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Abstract 

Au'toma'te‘d data processing techniques were intro- 
duced in_ the Water Survey of Canada in 1966 along two 
fronts: (a) computation of streamflovvg dea_‘t'a using a dig- 
itizer, and (b) storage of hydrometric data on magnetic 
1398-

’ 

General procedures for the collection, computation 
and publication of basic hydrometric data are explained. 
However, the main purpose of this report is to summa- 
rize the events leading to automation and the fa‘ctors‘and 
problems involved in the se|ect_ion a_nd implementation 
of the system as it now exists. 

Résumé 

Des techni_ques au'tomati‘se'es pour le traitement de. 
l’inf,ormation ont été introdujtes, en 1966, a la Divi_sion' 
des relevés hydrologiques du Canada. Elles ont porté sur 
deux plans: (a) le calcul des données sur l'écoulement a 
l'aide d'un convertisseur numérique ét (b) le stockage de 
données hydrométriques sur rubans magnétiques. 

Les méthodes générales de collecte, de calc_u| et de' 
publication des données hydrométriques fdndamentales

_ 

sont décrites. Cependant, le but p,rin_cipal‘d‘e ce rapport 
est‘ de faire Ie résumé des événements qui ont conduit is 
l'automa'tion, ainsi que des pfoblémes 'et des facteurs 
relatifs au choix et a ‘la mi_se en oeuvre d_u sy‘stém_e tel 
qu'il existe. 

6 
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Glossary 

Co"mput'er Program — a sequence of instructions that 
tell a computer exa_ct_|_y how to handlea specific proce- 

‘ dure or problems. A computer language is a defined set 
of rules for communicating with a computer, e.g. CO- 
BOL, FORTRAN, ALGOL, PL/ 1, assembler. 
Discharge Measurement 5 the determination of the 
rate of flow of water in ‘a river, using specialized equip— » 

ment to measure the ‘width and depth and the velocity at 
se.v.e1ra.| r>.0i'fi'.tsi in a»c.ros.s=sectiion.

, 

Flowchart — a graphic representation of the logic se- 
quence Qf Prb¢éd‘Ur3| SIGPS byiwhlfih data" are P|’QC.eSSed- 
Gauging-Station —»a location where systematic records 
of.‘ stage and/or discharge (streamflow) are obtained; 
a.l§o referred to as 3 "H[Yd.r0.met.ric Station". 
Hydrograph_~—- a graph showing the stage, discharge, 
velocity or some 6t|'i‘er"pr‘6perty of water in relation to 
time. i 

i 
'

W 

Hydrometric Data —- _a 
n'u‘me’ric record of surface water 

flew and./er-Vwater level of 'ri.ve..rs and lakes. Data are 
expressed in various time intervals, e.g. instantaneous, 
daily, monthly or annual. 
Magnetic Tape —. a, plastic half-inc_h wide tape coated 
with‘if.err'ous oxide-which permits retention of small mag- 
netized areas which are recognized as characters by a 
computer.-A cha'rac‘te”r (or byte) is’ represented by spe- 

cific combinations of bits along 7 or 9 tracks (or chan- 
ne|.s)- Data density is identified, as bpi (bytes per i.nc.'h). 

usually 556, 800 or 1600. «
. 

Optriicajl Chara_cter Recognition (OCR) -—~ the identifi- 
cation of graphic _c_h_aracters, typed in-a specific font and 
format, by a photosensitive device (Page Reader); the 
‘Characters are translated and used directly fol’ Cbm'puter' 

"
. 

process_i_n g . 

Pencil Follower —- a manually-operated electronic de- 
vice which converts data on maps, drawings or analog 
charts to digital form for computer processing; also 
called a "digitizer".

r 

Photo‘com'p'osition — the exposure of character images 
from magnetic tape onto photosensitive paper-"using a 
digital computer and ,a, cat_hode ray tube pjrinter.

’ 

Stage the h..e.igh.t. of the water s_.u.rffa<.:e as re.fe.rred to a 
standard datum; used interchangeably. with "gauge 
height" and "water |eve|".‘

' 

Stage-Discharge Relationship — the relation between 
the water level and the discharge at ag'auging station, 
expressed as a volume "per. un.it of timer ' 

Water Level Recorder .— an instrument that records 
water. levels in graphical or digital form-. It may be actu- 
ated by a float or, by any one of several pressure 
systems. ' 

vii



Introduction 

The Water Survey of Canada has been collecting 
and 'pub|iZsh.in9 st.’fea.r)h.f|‘0w and water. level data on a 

7 

regular basis since about '1 908. 
The present active hydrometric network consists of 

approximately 2300 gauging stations, exclu'ding_those 
c3.>'i;ie.rated by the .Prt>vi;n_ée of Quebec who have conduc.te.d 
their own hydrometric surveys since 1964 and exclud- 
ing also some 200 stations for which data are supplied 
by cooperating agencies. Basic data are col|,ected and 
computed by District; Office personnel at Vancouver, 
Calgary, Regina, Winnipeg, Guelph and Halifax and an 
Area Office at Montreal. The computed data are for;+ 
warded anjrtually‘ to Ottawa, where they are stored on 
magnetic tape and m_ade available in published form. In 
1973, the total staff engaged inthese surveys in the 
Districts and in Ottawa was approximately 330. 

Water data are essential for evaI,uat_in_g water sup- 
plies for t_:_it_ies,« idndustries, irrigation and recreation: de- 
signing structures to control and conserve water; devel- 
oping guidelines for provincial, national and international,

_ 

administrations gregardirig llicencing and permits for 
water use; determi_ning'potential hydropower; flood fre- 
quency studies; water quality monitoring; geomorpho- 
logical studies: and for other types of water management 
studies. For some of these uses, data are required on 
demand, for others at intervals of a few days or a few 

QHAPTEB 1 

“ months and for ‘others such as design and research, the 
data are most useful after several years of record have 
been obtained. 

The user must know what- records are available 
and the system must allow him to extract specific infor- 
mation for analysis. Heusually ‘needs this iiifo'r?i1ati‘ori 

quickly. To achievé the full benefits .fr_om:co_mp|.ex statis- 
tical and analytical techniques, the data must be availa- 
ble in computer-compatible form. With these considera- 
tions in mind, the Water survey of Cajnada dfecided i_n 

1966 to develop au,to'mated methods to improve the 
service to data users. The Data Control Section in Ottawa 
was established to develop, implement and control stan- 
dard p'roce’du’res'for the c_omp'utat_io_n and p,ubI:iea_tion of 
hydrometric data; to supply data on punched cards or 
magnetic tape for computer processing;- to maintain .a 
Gauging Station'Inventory; and to rev'i'ef'w”'h:i$torica_l _h__y. 
di"ome’tr'ic data to e_x'pose_ significant errors in original 
computations and interpretations. 

I V

i 

Automated procedures for the computation and 
publication of hydrometric data are now‘ opefrational in all 
Districts. The purpose of this report is to summarize the 
events lead_ing to automation and the factors and prob- 
lems involved in the selection and implementation of the 
system as it now‘ exists. —



lHyd_rtoometric Flielfcl lPlro,c:eduires 

Since this report contains a description o_f- the vari- 
ous factors involved in the development of automated 
p,ro<T:‘_ed'ures for handling data,. it would be useful to re- 
view briefly the vtechjrtiques and eonsfi‘deratibn‘s involved 
in the field work that. generates the data. 

$>E'l_.EC'T|ON OF GAUGING STATION SITE 
' 

_ 

Streamflovv 'd_ata are often required at a site where 
certain hydraulic ‘conditions are not suitable for an ideal 
’hy‘dr6'rn‘et‘ric‘ station. A

' 

The site for measurement of stage should be close 
to the site fort-measfurerfienty of discharge and should 
have the following ideal characteriysticsu: 

‘1. Stable channel bed and banks (not subject to 
scour or deposition). ,

‘ 

2. In a st_raig”ht reach, preferably in a pool upstream 
from a natural ri_ffl_e or rapids (not subject to re- 
verse "flow or -angle of flow or b_an_k«ove_rfl_ow dur- 
ing‘ flood flows) and ‘suitable for locating two or 
more au_x_i|_iary gauges to dete’rmin'e water slope if 
required.-

' 
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3. Suitable for installation of an artificial‘ control, if 

desired. 
_ A 

4. The discharge measurement section should be 
suitable for wading (for low flows on srjnal:l 

streams), measuremenfthrough an ‘ice cover,- 

inostalllation of a cafb|ew‘ay ean'd.there should be no 
sigrlificant inflow between) the r_rieasurerlierlt.sec= 
.tio'nj and the gauge 

5. Far enough.ups'tream from‘ a confluence with 
\ another stream to‘ravo]id._backwaft'er? conditions. 

6. Uniform vertical” and transverse velocity and 
depth distribution (velocity not tootslow, depth of 
water not too 's_h_a1l_c;$w or ir'reg‘uIar and stream‘ not 
too wide if also shallow). — 

7. Other to be considered are: 

(a) accessibility by ‘road .or air, particularly during 
win,te.r for flood p‘§rlc?>ds, 

(b) availability of hydropower:-or telephone li:fié:Sr - 

re) availability of an observer.
’ 

Of course, all t_hes_e. conditions are almost" never 
present at any one location. l,n.any case, gagging sta.- 

‘ 
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Figure 1. Typical field instalvlation.



t_'it'{)r'1s (must be visited‘ periodically to ensure that accurate 
records are obtained;. Therefore, avai_labi_|ity of staff a_nd 
funds have a direct bearing on the reliabilityof hydro- 
metric data. ,J 

- DESCRIPTION OF FIELD INSTALLATION 

A typical field in_sta|lation consists of a manual or 
recording gauge to_obtain a water level record and a 
bench mark to maintain the gauge datum (Fig. _1). Dis; 
chargé rfieasurements are made by wading, or from an 
ice cover, bridge or cableway (Figs. 2 and 3), by boat or 
catamaran, or by indirect determination. An artificial 

control may be c'onstru‘cted to stabilize the stag'e—c}_l:is- 

charge relation during low flows. The stage—disc_harge 
’ relationship at a gauging station is usually illustrated by 
a curve plotted through points representing measured 
discharges for corresponding water levels over the entire 
range of stage for the station (Fig. 4). By means of this 
curve, the discharge at the station at any particular time 
can be determined, once the relationship has been es- 
tablished, simply by reading the discharge from the 
Curve oppos,i_te the water level at that time. Allowance 
must be made of course for conditions“at'the site which 
may "from time to time affect the stage-discharge 
relationship.

' 

. {l_\__/l'a_n_u_a_l gauges are usually read once daily by an 
observer (more. frequently during flood periods) and this 
reading is assumed to represent the mean water level for 

_ 

Fig“.-9 2__ Ga.,9;_,.g sm;.,,._ 
the day‘. Retransmission of water levels by satellite is 

now in the e‘xperimenta_| stage. Water levels may be 
measured by any of the following methods: 

1. Graduated staff gauge installed i_n t_he stream or 
on a structure. 

CABLEWAY 
CABLE CAR 

my — 

' I 

CURRENT METER 
, 

A 

. WATERVLEVEL: _ 
souuome WEIGHT 

, X0 

- VELOClT’Y"OBSERVATIONS 
01-. AT 0.6 ‘or THEDEPTH 
X—AT 0.2 AND 9.5 of THE DEPTH /Q1A 

Figure 3. River cross-section showing distribution of observation points.



2. Slope gauge (an inclined staff gauge installed on 
the river bank). 

3. W_ir_e-weight gauge mounted over the’ water sur- 
faceion a bridge ("or as a cantilever on the river 
bank’ (another variation is the electric: tape 
gauge). , 

' “ 

4.’ A reference pointonva structure may be. used to 
‘measure the» dist_an'ce to- the (water surface by 
mfeeng at a_ graduated‘ red or ta'pe.'The Water level 
may also befldetermiuned bv pr_ec'is_e levelling from 
a bench mark. .

g 
<‘2urve No. 3 

Ch 

STAGE 

IN 

FEET

A 

Discharge Measurement‘ 
Ice Conditions 

o" 500 ’ 
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I000 I500 
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Figure‘ 4. Stagedischarge relationship. 

There are two basic types of water—|evel recording 
gauge, graphical and digital. The graphical Stevens type 
A—35 (Fig. 5) or the more recent A-71 recorder has 
been selected as the standard in the Water Survey of 
Canada. The scales most commonly used are 1:6 for 

stage and _2.4 in./day for time. The recorder (either 
graphical or digital) may be actuated by a float or pres- 
sure system. The f|,oat—actu,ated, type requir'e's_ the instal- 
lation of a stilling well and intake, usually a flushing 
system and possibly an.oil cylinder, frost floors or heat— 

. ing cables for winter operation. Several pressure-actu- 
ated systems a_re i_n use, all of which require the purging 
ofygas (usually dry nitrogen) from a fixed orifice in the 
streaffibed. The static pressure in the gas purge system 
is proportional to the head of water over the orifice. This 
pressure is convened to pen movements by a servo- 
ma_n,omet_er, a pressure bellows, or a’. servo-beam 
balance. 

/ 

DETERMINATION or‘ STREAM DISCHARGE 

Discharge measurements are required to define 
the sta‘g‘e-discharge relation or to deterrnine the shift or 

backwater effect. In simplest terms, the discharge of a .. 

stream at a particular site at a specific, time is the product 
of the cro'ss-sectional area and the velocity of the water 
‘through it_ and is expressed as cubic feet per second. 
These discharge measurements, stage records ‘and lev-. 
elling ‘results are used in computing a continuous record 
of daily d_i_sc_har‘ges, from which values of monthly, an- 
nual and |ong—term means are derived, . 

A 

.
- 

Discharge measurements are made by the current 
meter method, ‘tr’acer's, volumetric method or by indifrect 
determination. Various techniquesfor ind_irect deter,mji;= 
nation are used with varying degrees of reliability, 

among them the slope-area method, dye dilution, flow 
overdams or weiirs-, etc. The cur‘ren't meter‘ ‘method’i's by 
far the most commonly used and ,requ_ires' the measures 
ment of stream velocity and depth at selected verticals in 
a cross-section. The Price No. 622 Type AA current 
meter is the standard in use in the Water Survey. of 
Canada for measuring .str_eam velocity. Velocity obsere 
vations are obtained in at.|east 20 verticals in the cross¥ 
section at 0.2 and. 0.8 of the depth be|ow_,the-water 
surface; i_n shaullower water? Qne observation is obtained 
at 0.6 of the depth. The average of the 0.2 and 0.8 
observations or the single observation at the 0.6 depth is 
taken as the mean velocity in the vertical (Figs. 3 and 6). 
The width of each segment is measured by tagline or 
from markings, on the cableway or Bridge; the depth is 
determined by graduated. rods where measurements are 

Figure 5. Water level recorder (Stevens Type A-35).‘



made by wading or from an ice cover, otherwise by 
using sounding weights suspended from a measuring 
c,ra_n.e._ The flow in each Ségrhent is computed from these 
observations; the summation of the flow in each of these 
segments gives the total flow in the cross—section. 

’ WATER SURl-‘ACVE 

DEPTH 

.8 

_ _ 
D ,or-imv‘i::-R 

sf \V 
‘

_ 

Figure 6. Vert_ica_I distvribution of velocity. 

The measurement of stream discharge is particu- 
larly difficult during flood periods, in tidal reaches and 
d_u_rin_g winter conditiovns (especially if slush is present). 

DESCRIPTION OF BASIC HYDROMETRIC DATA 

About ten discharge measurements are obtained 
annually at each streamflpw gauging station. Various 
pa.rarh.e.ter.$ aré .r'h.easu.red.t the results. of which, although 
they are not published, are available to the user. The 
parameters are as follows: V

‘ 

1. Depth of water for at least .20 points to obtain the 
cross-sectional area of a ‘river. 

AUGUST I Z 3 4 

2. Velocity observations i_n each vertical where the 
depth is measured. 

3. Air and water temperature at the time of the 
measurement. 

4. Ice thickness in the cross—section. 

Two types of water level records are obtained at 
the field installation: 

1. Continuous graphical charts u_si_ng a water-sjtjage 
recorder (Fig. 7). 

2. Individual water level readings, u'sually'-once or 
twice da'_i_ly, by a_n observer living ,near t_he gauge 
ing_ station. 

‘The following hydrometric data are computed, ei- 
ther manually or by computer program, from the basic 
field observations: 

1. Daily water levels and daily discharges. 
2. Instantaneous water levels and/or discharges at 

selected time intervals (usually hourly). Although 
these may be extracted manually from g’r'a'p'hicfa| 

charts, they are also available ‘au'tor_"nétic:al|y if 

these charts have been digitized. 
3. Annual maximum instantaneous water levels 

and/ or di_sch,a_rges. 
4. Daily discharges are used to give tabulations of 

annual m«ix.im.uLm and r.h.i.ni.murh daily d.i.sc.ha.rge.s, 
monthly and (annual means in cfs and total ac—ft, 
and long—term means. These are obtained using 
compute‘r ‘programs. - 

5 6 1 8 - 9 

Figure 7. Water level chart (reduced from original size).



History of Automation 

BACKGROUND 

In the early sixties it became apparent that im- 
proved services had to be provided to users of hydro- 
metric data. Automation was the obvious answer to re- 
duce the delay between gathering and publishing data 
and to provide the data in a form more readily usable by‘ 
computers, which were being used increasingly for hy- 
drologic studies involving large amounts of data. Figure 
8 shows the rate of growth in the number of gauging 
stations. Evaluation and ‘selection of an automated data 
processing system, however, was influenced by various 
con‘strain't_s and guiding principles. 

The Water Survey of Canada is grateful to the 
United States Geological Survey for their cooperation, 
advice and assistance during evaluation of various sys- 
tems and procedures. The USGS adopted and started 
implementing a digital recorder system about 1960; 
about the same time they also started storing streamflow 
data on magnetic tape.. Through correspondence and 
also during visits to Washington from 1965 to 1967, 
the Water Survey of Canada gained considerable 
knowledge about automated data processing tech- 
niques, problems and pitfalls. Mainly because of com- 
puter incompatibility and departmental constraints, 
however, USGS computer programs could not be used 
on the computer avai_labl_e to the WSC (the USGS was 
reorganizing its computer services and using PL_/1 as the 
programming language).

g 

During 1965-66, two approaches to automation 
of daily discharge computations, were considered: (a) to 
replace 800 graphical recorders with digital recorders: or 
(b) to retain the graphical recorders and d_igit_ize the re- 
sulting strip charts. When the USGS selected the digital 
recorder system, digitizers without overhead impedi- 
ments had not been developed — some agencies in the 
USA are now using digitizers for streamflow computa- 
tions. In any case, it should be recognized that condi- 
tions i_n Canada and the USA are not the same from a 
data collection point of view, and that certain factors 
such as cold weather operation, accessibility of stations, 
price of equipment, type of installation, etc. would affect 
the evaluation to a different degree; and also that a 
digitizer (without overhead arms) was not available until 

CHAPTER 3 

the mid—sixties. At the time, the reliability of the analog- 
recorders in use was significantly greater than that of the 
digital recorders. 

Finally, when additional staff and funds were pro- 
vided in 1966, the Water Survey of Canada embarked 
on the .implementation of two major aspects of 
automation: - 

1. Computation of daily discharges using a digitizer. 
2. Storage and retrieval of historical hydrometric 

data on magnetic tape. 

GUIDINGPRINCIPLES 
The main guiding principle in the selection of an 

automated system was-that existing equipment and pro- 
cedures should be used as much as possible and that "the 
computer should be used as a tool to achieve the desired 
improvement in service to users, of hydrometric data. 

Further, computer programs should be as ma- 
ch_ine-independent as possible, ‘especially for scientific‘ or 
digitizer _applic_a_tions, and shgiijlq be w’ritt_e’n_ to reggae 
complexity in keypunching instructions, procedu,r.e.s for 

documenting and digitizing recorder charts‘ and any set- 
up for computer runs. 

Data computations would continue to be per- 
formed at. the District Offices and data files and publica- 
tions would con'tin_ue to be handled at Ottawa. 

The system introduced many years ago for identi- 
fying gauging stations has been retained and is being 
used also in the storage and retrieval of data. Each 
gauging station is assigned a‘ unique seven-character 
identification. The station numberin'g system begins with 
the division of Canada into eleven major groups of river 
basins. These main divisions are subdivided, following 
heights of land within the division, with a‘ letter assigned 
to each subdivision. Each subdivision is further divided 
on drainage basin boundaries and assigned, a_ second 
letter, e.g_. 5BD. Stations in this sub-subdivision are 
then assigned numbers in c_hronologica| o_r‘de‘r of date of 
establishment, independent of stream order. Thus, using 
the seven-character identification system, O5BDOO7 is 

the seventh station established in sub-subdivision 5BD; 
1 1AA033 is the thirty-third station established in sub"- 
subdivision 1 1AA, and so on.
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GENERAL DEscRi,P'rIoI_\I, OF DIGITAL RECORDER 
SYSTEM 

Duringthe late fifties and early sixties, the USGS 
developed and implemented an a'u‘tor‘nated syste_'_m for 
the c'o'm”p'uta’tion' of strearrjflow d_ata,« the basic compo- 
‘nen'ts of which are _a digitalsstage recorder, a paper-tape‘ 

‘ 

a_to_r and a genleral-purpose digital computer.~ 
The digital ‘recorder is a tba'tte_ry-O_p’e.r.a.ted slow- 

speed gpaperatape punch which records a _4-digit deci- 
mal number on, a '16—channel paper tape at preaselected 
time inte'r\/\a‘ls. The paper‘-:t_ap’e fojrrnjat' is a unique con- 
fi‘gu_ra,t_i'on_ vv_h‘_ich_ req_u_ir_es rearrangement (translation) for 
input’ to any digital computer, The digital ‘recor‘d_e_r can_ 

' also be op"e’r_ated from other types ofpower supplies. 
Other digital re,corde.r,s are now available which punch 

data on 5—channeI paper tape suitable directly as input 
to digital computers. Briefly, the digital reco‘rde',r‘..syfstem 
investigated for possible use in Canada in j] 9‘65'1e66 was 
as follows:

A 

1. River stage would be punched, ‘usually at 15; 
minute‘ intervals, on 16-ch"an‘néI paper tape by 
the digital recorder in the gauge shelter. The tape 
would be removed by field" 'pers,orm_el every 41v — 
2 m_onths. 

A

- 

2. The tape, tape corrections, gauge and shift cor- 
’ 

'rections, and the appropriate stage.=di:scl'j:a]_r’ge 

table would b'e’fo'nIva‘rded to Ottawa or a_Regiona| 
office from the District Office. 

3. The data from the 16-channel tape would be 
translated onto 7-channel paper tape suitable for



input into the digital computer. The information 
on‘ corrections and the stage.—discha_rge table 
would be manually punched on paper tape with 
an add—punch machine. These two tapes would 
comprise the input data to the computer. 

4. The computer would convert each instantaneous 
reading of river stage to a d_isc_harge value by a 
table look-up routine. Daily mean values of 
gauge height, discharge and equivalent gauge 
height would be stored on magnetic tape. The 

‘ printed output from the first computer pass would 
consist of a primary computation sheet and/or a 

’ 

daily discharge sheet. 

The primary computation sheet would give for 
each day, the maximum, minimum, and mean 
gauge heights, equivalent mean gauge height, 
‘gauge and shift correction applied, and the daily 
discharge. In addition, bi—hour|y gauge heights 
would be printed and identified when the differ- 
ence between successive gauge heights is greater 
than a specified control value, usually 0.2 ft. 

The District Offices would use the primary com- 
putation sheet in quality checks of the original 
and computed data, and submit updating correc- 

page for one year) would be suitable for outside 
distribution or direct offset reproductgion for publi- 
cations. Daily discharges would also be stored on 
magnetic tape.

’ 

Data for those stations which would not be 
equipped with digital recorders, i.e. those 
equipped with graphical recorders or manual 
gauges; would be computed manually by the 
Districts. The OCR method (Optical Character 
Recognition) or punched card would be used for 
converting data to magnetic tape. For the OCR 
method, the data would be typed in a special 
format by the Districts. This page would then be 
forwarded to Ottawa where it would be scanned 
by a Page Reader, converted to m_agnet_ic tape, 
and printouts of daily discharges suitable fo 
publication would be produced. 

) 

-
~ 

The Alphatext met_hod of automated photo-copy 
preparation could be introduced where feasible. 

GENERAL DESCRIPTION OF DIGITIZER SYSTEM 

The Pencil Follower Unit consists of a digitiiing 
table, control console and a card punch (Fig. 9). There is 
a_n auxiliary keyboard on the digitizing table‘ which is 

used to enter program instructions on punched cards. 
tions to Ottawa or the Regiona|.Office as required. 

7. The final printout of the daily discharges (one 

Figure 9. Digitiier inst'alVlatio,n.



The control console acts as the interface between the 
digitizing table and the card pu_nch to transfer the infor- 
mation coming from the digitizing table to digital form 
for the card ‘punch. Two 4-digit visual displays register 
the X.-.Y position of the cursor on the table in tenths of 
mi||im_eters;._ A 2-.i_nch diameter pointer (or cursor), which 
is attached to the table by an electrical cord, is used to 
manually follow the trace on the chart. The working 
su_rfat_?_:e of the digitizing table is completely free of mech- 
anisms or overhead arms which could impede ease of 
operation. A small switch is mounted on the cursor, 
which when pressed causes the X-Y coordinates of time 
and stage to be punched onto a card through the control 
console. ~

» 

Digitizing consists of an operator manually follow- 
ing" the chart trace with the cursor, causing punched 
cards t_o be produced) these cards contain X-Y coordi- 
nates of each point; that is d,igiti_zed. However, before 
digitizing can start, the strip charts must be docu- 
mented- This chartydocumentation (handwritten nota- 
tions) censistsof recording the station identifier, the 
ga_uge reading and 't_irne at the start and end of the chart 
trace as well as identifying any intermediate reference 
points, such ‘as reversals or clock or pen stoppages; the 
chart and time scales are also recorded. For digitizing. 
the chart may .bep.|;a<;:ed. on the -table at any angle. Six 
orientation points around the perimeter of the chart are 
digitized; these points are used later by a computer pro- 
grjjajfm to orient the chart and to scale it. Straight-line 
variable-length segments of the chart traceare digitized. 
The coordinates are punched at a rate of 3/: of a second 
per set of coordinates, with a slightly longer pause at the 
end of each card. The chart docu'me‘nta'tio‘n infor‘matiori 
is entered on ptmcfhecl cards either through. the card. 
punch or the keyboard on the digitizing table, The time 
and paper corrections are pro—rated automatically 
between known checkpoints by the computer program. 
The rate of 'p'r'ot7:essi'ng an "average" water level chart" 
having a time scale of 2.4 _inches/ day is about 3 station- 
years;/d_a_y, and i_nc_lude_s both chart documentation and 
digitizingi.

' 

The output from the Pencil Follower Unit is 

punched cards containing the chart documentation and 
the X-Y coordinates of the end points of st'rai‘ght-line 
segments of the graph (water level strip c'_hart-). The 
stage-disehe.rge "table is ente.red on punched cards as 
straight-line segments; the terminal dates of gauge and 
shift corrections arealso entered onpunched cards (and 
diistriibuted an a t§i'rn.e basis by the Computer pr0gra_m); 
the s_tag_e-discharge table and corrections can usually be 
entered on some 100 cards. If it is necessary to compute 
daily discha‘r'g'es rnangally (e.g.; esti_mated flows), these 
are entered on punched cards as updating corrections 
and override the digitized results. Thus, the punched 

cards _containing the digitizer output, the stage—dis- 
charge table, and gauge, shift and u'pdating corre‘c'tio'ns 
are usedas input to a digital computer. 

The computer program automatically s_ubdivid_es 
the gauge readingrs to allow for the curvature of‘ the 
stage-di_sc,ha_rge cuyrye. The program computes instanta- 
neous chart readings and applies the necessary -t_i_’r_ne and 
paper corrections; then the program applies the appro- 
priate gauge and shift "corrections after which the mean 
dis_ch,arge for the day is computed. The preliminary re- 
sults are printed showing three months to a page (Fig. 
10). ‘A plot of the digitized chart and annual hydro- 
graphs of daily stage and daily discharge can also be 
produced a.ut_omat_ical|y as an o’ptiofnw;- these can be used 
as an additional quality check of the equipment and the 
digitized chart.

' 

A thorough q'u_a|ity check consists of ‘verifying the 
information entered m.a.nu.al|y on the kevbcfiard er cérd 
punch; also the mean discharge for at least one day per 
‘chart segment digitized is computed manually. 

Cor.rect..io.n.s and rfia.nu.a|ly computed daily dis"- 

charges (updating corrections) are entered on punched 
cards and another preliminary listing is produced. If. the 
results are~be|iev'ed to be "‘final", an annual page of 
stage and one for daily‘ discharges (Fig. 10) can be pro- 
duced along with the annual hydrographs, and also 
punched cards suitable directly for storage on the main 
nta_gnet_ie tape data file (FLOW or LEVELS). 

Thus at the District. level, the final output from the 
dig'itizer system (digital c'o’mp'ute‘r) is an a'nn*u"a'l 'priht'o'tiI't 

of daily discharges and_/ or water ylyevels, the annual hy- 
drographs and punched cards suitable directly for 
processing at Ottawa for the automated pubIit:‘at_i'on 

process and for storage and retrieval of h_istori<:_al data 
files on magnetic tape. 

Fll\_lAl\lClAL cOl‘\lSlDE:l=tA’l'lONS 

The capital ex'pend'itu’re for six Pencil Fo’|_|ower sys- 
tems (Ottawa and five District O,f,fi,c,es) would be $150,- 
000. Assuming the same field installation would be 
used, the replacement of 800 graph-ty'pe recorders with 
16-.chann_eI PPT (_punc_hed paper tape) digital recorders 
at $700 each, plus 6 translators at $11,000 each, 
would cost $626-.000-.. fFu_rther. it was estimated that 
about 100 new recorders would be installed annually 
and since the cost of a digital recorder i_n ‘1966 was at 
least $200 more than a graphical recorder, this would; 
have added $20,000 annually‘ to capital expendituyresj. It 
is also likely that both graphical and digital recorders

9
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would be installed at a digital recorder station for im- 
p_roved_ re'|_i‘j:31fb’i‘l’i‘t?y and to ‘more easily detect unusual 
stream conditions, further adding to the cost of a digital 
,rjeci.j>r‘de‘r system. 

Other comparisons of expend_itures which were 
considered were installation and maintenance costs, 
d_e'velopment_ of computer programs, computer. time for 
production runs, staff training a_nd other operational 
costs. Although it is difficult to make reliable compari- 
sons, the digital recorder system would probably be 
more expensive, especially for maintenance and staff 

training. 

Therefore, it was esti.m.a..te.d_ that by adopting the 
Pencil Follower (digitizer) system, that there would be an 
ini_t,i_a_| "s'avi_ng_"" in Cfabital e'xpe'nditu'res of $500,000 
and at least $30,0‘00_annually thereafter. . 

TECHNICAL CONSIDERATIONS 

Technical considerations involved in the digitiz_er 

system are as foltlcws: 
" 1. There is considera_b_|e interest and advantage in 

' the visual examination and _per'sQn"al 'in‘ter’pretja- 
tion of a graphical record: 

(a). the _r'nino_r ice jams of a few hours’ duration 
which occur on rnany s_t_rea_'ms are readily dis- 
cernible and, therefore, _a correction for back- 
water effect can be applied. 

(b) in m_an_y c_ases,- it is possible-to detect the time 
of ‘ice break-up or the beginning or end of ice 
effect, 

clock stoppage, ‘plugged intake caused by 
silting or freezing, -rfIo“a.t f;rc:>tzen in or resting on 
the bottom of the well, or slippage of beaded 

‘(LC 

wire (or metal tape) caused by surging a_re
' 

malfunctions or problems common to most 
insta'l|ation's, whether digital or graphical. 
"Hwy/ever; they ipro‘_duc‘e a characteristic trace 
on a grfaphical record which, even if they can- 
not alweys be co.r.rec.t.ed. can. at least be rec- 
ognized; they cannot be easily id,en,ti_fied on a 
punched paper tape record, except possibly by 
examining the holes or the printout or by 
_pjlot;ti,rig the stage and/or discharge 
hydrograph, 

(d) the judgment of the field-man is fully exer- 
eisjegl in the irfiter'pi'et’atie'n ef abn<)r’m'a| condi- 
tions such as ice jamming, beaver activity, an 
obstruction on the control (particularly an ar- 
tiffijeial‘ control"), tidal 

"‘ blips", et'c., 

(et) it is possible to identify easily ‘and ‘to assess 
unusual events such as storms or to supply‘ 
data for special studies such as ‘,'tir'ne-::of,- 

travel" for floods or pollution (low flow), and 

(f) graphical charts can’ be examined on site‘ and 
if necessary can be processed r"ha’n'u‘al|y at 
remote sites, but digital tapesimust be trans- 
lated and then processed by computer before 
they can be assessed. 

. The digitizer system can be used. for; etheri ia£i‘l’>'r">|'ir-" 

cations such as stage-discharge. curves, flood 
hydrog_r'aphs, daily‘ discharge 

gt 

hydrographs, 
d_r'ainage area determination, ‘sediment data com- 
putation_s, river |eng'th and determination of. lati- 

tude and longitude of gauging stat_ionsg«_ 

. With the digitizer system, chart corrections are 
automatic, i.e. no personal, inter'pretatio_n is re- 
quired for reversal corrections or time and paper» 
cojr‘rection‘s.'0ther types of charts can also be dig- 
itized, e.gi.- curved -line, are-line or lpolar. 

'. Operator vfatigue could be ‘a problem with the dig- 
itizer system. 

. The outputi from most digital recorders is 

punched paper tape (PPT) On either‘ 5, 8 or 16 
channels. The 16-channel tape requires transla- 
tion to a computer-compatible PPT. Input speeds 
vary, pu_nehe;d ejard being the slowest, then PPT 
and magnetic tape. Since 1965, d_igli:_t'al recorders 
with 5-channel PPT output orlwith magnetic tape 
output have been in the research or development 
stage and p_rob'lerh_S are sf_t_il| not fully lresolyed for 
all-we'a_ther or remote field operation. 

. The pu_l_1ch interval_ for digital recorders is set usu- 
ally at 15 minutes or 96 readings per dayand the 
mean discharge for the day is: the arithmetic 
rnean of the 96 readings. if the nurjnbejr of read- 
ings per day were reduced to 24-, a_.si‘ghifica'nt 

error could be i_nt.r<:>dLlC.<.3f.<l because the ffifééfi fdf 
the 24-hour period would be from 1.25530 a,._m.—. 

on that dayto 12:30 a.m. of the following .day. 
. If the surge is not eliminated; the d_i_gite_l _recj:jorder 
might not record the true mean in,st_ant_a_n_eous 
water level at the pre,-selected time. intervals. It 

could be argued statistically that they will be av- 
e"39ed Over the day bé¢3.uS.e they fife rahiibfn .iI1 

character. It seems nevertheless that an accurate 
maximum instantaneous gauge. height cannot be 
-kn9W'n VUWQSS the l‘f‘39’hitIJd¢:Qf the Su.r§e 35 3.150 
known, and with digital recorders it is also as- 
sumed that the maximum did not occur between 
punch inte.rvjai|.is.. ’Fu_rt.her.— if the ih.a9n.i..tu.d_e .of. the 
surge is great, there may be enough slack in the

11



'13. 

12 

10. 

11. 

12. 

14. 

metal tape (or beaded wire) to allow it to jump off 
the pulley during the 7 seconds the recorder 
(hence the pulley) is locked to punch. There is no 
accurateway of determining when this occurs 
and the result is a loss of record or an inaccurate 
record. 

. Certain‘ maintenance‘ problems have been en- 
countered with digital recorder installations: 

(a) battery replacement and cold weather 
o'p_e'r’ation,

‘ 

(b) clock accuracy not always reliable, 

(c) loss of record may occur because of bent or 
worn pins. Bent pins sometimes occur on re- 
corders driven by manometers, and 

(d) because of changes caused by humidity, the 
punched paper tape "sometimes cannot be 
translated (the. holes do not match). A partial 
solution was to use a|uminum—bacl_<ed tapes 
_but this caused the pins to wear rapidly, thus 
creating punching errors. ‘ 

At some stations, where unusua_| conditions exist 
(e.g. "syphoning" over weirs during complete 
ice cover, {extreme shifting of control, ice effect, 
silting or blockage of the intake pipes) it is proba- 
ble that graph_ica_l recorders would also have to'be 
installed to clarify and resolve the problem. 
The rate of process_i_ng a graphical record is about 
3 station -years/ day for a 2.4 in./day chart while 
the translation speed of Digital Recorder 16- 
channel tapes is about 8 station—years/day for 
15-minute punch, intervals. 

‘ ' 

An advantage of digital recording over graphical 
recording is that digital records can be processed 
almost directly by a computer. 
The digitizer system is not "computer-bound" — 
data_ can still be computed manually from strip 
charts, but it is unwieldy to do this from PPT. 
Tentative computations can be performed from 
strip charts at locations remote from computing 
centres. 

Turnaround time between Districts and Data 
«Centres can vary considerably depending on the. 
availability of computing facilities; this could 
become particularly critical if digital tapes or re- 
corder charts have to be handled by mail. Tur- 
naround time is usually 24 hours or less at t_he 
District Offices of the WSC for digitizer applica- 
tions; at sub-offices, however, turnaround time 
could be several days or even weeks. 
‘Training of personnel is an important factor in any 

automated process. Field personnel would require 
traihing ‘in the operation and maihtehanceo‘f'd'ig- 
ital equipment. but no new Ztfai_n.ing v.vould be re- 
quired if graphical recorders were retained. Field 
procedures would in fact be simplified because 
charts wbuilid net have to be reset for time or 
stage as frequently, since these c.orrec_ti.on.s are 
made automatically by_the computer program. 

REASONS FOR SELECTION OF DIGITIZER 
SYSTEM 

The following are the main factors which led'to the 
decision to adopt the Digitizer System as the standard for 
hydrometric comcputations in the ‘Water Survey of 
Canada: ' ' 

1. A digital record provides less information (fewer 
water level observations) than a graphical record 
because of its inncherent discontinuity. 

. Over the Years, grap_hica| recorders have proven 
to be quite reliable for providing a continuous 

‘water’ level record with acceptable accuracy for 
use in streamfldw tizoirfiputatiofis. Althou'gh' the 
digital recorder is p_o_te,n,tia'l|,y a_ nrelciable in_st_rument 
for recording water levels under a,dv.e.rse field 
conditions, it was still in the development and 
experimental stage in 1965-66.

‘ 

Using a digi,t_a_| recorder-, the reiliability of the 
water level data cannot be assessed without first 
being processed by a digital computer. This ‘could 
mean unacceptable delays in turna'roun‘d of pos- 
sibly several weeks. 

4. The versatility of the digitizer‘ system is important 
in that other types of data can be processed, e.g. 
drainage area, river length, location of gauging 
station (latitude — longitude), stage-discharge 
curves. 

. Although the technical advantages were consid- 
ered to be more important, financial advantages 
alone would have justified the selection of the 
digitizer system over the digital recorder system. 

DATA STORAGE AND RETRIEVAL SYSTEM 
Early in 1966, potential users were canvassed for 

opinions and suggestions on what types of data should 
be stored and what types of retrieval were desired, Pre- 
liminary considerations included the storage of daily dis- 
charges, d_'ai'_|_y water levels, instantaneous maximum,



c_1.i._s<;h§a;.r§Jt=-1 measurement results, reservoir capacity. sta- 
tions affected by tides (daily maximum and minimum), 
descriptive information about gauging stations, such as 
latitude and longitude, drainage area, etc. 

In 1966, a pilot project wasundertaken to evalu- 
are procedures for as-jseml1|i.ng data. for keypunching’ and 
for storage and retrieval of data. Although some indica- 
tions of possible problem areas were revealed, the pro- 
ject was"unde'rtaken too hur'ried’Iy, and-asa result some 
of the c;csrnp'uter‘Aprog,rart1's were i_nef_ficient and were later 
modified or re —written. 

The following are the main factors that dictated the 
design of the data files:

1 

1. The main file (FLOW) is to be arranged so that 
the entire period of record of any given station is 
found‘ on a s'i‘ng’Ie reel of tape. 

2». Arlthoughithre main file would be located in Ot- 
" tawa, the Districts would still be responsible for 

the data stored on magnetic tape by verifying 
printouts of daily di's_charges,.v These printouts 
would become the official records, replacing the 
variety of-forms previously used. 

3. Data stored at Ottawa '(vvou‘ld be supp|_ieo -to users 
on punched cards, _rjr_tagneti,c tape or printouts. 
l_nitria_l,ly, retrieval would not include statistical 
analysis of data’ but this should be considered for 
the future. 

PROBLEMS A.|\lD jL.IM‘_l.TA]T,I_o|\Is IN COMPUTER 
' SERVICES 

Certain problems a_nd limitations in computer 
servi_ces_ must be considered: 

1. Computer programming is the most crit_ica_| and 
the most important factor in the design, develop- 
ment and implemeuntation of both the data stor- 
age and r_et_rie"va_l system and the digitizer system. 

_2_}. During the development stage from 1965 to 
1967, the ‘Computer Science‘ Division of the 
‘Depa_rt_rne,nt of Energy, Mines and Resources 
(EMR) purovided consultant services on the design 
of the data processinggsystem, but they could not 

‘ 

provide, programming” assist'_ance. 

3. In later stagesfsome of the programming was 
done under contract with consultants or by staff 
of the Computer Science Division. This p’r‘ac“tice, 

however, is not recommended unless the project 
ca_n be idern,ti_fied p_recis_el__y and described in de- 
tail, and unless staff) are available for discussion 
and monitoring. Cons'u|ta'nts or outside ‘program, 
mers are unfarniliar with hyd_rornetri_c work, ‘and 
instruct_ions and requirements are often not 
clearly communicated. 

. Although computing services were provided free 
of charge by EMR on their CDC 3100 computer, 
certain restrictions were imposed when usi'_n'g’Vit»: 
(a) 556 bpi, 
(b) magnetic tape (disk not ava,i:lab|,e), 
(c) BCD not binary (BCD more compatible with 

other computers), and 
(d) FORTRAN (COBOL Compiler was not availa- 

ble at EMR and PL/1 was not permitted). 
A 

. Program development for the digitizer application 
for streamflow computations was carried out on 
the UNIVAC 1108 through a 'ter'rni_na| at EMR 
because the CDC 3100 did_ not have sufficient 
memory, - 

. Turnaround ‘time for’ program t_e_sti_ng was erratic, 
because of frequent machine breakdowns or 
other delays, resulting in about 3 runs/week 
during the early stages of developmejrit. 

Keypu_nch_i_ng services were often slow. 
8. During conversion from the CDC 3100 to the 

CDC 6400 in 1971, staff were not available for 
program development. 

. During 1967, keyounching of data under con- 
tract and co_mputer- programming to‘ store and 
retrieve these data were‘ conducted simulta. 
neously. Delivery service was at tim‘es‘either non - 

' existent or so slow that programmers had to per- 
form these duties also. Computers at other data 
centres (IBM 1401 and IBM were used for. 
card processing and for producing printouts suit- 
able for the initial ‘visual verification of data by the 
Districts.
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COMPUTATION Pnoceouaes 
Prior to the introduction of the digitizer system, all 

h,yd_r_orfnfe‘t'ric data were computed manually according to 
standardized p_rocedu_res. These procedures will continue 
to be used because computation of- data for some sta- 
tions may never be fully automated. Man,u_a_l procedures 
wi|_| stil_l be required also for tentative computations and 
for spot checking automated _comp’utationls. 

There is no basic change in the method of collect- 
ing field data. Certain parts of tshepoffice computations 
are common to both manual and automated procedures: 
discharge me_asu,rement results are tabulated and plot- 
ted; stage-discharge curves a_re drawn by hand, and 
stage‘-d'i’scha'rge tables produced manually; some daily 
discharges, such as those during ice conditions, extreme 
shifting control condgitions ‘or periods of missing gauge 
height record (estimates) are computed‘ manually 
bec3u,Se personal interpretation is required». Automation 

(of 'the~fo|lowin_g ope’ra'tior1s, however, has substantially 
reduced computation time: 

1. Determination of the mean gauge readings from 
the recorder charts (Fig. 7) and, where neces- 
sary, subdivision to compensate for the curvature 

' of -the stage-discharge curve. 

2. Time distribution of gauge and shift corrections. 

3. ,App_lication of corrections and stage-di_scharge 
tables to graphical water level charts ‘to give daily 
mean water levels and daily discharges. 

4. Plotting of annual stage or discharge hydrograph. 

5. Computation of monthly and annual summary 
data. 

6. Compilation and computation of historical sum- 
mary data such as monthly a_nd annual mean 
discharges for the period of record. 

’ TYPES OF DIG’IT|ZER APPLICATIONS 

The different types of digitizer applications are 
listed below: 

1. STREAM — computes daily discharges and_/or 

14 

ACHAP-TER 4 

A 

Automated Hydrometric. Computations 

water levels (Fig. 10) from cards resulting from 
digitized strip chfartfs. The _STRE;AM program is‘ 

split into two‘ parts (TRIPLE and AN'N‘U‘A|;) _a'_‘ti 

computing centres where insufficientcore storage 
is available. Output options consist of a plot ofthe 
digitized points, annual hyd_rograph_s of punched’ 
cards suitable directly for" storage on the FLOW or 
LEVELS files. The basic STREAM computer pro- 
gram has been mOditfiiedV for ‘the following 
applications: ‘ 

(a) HOURLY — computes ignstantaneougsihourly 
water levels and/or discharges using the * 
same digitizer cards as obtained for the 
STREAM program, 

(b) TIDAL — this is a modification of theHOURLY 
program and differs mainly in the format of 
the 'stat_ion identifier ‘and output listing, and 

(c) SEDCON —— C.OF7l,D’utes daily suspended sedi- 
ment concentration frorn graphs drawn by 
hand. An output option will produce punched 
cards suitavble directlyfor storage _on the SUS.-' 
CON file of daily 'suspe'nded sediment loads. 

. AREA — computes-drayifinage area from maps. 

. Other applic_ation_s partly operational or, in the 
development stage are: 

(a) POINT — determines |_atitude and longitude of 
digitized points or locations on a map, 

(lb) CURVE — produces card outputof digitized 
stjage-discharge curves s_uita,bl,e ‘for the 
STREAM pregram, 

(c) LENGTFI —lcompu't'es river length from maps, 
and 

(d) TICON — computes hourly suspended sedi- 
ment concentjra”ti'on.

A 

RELATED COMPUTER PROGRAMS 
Other‘ related computer programs are: 

1. MANUAL — computes daily ‘discharges and/or‘
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water levels for stations equipped with a manual 
gauge only. Output options are the same as for 
STREAM; card decks for‘ the stage-discharge 
table and correction, tables are interchangeable 
with STRl_E,A_M. 

. SAVE -— used for storage and retjrievagl of digiti_zed_ 
cafds from $TREA_M, AREA, etc. using magnetic, 
tape, thus eliminating the need for permanent 
storage of punched cards. 

3. TONS -— computes the suspended sediment load 
in tons/day, using daily data as stored on the 
FLOW and SUSCON ‘files. This is ¢qm‘b,i_ned with 
descriptive inforr_nation_ from the HYDEX file to 
produce computer printouts showing daily and 
monthly discharge in cfs‘, daily su’sp’ended sedi- 
ment load in grams/"liter and total daily and 
monthly suspended, sediment in tons/ day, with 3 
months of data per page. 

. Other computer programs in t_he development 
stage are: 

(a) GCSC — computes daily gauge and/or shift 
cc})"r'recti,ons from field observations and pro- 
duces an annual page showing these correc- 
tions, which can then be ‘used i_n manual 
compu'ta‘tio‘ns' or" when ma_k_ing_ quality checks 

Cont_I_'a_g:_ts for Computer Use 

of the output from the STREAM: or MANUAL 
prograims, iand ‘ 

(b) SAM — computes the peak discharge from 
observed -field data, e.g. water slope, cross- 
sectional area and roughness coefficient. 

IMPLEMENTATION IN DISTRICTS 
The first digitizer unit was installed in Ottawa in 

1 966 to develop proce'du'res and comp"u‘terl pjrogra,m_‘s,. 
In 1967, a digitizer unit was installed in Calgary 

and after some initial impIe'me'ntation proo[e_ms, _m_a'ini|y 

with the eq’uipme_r'it, the system became operational in 
1968.

' 

In 1968, digitizer units were installed, in Guelph, 
H_a_l_ifax, Wi_nn_i_peg” and Vancouver and systems were 
operational in 1969.

I 

In 1969, a digitizer unit was installed in Regina 
and was operational in 1 970. 

In 1974, the digitizer unit originally insta‘_l'l;ed i_n 

Ottawa was moved to Montreavl and a new Gradicon 
d'igi:tizer,/Un_iva,c 17110 buffered card punch was in- 
stalled in Ottawa. 

_

A 

One of the major problems was in the delivery of 
card punches (up to 9 imonths from fa‘cc,épta_n,ce of con- 

t:fiT"v COMPUTER ‘Acetic? 

V3.nC0UV6.f IBM 
A 

University of British Columbia
H 

Calgary CDC3300 (split program‘) Computer Data Processors Ltd. 

CDC 5400 University of Calg_a_ry 

Regina IBM 360/50 (split program) Sask. Govt. Systems C_en_t_re 

Wi""iPt'e9 350’/65 Uvn_i_ve_rsity of Manitoba 

Guelph IBM 3,60/65 

Halifax CDC 3150 (split program) 

Montreal UNIVAC 1 108 (from terminal to Ottawa) 

Ottawa CDC 6400 

IBM 3 60 / 8 5 

UNIVAC 1108, IBM 370/65 

.!§M 3.60./65 

UNIVAC 1 108 (from terrnsinal to Calgary) Computing Services Canada Ltd. 

University of Guelph 

Bedford Institute of Oceanography (no charge) 

Cotnputesl Systems Ltd.
‘ 

Energy, Mines and Resources 

Systems Dimensions Ltd. 

Computel Systems Ltd. 

_ Computer Services Bureau.-
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tracts) and their interfacing‘ with the digitizing table. 

An importaint feature of this system is that spe- 
. cially-trained operators are not‘ r‘e”q'ui're‘d. Training of 

personnel was conducted in two stages, one week in 
Ottawa for two people from each "District, then a follow: 
up tra,inuing—period of 2 weeks for implementation at 

computer ‘centres at the Districts, after‘ i'n"st’a‘|lation' had 
been completed.. Annual visits are made for -two to three 
days to discuss problems-~and/or implement. newly-de.- 
ve|ope_d appli,c_atio_n_s or- modi¥i‘ca'tions. 

After warranty had expired, service main‘- 
teriah’ce contracts were obtained at an annual cost of 

16 

about 1 1% of thetcapital expenditure. 
Computer programs had to be modified "for some 

computers becau_s_e of insufficient memory or irestrictions. 
imposed by computing centres, Costs vary 'co'r.'isi'd'eiral‘:>ly 
from centre to centre, but an average cost 10 p_rodu_ce_ 
one year of data is about $30 (publication costs :are 
additional). Contracts for computer-' "use _at the Districts 
and at Ottawa are presently held with the agencies listed 
in the t..afb|e' 0“ D399 15- 

The STREAM computer program has; also been 
implemented and is; opera'tiona| for the'Ontario Ministry 
of the Environment (IBM 3‘60y/65 at Toronto).



-'— 

Storage and Retrieval of Data 

GENERAL DESCRIPTION OF DATA PROCESSING 
SYSTEM 0 

Figure 11 is a general system flowchart for data 
files. 

When’ the CDC 3100 computer was used, data 
were stored on magnetic tape on 7-track BCD (even 
parity) at a density of 556 bpi. When the CDC 3100 
was replaced by the CDC 6400 in October _1971, data 
were ‘still stored on magnetic tape on 7'-tr‘ac‘k_ BCD (even 
parity) bu't at a density of 800 bpi. 

Records on any one reel are fixed ‘length. Record 
sizes of 60, 30,- "132 an_d 300 characters. are used, with 
a blocking factor of 5 or '10. For example, the FLOW file 
has -300—characte'r records with a blocking factor of 5. 
Tapes produced for" direct printing have 132—character 
records with a blocking factor of 10. Tapes resulting 
from the card to tape operation have 80—character‘ re- 

_ 
cords with a blocking factor of 10. "Tape Header" and 
"TraiIe'r"’ reco'rd's are used on all tapes except those 
containirng _retrieved data. All tapes except print files 
(132-character records) have an "End-of-File” record 
just ahead of the "Trailer" record. Ali blocked tapes 
contain ”Paddin‘g" records. The last block on tape is 

followed by a tape mark. Some 400 magnetic tapes 
(including at least three generations of backup tapes) are 
now‘ in use to handle the various data files at the Com- 
pujter Science Centre, Department of Energy, Mines and 
Fie..sI9u.rce.s.; - 

The data are fowvarded annually to Ottawa by the 
Districts either on computation forms or punched cards, 
but usually on magnetic tape. The data are usually 
stored by District and by station number within the Dis- 
trict. After verification of printouts has been completed 
by the Districts, the data are re-arranged by province or 
region and man'usc’ri'pt's are submitted for publication by 
an automated technique described later. 

The current year's data are then merged with the 
historical data so that data for the period of record for 
any one station are availaibvle on one tape. Streamflow 
data can now s_up_plied. to users in the outputof their 
choice, i.e. on punched cards, printouts or magnetic 
-tape. 

CHAPTER 5 

Computer pr_ogra_m_s for the storage and retrieval of 
data are written by Branch staff. Instruction manuals and 
program documentation are completed as time permits,, 
but there is a need‘ to cor1cent_r'at_e more on this because 
of time lost during conversion from one computer to 
another and also because staff turnover creates problems 
of continuity. " 

SOURCE DOCUMENTS 
When the decision to automate. historical hydro- 

metrifc data was made, several, alternatives were possible 
as to the type of -source document that should be given 
to keypunch operators. The alternatives were: 

1, Original records on forms R43, R79 or 
equivalent. 

2. Copies of original records. 

3. Published records. 

4. Data copied by hand’ on coding sheets. 
‘ The use of original records was unsatisfactory 

bec‘a‘u‘se of the" excessive marking.-up involved. Copying 
data onto cod_i_ng sheets is time—consuming. It was de- 
cided, therefore, to use the annual publications’ as the 
major type of sou'ree document; for unpublished data, 
copies of original _fo_rrns were used. Corrections to both 
types of source, document were submitted on coding 
sheets.

‘ 

Preparation of source documents for keypunching 
was started in December 1966. The’ contract stipulated 
that keypunching was to begin in May 1967 and was to 
be completed by October 1967. Si_n_c‘e data were re- 
corded on a variety of forms (these forms also included 
other types of data such as daily gauge heights and 
descriptive information), they had to be Vp're'cisely edited 
by hand so that the keypunch o‘per'a'tc5_>rs would know 
what data were to be key'p‘un_ched:. This preparation was 
done mostly by Distrirct staff in accordance with standard 
procedures developed at Ottawa in 'co‘ns'u_l,t_a_tion with the 
Computer Science Centre (_EMR) and IBM personnel. 
The pages from 2 sets of publications were separated, 
and copies of original records for unpublished data were 
made. These data were then assembled by’ station num- 
ber‘ and by District. Considerable manual editing was
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required to delete data and i_nformat_ion not requ_ired for 
keypunching. Some of the factors involved were: (a) the 
need to identify symbols for discharges where a variety 
of letters had been used, making necessary the use of 
colour codes; and (b) the use of a variety of forms as 
source documents and the fact that the information pre- 
sented on these forms was not always clear. About 3 
m'an—years were required to prepare source documents 
for keypunching. 

KEYPUNCHING 
In 1966, a contract was awarded to keypunch and 

keyverify the daily discharge data during the 1967-68 
fiscal year. The data were keypunched in "free-form" — 
the format was developed after consultation with the

9 

Computer Science Division (EMR) and the Keypunching 
Contractor (IBM). This was completed on schedule at a 
cost of about $80,000 with 10 to 20 operators working 
for 2 shifts/day from April to October 1967. Over one 
million cards were produced; these were destroyed in 
1970 after the data had been converted to magnetic 
tape and verified by the Districts. This included daily 
discharge data to 1966. In the subsequent 2 to 3 years, 
daily discharges for 1967 to 1969 were keypunched 
from computation forms by the Computer ‘Science Cen- 
tre (EMR). Over 75% of the daily discharges and water 
levels are now o,btai_ned directly as card output from the 
STREAM and MANUAL computer programs. Some of 
the problems were: (a) keypunch operators complained 
that the printing in the data publications was too small, 
thus difficult to read; copies of some forms were unclear, 
especiallfy deci_mal points; and (b) delivery service was at 
times either non-existent or unreliable, resulting in pro- 
grammers or technicianslhaving to pick up and deliver 
punched ca‘r’ds'for processing. 

Dur_ing the 1968-69 fiscal year, the OCR method 
(Optical Character Recognition) was used for some daily 
discharges and for the historical LEVELS files at the re- 
quest of the Computer Science Centre (EMR). Briefly, 
this method consists of typing the data in a special for- 
mat."The typed page was then scanned electronically by 
a Page Reader ‘and converted to magnetic tape. This 
procedure is not recommended because of the problems 
ex‘pei‘iehced in’ obtaining data free of typing errors — 
data are ve_ri_fied_ _by a visual check of the typing and not 
by keyverifying, thus many errors were found when the 
listings were checked against the original documents. 

S|GNIF'ICA_N_T FIGURES AND SYMBOLS 
Throughout- the history of the Water Survey of 

Ca_nada_many rules for significant figures were used — 
rules that were sometimes inconsistent even between 

Districts for the same year. In some years, data were 
expressed to 2 significant figures and in others to 4 or 
more. The method of computing the acre—foot figure also 
varied — in some years it was computed from ‘the 

monthly total and in others from the monthly mean. In 
many years, published daily discharge data were, for 
example, shown as 124.00 instead of 124 because the 
flow for another day in the month was 1.19 cfs (two 
decimal places) and typesetting rules for "publication at 
that time required the same number of decimal places 
for all figures in the same month. Further, many dis- 
charge figures were originally computed and published 
to fewer significant figures than presently used or were 
rounded to the nearest 5. 

Daily discharge data were keypunched as orig- 
inally computed or published and rounded later accord- 
ing to the present rule for significa_nt figures. Daily fig-. 
ures computed to fewer significant figures than now 
used were not re—ca|cu|ated. Figures between 50 and 
100, however, can be stored and retrieved to two sig- 
nificant figures, e.g. 52 (not 52.0). 

A very complex system would be required if sig- 
nificant figures were to reflect the accuracy of the data 
not only within a particular year but from year to. year. It 

was decided, therefore, that all data generated from the 
summation of the daily values would be ‘expressed to 
three significant figures above 10, to the nearest tenth 
from 1 to _10 and to the nearest hundredth below 1. 
Monthly totals are not rounded. Values below 0.005 are 
shown as The last significant figure is rounded up 
if the following digit is exactly 5, e.g. 5285 is rounded 
to 5290. 

. Over the years, various symbols were used to ex- 
plain certain conditions such as ice effect, estimated 
data, pools, shifting control, etc. Further, different letters 
were used to identify the same condition, or the same 
letter to identify different conditions, although this was 
generally explained in a footnote. In recent years, the 
symbol "t” was used to indicate a flow between 0.05 
cfs (a '’trickle'’) and "'nil", but in earlier years it was 
used to indicate that an automatic recording gauge was 
used. Some Districts recorded "0.0"V' or "ni|" to 
indicate that a stream was "dry" while others showed 
the same thing to indicate a "trickle" (without a sym- 
bol). Therefore, the flow below 0.005 cfs (including "no 
flow'’ or "nil”) is now shown as If such a condition 
is critical to a specific study, the user must consult the 
District Office. 

It was decided to use the following three standard 
symbols for the period of record for daily discharges: A, 
Manual gauge; B, Ice conditions; E, Estimated. However, 
no symbols would be used for any generated data such 
as monthly means, ac—ft, etc.
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VERIFICATION OF STORED DATA 
The originfal system for the storage and retrieval of 

streamflow data ‘made use of three computers. The data 
on cards were converted to magnetic tape on an IBM 
1401, sorted on an IBM 7074 (both computers were 
with the Depafrtiment of .National Revenue) and edited on 
a CDC 3100 at EMR. The edited tape was then used to 
produce preliminary listings of daily data and monthly 
s_umrnaries' an an _IBM 1401. 

These daily discharge listings were sent to the Dis- 
tricts for verification of the monthly totals against the 
original documents. Daily values were checked where 
‘monthly totals were not available; all symbols (A, B and 
E) were checked against original records. Corrections 
were sent to Ottawa on coding sheets, updated and the 
procedure repeated until fi_n_al verification of historical 
daily discharge data had been achieved. 

The historical water level data prior to 1969 have 
not yet been completely verified. 

Sometypes of errors found were: (a) keypunching 
errors; (b) missing data, e.g. May‘31 value; (c) typo- 
graphical errors; (d) wrong monthly totals, hence incor- 
rect summary data; and (e) wrong station number. 

Final listings showing station name and number, 
daily discharge data rounded to a standard rule for the 
period‘ of record (and lined up), summary for the year or 
period, and Symbols,-were sent to the Districts to be 
used as the official documents, re_placin,g the variety of 

_ofther forms; The “other” forms, however, will not be 
_ 

destroyed as they contain related hydrometric data or 
information, such as daily gauge heights, distribution of 
shift corrections, explanation of revisions, description of 
special compu'tations and explanatory notes on unusual 
conditions. 

TYPE AND SIZE OF DATA FILES 
The type and size of data files used are described 

here: 

1. FLOW file — consists of 15 tapes which contain 
about 34,000 station-years of daily discharge 

I 

data to 1972 for all the Districts. One month of 
record is 300 characters long and is blocked five. 
Thus at 800 bpi, orije s'tation—ye'ar of data is 

stored on about 5 inches of magnetic tape, in- 

cluding a 3/: inch inter-record gap, this is about 
5000 station -years per 2400¢ft tape, or a total 
of about 125,000,000 characters. This file is 

1 fully operational. 

2. HYDEX file — consists of one tape for some 2500 
active stations (including some 200 stations for 
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which data are contributed) and 2300 discontin- 
ued stations, and contains descriptive ‘information 
extracted from Gauging Station Inventory Form 
IW—2006 (R285). .e...9.- S.tat_i_on no., name. d.réi.n= 
-age area, latitude and longitude, period of record; 
re‘g'ula'ted or‘ natural flow. (This file is fully opera- 
tional, a,It_hough it is ojften "modified a’s"new re- 
quirements occur.

' 

3. LEVELS file — consists of 7 tapes, one for ea_c_h 
District, which at present contain about 7,000 

1 

station;-‘years of daily water levels for selected 
stations. Data verification is u’nderw‘a'y and addi- 
tional data are stillbeing submittedi. Thifis file is 
operational only for data from 21969 to 1972. 

4. PEAAKS file _..— consists of one tape for all stations 
for all the Distsricts and containss anfnual ma‘xi‘mu’m 

_ 

instantaneous discharges and water levels for the 
period of record. This file is operational for the 
Annual and S__u_mr‘nar‘y publications, and pro- 
grams are being deve_loped to supply data to 
users on punched cards or magnetic tape.

A 

5. RAESVOR file — consists of one tape for some 30 
stations fortwo Distrsiets and contains stage—ca- 
pacity tables for reservoirs, This file is partly op- 
erational; major modifications in file design and 
programming are required before it can be con- 
sidered complete-. 

6. SUSCON file — consists of one tape for all sta- 
tions for all Districts and contains some 400 sta- 
tion -years of -historical daily suspended sediment 
concentration to 1969». This file is partly opera- 
tional, although listings of daily 'd_isch'argejs, sus- 
pended sediment concentration and tons/day are 
produced for use in data ‘publications. 

SUPPLYING DATA TO USERS 

Data p,ub|icatio_ns and/6r, daily discharge data on 
magnetic tape are supplied to about 18. foreign coun- 
tries, and in Canada to engineering conssultahtjs, univer- 
sities (libraries, professors and studen,_ts),7 p,rov'in_cia| 

agencies (water resources, power, highways and fish- 
eries), federal departments, m,u,n_i'c_ipal' agencies (water- 
works), power companies, railway ‘companies, and pri- 
vate individuals. 

A booklet containing a description of the card and 
tape formats for s’u"p'plyin’g data to users is available. This 
booklet as well as t_he data publications may be obtained 
upon application to the Director, Water Resources 
Branch’, Department of the Environment, Ottawa, On- 
tario, K1 A 0E7.



HISTORYKOF PUBLICATIONS 
Surface water data were first published in 1_908 

be and included streamflow and water level (hydrometric) 
data for Alberta and Saskatchewan. Data for southern 
British Columbia were first published in 191 1, for Mani- 
toba in 1912 and eastern Canada in 1918. Over the 
years to date, data have been presented in some 200 
publications in various formats and for various combina- 
tions of provinces and regions, either annually or bienni- 
ally. Some daily d_ischarge data have never been pub- 
lished nor have related data such as the elements of 
discharge measurements (area, velocity, ice thickness, 
etc.) or daily ‘water levels if daily discharges were 
computed. 

Data were computed and published one calendar- 
year basis up to 191 7, on a water—year basis (October 1 

to September 30) from 1918-67, and on a calendar- 
year basis from 1968 to date. It was decided to adopt 
the calendar-year basis because the water year does not 
represent a complete hydrologic cycle for many regions 
in‘Can'ada.. In addition, other types of water data are 
co'm‘pi|ed on a calendar-year basis and si_nce data are 
now stored on magnetic tape, any desired "year" can be 
retrieved. 

Prior to about 1950, data submitted by the Dis- 
tricts in handwritten or typed form were typeset and 
printed by the letterpress process. After 1950, to save 
time, the data submitted were re—typed by electric type- 
writer on standard master sheets and printed at reduced 
size by photo-offset lithfography. Since 1969, data have 
been submitte_d on punched cards or ‘magnetic tape. The 
original intention was to use high-quality computer 

' 

g 
printouts as copy for printing, but this was changed to 
take advantage of the higher-qu_a_|_ity photocomposition 

' output of the _A|phatext-Alphanumeric system. 

PREPARATION OF COPY FOR PRINTING 
Many different systems of copy preparation are in 

‘use at the‘ present time, and the method used in a 
particular case is the one which will produce a printed 
book with the least cost and greatest saving in time. The 
printing process used for WSC publications is photo- 
offset lithography and the copy provided for this type of 
printing can be produced by a number of different 

CHAPTER 6 

1 Automated Publication Techniques 

methods, the most practicable of which for WSC pur- 
poses are typescript, computer printout, and Alphanu- 
meric photocomposition. 

Typescript 
Electric typewriters can produce high-quality copy 

suitable for photography. The main disadvantage with 
this.system is the lack of a retention (memory) facility. 

Computer Printout 
Output from the Alphatext System may be ob- 

tained in the form of a computer printout with a type- 
script standard. In this case the input‘ material is stored 
in the memory of the computer and for pu.b|,ications such ' 

as instruction manuals which are updated periodically 
but where high-quality photocomposed type is. not es- 
sential, a typescript computer printer is completely 
satisfactory. 

Alphanumeric Photocorhposition 
Alphanumeric photocomposition is the end pro- 

duct of the Alphatext system and is a highly—s'ophisti- 
cated-method of producing photo-type from the manu- 
script or data material stored in the system. 

A cathode ray tube (CRT) printer operates as 'a 
high—speed output device (6 seconds/ page) with an IBM 
360 computer, exposing character imagesonto photo- 
sensitive paper. lnthe case of material for data publica- 
tions, the system is programmed to produce finished 
camera-ready pages suitable for photo‘-offset" 
lithography. 

Input to the system is by special typewriter termi- 
nal in the Publications Office in Ottawa or as line images 
on a 1600 bpi magnetic tape (identical to computer 
printouts). The cost of ph'otocompositio‘n is about -$2 to 
$3 per page (two stations per page) for data submi_tted 
as line images on-magnetic tape (uniform type fonts) and 
up to ‘$10f.per page for data that may require special 
program instructions to accommodate a number of dif- 
ferent type fonts. ~ 

The main advantage in entering text material 
through a terminal to a computer is that once it has been 
proofread, only the changes or additions have to be 
typed. Magnetic tapes containing numeric data are ini-
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tially prodoced at 800 bpi on the CDC 6400 and con- 
verted to 1600 bpi on an IBM 360 for input to the 
Alphatext system. 

. The turn_around time for this service is less than 24 
hours if numeric data are submitted on 1600 bpi mag- 
netic«tape and 2 to 3 days if entered as text materia_| , 

through terminal (after initial preparation). Thus itis 
virtually impofissible to improve significantly on this 

A 
phaseaof the_pub|ication process_._; 

PREPARATION OF MANUSCRIPT FOR 
ALFVHANUMERIC; PHOTOCOMPOSITION 
Ar": inventory "form lW-2006 (R285); showing 

descriptive inforr'nati'on on each gauging station, is kept 
up to date by the Districts and this information is stored 
on the HYDEX magnetic tape file at Ottawa. A magnetic 
tape is produced‘ containing only those stations to be 
published for that ye~ar_.A Listings of these stations are 
fonrvarded to the Districts prior to submission of data for 
pu_',b|ic"a'tion in the event that the inventory forms have 
been changed in the interim. 

Daily discharges and water levels are computed by 
the Dist_ri_ct_s using the STREAM (digitizer) or MANUAL 
computer programs, the output being punched ca'r‘ds in 
a format suitable for storage on the FLOW and LEVELS 
files; data are computed also by hand and the daily 
discharges and water levels are kQYl5u'nched in the same 
format _as the STREAM and MANUAL output cards. 
These daijly'>.d'ischarges and water levels_ are converted 
from cards to m_agnetic tape at the District Computing 
Centre and the tape sent to" Ottawa. The tapes ‘from all 

the Districts are sorted and combined on one FLOW tape 
and, one |,_l:E:\l:E,LS tape for the year for which data are to 
be published,‘ 

.rWhe're applicable, a maximum instantaneous, dis- 
charge or water level for the year is submitted by the 
Districtsfon cards or coding forms and stored on the one 
PEAKS magnetic tape file at Ottawa. A|so.identified are 

. those stations for which there is a valid annual extreme 
of daily discharge or water level for an incomplete year of 
data. A 

Using_the four magnetic tape files (HYDEX, FLOW. 
LE;\/ELS and PEAKS), p_rintouts showing data exactly as 
they will be pjublished are sent to the Districts by Air 
Express for" verification. Extensive corrections are re- 
turned by Air Express but minor changes are made by 
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telephone.
A 

Once verified, the four magnetic tape files are 
sorted andcombined by various computer ‘programs us- 
ing the CDC 6400 so that‘ data‘ are retrieved" as ‘line 
images (the same as the. printouts) by p_rovince or region 
(one tape for each publication). Two station-.years‘ of 
data are shown on one page, the‘ page numbers are 
entered automatica,|ly-,‘ /and an index of gauging‘ stations 
is also prepared automatically. These tfa_pes are ohajriged 
from BCD at 800 bpi (CDC 6_400) to EBCDIC at 1600 
bpi on an IBM 360 and" sent to Alphatext Systems Lim- 
ited to produce the 8 ‘1/2" _x 11“ pages which will be 
used for printing. 

'

I 

While the data tapes are being p,repar<_-id‘; oiontroduce
' 

tory text material is entered (into the Alphatext ,sy,stern 
viavthe terrhi_na;| in the Publications Office and photo- 
ready copies produced using special coding" instructions 
to give the desired photocomposed foor_n1a'_t;. Q'r;1cje. the 
original text of the introductory material has been en-, 
tered, only the changes or additions have to beentered 
for subsequent years." The oi_n_trodu§:jtory material and data 
pages are now readyfor printing.

' 

At present, the automated procedure is used only 
for annual Surface Water Data publications and for His- 

‘ 

torical Streamflow Sum_m_ary publications. Development, 
of an automated procedure for the Sudrface Water’ Data 
Reference Index and Sediment Data publications was 
started in 19“f73. .. 

S ‘ 

PRlNTl‘NG 
Normal printing time for ‘data pub,lic,at;i’onjs u_r_‘1de‘_'r' a 

pre-arranged contract is from 18 to 24 working days. 
Proofs are subm_itted in approximately 6. days from re- 
ceipt of camera-ready copy, and finished publications 
from 12 to 18 days from return _of proofs. Allowing for 
checking of proofs and transportation time for’ proofs and 
finished publications, the total elapsed time .fro_m ;s:u,b.- 

mission of camera--readyi copy for printing to delivery of 
finished books iseabout _"six”w'eeks, compared to‘/from 
three to nine months under the previous system. 

Assuming» four to _six ‘w'eeks“for computer process- 
ing in Ottawa, verification by the Districts, and packag- 
ing and mailing, datain published f_orm»should be avail- 
able-to the user not later than three months from the 
date of submission of the rnagrjetic‘ tape to Ottawa by 
the Districts.



w 

-—-v.—<v__-

7 

Data Publications 

Surface‘ Water Data Reference Index 
This publication contains a reference to: available 

data and is published a‘n'n'u’al|y in one volume for Canada 
("Flo 12). Gaugilno‘ st‘a‘ti<:>ns_ are ‘I'ist_é<;1 by r2>ro‘vin_<;e or 
Aterritory in. an upstream to d.ovv.n.stream order. Coloured 
hydrdmetric maps to a scale. of 1" = -32 miles, showing 
the locations of both active and discontinued .'stations, 
were distri‘buted‘ in 1973 as a supplement t.ot.l1.e' 1972 
a_nin.ua;.l pu.bl.icfa_t.ion..v 

V 

Surface Water Data 
Thisf publication contains. tabulations of daily dis- 

charges and water levels on a calendar-year basis, with 
stationslisted alphabetically (Fig. 13). These.data are

_ 

p'u‘5llis‘hed a‘rijr'-1'ufa‘llv’ in Seven. vo.lu.m'es, by province or 
region, for Britishrcolumbia, Alberta, Saskatchewan, 
Manitoba, Yukon Territory and Northwest 'Ter‘rit'o'rie‘s,- 
Ontario (includes stations o'pe'r'at‘ed_ir'i Quebec by the 
Water $'u;rveygof C:af_n_a[_da)-, and the ,A_tlanti_c Provinces. 

Historical Streamflow Summary 
This publication contains tabulations of (historical 

» 

_ 

CHAPTER 7 

monthly and annual mean discharges, annual maximum 
and n1'in_imu'm' daily di_s'chja_'rge‘s and anriua_I r‘_i1fiajx,i_rnur_‘r11 

- instantaneous d_is_charges, for all stations for which five 
or more years of streamflow data have been ‘collected 
(Fig. 14). These data are published in seven voIu'mes by 
Pfbvilfiée Oi‘ r‘éQil9ll:r '§t.3‘tl.O.fi,§ are l'l.Stjed a.|Ph3.b9ti§§.|.ly; as ‘- 

'_in_ the a_nn_ual Surface Water Data publications. The first 
‘edition/of these publications included streamflow ‘data to 
1970. Format changes are planned jfoir‘ the,‘next edition 
which vvjilfl gplrobably be Pub.lis'.hed in. 1974 and will in- 
clude historical streamflow data to 197-3 for all stations, 
regardless ofthe‘ period of ‘record. 

A

' 

Sediment Data 

I 
This publication contains tabulations of daily sus- 

pended se‘dime'n't discharges and pajrtAi'c_leejs:iz_'_ej d_ifs_t,ri. 

butiofi of" iuspeinded sediment. bed load and bed mate- 
rial (Fig. 15)’. These. data are published annually in one 
volume for Canada with stations listed alpha_beti'ca||y by 
p'rovince. ' 
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, 

97° 24' 10" 53-72. R c 

' 
05111002 . . smsiniboinc River at St.,Ja‘mes I ’419°‘"52' 30"" 12:13 M 5 Yes 

97° 11' 50" 540, 371 - - 

‘ 

'10‘5W1/[$007 . . . ». Shell River near Roblin . 
543 051° 21' 39" 

6'2-72”‘""’ M cm. Mes" 
H W: 

, \ . 101° 15' 21"
' 

SW06-Z8-27—W1 

70511113002 
7 

. 
‘. 

. . Shc11 River Four Miles South of Roblin 712 51° 10' 10" 19—2(_M_ _-: 
"._ 
" 

"y_‘e_"_5"‘
" 

‘ 101° 19' 40" 22-27 M c 
23-32 M s 

05'M1)'00'1 
. . . . Shell River at Asessippi 50° 56' 50" 1541,‘ 24» - - Yes 

101° 19' 00" _14-19 -‘M c 
_ H 20,- '2-1 M 5 

05110005 . . . .,Shel1 R11/ér_1:1.c'-a'r 1ng1_1s , 
779 50° 57' 40'' 43-55 ‘ 

' M Yes 
‘ “ * 

101° 19' 05'' 56-61 
_ 

M c 
NW03'—23'-Z8’-W1 62-72 ' R c 

'. 
. . . , East Shell River: 

V

_ 

0»5M1)008 ‘. 
. . . .- . Childs Lake near Boggy Creek -1 S1_°V34' 37" 64-72" M S No 

~ 
101° 01' 54" . 

OSMEOOS . . . . Conjuring Creek :11ejaf1°.R11’sse11A 33.0 . 50° 47' 30" 59-72. M S Yes 
- 101° 17' 55" 

. _ 
NE09—21-{Z8-W1 - 

_ 7 

10_s‘.1M01611’" ’. 
. . . Qu'Appc11e River near St. Lame 22,000 50° 2(;:'h£S"M 67-72 M c = N9 :2;.4 

_ 
. 101° 19' 55" 5 ‘

_ 

05145003 . . . . Birdtail Cr'e-eknear Birtle 423 50° '31' 50'' 53-72 . 
M‘ 5 Yes 

100° 57' 00" 

05145002 - 

. . . . Birdtail Creek at Birtle 
' 

’ 
50° 25' "15"" 14-17 M c Yes , 

3’ ' 

» 

101° 02' 40'' 24-26, 28 M s 
27- M s 

M - Manual gauge 1 - Sejdi'1n611; data avai1al_:_l§._ 
R - gec‘o_r51_m’g gauge 2 - Hate; qua11ty data ava11,ab1e'. V . V ‘ 

G - Continuous operation 3 - Miscellamejqus rpgasurerrents were obtamed m 1918 and 1921. 
S - S '1’ " t‘ 4 - Data not published. - 

easona Opera" Ion 
5 - Te1e11Etér"'" ceWi_r1st§]._1ed.. 
6 - Data to 196 been reviewed- 

F'ig'uro 12. Sample page from ”Surface Watbr Dali Reference Index" .Pu_bl_iq_:a'tion.
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oNrAn1o 
‘ ";, 

arc 02039 cpzzx N3Ap v13NNA - STATION No. 02ac009 
ANNUAL 3; 35H3s 0p DIscHA3c3 1N cps AND ANNUAL 1omAL.D1scHAné3 IN AC-FT 

~ ~ 
~~

~

~~
~ 

YEAR HAXIHUH 1Ns1ANpANp0Us DIscHApc3 . HAXIHU§ gA;Lv.DIscHAncp HLNIHUH DALLY DLscHA3c3 v3A3 TOTAL DISCHARGE 
‘9“3 “‘ --- - 

' 

. 

--r . 
' 

. 1993 , -5: 
1999 -—— * 3730 cps 0N p33 15 91.0 cps oN Nov 10 1999 170000 Ac—pi 
1950 --- 9120 cps oN APR 5 93 0 cps DN 0cm 5 1950 , r.2326dd '” 
1951 -—— 3900 cps 03 p33 22 35 0 cps 0N sap 10 1951 - 

1952 --- 3090 cps oN HAN 11 35'0 7 1952 
1953 --- 1100 cps oN HA3 9 51 

' 

5 1953 
1959 ——- 11- , _, j _ 

- 1 9953 
1955 --- 32530 cps 0N HA3 1 39.0 cps 0N JUL 15 1955 
1955 --- 2520 cps 0N HA3 3 30.0 cps oN AUG 1 1955 ’ 

1957 --- 2070 cps 0N A33 5 92.0 cps 0N AUG 19 1957 
1953 --- 555 cps 0N APR 10 99.0 cps oN sap 3 1953 
1959 ——- 1230 cps 0N APR 9 57.0 cps oN JUL 15 ' 1959 

950 2710 cps on HA3 30 51.0 cps oN spp 29 
' 

1950
' 

951 1790 cps 0N App 25 , 97.0 cps 0N p33 1 1951 
962 e-,- —'—‘— ' 1952 
1953 ,--- 

, 

- - 1953 
1959 asp oN AUG 29 5339 cps 0N AUG 29 25.0 cps 0N AUG 1 1959 
1955 3sp.oN HAR 7 5900 cps 0N HA3 39.5.cps 0N JUL 30 1955 
1955 DN DEC 3 2090 cps oN DEC 3 93.9 cps DN JUL 22 1955 
1957 0N 03c 22 1300 cps 0N 03c 22 57 0 cps 0N spp 11 1957 2 

1953 oN pen 3 3700 cps oN p33 3 59.0 cps oN JUL 2 1953 
1959 I 

0N UAN 30 5110 cps 0N JAN 31 73.3 cps 0N sap 19 1959 

1970 oN App 3 . 1920 cps 0N Apn 3 99.1 cps oN AUG 10 1970 
’ 3xr33H3s op D1scHAn5p pop pin 359150 pp 33co3D H59“ 

HAx. INST. DIsc3A3cz Is 7910 cps DN HA3 7 1955 AT 0500 351 
HAx. DAILY D1sc3Anc3 IS 5900 cps 0N HA3 5 1955 
HLN. DAILY Drsc3A3cs 15 25-0 cps oN AUG 1 1959 

91cH3AD ntvpn N3Ap HpAponD - sTAr1oN No._02pD010 
MONTHLY AND ANNUAL H3AN Drsc3ANc3s fN cU31c p332 p33's3coND pop 133 ppnzon op nzcopo 

YEAR JAN 
. 
p33 HAN _Ap3 HAY" ,, JUN _JUL Aug spp ocr Nov DEC ~ 

1957 ——- -5- --- -—— 33.5 59.9 53.5 23.5 122 132 213 313 ‘ 

1953 135 107 173 259 53.2 39.1 23.3 19.2 13.5 22.7 35.9 53.7 
1959 75.9 72.9 251 555 192 50.5 32.5 23.3 23.9" 97.1 203 213 

1950 133 135 155 525 917 103 91.9 29.9 25.9 31:7 79.5 .59.5 153 
1951 19.5 209 399 390 155 1 119 97.2 93.5 92.5 30.5 119’ 250 152 
1952 107 129 339 355 95.0 29.9 21.3 19.9 13.5 39.0 70.5 197 119 
1953 55.0 ‘95.9 930 251 235 55.3 30.2 29.3 21.5 29.0 33.2 .59.5 115 
1959 195 115 279 193 73.1 30.9 23.1 13.5\ 19.3 20.9 .2155 101 91.5 
1955 121 299 113 597 193 51.2 ’-31,2 \ 23.9 22.2 95.5 39.5 292 150 
1955 153 275 309 159 77.1 39.9 17.5 ‘ 17.9 19.1 13.2 92.9 195 109 
1957 135, 115 253 950 109 113 123 ,59.5 59.5 192 357 329 193 
1953 193 353 953 259 139 53.2 30.9 "93.5 57.2 59.1 201 293 130 
1959 239 200 293 579 313 137 52.5 37.5 37.5 55.0 121 105 132 

1970 "39 9 95.3 150 599 199_ 52 2 55.0 29.0 51.0 99.2 
, 

121 '153 193 

MEAN 135 152 277 922 159 70.0 93.3 33.3 33.5 55.9 127 139 191 

. 

1 _\
’ 

31cH3AD nxvsn NEAR H3Apop0 ~ srAp1oN No. 0233010 \ 

ANNUAL EXTREHES op DIscNA353 IN cps AND ANNUAL TDTAL Disc 3 IN Ac-pr _ V 

v3An _ HAxxHUH INsrANpANpoUs D1scHAgc3 'HAx1HUH DAILY Discunpcs HiNiHUH DAiLv D3scUA3c3 ' p3A3 TOTAL D1scnAnc3 

1957 —..—— 
' ——- ‘ 1957 ' 

_.-.-..-. 

1953 605 cps DN APR 1 11.0 cps oN 533 15 1953 57300 AC—PT 
1959 _,— 1390 cps oN APR 3 19.0 cps 0N_s3p 3 '1959 113000 AC4FT 

1950 2550 cps 0N App 3 15.5 cps 0N ocr 17 1950 115000 Acipr 
1951 1230 cps 0N HA3 23 13.0 cps 0N AU5 21 1951 110000_AC-FT 
1952 1750 cps 0N HAR‘3O 5.5 cps oN AUG 20 1952 32200 AC—PT 
1953 3100 cps oN HA3 25 13.2 cps 0N sup 9 1953 33500 AC-FT 
1959 1010 cps 0N MAR 5 10.3 cps 0N sap 19 1959 55500 AC*!T 
1955 1300 cps 0N APR 12 12.5 cps 0N AUG 23 1955 115000 AC-PT 
1955 _ 

2100 cps 0N p33 11 9.5 cps oN sap 19 1955 ,19000 AC-FT 
1957 cps AT 0700 asp 0N APR 1 1930 cps ON A3 1 20.5 cps 0N sap 17 1957 139000 AC-FT 
1953 cps AT 1795 333 0N p33 2 2230 cps oN p33 2 15.2 cps 0N AUG 12 1953 131000 Ac-pr- 
1959 cps A5 0937 est 0N APR 5 1900 cps 0N App 5 15.2 cps on sup 1 1959 132000 A;-ET 

1970 1300 cps A3 1903 asp oN App 9 1550 cps 0N App 9 19.2 cps oN AUG 15 1970 103000 Ac—p2 

zxrppnss 6p DxscHAncz pop 233 pzproo op 33c03D HEAN 102000 Ac-pp 
\ _ 

... _ ., , 

HAx. INST. 01scHAnc3 IS 2770 cps on p33 2 1968_AT 1795 psr 
HAx. DAILY DISCHARGE IS 3100 cps 0N HA3 25 1953 
HIN. DAILY DISCHARGE 15 9.5 cps on 533 19 1955 ' 

3 BLACK c3333 A2 scApL3p2 30AD - STATION No. 02HC027 

HqNrNLv AN0 ANNUAL MEAN D1scHA3c3s IN cU91c pap: pan s3coND pop rnzvpzpxon op naconn 

vzA3 JAN pan HA3 APR MAY JUN JUL AU5 — 533 cc? Nov 03c H3AN 

1,55 ,__ --- _-- --- _:-- _-- -—— 3.1 10.3 9.5 13.9 ~25.7 -—— 

1957 13.9 12.0 37.5 35.9 17.1 93.3 23.7 19.2 20.3 20.5 20.0 31.1 29.3 
1953 17.5 95.9 ‘ 57.5 13.7 22.9 . 15.5 12.1 33.7 17.1 19.1 32.7 21.9 25.9 
1959 93.5 19.3 ‘27.3 91.0 29.2 19.9 21.5 17.9 10.7 13.7 27.9 15.7 - 2345 

1970 10 9 17.9 53.2 91.5 23.9 19.3 22.1 ‘27.7 20.7 17.5 22.5 21.9 25.7 

H3AN 21 9 22.3 97.3 39.9 23.2 22.2 19.9 20.2 15.0 15.1 29.3 23.9 29.9 

Figure 14. Sample page from ".H_is\_orica| Stpeamfléw §'1'.1'fi1‘ma1'_y" Publication.



IS 4 FRASER RIVER AT MISSION - ST/\TIOI\' No. 08}/111024 

Location: Lat. 49° 07' 39'', long. 128° 18' 08'', British Columbia, on north L‘-nnL, fifty feet west of the Canadian Pacific Rziilway " Bridge. ‘

, 

Gauge: Recording. , . 

Period of Record: _Suspende'd sediment load, May 1965 to December .1969. 
li.\'tremes Recorded: M:L\'imu1:1 d_r1ily suspended sediment load, 781,000 tons/day on June 7, 1967. Minimum daily suspended sediment load, 471 tons/day on March 2, 1966. 

-ionthly Mean Suspended Sediment Load in Tons per Day

~~

~ 
S - Sample(s) collected this day 

Figure 15. Sample page froni "Sediment Data" Publication, 

Yea‘ J3" -, , Feb - M-".*TCh April Ma)’ 
, 

June July Aug . Sep,t,._: Oct . .‘.'ov . Dec . 
I 

Mean 1965 
_ 

' 

, N 260,000 89,500 44,600 19,000 32,000” 11,600,, 3,060 - 11956, 929 2.910 5,5_,_2,00 235,000 219,000 117,000 51,200_,_14,000 13,400 5,300 10,600 60,900 1967 :WW 1,090 1,740 16,909 __263_,000 579,000 4,902,3001,l83,70_0421,970” 17,300 16,600 5,050, . 92.800" 19.68 2;1,,900 6,510 18,700 . 12,900 223,000 251,000 209,000 48,200 25,000, _9,760 14,300 3,230.- 70,600 1969 2,900. 2,440 1,570 64,100 162,000 212,000 52,500 29,000 19,300 12,000 8,510 3.370. 47,800 

Suspended Sediment for 1969 
, January 

, , , February - March 
, _, , 

Water Daily Suspended Sediment Water Daily Suspended Sediment water Daily Susp'ended>,Se¢_i_irrien't 
_ Day Téfnp. Discharge‘ -Mean CW1‘ -1-,,,,s‘pe, Temp. Discharge Mean cfm‘ Tofis per Teinp. Discharge Me?»n,,C9n' ,Tg;n§mpe;- (ac) (cfs) centeation day’ (ac) (cfs) centnation aay (cc) (cfs) centr_at1on da _ “ V 

(mg/11tr,e)_, H , (mg/litre) 
‘ 7 (mg/litre) Y 

1 43,100 19 2,210 
' 

39,200 g 1,160 
, 

35,500 
A‘ 

17 1,630 ' 

2 44,400 19 2,280 40,100 13 1,410 34,500 17 1,580 3 45,000 20 2,430 41,600 16 1,800 34,500 
, 
145 1,300 4 42,500 59 6,770 42,600 18 2,070. 0.5 34,500 135 1,210 5 49,800 

_ 106 14,300 4 44,100 18 2,140 35,000 14 1,320 6 6.5 54,600 865 12,700 44,500 A 18 2,160 35,600 » 14 11,350 7 53,_500 38 5,490 43,800 21 2,480 ‘ 

0.5 34,900 165 1’ 1,510 8 54,800 321 4,730 42,900 28‘ 3,240 35,400 15 1,430 9 0.5 53;r300 . 315 4,460 44,200 35 4,180 2.0 35,100 155' 1,420 10 53,000 27 
, 

3,860 43,400 31 3,630 33,500 14 - 1,270 11 52,700 21 2,990 
, 42,800 31 3,580 33,500 13 , 1,180 12 51,200 19 2,630 43,800 27 3,190 2.0 34,000 125 1,100 13 48,500 15 1,960 43,700 22 2,600 33,900 1 11 1,010 14 46,800, 15 1,900 43,300 22 2,570 33,200 fi 986 15 0.5 44,000 155 1,780 42,400 26 2,980 2.0 32,400 115 g6_2 16 42,200 15 1,710 42,100 

‘ 
31 3,5: 33,700 - 13 1,180 17 43,400 

_ 
15 1,760 40,500 35 3,830 34,600 15 1,400 18 43,400 15 1,760 39,300 37 3,930 3.0 37,600 195 1,930 19 43,300 14 1,640 0.5 39,400 3_5s 3,720 . 38,800 2_2s 52,300 - 20 43,900 13 1,540 0.5 39,900 175 1,830 . 38,700 21 2,190 21 42,400 12 1,370 

’ 

39,800 11 1,180 38,700 20 2,090 22 42,200 11 1,250 0.5 39,100 175 1,790 38,400 
, 18 1,870 23 41,700 9 1,010 38,100 18 1,850 3.5 40,800 . 175 1,870 24 41,800 8 903 0.5 37,600 153 1,520 - 40,400 16 1,750 25 0.5 ’,41,700 85 901 36,900 , 135 1,300 4.0 39,800 165 1 ,7Z0 26 41,100 7 777 36,700 14 1,390 39,700 15 1,610 37 40.900 7 17_3 0.5 36,400 165 1,570 39,300 15 1,590 28 40,000 8 864 . 35,900 17 1,650 4.5 41,000 155 1,660 29 39,600 9 962 - - — 42,000 16 1,810 3.0 2 39,100 10 1,060 _ — — 42,800 18 2-080 31 

7 31,31 11 . W_1,15_0 — - - 5.0 45,200 195 ‘ 1’ 
T0131 

H“ 
‘1..A02,,;600W 694 89,920 __,,A 1,144,100 613 68,270 1,147,000 

, 482 48,628 Mean ' 

45,,;20_0, , 212 2,900 1 40,900 22 2,440 37,000 16 1,570

27



lnstruction Manuals .l
; 

ln_struc_t_ion manuals are continuously under review 
and are revised as new or improved procedures are de- 
veloped. Some procedures and methods now i_n‘us_e are 
covered by 'memo'randa "only, although preparation of 
instruction myanyuafls is either underway‘ or is planned. 
Documentation of existing computer programs is also 
u‘nderW'ay and is a major activity. 

'

f 

The fo|:|,ow:ing is a’ list of internal instruction manu- 
als that have been developed to s—tanda_rdilze and explain 
procedures related to the .computation of basic hydro- 
metric data collected by the.Water Resources Branch. 

Autoinatedv Drainage Area Computations 
Procedures for digitizing drainage boundary delin- 

eaticfins from maps to calculate automatically the drain- 
age area at a gauging station are outlined. This proce- 
dure may be used also for otheryarea calc'u|ations. 

Automated Manual Gauge “Computations 
-lns,t_ruAct_ions’ for’ auto'matic computation of daily 

discharges and/or water levels for stations equipped 
with manual gaugesonly are outlined, Output options 
are the same as for the STREAM program. 

Automated Streamflow Computations 
Procedures for digitizing w_ater level recorder 

charts to obtain punched cards containing X-Y coordi- 
nates are outlined. These cards, along with card decks 
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defining the st_ag'e'-disc‘ha'rg'e relationship, .gauge and 
shift corrections and updating correctsioris are processed 
by a digital computer (using the STREAM computer p_(of- 
gram). to obtain daily ‘gauge heightsand daily dis- 

charges. Output optionsare the same as for the MAN.- 
‘ UAL program. 

HYDEX . 

Procedures -for- su bmitting“ descriptive information 
for-all gauging stations operated du‘ring the history of the 1 

Water Survey of Canada, and pro_cedu_re's for t_he s“tor‘a’"g‘e 

and retrieval of this information by automated tech: 
'

A 

niques are outlined. 

Hyd_rcmetric Data Review Procedures 
Criteria and procedures for‘ use in a" review of his- 

torical streamflow data to discover and correct, as far as 
possible; significant errors in the existingvrecords -are 
outlined. « 

. 
.:' 

l_-lydro‘n’1’et’ric Office Procedures
V 

This manual contains detailed office procedures to 
be followed in the <_:_ompu‘tation and compilation of daily 
water levels and daily dischar‘ge's and the preparation of 
manuscript for publication. 

..._ 

-c--.

-
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Conclusions and Future Plans 

CONCLUSIONS 
Hydrometric data have been‘ collected since 1908 

and published_ (usually annually) in ‘a variety of forrnats 
in over‘ 200 p’ub|'ic‘ajti‘ons. ln 1966, a decision was made 
to automate the system by (a) ‘computation of stream- 
flow data using a digitizer, and (b) storage of historical 
daily discharges and water levels on magnetic tape_. Af- 
ter a th‘orou‘gh study of a’Ite_rnative,s, it was decided to 
con‘ti_nue co[lecti_ng graphical water level charts and to 
introduce automation after thefield data collection stage. 

With the im‘plementjation of automated computa- 
tion and pgb_|'ication procedures, the delay between the 
collection of hydrometric data and availa bility‘ of the data 
in published form has been reduced from 2 .x—_ 3 years to 
10 months or less. Data are also available to users on 
_p'ur'ic:hed cards or magnetic tape. The arnnual cost of 
producing data publications is abou‘t'$7'_5 per station- 
year, including‘ only the costs for printing and for com- 
puter‘ time at Ot__t"awa_ and the Districts. The net saving in 
manpower is _difficult to estimate‘ but is probably in the 
order of 20 man-years a’n’nu'a|ly. 

The i‘ntang’iibl,e benefits derived from automation 
include: (a) data virtually free from m'athe'mati_cjal_ and 
typographical. errors; (b)‘ data more rea’d:i|y a]c.c.ess,ible for 
computer processing;‘ and (c) impjroved employee morale 
because of reduction in routine, monotonous, repetitive 
Wbfk. 

CHAPTER 9 

Although there was some negative reaction at the 
outset, the program is now accepted with e'nth'u’_sias‘m. 

Perhaps the _most critical factor in the development . 

and implementation of the overall system was the selec- 
tion and the performance ‘of computer progr‘arnn"1er's.— 
|n’str‘uction manuals and document_ation of computer 
programs were and continue to be very important. It 

should be recognized also that the success‘ of the devel- 
opment of the program Was due in no grnalil mea_su_re to 
the high level of cooperation, participation and support 
on the part of the technicians, engineers, clerks and 
istenographers involved. 

FUTURE PLANS 
A minicomputer/tape drive/plotter system has. 

been interfaced with a buffered ca__r'd punch/digitizer
' 

system for invest,i‘gajti:ng the feasibility of more efficient 
data‘, comp_utat_ion techniques, particu|arly\for dig‘iti2'e“r' 

applications. 

Plans_are u‘nde_r way to automate [the Surface 
,Wat_er Data "Reference Index and the Sediment Data 
publications, 

The goal is to have hyqrometcric data available to 
users in'publ'ished form and on punched cards’ or mag- 
netic tape, six months after the end of the year in which 
the data were collected. ‘ ‘

29



irrna»Inn:uvm:u1w“w::»{«» u


