r  mile 31.5 t o  17.0) near Athens, Georgia, 

using simulated r e su l t s  obtained during a study of the  r i v e r  from 

1 October 1970 through 31 October 1970. The observed data t ha t  a re  

used f o r  t h i s  t e s t  case &re hypothetical  and &re used t o  i l l u s t r a t e  

the program's c apab i l i t i e s .  
- 

Input -- 

Figure 111-3 shows the  arrangement of the input data chosen f o r  

t h i s  system. The TITLE cards i den t i f y  the r i ve r  system under study. 

The JOBl card indicates  t h a t  the input u n i t  number containing the  

simulated data i s  number 20. The remainder of the information on 

the JOBl card deals with the study reach and study period. The 

study reach i s  from r i v e r  mile 31.5 t o  r i ve r  mile 17.0, and the 

subreaches a re  of length 0.5 miles. The study period spans the 

month of October, 1970. The simulation time in terval  i s  two hours, 

and the study reach i s  designated reach number 3 .  

The JOB2 card designates the r i v e r  mile of the node where 

s t a t i s t i c s  a re  t o  be generated and spec i f i es  the time period t o  

be included in the analys is .  For each r i ve r  mile where s t a t i s t i c s  

a r e  t o  be computed, the JOB2 card begins the s e t  of data f o r  t h a t  

node. 

The f i r s t  JOB2 card in the case shown in Figure 111-3 i s  f o r  

r i v e r  mile 31 -5 ,  a t  which there  a re  11 observations. The e n t i r e  

study period ( t h e  month of October) i s  chosen as the  period f o r  

which s t a t i s t i c s  wil l  be computed, a s  evidenced by the variables 

IDST and LDST being spec i f i ed  by blanks. The remaining three 
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va r i ab le s  of t he  JOB2 card a r e  dichotomous, each having values of  

0  o r  1 .  In t h i s  example, KFC has t he  value of 0 ,  i n d i c a t i n g  t h a t  

t he  observed temperature i s  in degrees Cels ius .  JSTN equals  1 ,  

i n d i c a t i n g  t h a t  water  q u a l i t y  s tandard  cards  w i l l  fol low t h e  JOB2 

ca rd ,  and JCOMP i s  a l s o  1  ind ica t ing  t h a t  s imulated da t a  w i l l  be 

compared with t h e  water qua1 i  t y  s tandards .  

Since JSTN has t h e  value of 1 ,  t h e  STDl and STD2 cards  con- 

t a i n i n g  s p e c i f i e d  water q u a l i t y  s tandards  fol low the  JOB2 card .  In 

t h i s  example, s tandards  f o r  a l l  ten water q u a l i t y  parameters a r e  

s p e c i f i e d ,  s i n c e  t h e r e  a r e  no blank f i e l d s .  

P a i r s  of OBSl and OBS2 cards  fo l low t h e  STD2 card ,  t he  number 

of p a i r s  being equal t o  NOBS, defined i n  f i e l d  3  o f  t he  JOB2 card.  

The OBSl card  conta ins  t h e  da t e  (NDOB) and mil i t a r y  time in hours 

(NHROB) of t h e  observa t ion ,  a s  well a s  t h e  observed values f o r  t he  

f i r s t  seven parameters ( n o t  including f low) .  The OBS2 card con- 

t a i n s  t h e  remaining t h r e e  parameters.  When no observed da ta  were 

taken f o r  a  p a r t i c u l a r  parameter,  t h a t  f i e l d  i s  l e f t  blank. 

Addit ional  JOB2 ca rds  fo l low the  l a s t  OBS2 card  o f  a  p a r t i c u l a r  

data  sequence ( f o r  a  p a r t i c u l a r  l oca t ion )  when the  s t a t i s t i c s  a t  

o t h e r  l o c a t i o n s  a r e  des i red .  For t h i s  t e s t  ca se  t h e r e  a r e  f i v e  

JOB2 ca rds ,  i n d i c a t i n g  s t a t i s t i c s  a r e  computed a t  r i v e r  miles  31.5, 

29.0, 25.5, 19.5, and 17-0 .  

The ST'D1 and STD2 cards  and p a i r s  of  OBSl and OBS2 cards  fo l low 

each add i t i ona l  JOB2 card .  Since the  s tandards  a r e  the  same a t  a l l  

f i v e  l o c a t i o n s ,  the  l a s t  fou r  p a i r s  of STDl and STD2 cards  could have 

been omi t ted  i f  JSTN ( f i e l d  7,  JOB2 ca rd )  had been s e t  t o  zero f o r  



the l a s t  four JOB2 cards. When, f i n a l l y ,  no more analyses a r e  t o  

be done the card sequence i s  ended by f ive  E N D  cards. 

O u t p u t  --- 

Figure 111-4 i l l u s t r a t e s  the output of the program a t  r i v e r  

mile 25.5. The t i t l e  from the  three TITLE cards i s  printed a t  the  

top left-hand corner, in t h i s  case namely "OCONEE RIVER, G A . ,  

REACH 3." Then a  summary of the input data i s  generated t h a t  con- 

t a i n s  reach information, study period information, and the location 

where the observed data were measured. The f i r s t  t ab le  below t h i s  

information i s  both a  summary of the simulated values and a  compar- 

ison between the  simulated and observed values. Pr ior  to pr in t ing 

t h i s  t ab le ,  the number of simulation points a t  t h i s  r i ve r  mile i s  

shown (373 = 12 per day times 31 days, except the f i r s t  day has 

13 po in t s ) .  

The l a s t  t ab le  i n  Figure 111-4 shows the se lected water qua l i t y  

standards f o r  a l l  the parameters. Any number of water qua1 i t y  param- 

e t e r s  can be omitted from t h i s  t ab le  by leaving the appropriate 

standard blank on the STDl o r  STD2 card.  This t ab l e  a l so  shows the  

number of simulated points exceeding the standard, and the percent 

of points exceeding the standards. "Exceeding the  standard" means 

a  value higher than the standard when the standard i s  a  maximum 

( a s  0.5 mg/l i s  f o r  ammonia nitrogen) and means a  value lower than 

the standard f o r  a  minimum standard ( a s  5.0 mg/l i s  f o r  dissolved 

oxygen), 



***;*************+**** INPUT DATA . . . . . . . . . . . . . . . . . . . . . .  

BEGINNING OF REACH RIVER MILE 31 a50 
END OF REACH RIVER MILE 17.00 
SUBREACH LENGTH (MILES) 150  
CQMPUTATIDN INtERVAL (HOURS! 2 

F I R S T  DAY OF SIMULATION PERIOD 2 7 4  ( 1 O C T  7 0 j  
LAST DAY OF SIMIILATION PERInD 304 ( 3 1  ~ c T   YO^ 
NUMBER OF DAYS I N  SIMULATItJN PLRIOD 3 1 

OBSERVATIONS AT RlVER MILE 25950 
f I R $ l  DAY OF STLIDY PERIOD 2 7 4  ( 1 OCT 7 0 )  
LAST DAY OF STUDY PERIOD 304 ( 3 1  ncT 70)  
NUMBER OF D A Y S  IN STUDY P E R I ~ ~  3 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HATFR QUALITY PARAMETERS AT RIVER MILE 25,50 
NLJMRER OF SIMULITION PUIYTS 37 3 - --- ERROR ---- NO. O F  

,I,----- SIMIILATION VALUES I-*--*-- ( S X H I ~ L A T  ED*ORS,) OBSERVED 
PARAMETFR MINIMUM MAxXMlJM MEAN S T D ~ D E V ,  MEAN STD.DEV, VALUES 

F L O W  ( ~ * * 3 / s j  22.6 5 a 5 3 1 9  
26.0 TEMP (DEGRFE t j 7 ,2 i 7 , l  3,7 1 , s  212  3 

OXY t M t / L )  8.0 11.3 9.4 I 6 a 1 e 4 5 
N H 3  tMG/L AS N l  1091 ,275 1120  no 1 4  ,000 ,000 0 
NO3 (MG/L A3 N) ,437 ,993 ,623 ,028 ,000 ,000 0 
Pnu (MGIL A S  P) , 0 6 6  , 2 4 3  ,095 ,023 ~ ~ 1 9 3  ,45 3 5 
ALKb(HG/L AS CACU3) 25.0 25.0 25.0 , o  8 0 m 0 0 

LnG COLI(LOG M P N / ~ O O M L )  2.95 4.49 J : Z S  3.52 . O O  , 00 o 
Tos  (MGILI l o o ,  t o o ,  l o o .  0. 1 , 10. 4 
P n 7 , 5 7.7 7,b 8 . 6  1 0  . 0 0 
Boo  (MGIL~ , 4 3.2 ,7 . 2 ,O . 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TEMP(DEGREE C )  
TEMP(DEGRE~ c i  
OXY (MGIL~ 
NH3 (MG/L AS N)  
NO3 (nG/L  AS N) 
Po4  (MG/L AS P )  
AlKA(MG/L AS CACO3) 

LOG COLI(L0G MPN/100ML) 
TO8 (MG/L) 
PH 
fJ H 
800 t M G l l j  

WbTtu I~~JALITY POINTS EXCkEnING STANDARD 
STANDARD NUMBER PERCENT 

10.0 MIN, 
30.0 M A X ,  

5.0 M I N ,  
:500 MAX, 
;SO0 MAX. 
.US0 MAX. 

150.0 MAX, 
3.38 MAX, 
$00, M A X ,  

5.5 % I N ,  
9.0 M A X ,  
5.0 M A X ,  

Figure 111-4. I l l u s t r a t i v e  Output o f  the S t a t i s t i c a l  Program 



IV. WATER QUALITY VERSUS DISTANCE PL.OTTING PROGRAM 

Description of Capabil i t i e s  ------------ 

This component of the post-processor p l o t s  c r i t i c a l  values of 

water qual i t y  parameters throughout the  study reach f o r  the  period 

of study. A summary of the  program's c a p a b i l i t i e s  follows. These 

c a p a b i l i t i e s  wi l l  l a t e r  be i l l u s t r a t e d  by an app l i ca t ion  of  the  

program t o  a t e s t  case.  

The capabil i t  i e s  of t h i s  p l o t t i n g  program a r e  given below: 

1 .  The program p l o t s  t h e  maximum and/or minimum values 

f o r  up t o  11 water qual i t y  parameters ( inc luding 

flow) a t  each loca t ion  in the  study reach over t h e  

period of  s tudy f o r  the simulated r e s u l t s  t h a t  a r e  

s to red  on t h e  output  tape  from the  WQRRS model. The 
parameters normally a r e  contained on tape in the  following 

order ,  and a r e  p lo t t ed  with the u n i t s  indica ted:  

. streamflow, 1000's  c f s  

. water  temperature, "C 

. dissolved oxygen, mg/l 

. ammonia n i t rogen,  mg-N/1 

. n i t r a t e  n i t rogen,  mg-N/1 

. phosphate phosphorus, mg-P/1 

. a1 kal in i  t y ,  mg/l a s  CaC03 

. log col iform, log MPN/100 ml 

. t o t a l  dissolved sol id s ,  mg/l 

. 5-day biochemical oxygen demand, m g l l  



2 .  Maximum and/or minimum standards values can be 

included on the plots with the simulated data. 

These standards can be chosen to be step functions 

tha t  vary by r iver  mile, to r e f l ec t  changing water 

qua1 i ty designations. The step function for  each 

standard may assume up to ten d i s t inc t  values. 

3. Observed data can be included on the plots.  These 

data points should be the maximum and/or minimum 

observed values a t  the river mile they were 

measured. Up to 50 maximum and 50 minimum 

observed values each can be plotted. The sum of 

these f i r s t  three capabil i t i e s  comprise what wi 11 

be l a t e r  referred to as a Type 1 plot.  

4. A second type of plot (which will be called a 

Type 2 plot)  can be generated that  shows only 

unconnected points a t  selected r iver  miles. The 

input information for  these plots general ly comes 

from the output of the s t a t i s t i c a l  program (see 

Figure 111-4) for  the r iver  miles selected for  

plott ing. These plots contain the maximum 

and/or minimum simulated val ue(s) for  the parameters 

being plotted for  each r iver  mile specified. They 

a1 so show the mean error  associated with each 

extreme value (mean of the simulated values minus 

the observed values) and the standard deviation 

associated with t h i s  mean error .  The envelope 

between the points defined by including the mean 

error  with the extreme simulated value and those 

defined by including both the mean er ror  and 

standard deviation with the extreme simulated 



va lue  can be thought  o f  as a  maximum o r  minimum 

"normal l y  expected" stream water  qua1 i ty p r o f i l e .  

5. For  each execu t ion  o f  t h e  program, e x a c t l y  one reach 

can be analyzed. I f  more than one reach i s  t o  be 

analyzed, then sequent ia l  program runs must be made. 

6 .  Because o f  v a r i a t i o n s  o f  Cal-Comp so f tware  between 

computer i n s t a l l a t i o n s ,  severa l  o f  t h e  subrou t ines  

compr is ing  t h e  program c o n t a i n  cards t h a t  a r e  

i ns ta l l a t i on -dependen t .  These subrou t ines  are:  

INITPL, NEXl.FR, and STOPPL. T h e i r  f u n c t i o n s  a r e  

desc r i bed  i n  t he  n e x t  sec t i on .  The program code 

con ta ins  comment cards i n d i c a t i n g  what these 

subrou t ines  should do and t h a t  t hey  a r e  system- 

dependent, A d d i t i o n a l l y  t h e  c a l l s  t o  SUBROUTINE 

AXIS i n  t h e  two main programs (WQPROF and  MAIN^) 

may va ry  i n  t he  number o f  arguments f rom one 

i n s t a l l a t i o n  t o  another .  I n  t e s t i n g  t h i s  program 

it was found t h a t  t h e  f i r s t  e i g h t  arguments were 

t h e  same a t  bo th  i n s t a l l a t i o n s  used, I f  a  n i n t h  

argument i s  s p e c i f i e d  which de f i nes  t h e  number 

of 90° r o t a t i o n s  t o  be performed be fo re  drawing 

t h e  a x i s ,  t h i s  i n t e g e r  argument shou ld  be s e t  

t o  zero.  

D e s c r i p t i o n  o f '  Subrout ines --..------7A-A--p 

F igu re  IV-1 shows t h e  sub rou t i nes  compr is ing  t h i s  p l o t t i n g  

program and d e p i c t s  t h e i r  i n t e r r e l a t i o n s h i p s .  PROGRAM WQPROF i s  t h e  

main program and reads t h e  t i t l e  t o  be used on every  p l o t ,  t he  reach 

number and t h e  p l o t  o p t i o n  s p e c i f i e d  by t h e  user .  When p l o t  Type 1  



F i g u r e  IV-1. S u b r o u t i n e s  Comprising t h e  Water Q u a l i t y  

P r o f i  1 e P l o t t i n g  Program 



i s  chosen, control remains with WQPROF, while when plot Type 2 i s  

t o  be drawn PROGRAM MAIN2 becomes the main program. MAIN2 shares 

a large common block with WQPROF in order to conserve core usage, 

and i s  a main program in i t s e l f  in that  i t  does everything necessary 

t o  plot s'imul ated data points. 

SUBROUTINE STANPL is  called by WQPROF to plot standards as 

step functions. I t  i s  called up  to twice for  each parameter, once 

for  the maximum standard and once for  the minimum standard ( i f  both 

are specif ied) .  IJp t o  ten maximum and ten minimum standards values 

can be specified for  each parameter. If plot Type 2 only i s  speci- 

f ied by the user or  no standards are to be plotted, STANPL i s  not 

called. 

SUBROUTINE XFORM performs any necessary transformations on 
simulated data, such as conversion of' flow uni ts ,  when plot Type 1 

i s  specified. Otherwise i t  i s  not called. 

SUBROUTINE NEXTFR advances the plot ter  to the next frame a t  

the completion of a plot.  I t  i s  a separate subroutine because some 

of i t s  code i s  installation-dependent. 

The remaining subroutines are iden t ical  t o  subroutines con- 

tained in the f i r s t  plott ing program, WQPLOT, b u t  will be described 

here for  completeness. SUBROUTINE RJDC packs one array of hol ler i th  

characters in nAl format into another array in which each computer 

word  contains as many characters as the computer word s ize allows 

( 4  o r  6 ,  for  example). This routine removes leading and t r a i l  ing 

blanks from the hol ler i th  constants, and i t  also returns the number 

of non-blank characters found (imbedded blanks in a s t r ing  are 

counted as non-bl ank) . 



SUBROUTINE INITPL i n i t i a l  izes the plot t ing device. I t  i s  

a  separate subroutine because portions of i t s  code can vary from 

in s t a l l a t i on  to ins ta l  l a t i on .  

SUBROUTINE DDGRID draws the  grid l i n e s  and t i ck  marks used 

f o r  each plot .  I t  c a l l s  LWGRID four times (once each f o r  the  lower 

horizontal axis ,  the upper horizontal ax i s ,  the l e f t  ver t ica l  ax i s ,  

and the r igh t  ver t ica l  a x i s ) .  

SUBROUTINE L,WGRID draws gr id  1  ines and t i ck  marks along one 

axis  by repeatedly ca l l ing  DRTICK. 

SUBROUTINE DRTICK moves the  p l o t t e r  pen one increment of 

distance along a  given axis  and then draws a  l i n e  of speci f ied  

length perpendicular t o  t h a t  ax i s .  This 1  ine could be e i t h e r  a 

t i ck  mark o r  a  g r id  l i n e .  

SUBROUTINE STOPPL terminates a l l  p lo t t ing  ac t i v i t y .  I t  i s  a  

separate routine because the  code can vary from in s t a l l a t i on  to 

ins ta l  l a t ion .  

Card Format 

This section contains a  deta i led  descript ion of every var iable  

on each input card. These descr ip t ions  will be found i n  Table IV-1 

which follows t h i s  discussion.  Figure IV-2 a t  the end of the section 

shows the sequential arrangement of input cards f o r  t h i s  p lo t t ing  

routine.  

All var iables ,  except those used to specify t i t l e s ,  a r e  speci-  

f i ed  by f i e l d s  of e ight  columns each. T i t l e s  a r e  given i n  nAl 



format. Fie1 d 1  of each card i s  always reserved for card ident i f i -  

cation, and must be l e f t  jus t i f ied .  

The range of values a  variable may assume and the correspond- 

ing interpretations are  described be1 ow. Some variables simply 

indicate the program option to  be used by specifying discrete  

numbers. For those variables having a  + sign shown under the 

column "value," the numerical value of the variable i s  entered as 

input. Where the value i s  shown as zero, the corresponding input 

card f ie ld  may be l e f t  blank. 

Data for  variables beginning with the l e t t e r s  I  through N are  

integers and should not include decimals, b u t  should be r ight  jus t i -  

fied in the i r  f i e ld .  Data for  variables beginning with l e t t e r s  A 

through H and 0 through Z are  floating point variables and should 

be right just i f ied in the i r  f i e ld  i f  the decimal points are n o t  
punched. Variable names for  t i t l e s  may begin with any l e t t e r ,  and 

can begin in any column within the i r  specified f ie lds .  

The simulated resul ts  of the Stream Qua1 i t y  Module are read 

from tape once the required data cards have been read. A detailed 

understanding of how the program reads data from the tape i s  not 

required of the user. However, the user does have to  specify on 

certain of' the input cards information that  enables the program 

t o  extract the desired information from the tape, such as the 

order the parameters are stored on the WQRRS o u t p u t  tape (see 

p .  I V - 1 ) .  

I t  i s  also of in te res t  t o  the user to  note tha t ,  a t  the time 

o f  this  writing, an additional variable i s  being written onto the 

tape containing the stream water quality resul ts  that  i s  not present 

on ea r l i e r  tapes. This additional variable specifies the r iver  



reach, and i s  con ta ined  i n  t h e  f i r s t  f i e l d  o f  each r e c o r d  on t h e  

tape.  Otherwise, t h e  i n f o r m a t i o n  s t o r e d  on t h e  new and o l d  tapes 

i s  i d e n t i c a l .  The e f f e c t  o f  t h i s  i s  t h a t  tapes c o n t a i n i n g  r e s u l t s  

t h a t  do n o t  have a  reach s p e c i f i c a t i o n  cannot be processed u s i n g  

t h i s  program w i t h o u t  mod i f y i ng  bo th  t h e  tape  read  s ta tement  con- 

t a i n e d  i n  t h i s  program, and t h e  program l o g i c  t h a t  checks f o r  t h e  

d e s i r e d  reach  number. 



TITLE - OPTION 

DETAILED DESCRIPTIONS OF INPUT CARDS FOR 

WATER QUALITY VERSUS DISTANCE PLOTTING PROGRAM 

T i t l e  D e s c r i p t i o n  Card* 

F i e l d  --- Va r i ab le  --- Value -- D e s c r i p t i o n  .- 

1  TITLE Card i d e n t i f i c a t i o n .  

2-4 T IT1 (1  ) t o  TIT1 (20 ) * *  alpha(A1) TIT1 and TIT2 comprise 
the  p l o t  t i t l e  f o r  a l l  

4- 6 T IT2(1)  t o T I T 2 ( 2 0 ) * *  alpha(A1) frames i n  a  run .  They 
i d e n t i f y  t h e  r i v e r  
system and reach b e i n g  
s tud ied .  

*This card  and a l l  remain ing cards i n  t h i s  d e c r i p t i o n  a re  r e q u i r e d  
cards un less the  s p e c i f i c  ca rd  d e s c r i p t i o n  de f ines  i t  as be ing  
o p t i o n a l .  

* ' *TIT1 ends i n  f i e l d  4, and TIT2 begins i n  f i e l d  4. 

Opt ion  Card 

F i e l d  -- V a r i a b l e  - 

1  

2  NOPT 

3 I REACH 

Value -- 

OPTION Card i d e n t i f i c a t i o n .  

0  S p e c i f i e s  p l o t  Type 1  
on ly .  

1  S p e c i f i e s  p l o t  Type 2 
on l y .  

2  Spec i f i es  p l o t  Type 1  
and Type 2  on l y .  

+ S p e c i f i e s  reach number 
o f  t h e  s tudy  reach. 



TABLE IV-1 

(CONTINUED) 

Job  Card 1 - The f o l l o w i n g  sequence  of c a r d s ,  from t h i s  JOBl c a r d  
through the MNOBS c a r d  a r e  i n c l u d e d  o n l y  i f  NOPT (OPTION c a r d ,  
f i e l d  2 )  = 0 o r  2 .  I f  NOPT=1, s k i p  t o  the JOBA c a r d .  

F i e l d  V a r i a b l e  - Value D e s c r i p t i o n  - 

1 JOB1 Card i d e n t i f i c a t i o n .  

2 NPAR 

3 P*IAXM I N 

4 N U M D Y  

5 NHH I 

6 N S 

7 NPTAPE 

8 IN TP 

- + Number o f  pa ramete r s  t o  
be p l o t t e d .  

0 P l o t s  c o n t a i n i n g  minimum 
c r i t i c a l  v a l u e s  o n l y  w i l l  
be g e n e r a t e d .  

1 P l o t s  c o n t a i n i n g  maximum 
c r i t i c a l  v a l u e s  o n l y  w i l l  
be g e n e r a t e d .  

2 P l o t s  c o n t a i n i n g  both  
minimum and maximum 
c r i t i c a l  v a l u e s  will be 
g e n e r a t e d .  

t Number o f  days  of d a t a  
on t a p e .  

t Number of '  hours  between 
s t o r e d  s i m u l a t e d  d a t a  
p o i n t s .  

t Number o f  nodes i n  the 
s t u d y  r e a c h .  

t Number of  pa ramete r s  
s t o r e d  on t a p e .  

t Logica l  u n i t  number o f  
s i m u l a t e d  d a t a  f i l e .  



TABLE IV-1 

(CONTINUED) 

Job Card 1 (Continued) 

Field 
--A- 

Vari able --- 

9 I FLOW 

10 C L N G T H  

Value -- Des crQt i on 

0 Equals 0 i f  observed 
flow data are in cf's.* 

1 Equals 1 if '  observed 
flow data are in m3/s.* 

+ Length of horizontal 
axis in inches.** 

*If there are n o  observed flow data IFLOW can be of any integer value. 

**CLNGTH will be made longer than specified by the user, i f  necessary, 
t o  keep the plot legible.  



TABLE I V -  1 
( CONTINIJED) 

Job Card 2* - Incl.ude only i f '  NOPT (OPTION card ,  f i e l d  2) = 0 o r  2 .  
I f  NOPT=l., sk ip  t o  the  J O B A  card .  

F ie ld  Var iable  Value 

1 J O B 2  

2 IPAR(1) + 

Descript ion 

Card i d e n t i f i c a t i o n .  

Order of each parameter on 
tape f o r  which a p l o t  i s  t o  
be generated (see  p . IV-1) . gc* 

Minimum value of the  IPAR 
parameter on the  Y a x i s .  

Maximum value of the  IPAR 
parameter on the  Y a x i s .  

Jul . ian day f o r  p l o t t i n g  pro-  
f i l e s  other than maximum or  
minimum. (Up t o  6 e x t r a  p l o t s ) .  

9:Ther.e a r e  NPAR (JOB1 card ,  f i e l d  2) JOB2 ca rds .  

-,. J \ n F ~ r  .,. example, i f  the  f i r s t  p l o t  i s  t o  be generated fo r  the  t h i r d  

parameter s t o r e d  on t ape ,  then IPAR(1)=3. 

Job Card 32 - Include only i.f NOPT (OPTION ca rd ,  f i e l d  2) = 0 o r  2 .  
If NOPT=l., sk ip  t o  the  J O B A  card .  

F ie ld  -- Variable Value Descript ion 

1 JOB3 Card i d e n t i f i c a t i o n .  

2 -4 GRLBLE(1,I) . . .  alpha(A1) A 20 charac ter  t i t l e  for  the  
GRLBLE(20,I)AA hor izon ta l  a x i s  f o r  parameter I 

4-6 YLBUL(1,I) . . .  alpha(A1) A 15 charac ter  t i t l e  f o r  the  
YLBUL(l5, I )  $;* ver t ica l .  a x i s  f o r  parameter I .  

fiThere a r e  NPAR (JOB1 ca rd ,  f i e l d  2) JOB3 cards .  

>tkGRLBLE ends i n  f i e l d  4 ,  and YLBUL begins i n  f i e l d  4 .  



TABLE IV-1 

( C O N T I N U E D )  

Job Card 4* - Include only i f  NOPT (OPTION card,  f i e l d  2)  = 0 or  2 .  
I f  NOPT=l , skip t o  the  JOBA card.  

Fie1 d  Variable .---- Val ue -- Description 

1  JOB4 Card iden t i f i ca t ion  

4 MAXOBS ( I  ) 

t, Number of maximum stand- 
ards values f o r  param- 
e t e r  I  ( < l o )  -. . 

-!- Number of minimum stand- 
ards values f o r  param- 
e t e r  I  ( < l o ) .  -. 

-!- Number of' maximum 
observed values f o r  
parameter I  (<50) .  -- 

-!- Number of minimum 
observed values f o r  
parameter I  (<50) .  

* 
There a r e  NPAR (JOB1 card,  f i e l d  2 )  JOB4 cards. The order 
of these cards must correspond t o  the order of the JOB2 cards.  



t 

MXSTD 
TABLE IV-1 

(CONTINUED) 

Maximum S t a n d a r d s  Card* - I n c l u d e  o n l y  i f  NOPT (OPTION c a r d ,  f i e l d  2 )  
= 0 o r  2 ,  and i f  MAXSTD(1) (JOB4 c a r d ,  f i e l d  2 )  > 0 .  I f  NOPT=l, 
s k i p  t o  the JOBA c a r d .  Col i form v a l u e s  a r e  i n p u t  a s  l o g  MPNI100 ml. 

F i e l d  V a r i a b l e  Value D e s c r i p t i o n  ----- 

1 MXSTD Card i d e n t i f i c a t i o n .  
-t Maximum s t a n d a r d s  val  ue 

f o r  J t h  s t a n d a r d  (where 
J  v a r i e s  from 1 t o  
MAXSTD(1)) and f o r  I t h  
pa ramete r .  

+ River  mi l e  where above 
s t a n d a r d  ends.** 

*There a r e  MAXSTD(1) (JOB4 c a r d ,  f i e l d  2) MXSTD c a r d s .  

**Standards a r e  p l o t t e d  a s  s t e p  f u n c t i o n s .  



TABLE IV-1 

(CONTINUED) 

Minimum S t a n d a r d s  Card* - Inc lude  o n l y  i f  NOPT (OPTION c a r d ,  f i e l d  2 )  
= 0 o r  2 ,  and i f  FlINSTD(1) (JOB4 c a r d ,  f i e l d  3 )  > 0 .  I f  NOPT=l, 
s k i p  t o  t h e  JOBA c a r d .  Col i form v a l u e s  a r e  i n p u t  a s  l o g  MPNL100 ml.  

F i e l d  V a r i a b l e  --- 

1 

2 STDMIN(J,I) 

Value -- D e s c r i p t i o n  

MNSTD Card i d e n t i f i c a t i o n .  
-!- Minimum s t a n d a r d s  v a l u e  

f o r  J t h  s t a n d a r d  (where 
J v a r i e s  from 1 t o  
MINSTD(1)) and f o r  I t h  
pa ramete r .  

-!- River  m i l e  where above 
s t a n d a r d  ends .**' 

*There  a r e  MINSTD(1) (JOB4 c a r d ,  f i e l d  3 )  MNSTD c a r d s .  

**Standards a r e  p l o t t e d  a s  s t e p  f u n c t i o n s .  



TABLE IV-1 

( C O N T I N U E D )  

Maximum Observations Card* - Include only i f  NOPT (OPTION card,  f i e l d  2 )  
= 0 or 2 ,  and i f  FlAXOBS(1) (JOB4 card,  f i e l d  4)  > 0. If NOPT=l , 
skip  t o  the JOBA card. Col iform values a re  input as log MPN/100 ml. 

Field - Variable Values -- Description 

MXOBS Card i denti f i ca t i  on. 
+ Maximum observed value 

f o r  J th  observation (where 
J varies from 1 t o  
MAXOBS(1)) and f o r  I th  
parameter. 

Corresponding r ive r  
mile where the above 
observation was taken. 

*There a re  MAxOBS(I) (JOB4 card,  f i e l d  4) MXOBS cards. 

**Units of observed data a re  same as on tape ,  except f o r  streamflow, 
as speci f ied  e a r l i e r  by IFLOW on the JOB1 card ,  f i e l d  9. 



TABLE IV-1 

( CONT'I NU ED ) 

Minimum Observations Card* - Include only i f  NOPT (OPTION ca rd ,  f i e l d  
2 )  = 0 o r  2 ,  and i f  MINOBS(1) (JOB4 ca rd ,  f i e l d  5 )  > 0. I f  NOPT=1, 
s k i p  t o  t he  JOBA card.  Col iform values a r e  input  as  log MPN/100 ml . 

Fie ld  -- Variable  --- Value Descript ion 

1 MNOBS Card i d e n t i f i c a t i o n .  
+ Minimum observed value 

f o r  J t h  observa t ion  (where 
J v a r i e s  from 1 t o  
MINOBS(1)) and f o r  I t h  
parameter.  

+ Corresponding r i v e r  
mi le  where t h e  above 
observat ion was taken.  

*There a r e  MINOBS(1) (JOB4 ca rd ,  f i e l d  5 )  MNOBS cards .  

Af t e r  t h i s  card has appeared MINOBS(1) t imes ,  t he  MXSTD, MNSTDy 
MXOBS, and MNOBS cards  a r e  repeated as  a group f o r  each parameter 
s p e c i f i e d  on the  JOB2 card.  

If NOPT=O ( f i e l d  2 of' t he  OPTION c a r d ) ,  t h i s  ends t h e  sequence 
of input  cards .  



JOBA 
TABLE IV-1 

(CONTINUED) 

Job Card A* - Include th is  and the remaining sequence of cards only 
i f  NOPT (OPTION card, f i e ld  2 )  = 1 or 2 .  If NOPT=l, t h i s  JOBA 
card direct ly  follows the OPTION card. If NOPT=2 ,  th i s  card 
follows the MNOBS card. 

Field --- Variable - 
1 

2 NPAR 

3 MAXM I N 

4 I FLOW 

5 CL.NGTH 

6 RVM I U 

7 RVM I D 

Value 

JOBA 

Description -. 

Card ident i f icat ion.  

Number of' parameters 
to  be examined. 

Plots containing minimum 
c r i t i ca l  values only 
will be generated. 

Plots containing maximum 
c r i t i ca l  val ues only 
wi 11 be generated. 

Plots containing both 
maximum and minimum 
c r i t i ca l  values wi 11 
be generated. 

Equals 0 i f  flow 
data are in cfs.** 

Equals 1 i f  flow data 
are in m3/s .** 
Length of horizontal 
axis in inches. 

Location of' most up-  
stream r iver  mile t o  
be plotted. 

Location of most down- 
stream r iver  mile to  
be plotted. 

*Even though some variable names appearing on t h i s  JOBA card are 
the same as on the JOB1 card, these variables can take on different  
values i f  specified by the user. 

**If there are no flow data IFL.OW can be any integer value. 



TABLE IV-1 

(CONTINUED) 

Job Card B* - Include only i f  NOPT (OPTION card,  f i e l d  2 )  = 1 or  
2. If NOPT=O, no fu r the r  input cards a r e  required. 

Field -- Variable - 

1 

2 IPAR(1) 

Value -- Description - 
JOBB Card iden t i f i ca t ion .  

+ Order of each parameter 
f o r  which a p lo t  i s  t o  
be generated.** 

*There a r e  NPAR (JOBA card,  f i e l d  2 )  JOBB cards. 

**This parameter i s  a l so  the location in an array where the parameter 
information wi l l  be s tored.  Specify IPAR as though the parameters 
were stored on the tape containing the simulated output. 

Job Card Ct ,- Include only i f  NOPT (OPTION card,  f i e l d  2 )  = 1 
or 2 .  If NOPT=O, no fu r t he r  input cards a re  required. 

Field -- Variable - 

1 

Value -- Description 
JOBC Card iden t i f i ca t ion .  

2-4 G R L B L E ( ~  , I ) .  . . alpha(A1) A 20 character  t i t l e  f o r  
the horizontal axis  f o r  
parameter I .  

4-6 YLBUL(1 , I ) .  . . alpha(A1) A 15 character  t i t l e  

YLBUL(15,I)ii f o r  the ve r t i ca l  axis  
f o r  parameter I .  

 here are  NPAR (JOBA card,  f i e l d  2 )  JOBC cards. 

" G R L B L E  ends in f i e l d  4 and Y L B U L  begins in f i e l d  4. 



TABLE IV-1 

( C O N T I N U E D )  

Job Card D* - Include only i f  NOPT (OPTION card,  f i e l d  2 )  = 1 
or  2 .  I f  NOPT = 0,  no fu r the r  input cards a re  required. 

Field --- Variable ---- Value -. Descr i j t i  .- on 

1 JOBD Card i denti f i c a t i  on. 

-I- Number of maximum values 
f o r  parameter I ( 5  50). 

+ Number of minimum values 
f o r  parameter I ( 5  50).  

*There a r e  NPAR (JOBA card,  f i e l d  2 )  JOBD cards.  



TABLE IV-1 

( C O N T I N U E D )  

Maximum Values Card* - Include only i f  NOPT (OPTION card, f i e l d  2 )  
= 1 or  2. If NOPT = 0 ,  no fu r t he r  input cards a re  required. 
Coliform values a re  input as log MPN/100 ml. 

Field -- Variable Value --- Description -- 

1 MXS IM Card iden t i f i ca t ion .  

2 RVMIX 

5 STDMAX ( J  , I  ) 

t River mile where these  
points a re  t o  be 
plot ted .  

t J th  maximum value 
(where J  varies from 
1 t o  MAXSIM(1)) f o r  
parameter I .  

t The mean e r ro r  asso- 
c ia ted  w i t h  SIMMAX(J , I )  

t The standard devi at , i  on 
associated wi t h  
E R R M A X ( J  , I ) .  

*There a r e  MAXSIM(1) (JOBD card,  f i e l d  2 )  MXSIM cards. 



TABLE IV-1 

( C O N T I N U E D )  

Minimum Values Card* - Include only i f  NOPT (OPTION card,  f i e l d  2 )  
= 1 o r  2.  Coliform values a r e  input as log MPN/lOO m1. 

Field Variable --- Val ue Description - 

1 MNS IM Card i den t i f i c a t i on .  

2 RVMIN 

4 ERRMIN ( J  , I )  

+ River m i  1 e where 
these points a re  t o  
be plot ted .  

+ J th  min imum value 
(where J var ies  from 
1 t o  MINSIM(1)) f o r  
parameter I .  

+ The mean e r r o r  asso- 
c ia ted  with SIMMIN(J,I). 

+ The standard deviat ion 
associated w i t h  
E : R R M I N ( J , I ) .  

*There a re  MINSIM(1) (JOBD card,  f i e l d  3) MNSIM cards. 

After  the  MNSIM card is  repeated the  proper number of times, 
the cards MXSIM and MNSIM a r e  repeated as a group f o r  each 
parameter. 



There are NPAR (JOB1 card and JOBA card, f i e ld  2 )  of these cards. 

There are  MAXSTD (JOB4 card, f ie ld  2) MXSTD cards. 

There are  MINSTD (JOB4 card, f i e ld  3) MNSTD cards. 

There are  MAXOBS (JOB4 card, f i e ld  4 )  MXOBS cards. 

There are MINOBS (JOB4 card, f i e ld  5)  MNOBS cards. 

This card group i s  repeated fo r  each parameter specified on the JOB2 card. 

This sequence of cards i s  included only i f  NOPT = 0 or 2. 

This sequence of cards i s  included only i f  NOPT = 1 o r  2. 

There are  MAXSIM (JOBD card, f ie ld  2 )  MXSIM cards. 

There are MINSIM (JOBD card, f i e ld  3) MNSIM cards. 

Figure IV-2. Card Sequence f o r  the  Water Qua l i ty  Versus 

Distance P l o t t i n g  Program 

IV-23 



Application of Plot t ing Program -----. ----------- 

This p lo t t ing  program has been applied t o  reach 3 of the Middle 

Oconee River ( r i v e r  mile 31.5 t o  17.0) near Athens, Georgia using 

simulated r e su l t s  obtained during a study of the  r i ve r  from 1 October 

1970 through 31 October 1970. The observed data t h a t  are  used f o r  

t h i s  t e s t  case are hypothet i~aT-and-~re  used to il7ustraEe m e p -  - 

program's c apab i l i t i e s .  

Input 

Figure IV-3 shows the input data used f o r  t h i s  appl ica t ion.  

The TITLE card shows t ha t  reach 3 of the Oconee River i s  being anal- 

yzed. Field 2 of the next card (OPTION card) shows t h a t  the t e s t  

case wil l  i l l u s t r a t e  both types of p lots  (Type 1 and Type 2 )  t h a t  the 

program i s  capable of generating, s ince NOPT=2, Hence the f u l l  

complement of  cards ( those required to  generate both p lo t s )  a r e  

needed as input. 

The JOB1 card i s  used to specify p lo t  charac te r i s t i c s  and to  

specify needed information contained in the tape. As shown in f i e l d  

2 of t h i s  card, f i ve  parameters a re  chosen fo r  p lot t ing (NPAR=5). 
The order t h a t  each of these parameters appears on tape i s  shown on 
the f i v e  consecutive JOB2 cards t h a t  follow (which show t h a t  the  

parameters of i n t e r e s t  a r e  the  second, f i f t h ,  s ix th ,  eighth,  and 

el eventh parameters on tape) , Foll owing these f i ve  cards appear 

f i ve  JOB3 cards t h a t  show the names of each of the parameters 

(which will appear as pa r t  of the horizontal ax i s  t i t l e )  and t h e i r  

associated uni ts  (which wil l  appear as the  ver t ica l  ax i s  t i t l e ) ,  
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Returning to  the JOBl card t o  complete i t s  descr ip t ion,  MAXMIN 

in f i e l d  3 has the  value of 2 ,  indicating the user has chosen t o  

p lo t  both maximum and minimum simulated values f o r  each of the f ive  

parameters chosen. Fields 4 through 8 contain information re la ted  

to the tape. In pa r t i cu la r  f i e l d  4 shows there  a re  31 days of simu- 

la ted  data on tape ( N U M D Y ) ,  two hours between stored values (NHHI), 

30 nodes within the study reach (NS), and 11 parameters stored on 

tape ( N P T A P E ) .  Field 9 (IFLOW) shows the uni ts  of observed flow 

data. In this case, however, s ince flow data a re  not being plot ted ,  

IFLOW can equal 0 o r  1 .  The l a s t  f i e l d  of the JOBl card shows t h a t  

the t e s t  p lo t s  wi 11 be 14 inches in length (CLNGTH=14). 

The JOB4 ~ a r d  spec i f i es  the  number of maximum and minimum standards,  

and the number of maximum and minimum observations, f o r  each param- 

e t e r  t o  be examined, Since f i ve  parameters a r e  t o  be examined, f i v e  

JOB4 cards a re  present. The f i r s t  JOB4 card r e l a t e s  t o  water tem- 

perature,  and shows t h a t  three  maximum standards and one m i n i m u m  

standard ex i s t s  in t h i s  t e s t  case. A1 so, e igh t  abservat ions  of maxi - 
mum temperature and none of minimum temperature a r e  t o  be plot ted .  

Following the  JOB4 card a re  the  following four  card types: 

MXSTDy MNSTD, MXOBS, and MNOBS. Each of these card types appears 

the number of times f o r  which standards and observations have been 

speci f ied  on each JOB4 card. For example, the JOB4 card f o r  temper- 

a ture  shows t h a t  3 MXSTD, 1 HNSTD, 8 MXOBS, and 0 b?NOBS cards 

must be present to  f u l f i l l  the requirements of the  JOB4 card. 

Each of these four card types (MXSTD through MNOBS) contains 

a standard o r  observation value, and the associated r i v e r  mile. In 

the case of the standards cards,  the  r i ve r  mile indicates  the end 



point of that  standard. For example, the f i r s t  MXSTD card for 

temperature shows the maximum standard i s  27"C, and i s  applicable 

from the beginning of the reach to  river mile 29.5. The f i r s t  

MXOBS card for  temperature shows that  a t  r iver  mile 30, the maxi- 

m u m  observed temperature i s  24.0°C. This sequence of four cards i s  

repeated for  the remaining four parameters ( n i t r a t e ,  phosphate, 1 og 

col i f  orms , and B O D 5 ) .  

Since NOPT=2 ( f i e l d  2 of the OPTION card) ,  the remaining cards 

re la te  t o  plot Type 2 .  On the JOBA card, NPAR=l indicating only 1 

parameter i s  t o  be plotted. MAXMIN ( f i e ld  3) indicates that  both 

maximum and minimum c r i t i ca l  values are to  be plotted, IFLOW ( f i e ld  

4) specifies observed flow units and can have the value 0 or 1 since 

flow i s  not being considered, and C L N G T H  ( f i e l d  5)  indicates the plot 

will be 14 inches in length. The l a s t  two f ie lds  of the card indicate 

the most upstream (RVMIU) and downstream ( R V M I D )  locations t o  be 

plotted. In th is  case the en t i re  study reach ( r ive r  mile 31.5 to  

17.0) i s  being plotted, b u t  any distance i s  permissible as long as 

there are data. 

On the JOBB card the IPAR specifications are used to  a1 locate 

storage locations in an array. If the user desires ,  IPAR can be 

specified as 1 through NPAR. 

The JOBC card i s  also identical with the JOB3 card, in that  i t  

specifies parameter 1 abel s  for the horizontal axis (WATER TEMPERATURE 

in th i s  case) and the parameter units for  the vertical axis ( D E G  C ) .  

The JOBD card specifies the number of maximum and minimum values to  

be plotted for  each parameter. In th is  case, where only temperature i s  

being examined, there are both f ive maximum and five minimum values t o  

be plotted. 



The f i n a l  two card  types,  t h e  M X S I M  and MNSIM cards each 

appear f i v e  t imes,  as s p e c i f i e d  by t h e  JOBD card.  The f i r s t  MXSIM 

card  shows t h a t  t h e  t h r e e  p o i n t s  (SIMMAX, SIMMAX-ERRMAX, and 

SIMMAX-ERRMAX+STDMAX) a re  t o  be p l o t t e d  a t  r i v e r  m i l e  31.5. SIMMAX 

i s  21.0°C, t h e  maximum s imu la ted  va lue  a t  t h a t  r i v e r  m i l e ,  and i s  

shown i n  t h e  o u t p u t  o f  t h e  s t a t i s t i c a l  program. ERRMAX i s  0.4"C 

and i s  t h e  mean o f  t h e  d i f f e r e n c e s  between the  s imu la ted  and observed 

values. STDMAX, which equals 0.7"C, i s  t h e  s tandard d e v i a t i o n  o f  t h e  

d i f f e r e n c e  between t h e  observed and s imu la ted  values. Both ERRMAX 

and STDMAX a re  a l s o  con ta ined  i n  t h e  o u t p u t  o f  t h e  s t a t i s t i c a l  

program. The symbols used on Type 2 p l o t  f o r  t he  maximum c o n d i t i o n  

a re :  

X SIMMAX 

0 S IMMAX-ERRMAX 

0 S  IMMAX-ERRMAX+STDMAX 

The MNSIM card  con ta ins  i n f o r m a t i o n  analogous t o  t h a t  o f  t h e  

MXSIM card. For  example, t h e  f i r s t  MNSIM card  shows t h a t  t h e  

f i r s t  s e t  o f  p o i n t s  i s  t o  be p l o t t e d  a t  r i v e r  m i l e  31.5, t h e  minimum 

s imu la ted  va lue  (SIMMIN) i s  9.3"C, t h e  mean e r r o r  (ERRMIN) i s  0.4"C, 

and t h e  mean e r r o r  s tandard  d e v i a t i o n  (STDMIN) i s  0.7"C. I n  genera l ,  

ERRMAX and ERRMIN a r e  equal,  as a re  STDMAX and STDMIN. The t h r e e  

p o i n t s  t h a t  a r e  p l o t t e d  a re  as f o l l o w s :  

X S I M M I N  

0 SIMMIN-ERRMIN 

0 SIMMIN-ERRMIN-STDMIN 

The Type 2 p l o t  procedure was a p p l i e d  i n  r e fe rence  ( 3 )  which a l s o  

i nc l udes  more d e t a i l e d  d i scuss ion  o f  i t s  use. 



O u t p u t  

Figures IV-4 and IV-5 i l l u s t r a t e  two Type 1 plots ,  the f i r s t  

showing water temperature and the second phosphate-phosphorus. The 

upper continuous l ine  (without the aster isks)  in each plot shows the 

maximum simulated values over the period of record a t  each r iver  

mile, while the lower continuous l ine depicts the minimum values. 

The water quality standards are indicated as horizontal l ines con- 

taining step functions and having asterisks plotted on them. In 

Figure IV-4 there are both maximum and minimum temperature standards, 

while for phosphate only a maximum standard i s  specified. Observed 

data points are included on both plots.  Maximum observed values 

are denoted by t r iangles ,  whi l e  minimum observed values (of which 

none appear) are denoted by c i rc les .  

Figure IV-6 i l l u s t r a t e s  the Type 2 plot.  This plot for water 

temperature has both maximum and minimum c r i t i ca l  values plotted. 

In th i s  case there i s  not a large spread between the maximum or 

minimum value (shown by an ' x '  ) , the mean error  (shown by an ' 0 '  ) , 
and the standard deviation (shown by a '0). In other cases the 

spread could be larger.  The envelope curves between the points 

denoted by ' 0 '  and those denoted by '0' can be thought of as 

"maximum normally expected" stream temperature profiles in the case 

where maximum values are being plotted, and as "minim normally expected" 

stream temperature profi les  where the minimum values are being plotted. 

In contrast  t o  the Type 1 plot which obtains i t s  simulated 

water quality data from magnetic tape, the Type 2 plot has the 

added f l ex ib i l i t y  of plott ing any type of data contained on the 

punched card input. The disadvantage of th i s  type plot is  that  the 

points must be connected manually. 
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JULIAN DATE CALENDAR 
(PERPETUAL) 

-- 
Aug Sep Oct Nov Dec Doy 

213 244 274 305 335 1 

214 245 275 306 336 --- 2 

215 246 276 307 337 3. 

216 247 277 308 338 
-. -- 4 

217 248 278 309 339 . -- 5 

218 249 279 310 340 - 6 

219 250 280 311 341 7 

220( 281 312 342 8 

Feb Mar 

032 060 

033 061 
-- - - 

034 062 

035 063 

036 064 
- - 

037 065 

038 066 

039 067 -- 

Moy June July - - Jon 

loo 



JULIAN DATE CALENDAR 
FOR LEAP YEARS ONLY 

(USE IN 1964, 1968, 1972, otc.) 

A- 2 
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