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PREFACE 

The exercise outlined in the following note was carried 

out as part of a project studying geochemical cycling 

in an upland grassland catchment near Plynlimon, mid Wales 

(ITE Project 594). A general introduction to this project 

is available as Bangor Research Station Occasional Paper 

No. 2. 



1 Introduction 

Stream discharges from the  experimental sub-catchments wi th in  

0 
the Wye watershed a t  Plynlimon have been monitored using 90 

V-notch weirs and s t age  height  recorders  furnished by the  

I n s t i t u t e  of Hydrology. The recording system i s  simple and 

cons i s t s  of a f l o a t  with a pen at tached which s c r i b e s  on a 

r o t a t i n g  drum. The drum is driven by a clock and thus a 

permanent record of water l e v e l  can be obtained f o r  a s p e c i f i e d  

f ixed  t i m e  per iod .  Clocks usual ly  operate over a week o r  a month. 

Excel lent  descr ip t ions  of V-notch we i r s ,  t h e i r  use and the  

t h e o r e t i c a l  background t o  them can be found i n  Gregory and 

Walling (19731, Ingle-Smith and Stopp (1978) and t h e  B r i t i s h  

Standards I n s t i t u t i o n  (1964). A s impl i f i ed  and b r i e f  desc r ip t ion  

is given here s o  a s  t o  place the  d a t a  processing i n t o  context.  

Figure l a  shows a general  representa t ion  of V-notch weir  i n s t a l l a t i o n ,  

a s e c t i o n a l  view of the  stream is shown i n  Figure l b .  I n  t h i s  

diagram the  water l e v e l  recorder  has been omit ted.  The value H, 

Figure l b ,  is the  head of water flowing over the  w e i r .  In  order  

t o  obta in  the  value of H from the  s t age  height record,  i t  i s  

necessary t o  f ind  the value of the s t age  he ight  f o r  which H = 0. 

That i s  the  s t age  he ight  a t  which water ju s t  commences t o  flow 

over the  weir.  For the Plynlimon weirs, t h i s  value was determined 

i n  the f i e l d  and is re fe r red  t o  as  the  datum leve l  of the  weir .  

The head of water  H is r e l a t e d  t o  stream discharge by formulae 

such as  Q = 1.38 H ~ . ~  (Gregory and Walling 1973). A logari thmic 



Figure l a  V-notch Weir I n s t a l l a t i o n  I 

Float  Mechanism 

I 

Figure l b  V-notch Weir - S e c t i o n .  
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c a l i b r a t i o n  curve provided by I n s t i t u t e  of Hydrology s t a f f  has been used 

i n  t h i s  study however. 

The purpose of t h i s  document' is t o  describe the  techniques used 

t o  obtain a continuous record of stream discharge from the  water 

l e v e l  char t  records. This has involved the  conversion of the  

char t  records t o  numerical d a t a  using a Reichert-Jung MOP I1 

M g i t i s e r  with subsequent processing of t h i s  information using 

the  PDP 11-34 Computer a t  ITE Bangor. The stream discharge d a t a  

have been used i n  conjunction with stream water chemistry t o  

ca lcu la t e  s o l u t e  los ses  from the  experimental catchments. 

2 Description and Preparat ion of Chart Records 

The cha r t s  used with the  water l e v e l  recorders  a r e  of the  s tandard 

Munro type, and the  da ta  w e r e  c o l l e t e d  using weekly t i m e  periods.  

A t yp ica l  cha r t  f o r  a week i n  the  sp r ing  of 1981 is shown i n  Figure 2. 

Unfortunately the  c h a r t s  a r e  too long f o r  t h e  s i z e  of the  MOP 

d i g i t i s i n g  t a b l e t ,  s o  they have been divided i n t o  t h r e e  sepa ra te  

"frames" a s  i l l u s t r a t e d  i n  Ngure  2. Frame one starts a t  t h e  

f i r s t  s i x  hourly d iv i s ion  t o  the  r i g h t  of the  s t a r t  of the  record. 

This po in t  was chosen t o  accommodate e r r o r s  i n  marking the  beginning 

of the  record i n  the  f i e l d .  Frame one measures 24 cm along the  

t i m e  ax i s .  Frame two extends t o  the  end of the  cha r t  and frame 

th ree  runs from t h e  s t a r t  of the  c h a r t  t o  the  beginning of frame 

one. Frame boundaries are d r a m  on the  c h a r t  and t h e  corners  

marked with crosses.  The weir  datum is a l s o  d r a m  on the  c h a r t  so  

t h a t  water l eve l s  can be  r e fe r red  d i r e c t l y  t o  i t .  The datum l i n e  

is pos i t ioned on the  cha r t  using the  s t age  he ight  values read from 
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staging board when the charts are  changed a t  the beginning and end 

of each week. I f  a discrepancy occurs between these values, the  

midpoint is taken as  the  datum. Occasionally, the datum l i n e  w i l l  

occur below the bottom of the chart. In t h i s  s i tua t ion ,  the chart  

has t o  be extended with a sui tably sized piece of graph paper, and 

the datum drawn on this. The maximum length of the  frame boundaries 

along the height axis  i s  approximately 30 cm above the datum l ine.  

The points t o  be d ig i t i sed  are marked with crosses and are  selected 

on the pen record "by eye" so  as  t o  divide the record i n t o  a 

s e r i e s  of s t r a igh t  l i n e  segments. This means tha t  the number and 

positioning of the points is dependent on the complexity of the 

chart .  T h s  the operator has t o  decide upon the number of points 

required t o  define each portion of the chart .  

In some instances large storm peaks may exceed the upper boundaries 

of the frames. Where t h i s  occurs the points a t  which the peak 

crosses the boundary are marked. Such a peak is "flagged" i n  the 

d ig i t i s ed  data with a zero entered via  the  MOP keyboard. The height 

of the peak above the boundary can then be measured and entered 

d i rec t ly  i n to  the data during edit ing.  An example of the procedure 

i s  given i n  the section on preliminary ed i t ing  (Section 4.1). 

3 Digi t isa t ion of Charts 

I The detailed operating inst ruct ions  f o r  d ig i t i s a t i on  are given 

i n  Appendix 1. The directions assume tha t  the MOP is t o  be used 

d i r ec t ly  "on-line" t o  t he  PDP-11 computer i n  conjunction with 

a VDU (Visual Display Unit). Data entered from the d i g i t i s e r  mag 

be l i s t e d  using the Basic program COLUMN.BAS, which produces 



formatted l i s t i n g s  i n  columns, o r  via  the PIP u t i l i t y  d r ec t ly  t o  I 
the l i n e  pr inter .  I 
The data f i l e  names are  Configured i n  the following man er :  + 

I 

SnDm. DAT 

Where Sn - alpha-numeric code of the site, e.g. C4, W2 

D - re fe rs  t o  d i g i t i s e r  

m - sequence number of f i l e  e .  g. 1 
C4D1. DAT 

C4D2. DAT 
I 

Each data f i l e  should colhtain a complete set of weekly 

with no gaps. This f a c i l i t a t e s  the inser t ion  of any 

with the PDP-11 computer, i t  i s  advisable t o  d i g i t i s e  a r t s  .i 

records 

miissing 

Owing t o  cer ta in  problem$ with the compatibility of the 

i n  batches of about s i x  a t  a time and then t o  e x i t  from the 

MOP 

MOP routine. I t  is also preferable t o  operate the HOP uring 

periods when there is a low demand on the computer from 'I 
i 

weekly records a t  a l a t e r  stage. Thus, f o r  example, foy the 
I 
I 

weir a t  s i t e  C4 the data f i l e s  might be: 

C4Dl.DAT containing data f o r  weeks 32-38 i n c  1 

other users. SignificanO data loss  may otherwise occur 

C4D2.DAT containing data f o r  weeks 4 0 4 1  i n c  

C4D3.DAT containing data f o r  weeks 42-46 i n c  

Data f o r  weeks 39 and 41 are absent because the charts 

spoiled or  incomplete. I t  is a good idea t o  keep a recwd 

were 

of 

each data f i l e  as it is created so  as to  avoid any coniqsion 

a t  l a t e r  stages of processing. 1 



between the d i g i t i s e r  and the computer. I t  is a worth while 

pract ice  t o  list the data f i l e s  created a f te r  each batch of new 

charts has been digi t ised.  

4 Data Processing 

4.1 Preliminary Editing 

An example of a page of d ig i t i sed  data is given i n  Figure 3. 

This was produced using the COLUMN.BAS program. Each 

complete f u l l  l i ne  of d i g i t s  re fe rs  t o  a point and is  the 

co-ordinate of tha t  point i n  mm, referred t o  the origin 

position of the MOP tablet .  A typical  point might be 

The s ingle  d i g i t s  0 ,  4 and 5 may be ignored, and this 

l i n e  re fe rs  t o  a point with coordinatee 

x = 27.4334 mm (0.2734334 x lo2 mm) 

y = 117.977 mm <0.117977 x lo3 mm) 

The actual  values of these coordinates are  unimportant 

as they are  re la ted t o  the co-ordinates of the enclosing 

frame f o r  the purposes of processing. 

The data l i s t i n g s  can now be scanned visual ly  and any obvious 

e r rors  corrected. Spurious characters are of ten found a t  the 

beginning and end of the data f i l e s .  These are  printed when 

the system is switched from VDU t o  MOP and back again and 

should be removed. . 

Storm peaks exceeding frame boundaries which were referred 

t o  e a r l i e r  should be edited i n  here. A simple storm peak 





i s  show i n  Figure 4. The data  for  t h i s  are shown on 

the l i s t i n g  as: 

0 0.4189343+02 4 0.132910E+03 5 Point A 
0 0.4560983+02 4 0.142910E+03 5 Point B 
0 0 6  
0 0.6155633+02 4 0.1429103+03 5 Point C 
0 0 6  
0 0.6356433+02 4 0.136820E+03 5 Point D 

Zero "flags" entered via  MOP keyboard 

The distance 0-P, f igure 4 can be measured i n  mm d i rec t ly  

from the chart using a ru le r .  The co-ordinates Of the 

peak point P can be edited i n t o  the data as follows: 

Point B time axis  co-brdinate = 0.456098E+02 
= 0.456098 x lo2 mm 
= 45.6098 mm 

Point P time axis  co-ordinate = 45.6098 + 6.0 = 51.6098 mm 
= 0.516098 102 mm 
= 0.5160983+02 

Point B height axis co-ordinate = 0.1429103+03 
= 0.142910 x 103 mm 
= 142.910 mm 

Point P height axis  co-ordinate = 142.910 + 15.0 = 157.910 mm 
= 0.157910 x lo3  mm 
= 0.1579103+03 

The format of the  co-ordinates f o r  the  peak point has t o  

conform with the or iginal  data so tha t  the processing 

programs work. The l i ne  of data would be edi ted in to  the 

f i l e  as: 0 0.5160983+02 4 0.157910E+03 i n  sequence following 

the l i ne  corresponding t o  the co-ordinates fo r  point  B. 

The zero "flags" have both t o  be deleted. 

4.2 Frame Squaring and C0n~erSion t o  Continuous Height/Time Record 

Due t o  the operational inaccuracies i n  drawing the frames 

and placing the d i g i t i s e r  pen on the points,  the chart frames 



Figure 4 Storm Peak 



are never exactly square. The program MIKE8.BAS, writ ten 

by C Radford a t  Bangor, has been u t i l i s ed  t o  square the 

frames and then to  convert the data t o  a continuous se r i e s  

of X:Y co-ordinates ( in mm) representing each point 

d ig i t i sed  from the chart  records. For a f i l e  containing 

several consecutive weeks data,  the time axis  (x axis) begins 

with the f i r s t  d ig i t i sed  point within frame one of the 

f i r s t  week. The x axis co-ordinate values are then a 

continuous se r ies  of incrementing d i g i t s  extending over the 

complete time span of the  charts. This is i l l u s t r a t e d  

fo r  two weeks data i n  one f i l e  i n  Figure 5. 

The squaring program MIKE8.BAS w i l l  process a data  f i l e  

u n t i l  an e r ro r  is found o r  the end of the f i l e  is reached. 

On the completion of each frame an as ter isk w i l l  be 

displayed a t  the terminal. I f  an e r ro r  is encountered the 

program stops automatically. One of a limited number of 

e r ro r  messages w i l l  be displayed along with co-ordinates 

i n  error .  The e r ror  messages are largely se l f  explanatory 

and are shown underlined i n  the program l i s t i n g  i n  Appendix 2. 

The frame containing the e r ro r  can be located on a l i s t i n g  

of the f i l e  by counting the as ter isks  printed o r  displayed 

a t  the terminal. MIKE8.BAS appends the l e t t e r  ' 0 '  t o  the 

f i r s t  par t  of the f i l e  name of the processed f i l e .  In 

order to  do t h i s  the f u l l  f i l e  name, including the ".DATW 

extension, has t o  be specified when the program is run. 

4.3 Record Continuity 

The continuity of the data obtained from MIKE8.BAS can be 





checked using MOPCIiK.BAS which looks f o r  records which 

have time co-ordinates that  are out of sequence. This 

tends t o  occur on the steeply r i s ing  limbs of s t o m  and 

is again re la ted t o  e r rors  i n  misplacing the d i g i t i s e r  

pen. The program processes the complete data f i l e  and 

displaya erroneous co-ordinates along w i t h  t h e i r  respective 

l i n e  numbers. The f i l e s  can then be edi ted a s  required. 

4.4 Conversion of co-ordinates t o  Flow and Time 

This is achieved using the program VFM1.EAS. The time 

axis can be converted from mm to  time i n  seconds simply, 

as  15 mm = 6 hours on the weekly charts. 

Stage heights can be converted t o  flow using the 

experimentally derived relationship of 

loglO H = 0.4002876 x loglO Q + 0.74429 (1) 

where H = head of water (= stage height - datum height) cm 
Q = flow l/s 

Alternatively, and t o  cope with sharp r i s e s  i n  stage height 

flow may also be computed using an integration of the 

hydrograph curve derived by D Moss a t  Bangor. The 

conditions s e t  i n  the program for  the choice of formula 

are for  two consecutive values of head, h i  and h2: 

I f  (h2 - h i )  6 0.2 ((h2 + h)/2) then equation 1 above is used 

I f  @2 - h i )  > 0.2 (<itZ + hi)/2) then the integration technique 

is selected.  



These l i m i t s  were selected on theoret ical  grounds /hiring 
the derivation of tpe hydrograph integral .  I 

Flow data from VFIX)P.BAS is formatted as  sham i n  

Thus f o r  the f i r s t  l i n e  of data i n  Figure 6, the t 

flow was 2983.55 1 t o r  5759.51 seconds, equivalent t o  a 

discharge of 0.52 l/s for  a period of about 1.6 ho rs. I 
The flow data f i l e s  are given the same nomenclatu as 4 
the or iginal  d ig i t i sed  data f i l e ,  except that  a 

" .I"" 
extension is used. 

MIKE8 
i .e.: C4Dl.DAT -) C4DlO.DAT 

4.5 Hissing Data 
I 

For small catchments of s imilar  s i ze  and topographs and 
I 

i n  close proximity t o  one another, the discharge platterns 

measured during the same time period are often clopely 

re la ted  (M. Newson, pers. comm. 1981). This obserkation 

has been used as  the basis  f o r  deriving values for /  missing 

data i n  the weir hydrograph records. Values of inbtantaneous 
I 

discharge f o r  two weirs recorded a t  approximately /the same 

time (within 4 

program XYPLOT.BA8. Generally, correlations gre 

0.9 have been 

equation produced has then been used i n  conjuncti 

flow data from one weir t o  generate values f o r  

fo r  the other weir. This technique has only been /applied, 

however, t o  s i tua t ions  where one o r  a t  the most t ee i 



consecutive w e k s  d a t a  have been absent .  A simple program, 

GENFLO.BAS, has been w r i t t e n  t o  perform these computations. 

The output  c rea ted  by this program is compatible wi th  t h a t  

from VFLO1.BAS. 

4.6 Data summarisation 

When the  values f o r  missing d a t a  have been computed a l l  

t he  flow d a t a  f i l e s  can b e  merged us ing  the  PIP u t i l i t y ,  

t o  c r e a t e  one f i l e  conta in ing  a sequen t i a l  record of 

stream flow. This  information can be summarised us ing  

FLOSTAT.BAS. This program w i l l  produce mean, minirmun and 

maximum flows i n  litres p e r  second f o r  per iods  between 

s p e c i f i e d  week numbers. There is an add i t iona l  opt ion  t o  

c r e a t e  a f i l e  containing t o t a l  weekly flows i n  litres 

which can be displayed g raph ica l ly  using l o c a l l y  ava i l ab le  

p l o t t i n g  programs. 
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Appendix 1 

Instructions fo r  MOP Users 

Check switch is i n  VDU posit ion on aluminium base. 

Log i n  normally:- 

Type KEL HORNUNG 

Password Mike 

then MOP W2Dl.DAT = TI: + 
f i l e  name 

2. Set  up 'MOP-2':- 

Press 'CLEAR' u n t i l  a l l  zero's a re  displayed 

t .SET' 

" 'SEND' 

" 'X ,  Y CO-ORD' 

" 'ENTER' 

" ' X ,  Y CO-ORD' 

" 'DISCRIM' 

* Switch t o  MOP posit ion on aluminium base 

In se r t  t r i p  number, e.g. 036, 104. e tc .  The t r i p  number w i l l  

not be displayed. P lo t  corner co-ordinates of frame 1 with 

Den I N  THE ORDER: BL, TL, TR, BR 

Press '9'  (on MOP terminal) 

P lo t  'crosses'  on frame 1 

Press ' 1' 

" corner co-ords of frame 2 

Press '9' 

P lo t  'crosses '  on frame 2 

Press '2'  



Plot  corner co-or& of frame 3 

Press '9' 

Plo t  'crosses' on frame 3 

Press '3' 

In se r t  next t r i p  number and repeat the above operation arith 

the corresponding chart.  I 

NB HIGH PEAKS 

Plot  highest point within frame and then press '0' ' I  
Plo t  second point, followed by ' O r ,  e.g. I 

3 A t  the end of the  f i l e ,  switch back t o  VDU posit ion 

Then 'CONTROL 2' t o  CLOSE f i l e  

4 To RE-OPEN f i l e :  - 
TypeMOPW2DlDA TI:/@ T= 

f i l e  name 

5 For print-out: - 

Tgpe BAS (CR) 
OLD (CR) 

old f i l e  name DU): [1,54J COLUMN,BAS 

Number of columns t o  be output 4 

When READY, type RUN 

To get back i n t o  'MCR', type BYE 



6 Alternatively, for s ing le  column print-out type PIP 

f i l e  name 

NB Remember t o  log off  by typing BYE, when day's f i l e s  are 

closed. 



Appendix 2 

MIKE8.BAS Squaring Program 

Notes on running the program (see Fig. 7 )  

i )  In response t o  "File name"? prompt, i t  is necessary t o  ed ter  f u l l  

f i l e  name, i.e. including ".DAT" extension. 
I 

i i )  In response t o  "Registration terminators (1) o r  not (2)" 

enter  1 as the MOP data has terminators a t  the ends of t 

co-ordinates and the d ig i t i sed  data. I 
i i i )  Error messages 

I 

a) "error i n  co-ordinate pa i r  . . . .". This is f a i r l y  sel4 

explanatory, often due t o  a misplaced character. 

b) "Syntax Error i n  frame terminator". This again is se l f  

explanatory and may again be due t o  a misplaced charactet. 

c) "Frame not square; opposite s ides  unequal". The prog$am 

attempts t o  square correct frames t h a t  are  not square. $onever 
l 

i t  can only operate within cer ta in  defined l i m i t s  of acc racy " 
i n  the or iginal  data. This e r ror  message suggests a gro s i 
mistake i n  one or more of the frame co-ordinates. I 
d) "Frame not square; anglee inconsistent". Again the p 1 ogram 

I 

can only operate within cer ta in  l i m i t s  of accuracy i n  thd or iginal  

data. A s  above, t h i s  message implies tha t  there  i s  a gross e r ror  

i n  one o r  more of the frame co-ordinates. The angle subtended by 

the s ides  of the frames are  too f a r  from 90° t o  be correQted 

by the program. 

Note on other processing programs. I 

The processing programs MOPCRK.BA8, VFM1.BAS and FMSTAT.BA are a l l  1 



re la t ive ly  simple programs and therefore have not been l i s t ed .  011 

the Public Disc of the Bangor PDP-11 they are stored under UIC DLI: [loo, 151. 

- 
They a re  a l so  maintained as copies on DEC tape and paper tape. 

XYPU3T.BAS and COLUMN.BAS are  local ly  available general purpose programs 

for  p lo t t ing  and pr int ing data f i l e s  respectively. They are retained 

on the  System Disc of the PDP-11 under DL@: [lf3$3,54]. See also Bangor 

Software Notices numbers 8A  and 12. 



Fig 7 MIKE8.BAS Program List ing  

10 REM.**FROGRAM TO HANDLE MAP REGISTRATION FROM MOP-2 DIGIT SER 
20 REMb..MIhE6.HAS G. L .RAIIFORII JAN-1980 

40 GOSUH 170 \ REM...INITIALISE 
50 GOSUB 60 \ GO TO 590 
59 REM TO HANnLE REGISTRATION 

1 
30 REM.. +THE PROGRAM REQUIRES INPUT FROM A FILE CREATED U N I I E ~  F'IP 

60 E=O \ T9=0 \ FOR 1=1 TO 3 \ IF END I1 THEN 810 \ LINPUT I4:AS 
62 T ~ = T ~ * ~ O + V A L ( S E G $ ( A $ , ~ Y ~ ) )  
63 NEXT I 
65 EsO \ PRINT '*'i \ FOR I=1 TO 4 \ LINPUT *I:*$ \ GOSUH 3 4  \ IF E=O THEN 80 
70 PRINT 'Error in coordinate pair: ';A$ \ STOP 
80 NEXT I \ S(l)=Yt2)-Ytl) \ S(2)=X(3)-X(2) \ St3)=Y<3)-Y(4) \ S(4)=X(4)-X(l) 
85 H9=H8 \ H8=S(4) 
90 XO=X(I) \ X9=X(4) \ YO=Y(I) 
100 IF ABS(S(3)-S(l))i5 THEN 120 
110 PRINT 'France not sauarei opposite sides uneaual' \ STOP 
120 IF AHS(S(4)-S(2))1=5 THEW 110 
130 GOSUH 470 \ REM.+,COMPUTE ANGLES 
140 I=i \ IF F2=1 THEN LINPUT tl:A$ 1 
141 RETURN I 
150 REM*****************************************************M** 
160 REM...TO INITIALISE - - - ---- 
170 HlS='Frame not sauarei ahrles inconsistent: ' 
180 UEF FNA(X)=Xl*COS(A2)-Yl*SIN(M) 
190 DEF FNB(Y)=Xl*SIN(A3)+Yl*COS(A2) 

~ ..- ~ -~ 

200 DIM A(4)rX(4),Y(4) 
210 AO=4 \ LO-4 \ REM.. .MATCHED LIMITS FOR ANGLE AND LENGTH 
220 SlS='O 0.' \ A1=0 \ S=0 \ Sl=0 \ S2=0 
230 PRINT 'File name 'i \ LINPUT X5 \ F=PDS(X~,'.'PI) 1 
240 IF P=O THEN 230 i 

4 250 OPEN X5 FOR INPUT AS FILE I1 \ XS=SEG~(XS~~PP-~)~'O'SSEG (XS,P,200) 
360 OPEN X5 FOR OUTPUT AS FILE I2 
265 PRINT 'Re9istration terainators(1) or rsot ( 2 )  'i \ I N P U ~  F2 
770 UFTllRN 

290 REM...TO CHECK A COORD LINEISALVAGE AND PARSE 
300 H$=A5 
320 P=POS(BSI'+'~~) \ IF P=l2 THEN 360 
330 IF P.:;8 THEN E=l \ RETURN 
340 IF Pi12 THEN R5=SEG$(H5~2r200) \ GO TO 320 
350 H$=SEG5(Sl$~l.l2-P)8RE 
360 IF SEG$(R$.1.4)<3Sl5 THEN 390 
370 IF SEGS(H5~15.19)0' 4 0.' THEN 390 
380 IF SEGS(BSr30.31)=. 5' THEN A$=R5 \ GO TO 410 
390 E=l \ RETURN 



MIKE8.BAS Program List ing  - continued 

400 REN...PARSE A CORRECT LINE. COORIlS ROUNDED TO 1 PLACE 
410 X(I)=VAL(SEG$(A$~3rl4))*10 \ X(I)=(INT(X(I)t.5))/10 
420 Y ( I ) = V A L ( S E G $ ( A $ , 1 8 r 2 3 ) ) * 1 0  \ Y(I)=(INT(Y(I)t.5))/10 
430 RETURN 
440 REMLL*$* * * * *$ * * *L * tL tY* * *$X* * *$ *L* * * * *L I * * * * * * * * *$ *$ * * * * * * *  
450 REM.+.TO COMPUTE ANGLES IN IIEGREES 
460 REM...CALCULATE TANGENT OF ANGLE 
470 A(l)=X(Z)-X(l) \ A(2)=Y(2)-Y(3) \ A(3)=X(3)-X(4) \ A(4)=Y(l)-Y(4) 
480 REN...CONVERT TO ANGLES IN DEGREES 
490 FOR J=l TO 4 \ B(J )=ATN(A(J ) /S (J ) ) *18O /F ' I  
500 IF J=l THEN 520 \ IF AHS(H(J)-H(J-l)).::=AO THEN 520 
510 PRINT Nl5iH(J)iH(J-l) \ STOP 
520 Al=Al+B(J) \ NEXT J 
530 IF AHS(R(4)-H(l))~:=AO THEN 550 
540 PRINT NltiH(4)iH(l) \ STOP 
550 AI=A1/4 
560 A2=kl*PI/180 
570 RETURN 
580 R E M X * * * * * * * * * * * 6 t $ * X X * $ . Y ~ * * * * * * * * $ * 0 * X $ ~ * * * * * * * X * * * * * * *  
590 HEN 
600 IF END a1 THEN 8 1 0  
610 LINPUT #l:A$ \ If POS(A$,'+',l):>O THEN 650 
620 IF SEG$(A$rl,3)='0 . THEN 640 \ IF SEG5(A$,6,6)='6' THEN 640 
630 IF LEN(A$)=I THEN 810 \ PRINT 'SYNTAX ERROR IN FRANE TERMINATOR: ';A* \ STOF' 
6 4 0  T ~ = U A L ( S E G ~ ( A $ I ~ , ~ ) )  \ IF T1=3 THEN GOSUH 60 \ GO TO 645 
6 4 2  GDSUH 6 5  
645 02=02+H9 \ GO TO 600 
650 GOSUH 300 \ IF E=O THEN 670 
660 PRINT 'ERROR IN COORDINATE PAIR: ' ; A $  \ STOP 
670 Xl=X(I) \ Yl=Y(l) 
680 REM...TRANSFORN W.R.T. FRAME ORIGIN 
690 Xl=Xl-XO \ Yl=Yl-YO 
700 GOSUH 790 
710 IF X3-:0 THEN X3=0 
720 PRINT #2:T9i'r'iX3+02i'.'iY3 
730 GO TO 600 
~~~ ~ - 

760 REM**XX.$*X*****L*****1:********** 
770 REN 
780 REN...TO ROTATE AXES 
790 X3=FNA(Xl) \ Y3=FNW(Yl) 
SO0 RETURN 
810 END 



Appendix 3 i 
I 

I t  was mentioned e a r l i e r  that  the flow data have been used i h  conjunction 

with stream water chemistry t o  calculate solute losses from xperimental f 
catchments. For completeness, therefore,  the simple flow ch rt i n  t 
Figure 8 has been Included t o  out l ine the ray i n  which the lbss of 

material  i n  solution may be computed f o r  a gauged catchment.' i 



Weir Charts 7 
Sequential data of n records 
of volume of water V i  (1) f o r  
time period T i  (secs) 

For each record convert 
volume V i  t o  flow Q i  = 

Stage Height Water Analysis 

I re la t ing load (mg/s) 
t o  flow (1/s) I 

Summate loads for  the n r--'--7 

I I 

records of flow 

Catchment Area ms* L i  fo r  time T = !: T i  
I., 

To give output i n  Kg/ha 

Flow data of n records as  flow 
Qi (1) f o r  time period Ti (secs) 

] for  time period T weeks I 

For each flow record 
compute load L i  (mg) 
fo r  time period T i  (secs) 

Figure 8 

Flow Chart Describing Stages i n  Processing Stream Flow and 

Chemical Data for  Computing Solute Losses from a Gauged Catchment 




