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SUMMARY

This report corresponds to the first section of a two-part document whose
general objective is to compute the daily suspended sediment loadings in the
Lower Fraser River at Port Mann, using the observed and estimated concentrations
and the discharges determined by Environment Canada's One-Dimensional (1-D)
Hydrodynamic model. The particular year of 1968 has been selected for this
analysis because of the availability of hydrometric and sediment data.

In the following report, all the information concerning the simulation of the
1968 discharges necessary for the computation of the daily suspended sediment
loadings at Port Mann is given. 1In order to run the 1-D model for the
particular 1968 conditions, it was necessary to prepare the appropriate boundary
conditions and lateral inflow, and to determine the proper physical properties
of the river. The annual records of the 15 minutes water levels at Port Mann,
Port Coquitlam and Mission were obtained from continuous- strip charts, and were
then digitized and stored on computer files in order to produce water level
boundary conditions. The annual record of the hourly hydroelectrical power
produced by the Ruskin Power House were obtained from punched cards and were
stored on a corputer file in order to be later transformed into hourly discharge
boundary conditions. Most of the lateral inflows were obtained using a
correlation method which relates the ungauged runoff between Port Mann and
Mission to the gauged runoff of representative sub-basins. However, a modified
rational method relating the lateral inflows to the precipitation, surface area
and runoff coefficient was used for situations when both heavy rainfall,
arbitrarily defined as more than or equal to 1 inch per day, and low flow in the
Fraser River occurred simultaneously. The Manning's roughness coefficients
obtained from the initial calibration of the model (1980-1981 river conditions)
for low to moderate flows (discharges at Mission lower than or equal to 199,000
cfs) have been increased by 10% in order to adjust the model to the 1968
physical conditions of the river. This adjustment of the Manning's n was needed
in order to take into account the natural and man-induced variations of the
river properties (roughness, shape of cross-section) that took place between the
studied period (1968) and the initial period of calibration (1980-1981). The
verification of the updated calibration of the Manning's n has shown that both
simulated and measured hourly discharges at Mission are in very good agreement.
The water levels simulated at Port Hammond and Whonock also agree very well with
the measured values. The results obtained from the generation of the 1968
hydro-metric data indicate that the simulated daily flows at Mission correspond
to the values obtained from the stage-discharge relationship (published values)
when the flow at Mission is larger than or equal to 199,000 cfs (range where the
stage-discharge relationship is valid). However, the simulated daily flows at
Mission are slightly larger (January to April) or smaller (August to December)
than the values obtained from the summation method (published values) when the
daily flow is smaller than 199,000 cfs (range where the flow at Mission is
approximated by adding the flow at Hope lagged by 24 hours plus 146% of the flow
at Harrison River plus the tidal flow into and out of storage in the river
channel upstream of Mission). It is also found that for most of the year, the
simulated discharges at Port Mann are larger than the values obtained from the
cubature method by an annual mean value of 12%, and approximately 9% during the
peak flow period (May to July). The annual suspended sediment loading at Port
Mann computed using the daily discharges obtained from the 1-D model should then
be expected to be larger than the original loadings (published values) by
approximately 9%, since most of the loading is expected to occur during the peak
flow period.



Introduction

For many years, several federal government departments have been concerned
with the problem of evaluating the total amount of sediment transported by
the Fraser River and, in particular, through the reach near Port Mann
(B.C.). The major difficulty in the determination of the suspended
sediment loading has been that no suitable method was available to
determine the river flow at this location with reliable and consistent
accuracy. The discharge at Port Mann is a major factor in the sediment
transport calculation, but its determination requires special treatment
because of the tidal effects and flow reversals. Technigques such as the
Cubature and the Power Series methods (Inland Waters Branch, 1970) and the
Marine Sciences Fraser River model (Ages A. and Woollard, A., 1976) have
been developed and applied, but their degree of accuracy still remain to be
improved. However, a one-dimensional hydrodynamic mathematical model (1-D
model) was recently applied by Environment Canada to the Lower Fraser
system (Water Planning and Management Branch et al., 1983). The model was
run for different days in 1980-1981, and the results were found to be in
very good agreement with observed values (see discussion in Chapter 4). It
can then be considered as a reliable and useful tool for the computation of
the suspended sediment loadings at Port Mann, by providing a good estimate

of the discharges.

The 1-D model solves the complete one-dimensional gradually varied unsteady
flow equations (Saint Venant equations) using an implicit finite difference
technique. A presentation of the model is given in Water Planning and
Management Branch, 1982. For the study of the Lower Fraser River, the
model can be used to compute the discharges at Port Mann (08MB054/08MH126),

Port Coquitlam (08MHO35) and Mission (08MHO24), as well as the water levels



and discharges for intermediate locations such as Port Hammond (08&H043)
and Whonock (08MHO44) at every 15 minutes. The Lower Fraser River n‘al
system aqd computer model schematization are indicated in Figure 1.1. The
river discharge is assumed to enter or ieave the syétem at 5 different
locations: | | |

- Lower Fraser River at Mission City;

- Lower Ffaser River at Port Mann;

- Pitt River at Port Coquitlam;

- Regulated flow from the Stave Lake, at the Ruskin Power House;

- Lateral inflow.

The first four locations are known as boundaries. In order to run the
model for a period of time specified by the user, it is necessary to defil

the boundary conditions, the lateral inflows, and the physical

characteristics of the river in the 1-D input file. The data prépargon
for every boundary and the identification of associated computer programs
and files are presented in Chapter 2. The third chapter describes and .
discusses the methods developed for the computation of the lateral inflow
and identifies the corresponding computer program and files. Chapter 4 i
concerned with the calibration of physical properties of the model in ord
to adapt the model to the 1968 actual existing conditions. Finally, the
results obtained from the simulation of the 1-D model are presented and
compared to the values published by the Water Survey of Canada (Inland
Waters Branch, 1968). A complete list of the corputer tapes where the
results of the simulations are stored, and a copy of all tﬁe computer

programs required for the preparation of the 1-D model input data are giv

in the appendices. . .
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2.1

Boundary Conditions

In practical words, the boundary conditions are equivalent to the stimulius,
or driving forces, to the model. They represent the hydraulic conditions
in the outside world at the border of the model. The boundary conditions
used by the model are the water levels at every 15 minute time increment at
Mission, Port Mann and Port Coquitlam, and the hourly discharges released
from the Ruskin Power House. These values must be defined in the input
file of the 1-D model. The data preparation is described in the following

sections.

Water Levels at Port Mann, Port Coquitlam and Mission

Analog records of the 1968 water levels at Port Mann, Port Coquitlam and
Mission are available from continuous-strip charts. These charts were
obtained from Water Resources Branch, Pacific and Yukon Region. 1In ord
to make these values compatible with the 1-D model, a standard digitizing
procedure was used to determine the water levels at every 15 minutes from
the analog records. This procedure was established by Water Resources
Branch, Ottawa. The 3 resulting 1968 annual records of the 15 minute water
levels are stored on 3 computer files using the standard Water Survey of
Canada formats. The computer program NSURVEY is then run to extract from
the annual records the 15 minute water levels corresponding to the period
of time requested by the user for the simulation of the model. The
proceeding steps, as well as the computer files identification, are

surmarized in Figure 2.1.

For each hydrometric station, the water levels recorded on the continuous-
strip charts are referenced to a gauge datum. These values are normall

transformed into water levels referenced to a cormon datum (GSC datum)



Figure 2.1

Preparation of Boundary Conditions Input Data:
Water Levels at Port Mann, Port Coquitlam and Mission

Continuous-strip chart of the
1968 annual record of instanta-
neous water levels at Port Mann
(08MH126/08MH054 )

Continuous-strip chart of
the 1968 annual record of
instantaneous water levels
at Port Coquitlam (08MHO35)

Continuous-strip chart of
the 1968 annual record of
instantaneous water levels
at Mission (0BMHO24)

Digitizing and transfer from minfcomputer
to mainframe computer file

Digitizing and transfer from minicomputer
to mainframe computer file

Digitizing and transfer from minicomputer
to mainframe computer file

J \ r

PFN=08MHO54 1D=WL68 (except for February)

PFN=08MHO54 ID=FEB68 (Ffebruary only) PFN=08MHO35 1D=WL68 PFN=08MH024 1D=WL68

Computer permanent files containing 1968
annual record of Port Mann's water levels
at every 15 minutes, referenced to the
gauge datum

Computer permanent file containing 1968
annual record of Port Coquitlam's water
levels at every 15 minutes, referenced
to the gauge datum

Computer permanent file containing 1968
annual record of Mission's water levels
at every 15 minutes, referenced to the
gauge datum

¥

NSURVEY Definition of the requested dates
PROGRAM (starting date & number of days)

Input file of the 1-D model containing
the water levels at every 15 minutes at
Port Mann as referenced to the GSC datum
for the requested period of time

Y

Input file of the 1-D model containing
the water levels at every 15 minutes at
Port Coquitiam as referenced to the GSC
datum for the requested period of time

Input file of the 1-D model containing

the water levels at every 15 minutes at
Mission as referenced to the GSC datum

for the requested period of time




during the digitizing Operation, However, for the preparation of 19¢g
input data, this normal procedure was inadvertently omitted such that the
annual records of the 15 minute water levels stored on the Computer files
are expressed in terms of the gauge datum. The computer program NSURVEY
was slightly modified in order to perform the conversion between gauge ang
GSC datum, such that the water levels stored on the input file of the 1-D

model are all €xpressed in terms of the GSC datum.

Previous to the operation of the model, the computer files containing the
annual records of the 15 minute water levels have to be checked and possibly
corrected for different Leasons. One reason is that most of the time, some
data are missing on the continuous-strip chart. The missing water levels
are represented in the annual records computer files by a dummy value
(-999). 1In order €O run the model, the missing values have to be replaced
by approximations of the existing water levels. For this study, this step
was carried out manually. Another important reason for the checking of the
annual records computer files is that Many errors can be introduced during
the digitizing operation. These errors are critical because they are often

very difficult to detect. A computer program, called CHECK.WL, has

water levels. However, this program was not used in the present study
because it did not meet the deadline and needed some refinement. The
digitizing errors were identified by analyzing the results obtained from
the simulation of the 1-p model. It was determined that two significant
mistakes were made in the initial ditigizing of the water levels. The
first mistake was introduced by the selection of a wrong origin for the

digitizing of February's water levels at Port Mann. It affected the water



detected by comparing the simulated hourly discharges at Mission with the
few available measurements. The differences of the measured values
relative to the simulated discharges were found'to be unacceptable (-~30,2%
at 13hl15 on February 5; -4.7% at 8hl5 on February 6; -25.5% at 8h30 and
-30.5% at 15h00 on February 12). The relative differences were
significantly reduced when the corrected water levels were used (-2.1%,
3,9%, -1.0% and -2.8%). The second mistake consisted of keypunching a bad
reference point for July 15, resulting in errors in Port Coquitlam's water
levels from July 15 to July 28. The errors were located by comparing the
simulated and published daily discharges at Mission. The differences
between both values were found to be much larger than 10%. These large
differences could only be explained by the inaccuracy of the simulated
discharges, because the precision of the published discharges is expected
to be within + 5% of the real discharges for high flows such as those
occurring in July. The differences between simulated and published daily

discharges felt below + 2% when the proper water levels were used.

Regulated Discharges at the Ruskin Power House

The water flowing from the Stave Lake into the Fraser River is regqulated by
the Ruskin Power House. The hourly discharges at the dam are required in
order to run the 1-D model. These values are not directly available, but

can be determined from the standard equation:

p = NY,QH
737,550.
where P = power produced by the turbines (megawatts)

n = turbine efficiency
Yy = specific weight of the water (1b/£t3)

Q = discharge (cfs)
H = water head (ft)



Using the specific weight value of 62.4 lb/ft3 and replacing ( H) by the

average value of 94.5 ft, the equation is reduced to:

P (megawatts) = _Q (cfs)
125
It may be noticed that the average value for the water head may change fro
year to year. For instance, a value of 102.8 ft. (in other words, a
denominator of 115) was used for the generation of the 1984 hydrometric

data.

The electrical power produced at the dam for the year 1968 can be obtaine
from B.C. Hydro. The original B.C. annual records of hourly pbwer are

placed on printed forms, and can be obtained either on a computer file or
on punched cards. For the 1968 study, the values were obtained on punche

cards. 1In order to be compatible with the 1-D model, they had to be

transferred to a computer file. The computer program QRUSKIN was then us
in order to conyert the hourly power into discharges and prepare the inpu
file of the 1-D model. The data preparation for the hourly discharges at

the Ruskin Power House is summarized in Figure 2.2,

During the simulation of the model,‘the computations are performed at eve
15 minutes (time step). Since the boundary conditions must be defined at
every time step, the model uses the hourly discharges defined in the inpt
file and interpolates the intermediate 15 minuﬁe values. Because of this
procedure, the simulation of the complete year fequires thgt the annual

record of data also includes the conditions of the day preceding the fir:
simulation day. For the study of 1968, the conditions of December 31, 1
must be defined in order to allow the model to interpolate the 15 r.te
discharges at the Ruskin Power House, for the time 0h00, Ohl5, 0h30 and

Oh45 on January 1, 1968.
- 8 -




Figure 2.2

Preparation of boundary conditions input data:
Ruskin Power House discharges

Y e ’ Punched cards containing the

1968 annual record of the hourly
hydroelectrical production at the
Ruskin Power House

Transfer from punched cards to
mainframe computer files

PFN=RUSKIN 1D=D1$68

Computer permanent file containing the 1968
annual record of the hourly hydroelectrical
production at the Ruskin Power House

/" QRUSKIN | Definition of the requested dates
\_ PROGRAM (starting date & number of days)

Input file of the 1-D model containing the
hourly discharges at the Ruskin Power House
for the dates requested by the user

-9 -



In order to avoid difficulties during the simulation, it is necessary to
verify the annual record containing the hourly power produced at the R .n
Power House. This check is necessary because different errors can be
introduced during the preparation of the punched cards, such as coding

errors in the station number and dates, missing cards and typing errors. A

computer program would be a useful tool for this task. It would be simple
to develop and inexpensive to operate. It was not developed for this
particular project because of the tight schedule. The annual record
computer file was checked manually. The only error detected in the
original file was a missing card on June 14, 1968. The missing card was

replaced by approximate values of existing conditions.

- 10 -



3.1

Lateral Inflow

The lateral inflow is a hydrological input needed for the total water
balance of the system, to account for the ungauged part of the runoff from
the drainage basin between Port Mann and Mission City. In the present
model, it is considered as a point inflow, located approximately 18 miles

upstream of Port Mann.

Data Preparation

The lateral inflow must be defined in the input file of the 1-D model. Two
sirplified methods are available in order to determine these values: the
correlation method and a modified rational method. These methods are fully
described and discussed in the following sections. For the generation of
the 1968 hydrometric data, the correlation method was applied when both the
climatic conditions consisted of low to moderate precipitation (less than
or equal to 1 inch/day) and the estimated lateral inflow was small compared
to the flow at Mission (less than 25%). A modified rational method was
applied for the other cases, mainly because the accuracy of the correlation
method decreases as the lateral inflow increases. Once the daily lateral
inflows are estimated, the annual record is placed on a computer file. The
corputer program FUSION can then be used to merge this file with another
computer file containing a list of the dates for the year studied. The
computer file produced by this program contains the complete annual record
of the daily lateral inflows and dates. It may be noticed at this point
that the preceeding steps can be performed in any other way, as 1ong‘as the
resulting computer file contains the annual record of the daily lateral
inflows and dates. When this file is completed, the computer program
RUNOFF can be run in order to determine the lateral inflow at every 12

hours for the dates requested by the user, and to put these values in the

- 11 -



input file of the 1-D model. The procedure and files identification are

The daily lateral inflows included in the annual record computer file are

summarized in Figure 3.1.

assumed to represent the values at noon. Since the lateral inflows in thé
1-D input file are reqﬁired at every 12 hours, the program RUNOFF
interpolates the values for the times Oh00 and 24h00. Because of this
interpolation'procedure, the simulation for the complete year requires tha
the user also include in the annual record computer file the lateral inflo
for the day preceeding the first day to be simuiated (December 31, 1967)

and for the day following the last day to be run (January 1, 1969).

Determination of the Surface Area of the Ungauged Sub-Basin

In normal conditions, it can be assumed that the rupoff'over any basin is
proportional to its surface area. In order to determine the lateral‘lo‘
of the Lower Fraser River system, it is necessary to evaluate the surface
area that contributes to the ungauged ruanf between Port Mann-and Mission
City. It can be assumed that the drainage basin area of the Lower Fraser
River at Port Mann, ATOT’ is divided into three main sub-basin areas,
namely the Pitt River sub-basin at Port Coquitlam:Ai, the Lower Fraser
River sub-basin at Mission City Az, and the Lower Fraser River sub-basin
betweeq Port Mann and Mission City A3. The Lower Fraser River sub-basin

between Port Mann and Mission City can be further subdivided into two

parts, namely the Stave Lake sub-basin regulated by the Ruskin Power House

A3l’ and the remaining part of the sub-basin called the ungguged
sub-basin between Port Mann and Mission City A32. The sub-baéins
relationship can then be expressed by the following equatién:

52) ®

ATOT=A1+A2+A3=A1+A2+(A31+A

-12 -



Figure 3.1

Preparation of the lateral inflow

Publications containing 1968 annual
record of daily discharges at Kanaka

i

and West Creek {(08MHO98)

Creek (08MHO76), Salmon River (08MHO90)

Publications containing the 1968 annual
record of daily precipitations at
Abbotsford, Langley Prairie and Mission

1§

|

Manual conversion into daily lateral inflows

using the correlation method

p———————

Manual conversion into daily lateral inflows
using the rational method {large values only)

1PF=DEBIT.68

Computer indirect permanent file containing
1968 annual record of daily lateral inflows

f

1PF=DATE. 68

Computer indirect permanent file containing
the 1968 annual record of the dates

J

FUSION

PROGRAM

PFN=RUNOFF

1D=D1568

Computer permanent file containing the
1968 annual record of daily lateral inflows

RUNQFF
PROGRAM

Definition of the requested
| dates (starting date and
number of days)

Input file of the 1-D model containing
the lateral inflow at every 12 hours
for the dates requested by the user




From the Reference Index of the Surface Water Data published by Water

Survey of Canada (Water Resources Branch, 1983), it is found that: ‘

2
Port Mann (08MH126): Apor = 89,575 mi2 {232,000 km")

2
Port Coquitlam (08MH035):. Al ‘633 mi2 (1,640 km )

, 2
88,031 mi? (228,000 km)

- Mission City (08MHOD24) : Az

440 mi2 (1,140 kmz)

Stave Lake (08MHO11): A31
Applying the sub-basin relationship, the so-called ungauged sub-basin area
betwéen Port Mann and Mission City is equal to:

.2 2
_A32 = 471 mi~ (1,220 km")

Using the ungauged sub-basin area, two different methods are developed in

order to evaluate the lateral inflow.

3.3 Co rtelation‘ Method » .
3.3.1 Definition
In hydrologic projects, it is common pracﬁice'to determine the runoff of ar
ungauged basin (or sub-basin) by correlating this basin with surroﬁnﬁing
répresentative gauged basins. A simple correlation relationship for the

estimation of the runoff of an ungauged basin is:

= q.
,qL_%%‘ 1
i=1 %

where: qL = estimated runoff of the ungauged basin

A = surface area of the ungauged basin
M = number of gauged basins that are representative of the
ungauged basin

q. = runoff of the ith gauged basin

a, = surface area of the ith gauged basin
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The term

=

(gj/aj) can be understood as a mean runoff per unit

1

m
Lz
1=

ea, It implies an equal representativeness for each gauged basin

3

surface a

{non-weighed method).

Three gauged basins were selected as representative of the ungauged

sub-basin of the Lower Fraser River between Port Mann and Mission City:

2
- Kanaka Creek near Webster Corners (08MHO076): 1=18.42 mi~ (47.7 kmz);
. .2 2
- salmon River at 72 Avenue, Langley (08MHO090): a2=18.92 mi~ (49 km );

2 2
- West Creek near Fort Langley (0B8MHO98): a3=4.40 mi (11.4 km ).

When the operational aspect is considered, it may be found that data from
one or even two stations is sporadically missingf Thus, a number of
equations must be determined and used according to the available data
(operating stations). Applying the general correlation relationship to
different situations, the following equations can be obtained:

- When Kanaka Creek, Salmon River and West Creek data are available:

q, = 1,220 G o+ % 493 DRI o P B

3 47.7 49.0 11.4

- When only Kanaka Creek and Salmon River data are available:

q = 1,220 (1 + 32 ) PN £ I3
2 47.7 49.0

- When only Kanaka Creek data are available:

q =11220 (ql ) o.ol.ooou-oooo.oo.c.o....-.cooo (3.3)
47.7

where: q, = runoff of the ungauged sub-basin (lateral inflow)
ql = runoff of the Kanaka Creek
q2 = runoff of the Salmon River

q3 = runoff of the West Creek
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(note that the units of q;, are jdentical to the units of 4y q, and

a;) - \
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Table 3.1

Comparison of Equivalent Volumes of Water for October, 1968

—LL_

9 q . Equivalent Weekly Monthly IA lL IM 1 Equivalent Weekly Monthly
Water Cumulative Cumulative Water Cumulative Cumulative
Yolume Volume Volume Yolume Yolume Yolume
6_3 6_3 6_3 6_3
(cfs) (cfs) (10 ft)) {10 ft") (10°ft7) ||(in/day) (in/day) (in/day) (in/day) (10°ft") (106ft3) (106ft3)
1 24, 614, 53. 53. 53. 0.00 0.00 0.00 0.00 0. 0. 0.
2 22, 562, 49, 102. 102. 0.00 0.00 0.00 0.00 0. 0. 0.
3 21, 541, 47, 149, 149, 0,00 0.23 0.17 0.13 146, 146, 146,
4 42, 1066, 92. 241, 241, 0.17 0,03 0,02 0,07 80, 226, 226,
5 49, 1246, 108. 348, 348, 0.61 0.48 0.74 0.61 668, 894, 894,
6 195. 4986, 431, 779. 779. 0.26 0.04 0.25 0.18 201, 1094, 1094,
7 172, 4399, 380. 1159, 1159, 0.99 0.00 0.15 0.38 416, 1510, 1510,
8 105. 2683, 232, 232. 1391, 0.00 0.00 0.00 0.00 0. 0, 1510,
9 89, 2267, 196. 428. 1587. 0.54 0.60 0.57 0.57 624, 624, 2134,
163, 4173, 361. 788, 1947, 0.62 0.32 0.46 0.47 511, 1134, 2645,
228, 5835, 504, 1292, 2451, 0.47 0.37 0.49 0.44 485, 1620, 3130,
215, 5500, 475, 1768, 2927, 0.24 0.33 0.28 0.28 310, 1930. 3440,
293, 7497, 648, 2415, 3574, 0.12 0.06 0.06 0.08 88, 2017, 3527,
172. 4399, 380, 2195, 3954, 0.01 0.20 0.27 0.16 175. 492, 3702,
156,  3993. 345, 345, 4299, 0.25 0.00 0.0 0.09 95. 95. 3797,
107, 2737, 236, 581, 4536, 0.00 0.0 0.01 0.01 7. 102, 3805.
139. 3559, 307, 889, 4843, 0.66 0.69 0.79 0. 781, 883. 4585,
152, 3884, 336, 1224, 5179, 0.00 0.2 0.25 0.19 204, 1087. 4789,
198, 5067, 438, 1662, 5617. 1.12 0.89 0.84 0.95 1040, 21217, 5829,
238, 6088, 526. 2188, 6143, 0.17 0.00 0.13 0.10 109, 2236, 5938,
191, 4886, 422, 2610. 6565, 0.39 0.57 0.54 0.50 547, 2183. 6486,
230, 5880, 508. 508. 7073. 0,01 0.17 0.07 0.08 7. 91, 6577.
200, 5112, 442, 950, 7515, 0.47 1.45 0.55 0.82 901. 992, 7478,
410, 10477, 905, 1855, 8420, 0.12 0.30 0.21 0.21 230, 1222, 7708,
200, 512, 442, 2297, 8862. 0.19 0.00 0.01 0.07 73. 1295, 7781,
136, 3477, 300, 2597, 9162. 0.00 0.00 0.00 0.00 0, 1295, 7781,
92, 2357, 204, 2801, 9366, 0.00 0.07 0.00 0.02 26, 1320, 7806,
99, 2538, 219, 3020. 9585, 0.32 0.60 0.53 0.48 529, 1849, 8335,
154, 3938, 340, 340, 9925, 0.19 0.19 0.10 0.16 175. 175. 8510,
198, 5067, 438, 778, 10363, 0.55 0.40 0.47 0.47 518. 693. 9028,
210, 5374, 464, 1242, 10827, 0.00 0.00 0.00 0.00 0. 693, 9028,
where: q. = published daily discharge at Kanaka Creek (08MHO76) 1. = dafly rainfall recorded at Langley Prairie station
17 P L
9 * daily lateral inflow estimated from equation 3.3 lM = dafly rainfall recorded at Mission station
1 =

lA = dafly rainfall recorded at Abbotsford A. station mean dafly rainfall = (IA+XL+IM)/3

Equivalent Water Volume = (86,400 + q(cfs)) and (896,971 + 1220 (km) + I({n/day))




also corpare reasonably well, although larger differences are to be
expected when such small time periods are considered. '
@
3.3.3 Limitation

It can be assumed that the degree of accuracy for the estimation of the
ungauged runoff (lateral inflow) increases with the number of
representétive stations used. In-.other words, equation 3.1 should be used
when the complete data recdrds are available for all 3 stations. For the-
1968 data generation project, it was found that most of the time, the only
runoff data available was for Kanaka Creek Station (except for Novermber and
December, where salmon River data were also available), and equation 3.3

had to be used.

Generally, an error on the estimation of the lateral inflow is not very

significant on the overall results produced by the 1-D model, because

q
is often very small conpared to the total Lower Fraser River discharg‘
However, the analysis of some resuits obtained for 1968 showed that the
lateral inflow corputed from the correlation equation\3.3 can be foundvto
pe of the same order than the river discharge, for periods where low flow
in the river aﬁd heavy rainfall occur simultaneously. For instance, on
January 19, 1968, the recorded rainfall wés 2.24 inches; the‘estimated
' jateral inflow is 62,142 cfs (using the published v;lue of ql=2,430 cfs
in equation 3.3) and the published discharge at Mission is 76,300 cfs. I
this case, the accuracy of the estimatéd jateral inflow has to be very 4cC
pecause both values are of thé same order. A water volume.comparison was
done for the period of January 15-21, 1968 (seé Table 3.2); 1t revealed
that tﬁe volume of water obtained from the correlation method

(14.1 ° _109 £t3) was much larger than the volume resulting from the‘
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Table 3.2

Comparison of Equivalent Volumes of Water, January 15-21, 1968

Dayj 4q 4 Equivalent Weekly 1 1 1 I Equivalent Weekly
1 A L M
Water Cumulative Water Cumulative

Yolume Yolume Yolume Volume

6 3 6 3 6 3 6 3

(cfs) {cfs) (10°Ft) (10°ft7) |(in/day) (in/day) (in/day) (in/day} (10 ft ) {10 ft")
15 281, 7190, 621. 621. 0.33 0.23 0.1 0.26 281, 281,
16 188. 4805, 415, 1036, 0.38 0.23 0.44 0.35 383, 664,
17 121, 3098, 268, 1304, 0.01 0.20 0.15 0.12 131. 795.
18 344, 8797, 760, 2064, 1.89 4,65 3,84 3.46 3786, 4581,
19 } 2430, 62142, 5369, 7433, 3.08 2.01 1.63 2.24 2451, 7033,
20 | 2250, 57536. 497, 12404, 0.88 0.50 0.36 0,58 635, 7667,
21 770, 19690, 1701, 14105, 0.00 0.00 0,00 0.00 0. 7667,

A1l the variables are defined in Table 3.1



total rainfall (7.7 ° 10° ft3). The snow melt could not explein the
1argeadifference between the two water volumes, because this woulq requife
the melting in 5 days of appthimately 5.5 ft of snow in a r'egion, of'
province where the snow cover is practically non-existent. It seems morel
reasonable to believe that the difference between the water volumes simply
indicates some limitations of the correlation method. In other words, the
correlation method could fail to estimate reasonably well the large valuee
of runoff. The last interpretation would be consistent with the fact tha
the accuracy of the gauged (published) discharges used as the known
variables in the correlation equations (ql, 90 q3) decreases as the
vdischarges increase. To better understand this statement, the methodolog
used to determine the publiShed discharges must be shortly discussed. Th
published dally dlscharges are determined from averaging a number of
*instantaneous®™ discharges (instantaneous is to pe understood as "over a
short period of time®, as opposed to daily mean). The instantaneous
discharges are obtained from a stage-discﬁarge (Q-h) curve, using t.
measured instantaneous stages as the input -values. The Q-h curve is
originally built using a series of measured instaetaneous stage-discharg
values., When it comes to very high stages such as those occuring during
heavy rainfalls, few measurements are available on the Q-h curve, and
extrapolatxon is used in order to determine the corresponding instantan
discharges, Errors on the extrapolatlon of the large 1nstantaneous
dlscharges will then reflect on the evaluation of the sub-basin daily
dlscharge, which in turn will 1ead to an error in the estimation of the
lateral iﬁflow of the ungauged sub-basin. As an jllustration, the
published da11y d1scharge for Kanaka creek station for pDecember 14, 197

is equal to 3,044 cfs. The lateral inflow estimated from equation (3.

would be 77,855 cfs. The maximum instantaneous measured stage-dischar
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3.4

value that appears on the Q-h curve corresponds to 2,649 cfs. Since the
basin is relatively small, it seems likely to affirm that instantaneous
discharges have significantly exceeded the daily discharge during that day
(in fact, the maximum instantaneous discharge for that day was estimated
from the Q-h curve to be equal to 5,156 cfs). Because of the error on the
extrapolated large instantaneous discharges, the accuracy of the daily
discharge is questionable, and the estimation for the lateral inflow

doubtful.

The preceeding discussion clearly indicates that the correlation method is
not adequate for the estimation of the lateral inflow in the situation
where both heavy rainfall and low flow in the Lower Fraser River occur
simultaneously. A method for the computation of the large lateral inflows

is presented in the next section.

Modified Rational Method

As mentioned earlier, the accuracy of the correlation method is expected to
decrease for the situation where both heavy rainfall and low flow in the
Lower Fraser River occur simultaneously (large runoff). It is beyond the
scope of this project to develop a new sophisticated method. An approximate
method based on the rational formula is developed according to basic
hydrologic principles in order to determine the lateral inflow for this

particular situation.

The method is based on two major assumptions. It is first assumed that the
shape of the time distribution of the lateral inflows obtained from the
correlation method (percentage per day), represents reasonably well the

real distribution. It is also assumed that the volume of water equivalent



to the 1ateral inflow over a period of time is equal to the volume resulting

from the precipitation over the sub-basin during the same time period

(Q A,_t=[CIA]At) . 1In order to have the last assumption to be true, it is .
necessary to consider jarge flows (such that the base—flow is small
compared to the runoff) and reasonably long time period relative to the

size of the pasin (longer than the concentration time of the pasin).

The large 1ateral inflows can be determined according to the following
procedure. 1n the first step, the time distribution of the lateral inflow
rust be determined. An approximation of the daily jateral inflows (qL)i

is done»using one of the equations geveloped by the correlation method.

The number of days *4" over which the large flow conditions prevail is also
getermined by the user. The‘lateral inflows are then added for the
‘conmplete time period, “.j (qL)-'. The distribution of thelflow (in

1—1
per.centage) is then determined as the ratio of the daily over the totab

lateral inflow, -(qL / z (qL) once the lateral inflow gistripbution
is determined, the second step consists of evaluating the real volume of
water resulting from the rainfall over the ungauged sub-basin.. The daily
rainfall "Ii" is estimated'from averaging the measurements taken at three
representative meteorological stations (Abbotsford A, Langley prairie and
-Mission). The daily precipitations are added in order to determine-the

. - |}
precipitation for the total time period considered, % I.. The

1_

equivalent yolume of water over the ungauged sub-basin area is estimated
' . w_ =C( 3 1,07 ,

from the rational method TOT 421 i!® , where C corresponds to @ mean

runoff eoefficient (here, C ™ 0.8) and A is the snrface area of the ungal
sub-basin (1.3132 ° 10t0 £t or 1,220 «nZ). 1In the third steps E0€

new estimation of the daily lateral inflow is determined from the daily
distribution of the total volume of water "{qp); = Vot da. /86 400" '

The procedure is illustrated by an example in Table 3.3.
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Table 3.3

Determination of Lateral Inflow by the Rational Method

Jan 18/68 Jan 19/68 Jan 20/68 Jan 21/68 Jan 22/68
Kanaka C. runoff (cfs): 344 2430 2250 770 N7
(o)),
Correlated runoff (cfs): 8797 62142 57536 19690 81N
= 47,
(qL)1 1220(q])1/ 7.7
Runoff distribution (%): 5 40 37 13 5
= 00
d1 (qL)1 x
J
T (qL)
i=1 |
Rainfall (in/Day): 3.46 2.24 0.58 0.00 0,01
I
i
Adjusted runoff (cfs) ne7 25493 23581 8285 387

(9 )"V 101

———

86400

J

i

i

i

5

3 -
§](qL)‘ 156276 cfs

3
z

J
z

1

1

di=100%

11=6.29 in

9 .3

VT0T=5.5.10 ft

i

0 e

1

(qL);63733 cfs



The rational method should be regarded only as an approximate method, the
results being at the best of the order of the real solution. It was

developed only to slightly improve the estimation of the daily 1ateri

inflow in situations where the correlation method lead to unrealistic
values., One of its weaknesses is that it may fail to reproduce the right
peak (instantaneous runoff). The method also gives no indication about t!

base flow in the ungauged system.

The difficulty caused by the relatively large lateral inflows (large
relative to the Lower Fraser River discharge) did not only occur for this
project, but also during the generation of the 1984 hydrometric data. Th
accuracy of the results obtained from the application of the 1-D model
could certainly be improved if the large lateral inflows were better
estimated. This points out the need for the development.of a new method
handle the situation of large jateral inflow, or of a general method thal

could be used to compute all small, moderate and large lateral infl‘.
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Calibration of the 1-D model to 1968 Conditions

As mentioned earler, it is necessary to describe the physical properties of

the river in the input file of the 1-D model in order to simulate the

system. This description consists basically of two things:

- the shape of every cross-section and their position one relative to the
other;

- the flow-resistance properties of every cross-section (in this case, the

Manning's roughness coefficient).

The available data describing the physical properties of the Lower Fraser
River correspond to those obtained from the original calibration of the
model, and represent the 1980-1981 conditions (see Water Planning and
Management Branch, 1983). However, because a river such as the Lower Fraser
River is experiencing natural and man-induced changes in time (such as
erosion, deposition, bank slumping and dredging), variations of the
cross-sections data and Manning's n over the years are to be expected. As
it will be demonstrated in Section 4.3, it appears that all the changes
that took place between 1968 and 1980-1981 can be taken into account by
increasing by 10% the Manning's n obtained for low to moderate flow
conditions in the original calibration (ni,L)' In order to understand

the development that led to this calibration method, the results of the
original calibration of the model will be shortly presented. The
adjustment methods used for the 1983 and 1984 hydrometric data generation
will then be discussed. Finally, the calibration of the Manning's
foughness coefficients to the 1968 conditions will be demonstrated and

verified.

_ 25 _



Original Calibration of the Model (1980-1981 Conditions)

4,1,1 Definition

The original calibration of the model was performed using 1980-1981 w.:
data. The complete method and results are presented in Water Planning and
Management Branch, 1983. The cross-section data were obtained from survey:
taken over different years, and were adjusted to the actual 1980-1981
conditions by either raising or lowering the cross-sectidns such that they

matched with updated surveys.

The second step consisted of the determination of the Manning's roughness
coefficients for the whole system. It is well known that the flow-
resistance properties of an open channel (in this case the Manning's n) at
likely to vary with water depth, location along the channel and flow
characteristics. The major physical factors generally técognized t;
influence the flow-resistance properties include: vegetation,_cross-secti
shape and irregularities, channel meandering, size and shape of the .er
forming the bed, flood plain conditions, and the presence of obstructions
such as bridge piers, ice and log cove; or jams. For a riyer beg compose
of erodible granular material such as the Lower Fraser River, the Manninc

roughness coefficients can also be affected by the flow induced conditior

because they control the bed load, suspended material and the geometric

. configuration of the bed surface (flat bed, ripple patterns, dunes and

~antidunes). Physical observations have confirmed that for different flo

regimes, dunes were formed, progressed downstream or were washed out of
Fraser system. Quantitative methods or equations have not yet been
established to accurately compute the Manning's roughnéss coefficients i
the Lower Fraser River in relafion to all three variables (depth, locati

and flow conditions). One alternative solution was to determine the
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Manning's n using a calibration technique. With this method, approximative
coefficients of roughness are first estimated by the user and are defined
in the data input. The model is then successively run and the Manning's n
are adjusted by trial-and- error according to the comparison between
observed and simulated discharges and water levels along the river system.

This technique was used during the original calibration of the model.

4.1.2 Results

The general results of the original calibration indicate that for daily
flow conditions at Mission, less than 199 500 cfs, the Manning's n does not
seem to vary with depth or flow conditions, the only significant variable
being the location along the channel. Those values, expressed as ni,L
(Manning's n in reach i, for Low to moderate flow conditions), are given in
Table 4.1. However, for high flow conditions such as a daily flow of
303,700 cfs at Mission, it seems that the bottom changes are more
significant and increase the Manning's n by approximately 10%. These

values, expressed as n. (Manning's n in reach i, for High flow

+H

conditions), are given as well in Table 4.1.

The calibration of 1980-1981 demonstrated that the model can reproduce very
well the natural hydrometric conditions. The standard errors of the water
levels at Port Hammond and Whonock were below 0.32 ft. During the high and
low tides, the simulated discharges at Port Mann, Port Coquitlam and
Mission were found to be within +6% of the values measured by the
moving-boat technique, and were very close to the Water Survey of Canada's
standard of +5%. The accuracy of the simulated discharges slightly
decreased during the flow transition (from high to low tide and

vice-versa), but still compared reasonably well with the measurements.
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Table 4.1

Origina) Calibration of Manning's Roughness Coefficients

Reach Manning's roughness coefficients
1 "L i H K=y /ML
30 0,0245 0.0270 1.1020
3 0.0315 0.0347 1.1016
32 0.0315 0.0347 1.1016
33 0.0365 0.0365 1.0000
40 0.0245 0.0270 1.1020
) 0,0245 0.0270 1.1020
42 0.0245 0.0270 1.1020
43 0.0245 0.0270 1.1020
44 0.0285 0.0314 1.1018
45 0.0275 0.0303 1.1018
46 0.0275 0.0303 1.1018
47 0.0255 0.0281 1.1020
48 0.0255 0.0281 1,1020
49 0.0255 0.0281 1.1020
50 0.0255 0.028 1.1020
51 0.0245 0.0270 1.1020
52 0.0245 0.0270 1.1020
53 0.0245 0.0270 1.1020
54 0.0255 0.0281 1.1020
55 0.0245 0.0303 1.2367
where: ni,L = calibrated Manning's n for reach { for low to moderate flow

conditions (when the observed daily discharge at Mission is
lower than or equal to 199,500 cfs).

LY = calibrated Manning's n for reach i for high flow conditions
’ (when the observed daily discharge at Mission is equal to
303,700 cfs).
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The results obtained from this calibration can lead to a slight over-
estimation of the simulated daily discharge at Mission as compared to the
measurements obtained from the moving-boat technique (by approximately 5%),
Oon the other hand, the simulated daily discharge at Port Mann can be
slightly under-estimated as compared to the observed value (also by
approximately 5%). The tendency of the model to diverge from the observed
values by +5% at Mission and -5% at Port Mann could probably be corrected
by having more precise methods in order to determine the variable Manning's

roughness coefficients.

Operation of the Model for the Generation of
1983 and 1984 Hydrometric Data

When the application of the 1-D model to the generation of annual records of
hydrometric data is considered, many questions are raised. The original
calibration has shown that over a critical daily discharge at Mission
(Q53,L)' the Manning's roughness coefficients seem to vary according to

the flow conditions. Since the model has to be run fof different flow
conditions during the simulation of annual records, it is essential to know
how these coefficients vary. Also, when the simulation of years other than
1980-1981 is considered, temporal changes that took place in the cross-
sections shape and in the Manning's roughness coefficients have to be
evaluated. A standard procedure developed to operate the model for any
period of time is to use the cross-sections data corresponding to the
1980-1981 river characteristics and to adjust or calibrate the Manning's
coefficients in order to take into account both the particular flow
conditions and the changes that occurred to the cross-sections. In the
following sections, three different approximative methods developed for the

Manning's n adjustment are presented. Although these methods could not be

applied to the particular study of 1968, they are briefly presented for the
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sake of coﬁpleteness because they lead to the final solution.

The first method takes advantage of the fact that in the Lower Fraser ‘r
system, the water levels at the extremeties are considered as the boundary
conditions. This means that for fixed elevations at these points, the
discharge in the river varies approximately as the inverse.of the Manning's
coefficients. By comparing tﬁe results of the simulation to the observed
daily discharge at Mission, one can directly adjust the n values and make
an improved simulation. The method is summarized in Figure 4,1. One
difficulty with this method is that the observed daily discharge at Mission
is required in order to compute the adjusted Manning‘s.n. As is the case
for 1968, this value is usually not known to the user, unless the tides
have no effect and the stage;discharge relationship can be used. The
method is also time consuming because it requires a direct operation by the

user. It was successfully applied in the 1983 Data Generation Project, fo

the days when the daily discharge at Mission was known.

In order to solve the difficulty caused by the unknown daily discharge at
Mission, a second method for the adjustment of the Manning's coefficients

was developed. This method is pased on three assumptions:

Manning's roughness coefficients obtained in the initial calibration
(ni L and ny H) are reproduced in the river if the same discharges
! [4
(053,L and Q53,H) OCCur ;
-  for Mission's discharges lower than Q53,L (199 500 cfs), the Manning's
n do not vary with discharge and are equal to ni,L’
- S g o . . o
Manning's n for intermediate discharges (between QSB,L and QS3,H)
can be interpolated (between n; g and nn,H)' and values for larger
! -

discharges (greater than Qg4 H) can be extrapolated. ‘
[4
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Figure 4,1

First Method for the Adjustment of the Mannings' Coefficients
(the observed daily discharge at Mission has to be known)

Determine the real {observed) daily
discharge at Mission, Q53 j

Set the Manning's n values of the
1-D model equal to calibrated ny  values

Run 1-D model for the day and find the
Eimulated daily discharge at Mission, 0*53 3

Compute the relative error between the
real Qg3 4 and simulated Q* &3 3

daily discharge at Mission

bs3,5 = (Qs3,5-Q%s3,5) / Q%534

heck if Ag3 ;5 is smaller than
or equal to a tolerance

No Yes

Compute new improved ny j values End of
according to following relation: simulation

ng, gm0 (1-53,3)

Replace the 1-D model n values
by the new improved nj j values
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The method is summarized in Figure 4.2. This method can also be usgd if
the observed daily discharge at Mission is known. The method was
successfully applied to the 1983 Data Generation Project, and it ga‘.‘
results equivalent to the first method. However, the accuracy of this
method is expected to decrease if it is applied for years such as 1968,
where the cross-sections of the river may have significantly changed from
those used in the original calibration. The method also has the
disadvantage of being time consuming because it requires an additional

intervention of the user.

A third method was developed in order to allow the model to compute the

adjusted Manning's coefficients with no direct interveption of the user,
The methpd is présented in Figure 4.3. It was successfully applied duri
the 1984 Data Generation Project. The assumptions used are identical to
those set for the second method. Therefore, this method may also not be

relevant for the 1968 Data Generation Project. .

In order to determine whether or not the second and third adjustmént
methods are appropriate for 1968, it is necessary to determine the
approximgte variation in the cross-sections between 1968 and 1980-1981.
do that, the 1-D model can be run for a series of days of low to moderat
flow in 1968 using the cross-sections defined in the original calibratic
and the Manning's n obtained for low to moderate flow conditions (ni,L)'
Although the observed daily discharge at Mission may not be known, the
simulated hourly discharges at this location can be compared to the

available discharges measured in the field.
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Figure 4,2

Second Method for the Adjustment of Manning's Coefficients
(the observed daily discharges at Mission may not be known)

check if the real
No -

(observed) daily discharge at

isston, Q 53, 4 {s available

Set the Manning’s n values of the 1-D

model equal to the calibrated n values

for low to moderate flow (0., JSi995oo cfs)
»

1

Run the 1-D model for the day, and find Set Manning's n values of 1-D
the daily discharge at Mission, Q§3 j
2

model equal to the calibrated n

values for low to moderate flow
<
No (053,J 199500 cfs)
compute new improved n j values according y compute new fmproved n1 values
to following approximalé equation: according to following é&uation:
n, .=[TK,-1)(Q,, ,-199500)/104200]+1]n
= 2 * [[ 5
",V hLosat-1-11+ Lo g J(K1-1)/26045] gt i 3. - 1L
- 1.91653(K -1)+1. 2 -
1.91 (Ki N ]lni,L/ Replace the 1-D model n values
K 2 by the new improved n j values
Replace the 1-D model n values ?

by the new improved " 3 values

Run the 1-D model for the day

Run the 1-D model for the day

1

End of
Simulation

yes



Figure 4.3

Third Method for the Adjustment of the Manning's Coefficients

Set the Manning's n values of the 1-D
model equal to the calibrated n vatues
for Tow to moderate flow (Q53’j\< 199500 cfs)

\

Run the 1-D model for the first time step and find
the instantaneous discharge at Mission, 023

pe

Last time step?

Yes End of
Simulation

>199500 cf
3,3

Yes

Compute new improved n1 j values
according to following equation:

ny 5 [0 10Qs, £199500)/104200]+1]n ;|

Replace the 1-D model n values
by the new improved n values

1,3

Run the 1-D model for the next time step

1
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This comparison is shown in Table 4.2, for three different days. Two sets
of observations are available for each day. The table presents the time
when the mesurement took place, the observed (measured) hourly discharge
(hourly because a measurement takes approximately 60 minutes), and the
water level variation during the measurement. It gives the simulated
instantaneous discharges at the beginning and at the end of the measurement
period, and the mean simulated value. The table also presents the relative
difference between the measured and the corresponding mean simulated
discharge. The results indicate that if the cross-sections defined in the
original calibration and the Manning's nj L are used for the 1968
simulation, the model over-estimates the hourly discharge at Mission by
more than 10% (the larger difference of 27.8% occurring on January 4 can be
explained by the imprecision of the measurement method when the tide
effects are important, as indicated by a water level variation of 0.42 ft
within the period the flow measurement was performed). A reasonable
interpretation for the over-estimation of the discharges by the model can
be that since the bed material particle size distribution has approximately
remained the same between 1968 and 1980-1981, the cross-sectional area of
the river must have slightly increased during the time under the influence
of natural erosion and over-dredging. Using the Manning's equation, it is
found that a 10% decrease of the Manning's n between 1968 and 1980-1981 is

approximately eguivalent to a 5% increase in the cross-sections areas.

It can be concluded from the preceeding paragraph that the second and third
methods for the adjustment of the Manning's n are not appropriate for the
1968 simulation. The utilisation of the cross-sectional data corresponding
to the 1980-1981 river characteristics combined with the n values obtained

from the original calibration would lead to an over-estimation of the
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Table 4.2

Comparison Between Observed and Simulated Hourly Bischarge at Mission
Using Unadjusted and Adjusted Manning's Coefficients

January 4 January 22 ?
t-te 7h45-8n50 8h27-9h31 8h00-8hs!(
Q, [t -te] (cfs) , 51 100 - 121 400 - 113 000
oh [t -t (ft) 0.10 0.07 0.05
* 3 152 33 732 5
5]« 0z, [t ] (cfs) 73152 1 | 128 505
g | Qf, [t,] (cfs) 49 673 121 ©18 125 467
gl ea -
5| 3.3 x  (cfs) 61 413 127 575 126 986
a| 2e 53 4
o] -
Q9 b -4 ]-0* * - - -
E| g 100(Q,, [to tf] QF;)/Q%, (%) 16.8 4.8 1.0
o
g Qx; [t)] (cfs) 66 004 124 104 116 643
. . c ' A
w1 (cfs) 44 836 112 936 113 647
D g .
+ - .
g = G, (cfs) - 55 420 118 520 15 148
2" 53 ‘
g - - .
< - - * - . -
100(053“0 tf] 033)/053 (%) 7.8 2.4 1.9
t-t 11h50-12n50 12h57-14h10 10n55-11hA
053 [t-t; 1 (cfs) 35 000 110 900 116 70
Ah [to-tf] (ft) . ' 0.42 -0.01 0.04
Qx, [t] (cfs) . 38 229 122 845 Y 198
el = it ‘ 74 01 22
%
g| 'Qsa[tf] (cfs) 58 6 132 700 129 22
o] ¥ A - .
51 8.5 %y (cfs) 48 452 127 773 o182
0 @ -¢ 1-0% (/0* i - - -
| g 100(Q,[t -t 1-033(/Q; (3) 27.8 13.2 . =9,0
ho]
5 og3tt°] (cfs) 38 469 114 091 114 74
8 .
o = * ) ! 0 6 45!
a| g a Qf, [t ] (cfs) _ 55 698 122 006 N
Q
§ 5| Qg (cfs) 4708 118 047 115 60
-
Lol - -0 0 - - -
2 100(Q, [t -t 10830/ (%) 25.7 6.1 1.0
where: to = starting time of the measurement

tf = ending time of the measurement
Ah[to-' tf] = observed variation of the water level during the measurement
053[to-tf] = observed hourly discharge

033[t°] = simulated instantaneous discharge, at the beginning of the measurement

Q§3[tf] = simulated instantenaous discharge, at the end of the measurement

553 = simulated hourly discharge, (Q*s*a[to] + Q.§3[t'f])/2 .
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discharge at Mission. 1In order to solve this problem, a new adjustment

method was developed for the particular application of 1968.

Determination and Verification of the 1968 calibration

A simple calibration of the 1-D model for the application to the 1968
conditions consists of using the cross-sections data corresponding to the
1980-198] river characteristics and to increase by 10% the calibrated
Manning's n obtained in the original calibration for low to moderate flows
(ni,L)' The results for the simulation of 3 days u#ing these adjusted
Manning's coefficients are also presented in Table 4.2. The simulated and
observed hourly discharge at Mission are in reasonably good agreement
(difference smaller than +8% except for one case which was already
discussed). The simulation using the adjusted Manning's n (1.1 ni,L)
represents a significant improvement when compared to the results obtained
from the simulation using the original calibrated n values (ni,L)'

In order to determine if the 10% increase of the Manning's n (n, ) is an

i,L
adjustment that can be generalized for any flow conditions in 1968 (even
for high flow conditions), it is necessary to analyse a broad range of flow
situations. This verification can be done by comparing all the hourly
discharges measured at Mission for 1968 with the values obtained from the

1-D model using the adjusted Manning's n. A total of 61 measurements are

available for the verification. The comparison is presented in Table 4,3.

"It can be seen from these results that 43 out of 61 measurements fall

within +5% of the simulated values, and that 57 out of 61 are within +10%.
The largest errors of -25.7% and 14.4% occur on January 4 and October 25,
at times when the flow was very much unsteady during the measurements

(indicated by the large variation of the water level of 0.42 ft and 0.36 ft

- 37 -



_QE_

Table 4.3

Verification of the 1968 Manning's n adjustment method

Yot Qlt-te ] anle-t ] Qple]  Qg,lt.] Qpy 1000050t -¢,1-0g,)

R

(cfs) (ft) {cfs) (cfs) {cfs) (1)

Jan. 4 07h45-08h50 51 000 0.10 66 004 a4 836 55 420 - 7.8
Jan. 4 11h50-12h50 35 000 0.42 38 469 55 698 a7 084 -25.7
Jan. 12 13h05-13n55 50 300 0.06 50 820 a5 542 48 181 4.4
Jan, 22 08h27-09h31 121 400 0.07 124 104 112 936 118 520 2.4
Jan. 22 12h57-14h10 110 900 0.01 114 091 122 006 118 047 - 6.1
Feb. § 12h44-13n48 79 600 0.06 76 795 85 887 81 341 -2
Feb. 6 07h40-08h45 81 000 0.12 79 693 76 269 77 986 3.9
Feb. 12 08h55-09h50 71 500 0.01 68 095 76 405 72 250 - 1.0
Feb. 12 14n28-15h20 72 000 0.01 75 823 72 246 78 036 - 2.8
Feb. 22 12h50-13n55 71 400 0.06 66 841 7 359 69 100 3.3
Mar. 6 07h10-08h00 96 600 0.00 103155 100 207 101 681 - 5.0
Mar. 6 12h10-13005 100 600 0.08 105 276 104 236 108 756 - 4.0
Mar. 11 07h45-08h40 95 300 0.02 104 700 107 892 106 296 -10.3
Mar. 1 13h30-14h20 103 000 0.00 105 207 102 969 104 088 - 1.0
Mar. 15 09h00-09n55 81 200 0.00 83 002 91 286 87 144 - 6.8
Mar. 20 07h40-08h40 77 500 0.19 78 623 72 373 75 498 2.7
Mar. 20 11h40-12n40 74 200 0.12 77 96) 82 740 80 350 - 7.7
Mar. 26 07h45-08h40 78 400 0.03 75 587 87 014 81 300 - 3.6
Apr. 5 09h00-09h50 73 400 0.05 75 694 74 646 75 170 - 2.4
Apr. 5 11h25-12h15 78 800 0.06 77 389 79 934 78 661 0.2
Apr. 1 07h30-08h25 84 400 0.12 79 843 86 764 83 304 1.3
Apr. 19 09h00-09h50 78 500 0.02 82 964 80 261 81 612 - 3.8
Apr. 19 12h00-12h50 77 900 0.09 79 641 79 626 79 634 - 2.2
Apr. 25 07h15-08h05 62 100 0.05 68 730 74 513 N 622 -13.3
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Table 4.3 (cont'd)

t ot 053[to—tf] Ah[to-tf] 033[t0] 033[tf] Qz, 100(053[t0-tf]-0§3)
025
{cfs) (ft) (cfs) (cfs) (cfs) (%)
May 3 08h00-08h50 113 000 0.05 116 643 113 647 115 145 - 1.9
May 3 10h55-11h45 116 700 0.04 14 742 116 459 115 600 1.0
May 8 13h40-14h30 124 500 0.00 121 847 120 057 120 952 2.9
May 14 08h20-09h25 160 800 0.00 155 254 159 21 157 233 2.3
May 17 08h50-11h05 186 300 0.02 179 683 179 832 179 757 3.6
May 23 08h30-09h30 289 100 0.02 284 507 286 073 285 290 1.3
May 28 08h40-09h55 321 500 0.01 323 063 322 344 322 704 - 0.4
June 5 08h40-09h40 313 000 0.0 321 880 321 807 321 844 - 2.7
June 14 09h40-10h40 321 000 0.02 334 881 336 O 335 476 - 4.3
June 19 09h20-10h30 295 000 0.01 N2 187 312 116 312 152 - 5.5
June 24 08h45-09n40 295 000 0,00 308 607 309 390 308 999 - 4.5
June 28 08h45-09h45 331 000 0.04 336 521 335 985 336 253 - 1.6
July 8 10n20-11h4) 327 000 0.01 353 729 353 192 353 461 - 1.5
July 12 08h32-09h30 336 000 0,08 35 324 350 927 351 126 -4.3
July 17 09h25-10n32 324 000 0,04 343 387 343 248 343 218 - 5,6
Aug. 6 08h30-09h20 193 000 0.03 192 581 192 617 192 599 0.2
Aug. 13 08h25-09h15 155 000 0.0 149 957 147 139 148 548 4.3
Aug. 23 06h55-07h40 126 000 0.00 121 107 124 379 122 743 2.7
Aug. 28 07h45-08h35 133 000 0.01 130 234 124 620 127 427 4.4
Aug. 28 11h40-12h30 129 000 0.01 118 028 120 875 119 451 8.0
Sept 3 05h55-06h45 109 000 0.00 119 784 122 257 121 020 -9.9
Sept 5 16h20-17M10 109 000 0.07 108 643 98 256 103 450 5.4
Sept 11 12h20-13h10 118 000 0.00 112 290 15 117 113 704 3.8
Sept 12 08h05-08h50 126 000 0.02 126 124 122 223 124 173 1.5
Sept 18 14h00-14h50 152 000 0.01 150 708 146 510 148 609 2.3
Sept 26 11h55-12h40 117 200 0.00 110 409 113 213 1M 8n 4.8
Sept 27 08h20-09h15 125 000 0.03 127 437 123 117 125 277 - 0.2

A}
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Table 4.3 (cont'd)

- - - } 4 * r - - _-*
to tf Q53[to tf] Ah[to tf] 053[to] 053[tf] Q53 ]00(Q53[to tf] 053)
O*
Q53
(cfs) (ft) {cfs) (cfs) (cfs) ()
Oct. 3 14h05-14h55 114 000 0.00 108 021 102 898 105 460 8.1
Oct. 10 06h58-07h50 99 000 0.12 97 203 88 697 92 950 6.5
Oct. 10 11h40-12h40 92 000 0.04 86 870 95 237 91 053 1.3
Oct. 25 07h50-08h40 101 000 0.36 99 114 77 432 88 273 4.4
Nov. 13 09h15-10h10 99 700 0.00 101 203 96 572 98 887 0.8
Nov, 13 15h10-16h00 86 500 0.06 84 129 92 738 88 433 2.2
Nov. 25 08h22-09n10 98 800 0.01 103 154 94 113 98 634 0.2
Nov. 25 13h15-14h05 81 700 0.13 82 49 94 817 88 654 7.8
Dec. 10 07h40-08h30 77 400 0.32 75 736 71 799 73 767 4.9
Dec. 10 12h55-13n55 61 200 0.00 61 690 n 287 66 488 .0
Mean of absolute values = 4.5
Standard deviation of absolute values = 4.1
where: to = starting time of the measurement
tf = ending time of the measurement

observed varfation of the water level during the measurement

observed hourly discharge

simulated instantaneous discharge, at the beginning of the measurement
simulated instantenaous discharge, at the end of the measurement

simulated hourly discharge, (0§3[t0] + Qg3[tf])/2




respectively). As it was already mentioned, the precision on the measured
discharges is expected to be much smaller for these particular conditions,

explaining the larger relative differences.

It is also possible to check the accuracy of the calibration by comparing
the instantaneous simulated and observed water levels at whonock (08MHO044)
and at Port Hammond (08MH043). The major advantage of this method is that
the observed water levels at the two stations are not only available for
the hours where discharge measurements took place, but for every 15 minutes
in the day. The check is then more complete. The comparison between the
simulated and observed water levels could be carried out using automated
graphical and/or statistical methods, or simply by manual checks, The
graphical package is presently available, but is too expensive to run for
this type of work. No statistical program has been developed for the
particular problem of comparing the water jevels. However, this option
should be considered seriously in other projects; it is the most
interesting method because of the low costs associated with its development
and operation. This computer program could also be used in the detection
of significant errors in the water level boundary conditions. For the
present project, only manual checks were done. The results indicate that
the times where the simulated maximum and minimum water levels occur during
the day are in very good agreement with the observed values both at wWhonock
and at Port Hammond. The comparison of the water levels also shows that
the simulated levels are generally within #0.15 ft of the observed values.
Larger differences are also found, but can be partly attributed to the fact

that the lateral inflow is assumed to enter the system as a point inflow.
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It is interesting to observe that as opposed to the original calibration,
both verification methods indicated that the Manning's roughness

coefficients do not seem to change very much with the flow conditions (lov

moderate, high). To explore this in more detail, accurate measuremerits
such as those obtained from the moving-boat technigues, would be necessar)
but are not available. From the available information, it can be conclude
that the 10% increase of the Manﬁing's coefficients of roughness obtained
in the original calibration for low to moderate flow (ni,L)’ combined
with the use of the cross-sections data also used in the original
Acalibration will provide satisfactory physical data input for the

generation of 1968 hydrometric data.
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Generation of Hydrometric Data

In the following chapter, the general procedure adopted in order to
simulate efficiently the complete year of 1968 will be presented. The
results will then be listed and discussed. The final section is concerned

with an estimate of the costs strictly associated with the computer use

- during this project.

Data Processing

In order to use reasonable computer time and memory, it was determined that
the model could be run on a weekly basis (7 days per run). A version of
the model was dimensioned in order to allow the simulation of up to 7 days
in one run. The corresponding compiled verson is identified as:

PFN (Permanent File Name) = ONEDEEFRASER

ID (IDentification) = BERNARD

CY (CYcle) = 111

Another version of the model was also prepared in order to simulate the
Lower Fraser River on a daily basis (1 day per run). This version was Vvery
useful for the calibration and verification of the model for the 1968
conditions, for the preparation of initial conditions (for the first day of
the year) and finally for the analysis of the periods when the weekly
version of the model failed during the execution of a run. The

corresponding compiled version of the model is identified as:

~ PFN = LGOSHORT

ID

BMMARBS

CcY

L}
—

Appendix 1 presents a summary of the various versions of the 1-D model used

during this project.
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A series of 52 short JCL (Job Control Language) programs were prepared fo!
the purpose of minimizing the number of direct intervention by the user,
and for reducing the time required for the simulation of the total ;‘

Every one of the corresponding JCL programs accomplishes the following ta:

- The topology (program's schematization of the natural system) and the
descfiptionAof the physical characteiistics of the river are read from
computer file and are placed in the input file of the 1-D model.

- The type of boundary, the jocation of the lateral inflow and the outpu
requirements (hydrographs and profiles) are then read from another
computer file and are also placed in the input file of the model.

- fThe JCL then reads the boundary conditions and lateial inflow from
annualirecords, for a period of time defined by the user (starting dat
and number of days to be read), and merges these values at the
appropriate locations in the input file of the modei.

-~ The initial conditions of the model (approximate water level and.
discharge at every mesh point at the-beginning of the run) are obtaine
from a computer file (binary coded) created during a previous run of !
model, and are also placed in the input file of the model.

- The next task of the JCL is to get and run the appropriate version of
the 1-D model. The model generates three different output files: the
hydrographs and profiles of the network, the water level and discharg
computed at every mesh point at the end of the simulation, and the wa
level and discharge at every mesh point and every time step. The JCL
program aliows the user to store these output files in a temporary or
permanent mode. | ‘

- Finally, the JCL program has the capacity to attach automatically the

next JCL (ie., to submit the job for the simulation of the next week)
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or simply to terminate the job.

The procedure described above is summarized in Figure 5.1l. A copy of the
master JCL program used to produce the 52 JCL programs is presented in

Appendix 4.

Once the 15-minute values of the water level and discharge have been
produced by the 1-D model for the total year, the data can be processed
through the program MEANS.JCL in order to obtain the daily discharge for
every day. The standard procedure adopted consists of analyzing the data
on a monthly basis. The MEANS.JCL program reads all the output files of
the 1-D model containing the water level and discharge at every time step
for a specific month, and produces two output files, namely the monthly
record of the daily water level and discharge at every computational mesh
peint, and the maximum and minimum l15-minute discharge for every day of the
month. This procedure is summarized in Figure 5.2. A copy of the program

MEANS.JCL is included in Appendix 4.

Presentation and Discussion of Results

The discharges and water levels at every computational mesh point of the
Lower Fraser River were simulated for every 15 minutes of the year 1968.
These results are stored on computer files on a weekly basis (1 file per

week). Each file is binary coded and is jdentified by a permanent file

name (PFN=FRASER10), an owner's identification (ID=MONDAYR, where MON=three

first letters of the month, DA=two digits of the first day of the week or
period, YR=two digits identifying the year; (ie., January 8, 1968, then
MONDAYR = JANO868) and by a cycle). The files are available on tapes

number E24206 and E24207. A list of the files is given in Appendix 3.
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o

Yiture .01

Nata Processina for the Simulation of the 1-D Model

Nefinition of the requested

period {starting date and
number of days)

PEN=08MHO 54 I1D=WL68 (FEDB68) PEN=RUSKIN 10=DI1S568

PFN=RUNOFF I1D=DI1S68

1PF=FRAME

Annual record of 15 minute Annual record of hourly

Annual record of dailg
)

Skeleton of boundary

[ | water levels at Port Mann hzdloulvctrical power at lateral intlow (TAPE9 conditions and lateral
{TAPE9]) the Ruskin Power House inflows input files and
(TAPLYS) output requirements (TAPES)
PFN=08MHO035S 1D=WL68 =
QRUSKIN / RUNOFF ~
$—{ Annual record of 1% minute program o \—m_)_,__ Topology of the network and
water levels at Port Coquitla description of the phzslcal
{TAI’E92) characteristics (TAPES)
{
PFN=08MH0 24 ID=WL68 PFN=FRASERL17 1 D=MONADY R* ¢
Input file of hourly { Input file of 12 hour
Annual record of 15 minute — discharges at Ruskin f(or lateral inflows for the Initial conditions corte-
Y] water levels at Mission requested period (TAPEL]) requested period (TAPEL2) sponding to final conditions
(TAPE9]) of the preceeding period
{TAPT16)
A
NSURVEY / -
program
Input file of 15 minute water 1-D model
V——- levels at Port Mann for — program
requested period (TAPE26)
| X 1
PFN=OUTPUT 1 D=MONDAY R* PFN=FRASER17 1 D=MONDAY R* PFN=FRASER10 1 D=MONDAY R*

Input file of 15 minute water
f— levels at Port Cogquitlam for p—p
requested period (TAPE35)

Printout of hydrographs andj
profiles (TAPE18)

step (TAPE17)

Discharges and water levels
for every computational mesh
point at end of last time

Discharges and water levels
for every computational mesh
point and every time step
{TAPE10)

I . ¥ ]
Input file of 15 minute water yes
L] levels at Mission for requested— Other
period (TAPE24) tun?
no

* MONDAYR corresponds to owner's icdentification of the file where:
MON » 3 firat letters of the month;
DA = 2 digits of the first day ol the week or period;
Yn » 2 digtts {dentifying the year
(l.e. for January 8, 1968, MONDAYR = JANOB68)

*+ MOMADYR corresponds to owner's identification of the file containing the water level
and discharge at every computational mesh point, computed at the last time step of
the tun preceering the requested period.




Figure 5.2

Computation of the Daily and Extreme Values

PFN=FRASER10 ID=M0NDAYR1

Weekly record of {instantaneous
First week discharges and water levels at every Last week
of the month computational mesh point (TAPE10) of the month

1 \ i K}

Y

MEANS.JCL
program

-t

- PFN=F RASERMEANS ID=MON0'I682 PFN=F RASE RQMAX ID=MON01682
Monthly record of daily discharges Monthly record of maximum and minimum
and water levels at every 15-minute discharges for every day at
computational mesh point (TAPETY) every computational mesh point (TAPE20)

1 MONDAYR corresponds to the owner's identification of the file, where:
MON = three first letters of the month
DA = two digits of the first day of the week or period
YR = two digits identifying the year
(example: for January 8, 1968, MONDAYR=JANO868)

2 MONO168 corresponds to the owner's identification of the file, where MON represents
the three first letters of the month
(example: for January, MONO168=JANO168)

— 47 -



Using the instantaneous or 15-minute values, the daily discharges at Por

Mann, Port Coqultlam and Mission can be computed. These values are

illustrated in Figure 5.3 and are listed in Tables 5.1 to 5.12. ‘he
tables, the simulated daily discharges at Port Mann and Mission are also
compared to the values published in Water Survey of Canada (Inland Water
Branch, 1968). The published discharges at Port Mann were obtained usin
the‘cubature method, because the river at this station is affected by ti
to varying degrees at all stages. The published discharges at Mission ¥
obtained from stage-discharge relationships when the daily mean discharg
is greater than 190,000 cfs, or by summing the flow of the Fraser River

Hope (with a 24-hour time lag), 146% of the flow of Harrison River near

Harrison Hot Spring and the tidal flow into and out of storage in the ri
channel upstream of Mission when the flow is less than or equal to 190,(

cfs.

It can be noticed i%rom Tables 5.1 to 5.12 that the published daily‘
discharges at Mission compare reasonably well with the values simulated
the model. As indicated in Table 5.13, the monthly means of the relatit
differences between the published and simulated daily discharges at Mis
vary between -11.5% and 9.5%. The relative differences are particularly
small for the period between May 8 and August 5 (-3.8% to 2.7%). . This
period corresponds to the high flow conditions (daily discharge at Miss:
larger than or equal to 190,000 cfs) during which the stage-discharge
relationship can be used with an accuracy of + 5% because of the neglig:
effects of the tides at these 1evels.' For the cases when the daily
dlscharge at Mission is below 190,000 cfs, ththethod used to compute u
published values is not as accurate, explaining to a great extent the

larger values of the relative error for these cases. .
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DISCHARGE (CFS)

Figure 5.3

1968 ANNUAL HYDROGRAPH OF DAILY FLOWS
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Table 5.1

Results of 1-D Simulation for January 1968

Port Mann Mission Port Coquitlam
Day Q* Q 100(Q-0Q*) Q* Q 100(Q-Q*) Q*
Q* Q*

(cfs) (cfs) (%) {cfs) {cfs) (%) (cfs)
1 84 29 63 900 -24.2 67 327 58 300 -13.4 10 105
2 79 945 63 200 -20.9 64 054 56 700 -11.5 7 785
3 81 880 66 600 -18.7 64 083 54 600 -14.8 9 730
4 73 255 57 700 -21.2 60 696 52 200 -14.0 5 636
5 76 167 62 300 -18.2 62 057 51 600 -16.9 7201
6 70 820 58 700 -17.1 60 229 51 500 -14.5 4 315
7 59 17N 47 300 -20.1 57 557 50 900 -11.6 -1 129
8 72 965 58 400 -20.0 57 008 50 300 -11.8 6 060
9 46 321 39 100 -15.6 52 299 48 400 - 1.5 -8 943
10 73 011 60 600 -17.0 56 274 48 200 -14.3 6 285
11 70 682 61 900 -12.4 51 261 46 100 -10.1 8 961
12 50 087 39 600 -20.9 45 753 42 700 - 6.7 -1 640
13 75 917 33 600 -55.7 46 966 40 600 -13.6 12 255
14 101 614 34 800 -65.8 61 646 46 700 -24,2 26 266
15 116 497 65 200 -44.0 77 327 61 500 -20.5 26 506
16 111 167 82 300 -26.0 81 392 72 200 -11.3 17 322
17 106 108 86 600 -18.4 79 866 74 900 - 6.2 13 539
18 96 124 70 700 -26.4 77 278 71 800 -7 9 572
19 153 004 77 100 -49.6 96 229 76 300 -20.7 28 455
20 198 656 106 000 -46.6 128 810 90 100 -30.1 42 77"

21 227 000 157 000 -30.8 148 700 113 000 -24.0 48 6
22 173 787 141 000 -18.9 122 393 114 000 - 6.9 32 41
23 149 137 122 000 -18.2 107 781 107 000 - 7 22 355
24 157 835 111 000 -29.7 123 499 111 000 -10.1 23 107
25 177 469 144 000 -18.9 127 OV 126 000 - .8 30 N6
26 156 068 136 000 -12.9 121 102 127 000 4,9 24 134
27 151 665 129 000 -14.9 127 505 129 000 1.2 15 820
28 153 337 130 000 -15.2 126 703 125 000 - 1.3 17 840
29 148 240 117 000 -21.1 135 899 119 000 -12.4 8 N7
30 169 03 124 000 -26,6 140 932 115 000 -18.4 17 980
K} 145 190 118 000 -18.7 117 383 110 000 - 6.3 17 531

X = 2253 X = -11.5
o= 13,2 6= 7.9
where: Q* = simulated daily discharge
Q = daitly discharge published by WSC
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Table 5.2

Results of 1-D Simulation for February 1968

Port Mann Mission Port Coquitiam
Day Q* Q 100(Q-0*) Q* Q 100{Q-0*) Q*
Q* Q*
(cfs) (cfs) (%) (cfs) (cfs) (1) (cfs)
1 133 967 120 000 -10.4 101 316 103 000 1.7 18 589
2 106 731 89 100 -16.5 89 387 93 800 4.9 9 512
3 134 127 104 000 -22.5 98 940 95 000 - 4,0 20 286
4 150 317 116 000 -23.3 99 338 95 500 - 3.9 29 996
5 130 897 112 000 -14.4 87 917 89 200 1.5 21 457
6 113 178 94 000 -16.9 82 486 82 000 - .6 14 901
7 107 736 90 300 -16.2 84 723 82 600 - 25 10 461
8 106 192 90 800 -14.5 82 818 81 800 - 1,2 11 188
9 98 523 85 200 -13.5 80 262 78 900 - 1.7 7 742
10 95 160 80 100 -15.8 78 166 75 400 - 3.5 7 882
1M 88 448 75 800 -14.3 75 640 71 900 - 4.9 5139
12 92 142 75 400 -18.,2 74 074 69 600 - 6,0 9 648
13 85 589 68 800 -19.6 72 093 66 700 - 7.5 € 891
14 82 232 68 500 -16.7 68 461 64 500 - 5.8 6 055
15 82 975 69 400 -16.4 67 59 62 200 - 8,0 7 260
16 77 4 63 400 -18.4 65 020 59 500 - 8.5 6 073
17 82 610 59 500 -28.0 62 242 57 300 - 7.9 11 673
18 83 121 52 000 -37.4 60 530 54 800 - 9,5 10 778
19 118 747 65 000 -45.3 71 328 56 900 -20,2 23 874
20 119 288 76 600 -35.8 73 140 60 700 -17.0 25 523
21 94 158 69 500 -26,2 73177 62 100 -15.1 4 022
22 130 292 82 000 =37.1 76 390 64 300 -15.8 37 263
23 92 298 61 500 -33.4 77 204 65 700 -14.9 2 195
24 126 619 83 600 -34.0 95 157 74 000 -22.2 17 408
25 117 037 88 000 -24.8 86 N2 75 300 -13.4 16 336
26 100 480 80 200 -20,2 7% 191 .70 100 -11.5 11 007
27 85 057 70 700 -16.9 73 865 67 400 - 8.8 2 398
28 83 129 71 600 -13.9 72 223 66 600 -7.8 2 954
29 82 323 67 100 -18.5 72 658 66 800 - 8.1 2 958
X = =22.0 x=-11
g = 9,0 c= 6,6
where: Q* = simulated daily discharge

O
"

daily discharge published by WSC




Table 5.3

Results of 1-D Simulation for March 1968

Port Mann Mission Port Coqui

Day Q* Q 100(Q-Q*) Q* Q 100(Q-0*) Q*

Q* Q=

(cfs) (cfs) (%) (cfs) (cfs) (%) {cfs)
1 84 407 74 400 -11.9 73 257 68 500 - 6.5 2 230
2 91 673 77 700 -15,2 74 214 70 400 - 5.1 6 43
3 94 054 81 500 -13.3 76 006 73 300 - 3.6 5147
4 103 256 76 300 -26,1 79 611 75 500 - 5.2 10 948
5 132 468 87 100 -34.2 91 557 85 200 - 6.9 23 492
6 152 206 120 000 -21.2 102 188 96 500 - 5.6 25 976
7 133 522 114 000 -14.6 97 334 98 000 .7 16 567
8 125 415 112 000 -10.7 98 052 99 300 1.3 12 476
9 124 338 113 000 - 9.1 99 509 102 000 2.5 10 203
10 120 785 112 000 - 7.3 101 875 105 000 30 7 649
1 114 559 106 000 - 7.5 102 057 107 000 4.8 2 065
12 123 049 103 000 -16.3 104 154 107 000 2.7 6 057
13 127 820 108 000 -15.5 101 690 104 000 2.3 10 715
14 111 320 102 000 - 8.4 95 952 99 200 3.4 1114
15 114 839 98 200 -14.5 92 395 94 600 2.4 8 632
16 110 186 95 000 -13.8 90 078 91 200 1.2 6 109
17 111 975 99 100 -11.5 87 723 88 600 1.0 8 787
18 104 167 98 600 - 5.3 84 433 85 600 1.4 6 226
19 97 700 94 209 - 3,6 81 933 82 300 .4 2 98
20 96 679 92 500 - 4.3 80 364 79 200 - 1.4 3 49,
21 100 678 93 700 - 6.9 79 553 78 000 - 2,0 6 552
22 97 277 89 500 - 8.0 77 336 75 300 - 2.6 5 262
23 92 478 81 500 -11.9 77 547 74 000 - 4.6 2 961
24 92 532 81 200 -12.2 79 790 74 800 - 6.3 - 3 654
25 83 688 75 100 -10.3 79 432 77 100 - 2.9 -3137
26 85 965 79 900 -7 79 623 79 300 - 4 -2 685
27 100 176 79 500 -20,6 87 655 81 %00 - 6,6 2 339
28 114 982 96 100 -16.4 93 030 87 400 - 6.1 8 314
29 111 N9 88 000 -21.2 93 250 87 000 - 6,7 8 788
30 105 271 96 000 - 8.8 89 425 86 100 - 3.7 4 499
3 98 560 85 000 -13.8 86 239 83 100 - 3.6 4 391

= -13.0 X =-1.7
= 6,6 o 3.7
where: Q* = simulated daily discharge

Q = daily discharge published by WSC
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Table 5.4

Results of 1-D Simulation for April 1968

Port Mann Mission Port Coquitiam
Day Q> Q 100(Q-Q*) Qo Q 100(Q-G*) Q=
Q* Q*
(cfs) (cfs) (%) {cfs) (cfs) (%) (cfs)
1 90 20 85 000 - 5.8 82 734 80 400 - 2.8 808
2 96 575 90 600 - 6,2 81 614 78 400 - 3.9 6 977
3 97 536 85 700 -12.1 79 360 76 000 - 4.2 9 922
4 94 128 80 200 -14,8 77 796 73 100 - 6.0 6 79
5 94 570 83 900 -11.3 77 918 72 300 - 7.2 6 376
6 90 967 84 600 - 7.0 75 458 71 500 - 5.2 4 602
7 87 546 82 900 - 5.3 73 436 69 600 - 5.2 2 463
8 83 160 77 700 - 6.6 72 197 69 100 - 4.3 318
9 80 083 72 000 -10.1 72 488 69 000 - 4.8 - 367
10 82 969 61 600 -25.8 75 112 69 300 - 7.7 3 681
1 87 432 73 300 -16.2 80 B15 74 000 - 8.4 1 649
12 87 466 83 700 - 4.3 82 710 80 200 - 3.0 -1 449
13 86 220 77 700 - 9.9 86 213 84 400 -2 -3 251
14 93 052 76 300 -18.0 91 759 87 100 - 5.1 - 722
15 114 005 93 100 -18.3 94 382 89 000 - 5.7 1 273
16 113 510 98 000 -13.7 90 552 85 800 - 5.2 14 067
17 111 007 95 100 -14.3 84 835 80 800 - 4.8 16 884
18 105 183 84 300 -19.9 81 453 76 000 - 6.7 13 049
19 107 840 92 300 -14.4 80 483 74 00C - 8,1 12 586
20 99 905 90 000 - 9.9 77 120 71 000 - 7.9 8 613
21 95 667 80 600 -15.7 76 032 68 900 - 9.4 8 213
22 89 328 72 200 -19.2 73 586 67 100 - 8.8 5 652
23 86 917 64 600 -25.7 73 364 65 900 -10.2 5 032
24 78 583 64 600 -17.8 70 267 65 400 - 6.9 - 447
25 76 116 58 300 -23.4 71 831 64 700 - 9.9 - 184
26 89 378 70 500 -21.1 73 939 66 500 -10.1 8 212
27 91 178 69 200 -24.1 75 779 67 800 -10.5 10 165
28 87 532 67 300 -23.1 77 280 69 700 - 9.8 6 706
29 95 669 74 000 -22.6 82 677 74 800 - 9.5 9 187
30 108 356 85 400 -21.2 90 231 83 300 - 7.7 11 982
X = -15.3 X=-6.7
o= 6.6 o 2.5
where: Q* = simulated daily discharge
Q = daily discharge published by WSC

- 8§83 -~




Table 5.5

Results of 1-p Simulation for May 1968

Port Mann Mission Port Coquitlam
Day Q* Q 100(Q-0*) Q* Q 100(Q-0*) Q*
Q* Q*

{cfs) (cfs) (1) {cfs) (cfs) (2) {cfs)
1 121 653 102 000 -16.2 99 747 93 800 - 6.0 15 005
2 133 265 115 000 -13,7 111 379 106 000 - 4.8 15 539
3 137 427 123 000 ~10.5 116 017 114 000 - 1.7 13175
4 139 201 121 000 -13.1 115 994 117 000 .9 12 553
5 141 526 134 000 - 5.3 115 044 116 000 .8 13 678
6 134 798 124 000 - 8,0 113 049 114 000 .8 9 692
7 129 743 127 000 -2, 112 223 115 000 2.5 6 040
8 131 062 120 000 - 8.4 118 181 119 000 7 5 810
9 142 267 125 000 ~12.1 127 088 128 000 .7 9 735
10 141 062 128 000 - 9.3 132 433 134 000 1.2 6 277
n 138 894 129 000 - 7.1 137 254 135 000 1.3 1 321
12 147 9 140 000 - 5,2 145 502 148 200 1.7 3 69
13 166 443 158 000 - 5.1 154 65) 159 000 2.8 9 164
14 184 719 174 000 - 5.8 163 550 169 000 3.3 17 448
15 187 677 186 000 - 59 172 896 179 000 3.5 20 476
16 203 230 192 000 - 5,5 177 834 186 000 4.6 21 030
17 208 423 194 000 - 6.9 183 796 187 000 1.7 18 296
18 217 240 195 000 -10,2 193 307 154 000 .4 20 259
19 230 162 204 000 -11.4 206 192 205 000 - .6 2] 692
20 251 550 217 000 -13.7 225 925 222 000 - 1.7 24 422
2] 277 521 239 000 -13.9 251 303 246 000 - 2.1 25 217
22 295 173 260 000 -11.9 270 934 263 000 - 2.9 22 665
23 310 256 275 000 -11.4 289 118 279 000 - 3.5 18 793
24 326 903 2590 000 -11.3 306 403 295 000 - 3.7 18 403
25 339 697 303 000 -10.8 318 225 306 000 - 3.8 20 221
26 346 027 312 000 - 9.8 321 659 312 000 - 3.0 22 503
27 349 939 316 000 - 9.7 321 369 314 000 - 2.3 23 831
28 350 37¢ 320 000 - 8,7 322 597 316 000 - 2,0 23 275
29 352 061 321 000 - 8.8 320 790 315 000 - 1.8 26 679
30 346 455 316 000 - 8.8 313 59 307 000 - 2.1 28 443
3 339 009 306 000 - 9,7 307 785 300 000 - 2.5 27 679

X=.94 X =-0,6
O = 3.2 o= 2.7

where: Q=* = simulated datly discharge

O
]

= daily discharge published by WSC
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Table 5.6

Results of 1-D Simulation for June 1968

Port Mann Mission Port Coquitlam
Day Q* Q 100(Q-Q*) o Q 100(Q-Q*) Q*
Q= Q*
{cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1 343 793 297 000 -13.6 310 682 304 000 - 2.2 32 100
2 374 857 324 000 -13.6 340 273 332 000 -2,4 37 832
3 379 822 344 000 - 9.4 338 M 336 000 - 7 30 620
4 364 4N 334 000 - 8.4 322 477 320 000 - .8 30 854
5 355 913 323 000 - 9.2 32y o 316 000 - 1,6 26 905
6 357 847 323 000 - 9.7 325 199 319 000 - 1.9 25 000
7 356 578 325 000 - 8,9 326 11 321 000 - 1.7 22 893
8 349 327 321 000 - 8.1 318 765 313 000 - 1.8 22 732
9 340 191 315 000 - 7.4 313 454 310 000 - 1.1 19 186
10 340 246 315 000 - 7.4 312 206 308 000 - 1.3 21 893
11 338 49 313 000 - 7.5 316 566 311 000 - 1.8 18 390
12 352 750 325 000 -7.9 324 913 320 000 - 1.5 23 234
13 358 293 328 000 - 8,5 331 404 325 000 - 1.9 23 077
14 364 385 335 000 - 8,1 338 832 332 000 - 2.0 21 456
15 370 916 338 000 - 8.9 344 886 336 000 - 2.6 21 612
16 374 079 340 000 - 9.1 345 303 336 000 - 2,7 23 821
17 369 809 337 000 - 8.9 333 297 327 000 - 1.9 28 557
18 355 121 322 000 - 9.3 3117 1R 311 000 - 2.1 30 259
19 346 144 308 000 <11.0 310 359 302 000 - 2.7 30 444
20 338 060 306 000 - 9,5 309 324 300 000 - 3.0 23 472
21 333 142 301 000 - 9.6 307 807 297 000 - 3,5 21 09
22 330 855 299 000 - 9,6 308 061 298 000 - 3.3 19 798
23 333 229 302 000 - 9,4 309 851 300 000 - 3.2 20 272
24 334 851 302 000 - 9.8 308 140 300 000 - 2,6 23 454
25 330 841 294 000 -11.1 303 487 295 000 - 2.8 24 288
26 340 255 293 000 -13.9 305 158 300 000 -1.7 31 560
27 367 989 326 000 -11.4 327 687 323 000 - 1.4 34 165
28 376 172 341 000 - 9.3 337 475 333 000 - 1.3 30 644
29 371 852 340 000 - 8.6 336 405 331 000 - 1.6 27 288
30 375 381 343 000 - 8.6 350 372 341 000 - 2.7 20 141
x=-9.5 x = - 2.
o= 1.7 c= 07
where: Q* = simulated daily discharge

o
n

daily discharge published by WSC
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Table 5.7

Results of 1-p Simulation for July 1968

Port Mann Mission Port Coquitlam
Day o* Q 100(Q-Q*) Q* Q 100(Q-Q*) 0+
Q* Q*
{cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1 387 981 355 000 - 8,5 363 092 354 000 - 2,5 20 188
2 393 223 363 000 - 7.7 360 888 356 000 - 1.4 24 566
3 390 248 356 000 - 8.8 347 402 344 000 - 1.0 34 547
4 380 597 342 000 -10.1 335 841 332 000 -1 35 587
5 371 356 335 000 - 9.8 330 503 326 000 - 1.4 33 458
6 367 681 330 000 -10,2 332 650 327 000 - 1.7 28 799
7 372 398 336 000 - 9.8 340 770 334 000 - 2.0 26 807
8 376 293 344 000 - 8,6 349 415 345 000 - 1.3 22 490
9 394 576 357 000 - 9,5 357 943 355 000 - .8 30 695
10 399 325 367 000 - 8.1 360 218 359 000 - 3 32 365
11 384 276 356 000 - 9.7 353 897 352 000 - .5 35 523
12 404 207 360 000 -10.9 353 219 353 000 - .1 44 893
13 398 758 365 000 - 8,5 357 63 355 000 - .7 34 303
14 394 587 361 000 - 8.5 353 688 352 000 - .5 32 114
15 393 109 359 000 - 8,7 352 550 349 000 - 1.0 33 243
16 393 060 357 000 - 9,2 352 194 348 000 - 1.2 31 5058
17 385 137 349 000 - 9.4 339 572 334 000 - 1.6 36 136
18 364 886 330 000 - 9.6 319 389 314 000 - 1.7 35 346
19 344 105 309 000 -10.2 301 085 296 000 - 1.7 34 674
20 329 815 252 000 -11.5 285 540 282 000 - 1.2 35 095
21 307 ON 274 000 -10.8 268 667 266 000 - 1.0 30 4N
22 289 235 262 000 - 9.4 254 162 252 000 - .9 28 227
23 274 201 248 000 - 9.6 244 029 242 000 - .8 25 157
24 264 553 239 000 - 9,7 237 983 236 000 - .8 22 788
25 259 708 236 000 - 9.1 234 801 233 000 - .8 21 984
26 258 107 234 000 - 9.3 232 973 231 000 - .8 22 544
27 255 050 231 000 - 9.4 228 883 228 000 - .4 23 487
28 251 688 226 000 -10,2 223 492 222 000 - .7 26 104
29 243 291 221 000 - 9,2 218 477 217 000 - 7 21 406
30 241 948 220 000 - 9.1 218 102 216 000 - 1.0 21 176
N 234 946 214 000 - 8.9 214 779 212 000 - 1.3 17 732
=~ 9.4 )-( = - 1.1
= 0.8 o = 0.5
where: Q* = simylated daily discharge
Q = daily discharge published by WSC
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Table 5.8

Results of 1-D Simulation for August 1968

Port Mann Mission Port Coquitiam
Day Q* Q 100(Q-0*) Q* Q 100(Q-0*) Q*
Q* Q*
(cfs) (cfs) (%) (cfs) {cfs) (%) {cfs)
1 231 160 212 000 - 8.3 213 133 211 000 - 1.0 15 935
2 234 050 211 000 - 9,8 211 605 211 000 - .3 19 753
3 226 614 207 000 - 8,7 205 990 206 000 .0 18 8
4 222 538 203 000 - 8.8 198 375 201 000 1.3 20 673
5 212 404 199 000 - 6.3 191 063 196 000 2.6 17 354
6 209 918 198 000 - 5,7 188 017 193 000 2.7 17 467
7 203170 193 000 - 5,0 183 422 189 000 3,0 15 887
8 198 741 207 000 4.2 180 600 201 000 1.3 14 442
9 192 070 198 000 3.1 176 154 197 000 11.8 12 974
10 188 261 195 000 3.6 171 914 191 000 111 13 N5
11 179 817 187 000 4,0 164 289 182 000 10.8 13 988
12 171 833 180 000 4.8 154 227 174 000 12.8 13 693
13 162 797 169 000 3.8 145 486 164 000 12.7 14 405
14 152 595 159 000 4.2 137 902 156 000 13.1 11 799
15 147 034 156 000 6.1 133 560 152 000 13.8 10 165
16 138 772 149 000 7.4 130 244 148 000 13.6 53N
17 133 965 147 000 9,7 129 610 147 000 13.4 2 99
18 132 0N 144 000 9.0 127 308 144 000 13.1 4 043
19 131 863 142 000 7.7 125 089 142 000 13.5 4 924
20 139 084 144 000 3.5 125 732 141 000 12 10 280
21 138 749 144 000 3.8 124 415 140 000 12.5 10 998
22 134 563 138 000 2.6 124 279 138 000 11.0 8 450
23 128 231 134 000 4.5 120 847 137 000 13.4 5100
24 138 386 141 000 1.9 119 924 135 000 12.6 11 9N
25 135 384 136 000 .5 119 297 133 000 11.5 10 104
26 142 443 137 000 - 3.8 120 607 133 000 10.3 14 304
27 146 123 137 000 - 6.2 121 274 133 000 9.7 14 967
28 147 641 146 000 -1 122 974 135 000 9.8 15 011
29 142 196 145 000 2.0 124 254 137 000 10.3 9 957
30 139 966 144 000 2.9 125 214 138 000 10.2 7 567
N 140 041 140 000 - .0 124 470 137 000 101 11 268
x= 0.8 x =95
(o} 5.6 o= 4,7
where: Q* = simulated daily discharge

daily discharge published by WSC
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Table 5,9

Results of 1-D Simulation for September 1968

Port Mann Mission Port Coquit
Day Q* Q 100(Q-Q*) Q* Q 100(Q-Q*) Q*
Q> Qx
{cfs) (cfs) (%) {cfs) {cfs) (%) (cfs)
) 140 750 138 000 - 2.0 120 843 134 000 10.9 13 954
2 139 516 137 000 - 1.8 118 003 130 000 10,2 15 270
3 136 648 133 000 - 2.7 114 726 126 000 9.8 14 757
4 128 642 130 000 1.1 111 205 124 000 11.5 10 840
5 125 658 124 000 - 1.3 108 885 120 000 10.2 11 337
6 121 779 119 000 - 2.3 108 129 118 000 9.1 10 052
7 130 933 123 000 - 6.1 108 682 118 000 8.6 18 334
8 122 288 118 000 - 3.5 106 416 116 000 9.0 13 595
9 119 426 118 000 - 1.2 104 467 116 000 11.0 10 757
10 121 700 124 000 1.9 108 354 119 000 9.8 9 662
11 126 424 129 000 2.0 115 an 126 000 9.1 6 1N
12 139 448 133 000 - 4.6 120 389 129 000 7.2 14 973
13 134 489 128 000 - 4.8 117 770 128 000 8.7 13 240
14 139 830 125 000 -10.6 116 170 126 000 8.5 20 805
15 155 595 134 000 -13.9 124 536 129 000 3.6 25 303
16 161 265 136 000 -15.7 131 076 136 000 3.8 18 437
17 198 890 142 000 -28.6 140 175 143 000 2.0 32 109
18 186 716 163 000 -12.7 144 982 149 000 2.8 23 242
19 171 650 158 000 - 8.0 141 706 147 000 3.7 18 553
20 172 610 160 000 - 7.3 145 198 151 000 4.0 18 106
21 174 675 163 000 - 6,7 150 448 157 000 4.4 16 446
22 169 630 158 000 - 6.9 147 230 156 000 6.0 13 077
23 169 026 157 000 - 7.1 137 974 147 000 6.5 17 181
24 153 895 144 000 - 6.5 129 307 138 000 6.7 12 96)
25 138 475 137 000 - 1.1 121 995 131 000 7.4 7 796
26 131 654 126 000 - 4.3 119 411 128 000 7.1 6 874
27 144 787 143 000 - 1.2 120 Q22 128 000 6.6 16 178
28 135 526 130 000 -4 118 630 126 000 6.2 12 142
29 128 330 128 000 - .3 114 655 122 000 6.4 8 774
30 133 685 127 000 - 5.0 111 948 119 000 6.3 15 523
Xx= - 5,5 x = 1.2
o= 6,2 o= 2,6
where: Q* = simylated daily discharge

Q = dajly discharge published by wWSC
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Table 5.10

Results of 1-D Simulation for October 1968

Port Mann Mission Port Coquitlam
Day Q* Q 100(Q-Q*) Q* Q 100(Q-0*) Q*
Q* Q*
(cfs) (cfs) (%) {cfs) (cfs) (%) {cfs)
1 136 300 127 000 - 6.8 110 200 117 000 6.2 15 373
2 125 232 123 000 - 1.8 108 395 116 000 7.0 11 937
3 120 316 116 000 - 3.6 105 817 112 000 5.8 8 366
4 119 368 115 000 - 3.7 104 692 111 000 6.0 10 640
5 116 115 105 000 - 9,6 103 828 109 000 5.0 10 485
6 129 478 110 000 -15.0 103 418 107 €00 3.5 17 490
7 130 517 119 000 - 8.8 101 287 106 000 4.7 14 983
8 117 210 108 000 - 7.9 96 601 101 000 4.6 10 109
9 110 7N 102 000 - 7.9 93 899 99 000 5.4 8 900
10 117 163 103 000 -12.1 94 000 98 600 4.9 13 669
IR 110 896 96 900 -12.6 94 406 97 900 3.7 7 013
12 118 596 105 000 -12.2 93 555 96 800 3.5 12 506
13 122 613 103 000 -16.,0 91 550 94 900 3.7 17 116
14 111 389 99 700 -10,5 90 437 93 200 3.1 9 624
15 120 696 106 000 -12.2 91 161 92 100 1.0 15 983
16 106 946 104 000 - 2.8 89 30Y 97 400 2.4 6 032
17 104 358 91 300 -12.5 88 268 90 300 2.3 5 875
18 118 704 107 000 - 9.9 92 656 93 300 .7 12 521
19 107 782 97 700 - 9.4 90 695 93 500 3.1 5 369
20 112 458 100 000 -11.1 80 116 92 600 2.8 8 375
21 107 630 94 300 -12.4 92 159 93 600 1.6 6 7N
22 117 632 102 000 -13.3 96 139 96 800 .7 9 289
23 104 949 89 300 -14.9 91 396 96 000 5.0 2 847
24 135 666 104 000 -23.3 96 677 97 800 1.2 24 9N
25 129 618 109 000 -15.9 101 693 102 000 .3 15 706
26 139 944 118 000 -15.7 106 293 106 000 - 3 21 993
27 124 508 114 000 - 8.4 102 316 105 000 2.6 11 93
28 124 129 106 000 -14.6 103 560 106 000 2.4 12 379
29 137 163 107 000 -22.,0 108 732 112 000 3.0 19 638
30 164 174 142 000 -13.,5 121 664 126 000 3.6 28 544
3 163 289 153 000 - 6,3 . 127 748 136 000 6.5 19 569
x = =11.2 x = 3.4
c= 5.0 o= 2.0
where: Q* = simulated daily discharge
Q = daily discharge published by WSC
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Table 5.11

Results of 1-D Simulation for November 1968

Port Mann Mission Port Coquitiam
D ay Q* Q 100(Q-Q*) Q* Q 100(Q-0*) Q*
Qo Q*
(cfs) (cfs) (%) {cfs) {cfs) (%) {cfs)
1 156 64) 150 000 - 4.2 132 686 142 000 7.0 13 465
2 152 975 148 000 - 3.3 139 095 150 000 7.8 5 636
3 172 923 165 000 - 4.6 143 532 154 000 7.3 17 887
4 159 205 157 000 - 1.4 135 100 148 000 9.5 12 206
5 148 974 149 000 .0 125 864 137 000 8.8 11 581
6 136 042 135 000 - .8 17 921 128 000 8.5 9 180
7 133 043 128 000 - 3.8 112 603 121 000 7.5 11 364
8 125 419 118 000 - 59 107 457 115 000 7.0 9 874
] 124 890 .121 000 - 3. 103 810 110 000 6.0 9 926
10 113 555 110 000 -3 98 803 105 000 6.3 4 903
N 109 986 97 700 -11.2 92 918 99 700 7.3 7 870
12 133 221 115 000 -13.,7 100 172 102 000 1.8 18 131
13 125 977 117 000 - 7. 98 639 102 000 3.4 14 528
14 112 9 103 000 - 8,8 94 988 98 200 3.4 8 970
15 119 967 103 000 -14.1 93 649 96 100 2.6 14 259
16 121 480 111 000 - 8.6 91 18 94 500 3.6 15 853
17 105 183 93 800 -10.8 86 421 90 200 4.4 8 689
18 104 355 84 600 ~-18.9 84 390 86 000 1.9 8 809
19 109 683 85 200 -22,3 87 272 85 700 - 1.8 17 814
20 116 027 86 300 -25.6 90 743 87 100 - 4.0 14 230
2] 108 018 79 700 -26.,2 93 277 89 300 - 4.3 7 633
22 136 998 109 000 -20.4 104 577 97 000 - 7.2 19 535
23 147 053 122 000 -17.0 105 316 103 000 - 2.2 24 824
24 123 875 115 000 - 7.2 99 793 102 000 2.2 10 672
25 131 175 120 000 - 8,5 100 093 102 000 1.9 17 744
26 113 034 106 000 - 6,2 97 275 101 000 3.8 7 581
27 125 820 114 000 - 9.4 97 204 98 900 1.7 15 995
28 113 707 107 000 - 5.9 90 598 94 400 4,2 11 061
29 107 260 87 000 -18.9 90 23 89 600 - 7 8 244
30 113 665 97 100 -14.,6 90 126 90 500 .4 11 919
x = -10.2 x = 3.3
o= 7.4 o= 4,3
where: Q* = simulated daily discharge

Q = daily discharge published by WSC
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Table 5.12

Results of 1-D Simulation for December 1968

Port Mann Mission Port Coquitlam
Day Q* Q 100(Q-Q*) Q* Q 100(Q-Q*) Q*
Q* Q*
{cfs) {cfs) (%) (cfs) {cfs) (1) {cfs)
1 111 326 101 000 - 9.3 87 853 88 800 1.1 9 608
2 102 285 94 500 - 7.6 83 916 85 600 2.0 5 351
3 109 324 71 300 -34.8 89 215 85 300 - 4.4 6 897
4 148 218 117 000 ~21.1 104 877 95 400 - 9.1 22 217
5 112 615 97 000 -13.9 92 101 88 300 - 4.1 6 666
6 102 430 94 900 - 7.4 83 748 81 900 - 2.2 6 296
7 82 951 73 800 -12.2 76 435 74 800 - 2.1 - 958
8 93 828 82 300 -12.3 74 905 72 000 - 3.9 5 488
9 85 996 66 900 -22.,2 72 307 69 300 - 4,2 3198
10 98 762 77 200 -21.8 74 903 70 500 - 5.9 11 533
11 99 994 86 100 -13.9 74 128 71 400 - 3,7 11 9
12 94 742 87 600 - 7.5 71 888 71 300 - .8 9 614
13 76 632 68 900 -10.1 66 558 67 800 1.9 2 375
14 83 164 73 300 -11.9 62 646 64 100 2.3 8 511
15 76 380 65 600 -14.1 61 574 61 500 - L1 4 673
16 86 229 73 200 -15.1 64 308 61 900 - 3.7 9 929
17 8z 010 66 300 -19.2 69 005 63 900 - 7.4 4 B53
18 82 748 69 000 -16.6 69 759 66 100 - 5.2 4 993
19 78 983 73 000 - 7.6 69 837 65 700 - 5.9 - 163
20 68 938 68 000 - 1.4 65 886 63 100 - 4,2 -4 584
21 66 631 65 900 -1 60 359 60 200 - .3 -2 148
22 57 646 59 600 3.4 54 925 56 700 3.2 -3 837
23 59 73 52 000 -12.9 53 887 54 300 .8 - 163
24 84 659 60 900 ~-28,1 57 183 54 500 - 4.7 14 454
25 91 148 72 500 -20.5 59 116 55 500 - 6.1 15 436
26 73 847 65 300 -11.6 52 750 53 000 .5 7 510
27 73 848 70 200 - 4.9 48 483 51 200 5.6 10 817
28 86 10 61 500 -28.7 50 750 48 600 - 4.3 25 927
29 105 867 56 100 -47.0 70 159 48 500 -30.9 26 203
30 72 823 52 700 -27.6 52 663 45 500 -13.6 13 520
K] 56 188 33 500 -40.4 51 976 41 600 -20,0 1 566
x = -16.1 x=-4.2
o= 11.4 c= 1.1
where: Q* = simulated daily discharge
Q = daily discharge published by WSC
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Table 5,13

Month Port Mann
X o x o

January -25.31 13.19 -11.47 7.86
February -22.04 8.95 - 7.67 6.61
March -12,95 6.60 - 1.70 3.69
April -15.26 6.59 - 6.70 2.45
May - 9.36 3.21 - 0.56 2.65
June ~ 9.52 1.72 - 2.06 0.73
July - 9.42 0.83 - 1.06 0.52
August 0.83 5.64 9.45 4.74
September - 5,581 6.19 7.23 2,63
October ~-11.18 4.98 3.42 1.95
November -10.19 7.42 3.27 4.25
December -16.11 11.36 - 4.17 7.05
Annual -12.14 9.81 ~0.98 7.31
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The accuracy of the simulated discharge may be expected to slightly
decrease for some days during the winter period, because of the fact that
some of the water gauges may be temporarily operating under partial ice

conditions.

Except for the month of Augus£, Tables 5.1 to 5.12 indicate that the daily
discharge simulated by the model at Port Mann is always larger than the
published value. During the original calibration of the model (1980-1981
data), it was observed that the model had a general trend to slightly over-
estimate the discharge at Mission and under-estimate the discharge at Port
Mann by 5% at the most. This tendency was explained mainly by the
difficulty of determining the exact values of the Manning's roughness
coefficients. Based on this trend, one could argue that the 1968
calibration of the Manning's n can lead to a greater under-estimation of
the daily discharges at Port Mann, because the adjustment is done such that
the difference between the observed and simulated discharge at Mission is
minimized. It is very difficult to verify this point of view, because no
discharge measurement is available at Port Mann for 1968. Nevertheless,
Tables 5.1 to 5.12 show that most of the simulated daily discharges at Port
Mann are greater than the values published by Water Survey of Canada,
indicating that if the simulated values are under-estimated, they are at

least less under-estimated than the published values.

One other aspect of the results presented in Tables 5.1 to 5.12 can be
better understood from the analysis of the rainfall over the Lower Fraser
River basin. Comparing these tables with the 1968 record of moderate to
heavy rainfall presented in Table 5.14 (moderate to heavy rainfall meaning

precipitation greater than or equal to 0.5 inch per day), it is found that
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Summary of Moderate to Heavy Precipitation (inch/day) over the Lower Fraser River Basin

Table 5.14

(from Meteorological Branch, 1968)
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0.52
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0.53 0.95
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0.53
1.02
0.54

0.53
0.74
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the larger relative errors between the simulated and published daily
discharge at Port Mann occur specifically during the periods when the
intensity of the rainfall is very important, and these relative errors
pecome more and more significant as the daily river discharge descreases.
This fact indicates that either the rainfall runoff was totally neglected
or under-estimated during the calculation of the published discharge at
Port Mann, or that the methods (correlation and rational) used to estimate
the lateral inflow have a general trend of over-estimating the lateral
inflow. This remark re-emphasizes the need to establish a reliable method
for the determination of the lateral inflow resulting from the runoff over

the Lower Fraser River basin.

Cost Estimate of the Project

The purpose of this section is to provide some information concerning the
schedule adopted for the completion of this project and the expenses
associated with the utilization of the CYBER 74 computer system located at
the Computer Science Centre. In order to allow a comparison with other
systems, the processing charges are also given in terms of central
processing (CP) time, input-output (10) transfer time and central memory

(CM) used.

The work done for the application of the 1-D model to the generation of the
1968 hydrometric data of the Lower Fraser River extended between March and

September 1985, and can be summarized according to the following schedule:

March:
- Preparation of 1-D input data (lateral inflow, discharge at Ruskin);
- cCalibration of the 1-D model to the 1968 conditions;

- running of the model for the complete year.
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April:
- Analysis of results and comparison between simulated and observed water

levels at Port Hammond and Whonock:

- Lo;alization and correction of errors in the-water level data (February
and July);

- Development of a new method (rational method) for the calculation of the
lateral inflow during periods of heavy rainfall and low flow in the
Fraser River;

- Re-funning of the model for the periods affected by errors in the water

levels and lateral inflow data.

May:

- Computation of the daily mean valugs of discharge and water level;

- Development of a program to compute the daily suspended sediment
loadings (SEDIM.PGM);

- Computation of the daily suspended sediment loadings. .

‘ June-September:

- Writing of first draft report.

The total cost associated with the utilization of the computer represents
$3,093.36. This amount includes all the discounts related to the low batci
priority used and all the rebates granted sy CSC. The details of the costs
are given in Table 5.15. Since the project was realized over two different
.fiscal years (1984-85 and 1985:86) the Table presents separate values
(March 1985 and April-June 1985). The Table indicates that éhe_most
expensive items correspond to the processing charges (including CP time, IC
time and CM occupancy ($2,218.03)), and the storage of results on permanent
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Table 5.15

Costs Associated with the Computer Utilization

Description March 1985 April-June, 1985 Sum
Processing charges $1,645.87 $ 572.16 $2,218.03
Unit record charges 296.34 67.12 363.46
Operator activity charges - 24.75 24.75
Permanent disk file charges 522,54 4,196.07 4,718,61%*
Library services - 34.53 34.53
Rental/Sale - 15.50 15.50
Sub-total 2,464.75 4,910.13 7,374.88
CSC Adjustment (rebate) -$2,464.75 -$1,816.77 -$4,281.52
$3,093.36

* The cost associated with the permanent disk file storage is controlled mainly
by the storage of the TAPE10 files (output file of the 1-D model containing
the simulated discharges and water levels at every computational mesh point
and every time step). These files were stored on the disk for approximately
two months before being dumped to a tape. The cost may be estimated as:
permanent disk file charges = ($45.90 per week of simulation, per month of
storage) x (52 weeks per year) X (2 months of storage) = $4,773.60.

LIBRARY
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disk files ($4,718.6l). Most of the storage on the disk files_éonsist o]
TAPE1O files (simulated discharges and water levels at every computation
mesh point and at every time step). The amount of money spent for‘ra
is rather high, because the files were kept on disk for a period of
approximately two months before being dumped on a tape. This element
should be taken into consideration for the next project, and the TAPElQ

file should be dumped on tape as soon as possible.

An estimate of the way the money was spent as processing charges is
presented in Table 5.16., This Table'represents only an approximation an
the details could be obtained from the Statement of Charges produced by
Computer Science Centre. It may be interesting to note in this table th
the 90% discount weekend-rate was taken into consideration during this
study, and this has allowed to keep the processing costs rather small

($2,218,03 instead or $13,795.63). This advantage should also be taken

into consideration during the realization of any other projects.
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Table 5.16

Estimation of Processing Costs

—
Total § before Priority Total after
Description . CP per run 10 per run CM per ru $ per run No of runs priority rate rate priority rate
{sec) (sec) {words*10") discount discount (%) discount
Calibration of mode!l 135/day 147/day 37/ day $ 23/day 3 days, 207,00 0 207.00
3 runs/day
Verification of calibration 135/day 147 /day 37/day $ 23/day 44 days, 2,024,00 90 202.40
2 runs/day
1968 simulation 732/week 495/week 246 /week $135/week 52 weeks, 7,020,00 90 702,00
1 run/week
Correction runs* 732 /week 495/week 246 /week $135/week 5 weeks, 675.00 90 67.50
1 run/week
Redundant runs** 732 /week 495/week 246/week $135/week 27 weeks, 3,645,00 90 364,50
1 run/week
Mean values 53/month 238/month 14/month $ 11/month 12 months, 132,00 0 132,00
1 run/month
Suspended sediment loading 64/month 218/month 14/month $ 11/month 12 months, 132,00 0 132.00
calculation 1 run/month
Other - - - - - 410,63 - 410,63
Total 13,795.63 2,218,03

* Jobs that had to be rerun for the periods where water level errors were detected {4 weeks in February and 1 week 1n July).
+* Jobs that were run because of an error in the JCL for the week of December 9-15. JCL was chaining to the JCL of November 25-December 1,
resulting in a nested loop. The loop ran 9 times before abortion was requested, so that 9 x 3 = 27 runs were redundant.



Recommendations

The recommendations presented herein arise from the experience gained during
this particular project, and also from the application of the 1-D model to
Lower Fraser River for the generation of the 1983 and 1984 hydrometric data.
The purpose of these recommendations consists of improving the simulations by
reducing the time required to prepare and verify the input and output data, and

by increasing the accuracy of the simulated discharges and water levels:

- A computer program should be prepared for the purpose of comparing the
simulated and observed 15-minute water levels at Port Hammond and Whonock.
The output of this program should include statistical variables such as

daily means and standard deviations.

- A method should be developed for the calculation of the lateral inflow
during periods when both heavy rainfall and low flow in the Fraser River

occur simultaneously.

- The variation of the Manning's roughness coefficients according to
location, depth and flow conditions (empirical, semi-empirical or

theoretical formulation) should be better understood.

- A computer program should be prepared for the purpose of replacing the
missing values (-999) in the annual records of the 15-minute water levels
at Mission, Port Coquitlam, Port Hammond, Port Mann and whonock. The‘
missing values would have to be replaced by water levels corresponding to
approximate actual values. This program would also have to check for
missing cards (12 cards per day, 365 or 366 days per year), €rrors in

stations, dates or codes identification, and abnormal changes (too ré™ =~ ¢
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too slow) between consecutive 15-minute values resulting from gauges

malfunction or from errors that may have occurred during the digitizing

process.

A computer program should be prepared in order to check the annual record

of the hourly hydroelectrical power produced at the Ruskin Power House.
The program should be able to locate the missihg cards, errors in dates and
codes identification, and finally typing errors in hourly values (illogical

values) that may have occurred during the card punching process.

The TAPE1Q files produced by the 1-D model should be dumped from the disk
to a tape as soon as possible, in order to keep the storing cost low (the
results for a period of one week cost approximately $45.90 per month of

storage on the disk).
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APPENDIX 1

Different Versions of the 1-D Model
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Different Versions of the 1-D Model

Permanent Automatit
File Maximum Interpolation
Name Identification Cycle Number of n values
(PFN) (ID) (CY) Type of Days Q 199,500 cfs

ONEDEEFRASER BERNARD 1 Source 7 No

ONEDSMAL MSJLYS81 X Source 2 No

ONEDSMAL BMMARSS X Source 2 Yes

ONEDEEFRASER BERNARD 111 Compiled 7 No

LGOSHORT BMMARBS X Compiled 2 No

LGOSMAL BMMARSS X Compiled 2 Yes
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APPENDIX 2

Description of Computer Files
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2.1 Indirect Permanent Files (IPF)
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List of Major Indirect Permanent Files (IPF)
Available on the FRASER83 Library

IPF Name Descriptfon

CHECK .WL Source program written in order to verify the gradient between every 15 minutes water level values corresponding to the
boundary conditions. This program has not been used for this project, because additional testing is required.

DATE .68 Data file containing a 1ist of the dates for every day of the year 1968, including the preceeding (December 31, 1967) and
the following (January 1, 1969} days.

DEBIT.68 Data file containing the annual record of the estimated dally lateral inflow corresponding to the rainfall runoff over the
ungauged sub-basin between Mission and Port Mann. It includes the values for December 31, 1967 and January 1, 1969.

F RAME Input file of the 1-D model containing the description of the boundaries, the location of the tateral inflow and the
output requirements (hydraulic profiles and hydrographs). The numerical values {actual data) of the boundary conditions
and lateral inflows will be merged into this file in a later step during the data processing.

FUSION Source program that reads the annual record of the lateral inflow (IPF=DEBIT.68) and the file containing the 1ist of the
dates for the year (IPF=DATE, 68}, and generates a permanent file (PFN=RUNOFF, 1D=DI1S68) containing the annual record of
dafly date and lateral inflow.

FUSION.JCL JCL program used to run FUSION program.

INPUTS,TEM Input file of the 1-D model containing the information concerning the topology of the network and the description of the
physical properties of the river.

JCL.DAY JCL program used to run the 1-D model for a period of 1 day. The date must be specified by the user.

JCL,WEK JCL program used to run the 1-D model for a period of 7 days. The date and period must be defined by the user. At the
end of the run, the program has the ability to submit automatically the JCL for the run of the next week,

MEANS .JCL Source program that produces the monthly record of the daily discharges and water levels 1n every reach, at the

computational mesh points requested by the user. The program also determines the maximum and minimum 15-minute discharge
for every day, and the corresponding water Yevels and time of occurrence. The first part of the program includes a short
JCL program needed in order to run the program.
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List of Major Indirect Permanent Files (IPF)

Available on the FRASERS

3 Library (cont'd)

IPF Name Description

NSURVEY Source program that reads the annual records of the 15
Coquitlam (PFN=08MHO35, ID=WL68) and Mission (PFN=08MH
model boundary conditions at al) three stations relati{

NSURVEY LGO Compiled version of NSURVEY program,

QRUSKIN Source program that reads the annual record of the hou
(PFN=RUSKIN, ID=DIS68) and generates the 1-D model boy
period of time.

QRUSKIN,.LGO Compiled version of QRUSKIN program,

RUNOFF Source program that reads the annual record of the lat
lateral inflow at every 12 hours for the specified per

RUNOFF .LGO Compiled version of RUNOFF program,

SEDIM.JCL JCL program used to run SEDIM.PGM program,

SEDIM.PGM Source program that computes the daily suspended sedim

~minute water levels at Port Mann (PFN=08MH054, ID=WL68), Port

024, 1D=WL68) referenced to the
ve to the GSC datum for the spec

rly hydro-electrica) power produced at the Ruskin Power House
ndary conditions at Ruskin (hourly discharges) for the specified

eral inflow (PFN=RUNOFF, ID=D1S68) and generates the 1-D model

1od of time,

ent loadings at Port Mann from

both the hourly and the datly river

- The program also compares the




2.2 Permanent Files (PFN)
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Index of Major Permanent File Names (PFN)

PFN Name ID Description

FRASER 68HSED Annual record of hourly concentrations at Port Mann, This file does not include the corrections required
for the month of May.

FRASERIC MONDAYR* Birary coded file containing the simulated discharges and water Tevels at every computational mesh point and
every time step. This file can be used for plots and for the computation of dafly mean values

FRASER17 MONADYR** Binary coded file containing the simulated discharges and water levels at every computational mesh point, at
the end of the simulation period (last time step). This file can be used for the initial conditfons of the
next period to be simulated.

FRASERNEW 68HSED Annual record of hourly concentrations at Port Mann. This file includes the corrections required for the
month of May,

FRASERMEANS MONQ168**+ Monthly record of the simulated daily discharges and water levels 1in every reach, at the computational mesh
point requested by the user, These values are formatted according to WSC standards

FRASERQMAX MONO168%+» Monthly record of the maximum and minimum simulated 15-minute discharges for every day, and the
corresponding water levels and time of occurrence.

LGOSHORT BMMAR S5 Compiled version of the 1-D model. The dimensions allow the model to run for a pertod of up to 2 days,

LGOSMAL BMMARS5 Comptled version of the modified 1-D model. I't includes the automatic interpolation of the Manninng's
roughness coefficients for discharges at Mission larger than 199,500 cfs. The dimensions allow the model to
run for a period of up to 2 days,

ONEDEEFRASER BERNARD Source (cycle=1) or compiled (cycle=111) version of the 1-D model. The dimensions allow the model to run
for a period of up to 7 days.

ONEDSMAL BMMARSS Source version of the modified 1-D model. It includes the automatic interpolation of the Manning's
roughness coefficients for discharges at Mission larger than 199,500 cfs. The dimensions allow the model to
run for a period of up to 2 days.
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Index of Major Permanent File Names (PFN) - cont'd

PFN Name 1D Description
ONEDSMAL MSJLY81 Source version of the 1-D model. The dimensions allow the model to run for a period of up to 2 days.
QUTPYT MONDAYR* File containing a copy of the print-out of the 1-D model (hydrographs and profiles).
RUNOFF DIs68 Annual record of daily lateral inflow, including the inflow for December 31, 1967 and January 1, 1969.
RUSKIN D1s68 Annual record of the hourly hydroelectrical power produced at the Ruskin Power House.
08MHO024 DAILYQ Annual record of daily discharges at Mission, as published by WSC,
08MHO024 WL68 Annual record of the 15-minute water levels measured at Mission.
08MH035 WL68 Annual record of the 15-minute water levels measured at Port Coquitlam,
08MH043 HR1968 Annual record of the 15-minute water levels measured at Port Hammond.
08MHO044 HR1968 Annual record of the 15-minute water levels measured at Whonock.
08MHO54 DAILYQ Annual record of daily discharges at Port Mann, as published by WSC.
08MHO54 DAILYG Annual record of daily suspended sediment loadings at Port Mann, as published by WSC.
08MHO54 FEBGS Record of the 15-minute water levels measured at Port Mann, for the time segment between January 29, 1968
and March 31, 1968,
08MH054 WL68 Annual record of the 15-minute water levels measured at Port Mann. The values for the time segment between

January 29, 1968 and February 25, 1968 contains errors and should be obtained from PFN=08MHO54, 1D=FEB68,

* MONDAYR corresponds to the identification of the period simulated, where: MON = three first letters of the month; DA = date of the firs
day of the simulated period; YR = year (68)
*% MONADYR corresponds to the {dentification of the period preceeding the simulated period in order to obtain approximate inftial
conditions, where: MON = three first letters of the month; AD = date of the first day of the simulated period; YR = year (68)
*»* MOND168 corresponds to the identification of the first day of the month, where MON = three first letters of the month,



APPENDIX 3

List of Files Available on Tapes E24206 and E24207
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PERMANENT FILE NAME CYCLE

QUTPUT 1
FRASER1O 2
FRASER17? 1
FRASERMEANS 2
RUSKIN 1
0BMHO54 5
FRASERIO 1
08MHO24 4
RUNOFF 2
OBMHOS54 1
08MHO24 X1
QuUTPUT 1
FRASER1O 2
FRASER1? 1
FRASERMEANS 2
FRASERMEANS 2
FRASERQOMAX 2
FRASERMEANS 2
FRASERQM™AX 2
08MH035 666
OBMHOS4 1
FRASERMEANS 1
08MHO35 4
FRASERQMAX 1
0BMH126 teo6
08MHO43 1
08MHO4A4 1
FRASER]1? 1
FRASERLT 1
QUTPUT 1
FRASERI1O 1
FRASER1O 1
FRASER1O 1
FRASERMEANS 1
FRASER1O 1
FRASERQMAX 1
FRASERI1O 1
FRASER1O 1
FRASER1O 1
FRASER1O 1
FRASER1O 1
FRASER1O 4
FRASER1? 2
FRASER1O 1
FRASER1D 1
FRASER1O 1
FRASER]O 1
FRASER1O 1
FRASER1O 1
FRASER1O 1
FRASER]1O 1
FRASER]O 11
FRASER]O 1

- 83 -

DWNER

FER1G68
FEB1968
FER1948
DECO168
DIsSes
wL68
AUG126¢8
wLh8
DIS48
FEB6SB
wL83
JulLze2se
JuLz268
JuL226¢8
JuLOl168
FERO14R
FERD168
JAND168
JANO168
Wwig3
WL68
JANO16S
wL68
JANOD168
wLe3
HR1G68
HR1G68
FEROS6S
FEB126E
FEB1268
AUG1968
AUG2€68
0CT2168
MANDAYR
SEPO268
MONDAYP
SEPOQER
0CcT28%%8
NJV0O&58
SEP166E
NOV1168
JAN2268
JANZ2OQ6E
FER2658
NOV1868
MARDGHS
SEP2368
MAR1168
SEP3068
DEC3168
MAY176E
DECOGsE
MaR18B48

VSN

E24206
E242C6
E24206
E24206
E24206
E24206
E24206
E242C6
E242C6
E24206
£E242060
£24206
£26206
E24206
£24206
£24206
E24206
£24206
E24206
E24205
E24206
E24206
£26206
E24206
E24206
E24206
E24206
E24206
g24206
£24206
E24206
E24206
£24206
E242CH
£24205
£24206
g242C6
E242056
E24206
E24206
£26206
E24208
£24206
£24206
E24206
E24206
E24206
E24206
£24206
£2420¢
E24206
E24206
£24206



PERMANENT FILE NAME

ONEDEEFRASER
FRASER]IO
FRASERL1O
ONEDEEFRASER
FRASER]O
FRASER1O
FRASER]O
FRASER1O
FRASER1O
FRASER1O
FRASERMEANS
FRASER1O
FRASEROMAX
FRASERMEANS
FRASERQIMAX
FRASERI1O
FRASER]1O
FRASER1OQ
FRASER]O
FRASER1O
QuTPUT
FRASER1O
FRASERMEANS
FRASER]O
FRASERQMAX
FRASERMEANS
FRASERQOMAX
FRASERMEANS
FRASERLO
FRASER1O
FRASERI1O
FRASERLO
FRASER1O
FRLSER1O
FRASERQMAX
FRASER1O
FRASERI1O
FRASERMEANS
FRASER1O
FRASERQMAX
FRASER]O
FRASER1O
FRASERI1O
FRASER]O
FRASERLO
FRASER1?
FRASERQMAX
FRASER]O
FRASER]O
FRASERMEANS
FRASERQOMAX
LGOSHORT
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CYCLE

1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
3
1
3
1
1
1
1
1
1
1
1
2
1
1
1
2
4
2
2
4
1
1
1
1
2
1
1
1
1
1

CWNER

BERNACD
DECO268
MAR2568
BERNARD
0CT0768
APRO168
NOV2568
APROB6B
APR1568
DCT1458
APRO158
FEB1248
APRO158
FEBO16R
FEBDO148
APR2268
DEC1658
CEC2368
DEC2068
APR2QAK8
FEBDS568
MAYOb68
MONDAYR
MAY1368
MONDAYR
DECO168
DECO148
NOV0468
MAY2068
MAY2T76R
JULOL14KS
JUNO358
JANOBKR
JANOT748
NOVO&6R
JAN1568
JUN10A48
MONDAYR
JANO168
MONDAYR
MAY2868
JANO&KE
JUN1768
JUN24K3
JUuLOB868
JUuL1568
JULO168
JuL2948
AUGOSHS8
JUNO1£8
JUNC158
AMMARSS

e e e e M mMmMMMMMMM M M MMmmmom



PERMANENT FILE NAME

FRASERMEANS
FRASEROMAX
FRASERKMEANS
FRASERMEANS
FRASERQMAX
FRASERQMAX
FRASERMEANS
FRASERQMAX
FRASERMEANS
FRACERQOMAX
FRASER]O
RUSKIN
LGOSHAL
ONEDSMAL
QuUTPUT
FRASER]O
FUSKIN
FRASERMEANS
FRASERQ™AX
FRASER1Y
J2UTPUT
FRASERIO
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CyClLE

1
1
1
1
1
1
1
1
1
1
2
1
1
4
1
2
3
3
3
1
1
2

DWNER

OCTO16E
0CcT10168
MARO148
SEPO148
MARO158
SEPD168
AUGO168
AUGO148
JULC16E
JuLO1%8
FERD568

DISB3
BMMARBS
¥SJLYS1
JAN29LE
JAN2G6E

DIS68
JAND168
JANO148
JuLoeks
JUL1568
JuL1568

VSN

£E264207
£24207
£E24207
£24207
£E24207
£E24207
£24207
£24207
Ee&42C7
£242C7
E24207
Ezeac/
£E24207
E242C7
E24207
£24207
E24207
E24207
E24207
E242C7
£24207
£24207



APPENDIX 4

Listing of Computer Programs
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FUSION.JCL Program
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1CPID,CMI00000,T130,P2, FUSTION-J
ACCOUNT, 22956,

COMMENT 8604800888800 0000000008008
COMMENT,® THIS JCL RUNS PROGRAN
COMMENT,s FILE WITH THE DAILY RV
COMMENT ¢ FILE,
COIIEMT.tooo.“otoott.ttooottotto
TUSE,FRASERSI, FRASERSY, FRASERS],
16ET,TAPES®DATE.H8,
IGET,TAPESS=DEBIT, 088,
IGET,PEMeFUSTION,

REQUEST, TAPEGS,¢PF,

FYN(LeO, ToPGNM) e

LGO,
CATALOG;YAPEQO:RUNOFF:ID-DISbO.RP
REWIND TAPEGS,

COPYSBF, TAPESS,OUTPUT,

cL

00003839000 0SSSEONNOIRISOOOESS

FUSION, 1T MERGES THE DAYE @

NOFF FILE, TO CREATE ONLY 4
)

.OO.“..‘..“...“O..".‘..“.

=999,

88 -

0S0100
000110
000120
000130
000140
000150
000180
000170
000180
000190
000200
000210
000220
000230
000240
000250
000280



FUSION Program
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10

13

~N OO

PROGRAY FUSIONM(INPUT,OUTPUT,TAPESS, TAPES, TAPESS)

KQe Q8

KINle$

KIN2e33

JOAYe383

IYEAR®IYR/ &
IYEAR]IYEARSS
IFLIYEARLEQ.IYR) JDAY=368
KDAYe JDAY 2

DO 10 lel,KDAY
READ(XIN1,5) IYR,MONDA
READ(KINZ»b) Q
MRITE(XD,7) IYR,MONDA,OQ
CONTINUE

FORMATII2,14)
FORMAT(F10.0)
FORMAT(AXy»12s14,F10.0)
sTap

END



JCL.DAY Program



1CFJ0,CN200000,T7290,72, JCL-0ay
ACCOUNT, 22958,

COMMENT ;0003000000806 00008008002000080¢63003800080000800080080008080808

CONMENT, [
COMMENT, FRASER nO0DEL .
COMMENT.® THIS JCL IS PREPARED TO RUN 1 DAY WITH THE 1-D MODEL, o
COMMENT,® USING DATA FROM ANNUAL RECORDS, THE USER MUST MODIFY o
COMMENT.® THE FOLLOWIKG STATEMENTS: .
CORMENT . JYRRODA/ BY THE BEGINNIMG OF THE REOQUESTED PERIOD o
COMMENT,® /MONDAYR/ BY THE BEGINNING OF THE REQUESTED PERIOD ¢
CORMENT,® /RONADYR/ BY THE STARTING DAY OF THE PRECEEDING PE-®
COMMENT,® R10D. .
COMMKENT,» .

COMMENT (050008006080 ¢880853 0082808800 000080004800088330083606080800009

TUSE,FRASERS3, FRASERBI, FRASERN),
IGET»LG6D1sNSURVEY,LGO.

ATTACH, TAPES1, 08MHOS4, IDeVWL S,
ATTACH, TAPESZ, 08XH035,10eWl 68,
ATTACH, TAPE93,08MH024, DL 68,
COPYBR, INPUT,LINPUT,

REWIND LINPUT,

LGOl (LINPUT),

REWIND LINPUT.

UNLOAD L60.

IGEY ,LG02=QRUSKIN.LED,

ATTACH, TAPESEL,RUSKIN,IDeDISHS,
LEO2(LINPUTY),

REWIND LINPUT,

UNLO AD LGO.

1GET,LE603«RUNDOFF.LED.

ATTACH; TAPE9S, RUNDFF,IDeDISAR,
LEO3(LINPUT)
REWIND(TAPE24, TAPEIS, TAPE24, TAPELL,TAPELZY,
UNLOAD LGO.

TGET»FRAME,

JGET »HALFeINPUTS,TENR,

MSUECIT,.

ATTACH,L60,LGOSHORT, IDaBPMARES,MRa],
COPYBR,HALF» TAPES,

COPYBF, FRAME, TAPES,

REVIND)TAPES,

ATTACH, TAPEL &y FRASER]1 7, I0«NONADYR,
UNLOAD(TAPEL2) .

REQUEST, TAPELT7,9PF,
REQUEST,TAPE1O,*PF,

LGO.

REWIND, TAPELO.

REYIND,TAPEL?,
CATCYC,TAPELT7,FRASERYT7, JO=MONDAYR,RPe]10,KPe],
CATCYC,TAPELO,FRASER1C, IDeMCNDAYR,RP210,KPe],

YRMODA
001

LENGTH 80,
EDIT,FRAME,FR,100,8Y,100.
INSERT, TAPE12,AT,310,8Y,1,
INSERT,TAPE26,AT»510,8Y,1.
INSERT,TAPEIS,AT»B10,8Y,1,
INSERT,TAPE24,AT,1810,8Y,1,
INSERTH)TAPELL)AT,2010,8Y51,
/RUN /e /PORDAYR/ 400,
JITE/e/098/7 *a,

/1T0727030/7 2000,

000100
000110
000120
000130
000140
000150
000160
000170
000180
000199
000200
000210
000220
000230
000240
000250
000260
000270
000280
000290
000300
000310
000320
000330
000340
000330
0003¢0
000370
000380
000390
000400
000410
000420
000430
000440
000450
000480
000470
000480
000490
000300
000310
000520
0005130
000340
0003550
000360
000370
000580
000599

0004610
000620

000640
000450
0004680
000670
000680
000690
000700
000710
000720
000730



SAVE FPAMEp %S,
EDIT,NALF,FR,100,8Y»100,
J1TE /70987 300,
ITOTINE/e/ 86400/ 300,
SAVE JHALF, NS,

- 93

IV
0L07¢0
000770
000780
000790
000800



JCL.WEK Program

- 94 -



ICPIG,Ln2350002,T1500,STWlJ,. JCL=WEK
ACCOUNT, 22356,

COHHENY.'."‘.0‘.0“.00..0O“..‘.‘.O“OO"O."....0003000..‘.‘.0.0‘

COMMENT.®
COMNENT.® FRASER RODEL

COMMENT.® THIS JZL IS PREPARED TO RUN 7 OAYS WITH THE 1=D ROOEL, ©

COMMENT.® USING DAYA FRDM ANNUAL RECORDS. THE USER RUST RODIFY o
COMMENT,® THE FOLLOWING STATEMENTSI .
COMMENT . * JYRMODA/ BY THE BEGINNING OF THE REQUESTED PERIOD ¢
COMMENT,® JMONDAYR/ BY THE BEGINNING OF THE REQUESTED PERIQD ¢
COMMENT . JKONADYR/ BY THE STARTING DAY OF THE PRECEEOING PE-*
COMRENT, @ RIOD. ®
COMNENT, JMONNDYR/ BY THE DATE OF THE FIRST Dav OF THE °
CORHENT MEXT PERIOD. ®
COMMENT . ® .

COHHENT.ocsttcototoo0tototto.ctto.sto‘t‘tccoott.t.oatoao.“ooott‘ot

IUSE,FPASERB3, FRASERBI,FRASERS3,
1GET,LGO1eNSURVEYLLED

ATTACH, TAPEQL1,08MHOS4, 10wl eS8,

ATTACH, TAPEG2,CBH¥HO33,IDevWLb8,

ATTACH, TAPES3,08MH024,1DevWi b0,

COPYBR, INPUT,LINPUT,

REWIND LINPUT,

LGOL(LINPUT),

REWIND LINPUT,

UNLOAD L60.

IGET,LG02=QRUSKINLLGD.

ATTACH, TAPEQS, RUSKIN, IDsDIS88,
LEO2(LINPUT) .,

REWIND LINPUT,

UNLDOAD LGO.

16ET,LG03=RUNCFF.LGE0.

ATTACH, TAPEGB, RUNDFF, ID=DIS68,
LGOI3{LINPUTY,
REVIKD(TAPE26, TAPE3S, TAPE24, TAPELL,TAPELZ),
UNLOAD L60.

16ET)FRAME,

1GET,HALFaINPUTS.TEN,

MSUEDIT,

PEQUEST, TAPELOD,*PF,

REQUEST,TAPEL7,¢PF,

REQUEST,TAPEL8,8PF.
ATTACH,LGO,CNEDEEFRASER, JOsBERNARD,CY 111sHR 1,
COPYBR,HALF, TAPES,

COPYBF, FRAKE; TAPES,

REWIND, TAPES.

ATTACH, TAPEL16,FRASER1?,1DeMONADYR,
UNLOAD(TAPEL2),

LGOI TAPES) .

REWIND, CUTPUT.

COPYBF, OUTPUT, TAPELD, 9999,
CATCYC,TAPELS,OUTPUT, ID=RONDAYR,KPal,RP«10,OR=INFINITE,
REWIND, OUTPUT,

DISPOSE, OUTPUT,
CATCYC,TAPELO» FRASER10, JDO®MONDAYR, RPo10,KPal,
CATCYC,TAPE1T7,FRASER]T,IDsNONDAYR,KPel,RP210,
16ETH)NEXToMONNOYRJCL

SUBRIT,NEXT,

EXIT(S).

DMP.

YRKD DA
007

00013¢C
000110
000120
000130
000140
000150
000160
000170
800180
000190
000200
000210
000220
000230
000240
000250
000260
000270
000280
000290
000300
000310
000320
000230
000340
000350
000360
000370
000380
000390
000400
000410
000420
000430
000440
000430
000480
000470
000480
000430
0005€C0
000510
000320
000330
000540
000580
000360
000570
000580
000590
000800
000810
000620
000630
000640
000650
000640
000670
000480
000890

000710
000720



LEL ST 80
EOIT,FRARE,FR,100,8Y,100,
INSERT, TAPEL2,AT,310,8Y,1.
INSERT, TAPE26,AT,510,8Y,1.
INSERT, TAPE3IS,AT,810,8Ys1.
INSERT, TAPE24,4T,1810,8Y,1,
INSERT, TAPEL11,4AT,2010,8Y,1.
7RUN/e /MONDAYR/ 400,
JITE/=70T27 ®A,

71TQ/e/71747 2000,

/ IL/e701%/7 300.

L sA.

SAVE,FRAKE, NS,
EOIT,HALF,FR)100,8Y,100.
/1TE/=/ 8727 300,

ITOTINE/ /6048007 300.

SAVE  HALF) NS,

96

coci Lt
000750
000760
000770
000780
000799
000800
000810
000820
000830
000340
000850
000880
000870
000860
00089)
000900



NSURVEY Program
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10

13

20

25

30

335

40

45

50

35

OO0 ON

[a¥aXs)

oTOOO0

6s080000 ¢
THIS PROGRAN
6AUGE DATUN)
PORT COQUITLA

READS 15 MINUTES WATER LEVELS (REFERENCED TQ
FROM THE ANNUAL RECORDS AT PORT MANN (TVAPESL),
® (TAPE92) AND MISSION (TAPEQ3), AND WRITES

THE 1% MINUTES WATER LEVELS (REFERENCED TO 6.S5.C. DATUN)
FOR THE REQUESTED DATES ON TAPE2S (PORT mANN),
TAPE3S (PORT COQUITLAR) AND TAPE24 (MISSION).

THE CONVERSION FROM GAUGE OATUM TD G.S.Ce OATUM IS DONE BY

THE USE OF THE COEFFICTIENT "ADJUST™ WHICK IS ADDED T3

THE DATA READ FROM THE ANNUAL RECORDS. THE USER MUST CHANGE

THESE VALUES IF NECESSARY,

ANNUAL RECORD ADJUST REQUESTED PERIOD DATA
OBXH126(0B8MH054) TAPES] =8.34 TAPE2S
08%H03S TAPE®2 ~8.54 TAPE3D
08mHO2S TAPE9) 0.24 TAPE24

THE FOLLOWING VALUES ARE ASSUMED!:
=NUMBER OF DATA PER CARD»38
«NUMBER OF CARDS PER DAY PER STATIONe12

THE FOLLOVING VALUES MUST BE DEFINED BY THE USER:
~THE STARTING DATES YEAR/MONTH/DAY
~THE NUMBER OF DAYS TO BE READ

e sseeES

PROGRAM NSURVEY(INPUT,QUTPUT, TAPESeINPUT, TAPESeQUTPUT,
*TAPE26,TAPEIS, TAPE24, TAPEA3, TAPEAG,TAPESL,»TAPEQ2, TAPEQI,
STAPES4, TAPEDS)

DIMENSION DATAX(S)

sssss READ THE REQUESTED PERIOO(INITIAL DATE,» NB, OF DAYS)

READ(S,1)IYR,RONDA
FORMAT(I2,14)
READ(5,2) WOAYS
FORMAT(IY)

LYReIVYR

LMOKDAe MONDA
IF(MOAYS.EQel) GITO 78
MOAYSeNCAYS=]
IFEBDY=0228
IYEAR=IYR/4&
IYEARCIYEARSS
IF(IYR.EQ,IYEAR) IFEBDY®0229

eo¢vs DETERMINE THE LAST DAY!S DATE OF THE REQUESTED

PERICD, SPECIAL CARES MUST BE TAKEN FJR THE
TRANSITION BETWEEN TWO MONTHS.

00 70 Isl,NDAYS
IF(LMONDA.NE.OL131) &OTO 10
LMCNDA=0201

60T0 70

10 IF(LMONDALNEL.IFEBDY) GOTO 13

- LAONDAeC301



60TD 70
15 IF(L®ONDL.NE.D33]) 6OTD 20
60 LMONDA=Q401
6010 70
20 IF(LMONDASNELO430) €OTO 25
LMONDA= 0301
6070 70
63 25 1F(LNDONDALNELO831) $0TD 30
LMONDA=QB01
¢0T0 70
30 IF(LMDNOAJNE,0630) 60TD 33
LMONDA®D701
70 60Y0 70
3% IF(LMONDAGNE.O731) GOTD 40
LEMONDA=0801
6CT0 70
40 IF(LMONDACNE.0B31) GOTO 45
75 LMONDA®DOO1
6070 70
4% 1F(LMONDAJNELD930) 6OTO 50
LMONDA=1001
6070 70
80 S0 IF(LMONDAGNEL1031) 6070 35
LMONDA®1101
60T0 70
858 IF(LMONDALNE,1130) 60TD &0
LMONDA=1201
-3 60T0 70
60 IF(LMONDA,NEL1231) &OTO &3
LMONDA=Q101
LYReLYR4]1
60T0 10
Q0 65 LMONDA=LNONDASL
70 CONTINUE
7% NRCARDSeNDAYS®12

oeves SET FILES FOR THE FIRST STATION

[a Xa N el

95
KINs9)
KQ=28

essss ADJUSTMENT FACTOR TO CONVERT WATER LEVELS TO 6.5.C.

e R Nal

100
ADJUSTe-8.54

essss LOCATE THE STARTING POSITION IN THE ANNUAL
RECORD FILE.

[z XaXaNal

10°
100 READIKIN,3) KYR,KMONDA
3 FORMAT(BX»12,14)
IF{EOF(KIN) ,NE.O) €0 TO 355
IF(KYR.EQ.IYR,AND,XMCNDALEQ.NONDA) 60TD 110
110 607D 100
110 BACKSPACE KIN

eeses YHEN THE STARTING POSITION IS DETERMINED, READ
DATA AND CREATE THE OUTPUT FILE.

[a XaXal



130

143

200

(g X aXaNal

300

sssee CHECX IF THE ®LASY DATE READ™ CORRESPONDS TO
THE DATE OF TME "LAST DAY REQUESTED™.

5 FORMAT(/) 53X, "HISSING DATA AT STATION ",45,12,/)
¢s0es SET FILES FOR THE NEXT STATION
310 IF(KINJ.NE.QL1) 60TOD 330

330

355

00 300 I=1,NCARDS

READ(KINI&) ITYPE,STA,NO»JYR, JNONOASKCARD)DATAX

00 200 J=)»

DATAX{J)eDATAX(J)*ADJUST

CONTINUE

WRITE(XKD) &) ITYPE,STA,NO»JYR, JHONDA)KCARD,DATAX
& FORMAT(I1,A5,12,12,14,12,08FB8.2)

CONTINUE

IF(LMOIMDALEQaJMONOACANDLYR,EQ.JYRAND.KCARD.EQ.12)

WRITE(S,5)

KINe92
KQed5
ADJUSTs=8.5
6070 100

IFIKINGNELG2) GOTO 355

KINe913
XQe24
ADJUSTe0,24
60TO 100
STCP

END

STA,NO

4

100 -

€0T0 210



QRUSKIN Program
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(223221230
THIS PROGRAM READS THE ANNUAL RECORD OF THE MOURLY HYDROELECTRICAL
PRODUCTION AT THE RUSKIN POVER HOUSE (TAPE9S) AND WRITES THE
CORRESPONDING MOURLY DISCHARGES FOR THE DATES REQUESTED BY THE
USER ON TAPELlL,

IN ORDER TO RUN PROPERLY, THE PROGRAM REQUIRES THAT THE ANNUAL
RECO®D ALSO INCLUDESTHE LASY CARD OF THE DAY PRECEEDING THE

10

13

20

2%

30

35

40

45

50

53

<
4
¢
4
¢
<
¢
¢
4
¢
c
¢
o
¢
c
4
¢
¢
¢

[aXaNal

s NaNaNaNal

e

st

e

10

15

20

25

FIRST OF JANUARY,

THE FOLLOVING VALUES ARE ASSUMED:
-NUMBER OF DATA PER CARDe=p
=NUMBER OF CARDS PER DAY PER STATION=4

THE FOLLOWING VALUES MUST 8E DEFINED BY THE USER1
~THE STARTING ODATE® YEAR/MONTH/DAY
~THE NUMBER OF DAYS TO BE READ

sssvees

PROGRAM QRUSKIN(INPUT,JUTPUT,TAPESeINPUT, TAPESL=QUTPUT,
STAPELL,TAPEDS)

DIMENSION DATAX(S)

¢¢ READ THE REQUESTED PERIOD(INITIAL DATE, NB. OF DAYS)

READ(3,1)IYR,MONDA
FORMAT(12,14)
READ(5,2) NDAYS
FORMAT(II)

LYR=1YR

LMONDA=MONDA
IF(NDAYS.EQC.Y) GOTD 75
MOAYSeNDAYS=1
IFERDY=0228
IYEARSIYR/ 4
IYEARSIYEARSS
IF(IYR,EQ.IYEAR) IFEBDY=022%

s DETERMINE THE LAST ODAY'S DATE OF THE REQUESTED
PERIND. SPECIAL CARES MUST BE TAKEN FOR THE
TRANSITION BETWEEN TW3 MDNTHS,.

00 70 1=1,MDAYS
IF(LMONDA.NE.,O131)} €0TD 10
LMONDA=0201

60T0 Y0
IFILMONDALNELIFEBDY) €0TO 15
LMONDA=0301

60T0 70

IF(LRONDALJNELO0331) GOTOD 20
LMONDA=0401

6CT0 70

IF(LMONDALNELQ430) GOTO 29
LMONDA=0501

60T0 70

IF(LMONDA,NE,0531) 6OTD 30
LRINDA=0801
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60

(3]

70

75

8c

90

93

100

103

110

[(aEsNaNal

[a X XeNal

[aXakaXal

607D 70

30 IF(LMONDANELDS30) COTD 35
LMONDA=DT01
607D 70

39 JFILMONDALNELOTI1) GOTD 40
LMONDASDBO]
6070 70

40 IFI{LMONDALNELOB31) GOTO 45
LMONDA®000]
6010 70

4% JF(LMDNDALNE.D930) GOTO 50
LMONDAC1001
S0T10 70

50 IF(LMONDA,NEL10231) GOTOD 58
LMDONDA®1101
607D 70

55 IFILMONDALNELL1130) 607D 60
LMONDAR]201
6070 70

60 IF(LMONDAJNEL1231) 60710 453
LMONDASD10Q]
LYRsLYR¢]
S0T0 70

63 LMONDAsLMONDAC]

70 CONTINUE

T35 NCAPDSaNDAYS®4 o )
KIN=QS
K11
DELTA==0,1

ess0s L OCATE THE STARTING POSITION IN THE ANNUAL
RECORD FILE.

100 READ(KIN,3) KYR,XMONDA
3 FIRMATIBY,12,14)
IF(ECFIKIN) NE.O) 60 TO 355
IF{XYR,EQeIYR,AND,XMOKDAL,EQ.RONDA) GOTO 110
60TO 100
110 8ACKSPACE KIN
BACKSPACE KIN

esees WHEN THE STARTING POSITION IS DETERMINED, READ
DATA AND CREATE THE OUTPUT FILE.

00 300 I=1,NCARDS
READ(XIN, &) ITYPEsSTAsNO,JYR,)JMONDA,XCARD)DATAX
DO 200 J=1,8
DATAX(J)e=1000.¢DATAX(J)/8,
TF(OATAX{J)aGELDELTA) DATAX(J)e=50.

200 CONTINUE
WRITE(KD,4) ITYPE,STA,NO,JYR, JRONDA,KCARD,DATAX

& FORMAT(I1,A8,12,12,14,12,6F20.0)
300 CONTINUE

seess CHECK IF THE ®LAST DATE READ™ CORRESPOMDS TO
THE DATE OF THE "LAST DAY REQUZSTED™.

- 103 -



118

IF(LNDNDA.EO.JHDNDA
VRITE(e,9) STaA, ND
] FORMAT(/,8x,

.AND.LVI.EO.JVI.IND.K:AID.EO

SNISSING DATA at STATION =,43,12,/)
355 stop

END

- 104 -
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RUNOFF Program
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10

15

20

25

30

3

40

45

50

55

<
C
¢
4
4
¢
¢
¢
¢
c
4
4
c
C
c
4
C
c
4
C
C
c

[a N Xal

isXaNasNaNal

sseteetoer

sy

e

e

10

135

20

23

THIS PROGRAM READS MEAN LATERAL INFLOWS FROM ANNUAL
RECARDS (TAPESS) AND VRITE THE REQUESTED PERIOD ON TAPEQ2,
THE OAILY MEAN LATERAL INFLOW READ FROMN THE ANNUAL RECORD
IS ASSUMED TO CORRESPOND TO THE DISCHARGE AT NOON TINE,
THIS PROGRAM COMPUTES VALUES FOR EACH 12 HR OF THE TOTAL
PERIODD.

THE FORMAT OF THE ANNUAL RECORD IS A NON-STANDARD FORMAT SINCE
THE FILE WAS CREATED BY THE USER. THE FORRAT ADJIPTED IS:
=YEAR, MONTH AND DAY, DISCHARGE (4X,12,14,F10.0)
=0NLY ONE DAY PER CARD,

TO wORK PROPERLY, THE PROGRAM REQUIRES THAT THE ANNUAL RECORD
ALSO INCLUDES THE DAILY MEAN LATERAL INFLOW OF THE DAY PRECEEDING
THE FIRST OF JANUARY, AND THE DAY FOLLOWING THE 31ST OF DECEMRER

THE REQUESTED PERIOD IS SPECIFIED IN THE JoL13
=THE STARTING DATE (YEAR/MONTH/DAY)
~THE NUMBER OF DAYS REQUESTED (13 FIRMAT)

st

PROGRAM RUNOFF(INPUT,QUTPUT, TAPES=INPUT,TAPESL=OUTPUT,
®TAPEL2)TAPEQ9S)

*¢ READ THE REQUESTED PERIOD(INITIAL OATE, NB, OF DAYS)

READ(S,1)IYR,MONODA
FORMAT(I2,1¢4)

READ(5,2) NDAYS

FORMAT(IZ)

LYReIYR

LMINDA=MONDA

IFEBDY«0228

IYEAR=TYR /&

IYEARSIYEARSS
IF(IYRLEQLIYEAR) IFEBDY=0229

¢+ DETERMINE THE LAST DAY'S DATE OF THE REQUESTED
PERIJD., SPECIAL CARES MUST 8E TAXEN FIR THE
TRANSITION BETWEEN TWO MONTHS,

DO 70 1=1,NDAYS
IF(LMONDANELO0121) GOTO 10
LMONDA»0201)

GQTQ 70
IF(LMONDALNELIFEBDY) 6OTO 15
LMONDA=Q30)

60T0 70

IF(LRONDALNE.033)) 60TO 20
L®INODA=Q4AOQY

c0TO0 70

IF(LMONDASNEL0430) GOTO 25
LMCONDA=D301

60TO 70O

IF(LMONDALNELOS3)) GOTO 30
LMONDACDBC]
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6070 70
30 TF{LMONDANELO0830) 6DTD 23
60 LMONDASOT01
¢0TD 70
38 IF{LMONDANE,OT721) S0T0 4O
LHONDA=0801
¢0T0 70
(3] A0 IF(LMDONDAJNELOB31) GOTO 43
LMONDA®0S0]
60T0 70
4% TF(LMONDA.NE.OS30) 60TD 30
LRONDA=21001
70 6070 70
50 IF(LHONDALNE.1031) €OTOD 89
LMONDA®110]
€070 70
83 IF(LMONDA.NE.1130) 60TOD &0
75 LMONDA®L201
60TC 70
60 IF(LMONDA.NE,1231) €0TO 65
LMONDA=0301
LYR=LYRe])
80 60TO0 70
6% LMOKDASLMONDA4Y
70 CONTINUE
73 XKINeQD
KQs12
3]
sesss L OCATE THE STARTING POSITION IN THE ANNUAL
RECORD FILE,

s EaXaNal

100 READ(XIN,3) JYR,JMONDA,Q
90 3 FORMAT(AX,12,14,F10.0)
IF(EOF(KIN) W NE.O) 6O TO 333
IF(JYRLEQ.IYR,ANDJMONDALEQ.MONDA) 60TO 110
Q0s0
60TC 100
o3 110 QSTARTsO

##980 WHEN THE STARTING POSITION IS DETERMINED, READ
DATA AND CREATE THE OUTPUT FILE.

[aNsXaNal

100 TSUHM=OQ,
QMORNe0.5* (Q0+QSTART)
WRITE(KO»S) TSUM, QMORN
Q1 OSTART
S FORMAT(2F10.0)
105 DC 300 lel,NDAYS
READ(KIN,3) JYR,JMONDA,Q3
Q2e0.52{Q1+03)
TSUM«TSUM®43200.
WRITE(XO,5) TSUM,Q1
110 TSUMeTSUM+43200,
WRITE(XD,»S5) TSUM,Q2
01=03
300 CONTINUE
¢
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119 C ®ocees CHECK IF THE "LAST OATE READ™ (ORRESPONDS TO
g THE DATE OF THE ®LAST DAY REQUESTED™.
IF(LMONDAEQ.JHONDASAND .LYR. EQ.JYR) GOTD 395
VRITE(6,58)
120 6 FORRAT(/»3Xs"HISSING DATA®; /)
355 stOP
END
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FRASER RIVER MODEL C = WATSOUI ISLAND TO DDUGLAS ISLAND
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4322, =-49.,162 =-2,61 -50000, «0000 000740
2 000730
~3.000 2388, 2388. 50304, 2394, 50304, 000760
-1.500 2869, 2869, 54247, 2873, 94247, 000770
0.000 3193, 3195, 58949, 3202, 50949, 000780
1.300 3201, 3201, 83747, 3209, 83747, [] 13 L1
3,080 3207, 3207, 68353, 3216, 88533, . 000800
4,500 3213, 3213, 73368, 3222. 73368, 000810
6,000 3219, 3219. T8193, 3229, 78193, 000820
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2 00C840
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-1.%500 3604, 3604, 60738, 3609, 60738, 000840
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0.000 4499, 4499, T494s, 4905, Ta044, 001030
1,500 4508, 4505, 81698, 4312, 81698, 001060
3,000 4511, 4511, 88440, 4518, 88440, 001070
4,500 4517, 4517, 95231, 43285, 95231, 001080
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PITT RIVER = NORTH SIDE OF DDUGLAS ISLAND 00110

3 1 2 2 [} -1 001110
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4,000 2394, 2394, 37729, 2398, 37729, 001290
5,500 2400, 2400, 4132, 2403, 41324, 001300
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40754,
44296,
47847,
51407,

30566,
34248,
37976,
41713,
43460,
49218,

LELN 1.3

1838,
18683,
1872,
-0.83

1604,
1636,
1758,
1860,
1896,
1903,
1900,
=0.85

15682,
1704,
1839,
1927,
103s,
19841,
1948,
-0,85

1611.
1974,
2079,
2119,
2158,
2186,
2192,
-0.083

2184,
2222.
2229,
2236,
2242,
2249,
2256,
-0.05

2239,
2270.
2277,
2283,
2290,
2297.
2303,
-0.89

2201,
2349,
2356,
2363,
2370,
2376,
23813,
~0.85

2401.
2489,
2492,
z‘gv.
2505,
2%12.

a8

30169,
40947,
43738,

=600,

30969,
33390,
35940,
38641,
414359,
40294,
47137,

=500,

26836
29303,
31945,
34776,
37636
405453,
43642,

-400.

26291.
29037,
32083,
35199.
38391,
41637,
44902,

=600,

32296,
35598,
38925,
42260
45604,
48958,
52320,

~500.

305613,
33944,
37347,
40799,
44180,
47611,
51030,

=600,

3p21lz2.
33697,
3r221.
40754,
44296,
47847,
51407,

~600,

30566,
34248,
37976,
41713,
45460,
49215,

LR X-T X.1

0000

+ 0000

«0000

« 0000

«0000

+ 0000

+0000

002720
002730
002740
002750
002760
002770
002780
002790
002000
002810
002820
002830
002840
002830
002860
002870
002882
002899
002900
002510
002920
002930
002940
002950
002760
002970
002580
002990
003300
003010
003020
003030
003040
003050
003060
003070
003080
003090
003100
003110
003120
003130
003140
003150
003160
003170
003180
003190
003200
003z10
0032290
003230
003240
003250
003260
003270
003283
003250
003300
003310
003320
003330
003340
0031330
003360

ANIIIN



Ty Vve
7360,

2
-2.000
-.500
1,000
2,500
4.000
5,500
7.000
8463,

2
-20,000
-4500
1.000
2.500
4.000
3.900
7.000
9088,

2
«2,000
-+3500
1.000
2.500
4,000
9.500
7,000
9884,
2
~2.000
-,500
1.000
2.500
4.000
3.500
7,000
REACH 40
40

10
-1

2
=2.0800
~.500
1.000
2.500
4,000
95.3500
7.000
1131.
2
-2.000
=.300
1.000
2,500
4,000
5.500
7.000
2126,
2
-2.000
-.300
1,000
2.500
4,000

& AAA

x7a98

2269,
2563,
2571.
2377,
2383.
2569,
2593,

1851,
1926,
2062,
2229,
2235,
2241,
2247,

1582,
16‘2.
1714,
1786,
1904,
1910,
1918,

1354,
1418,
1687,
14693,
1699,
1705,
1711,
FRASER

1937,
19485,
10.’.
1931,
1954,
1937,
1960.

1652,
1673,
1679,
1685,
1691,
1697,
1703,

1538,
1558,
1’6"
1570,
1576,

tTas9

&asade

-28.040

2289,
29685,
2971,
2377,
2583,
zsa'l
2895,
«33,040

1851,
1924,
2062,
2229,
22133,
2241,
2247,
=40,040

1582,
1642,
1714,
1786,
1804,
1910,
1918,
-53.040

1354,
1418,
1687,
14913,
1699,
1705,
1711,
RIVER
2
« 0270
=2.00
=33,.300

1937,
19435,
1948,
1951,
1954,
1957,
1960,
-33,288

1852,
1673,
1879,
1683,
1691,
1697,
1703,
=39.777

1336,
1558,
1564,
1570.
1376,

16809

S YUV

27487,
31093,
34945,
38007,
42677,
46556,
50445,

28778,
315094,
34389,
37810,
41139,
44316,
47083,

27107,
29821,
32038,
34063,
37422,
40282,
43131,

33919,
35982,
38211,
40740,
43290,
45043,
40405,

7.00

33634,
386547,
39467,
42391,
43320,
48253,
31191,

20653,
32149,
340062,
37104,
39715,
42239,
44805,

30819,
33142,
35484,
378136,
40196,

A%28am

- 115

(XX

= SOUTH SIDE OF DOUGLAS ISLA
z . .

=-0,.83 =600,
2272, 27407,
2368, 31093,
2579, 34943,
2582, assor.
2380, 22877,
2599, 46956,
2602, 30445,
-0.89 =300,
1854, 28778,
1929, 31394,
2066, 34583,
2234, 37810,
2241, 41159,
2247, 44516,
22354, 47883,
-0.89% =600,
1592, 21107,
1892, 29521,
17235, 32038.
1798, 3nbb3,
1916, 37422,
1923, 40202,
1930. 43181,
=0.83 =600,
1361, 33919,
1426, 25902,
1693, 38211,
1702, 40746,
1708, 43290,
1713, 45843,
1722, 46405,
0

9291, 1150,
-3, -3,
=1.85 =34800,
1933, 33834,
1963, 36567,
1967, 39407,
1972, 42391,
1977, 45320,
1982, 48233,
1987, 51191.
-1.8% =34800.
1655, 29653,
1676, 32148,
1682, 34662,
1689, 37184,
1696, 39718,
1703, 42255,
1709. 44803,
=1.85 =34300.
1561, 30819,
1564, 33142,
1371, 35484,
1377, 378136,
1584, 40196,
180y . A%man .

devYvVe

ND

+ 0000

+0000

«0000

+0000

-1

-9,
+0000

+0000

+0000

A4 2 ral
003383
0033190
003400
003410
003420
003439
003440
003450
003440
003670
003480
003490
003500
0033510
003520
003530
003340
0033550
€03360
003570
003580
0035390
00356¢C0
003510
002820
003530
003540
002650
003660
003670
003680
003690
003700
003710
003720
003730
003740
003750
003760
-8.003770
003780
003790
003800
003810
003820
003330
003840
003850
0038580
003870
003880
003890
003900
003910
003520
003930
003940
003950
003980
003570
003980
003590
004000
004010
004020

ARLASA



rAa 4l
7.000
2914,

-2,000
-.3500
1,000
2,500
4,000
5.500
7.000
3936,

-2.000
-,300
1.000
2.500
4,000
5.300
7.000
4843,

-2,000
-+500
1.000
2.500
4,000
%5.500
7.000
6251,

=2.000
-.500
1.000
2.5¢00
4,000
3.500
7.000
7271,
2

-2.000
-.300
1.000
2,500
4,000
5.500
7,000
8166,

-2.,000
~-.500
1.000
2.300
4.000
5.500
7.000
9291,

-2.000
=.500
1.000
2,500
4,000
3.300
7.000

REACH 41
')

sarvew

15838,

1308,
1333,
1541,
1547,
1553,
1539.
1563,

1173,
1184,
1160,
1196.
1202,
1208.
1214,

1166,
1178,
1184,
1190,
1196,
1202,
1208,

1576,
1603,

1609,

1615,
1621,
1627,
1633,

1707,
1748,
1754,
1760,
1766,
17720
1778,

1767,
1811,
1817,
1823,
1829.
1835,
1841,

1989,

2021,
2024,
2027,
203¢C.
2033,
2036,

asuis

1588,
-40,269

1508.
1538,
1541,
1547,
1353,
1559,
1363,
-38.758

1173,
1184,
1190.
‘196.
1202.
1208,
1214,
-32.248

1188,
1178,
1184,
1190,
1196,
1202,
1208,
-41.733

1576,
1603,
1609,
1615,
18621,
1627,
1633,
-31.722

1707.
1748,
1754,
1760,
1766,
1772,
1778,
-31.712

1787,
1011,
1817,
1823,
1829,
1833,
1841,
-26.200

1989.
2021,
2024,
2027.
2030.
2033,
2036,

YL Ivew

44943,

32981,
34867,
37174,
39491,
41817,
44151,
46493,

30259,
32028,
33608,
33598,
37397.
39204,
41021,

28430,
30193,
31967,
33748,
355137,
37336,
39144,

33704,
36090,
30499,
40916,
43343,
45778,
48223,

31787,
34381,
37007,
39642,
42286,
44939,
47601,

33226,
35913,
306234,
41363,
44101,
46849,

49603,

36852,
39863,
©26896,
45934,
48976,
52023,
33074,

FRASER RIVER = DOUGLAS
‘ D) ’
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acrae

1597,
-1.83

1517,
1545,
1532,
1558,
1565,
1572,
1378,
=-1.05%

1179,
1191,
1198,
1204,
1211,
1218.
1224,
=183

1173,
1188,
1192.
11989,
1206,
1212,
1219,
~1.83

1383,
1610,
1817,
1624,
1630,
16137,
1644,
~1.,853

1713,
1754,
1761,
1767,
1774,
1781,
1787,
«1.8%

1772,
1816,
1022,
1829,
1836,
1862,
1849,
-1,89%

2007.
2040,
2043,
2050.
2035,
2060.
2064,
ISLAND TO

LTIV RS
44943,
=-34800,

32581,
34867,
37174,
39491,
41817,
44151,
46495,
=34800,

30299,
32028,
333508,
35598,
37397,
39204
41021,
-34800,

28436,
301935,
31967,
33748,
35537,
37336,
39144,
«34800,

33704,
36090,
38499,
40916,
43343,
45778,
48223,
«34800,

31787,
34381,
37007,

39642,

42286,
44939,
47601,
~34800.

33226,
35913,
38634,

413463,

04101,
45849,

49605,

=34800.

3s8s2.
39863,
42895,
45934,
48976,
52023,
55074,

BARNSTON ISLAND
n

« 0000

«0000

«0000

+ 0000

«0000

« 0000

«0000

[

004040
0040°"
0040
0040
004080
004090
004100
004110
004120
004130
004140
004150
0041692
006170
004180
004190
004200
004210
004220
004230
004240
0042%0
004260
004270
004283
004290
004300
004310
004320
004330
004340
004330
004360
004370
004380
0043380
004400
004410
004420
004430
004b4n
004
004t
004470
004480
004490
004500
004510
004520
004330
004540
004550
004560
004570
004980
004590
0045600
004410
004620
004630
004540
0045650
004660
004670
004682

ARLLOA



499,

-2.,000
=.500
1.000
2.500
4.000
5.500
7.000
16013,

-2,000
-+500
1.000
2.500
4,000
9.500
7.000
2557,

2

=2.000
-+300
1.000
2.300
4,000
5.500
7.000
3552,

=2.000
-+500
1.000
2.500
4,000
5.8¢C0
7.000
4710,

-2,000
-,500
1,000
2.3500
4,000
5.500
7.000
5795,

-2.000
-.500
1.000
2.500
4.000
3.500
7.000
6344,

-2,000
-.5%00
1.000
2.3%00
4,000
9.300
7.000

DAl U A

L4

2708,
2769,
2773,
2781,
2787,
2793.
2799,

1967,
2010.
2016.
2022.
2028,
2034,
2040,

1672,
1695,
1701.
1707,
1713,
1719,
1725,

1449,
1864,
1870,
1876,
1882,
1888,
1894,

1035,
1955,
1961,
lob.’O
1973,
1979,
1905,

2106,
2244,
2230,
22%6.
2262,
2268,
2274,

2334,
2617,
2623,
2629,
2635,
2641,
2647,

«0270
-2.00
=29.700

2708.
2769,
2775.
2781,
2787.
2793,
2799,
=40.,200

1967,
2010.
2016,
2022,
2028.
2034,
2040,
-41,200

18672,
1693,
1701.
1707,
1713,
1719,
1725,
=40.700

1449,
1864,
1870,
1876,
1882,
1888,
18394,
-44,700

1838,
1985,
1961,
1967,
1973,
1979,
1583,
«53,700

2106.
2244,
2250,
2236,
2282,
2268,
2274,
-33.700

253e.,
2617,
26213.
2629,
2635,
2841,
2647,

€aasCCe BYVUES

7.00

50938,
55071,
59229,
63393,
67571,
71755,
75949,

49898,
52885,
53905,
58934,
61972,
65018,
68074,

47332,
49839,
52406,
94981,
57326,
60099,
82682,

41493,
43781,
48582,
49391,
52209,
3550136,
57873,

44737,
47391,
50329,
53475,
56431,
39396,
62370,

49911,
53186,
56536,
59933,
63323,
66720,
70126,

57019,
60890,
64820,
68758,
72706,
T6662.
80628,

MADTW CYAE AL BADMEYNMN T aAMA

- 117

8344,
=1
-1.43

2710,
2771,
2777,
2784,
2791,
2798,
2804,
“l.43

1971.
2014,
2021.
2028,
2034,
2041,
2048,
-1.,45

1678,
1101,
1708.
1714,
1721,
1728,
1735,
-1.45

1452,
1871,
1878,
1883,
1891,
1898,
19035,
=1.45

1841,
1961,
1968,
197,.
1982,
1988,
1995,
=1.45

2112,
2250,
2237.
2263,
2270,
2271,
2283,
=1.45

2542,
2625,
2631,
2638,
2643,
2631,
2638,

1030,
-1,
-60000.

509586,
55071.
59229,
63393,
67371,
71733,
75949,
«60000.

49898,
92883,
935905,
38934,
81972,
63018,
68074,
-$0000.

47332,
49639,
52406,

54981,

57526,
60099,
62682,
=$0000.

41493,
43781,
46582,
49391,
52209.
95036,
97873,
«~60000.

44737,
47391,
30529,
53475,
56431,
59396,
62370,
-60000.

49911,
53186,
56856,
59933,
63323,
66720,
70126,
=60000.

57019,
60850,
64820,
68738,
72706,
T6662.
80628,

3.2
«0000

«0000

«0000

«0000

« 0000

+0000

20000

004700
=.5004710
004720
004730
004740
004750
004780
004770
004720
004790
004800
004810
004820
004830
004840
004830
004860
004870
004880
0048490
004909
004510
004920
004930
004940
004950
C04960
004970
004580
004950
003200
005010
0035020
005030
005040
005030
003060
005070
005080
005090
005100
005110
005120
005130
003140
005130
005160
005170
005180
005190
005200
005210
005220
005230
005240
005250
005260
003270
005280
005290
005300
005310
005320
005330
005340

AARSRA
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15
748,

-1.000

2187
1.333
2.500
3. 087
4,833
6,000
1823,

=1.000
0167
1.333
2.500
3,687
4,833
6,000
2481,

~1.,000
167
1.333
2.500
3.687
4,033
6.000
3531,

-1.000
«187
1.333
2.500
3.667
4,833
6.000
3005,

-1.000
<187
1.333
2.500
3. 6087
4,813
6,000
5919,

~-1.000
«167
1.333
2.500
3,687
4,833
6,000
8947,

~1.000
187
1.323
2.500
3.667

4,832
& _.AAA

1269,
1267,
1269,
1272,
1274,
1276,
12794

1323,
1332,
1337,
1342,
1346,
13851,
1356,

1117.
1323,
1330,
1335,
1339,
1344,
1349,

1294,
1302,
1307,
1312,
1316,
1321.
1326.

1134,
1140.
1143,
1150.
1136,
1159.
116‘.

1322,
1349,
1353,
1338,
1363,
1367.
1372,

1426,
1437,
1442,
1487,
1451,

1436,
TasY.

.0270
~1.00
-38.690

1263.
1267,
1269,
1272,
1274,
1276.
1279.
-47.179

1323,
1332,
1337,
1342,
13408,
1351,
1356,
-50.167

1317,
1325,
13230,
1335,
1339,
1344,
1349,
~408,.654

1294,
1302.
1307,
1312.
1316,
1321.
1326,
=37.6134%

1134,
1140,
1149,
1150.
11%s.
1159.
1184,
-41,622

1323,
1349,
1353,
13138,
1353,
1367,
1372,
~33.109

l‘zQ.
1437,
1442,
1“7.
1451,

1456,
TasY .

6.00

31478,
32935,
34434,
35917,
37402,
38889,
40380,

32735%.
34286,
33843,
37400,
3897,
40947,
42128,

33726,
35269,
36817,
3sar2.
39932,
41497,
43067,

34127,
335643,
37163,
308693,
40226,
41764,
43308,

32689,
34017,
33330,
36689,
380133,
391382,
40737,

32712,
34339,
35915,
37497,
39004,
40677,
42275,

29824,
31497,
33176,
34861,
36551,

30247,
21004a.

- 118 -

13221.
3
=1.33

1283,
1288,
1292,
1296,
1300,
1304,
1307,
-1.3%

1336,
13406,
1351,
1336,
1381,
13587,
1372,
-1.,33

1327.
1336,
134).
1346,
1332,
1337,
1362,
-1,35

1306,
1313,
1320.
1325,
1330,
1336,
1341,
-1.35%

1142,
1149,
1154,
1159.
1164,
1170,
1173,
-1.33

1334,
1360,
1343,
1370,
1376,
1381,
1386,
~1.35

1430,
1‘“2.
1447,
1432,
1457,

1483,
[TYY

1080.
-2,
-40800.

31478,
32959,
34434,
35917,
37402,
38889,
40380,
-40800.

32735,
34286,
35843,
37406,
38974,
40547,
42126,
«40800,

33726,
35269,
36017,
38372,
39932,
41497,
43067,
=40800,

34127,
35643,
37165,
386913,
40226,
41764,
43308,
-40800.

32689,
34017,
3s5as0.
36689,
38033,
39382,
407137,
-40800,

32772,
34339,
35913,
37497,
39084,
40677,
422785,
~40500.

29824,
31497,
33176,
348581,
36531,
38247,

1004 8.

1.2%
+ 0000

«0000

«0000

+ 0000

«0000

« 0000

«0000

008 14N
[+]]

0¢

003wy
005400
005410
008420
005430
005440
005430
005460
005470
005480
002499
0033500
c05510
003520
008530
0035540
005530
0023580
005570
005580
005590
005400
005610
0035620
005630
005640
0056%0
005660
009670
005680
005590
005700
005710
005720
005730
005760
005750
[*14

o¢

obzlvv
0058780
005800
Q0%810
005820
005830
005840
005450
003869
005870
005880
005899
005500
005910
005920
0059230
005940
0059%)
003360
0098970
003982
003990
006000
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b vved

1459,
1‘130
1477,
1482,
“!7.
1491,
14096,

1647,
1663,
1670,
1673,
1679,
1684,
1689,

1744,
1785,
1770,
1775,
1779,
1784,
17089,

1710.
1722,
1727,
1731.
1736,
1743,
17453,

1535,
15“.
1549,
1553,
‘,’a.
1583,
1567,

1%82.
1590.
l,v‘.
1599,
1604,
1608,
1613,

1862,
1083,
1888,
1892,
1897,
1902,
1906,

2943 _

c-3aa ar i

=39.09%

1489,
1473,
1477,
1482,
1887,
1491,
1496,
-37.079

1647,
1685,
1670,
167,.
1879,
1684,
1639,
-34.068

1744,
1765.
1770,
1773,
1779,
1784,
1789,
=35.,555

1710.
1722,
1127,
1731,
1736,
1741,
1748,
-34,538

1535,
1544,
1549,
1393,
1558,
1563,
1567,
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015330
015560
015570
015580
015590
015600
019610
015620
015630
015640
015650
015660
013670
015680
015690
015700
015710
018720
015730
015740
015750
015760
018770
015780
013760
015800
015810
015820
015830
015340
013850
015860
0158710
015860
015890
013900

AT aAYA



e -4

« 500
1.500
2.300
31.%00
4.300
5.5%500
3082,

=.500

300
1.300
2,500
3.%500
4,300
3,500
3970,

=.500

+500
1.500
2.%00
3.500
4,500
5.500
4777,

-.500

«500
1.500
2,300
3.500
4,300
%.500
5871,

-.500

«300
1.500
2.500
3.500
4,300
5.500
6983,

-+300

«300
1.500
2.%00
3.5%00
4,300
5.300
7998,

-.300

» 300
1.500
2.%00
3.%00
4,300
3.500
8845,

-,500
«500
1.500

v QAA

E X A M
1194,
1188,
1192,
1196,
1200.
1204,

1218,
1224.
1228,
1232,
1236,
1240.
1244,

1323,
1333,
1337,
1341,
13453,
13409,
1333,

13138,
1348,
13350,
1394,
1358,
1362,
1368,

1522,
1828,
1%32,
1336,
1540,
1364,
1548,

1826,
1833,
1839,
1843,
1847,
1851,
1855,

2034,
2042,
2046,
2050.
2054,
2098,
2062,

2428,
2439,
z‘.a.

449

Tavov
1184,
1188,
1182,
1196,
1200.
1204,

-47.7%3

1218.
1224,
1228.
1232,
1236,
1240.
1244,
=47.739

1323,
1333,
1337,
1341,
1343,
1349,
1353,
46,727

1336,
1346,
13%0.
1354,
1358,
1362,
1366,
-45,710

1%22.
1528,
1532,
1536,
1540,
1544,
1548,
-38,193

1826,
1835,
1839,
1843,
1847,
1851,
1853,
-28.,177

2034,
2042,
2046,
2030,
2034,
2088,
2082,
-29.669

2428,
2‘390
2443,

244"

c~——g -

34963,
36150,
37340,
38534,
39732,
409134,

331319,
36540,
37765,
38995,
40228,
41466,
42708,

35739,
37070.
38405,
39744,
410808,
42435,
43786,

34780,
36123,
37471,
38822,
40179,
41339,
42903,

40669,
42195,
437253,
453260,
467498,
48341,
49087,

36332,
38165,
40002,
41840,
434689,
45538,
47392,

347706,
3e8ls.
38860,
40909,
42961,
45018,
47078,

37788,
40224,
42663,

(L AR N,

- 134

ar Ty
1191,
1196,
1200,
1204,
1209.
1213,
0.000

1224,
1230,
1239.
1239,
1243,
1248,
1252,
0.000

1334,
1343,
1349,
1353,
1358,
1362,
1347,
0.000

1344,
1356,
1358,
1363,
1387,
13r2.
1376,
0.000

1536,
1543,
1547,
1532,
1556,
1561,
19565,
0.000

1828,
1839,
1843,
1847,
1832,
1',6.
1881,
0.000

2033,
2045,
2049,
2054,
2059,
2062,
2087,
0.000

2432,
2443,
2448,

%409

FITTTE
34963,
36150,
37340,
38534,
39732,
40934,
-54600,

291319,
36540,
37765,
38695,
40228,
41466,
42708,
=54600.

35739,
37070,
384095,
39744,
41088,
42435,
43786,
~94600,

347680,
36123,
37471,
3ge23.,
40179,
41539,
42903,
=-54600,

40669,
42195,
43729,
43260,
46798,
48341,
490887,
=54800.

36332,
38169,
40002,
410844,
43689,
45538,
47392,
=545600,

34776,
35816,
388560,
40909,
42981,
45010,
47078,
~54600.

37708,
40224,
42665,

ABY YA

«000

«000

«000

«000

«000

«000

«000

JAT VRV
015920
01593~
01394

015635

0135940
013970
015980
0139990
016000
016010
016020
016030
016040
016050
016060
016070
016080
016000
016100
016110
016120
016130
016140
016150
016160
0186170
016180
018190
016200
018210
016220
016230
016240
016250
016260
016270
016280
016290
016300
016310
016320
01633

01634

01635y
016360
016370
016380
018390
016400
016410
016420
016430
016440
0164350
016480
016470
016480
016490
016500
0163510
016520
018530
016540
0163350
016560

ATLAIA



4,000
5,000
6,000
1837,

0.000
1.000
2,000
3,000
4,000
5,000
6.000
2320,

0.000
1.000
2.000
3.000
4.000
3.000
6.000
3250,

0.000
1.000
2.000
3.000
4,000
’0°°°
6,000
4313,

0.000
1.000
2.000
3,000
4,000
5,000
6.000
5126,

0.000
1.000
2,000
3,000
4,000
5.000
6,000
6036,

0,000
1.000
2,000
3.000
4,000
5.000
6,000
69847,

0,000
1.000
2.000
3.000
4,000

5,000
4 AAA

1271.
1286,
1290,
1294,
1298,
1302,
1306,

1439,
1480,
I‘B‘.
1408,
1492,
1496,
1500.

1072,
1228,
1326,
1344,
1348,

1352,
1384,

-31.,35%8

1241,
1246,
1250,
1254,
1254,
1262.
1266,
-34,337

1239,
1247,
1231,
1233,
1259,
1263,
1247,
-30.311

1319.
1324,
1328,
1332,
1336.
1340,
1344,
~32.202

1189,
1248,
1301,
1316,
1320,
1324,
1328,
-3%5.7460

1271.
1286,
1290,
1294,
1298,
1302.
1308,
-36.235

1439,
1480,
1484,
1488,
1492,
1496,
1500.
-34,213

1072,
1228.
1326,
1344,
1348,
1352,

1384 .

29136,
30503,
31880,

24499,
25703,
26951,
28204,
29460,
30720,
31964,

228138,
24084,
25333,
26586,
27844,
29103,
30371,

25099,
26421,
27748,
29078,
304113,
31731,
330094,

23215,
24436,
25711,
27024,
28342,
2906064,
30990,

21269,
22531,
238238,
25130,
26426,
27729,
29029,

22996,
26471,
25954,
27440,
28930.
30424,
31922,

22410.
23340,
24833,
26173,
27518,

20868,
A9y .

139 -

1359.
1387,
1394,

«600

1246,
1231,
1235,
1260,
1264,
1269,
1273,

+800

1249,
1254,
1258,
1263,
1287,
1272,
1278,

«600

1322,
1328,
1333,
1337,
1342,
1346,
1351,

600

1201.
123%1.
1303,
1320.
13235,
1329.
13364,

«600

1276,
1291,
1296,
1300,
1305,
1309,
1314,

«800

1463,
1483,
1490,
1498,
1499,
1502,
1508,

«500

1079,
1236,
1334,
1352,
1357,
1381,

194,

29136,
30503,
31088,
-‘20000

24459,
25703,
26951,
20204,
29660,
30720,
31984,
-42000,

22038,
24084,
23333,
26586,
27844,
29103,
30371,
-42000.

25099,
26421,
27748,
29078,
30413,
31751,
33094,
=42000,

23215,
24436,
25711,
27024,
20342,
296064,
30990,
-42000.

21269,
223351,
23838,
25130,
264626,
21723,
29029,
-42000,

22996,
24471,
23954,
27440,
28930,
30424,
31522.
=42000.

22410,
23540,
24833,
26173,
275189,
20008,

LLEE D BN

000

000

+«000

+000

+000

«000

000

019220
019230
019240
019230
0192460
019270
019280
019290
019300
019310
019320
019330
019340
019350
019360
019370
0i93e0
019390
019400
019410
016420
019430
019440
019450
019440
019470
0194080
019490
019500
019510
019520
019530
019540
019350
019560
019370
019580
019390
019600
019510
019620
019430
019640
019650
019660
019670
019680
019490
019700
019710
019720
019730
018740
019750
019760
019770
019783
019780
019800
019810
019820
019830
019840
015830
019860

ALTQATA



Aaesow

2,300
3.3%00
4,300
3.500
7748,
2
-,3500
«500
1.500
2,500
3,300
",“
5,500
8732,
2
-.300
« 500
1.500
2.500
3.500
4,300
3.500
9690,
2
~.500
500
1.500
2.%00
3,500
4.300
5.500
10740,
2
=+300
« 500
1.5%00
2.500
3,500
4,500
5.300
11720.
2
-,500
+ 300
1,300
2.300
3.500
4.500
5.300
REACH 50
30

14

0.

2
-.500
+«300
1.500
2,500
3.500
4,300
5.%500
893,
H

=+300
&AA

Cwses

vewn

839. 839,
843, 863,
867, 867,
871, 871.
-2.1068
316, 316.
192, 792,
796, 796.
800, 800,
804, 804,
808, 808.
812, s12.
-2.691
639, 639,
709. 709,
737. 737,
761, T8l
T43, T45,
T49, 749,
753, 753,
-~ob3,
433, 435,
479, 479,
s519. 319.
560, 560.
600, 600,
641, 641,
690, 690,
-3,617
390, 398,
482, 482.
571. 571,
676, 676,
781. 781,
L1118 ese,
984, 984,
-5.100
394, 394,
596, 396,
833, 833,
839, 819,
843, 843,
847, 87,
851, 851,
FRASER RIVER
1 2
.0281
7 =.50
-33,100
22132, 2232,
2248, 2248,
2250. 2250,
2254, 2234,
2258, 2258,
2282, 2262,
2266, 2266,
-40.,083
18089, 10809,
1030 18720

2932.
3793,
4658,
5526,

3137,
1069,
1863,
2661,
3463,
4269,
5079,

1027.
1701,
2432,
3171,
3914,
4662,
5413,

1286,
1744,
2243,
2783,
3363,
1983,
45645,

824,
1263,
1788,
2412,
3140,
3974,
4913,

712,
1188,
1916,
2753,
3995,
4440,
5290,

9.50

36990,
39232,
41481,
43733,
459809,
48249,
50314,

410350,

w0

v s

840, 2932,
865, 37913,
869, 4858,
874, 33526,
0.000 =34,
516. 337.
792, 1069,
797. 1863,
801, 2661,
806, 3463,
810. 4269,
13, 5079,
0.000 =54,
639, 1027,
710, 1701.
738, 2432,
743, 3171,
747, 3914,
752, 4862,
736, 5413,
0.000 -4,
433, 1286,
479, 1764,
5320, 2243,
362, 2783,
603, 3363,
644, 3983,
693, 4643,
0.000 -54,
308, 824,
482, 1263,
372, 1788,
677. 2412,
782, 3140,
890. 3976,
987. 4918,
0.000 -534,
394, 712,
396, 11980,
836, 1916,
841, 2753,
849, 3595,
850, 4440,
854, 5290,
CRESCENT ISLAND TO MATSQUI
2 - 0
12081, 850,
+300 =-60000,
2237, 36990,
2251, 39232,
2293, 41481,
2260, 43733,
2264, 43989,
2269, 48249,
2273. 30314,
+300 =60000.
1814, 41030,
1034 S T4

4%047

- 1386

«000

«000

+000

«000

000

ISLAND
<=

«000

«000

vATCIV
017240
017250
017

017

017...
017290
017300
017310
017320
017330
017340
017380
017369
017370
017380
017390
017400
017410
017420
017430
017449
017450
0174460
017470
017480
0174990
017509
017310
017520
017530
017540
017550
017560
0175710
017580
017590
017600
0174610
017620
017630
017640
017

011

011

017682
0176920
017700
017710
017720
017730
017740
017750
017760
017770
017780
017790
017800
017810
017820
017830
017840
017850
017880
017870
017880

nAYTROA



wre vw

10000
2,000
3,000
‘.ooo
3,000
6.000
14199,
e

0.000
1.000
2.000
3,000
4,000
5,000
6.000
15002,

0.000
1.000
2.000
3.000
4,000
$.000
6.000
15678,

0.000
1.000
2.000
3.000
4,000
5.000
6.000
REACH 52
32

23
482,

0,000
1.000
2,000
3.000
6,000
5.000
6,000
1239,

0.000
1.000
2.000
3.000
4,000
5.000
6.000
2079,

0.000
1.000
2.000
3.000
4,000
3,000
6.000
29189,

avan

ewne

1361, 1361,
1421, 1421,
1481, 1481,
1542, 1542,
1600, 1600,
16064, 1604,
-31.012
1369, 1369,
1439, 1439,
1520. 1%20.
1562, 1362,
1566, 1566,
1570, 1570,
1574, 157a,
-26.490
1404, 1404,
1708, 1708,
1792, 1792,
1878, 1878,
1963, 1663,
2049, 2049,
2160, 2160,
-22.472
1334, 1334,
1362, 1342,
1348, 1346,
1330, 1330.
13%4, 1354,
13%e, 1358,
1382, 1362,
FRASER RIVER
1 2
«0270
7 0.00
-16.391
1105, 1105,
1114, 1114,
1122, 1122,
1130, 1130.
1137, 1137,
1161, 11el.
1143, 1143,
~1%.876
1078, 1078,
1084, 1084,
1088, 10886,
1092, 1092,
1096, 1096,
1100, 1100.
1104, 1104,
~19.,860
1098, 1058,
1083, 1063,
1067, 1067.
1071, 1071.
1079, 1073,
1079. 1079.
1083, 1083.
=21.,342

e tw— -

23820,
25211,
26662,
28174,
29740,
31348,

20517.
21918,
23398,
24948,
26512,
28080,
29651,

23364,
24920.
26669,
283064,
30424,
32430,
34534,

20487,
21826,
23169,
24517,
25069,
27223,
28584,

SOUTH SIDE OF ™ATSQUI ISLAND
2 - 0

6.00

12848,
13488,
14776,
15902,
17036,
18173,
19317,

12403,
13484,
14570,
15660,
16753,
17851,
18953,

14321,
19382,
16447,
17516,
18588,
19683,
20746,

141 -

arvewe

R e

1368, 23820,
1426, 2%211,
1487, 26062,
1548, 28174,
1606, 29740,
1811, 31348,
+600 =42000,
1372, 20917,
1443, 21910,
1524, 23398,
1566, 24948,
1371, 26512,
1373, 28080,
1580. 29831,
«600 -42000,
1407, 23364,
1708, 26920,
1793, 26689,
1881, 28304,
1068, 30424,
2054, 32430,
2165, 34534,
800 «42000,
1347, 20487,
1336, 21826,
1381, 23169,
1363, 24317,
1370, 25869,
1374, 27225,
1379. 28584,
20640, 850,
+500 ~18000.
1106, 12548,
1115, 13638,
1124, 14776,
1132. 139902,
1139. 17036,
1146, 18173,
1148, 19317.
+600 -18000.
1079, 12403,
1083, 134084,
1090, 14570,
1094, 13660,
1099, 18733,
1103, 17851,
1108, 18933,
«600 ~18000.
1060, 14321,
1066, 15382,
1070, 106447,
1073, 17516,
1079, 185886,
1084, 1968695,
1088, 20748,
600 =18000.

«000

2000

000

-1

000

«000

+000

2000

LR

020540
020350
020560
020570
020580
020590
020600
020810
020620
020630
020640
620650
020660
020670
020680
020690
020700
020710
020720
020730
020740
020750
0207460
020770
020780
020790
020800
020810
020820
020830
020840
020830
020860
020870
020880
020890
020900
020910
020920
020930
020940
020950
020960
020970
020980
020890
021000
ozlo010
021020
021030
021040
021050
021060
021070
021082
021092
021100
021110
021120
021130
0211460
021130
021160
021170
021180

A%YIAA



4,300
5,500
8214,
2
-.500
+500
1,500
2.500
3.500
4,300
3.300
9032,
2
~.500
«500
1.5%00
2.500
3,300
4.500
3.500
9992,
2
~.500
«300
1.500
2,900
3,300
4.300
5.500
109134,
2
~+ 500
«300
1.500
2.500
3.300
4.300
5.300
12081,
2
-.300
«300
1.500
2.500
3,500
4.500
3.3%00
REACH n
51

20

°I

2
0.000
1,000
2.000
3,000
4,000
5.000
6.000
711,
2
0.000
1.000
2,000

T AAA

av.

1863,
1087,

1979.
1986,
1990,
1994,
1998,
2002,
2006.

2061,
2080.
2086,
2088,
2092,
2096,
2100.

2159,
2179.
2183,
2187,
2191,
2195,
2199,

2370.
2383,
2387,
2391,
2395,
2399,
24013,

2692,
2519,
2563,
2606,
2634,
2638,
2642,

1883,
1867,
-61.964

1979,
1986,
1990,
1994,
1998,
2002,
2006,
-50.95%0

2061,
2080.
2084,
2088,
2092,
2096,
2100,
-37.93%

2159,
21179,
2183,
2187,
2191.
2195,
2169,
-31.419%

2370,
2383,
2387,
2391,
2303,
2399,
2403,
=27.400

2492,
2519.
2563,
24606,
2634,
2638,
2642,

FRASER RIVER
1

1379,
1402,
1427,
1452,
1476,
1501,
1517,

1245,
1272.
12589,

19%a .

20270
0.00
=26.900

1379,
1402,
1427,
1452,
1476,
1%01.
1917,
-25.881

1249,
1272,
1299,

19%4

V3878,
45543,

36830,
38813,
40802,
42794,
44790,
46790,
48793,

337835,
33659,
37941,
40027,
42118,
44212,
446310,

36061,
38233,
40416,
42599,
44788,
459081,
49178.

33882,
38260,
40643,
430133,
45426,
47823,
50224,

346209,
38711,
41252,
43837,
464562,
49098,
51737,

NORTH SIOE OF MATSQUI ISLAND
2 0

6.00

24671,
26061,
27476,
28913,
30379,
318687,
33379,

239040,
25198,
26484,

27TY04

138

1876.

e e T

43678,

1880, 45343,
«300 -60000.
1989. 360830.
1997, 3e813,
2002. 40802,
2006, 42794,
2010, 44790,
2013, 46790,
2019, 48795,
300 «60000,
2070, 33783,
2089, 33859,
2093, 37941,
2098, 40027,
2102. 42118,
2107. 46212,
2111, 46310,
+300 -60000.
2168, 36061,
2188, 38233,
2192, 40414,
2197, 42599,
2201, 44708,
2206, 46981,
2210, 43178,
«300 =60000.
2372, 35882,
2383, 38260,
2390, 400645,
2394, 43033,
2399, 43426,
24013, 47823,
2407, 80224,
«300 =60000.
2494, 36209,
2321, 38711,
2565, 41252,
26009, 43837,
2637, 4b462,
2642, 49058,
20646, 51737,
14642, 800,
+600 -42000,
1389, 24671,
1409, 26061,
1434, 27476,
1459, 28915,
1484, 301379,
1509, 31867,
1326, 33379,
<600 -42000.
1248, 23940,
1278, 25198,
1303, 26484,
1299 2Yvaa.

«000

«000

«000

«000

000

«000

000

B 4

018560
0

(]

o_ . .
018600
018610
0184620
018630
018640
0186350
018660
018670
018680
018490
018700
018710
018720
018730
018740
018750
018760
018779
018780
018790
018800
018810
018820
018830
018840
018850
018860
018870
018880
0183580
018900
018910
018920
018930
018540
0189350
[
0 )
0 )
018990
019000
019010
019020
0190130
015040
016030
019060
019070
019080
019090
019100
0191192
019120
019130
019140
0101590
019160
019170
019180
019190
019200

AYGIYA



Levee

3.000
4,000
3.000
6,000
11351,
2
0.000
1.000
2.000
3.000
4,000
$.000
6,000
12170,
2
0.000
1,000
2.000
3.000
4,000
5.000
6.000
12866,
2
0.000
1.000
2.000
3.000
4,000
%.000
6.000
14048,
2
0.000
1.000
2.000
3,000
4,000
9.000
6.000
14793,
2
0,000
1.000
2,000
3.000
4,000
5.000
6,000
15754,
2
0.000
1.000
2,000
3,000
4,000
9.000
6,000
18690,
2
0.000
1,000
2.000
3.000

4,000
K. ANAA

“reu

697,
701,
T705.
709,

721,
731,
738,
739,
743,
T47.
751,

5313,
631,
709,
767,
790,
794,
798,

620,
661,
T10.
756,
801,
819,
823,

697,
837.
917,
921,
925,
929.
°33.

639,
790.
968,
1144,
1305,
1488,
1627,

558.
680,
878,
1089,
1297,
1312,
1707,

170,
932.
1223.
1496,

1772,
LYY R

697,
701,
705,
709,
=44,680

721,
731,
735,
739,
T43,
T47.
751,
=32.664

533,
631,
709.
767,
790.
794,
798,
=-33,13%0

620,
661,
710,
1,6.
801.
819,
8213,
=-33.127

697,
837.
917.
921,
928,
929,
933,
~39.813

639,
790,
968,
1144,
1303.
14586,
1827,
=37.594

558.
680,
878,
10235,
1297,
1512.
1707,
=23.07¢

770.
932,
1223,
1496,
1772,
LYY

avwes

17308,
18004,
18707,
19414,

13080,
13800,
14543,
13279,
16020,
16765,
17515,

9879,
10479,
11159,
11898,
12682,
13474,
14289,

9603,
10240,
10926,
11659,
12638,
13252,
14073,

11624,
12368,
13269,
14189,
15112,
16040,
16971,

11236,
11937,
12816,
13872,
15096,
16482,
18028,

8711.

9311,
10088,
11066,
12299,
136064,
152802,

7798,
8633,
9720.
11079,
12714,

T4A%0.

- 143

712,
717.
721,
126,
800

732,
742,
T406.
731,
7583,
760,
Tb6,
+«800

’;QI
638,
116.
775,
197,
802,
806,
600

623,
646,
T16.
762,
008,
826,
8131,
«600

703,
0‘3.
925,
929,
934,
938,
942,
«800

640,
600.
978,
1135,
1316.
1478,
1640,
«600

369,
691,
890,
1097,
1309,
1523,
1720,
800

173,
9593,
1227.
1501.
1777,

PRTYI.

aveasn

17303,
18006,
18707,
19414,
-18000.

13080,
13808,
14541,
15279,
16020,
16763,
17513,
=18000,

9879,
10479,
11159,
11098,
12682,
13474,
14249,

=10000.

9603,
10240,
10926,
11659,
12438,
132%2.
14073,

=18000.

11624,
12360,
13269,
14189,
15112,
16040,
16971,
-18000.

11236,
11937,
12818,
13872,
15096,
16482,
18028,
=18000.

8711,
9311.
10088,
11069,
12299,
13664,
19282,
«18000,

7790,
8633,
9720,
11079,

12714,
vanro.

«000

«000

+000

«000

«000

«000

«000

Yeawveow

021860
021870
021880
021890
021900
021910
021920
021930
021940
021930
021960
021970
021980
021990
022000
022010
022020
022030
022040
022050
022080
022070
022c83
022090
022100
022110
022120
022130
022140
022150
022160
022170
022180
022160
022200
022210
022220
022230
022240
0222%0
022260
022270
022280
022290
022300
022310
022320
022330
022340
022350
022360
022370
022380
022390
022400
022410
022420
022430
022440
022450
022460
022470
022480
0224890
022500

AN



wvewwew
T626.
2
0.000
1.000
2,000
3.000
4,000
3.000
8.000
8516,
2
0.000
1.000
2.000
3,000
4,000
35.000
blow
9329.
2
0.000
1.000
2.000
3,000
4.000
%5.000
6,000
10103,
2
0.000
1.000
2.000
3.000
4.000
5.000
6.000
10915,
2
0,000
1.000
2.000
3,000
4.000
3.000
6.000
11747,
2
0.000
1.000
2.000
3.000
4.000
$.000
6.000
12573,
2
0.000
1.000
2.000
3.000
4,000
5,000
6,000
13378,
2

A AAAN

Awvoswe

994,
1038,
1070.
1097,
1101,
1105,
1109,

q‘b.
983,
989.
993,
997,
1001.
1005,

1126,
1147,
1151,
1185,
1159.
1163,
1167,

1531.
1339,
1543,
1547,
1551,
1553,
15309,

1230,
1‘720
1588,
1696,
1799,
1892,
1096,

1250.
1321,
1443,
RLIN
1679,
1771,
1864,

1354,
1433,
1505.
1574,
1644,
1713,
1702,

T214

=53.,167

946,
983,
989,
9913,
997,
1001,
1005,
=31.643

1126,
1147,
1131.
1158,
1139,
11613,
1167,
=33.624

1531,
1539,
1343,
1547,
1351,
1555,
1559,
=40.602

1230,
1472,
1388,
1696,
1799,
1892,
1896,
~38,579

1230,
1321,
1443,
1586,
1679,
1171,
1864,
=35.5%86

1334,
1439,
13503,
1574,
1644,
1713.
1782,
-32.538

194

23433,
24452,
25506,
26993,
27692,
28795,
29903,

26430,
27408,
28395,
29387,
30382,
31381,
32383,

26676,
27618,
28767,
29920,
31077.
32238,
33403,

23934,
25470,
27011,
28533,
30104,
31637,
33214,

21496,
22837,
24387,
26030,
27778,
290628,
31sal.

18338,
19619,
20963,
22510,
24142,
238687,
27684,

20893,
22283,
23734,
25293,
26902,
28380,
301328,

%4 as

- 140

PR

«600

1003,
1047.
1081,
1108,
1113,
1117.
1122,

«600

961,
1001,
10035,
1010,
1014,
1016,
1023,

600

1131,
1153,
1158,
1162,
1167,
1171.
1176,

800

1336,
1964,
1349,
15513,
1338,
1562,
1967,

«600

1236,
1‘79.
1595,
1704,
1807,
1900,
1903,

«500

1256,
1328,
1430,
1594,
1687,
1780.
1873,

«500

1399,
1441,
1511,
15080,
1650.
1720.
1790.

«600

T3 8

voese¥

«-42000,

23433,
26432,
25506,
26393,
27692,
28799,
29903,
=-42000,

26430,
27408,
28395,
293237,
30382,
31381,
32388,
=42000.

26476,
27618,
28787,
29920,
31077,
32238,
33403,
-42000.

23934,
25470,
27011,
28535,
30104,
31687,
33214,
-42000,

21496,
22837,
24387,
260130,
27778,
29628,
31s521.
=42000,

18338,
19619,
20933,
22%10,.
26162,
25867,
27684,
=42000,

208913,
22283,
23754,
23293,
26902,
28980,
30329,
-42000.

2% a4

«000

<000

«000

«000

+000

«000

«000

«000

CEYTIw
°1 aagn

01

01!
Olvvav
019920
0199130
019940
019930
019960
019970
019980
019930
020000
020010
020020
020030
020040
0200%0
020060
020070
020080
020090
020100
020110
020120
020130
020140
020130
020160
020170
020180
020190
020200
020210
020220
020230
020240
020250
020260
020270
02¢
02¢
02C...
020310
020320
020330
020340
0201350
0203640
020370
020380
020390
020400
020410
020420
020430
020640
020450
0204540
020470
Q20480
020490
020500
020510
020520

ASARIA



wvewy
9.00.
6,000
2910,
2
0.000
1.000
2.000
3.000
4,000
5.000
6.000
3649,
2
0,000
1.000
2.000
3.000
4.000
3.000
6.000
4044,
2
0.000
1.000
2.000
3.000
4,000
5.000
6,000
REACH 54
54

[}
253,
2
-.500
«300
1.500
2.500
3,300
4,500
5.500
1017,
2
-.500
«500
1.500
2.%00
3,300
4,500
$.300
1799,
2
=300
» 300
1.300
2.500
3.300
4,500
3,300
2741,
2
-.300
«500
1.500

. aAaa

“v el Fforoe

2399, 2399,

24012, 2403,
-26.000
1743, 1743,
1833, 1833,
1920, 1920,
1924, 1924,
1928, 1928,
1932, 1932,
1936, 193¢,
-36,500
171%. 1718,
1724, 1724,
1728, 1728,
17132, 1732,
17386, 1736,
1740. 1740,
1744, 1744,
=37.000
1720, 1720,
1729. 1729,
1733, 1733,
1737. 1737,
1741, 1741,
1745, 1745,
1749, 1749,
FRASER RIVER
1 2
«0281
7 -.50
-30.157
2381, 2381,
2391, 2391,
23995, 2393,
2399, 2399,
2403, 2403,
2407, 2407,
2411, 2411,
28,643
2126, 2126,
2133, 2133,
2137. 2137,
2141, 2141,
2143, 2148,
2149, 2149,
2153, 2153,
-30.133
1880, 1850,
1863, 1865,
1869, 1869.
1873, 1873,
1877. 1877,
1881, 1881,
1883, 1883,
«36,119
1752, 1752,
1760, 1764,
1768, 1768,
s99a Tvv

TV erew

47370,
49772,

37531,
39300,
41197,
43120,
43046,
46976,
40911,

44048,
46569,
48293,
50025,
51759.
53497,
55239,

43949,
43673,
47406,
49140,
50879,
52622,
343069,
NORTH SID
2 -

5.50

3e7ss8,
41176,
43569,
459066,
48366,
50771,
53180,

37146,
39277,
41412,
43551,
45694,
a7841.
49992,

378234,
39697,
41364,
43435,
43311,
47100,
49073,

36060,
37820,
395859,

avage

145 -

CcoT Y AR

2404, 47370,
2408, 49772,
0.000 -50000. +000

1767, 37531,
1837, 39300,
1925, 41197,
1929, 43120,
1934, 435046,
1938, 46976,
1943, 43911,
0.000 =60000. «000

1720, 44848,
1730, 46369,
1734, 48293,
1739, 50023,
1743, 51759,

1748, 53497,
1732, 552139,
0.000 =60000. «000
1731, 43949,
1740, 45678,
1745, 47406,

1749, 49140,

1753, 50879,

1738, 82622,

1762, 543569,

OF CRESCENY ISLAND
0

=1
4937, 800,
0.000 =-54600. «000
2i8a, 38788,
2394, 41176,
2399, 43369,
2403, 45966,
2408, 48356,
2412, 30771,
2417, $3160.
0.000 =34600. +000
2130. 37146,
2137, 39277,
2142, 41412,
2146, 43331,
2131, 45694,
2135, 47841,
2160, 49992,
0.000 -345600, +000
1884, 37834,
1870. 39897,
1874, 41564,
1879, 434335,
1803, 45311,
1868, 47190,
1892, 49073,
0.000 -56600, «000

1757, 36060,
1766, 37820,
1773, 399585,

se*va as sas

Yevate

023180
023190
023200
023210
023220
023230
023240
023250
023240
023270
023280
023290
023300
023310
023320
023320
0233490
023330
023360
0223370
023380
023390
023400
023430
023420
023430
023440
023450
023440
023470
023480
023450
023%00
023510
023520
023330
023540
023550
023340
023570
023580
023390
023400
023610
023620
023630
023640
023630
023660
0234670
023680
023660
023700
023710
0213720
023730
023740
023750
023760
023770
023780
023790
023800
023810
023820

AssasA



&
0.000
1.000
2.000
3,000
4,000
5.000
6.000
3710,

2
0.000
1.000
2,000
3.000
4.000
5.000
6.000
4501,

2
0.000
1.000
2,000
3.000
4,000
%.000
6,000
5471,

2
0.000
1.000
2.000
3.000
4.000
%.000
6,000
5403,

2
0.000
1.000
2.000
3,000
4,000
5.000
6.000
7158%.

2
0.000
1,000
2.000
3.000
4.000
5.000
6,000
9758,

2
0.000
1.000
2.000
3,000
4,000
3.000
6.000

10548,

2
0.000
1.000

. NAAA

1069,
1072,
1076,
1080,
1084,
1088,
1092.

1045,
1050,
1034,
1058,
1082,
1066,
1070.

984,
992.
996,
1000,
1004,
1008,
1012,

97“
979,
983,
987,
951,
995,
999,

1059,
1065,
1069,
1073,
1077,
1001,
1083,

1003,
1013,
1017,
1021,
1023,
1029.
1033,

702,
707.
7‘1'
715,
719,
123,
727,

879,
689,

ABY

1065,
1072,
1076.
1080,
1084,
1088,
1092,
-22.828

1045,
1050.
10354,
1038,
1062,
1066,
1070,
-16.313

966,
992.
996,
1000.
1004,
1008,
1012,
-17.294

9T4,
979,
983,
987,
991.
995,
999,
«17.77¢

1039,
1065,
1069,
1073,
1077.
1081,
10835,
~20.761

1005,
1013,
1017,
1021.
1025,
1029.
1033,
=29.711

702,
107,
Tll.
T185.
719,
723,
127,
-41,193

679.

689,
A0 .

12983,
14032,
15126,
16203,
17283,
18370,
19460,

14002,
15140,
16192,
17248,
18308,
19372,
20440,

11441,
12430,
13424,
14422,
18423,
16429,
17438,

11934,
129131,
13912,
14897,
15886,
16879,
17877,

12330,
13413,
14480,
13551,
16626,
17708,
18789.

13498,
14508,
15523,
16541,
17584,
18591,
19821,

14363,
15068,
15777,
16490,
17208,
17929,
18634,

15234,

15920,
164471

- 142

1066,
1073,
1078,
1082,
1087.
1091,
x°°6'

«600

1048,
1033,
1038,
1062,
1067,
1071,
1076,

600

908,
994,
99..
1003,
1007,
1012,
1016.
.800

976,
982,
986,
991,
998,
10090,
1004,
«600

1060,
1067,
1072.
1076,
1081,
1083,
1089,

« 600

1006,
1015,
1019,
1023,
1028,
1032,
1037,

600

708,
714,
719,
723,
728,
732.
737,
+8600

°°3I
703,

R LY

12983,
14052,
15126,
16203,
17285,
18370,
19450,
~18000.

14092,
15140,
16192,
17248,
18308,
19372,
20440,
-18000.

11441,
12430,
13424,
14422,
15423,
156429,
17438,
-18000,

1195¢,
12931,
13912,
14897,
158806,
16879.
17877,
=18000.

12330,
13413,
164480,
15591,
15826,
17703,
18789,
=18000.

13498,
14508,
15523,
158541,
17564,
10391,
19621,
-18000.

16383,
15068,
15777,
16490,
17208,
17929,
18634,
=-18000.

15234,
135920,

1440 .

+«000

000

«000

«000

«000

+000

«000

Veaas ot

021200
021210
021
021
021
021250
021269
021270
021280
021290
021300
021310
021329
0211330
021340
021350
021360
021379
021380
021390
021400
021419
021420
021430
0214450
021450
021460
021470
821680
021490
021500
021510
021529
021530
021540
0215590
021560
021378
021580
021590
021500
0216~
021¢
021¢
021640
021650
0215669
021670
0214680
021490
021700
Q21710
021720
021730
021740
021730
021760
021770
021780
021790
021800
021810
021820
021830
021840

ATERN



AS IV
2.500
3.500
4,500
5,500
4536,

-.500

«300
1.500
2.500
3.900
4,300
3.500
6004,

=300

+500
1.500
2.500
3.3%00
4,500
9.300
T408.

~-+300

+300
1.300
2.500
3.500
4.300
5.500

vwvese
982,
1124,
1247,
1285.

171,
1!0'
3‘8.
578,
896,
789,
807,

T4,
117,
165,
3359,
683,
811,
886,

53-
1009,
188,
243,
282,
3“0
400,

' owos
9620
1124,
1247,
1205,
-5,380

171.
180.
348,
570,
696,
739,
807.
=2.000

T4,
117.
165,
359,
683,
811,
8086,

-2.490

38,
1°°.
188,
243,
282,
344,
400,

tVuie
2972,
4013,
5212.
6478,

853,
730.
963,
1441,
2084,
2817,
3600,

56.
153,
288,
543,

10865,
1833,
2662,

7.
133,
278,
303,
762,

1073,
1478,

- 147

vals

965,
1129.
1252,
1291,
0.000

172.
181,
331.
382,
700.
764,
813.
0.000

7‘.
117.
189,
359,
686,
813.
889,

0.000

58,
109,
189,
244,
283,
3435,
402,

TTLOviIe

2072,
4015,
5212,
6470,

0.

355,
730.
965,
1461,
2084,
2817,
3600,
O

936,
1%3.
200,
543,

1083,
1833,
2692,

0.

57.
133,
278,
303,
782,

1075,
1478,

+000

+«000

«000

VEIYYY

024500
024510
024320
0245130
024540
024550
826560
024570
024580
0245460
Q24400
024510
024620
024630
024540
024430
0246560
024470
024680
024590
024700
024710
024720
024730
026740
024750
024760
0247170
024780
024760
024800



vveww

6,000

17523,
2
0.000
1.000
z.°°°
3.000
4.000
5.000
6,000
18403,
2
0.000
1.000
2.000
3,000
4,000
5,000
6.000
19133,
2
0.000
1.000
2,000
3,000
4.000
5.000
6,000
201130,
2
0.000
1.000
2,000
3.000
4,000
5.000
6.000
20604,
2

0.000
1.000
2.000
3,000
4,000
3.000
6.000
REACH 33
LX)

5
566,
2
0.000
1.000
2,000
3.000
4,000
3.000
6,000
1897,
2
0.000
1.000
2,000

3,000
4 Ana

revey - kS anad &

2356, 23%6,
=19.060
859, 869,
985, 983,
1139, 1139,
1313, 1313,
1520. 1520,
1782, 1782,
1959, 1959,
=14.043
1014, 101s.
1242, 1242,
1413, 1611,
1381, 1581,
1764, 17564,
2045, 20446,
2175. 2175,
-6.329
1201. 1201.
1366, 1366,
1438, 1438,
1572, 1572,
1636, 1696,
1827, 1827,
1908. 1908,
-7.509
1271, 1271,
1358. 1358,
1360, 1360,
1362, 1362,
1364, 1364,
1366, 1366,
1368, 1368,
-10,500
1332, 1332,
1561, 1561,
1563, 1563,
15¢3. 1563,
1567, 1367,
15869, 1569,
1571, 1371,
FRASER RIVER
1 2
0270
? 0.00
-24.3%00
2678, 2678,
2766, 2766,
2170, 2770,
2774, 2774,
2778, 2778,
2782, 2782,
2786, 2786
-25.500
2215, 2219,
2256, 2256,
2311. 2311.
2366, 2366,
230K kxX-1 3

CErTTer

16832,

6952,
7868,
8930.
10132,
11563,
13239,
15110,

4807.
56351,
7277,
8773,
10440,
12386,
14498,

3738,
5048,
6460,
7975,
9606,
11368,
13236,

3906,
5242,
6601,
7961,
9324,
10489,
12056,

6411,
7914,
96717,
11041,
12608,
14176,
15747,

6000

29928,
32654,
35422,
38193,
40969,
43748,
46532,

35732,
37964,
40248,
42586,

44072

2382, 16852,
+ 500 -18000.
873, 6932,
989, 78688,

1143, 8930.

1320, 10152,

1326, 11365,

1788, 13239,

1965, 15110,
«0600 -18000,

1014, 4807,

1243, 5951.

1413, 7277,

1383, 8773,

1766, 10440,

2049, 12386,

2179, 14496,
«800 -18000.

1201. 3758.

1366, 50438,

1499, 6460,

1573, 7975,

1667, 9606,

1828, 112638,

1910, 13236,
500 -18000.

1274, 3906,

1362, 5242,

1383, 6601,

13689, 7961,

1372, 9324,

1373, 10689,

1378, 12036,
«600 =18000.

1343, 6611,

15713, 7916,

1577. 9477,

1580, 11041,

1383, 12600,

1586, 14176,

1590, 15747,

MATSQUI ISLAND TO MISSION
2 ]

3945, 900.

0.000 ~60000.

2601, 29928.

2768, 32634,

27713, 35422,

2177, 38193,

2782, 40969,

2786, 43748,

2791, 456532,

0,000 =60000,

2218, 35732,

2299, 37984,

2314, 40248,

2370. 42586,

2%200. A0

- 144
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aftwwre

«000

+000

«000

«000

«000

-1

+000

«000

vaaren

022520
022530
02234
02254
022564
022570
0225890
022590
022600
022610
022620
0224630
022640
022650
022660
022670
022680
022690
022700
022710
022720
622730
022740
022730
Q22760
022770
022780
022790
022800
022810
022820
022830
0222490
022830
022860
022870
Q22880
022860
022900
022910
022920
02293
02294
02295,
022960
022970
022980
022990
023000
023010
021020
023030
0230490
023030
023060
023070
023580
0230990
023100
023110
023120
023130
023140
023130
023160

AIIYIN



LATERAL INFLOWS 000103

b} 000110
1 (34 17150, 0.0 2 IL 000120
HYDRAULIC DESCRIPTION OF MODDES = RUN 0001130
1 1 ITE 3 900 900 000140
2 [} 000150
3 0 000160
. 1 2 I1TE 3 900 900 000170
3 0 000180
[ 0 0600190
7 0 000200
8 ] 000210
9 0 000220
10 0 000230
11 [ 000240
12 0 000250
13 0 0002690
14 b3 2 ITE 3 900 900 000270
15 [ 000280
16 2 2 170 1 =18000 35C0 000290
HYDROGRAPHS AND PROFILE REQUIREMENTS 000300
20 000310
30 0. 1 000320
1 0. 1 000330
32 0. 1 000340
33 9278, 1 000350
40 0. 1 000360
41 0. 1 000370
42 0. 1 000380
43 0, 1 000390
4t 4379, 1 000400
(Y] 0. 1 000410
LYY C. 1 000420
47 17281, 1 000430
49 0. 1 000440
49 0. 1 000450
50 0. 1 000460
51 0. 1 000470
52 [ 1 000480
33 3945, 1 000490
54 0. 1 000500
35 7408, 1 000510
20 0005290
30 ITE 1 0005390
31 I1TE 1 000540
22 1 843 b3 000550
23 I1TE 1 000360
40 1TE 1 000570
41 1TE 1 000580
42 ITE 1 000590
43 ITE 1 000600
(Y} ITE 1 000610
[Y] I1TE 1 000620
4% I1TE 1 000630
47 I1TE 1 000540
48 1TE 1 000650
49 ITE 1 000660
50 ITE 1 000670
Sl 1TE 1 000680
82 1TE 1 00069
83 1TE 1 000700
54 1T¢ 1 000710
- . 0007290
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3.500
4,300
5.500
3543,
2
=+300
«500
1.500
2.%00
3,300
4,500
3.500
3957,
2
~.300
« 3500
1.500
2,500
3,500
4.500
3.500

REACH 55

33

[}

0,

2
-+500
«500
1.500
2.500
3,500
4.5%500
3.900
615,
2
-+«300
«500
1.500
2.%00
3.500
4.300
2.500
1306,
2
-.500
«500
1,300
2.%00
3.%500
4,300
5.%00
2220,
2
-.%00
«300
1.500
2,300
3,500
4,500
5.500
3123,
2
~.300
«300

1T ®AA

.Tﬁo;
1780.
1784,

1678,
1692,
14696,
1700.
1704,
1708,
1712,

1597,
1620.
1624,
1628,
1632,
1636,
14640,

1
7

329,
332.
335,
339,
31,
383,
349,

T64,
799.
814,
830,
862,
872,
877.

bo‘.
786,
914,
966,
970,
972,
975,

322,
700,
827.
833,
836,
840,
843,

543,
689,

aAs

1776,

43128,
1780, 44906,
1784, 466088,
~40.106
le78. 384601,
1692, 40290,
1696, 41984,
1700, 43682,
1704, 45386,
1708, 47091,
1712, 48801,
-36,100
1597, 36734,
1620, 38348,
1624, 39970,
1628, 41596,
1632, 43228,
1836, 44839,
1640, 46497,
STAVE RIVER - RUSKIN
2 2
0270
=¢50 3.50
=37.990
329. 7986,
332, 8316,
333, 8649,
33e, 0985,
341, 9324,
345, 9667,
349, 1001,
-8.890
T64, 4252,
799, 5032,
814, 35838,
810, 6639,
862. 7506,
872, 8373,
877, 9250.
=11.710
604, 3219,
786, 3882,
914, 4705.
966, 3668,
970. 6638,
972, 7608,
873, 8381,
=7.020
322. 1678,
700. 2281,
827. 3083,
833. 3913,
836, 4748,
840, 3583,
843, 6427,
=7.15%0
543, 723,
689, 1344,
sAe sAAY

146 -

Dan

. v

s

1782, 431cd,
1787, 44906,
1791. 46088,
0.000 =54600.
1606, 38601,
1701. 40290,
1705, 41984,
1710. 43682,
1714, 43384,
1719, 47091.
1723, 48801,
0.000 =54600,
1603, 36736,
1626. 38340,
1630, 39970,
1633, 41596,
1839, 43225,
1644, 44859,
1648, 4497,
TO FRASER RIVER
0

7408, 1200.
0. O
0.000 0.
346, 7906,
349, 8316,
353, 8649,
356, 83885,
380, 9324,
364, 9647,
369, 10014,
0.000 0.
763, €232,
800. 5032,
813, 5838,
80132, 6659,
864, 7506,
876, 8375,
883, 9250.
0,000 0.
608, 3219.
790. 3082,
919, 4705,
972, 5868,
976, 6636,
980. 7608,
983, 60581,
0.000 O
324, 1679,
703, 2281,
830, 3083,
836, 3913,
840, 4TAS,
844, 5585,
848, 8427,
0.000 -8
543, 7213,
892, 1344,

as v

*Aa

«000

«000

«000

«000

«000

. «000

0.

A;)nto

0

0
veao
023880
023890
023900
023910
023920
023930
023940
023950
023960
023970
023980
023990
024000
024010
024020
024030
024040
024090
024060
024070
024060
024099
024100
024110
024320
024130
0241490
024150
0241560
c24170
024180
024190
024200
024210
024220
024230

024319
024220
024339
024340
024350
024360
024370
024380
024390
024400
024410
G246 20
024430
024440
024450
0244460
024470
024480

A%s 40BN



1£5J0sSTWIY,C®230G002, STOP SEVEN 8. MORASSE
ACCIAUNT, 225936,

FTN{LeD),

uAP({PART)

IYTACH, EMRLIR,

LISRARY(EMDL IR)

COPYRRIINOUT TAPEG)

REWINDITAPES)

REDUEST»TAPELL»#PF,

REQUEST,» TAPE20,*PF,

REWINDITAPELY),

REWINDITAPE20),

LG5,

PEWIND, TAPF1l,

RFYINDITAPE20,

“NPYSRF, TAPELL,OUTPT,

CIOYRE, TAPER20,»OUTPUT,

FEWIND, TAPELL,

RCWUTIND, TAPE20,

CATALOG, TAPELL1,FRASER“EANS,IDe™INDAYR,)KPe],RPa]D,
CATALDG,)TAPESC)FRASEROYAX,) INeMONDAYR,KPe],RPu10,
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. 17,10X,35HNUMBER DF TAPELD FILES ATTATHED ", 1%)
YRITE (MAGOUT,112)
60 115 FORMATL /710X, 12HSEQUENCE NOo»SXp22HSTATION NO. »3Xo 1 2HRESH PT, NO
*)
00 130 1=1,NREACH
READ(MAGIN,L20) RNO(TY»RNAM(T),RUESHIT)
TF(RMESH(I)eLTel) RMESH(I)ed

63 120 FORMAT(I110,3X,47,15)
.
o RND eoese REACH NUMBER IDENTIFICATION
C RNAM  eeees REACH NAME IDENTIFICATION
c RMESH eoessREACH MESH POINT
70 4
MRITE(MAGOUT,118) RNO(T)pRNAK(TI ) RMESHIT)
116 FORMAT(12X,18,10X547,10X,13)
130 CONTINUE
MRITE(6,131)
7% 131 FORRATY(//7/218%,*1 R P U T FILE S8,/7/9%%
+¢STARTING DATE NDo. OF DAYS PFN 1D cye)
4
c nwalN LOoOOP FOR E ACH INPUT FI1LE
¢ “‘..‘.“.“.“.3.'..“"“‘.‘“.‘........“““.....‘.....
80 4
DO 530 Ie1,NFILE
DO 13% K1e]1,20
FD8(K1)eD
133 CONTINUE
83 READ(MAGNAN,140) ISOATESNDAY S NPFN,ID»CY,10PT
140 FORMAT(4X,)312,15,2010,42,12)
4
¢ ISDATE(Ll) e==== STARTING DAY
4 1SOATE(2) w===== STARTING MONTH
90 ¢ ISDATE(3) ===w== STARTING YEAR
¢ NDAY eee=- NO OF DAYS ON TAPE
4 NPFN ecee~e PERMANENT FILE MAME
4 10 weee= 10
4 CY mvecee CYCLE NURMBER === USE IF FILE OTHER THAN HIGHEST
Ss 4 CYCLE. MDTE!!! IF USED SECOND
4 STATEMENT OF *CALL SETFDRBY MUST
4 INCLUDE =2HCY,CY=
c
¢ NPFN,ID,CY ARE LEFT JUSTIFIED
100 4
c 10PT memce= FLAG TO INDICATE THAT THE FIRST FILE WAS NOT
< CREATED IN 1<D MODEL FROM A TAPELT
4 10PTa=l IN COL'S 38-39
c BLANK IF FIRST FILE WAS CREATED FROM TAPELY
108 4 BLANK FOR OTHER FILES
4
c
URITE(HAGDUTDI‘I)ISDATE.NDAY;NPFN)ID:CY
141 FORMATIBX,312,TXsI8,7X»2410,A2)
110 [ CHECK FOR LEAP YEAR AND CHANGE THE NUmMBER OF DAYS IN
[ FERRUARY IF NECESSARY.

NEWDAYsISDATE(3)/4s4é
IF(NEWNAY . EQ.ISDATE(3)) MONTH(21=29
I1F(1,E3,1)60 TO 146
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[
-~
.

190

195

200

203

210

3%}

220

225

WRITE(6,1220) IQPT
1220 FORMAT(™ === 10PT =%, I3, ® THEREFORE NO TAPE 17 AND A Dumay S
$T wAS BYPASSED.™)

300 d4e0

4

¢

9 LooO?P FOR EACH Day
4 CI0E000SESIELEPEIISESIEID80000008
¢

o

DD 800 Jel,NDAY
JDAYeISDATE(1)eJdJ

C SET “DATAI® AND "DATAQ™ ARRAY TD 0,0 FROM ™JDAY® TQ END OF MONTH

TF(JJeE0.0) CALL BLANK(MREACMyDATAZ,DATAQ,JDAY)

JJ = JJ +1

CALL READTEN(NREACH)MAGTEN,RMESHs DATAZ,DATAQ,» JOAY,NINC,ISDATE,
*RANAM)

MaMONTH{ISDATE(2))

C
C IF END OF MONTH, WRITES DATA DN UNIT 11 IN WSC FORMAT 10-10-11
¢

TFUJDAYLEQ.MONTHCISDATEL2))) CALL WSCFOR(MAGWSC,NREATHy RNAN,MONTH,
+DATAZ,DATAG, ISDATENJJ)
300 CONTINUE
¢
€ THE CALL TO "RETURN™ IS A PERMANENT FILE FUNCTION
€ DESCRIBED IN EMRLIB ROUTINE PBSO04
¢
520 CALL RETURN(SMTAPELO)
IF(1.EQ.NFILE) 6D TO 530
IF(JJLEQ.O0) 60 1O 3530
IFDATE(1)eJDAYS]
TFOATE(2)sISDATE(2)
IFOATE(3)«ISDATE(3)
60 TO 850
%330 DO 540 Ne1,3
540 IFOATE(N) @ ISDATE(N)
550 CONTINUE
IF{JDAY.EQ. M) 60 TO 1000
800 JS o JDAY ¢1
t .
C PLACES =99999 IN REMAINING DAYS OF LAST MONTH FOR EACH REACH
c

DD 620 L=JS,n
DO 610 Kel, NREACH
DATAZ(XsL) ®» =999,99
DATAQ(K,L) = =99995,
810 CONTINUE
620 CONTINUE
JJ=100

4
C WRITES LAST RONTH ON UNIT 11
<

CALL USCFOR(HAGUSC:NREACH;RNAH:lONTH;DAYAZnDATAO'ISDATEnJJ)
60 TO 1000



10

13

20

23

30

35

40

L} ]

30

OO OOON OO OO OOOOMNOO0n

[ X2 XaXaRaNa¥al

[aNaNaRaRaNal

OO0 P

110

PROGRAM  MEANS(INPUT,QUTPUT, TAPESeINPUT, TAPESG=OUTPUT, TAPELIO,TAPE
*11, TAPEQ, TAPE20)

PURPDSE

-—— — - -

THIS PROGRAM TAXKES AN OUTPUT FILE (TAPELO) PRODUCED BY THE ¢
DINENSION MDODEL AND CALCULATES OAILY DISCHARGE AND ELEVATIQ®
MEANS FOR EACH NDDE QR SYATION ON THE RIVER SYSTEM, 1IT
PRODUCES IT'S OWN QUTPUT FILE OF DAILY VALUES IN STANDARD
WATER SURVEY OF CANADA FORMAT, 1,E,» 10-10-il.

VRITTEN 8Y
JOHN HARVEY
SYSTEMS EVALUATION SECTION
WATER MANAGEMENT SYSTEMS DIV,
WATER PLANNING AND MANAGEMEXT B8R,
INLAND WATERS DIRECTORATE
ENVIRONMENT CANADA

JULY 1982

INTEGER RNO(30),RMESH(30)

OIMENSION MONTH(12),RNAM{30), ISOATE(3),0ATAZ(30,31),
¢DATA0(30,31),FOB(20),IFDATE(3)

OIMENSICN QOMAX(30),NTHMAX(30),ELMAX(3Q)

DIMENSION QMIN(30),NTMIN(3I0),ELMIN(30)

DATA MONTH/31,28,315,30,31530,31,31,30,31,30,31/

INPUT FILES
PEESELEERRISEISEENISISITLEENISDS
MAGIN esese SYSTEM'S INPUT FILE
MAGNAM se0ee FILE OF PFN'S AND I0'S FIR EACH OATA FILE
MAGTEN oseoee ONE DIMENSION WODEL OUTPUT DATA FILE

MAGIN =95
MAGNAM= O
MAGTEN=10

QUTPUT FILES

SRS EEETEESIEIRESIBOENETCEERR
MAGWSC seees FILE CF DAILY VALUES IN W.S.C. FORYAT
MAGOUT eseee SYSTEM'S DUTPUT FILE

MAGOUTe b

MAGWSCs11l

READ(MAGIN,L00) NINC,NREACH,NFILE
FORMAT(31S)

NINC esese MUMBER OF TIME INCREMENTS PER DAY
NREACH soees NUMBER OF REACHES OR STATIONS
NFILE eseeose NUMBER OF INPUT DATA FILES TO BE ATTACHED

IFINREACH.GT.30) &0 TO 930

WRITE(MAGOUT»110) NINC,NREACH)NFILE
FORMAT{IH1,//510X,35HNUKBER OF TIME INCREMENTS PER DAY =,15,
+ 77,10%,3I5HNUMBER OF REACHES =515,
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10

13

[z XaXeXaRaNalalal

30
100

SUSRDUTINE BLAMK(NR,DZI,DQ,J)
PURPOSEY

10

NR
D2
ba
J

DIMENSION

SEYT MEAN ELEVATION AND DISCHARGE VARIABLES TO 1ERD

sesss NO, OF REACHES

eoses MEAN ELEVATIONS

sesee MEAN DISCHARGES

eesss STARTING DAY OF WONTH

021(30,31),0Q(30,31!

DO 100 11J,31

00 50 Ie1,

NR

DI(I,11)e0.0
0Q(1,11)=0.0

CONTINUE
CONTINUE
RETURN
END



113 4
< CHECX DATE OF MEW FILE AGAINST STARTING DATE CALCULATED AT THE
¢ END OF OLD FILE = VALUES MUST MATCH
C
D0 1453 Jel,)
120 IF (IFDATE(J).NE,ISOATE(J)) GO TO 143

60 TO 143
143 WRITE(MAGOUT,144) IFDATE
164 FORMAT(//7,10X,0¢00¢4 ERROR MESSAGE +¢4¢e DATES MISMATCHED, START In3
¢+ DATE SHOULD BE *,312)
123 sToP
145 CONTINUE
4

c THE CALL TO ™SETFDOB® AND "ATTACH™ ARE PERMANENT FILE FUNCTIONS
¢ FROW FORTRAN THAT ARE DESCRIBED IN EMRLIB ROUTINE PBSO001.,
130 ¢

148 CALL SETFOB(FOB,TERR,2HLF,6NTAPELD)
IFUIERR,NELO) GO TQ 900
CALL SETFOB(FDB,I1ERR,2ZHPF,NPFN,2HID,10)
IF(IERR.NELO) 60 TO 900
139 CALL ATTACH(FDB,I1ERR)
IFCIERRLNELO) 60 TO 920
REWIND MAGTEN

DUMMY READ

[aNaRs)

140
READIMAGTEN) 11,12,13,14
c WRITE(MAGOUT,149) I1,12,13,14
149 FORMATI10X,4110,/7)
IF(EOF(MASTEN)) 150,155
145 15%0 WRITE(6,151)
151 FORMAT(//,10Xs®¢4¢44 ERROR MESSAGE eeeee AN EOF WAS ENCOUNTERED L]
+MEDIATED ON THE LASTe
+% TAPELO FILE ATTACHEDS)
sTOP
150 153 CONTINUE
IF (I«EQel+AND.ISDATE(1)W46T.1) €0 TOD 1560
60 TO 220
160 IFINSISOATE(1)=)
C PLACES =99399 IN DAYS PREVIOUS TO STARTING DAY
155 C OF FIRST MONTH FOR EACH STATION
D0 200 Lel,IFIN
00 180 Ksl,NREACH
DATAZ(X,L) = 969,99
DATAQIX, L) = =9§999,
160 180 CONTINUE
200 CONTINUE
220 CONTINUE
4
C IF FIRST FILE IS BEING PROCESSEOD, START UP OATA MUST BE BYPASSED
c

145
IF(IsEQelsANDICPT(LEW=1)2%0,300
250 00 280 Kel,NREACH
IReK
READ(MAGTEN) 2,0Q
17¢ IF (EQF(MAGTEN)) 940,280

280 CONTINUE
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(3

70

WRITE(20,300) JDAY,ISDATE(2),ISDATE(D)

300 FORnATllﬂlpIIplX,I#HDAVIHONTH/YEAﬁoSleIHSYAYION NOo»0 8X»
S1OHOMAY(MA/S), A, BHZONAXIM)},5X, BHTANAX(S) »3X)»
‘IOHOHXN(RSISlpSX:BHIQHIN(N)pSIoIHTOHIN(S)ull;!!pll;l(i!plll)

D0 170 I=1,Wk

QMAXI=QMAX(T)/3%.32

TIRE1enTHAX(])0900,

WATLEYoELMAX{I) /3,28

QMINTI=QMIN(3)/735.32

TIME2aNTMINITI}®R00,

WATLE2oELMIN(])/3.28

WRITE(20,310) RNAM(I)s QNAXT,WATLEL)TIMEL, QMINI, WATLEZ, TINE2

310 FORMAT(1He, 20X, AT 11X, FB8.0,5X,F8.3,3X,F8,0, TXeFB.0,)9XpFB.3)»

*8X,F8,0,5/)
170 CONTINUE

RETURN

END
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900 WRITE(b,910) TERR
230 910 FORMAT(1M1,»//7510X, ¢ERROR IN CALL SETFDB,NO. «%,19)
60 70 1000
920 WRITE(5,930) TERR
930 FORMAT(1H1,//»10X,oERROR IN CALL ATTACH,NO. s,15)
60 TO 1000
233 940 WRITE(MAGOUT,941) IR
941 FORMAT(//,10%X,®AN EOF WAS ENCOUNTERED ON TAPELD ATs,
¢eTIME PERIOD O AND REACHS,13)

62 T0 1000
930 WRITE(6,9%1) NREACH
240 931 FORMAT(//510X,%40404 ERROR MESSAGE ¢soee PROGRAM STOPPED BECAUSE 1

+HE NUMBER QF®
+»#REACHES EXCEEDED 308, //,8X,%SOLUTION 153 REDIMENSION AFFe
+,%ECTED VARIABLES TO*,15)
1000 CONTINUE
245 STOP
END
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60

85

70

75

80

13
20

30
300

400

300

FORMAT (AL

CONTINVE
IF=0

1X,47,13,43,A2)3X,8(J6s1HY)

DD 20 I2s1:4

IS=1Fe1
IFe15+7

IF{12.EQ,8) IFeIRON

WRITE(%AGWSCP1S)

CONTINUE
CONTINUE

CHANGE DATE YO NEW VALUES

IF(JJ.EQ.100) RETURN
1F({IM.E0.32) €0 TO 400

JJ=0
ISOATE(])
ISDATE(2)
60 TO 500
ISOATE(Y)
ISDATE(2)
ISDATE(3)
4J=0
WON(2)e28
CONTINUE
RETURN
END

s 1
= ISDATE(2) ¢l

-1

1
= JISOATE(3) ¢1

161 -

IO,INIH(X):XYIDIHUaXDAV(IZ)p(IDATAO(lpJ’lelS:IF)



10

15

20

2%

30

35

40

(3]

50

3%

OO ONODOION0

(" X aNala)

20

40

60

100

110
113

130

SUBROUTINE READTEMINR,MAGTEN, RNESH,DATAZ, DATAQ, JOAY,NINC, ISDI
SRNAN)
PURPDSE!L
TO CALCULATE MEAN ELEVATIONS AND DISCHARGES FOR EACHM DAY

HR ceeas MO, OF REACHES OR STATIONS

MAGTEN eeses INPUT DATA FILE = UNIT 10 (BINARY FILE)
RMESH eesee MESH POINT FOR DATA EXTRACTION

DATAZ eeeee WEAN ELEVATION

DATAQ eseee MEAN DISCHARGE

JOAY ssase DAY OF KONTH

NINC essss WO, OF INCREMENTS PER DAY

INTEGER RMESHI{30)

DIMENSION DATA2(30531)»DATAQU30,31),2(99),0(99)ISDATE(3)
DIMENSION OMAX{30),NTMAX{30),ELMAX{30),RNAN(30)
DIMENSION QMIN(30),NTMINI30), ELRINIIO)
TINCeNING

INCeNINC

DO 100 Ilel,INC

00 100 Is1,NR

IR=1

MTeRKESH(T)

READ(MAGTEN) (Z(M)9Q({M),Mel,NT)

IF(ECFIMAGTEN)) 110,53

CALCULATES A RUNNING MEAN

CONTINUE

IF(IT.NE.1) GO TO 20
QMAX(T)eQ(MT)

ELMAY(I)s2(NT)

NTHAX(I)s]1

QNINITI)eQINT)

ELMIN(IIeZ(NT)

NTHIN(I)=I]

60 TQ 60

IF(QIMT)IGT.QMAX(I)) 60 TO 40
QMAX(I)eQ(NT)

ELMAX(I)=Z(NMT)

NTHAX(1)eIX

60 TO 60

TF(QIMT)ILT.QNINII}) 60 TO 60
QUIN(I)esQ(NMT)

ELMINC(I)=Z(NT)

NTHINII)s11

CONTINUE

DATAZ(1,J0AY) » DATAZ(I,JDAY) & Z(MT)I/ZINC
DATAC{IsJDAY) ®» DATAQ{I,JDAY) ¢ QIMTI/ZINC
CONTINUE

60 TO 130

WRITE(6,11%) JOAY,IR

FORMAT(//510X,¢44004 ERROR MESSAGE ¢este AN EOF WAS ENCOUNTERED ON

+ TAPELIO AT DAYS, 15,
¢EREACHS, I5)

sToP

CONTIRUE
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ICPID,STUDJ,CR200DCD. BERNARD WOKASSE

ACCOUNT, 22536,

CORRENY.sc..oooo‘toonottotoo-.vosoooo.oonoo.oooQOQOOtoooottoooeo

CORMENT.® THIS JCL RUNS PROGRAR SEDIM.PE™ IN ORDER 70 COMPUTE
COMMENT ¢ THE DAILY SUSPENDED SEDIMENT LOADINGS AT PORT MANN
COMMENT.® USING BOTH HGURLY ARD DAILY DISCHARSES awd CONC EN=

CORMENT,® TRATIONS,

COMHENT.® IN DRDER TD RUN TME JCL, THE USER WUST DEFINE?

COMMENT,® </DAB0/ WHERE DASFIRST DAY DF THE PERIOD,
COMMENT,® AND MO=MONTH,

COMMENT . «/MONDA/ WHERE WON=NONTH, AND DAoFIRST DAY
COMMENT,® OF THE PERIOD.

COMMENT #4508 0882008888000030¢0
IUSESFRASERB3,FRASERBI,FRASERS I,
1GET,PGRaSEDIM.PEN,
FTN(IePGM,L=D)

ATYTACH, TAPE3O,FRASER, IDeBBHSED,
ATTACH) TAPE24,008MHD24,1D20ATLYC,
ATTACH,TAPES4, 0BMHDS54,1I0=0ATLYQ.
ATTACH,) TAPESS,08MHO54,J000AILYG,
REWINDs TAPE24,

REWIND, TAPESA,

REWIND,TAPESS,

ATTACH, EMRL 1B,

LIBRARY(EMRLIB)

COPYBR, INPUT,TAPEO.

REWIND, TAPEQ,

LGO.

DAMDSS TFRASER10 MONDAGS
DAMOGS TFRASER1Q MONDASS
DAMDOS YFRASERLO MONDAGS
DAMDSS TFRASERIO MONDASS
DAMOLS TFRASERLIO MONDAGS

00005

S48 0420300C008S000000008206000

*
| J
| ]
L]
.
.
L4

800100
000110
000120
000130
000140
900130
000140
000170
000180
000190
000200
000210
000220
000230
000240
000250
000260
000270
000280
000290
000300
000310
000320
000330
000340
000350
000360
000370

000390
000400
000410
000420
000430

000450
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SUBROUTINE USCFUR(IAGUSC.NQ.RNAH;!DN.DATAZ.DATAO:ISDAYE;JJ)
PURPQOSES
WRITE MEAN DAILY ELEVATIONS AND DISCHARGES OW OUTPUT FILE
(UNIT11) IN STANDARD WeSeCo CARD FORMAY 71-102

MAGYSE cense OUTPUT DATA FILE {UNITIV)
NR seses MOo OF REACHES
REACH I0ENTIFICATION
N0, OF DAYS IN MONTH
MEAN DAILY ELEVATIONS
DATAQ sosses MEAN DAILY DISCHARGES
ISDATE eeess DAY - KORTH = YEAR I.E. 311287
JJ coess COUNTER
DIMENSION aNl“(3°)p“QN(XZ))DAT‘I(30'31)IDAYAQ(30131))IDA‘AI(3°:31)
‘DXDAYIQ(30.31"150‘75(3)
DIMENSION MONTH(12),I0AY( &)
DATA lONTH/3HJANl3HFEB!3HHAR’3NA9R;3NNAYD3HJUND3NJUL03"AUGD3HSEPIS
+HOCT, IHNOV, IHDEC/
DATA XDAY/ZHOX.2“09)2H17’ZH25/

CHANGE YEAR FRON 1.E. 67 TO 667 FOR YEAR 1967
IYR=ISDATE(314900
CHECK FOR LEAP YEAR AND CMANGE FEB. IF NECESSARY

IYEARaIYR/4

IYEARSIYEARSS
TFLIYR,EQ.IYEAR) noN(2) = 29
I3 = MONTHIISOATE(2))

IMs ISOATELZ)

NOTETLD L LI

DATA IS WRITTEN AS INTEGER VALUES WHERE ELEVATICONS AND
DISCHARGES ARE IN METRIC UNITS AND RECORD FORMAT 1S THAT
OF STANDARD WATER SURVEY CARD FORMAT T71-102

ELEVATIONS ARE IN THOUSANDS OF RETRES

IMONeMOR(INM)

17=1H9

1Q=1HQ

DO 300 I=1,NR

DO 10 X1, IMCR
XF(DATAZ(I:K).EQ.-?QQ.QQ) G0 10 9
IDATAZ(I,K) = OATAZ(lpK)'IOOCI3.ZBDS§
I0ATAQUINX) = DATAQII,X)/35.32

60 70 10

T10ATAZ(I)X)#=99999

I0ATAQ(I,K)==99999

CONTINUE

IFe0

D0 20 Il=1,4

I15=1F*L

IFe1S+7

IF(I1.EQ.®) IF=IRON

WRITE(NAGWSCH13) XZ:RNAH(I):XYR:IHO;IDAY(11’»(XDATAI(I.J);J-ISv!F)
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[aNaNeoRaNalaNe Nals)

1000

100
1020

PROGRAN  SEDIH(INPUT,OUTPUT,TAPES«INPUT, TAPEG=OUTPUT, TAPEY,

THIS PROSRAM  CGHPUTES THE DAILY SUSPENDED SEDIMENY LOADINGS av
PORT MANN FRDY BOTH HMOURLY AND DAILY DISCHARGES € CONCENTRATIONS.
IT ALSO COMPARES THE SIMULATED AND PUBLISHED DAILY DISCHARGES av
NISSION AND PORY MANN.

STAPELONTAPEIQ, TAPE24, TAPES4A,TAPESS)

INTEGER RMESH(20),3UMDAY,TOTDAY

DIRENSION MONTH{12),ISDATE(3),FDB8(20),1FDATEL3),DATAX(12)
DIMENSION CONCHR({T7,24),)0INSTIT9»90)pCMEANITH20),CHEANIT)HSUNLDYI(TY)
DIMENSION SUNLD2(T7),2(99),0(99),0HR(7,24)

DIMENSION ERROR(7),ICOA(B)»ICRO(B),ICYRIBILGHPIT)HCDPLT)

DIRENSION ERGPED(T)I,ERGPEH(T)IHERGOCHITILEMQPQS(TILEPOPAS(Y)
DIMENSION PUBQ34(370),PUBQ24(370),PUBGSAL3YD),0PP(T)sQPNITIGPP(T)
DATA MONTH/231,28,31,30,31,30,31,31530,31,30,31/

DATA RMESH/15152015,103015205351015195051510291,55157/

I NPUT A KD purTePurT FILES
RSN RSR AR SRR R RN R R AR RS ]

MAGIN eeves SYSTEM'S INPUT FJILE

MAGNAM eseee FILE OF PFN'S AND ID'S FOR EACH DATA FILE
MASTEN eeoee ONE DIMENSION MODEL OUTPUT DATA FILE
MAGSED eeese ANNUAL RECORD OF HCURLY CONCENTRATIONS
MAGOUT  seees SYSTEM'S QUTPUT FILE

MAGIN o5

MAGNAMe §

MAGTEN=10

MAGSED=30

RAGOUTe s

MAGQS4s34

MAGQ24224

MAGGS4aS3
READ(™AGIN,1000) NFILE
FORMAT(IS)

NFILE ososeee NUMBER OF INPUT OATA FILES TO BE ATTACHED

00 90 xel,368
READ(MAGTS4,1CC0) PUBQIA(K)
READ(MAGQ24,10C5) PUBQ24(X)
READ(MAGGS54,1005) PUBGBA&(K)
CONTINUE

FORMAT{F10.0)

RAIN Logoce?P F O R EACH INPUT FILE
CESEEEEOREEERISTEEERSARNRISNSETROSUIEESEIIDITEELEDIEISENTS

DO 800 IFILE«1,NFILE

00 1CO Kle},20

FD8{K1)sD

CONTINUE

READ(MAGNAM,1020) ISOATE, NDAY,NPEN,1D,5CY, I0PT
FORMAT(4X,312,15,2A10,42,12)

ISOATE(1) e=—== STARTING DAY
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113 IFOATE(3)=»ISDATE(D)
ICOA(1)eISDATE(Y)
ICMO(1)1=ISDATE(2)
ICYR(IV=ISOATE(3)

MDAYsNDAY-]

i20 DO 150 JelsNDAY
FELYEDY
IF(IFDATE()) o ME.MONTH(IFDATE(2))) 6D T0 130
IFOATE(L=]
TFOATE(2)=IFDATE(2)+]

128 TF{IFDATEI2).LT413) GO TO 140
IFDATE(2)e]
IFDATE(3)oIFDATE(3) 1
60 TO 140

130 IFDATE(1)=IFDATE(L) ]}

130 140 ICOA{JJ)=IFDATE(L)
ICHOLIJI)eIFDATE(2)
ICYR(JJI-IFDATE(3)

150 CONTINUE
C
135 4 READ HWOURLY CONCENTRATIONS AT PORT MANN, FOR THE CORRESPONDING
€ PERIOD OF TIME AND NUMBER OF ODAYS, FROM THE ANNUAL RECORD ONK
4 TAPE30.
¢

REVIND MAGSED
140 160 READ(MAGSED,»1030) ITYPE»STAsND» JYEAR, JMONTHs JOAY, KL ARD» DATAX
10350 FORMAT(I1,A9,512,12F5,.3)
IFLEQF(MAGSED)<NELO) GO TO 170
IF(JDAY.EO.ISDATE(1).AND.JHONTH.EO.XSDA75(Z).AND.JYEAR.EQ.
+ISHDATE(3) ANDJKCARD,EQ.1) 60 TO 18D
145 60 70 160
170 WRITE(NAGOUT,1060) ISDATE
1060 FORMAT(//,10X,"AN EOF WAS ENCOUNTERED ON TAPE3O WHILE SEARCHING"
+% EOR CONCENTRATIONS FOR DAY-RONTH=-YEAR *,312)
stTO0P
150 180 IFLAGYs]
00 220 JelpNKDAY
JF(IFLAGL.EQ.1) GO TO 160
READ(MAGSED,10350) ITYPE,STA,NOs» JYEAR) JMONTH) JDAYs KCARD,DATAX
190 00 200 JHOUR=1,12
135 CONCHR(J) JHOUR) #»DATAX(JHOUR)
200 CONTINUE
READ{MAGSED,L1050) !TYPE’SYA'NUDJYElitJHUNTH;JDAY:K:‘RD'DATAX
D0 210 Jd=2,12
JHOUReJJ+12
160 CONCHR(J, JHOUR) ®DATAX(JJ)
210 CONTINUE
IFLAGYs0
220 CONTIKUE

CHECK IF THE LAST CARD READ ON THE ANNUAL RECORD OF HOURLY
CONCENTRATICNS (TAPE3D) CORRESPONDS T0 THE COMPUTED DATE., THIS
1S DONE TD CHECK IF ANY CARD IS MISSING.

165

[a XaXaXaXal

IF(JDAY.EO.ICDA(NDAY).lND.JNDNTH.EO-ICHD(NDAY).AND.JYEAI.EQ.
170 +ICYRINDAY) ARD,KCARD,EQ,2) 60 TD 230 :
WRITE(MAGOUT,1070) JDLY:JHONYH;JYEA::XCDA(NDAY):ICHD(NDAY):
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+ICYR(UDRY)
1070 FOGAAT{//+30%:"AISSING CARD ON 7TAPE30., ™»/»10X,312,
™ WAS THE DATE READ “»/510%,312," SHOULD HAVE BEEN READ®,/)
178 stoP

230 CONTIKUE
C
9 READ IMSYAWNTANEOUS DISCHARGES AT PIRT MANN, FOR THE CORRESPONDING
4 PERTUD DF TIMNE AMD NURBER OF DAYS, FROM THE TAPELD FILE CREATED
180 4 DUR (NG THE 1-D SIMULATIGNe ALSGO READ INSTANTANEQUS DISCHARGES
< AT OTHER STATIONS AND COMPUTE DAILY DISCHARGES.
c
C
¢
185 4 THE CALL TO ™SETFDB™ AMD ™ATTACH™ ARE PERMAMENT FILE FUNCTIONS
¢ FROm FORTRAN THAT ARE DESCRIBED IN EMRLIB ROUTINE PBSO001.
¢

CALL SETFOB(FDB,TERR,2HLF,6MTAPELD)
IF(TERRL,NE.0) 60 TO 900

190 CALL SETFOB(FDByIERR,2HPFINPFN,)2H1ID, 1D)
IF(IERR.NEL,O) 60 TO 900
CALL ATTACH{FDB,IERR)
IF(IERR,NELO) 60 TO 920
REWIND MAGTEN

195 4
C OUmmyY READ
c
READ(MAGTEN) 11,12,13,14
¢ WRITE(MAGOUT,1080) I1,12013,14
200 1080 FORRAT(10X,4110,7)
IF(EOQF(MAGTEN)) 240,230
240 MRITE(MAGOUT,1090)
1090 FORMAT(//510X,%40¢4¢ ERROR MESSAGE eeeds AN EOF WAS ENCOUNTERED I
+MEDIATED ON THE LASTS®
208 48 TAPELO FILE ATTACHED®)
s$TOP
250 CONTINUE
C IF FIRST FILE IS BEING PROCESSED, START UP DATA MUST BE BYPASSED
4
210 IF(IFILELEQ.1eANDSIOPTLLEN=1)2060,280
260 0C 270 X=1,20

IRaK
READ(MAGTEN) 2,0
IF (EOF(MAGTEN}) 940,270
215 270 CONTINUE
WRITE(MAGOUT,1100) IQPT
1100 FORMAT(®™ e== I0PT =%, 13, ® THEREFORE NO TAPE 17 AND A DU4MY SE
$T WAS BYPASSED.™)
280 CONTINUE

220 ¢
¢
c LtLoopP FOR EACH DAY
¢ R e Y I R R TR AL LA L
¢

223 c

00 330 Jel,NDAY
D0 285 JREACHs1,20
QMEAN{J,JREACH) =0,
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230

235

240

243

250

255

260

263

270

275

283

13 1)

290
1110

300
310

1960
325
2000

327

CONTINUE

CHEANTJ )OO

CHP(J)e D,

bo 310 JT1:Ee},08

00 310 JREACHe],20

IReJREACH

HTsRRESH(JREACH)

READ(MAGTEN) (2(31,01HA) Nel,NT)

IFCEQF(MAGTEN)) 220,30C

WRITE(MAGOUT,1110) XYCOACJSY»ICHMO(II»ICYRII), IR
FORMAT(//510Xs"eesee ERROR AESSAGE 24eee AN EOF WAS ENCOUNTERED®™,
e" DN TAPEL1O AT DAY #,312," IN REACH ®»1%)

$T0P

1F(JREACH.EQ,1) QINST(J,JTIME)e=Q(NT)

OMEAN S, JREACH) sQMEANTJs JREACH)+{=2{NT)/96.,)

CONTINUE

NSUMel

DO 320 JHOURe1l,24

NSUMleNSUMe]

NSUK2eNSUM+2

NSUM3IeNSUMS3

OHR{Js JHOUR ) (QINST(JoNSURI2QINST{J)NSUML)eQINST(J, RSUN2)+
SQINST(JpNSUMI))/4,

GHP(J)SGHPI Y OHR I Jy JHOUR)SCONCHR(J, JHOUR)$3600./32037.)
CHEAN(JY=CMEAN(J) ¢{CONCHR(JpJHDUR}/244)

NSUMe (42 JHOUR) ¢

CONTINUE

GDPIJ)=OMEAN(J, L) SCHEAN(J)®B88400,/320137.

ERGPGHIJI 1002 {GPP{JI=GHP(J))/GHP(J)
ERGPGD(JI®100.¢(6PP(JI=6DP(JI))/GDPLI)
ERGDGH{JI=100.0({G0P{J)=CHP(J))/GHPLY)
EMQPQAS(J)100.8(QPR(J)I=QMEAN(J,1B))/7QNEANTI,1E)
EPOPOS(J)e100,0(0PP(J)=0MEANLI,1)}/QMEAN(J,])
IF(IFILE.EQ.1.AND.Jo EQ.1) 6O TO 323

IF(ICOA(J)oNELY) 60 TO 327

WRITE(MAGOUT,1990)

FORMAT(1X,119(1H*))

MRITE(MAGOUT,2000)

FORMAT(IHI,I1Q(IHE) 5 /)2H ¢, 6 X 1H8,406X,1He, 63X, 1MH%,/)

e% & DATE ¢ SIMULATED DAILY DISCHARGES AND COMPARISONS *n,

+® PORT MANN DAILY SUSPENDED SEDIMENT LOADINSS AND COMPARISONS =,
42H 8y /92H #,08X, % PORT HANM ¢ MISSION CITY ¢ =,

+"pT, COQ, ¢ %

e"CONC ¢ HR, VAL, ¢ DAY VAL, ¢ PUB, VAL.* ERRDOR ¢ ERROR ¢ ERROR *%,
4/,% ®DAMOYR® QSP  EQPP=QSP» QsSH $QPN=QSH® Qs¢e ¢ C",
L 2 . GHP * 6DP * (144 SGPP=GHPOGPP=CDPSCDP=CHPO",/,
*2H 3,8X;1He,9X,"¢ QSP 87,9X,"* QSN *",10X,1He,

46Xy 1HE,10Xp1HS,10Xy .

+1H®, 10X, GHP ¢ GDP o GHP $",/,2H 8,6Xs1H®,

+3X,"(CFS) ¢ (2) ¢ (CFS) » (X) o®

" (CFS) ©(GR/L)* (T/D) o (1T/0) ¢ (T/D)%,
e® o {Z) & (%) ¢ () #%,/,1H 5119(1H®)s /)y

+2H "61)1”‘1Z('X;IH‘)TX'IH‘)JXOX)1“‘,bxllﬂ‘o3(1°Xll""o
*3(TXs1H® ) /»

$2H $,6Xs1HE, 209X 1HE, TX,1H® ), 10Xs IHS,6X,1HS,3({10X,1HE),
+3(TXs1He)) :

WRITE(HAGOUT,2010) ICDA(J)JICHU(J):!CYR(J)'QIEAN(Jlx)!EPQPQS(J)D



200

298

QOHEAN(J:!G),EHOPQS(J);OHEAN(J:‘)nCHElN(J)nGNP(J):GDP(J).

‘G”lJ)oElG'GNlJ)pERGPGD(J);EQGDCN(J)

2010 FORmav(2H 0:312,1H0.Z(F9.0p2ﬂ' oFb.l:lN‘)nFl0.0,lH‘.FQ.:,lwc,
’J(FI0.0:IN‘):S(FT.X:IN‘))

330 CONTINUE

c

C THE caLL 7o “RETURN® 3% A PERMANENT FILE FuNZTION
C OEscrIBep IN EMRLID ROUTINE 85004
4
320 cart RETUR~(6HTAP510)
800 CONTINUE
VlIYE(HAGOU7:1990)
60 10 990
900 URITE(HAGOUT:IIZO) 1ERR
1120 FORHAT(IHI:/IpIOX:‘ERRUR In caty SETFDB, N, *%,15)
€0 TO 990
920 VDIYE(NAGOUT.1130) TERR
1130 FORHAY(IHI://pIOX:OElROI IN caLL ATTACH,NOD, °%,15)
60 TO 990
940 VRITE(IAGOUT:IICOIIR
1140 FORHAT(//:IO!;‘AN EQF was ENCOUNTERED DN TAPELO aTe,
*¢TINE PERICD 0 AND REACHS, 13
60 TO 999
950 IRITE(NAGDUT.IISO)
1150 FORHAT(//:IOX;'00000 ERRDR MESSAGE esess PROGRAR STOPPED =,
$"BECAUSE THE NUMBER gF REACHES EXCEEDED 30,771
990 CONTINUE
$Toe
END

- 170 -



