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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 Nann, 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. In 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 computer file in order to be later transformed into hourly discharge
boundary conditions. Nost 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'owever, 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 rraderate 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

rivers'his

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
hydrometric data indicate that the simulated daily flo~s at Mission correspond
to the values obtained from the stage-discharge relationship (published values)
when the flow at Nission 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.



1. Introduction

For many years, several federal government departments have been concerned

with the problem of evaluating the total amount of sediment transported by

the Flaser 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. Techniques 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 (08MH054/08MH126),

Port Coquitlam (08MH035) and Mission (08MH024), as well as the water levels



and discharges for intermediate locations such as Port Hammond (08MH043)

and Whonock (08MH044) at every 15 minutes. The Lower Fraser River n al

system and computer model schematization are indicated in Figure 1.1. The

river discharge is assumed to enter or leave the system at 5 different

locations:

Lower Fraser River at Mission City;

Lower Fraser 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 todefi'he
boundary conditions, the lateral inflows, and the physical

characteristics of the river in the 1-D input file. The data prepar i on

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 computer tapes where the

results of the simulations are stored, and a copy of all the computer

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

in the appendices.
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2. Boundary Conditions

In practical words, the boundary conditions are equivalent to the stimulus,
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.

2.1 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. In 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

summarized 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'ransformed

into water levels referenced to a common 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

(DBMH126/08MH054)

Continuous-strip chart of
the 1968 annual record of
instantaneous water levels
at Port Coquitlam (DBMH035)

Continuous-strip chart of
the 1968 annual record of
instantaneous water levels
at Mission (08MH024)

Digitizing and transfer from minicomputer

to mainframe computer file
Digitizing and transfer from minicomputer

to mainframe computer file
Digitizing and transfer from minicomputer

to mainframe computer file

PFN=OBMH054 ID WL68 (except for February)
PFN=OBMH054 ID=FEB'Februarv onlv) PFN=DBMH035 ID= WL68 PFN DBMH024 ID=WL68

Con@uter permanent files containing 1968

annual record of Port Mann' water levels
at every 15 minutes, referenced to the

gauge datum

Computer permanent file containing 1968

annual record of Port Coquitlam' water
levels at every 15 minutes, referenced
to the gauge datum

Computer permanent file containing 1968

annual record of Mission' water levels
at every 15 minutes, referenced to the
gauge datum

NSURVEY g Definition of the requested dates
PRDGRAM/ (starting date d 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

Input file of the 1-D model containing
the water levels at every 15 minutes at
Port Coquitlam 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 1968
input data, this normal procedure was inadvertently omitted such that the
annual records of the 15 minute water levels stored on the computer filesare expressed in terms of the gauge datum. The computer program NSURVEY
was slightly modified in order to perform the conversion between gauge and
GSC datum, such that the water levels stored on the input file of the 1-D
model are all expressed 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 reasons. 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). In order to 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
recently been written by Water Resources Branch, Pacific and Yukon Region,
in order to locate the abnormally large changes between every 15 minute
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-D model. It was determined that two significant
mistakes were made in the initial ditigizing of the water levels. Thefirst 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 13h15 on February 5; -4.7% at Sh15 on February 6; -25.5% at Sh30 and

-30.54 at 15h00 on February 12). The relative differences were

significantly reduced when the corrected water levels were used (-2.1'%,

3.9%, -1.0'4 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.

2.2 Regulated Discharges at the Ruskin Power House

The water flowing from the Stave Lake into the Fraser River is regulated 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:

r(y Q H

737550.

where P

n

~w

Q

H

power produced by the turbines (megawatts)
turbine efficiency
specific weight of the water (lb/ft )

discharge (cfs)
water head (ft)



Using the specific weight value of 62.4 lb/ft and replacing ( H) by the3 taverage 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 power 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 puncheon

cards. In 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 convert 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 '.

During the simulation of the model, the computations are performed at eve

15 minutes (time step). Since the boundary conditions must be defined a:

every time step, the model uses the hourly discharges defined in the input

file and interpolates the intermediate 15 minute values. Because of thi'.

procedure, the simulation of the complete year requires that the annual

record of data also includes the conditions of the day preceding the fir.'imulation

day. For the study of 1968, the conditions of December 31'!

must be defined in order to allow the model to interpolate the 15 te

discharges at the Ruskin Power House, for the time Oh00, Oh15, Oh30 and

Oh45 on January 1, 1968.



Figure 2.2

Preparation of boundary conditions input data:
Ruskin Power House discharges

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 ID= DI S68

Computer permanent file containing the 1968

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

QRU SKIN

Q PROC,RAH

Definition of the requested dates
( starting date IL 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



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 ~



3. 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.

3.1 Data Preparation

The lateral inflow must be defined in the input file of the 1-D model. Two

simplified 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

computer 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 long 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

summarized in Figure 3.1.-

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

assumed to represent the values at noon. Since the lateral inflows in the

1-D input file are required 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 simulated (December 31, 1967)

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

3.2 Determination of the Surface Area of the Ungauged Sub-Basin

In normal conditions, it can be assumed that the runoff 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 runoff between port Mann and Mission

City. It can be assumed that the drainage basin area of the Lower Fraser

River at Port Mann, ATO , is divided into three main sub-basin areas&

namely the pitt River sub-basin at port Coquitlam Al, the Lower Fraser

R iver sub-basin at Mission City A2, and the Lower Fraser River sub-basin

between 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

A31/ and the remaining part of the sub-basin called the ungauged

sub-basin between port Mann and Mission City A . The sub-basins32

relationship can then be expressed by the following equation:

A = A + A + A = A + A + (A
1

+ A32)TOT 1 2

12—



Figure 3.1

Preparation of the lateral inflow

Publications containing 1968 annual
record of daily discharges at Kanaka

Creek (OBMH076), Salmon River (OBMH090)

and West Creek (OBMH098)

Publications containing the 1968 annual

record of daily precipitations at
Abbotsford Langley Prairie and Mission

Manual conversion into daily lateral inflows
using the correlation method

Manual conversion into daily lateral inflows

using the rational method (large values only)

IPF=DEBIT.68

Computer indi rect permanent file containi ng

1968 annual record of daily lateral i nflows

IPF=DATE.68

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

FU SION

PROGRAM

PF N= RUNOFF I D= DI 568

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

RUNOFF

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

13



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

Survey of Canada (Water Resources Branch, 1983), it is found that:
Port Mann (08MH126): A = 89,575 mi (232,000 km )

.2 2
TOT

Al '633 mi ( 1, 640 km )
.2 2Port Coquitlam (08MH035):.

Mission City (08MH024): (228,000 km )
2

140 km )
2

A = 88,031 mi
.2

2
.2Stave Lake (08MHOll): A31 = 440 mi (1,

Applying the sub-basin relationship, the so-called ungauged sub-basin area

between Port Mann and Mission City is equal to:

A32 = 471 mi (1,220 km )
.2 2

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

order to evaluate the lateral inflow.

3.3 Correlation Method

3.3.1 Definition

In hydrologic projects, it is common practice to determine the runoff of ar

ungauged basin (or sub-basin) by correlating this basin with surrounding

representative gauged basins. A simple correlation relationship for the

estimation of the runoff of an ungauged basin is:

q = A m iL m. a.i=1 i

where: q = estimated runoff of the ungauged basinL

surface area of the ungauged basin

.m = number of gauged basins that are representative of the

q.
1

a.
1

ungauged basin

runoff of the ith gauged basin

surface area of the ith gauged basin

14



The term 1 (qi/ai) can be understood as a mean runoff per unit
Z

m

surface area. It implies an equal representativeness for each gauged basin

(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:

Kanaka Creek near Webster Corners (08MH076): a =18.42 mi (47.7 km );.2 2

.2 2

Salmon River at 72 Avenue, Langley (08MH090): a =18.92 mi (49 km );

.2 2

West Creek near Fort Langley (OBMH098): a =4.40 mi (11.4 km ) .
3

When the operational aspect is considered, it may be found that data from

one or even two stations is sporadically missing. 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 ( 1 + 2 t 3 )

3 47.7 49.0 11.4

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ (3. 1)

When only Kanaka Creek and Salmon River data are available:

q = 1,220 ( 1 + 2 )

2 47.7 49.0

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ (3.2)

When only Kanaka Creek data are available:

q = 1,220 ( 1 )

47.7

~ ~ ~ ~ ~ ~ ~ ~ I 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ (3.3)

where: q = runoff of the ungauged sub-basin (lateral inflow)
L

q = runoff of the Kanaka Creek
1

q = runoff of the Salmon River
2

q = runof f of the West Creek
3



(note that the units of q are identical to the units of q q and

L

I'

q3) .

As an example, the following discharges were observed on December 10, 1968:

Kanaka Creek: 215 cfs (6.09 m /s)3

Salmon River: 232 cfs (6.57 m /s)3

Nest Creek: no data

Then the lateral inflow can be computed from equation 3.2: q =5,638 cfs
L

3
(159.7 m /s). A second estimation can be made using equation 3.3:

3

qL=5,499 cfs (155.8 m /s). Both values are very close. However, the

first one should be considered slightly more accurate because data from two

representative stations have been used in the calculation of the runoff.

3.3.2 Verification

It is possible to evaluate the accuracy of the correlation method by

studying its ability to reproduce a volume of water equivalent to the volu

resulting from the total precipitations over the ungauged sub-basin. Table

3.1 presents typical values. These results correspond to the month of

October 1968. Kanaka Creek Station data and equation 3.3 were used to

estimate the lateral inflow. The daily rainfall was determined by average

daily measurements (Meteorological Branch, 1968) taken at 3

representati'eteorological

stations located in the vicinity of the ungauged sub-basi

(Abbotsford A., Langley prairie, Mission). The monthly volume resuitinc

9 3

from the total precipitation (10.8 '0 ft ) is in good.agreement

9 3

with the volume determined from the lateral inflow (9.0 10 ft ).

The small difference between both values can be regarded to be in the r

of a base flow (equivalent daily discharge of 672 cfs). The weekl vo

16



7 abl e 3.1

Comparison of Equivalent Volumes of Water for October, 1968

(cf s) (cfs)

Equivalent
Water

Volume

(10 ft )

Weekly
Cumulative

Volume

(10 ft )
6 3

Monthly
Cumulative

Volume

(10 ft )
6 3

A IL I
M

( in/day) ( in/day) ( in/day) ( in/day)

Equivalent
Water

Vol ume

(10 ft )

Weekly
Cumulative

Volume

(10 ft )

Monthly
Cumulative

Volume

(10 ft )

8
9

10
11
12
13
14

15
16
17
18
19
20
21

24.
22.
21.
42.
49.

195.
172.

105.
89.

163.
228,
215.
293.
172

'56.

107.
139.
152.
198.
238.
1 91.

614.
562.
541.

1066.
1246,
4986.
4399.

2683.
2267.
4173.
5835.
5500.
7497.
4399.

3993.
2737.
3559.
3884.
5067.
6088.
4886.

53.
49.
47.
92.

108.
431.
380.

232.
196.
361.
504,
475.
648.
380.

345.
236.
307.
336,
438.
526.
422.

53.
102

'49.

241.
348.
779.

11 59.

232.
428.
788.

1292,
1768

'415.

345.
581.
889.

1224.
1662.
2188.

~26 0.

53.
102

'49.

241.
348.
779.

1159,

1391.
1 587.
1947.
2451.
2927.
3574.
3954.

4299.
4536.
4843.
5179.
561 7.
6143.
6565.

0. 00
0. 00
0,00
0.17
0.61
0.26
0. 99

0.00
0. 54
0,62
0.47
0.24
0.12
0. 01

0.25
0.00
0. 66
0.00
1. 12
0.17
0.39

0. 00
0. 00
0. 23
0. 03
0. 48
0. 04
0. 00

0. 00
0. 60
0.32
0.37
0.33
0. 06
0.20

0.00
0. 01

0. 69
0. 31
0. 89
0. 00
0. 57

0. 00
0. 00
0.17
0. 02
0. 74
0.25
0.15

0. 00
0. 57
0.46
0.49
0.28
0.06
0.27

0 ~ 01
0. 01
0. 79
0.25
0. 84
0.13
0. 54

0. 00
0. 00
0.13
0. 07
0. 61
0.18
0.38

0. 00
0. 57
0.47
0,44
0.28
0. 08
0.16

0. 09
0. 01
0. 71
0.19
0. 95
0.10
0. 50

0.
0.

146
'0.

668.
201.
416,

0.
624.
511.
485,
310.
88.

175 ~

95.
7.

781.
204.

1040.
109.
547.

0.
0.

146.
226,
894.

1094.
1~50

0.
624.

1134.
1620.
1930

'017.

Q92-

95.
102.
883.

1087.
21 27.
2236

'2fQ.

0.
0.

146.
226

'94.

1094.
1510.

1 510.
2134.
2645.
3130.
3440.
3527.
3702,

3797.
3805 ~

4585.
4789.
5829.
5938.
6486.

22
23
24
25
26
27
28

200.
136.
92.
99.

5112.
3477.
2357.
2538.

230. 5880.
200, 5112.
410. 10477.

508.
442.
905.
442.
300.
204.
219.

508.
950.

1855.
2297.
2597.
2801.
~0.

7073.
7515.
8420.
8862.
9162.
9366.
9585,

0. 01
0.47
0.12
0.19
0. 00
0. 00
0.32

0.17
1.45
0.30
0. 00
0. 00
0. 07
0. 60

0. 07
0. 55
0.21
0.01
0.00
0.00
0.53

0. 08
0. 82
0. 21
0. 07
0. 00
0. 02
0. 48

91.
901.
230.
73.
0.

26.
529.

91.
992.

1222.
1295.
1295

'320.

1%9.

6577.
7478.
7708.
7781.
7781.
7806.
8335.

29
30
31

154.
198.
21 0.

3938.
5067.
5374.

340.
438.
464,

340.
778.

1242.

9925 ~

10363.
10827.

0.19
0. 55
0. 00

0.19
0.40
0.00

0,10
0.47
0. 00

0. 16
0.47
0. 00

175.
518.

0.

175.
693.
6~93

8510.
9028.
9~028

where: q
1

I
A

published daily discharge at Kanaka Creek (08MN076)

daily lateral inflow estimated from equation 3.3

daily rainfall recorded at Abbotsford A. station

I
L

I
M

I =

daily rainfall recorded at Langley Prairie station

daily rainfall recorded at Mission station

mean daily rainfall (I +I +I )/3
A L M

Equivalent Water Volume (86 400 qL(cfs)) and (896,971 ~ 1220 (km2) I(in/day) )



also compare 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 n~i r of

representative stations used. In -other words, equation 3.1 should be used

when the complete data records 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 November 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 I-D model, because q..

is often very small compared to the total Lower Fraser River discharg

However, the analysis of some results obtained for 1968 showed that the

lateral inflow computed from the correlation equation 3.3 can be found to

be of the same order than the river discharge, for periods where low flow

in the river and heavy rainfall occur simultaneously. For instance, on

January 19, 1968, the recorded rainfall was 2.24 inches; the estimated

lateral inflow is 62,142 cfs (using the published value of q1=2,430 cfs

in equation 3.3) and the published discharge at Mission is 76,300 cfs. I~

this case, the accuracy of the estimated lateral inflow has to be very go

because both values are of the same order. A water volume comparison was

done for the period of January 15-21, 1968 (see Table 3..2). It revealed

that the volume of water obtained from the correlation method

(14.1 '0 ft ) was much larger than the volume resulting from the
9 3 I
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Table 3.2

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

Day q

(cfs) (cfs)

Equivalent
Water

Volume

(10 ft )
6 3

f

Weekly
Cumulative

Volume

(10 ft )
6 3

A
I

M

( in/day) ( in/day) ( in/day) ( in/day)

Equivalent
Water

Volume

(10 ft )
6 3

Weekly
Cumulative

Volume

(10 ft )

15 281 . 7190.

16 188. 4805.

17 121. 3098.

18 344. 8797,

19
,

2430. 62142.

20 2250. 57536.

21 770. 19690.

621.

41 5.

268.

760.

5369.

4971.

1701.

621.

1036.

1304.

2064.

7433.
I

12404.

14105.

0. 33

0.38

0. 01

1. 89

3. 08

0.88

0. 00

0.23

0,23

0.20

4.65

2. 01

0. 50

0. 00

0. 21

0.44

0.15

3.84

1. 63

0.36

0. 00

0.26

0. 35

0. 12

3.46

2.24

0. 58

0. 00

281.

383.

131.

3786.

2451.

635.

0.

281.

664.

795.

4581.

7033.

7667.

7667.

All the variables are defined in Table 3.1



9 3
total rainfall (7.7 10 ft ). The snow melt could not explain the

large difference between th'e two water volumes, because this would require

the melting in 5 days of approximately 5.5 ft of snow in a region of

province where the snow cover is practically non-existent. It seems more;

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 values

of runoff. The last interpretation would be consistent with the fact that

the accuracy of the gauged (published) discharges used as the known

variables in the correlation equations (q , q , q ) decreases as the

discharges inciease. To better understand this statement, the methodolog

used to determine the published discharges must be shortly discussed. Th

published daily discharges are determined from averaging a number of

'instantaneous" discharges (instantaneous is to be understood as "over a

short period of time', as opposed to daily mean). The instantaneous

discharges are obt'ained from a stage-discharge (Q-h) curve, using

measured instantaneous stages as the input values. The Q-h curve is

originally built using a series of measured instantaneous 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

extrapolation is used in order to determine the corresponding instantanc

discharges. Errors on the extrapolation of the large instantaneous

discharges will then reflect on the evaluation of the sub-basin daily

discharge, which in turn will lead to an error'n the estimation of the

lateral inflow of the ungauged sub-basin. As an illustration, the

published daily discharge for Kanaka Creek station for December 14, 197

is equal to 3,044 cfs. The lateral inflow estimated from equation (3.3

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

20



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.

3.4 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 lateral 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 Lt=[CIA]h,t). In order to have the last assumption to be true, 'it is

necessary to consider large flows (such that the base-flow is small

compared to the runoff) and reasonably long time period relative to the

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

The large lateral inflows can be determined according to the following

procedure. In the first step, the time distribution of the lateral inflow

must be determined. An approximation of the daily lateral inflows (qL)L x

is done using one of the equations developed by the correlation method.

The number of days "j" over which the large flow conditions prevail is also

determined by the user. The lateral inflows are then added for the

II

complete time period, ~ (qL) . The distribution of the flow (in

L x '=1
percentage) is then determined as the ratio of the daily over the tota

lateral inflow, d.=(qL). / & (q ). . Once the lateral inflow distribu ion

i=1

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

3
N

precipitation for the total time period considered, &
I.. The

i=1

equivalent volume of water over the ungauged sub-basin area is estimated

"V =C( 3 I.)A'rom

the rational method TOZ . ~1 i, where C corresponds to a mean

z=l

runoff coefficient (here, C ~ 0.8) and A is the surface area of the ungag

sub-basin (1.3132 '0 ft or 1,220 km ). In the third step, the
10 2

2

new estimation of the daily lateral inflow is determined from the daily

distribution of the total volume of water '(q ) = V~d /86,400".
Li TOE i

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

Detertnination 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):
(q)

2430 2250 770 317

Correlated runoff (cfs):
(q ) 1220(q ) /47.7

L i 1

8797 62142 57536 19690 8111
(q ) 156276 cfs

i= 1
Z 'Li

Runoff distribution (X):
d= (q) x100

L i

(q)
i= 1

40 37 13
y d =10(yL

i= 1

Rai nf all ( in/Day):
I

3.46 2 ~ 24 0. 58 0. 00 0. 01 I 6.29 in
i=1

V =S. S.lo ft9 3

TOT

Ad]usted runoff (cfs)

L i i TOT

86400

3187 25493 23581 8285 3187
(q )~63733 cfs

i= 1
i



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 later

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 tf

base flow in the ungauged system.

The difficulty caused by the relatively large lateral inflows (large

relative to the Lower Praser 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 I-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 lateral inflow, or of a general method tha.l

could be used to compute all small, moderate and large lateral inf
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4 ~ 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 (n. ). In order to understand
i,L

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

roughness coefficients to the 1968 conditions will be demonstrated and

verified
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4.1 Original Calibration of the Model (1980-1981 Conditions)

4.1.1 Definition

The original calibration of the model was performed using 1980-1981 w r

data. The complete method and results are presented in Water Planning and

Management Branch, 1983. The cross-section data were obtained f rom survey.

taken over different years, and were adjusted to the actual 1980-1981

conditions by either raising or lowering the cross-sections 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) ai

likely to vary with water depth, location along the channel and flow
\

characteristics. The major physical factors gerierally recognized to

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 cover or jams. For a river bed compose

of erodible granular material such as the Lower Fraser River, the Manning

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 roughness coefficients i

the Lower Fraser River in relation 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 n.i,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
i,H

conditions), are given as well in Table 4.1.

The calibration of 1980-1981 demonstrated that the model can reproduce very

well the na ural 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

Original Calibration of Manning's Roughness Coefficients

Reach Manning's roughness coefficients

i,L i,H i,H i,L

30

31

32

33

40

41

42

43

45

46

47

48

49

50

51

52

53

54

55

0,0245

0,0315

0.0315

0.0365

0.0245

0.0245

0.0245

0. 0245

0,0285

0.0275

0.0275

0,0255

0.0255

0.0255

0.0255

0.0245

0.0245

0.0245

0.0255

0,0245

0.0270

0.0347

0.0347

0.0365

0.0270

0.0270

0.0270

0.0270

0.0314

0,0303

0.0303

0.0281

0.0281

0.0281

0.0281

0.0270

0.0270

0.0270

0.0281

0.0303

1.1020

1.1016

1.1016

1. 0000

1.1020

1. 1020

1.1020

l. 1020

1,1018

1. 1018

1.1018

1. 1020

1.1020

1. 1020

1.1020

1.1020

1.1020

1.1020

1.1020

1.2367

where: n = calibrated Manning's n for reach i for low to moderate flow
i,L conditions (when the observed daily discharge at Mission is

lower than or equal to 199,500 cfs).

n ~ calibrated Manning's n for reach i for high flow conditions
i,H (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 5g).

On 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.

4.2 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

( Q 5 3 l ), t h e M a n n i n g
' r o u g h n e s s c o e f f i c i e n t s s e em to va ry a c c o r d i ng to

I

the flow conditions. Since the model has to be run for 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 completeness because they lead to the final solution.

The first method takes advantage of the fact that in the. Lower Fraser

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 the 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 th~

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 based on three assumptions:

Manning's roughness coefficients obtained in the initial calibration

(n L
and n H) are reproduced in the river if the same discharges

1,L 1,H

(Q53 L
and Q53 H)

for Mission's discharges lower than Q53 L
(199 500 cfs), the Manning's

I

n do not vary with discharge and are equal to n.
1(L

Manning's n for intermediate discharges (between Q53 L
and Q53 H)

I I

can be interpolated (between n.
L

and n H), and values for larger
.1,L n,H 'ischarges(greater than Q53 H) can be extrapolated.

I
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Figure 4.1

First Method for the Adjustment of the Mannings'oefficients
(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 ni L values

l

Run 1-D model for the day and find the
&imulated daily discharge at Mission, Q*

Compute the relative error between the
real Q53 j and simulated Q*

53 I

daily discharge at Mission

~ 53,j (Q53,j Q*53,j) ~ Q*53,j

Yes

Compute new improved ni j values
according to following relation: ( End of

simulation

nl j~nl 1
(1- 33 j)

Replace the 1-D model n values
by the new improved ni j values
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The method is summarized in Figure 4.2. This method can also be used 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 fron

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 intervention of the user„

The method is presented 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 adjustment

methods are appropriate for 1968, it is necessary to determine the

approximate 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'low

in 1968 using the cross-sections defined in the original calibratir

and the Manning's n obtained for low to moderate flow conditions (n. &),i,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)

No

Set the Manning's n values of the 1-0

model equal to the calibrated n values
for low to moderate flow (Q53 (] 99500 cfs) yes

Run the 1-0 model for the day, and find
the daily discharge at Mission, Q*

No

Set Manning's n values of 1-D

model equal to the calibrated n

values for low to moderate flow'Q
&199500 cfs)

53,j

compute new improved n values according

to following approxima 5 equation:

i,j (~~1.9153(K -l)-11 +I-Q (K -1)/26045j
i 53,j i

- 1. 91 53(K -1)+1! n /2
i i,L

Replace the 1-D model n values

by the new improved n values

!
Run the 1-D model for the day

compute new improved n values
according to following h(uation:

n = p(K -1)(Q53 -199500)/104200]+1jn

t
Replace the 1-D model n values

by the new improved n values

c
End of

Simulation



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 values
for low to moderate flow ($ 3 j 199500 cfs)

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

53,j

Yes / End of
Simulation g

No

Yes

Compute new improved n values

according to following equation:
n . .= [[(K -1)(Q* -199500)/104200]+lj n

i j i 535 j,L

Replace the 1-D model n values
by the new improved n values
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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), -nd 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 n
&

are used for the 1968
1,L

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 equivalent 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 Discharge at Mission
Using Unadjusted and Adjusted Manning's Coefficients

t -t
0

Q53[t -t ](cf s)
o f,

e [t -t ] (ft)
o f

January 4

7h45-Bhso

51 100

0.10

January 22

Bh27-9h31

121 400

0. 07

Bh00-Bh5(

113 000

0. 05

'0
m

N

.n g

D

C

8

'Q53 [t ] (cfs)
0

Q* [t ] (cfs)

Q5»3 (cf s)

100(Q53 [t -tf]-Q»53)/Q»53 (%)

Q~ [t ] (cfs)
0

Q53[t ] (cfs)

Q» (cf s)

73 152

49 673

61 413

-16.8

66 004

44 836

55 420

133 732

121 418

127 575

-4.8

124 104

112 936

118 520

128 505

125 467

126 986

-11. 0

116 643

113 647

115 14."

'UI
m

n g
'c1
m
C
D

Q53[t] (cfs)
0

Q [t ] (cfs)

Q(3 (cf s)

100(Q [t -t ]-Q»53(/Q53 (X)
0

100(Q53[t -tf]-Q~~3)/Q(3 (%)

t -t
o f

Q53 [ t -t ] ( cf s)

m [t -t ] (ft)
o f

-7.8

llh50-12h50

35 000

0.42

38 229

58 674

48 452

-27. 8

2.4

12h57-14h10

110 900

-0.01

122 845

132 701

127 773

-13.2

-1 9

10h55-llhl

116 70C

0. 04

1 gc

129

22'28

211

-9. 0

C
J
c.m

Q» [t ] (cfs)
D

[t ] (cfs)

Q» (cfs) .

100(Q 3[t -tf]-Q53)/Q53 (~)

38 469

55 698

47 084

-25. 7

114 091

122 006

118 047

-6.1

114 74)

116 45!

115 60(

-1. 0

where: t starting time of the measurement
0

t ending time of the measurement

Bh[t - t ] observed variation of the water level during the measurement
o f

[t -t ] = observed hourly discharge
o f

Q53[t ]simul ated instantaneous discharge,at the beginning of, the measurement
53 o

Q53 [t ] = simul ated instantenaous discharge, at the end of the measurement
53 f

Q* =.simulated hourly discharge, (Q»3[t ] + Q»53[t ])/2
0
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discharge at Mission. In order to solve this problem, a new adjustment

method was developed for the particular application of 1968.

4.3 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

1980-1981 river characteristics and to increase by 10% the calibrated

Manning's n obtained in the original calibration for low to moderate flows

(n. ) . The results for the simulation of 3 days using these adjusted
igL

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 n. )1,L

represents a significant improvement when compared to the results obtained

from the simulation using the original calibrated n values (n. ).i,L

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

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
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Table 4.3

Verification of the 1968 Manning's n adjustment method

t -t
o f Q [t-t ]

0

(cf s)

m[t -t ]
o f Q53[t ]

(cf s)

Q53[tf ]

(cfs)

'53

(cf s)

100(Q53[t -tf]-Q~53)

'53
(x)

J an.
J an.
Jan.
Jan.
J an.

Feb.
Feb.
Feb.
F eb.
Feb.

4
4

12

22

22

5

6

12

12

22

07h45-08h50
llh50-12h50
13h05-13h55
08h27-09h31
12h57-14hlo

12h44-13h48
07h40-08h45
08h55-09h50
14h28-15h20
12h50-13h55

51 000
35 000
50 300

121 400
110 900

79 600

81 000
71 500
72 000
71 400

0. 10

0.42
0. 06

0. 07

0. 01

0. 06

0. 12

0. 01

0. 01

0. 06

66 004
38 469
50 820

124 104
114 091

76 795
79 693
68 095
75 823
66 841

44 836

55 698
45 542

112 936
122 006

85 887

76 269
76 405
72 246
71 359

55 420
47 084

48 181

118 520

118 047

81 341

77 986
72 250
74 036
69 100

— 7.8
-25. 7

4 4

2.4
- 6.1

- 2.1
3.9
1.0

- 2.8
3.3

Mar.
Mar.
Mar.
Mar.
Mar.
Mar.
Mar.

Mar.

6

6

ll
11

15
20
20

26

07hl0-08h00
12hlo-13h05
07h45-08h40
13h30-14h20
09h00-09h55
07h40-08h40
llh40-12h40
07h45-08h40

96 600
100 600

95 300
103 000

81 200
77 500
74 200
78 400

0. 00

0. 08

0. 02

0. 00

0. 00

0.19
0.12
0. 03

103 155
105 276
104 700

105 207
83 002
78 623
77 961

75 587

100 207

104 236
107 892
102 969

91 286
72 373

82 740

87 014

101 681

104 756

106 296
104 088

87 144
75 498
80 350

81 300

- 5.0
- 4.0
-10. 3

1.0
- 6.8

2.7
7 ~ 7

- 3.6

Apr.
Ap r.
Apr.
Ap r.
Apr,
Ap r.

5

,5
11

19

19
25

09h00"09h 50

llh25-12h15
07h30-08h25
09h00-09h50
12h00-12h50
07h15-08h05

73 400
78 800
84 400
78 500
77 900
62 100

0. 05

0. 06

0. 12

0. 02

0. 09

0. 05

75 694
77 389
79 843
82 964
79 641

68 730

74 646
79 934
86 764
80 261

79 626
74 513

75 170
78 661

83 304

81 612
79 634
71 622

- 2.4
0.2
1.3

- 3.8
2 ~ 2

-13.3



T abl e 4. 3 ( cont')

t -t
0

Q53[t -t ] hhr-t -tf]
53 o f o f

(cfs)

Q~53(t 1

(cfs)

Q+,(t,]

(cf s)

'53

(cf s)

53 5353 o f 53

Q53

(~)

May 3

May 3

May 8

May 14

May 17

May 23

May 28

June 5

June 14

June 19

June 24

June 28

08hoo-08h50
loh55-11h45
13h40-14h30
08h20-09h25
08h50-llh05
08h30-09h30
08h40-09h55

08h40-09h40
09h40-10h40
09h20-loh30
08h45-09h40
08h45-09845

113 000
116 700

124 500
160 800
186 300
289 100

321 500

313 000
321 000
295 000
295 000
331 000

0. 05

0. 04

0. 00

0. 00

0. 02

0. 02

0. 01

0,01
0. 02

0. 01

0. 00

0. 04

116 643

114 742

121 847
155 254
179 683
284 507

323 063

321 880
334 881

312 187

308 607
336 521

113 647

116 459
120 057
159 211

179 832
286 073
322 344

321 807
336 071

312 116

309 390
335 985

115 145

115 600
120 952
157 233
179 757
285 290
322 704

321 844
335 476
312 152

308 999
336 253

1.9
1.0
2.9
2.3
3.6
1.3
0.4

2.7
4.3
5.5
4.5
1.6

July 8

July 12

July 17

Aug. 6

Aug. 13

Aug. 23

Aug. 28

Aug. 28

Sept 3

Sept 5

Sept ll
Sept 12

Sept 18

Sept 26

Sept 27

loh20-llh41
08h32-09h30
09h25-loh32

08h30-09h20
08h25-09h15
06h55-07h40
07h45-08h35
llh40-12h30

05h55-06h45
16h20-17hlo
12h20-13hlo
08h05-08h50
14h00-14h50
llh55-12h40
08h20-09h15

327 000
336 000
324 000

193 000
155 000
126 000
133 000
129 000

109 000
109 000
118 000
'126 000
152 000
117 200
125 000

0. 01

0. 08

0. 04

0. 03

0. 01

0. 00

0. 01

0. 01

0. 00

0. 07

0. 00

0. 02

0. 01

0. 00

0. 03

353 729
351 324

343 387

192 581

149 957
121 107

130 234

118 028

119 784

108 643

112 290
126 124
150 708
110 409
127 437

353 192
350 927

343 248

192 617
147 139
124 379
124 620
120 875

122 257
98 256

115 117
122 223

146 510
113 213

123 117

353 461

351 126
343 218

192 599
148 548
122 743

127 427

119 451

121 020
103 450

113 704

124 173
148 609

111 811

125 277

7.5
4.3
5.6

0.2
4 '
2.7
4.4
8.0

9.9
5.4
3.8
1.5
2 '
4.8
0.2



Table 4 3 (cont'd)

t -t
o f Q53[t tf l

0
hh[t-t ] Q* [t ] Q* [t ] Q+3 100(Q 3[t -t ]-Q )

(cfs) (cf s) (cf s) (cf s)

Oct. 3

Oct. 10

Oct. 10

Oct. 25

14h05-14h55
06h58-07h50
llh40-12h40
07h50-08h40

114 000
99 000
92 000

101 000

0. 00

0. 12

0. 04

0,36

108 021

97 203

86 870
99 114

102 898
88 697

95 237

77 432

105 460
92 950
91 053
88 273

8.1
6.5
1.3

14.4

Nov. 13

Nov. 13

Nov. 25

Nov. 25

09h15-lohlo
15hlo-16h00
08h22-09hlo
13h15-14h05

99 700
86 500
98 800
81 700

0. 00

0. 06

0.01
0.13

101 203
84 129

103 154

82 491

96 572

92 738
94 113
94 817

98 887
88 433
98 634
88 654

0.8
2 ~ 2

0.2
- 7.8

Dec. 10

Dec. 10

07h40-08h30
12h55-13h55

77 400
61 200

0. 32

0. 00

75 736

61 690
71 799

71 287

73 767

66 488
4.9

- 8.0

where: t starting time of the measurement
0

t ~ ending time of the measurement
f

Mean of absolute values 4.5
Standard deviation of absolute values 4.1

hh[t - t ) observed variation of the water level during the measurement
o f

Q5 3
[t - t ] ob se rved houriy d i sc harge

53 o f

Q* [t ] simulated instantaneous discharge, at the beginning of the measurement
0

(}* [t ] simulated instantenaous discharge, at the end of the measurement
53 f

Q* simulated hourly discharge, (Q* [t ] + Q* [t ])/2
53 53 o 53 f



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 (08MH044)

and at Port Hammond (OSMH043). 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 levels. 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 Whonock

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.

I arger 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 (los

moderate, high). To explore this in more detail, accurate measureme s

such as those obtained from the moving-boat techniques, would be necessar~

but are not available. From the available information, it can be conclud~

that the 10% increase of the Manning's coefficients of roughness obtained

in the original calibration for low to moderate flow (n. „), combinedi,L

with the use of the cross-sections data also used in the original

calibration will provide satisfactory physical data input for the

generation of 1968 hydrometric data.
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5. 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.

5.1 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 very

useful for the calibration and verification of the model for the 1968

conditions, for the preparation of'nitial 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 = BMMAR8 5

CY = 1

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 foi

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

description of the physical characteristics 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 location 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.

The JCL then reads the boundary conditions and lateral inflow from

annual records, 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 model.

The initial conditions of the model (approximate water level and

discharge at every mesh point at the beginning of the run) are obtain~

from a computer file (binary coded) created during a previous run of t

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 discharge

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 allows 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)

44



or simply to terminate the job.

The procedure described above is summarized in Figure 5.1. 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

point, and the maximum and minimum 15-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.

5.2 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 identified 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 = JAN0868) 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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Figure 5.2

Computation of the Daily and Extreme Values

First week

of the month

PFN=FRASER10 ID=MONDAYR
1

Weekly record of instantaneous
discharges and water levels at every

computational mesh point (TAPE10)

Last week

of the month

'I

MEAN S. J CL

program

PF N=F RASE RMEAN S I D=MON0168
2

Monthly record of daily discharges
and water levels at every

computational mesh point (TAP Ell)

PFN=F RASE R0MAX ID=MON0168
2

Monthly record of maximum and minimum

15-minute discharges for every day at
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, MONDAYRAAN0868)

2 MON0168 corresponds to the owner's identification of the file, where MON represents

the three first letters of the month

( ex amp 1 e: fo r J anu a ry, MON 01 68=J AN01 68 )



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

Mann, Port Coquitlam 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 w

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 from 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 relati~

differences between the published and simulated daily discharges atMls.'ary

between -11.5% and 9.5t. The relative differences are particularl~

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 levels. For the cases when the dailY

discharge at Mission is below 190,000 cfs, the method used to compute t1

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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II.gure 5.3
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Table 5.1

Results of 1-D Simulation for January 1968

Day

(cfs)

Port Mann

(cf s)

100(Q-Q*)
Q*

(cfs)

Mission

Q 100(Q-Q )

Q*

(cf s)

Port Coquitlam

(cfs)

1

2

3

4

5

6

7

8

9

10
ll
12

13

14

15

16

17

18

19
20
21

22
23
24
25
26
27
28
29
30
31

84 291

79 945

81 880
73 255
76 167
70 820
59 171

72 965
46 321

73 011

70 682
50 087
75 917

101 614
116 497

ill 167

106 108
96 124

153 004
198 656
227 000
173 787
149 137
157 835
177 469
156 068
151 665
153 337
148 240
169 031

145 190

63 900
63 200
66 600
57 700
62 300
58 700
47 300
58 400
39 100
60 600
61 900
39 600
33 600
34 800
65 200
82 300
86 600
70 700
77 100

106 000
157 000
141 000
122 000
111 000
144 000
136 000
129 000
130 000
117 000
124 000
118 000

-24.2
-20.9
-18.7
-21. 2

-18.2
-17.1
-20.1
-20.0
-15.6
-17.0
-12.4
-20.9
-55.7
-65.8
-44.0
-26.0
-18.4
-26.4
-49.6
-46.6
-30.8
-18.9
-18.2
-29. 7

-18. 9

-12.9
-14.9
-15.2
-21.1
-26. 6

-18.7

67 327
64 054
64 083
60 696
62 057
60 229
57 557
57 008
52 299
56 274
51 261

45 753
46 966
61 646
77 327
81 392
79 866
77 278
96 229

128 810
148 700
122 393
107 781

123 499
127 071

121 102
127 505
126 703
135 899
140 932
117 383

58 300
56 700
54 600
52 200
51 600
51 500
50 900
50 300
48 400
48 200
46 100
42 700
40 600
46 700
61 500
72 200
74 900
71 800
76 300
90 100

113 000
114 000
107 000
ill 000
126 000
127 000
129 000
125 000
119 000
115 000
»0 000

-13.4
-11. 5

-14.8
-14.0
-16.9
-14.5
-11. 6

-11. 8

7.5
-14,3
-10.1
- 6.7
-13. 6

-24,2
-20. 5

-11.3
- 6.2
- 7.1
-20.7
-30.1
-24.0
- 6.9

~ 7

-10. 1

.8
4.9
1.2
1,3

-12.4
-18. 4
- 6.3

10 105
7 785
9 730
5 636
7 201

4 315
-1 129

6 060
-8 943

6 285
8 961

-1 640
12 255
26 266
26 506

17 322
13 539

9 572
28 455
42 7"

48 6

32 411

22 355
23 107
30 916
24 134
15 820
17 840

8 917

17 980

17 531

x = 25.3

13.2

~ = -11.5

7.9

where: Q* = simulated daily discharge

Q = daily discharge published by MSC
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Table 5.2

Results of 1-D Simulation for February 1968

Port Mann Mission Port Coquitlam

Day

(cfs) (cfs)

100(Q-Q*)
Q*

(cf s) (cf s)

100(Q-Q*)
Q*

(cf s)

1

2

3

4

5

6

7

8

9

10

11

12

13
14

15
16

17

18

19
20
21

22

23
24
25
26

27
28

29

133 967
106 731

134 127

151 317
130 897
113 178
107 736
106 192
98 523
95 160

88 448
92 142

85 589
82 232
82 975
77 714
82 610
83 121

118 747

119 288
94 158

130 292
92 298

126 619
117 037
100 480
85 057
83 129
82 323

120 000
89 100

104 000

116 000

112 000
94 000
90 300
90 800
85 200
80 100
75 800
75 400
68 800
68 500
69 400
63 400
59 500
52 000
65 000
76 600
69 500
82 000
61 500
83 600
88 000
80 200
70 700
71 600
67 100

-10.4
-16. 5

-22. 5

-23. 3

-14.4
-16. 9

-16.2
-14.5
-13.5
-15. 8

-14.3
-18.2
-19.6
-16.7
-16.4
-18.4
-28. 0
-37.4
-45. 3

-35. 8

-26.2
-37. 1

-33.4
-34.0
-24.8
-20.2
-16. 9

-13. 9

-18. 5

101 316

89 387
98 940
99 338
87 917
82 486
84 723

82 818
80 262

78 166

75 640
74 074
72 093
68 461

67 591

65 020
62 242
60 530
71 328
73 140
73 177
76 390
77 204
95 157
86 912
79 191

73 865
72 223
72 658

103 000
93 800
95 000
95 500
89 200
82 000
82 600

81 800
78 900
75 400

71 900
69 600
66 700
64 500
62 200
59 500
57 300
54 800
56 900
60 700
62 100
64 300
65 700
74 000
75 300
70 100
67 400
66 600
66 800

1.7
4.9

- 4.0
- 3.9

1.5
.6

- 2.5
1.2

- 1.7
- 3.5
- 4.9
- 6.0
- 7.5

5.8
- 8.0
- 8.5

7.9
- 9.5
-20. 2

-17. 0

-15.1
-15. 8

-14,9
-22.2
-13.4
-11. 5

- 8.8
- 7.8

8.1

18 589

9 512
20 286

29 996
21 457
14 901

10 461

11 188
7 742

7 882
5 139

9 648
6 891

6 055
7 260
6 073

ll 673
10 778
23 874
25 523

4 022
37 263

2 195
17 408
16 336

11 007
2 398
2 954

2 958

x -22.0 x=-7.7

a = 9.0 o - 6.6

where: Q* = simulated daily discharge

Q = daily discharge published by XSC
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Table 5.3

Results of 1-D Simulation for March 1968

Port Mann Mission Port Coqui

Day

(cfs) (cf s)

100(Q-Q*)
Q*

(cfs)

Q 100(Q-Q*)
Q*

(cf s) (cf s)

1

2

3

4

5

6

7

8
9

10
11

12

13
14
15
16

17

18

19
20

21

22

23
24

25
26
27
28

29
30
31

84 407

91 673
94 054

103 256

132 468
152 206
133 522

125 415
124 338
120 785
114 559
123 049
127 820
111 320
114 839
110 186

111 975
104 167

97 700
96 679

100 678
97 277

92 478
92 532
83 688
85 965

100 176
114 982

111 719
105 271

98 560

74 400
77 700
81 500
76 300
87 100

120 000
114 000

112 000
113 000
112 000
106 000
103 000
108 000
102 000

98 200
95 000
99 100
98 600
94 200

92 500

93 700

89 500

81 500

81 200
75 100
79 900
79 500
96 100

88 000
96 000
85 000

-11. 9

-15.2
-13. 3

-26. 1

-34. 2

-21. 2

-14. 6

-10. 7

- 9.1
- 7.3
- 7.5
-16. 3

-15. 5

- 8.4
-14. 5

-13.8
-11. 5

- 5.3
- 3.6
- 4,3
- 6.9
- 8.0
-11.9
-12,2
-10.3
- 7.1
-20. 6

-16.4
-21. 2
- 8.8
-13.8

73 257

74 214
76 006
79 611

91 557

102 188
97 334

98 052
99 509

101 875
102 057
104 154
101 690

95 952
92 395
90 078
87 723
84 433
81 933
80 364

79 553

77 336
77 547

79 790
79 432
79 623
87 655
93 030
93 250
89 425
86 239

68 500
70 400
73 300
75 500
85 200
96 500
98 000
99 300

102 000
105 000
107 000
107 000
104 000

99 200
94 600
91 200
88 600
85 600
82 300
79 200
78 000
75 300
74 000
74 800
77 100
79 300
81 900
87 400
87 000
86 100
83 100

- 6.5
- 5.1
- 3.6
- 5.2

6.9
- 5.6

.7
1.3
2.5
3.1
4.8
2.7
2.3
3.4
2.4
1,2
1.0
1.4

,4
- 1.4
- 2.0
- 2.6
- 4.6
- 6,3

2.9
.4

6.6
- 6.1
- 6.7
- 3.7
- 3.6

2 230
6 431

5 141

10 948
23 492
25 976
16 567

12 476
10 203

7 649
2 065
6 051

10 715

1 114
8 632
6 109
8 787

6 226
2 99

3 49~
6 552

5 262
2 961

3 654
-3 137
-2 685

2 339
8 314
8 788
4 499
4 391

x = -13.0 x = - 1 7

o= 6.6 3.7

where: Q» = simulated daily discharge

daily discharge published by WSC
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Table 5.4

Results of 1-D Simulation for April 1968

Day

(cf s)

Port Mann

(cf s)

100(Q-Q*)
Q+

(cfs)

Mi ssi on

Q 100(G-Q")
Q*

(cf s)

Port Coque tl am

(cf s)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
16

17

18

19

20
21

22

23
24
25
26

27
28

29
30

90 201

96 575

97 536
94 128

94 570
90 967
87 546
83 160
80 083
82 969
87 432
87 466

86 220
93 052

114 005
113 510

111 007
105 183
107 840

99 905
95 667
89 328
86 917
78 583
76 116
89 378
91 178
87 532
95 669

108 356

85 000
90 600
85 700
80 200
83 900
84 600
82 900
77 700
72 000
61 600

73 300
83 700
77 700

76 300

93 100
98 000
95 100
84 300

92 300
90 000
80 600
72 200
64 600
64 600
58 300
70 500

69 200
67 300
74 000
85 400

- 5.8
- 6 ~ 2

-12. 1

-14.8
-11.3
- 7,0
- 5.3
- 6.6
-10. 1

-25. 8

-16.2
- 4.3
- 9.9
-18. 0

-18.3
-13.7
-14.3
-19. 9

-14,4
- 9.9
-15. 7

-19. 2

-25. 7

-17. 8

-23.4
-21. 1

-24.1
-23.1
-22.6
-21.2

82 734

81 614
79 360
77 796
77 918
75 458
73 436
72 197
72 488
75 112
80 815

82 710
86 213

91 759
94 382

90 552
84 835
81 453
80 483
77 120
76 032
73 586
73 364
70 267
71 831

73 939
75 779
77 280
82 677

90 231

80 400

78 400
76 000
73 100

72 300

71 500
69 600
69 100
69 000
69 300
74 000

80 200
84 400

87 100

89 000
85 800
80 800
76 000
74 000
71 000
68 900
67 100
65 900
65 400
64 700

66 500
67 800
69 700

74 800

83 300

- 2 ~ 8
- 3.9
- 4.2
- 6.0

702
- 5.2

5,2
- 4,3
- 4.8

7 ~ 7

- 8.4
- 3.0
- 2.1

5.1
5.7

- 5.2
- 4.8
- 6.7
- 8.1
- 7.9
- 9.4
- 8.8
-10.2
- 6.9

9.9
-10. 1

-10. 5

- 9.8
- 9.5
- 7.7

808

6 977

9 922

6 791

6 376

4 602
2 463

318
367

3 681

1 649
-1 449
-3 251

722

11 273

14 067
16 884

13 049
12 586

8 613
8 213

5 652
5 032

447
184

8 212
10 165

6 706

9 187

11 982

x = -15.3

a= 6,6

x=-67
o ~ 2.5

where: Q* = simulated daily discharge

Q = daily discharge published by MSC
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Table 5.5

Results of 1-D Simulation for May 1968

Port Mann
Mission

Day Q+

(cfs) (cfs)

100(Q-Q*)
Q+

(cfs)

Q 100(Q-Q*)
Q*

(cf s)

Qa

(cfs)
1

2

3
4

5

6

7

8
9

10

ll
12

13

14

15
16

17

18

19
20

21

22

23
24

25
26

27
28

29
30

31

121 653
133 265
137 427
139 201

141 526
134 798
129 743
131 062
142 267
141 062
138 894
147 719
166 443
184 719
197 677
203 230
208 423
217 240
230 162
251 550
277 521
295 173
310 256
326 903
339 697
346 027
349 939
350 376
352 061
346 455
339 009

102 000
115 000
123 000
121 000
134 000
124 000
127 000
120 000
125 000
128 000
129 000
140 000
158 000
174 000
186 000
192 000
194 000
195 000
204 000
217 000
239 000
260 000
275 000
290 000
303 000
312 000
316 000
320 000
321 000
316 000
306 000

-16.2
-13. 7

-10.5
-13.1
- 5.3
- 8.0
- 2,1
- 8.4
-12.1
- 9.3
- 7.1
- 5.2
- 5.1
- 5.8
- 5.9
- 5.5
- 6.9
-10.2
-11.4
-13.7
-13.9
-11. 9

-11.4
-11. 3

-10.8
9,8

- 9.7
- 8.7
- 8.8
- 8.8

9.7

99 747
111 379
116 017
115 994
115 044
113 049
112 223
118 181

127 088
132 431

137 254
145 502
154 651
163 550
172 896
177 834
183 796
193 307
206 192
225 925
251 303
270 934
289 118
306 403
318 225
321 659
321 369
322 597
320 790
313 591

307 785

93 800
106 000
114 000
117 000
116 000
114 000
115 000
119 000
128 000
134 000
139 000
148 000
159 000
169 000
179 000
186 000
187 000
194 000
205 000
222 000
246 000
263 000
279 000
295 000
306 000
312 000
314 000
316 000
315 000
307 000
300 000

- 6.0
- 4.8
- 1.7

.9
.8
.8

2,5
.7
.7

1.2
1.3
1.7
2.8
3.3
3.5
4.6
1,7
.4
.6

- 1.7
- 2.1
- 2.9
- 3.5
- 3.7
- 3.8
- 3.0
- 2.3
- 2.0
- 1.8
- 2.1
- 2.5

15

15

13
12
13

9

6

5

9

6

1

3

9

17
20
21

18
20
21

24
25
22
18

18
20

22

23

23

26
28
27

005

539
175
553
678
692
040
810
735
277
321

691

164
448
476
030
296
259
692
422
217
665
793

403
221

503
831

275
679
443

x = - 9.4 x=-06
3,2

2.7

where: Q* = simulated daily discharge

Q = daily discharge published by WSC
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Table 5.6

Results of 1-D Simulation for June 1968

Day

(cfs)

Port Mann

(cf s)

100(Q-Q*)
Q*

(cf s)

Mission

(cf s)

100(Q-Q*)
Q*

Port Coquitlam

(cfs)

1

2

3

4

5

6

7

8

9

10

ll
12

13

14

15
16

17

18

19
20

21

22

23
24

25
26

27
28

29
30

343 793
374 857

379 822
364 471

355 913

357 847
356 578
349 327
340 191

340 246

338 491

352 750
358 293
364 385
370 916
374 079

369 809
355 121

346 144
338 060
333 142
330 855
333 229
334 851

330 841
340 255
367 989
376 172

371 852
375 381

297 000
324 000
344 000
334 000
323 000
323 000
325 000
321 000
315 000
315 000
313 000
325 000
328 000
335 000
338 000
340 000

337 000
322 000
308 000
306 000
301 000
299 000
302 000
302 000
294 000
293 000
326 000
341 000
340 000
343 000

-13. 6

-13.6
9.4

- 8.4
9.2

- 9.7
- 8.9
- 8.1

7.4
- 7.4
- 7.5
- 7.9
- 8.5
- 8.1
- 8.9
- 9.1
- 8.9
- 9.3
-11. 0
- 9.5

9.6
- 9,6
- 9.4
- 9.8
-11.1
-13. 9

-11.4
- 9.3
- 8.6
- 8.6

310 682
340 273
338 511

322 477

321 011

325 199
326 711

318 765
313 454
312 206
316 566
324 913
331 404
338 832
344 886
345 303
333 297

317 731

310 359
309 324
307 807
308 061

309 851

308 140
303 487
305 158
327 687
337 475
336 405
350 372

304 000
332 000
336 000
320 000

316 000
319 000
321 000
313 000
310 000
308 000
311 000
320 000
325 000

332 000
336 000
336 000
327 000
311 000
302 000
300 000
297 000
298 000
300 000
300 000
295 000
300 000
323 000
333 000
331 000
341 000

2 Q 2

- 2.4
.7
.8

- 1.6
- 1.9
- 1.7
- 1.8
- 1.1
- 1.3

1.8
- 1.5
- 1.9
- 2.0
- 2.6

2 ~ 7

- 1.9
- 2.1
- 2.7
- 3.0
- 3.5
- 3 3

- 3.2
- 2.6
- 2.8
- 1.7

1.4
- 1.3

1.6
2 ~ 7

32 100

31 832
30 620
30 854
26 905
25 000
22 893

22 732
19 186
21 893
18 390

23 234
23 077

21 456
21 612

23 821

28 557

30 259
30 444

23 472
21 091

19 798
20 272

23 454
24 288

31 560
34 165
30 644
27 288

20 141

x= - 9.5 2.1

a = 1.7 g = 0.7

where: Q* = simulated daily discharge

Q = daily discharge published by WSC
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Table 5.7

Results of 1-D Simulation for July 1968

Port Mann
Mission I

Port Coquitlam
Day

(cf s) (cf s)

100(Q-Q*)
Q*

(cf s)

Q 100(Q-Q*)
Q*

(cfs) (cfs)
1

2

3

4

5

6

7

8
9

10

ll
12

13

14

15

16

17

18

19
20
21

22

23
24

25
26

27
28

29
30

31

387 981
393 223
390 248
380 591

371 356
367 681
372 398
376 293
394 576
399 325
394 276
404 207
398 758
394 581

393 109
393 060
385 137
364 886
344 105
329 815
307 071
289 235
274 201
264 553
259 708
258 101

255 050
251 688
243 291
241 948
234 946

355 000
363 000
356 000
342 000
335 000
330 000
336 000
344 000
357 000
367 000
356 000
360 000
365 000
361 000
359 000
357 000
349 000
330 000
309 000
292 000
274 000
262 000
248 000
239 000
236 000
234 000
231 000
226 000
221 000
220 000
214 000

- 8.5
- 7.7
- 8.8
-10. 1

- 9.8
-10. 2
- 9.8
- 8.6
- 9.5
- 8.1
- 9.7
-10.9
- 8.5
- 8.5
- 8.7
- 9.2

9 4
- 9.6
-10.2
-11.5
-10.8

9,4
- 9.6
- 9.7
- 9.1
- 9.3

9.4
-10.2

9.2
- 9.1
- 8.9

363 092
360 888
347 402
335 841
330 503
332 650
340 770
349 415
357 943
360 218
353 897
353 219
357 631
353 688
352 550
352 194
339 572
319 389
301 085
285 540
268 667
254 162
244 029
237 983
234 801
232 973
228 883
223 492
218 477
218 102
214 779

354 000
356 000
344 000
332 000
326 000
327 000
334 000
345 000
355 000
359 000
352 000
353 000
355 000
352 000
349 000
348 000
334 000
314 000
296 000
282 000
266 000
252 000
242 000
236 000
233 000
231 000
228 000
222 000
217 000
216 000
212 000

- 2.5
- 1.4
- 1,0
- 1.1
- 1.4
- 1.7
- 2.0
- 1.3

.8
3

.5

.7

.5
1.0

- 1,2
1.6

- 1.7
- 1.7

1.2
1.0
.9
.8
.8
.8
.8
.4
.7
.7

- 1.0
- 1.3

20 188
24 566
34 541

35 581
33 458
28 799
26 807
22 490
30 695
32 365
35 523
44 893
34 303

32 114
33 243
31 505
36 136
35 346
34 674
35 095
30 471
28 227
25 157
22 788
21 984

22 544
23 487
26 104
21 406
21 176
17 732

X 9,4 x - 1.1

0.8
0.5

where: Q+ = simulated daily discharge

Q = daily discharge publ f shed by WSC
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Table 5.8

Results of 1-D Simulation for August 1968

Port Mann Mission Port Coquitlam

Day

(cfs) (cf s)

100(Q-Q*)
Q*

(cf s)

Q 100(Q-Q')
Q+

(cf s) (cfs)

1

2

3

4

5

6

7

8

9

10

11

12

13
14

15
16

17

18

19

20

21

22

23
24

25
26

27
28

29
30
31

231 160
234 050
226 614
222 538
212 404
209 918
203 170
198 741

192 070
188 261

179 817
171 833
162 797
152 595
147 034
138 772

133 965
132 071

131 863
139 084

138 749
134 563

128 231

138 386
135 384
142 443
146 123
147 641

142 196
139 966
140 041

212 000
211 000
207 000
203 000
199 000
198 000
193 000
207 000
198 000
195 000
187 000
180 000
169 000
159 000
156 000
149 000
147 000
144 000
142 000

144 000
144 000
138 000
134 000
141 000
136 000
137 000
137 000
146 000
145 000
144 000
140 000

- 8.3
- 9.8
- 8.7
- 8.8
- 6.3
- 5.7

5.0
4,2
3,1
3.6
4,0
4.8
3.8
4.2
6.1
7.4
9.7
9.0
7.7
3.5
3.8
2.6
4.5
1.9
.5

- 3.8
- 6.2

1.1
2.0
2.9

.0

213 133
211 605
205 990
198 375

191 063
188 017
183 422

180 600
176 154
171 914

164 289
154 227
145 486
137 902
133 560
130 244

129 610
127 308
125 089

125 732

124 415

124 279
120 847

119 924
119 297
120 607
121 274
122 974
124 254
125 214
124 470

211 000

211 000
206 000
201 000
196 000

193 000
189 000
201 000
197 000
191 000

182 000
174 000
164 000

156 000
152 000
148 000
147 000
144 000
142 000

141 000
140 000
138 000

137 000
135 000
133 000

133 000
133 000
135 000
137 000
138 000
137 000

- 1.0
3

.0
1,3
2.6
2.7
3.0

11. 3

11. 8

11.1
10.8
12.8
12.7
13.1
13. 8

13.6
13.4
13.1
13. 5

12.1
12.5
11. 0

13.4
12.6
11. 5

10.3
9.7
9,8

10.3
10.2
10.1

15 935

19 753
18 718
20 673

17 354
17 467
15 887

14 442
12 974

13 915
13 988

13 693
14 405

11 799
10 165

5 371

2 919

4 043
4 924

10 280
10 998

8 450
5 100

ll 971

10 104

14 304
14 967

15 011
9 957

7 56?
11 268

x= 0.8 x= 9.5

5.6 o = 4.7

where: Q* = simulated daily discharge

Q = daily discharge published by WSC
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Table 5.9

Results of 1-D Simulation for September 1968

Day

(cf s)

Port Mann

(cfs)

100(Q-Q+)
Q*

(cfs)

Mission

(cfs)

100(Q-Q*)
Q*

Port Coquii

Qa

(cf s)

1

2

3

4

5

6

7

8

9

10

ll
12

13
14

15
16

17

18

19
20
21

22

23
24
25
26

27
28
29
30

140 750
139 516
136 648
128 642
125 658
121 779
130 933
122 288
119 426
121 700
126 424
139 448
134 489
139 830
155 595
161 265
198 890
186 716
171 650
172 610
174 675
169 630
169 026
153 995
138 475
131 654
144 787
135 526
128 330
133 685

138 000
137 000
133 000
130 000
124 000
119 000
123 000
118 000
118 000
124 000
129 000
133 000
128 000
125 000
134 000
136 000
142 000
163 000
158 000
160 000
163 000
158 000
157 000
144 000
137 000
126 000
143 000
130 000
128 000
127 000

- 2.0
1.8

- 2.7
1.1
1.3

- 2.3
- 6.1
- 3,5

1.2
1.9
2.0

- 4,6
- 4.8
-10.6
-13.9
-15.7
-28.6
-12.7
- 8.0
- 7.3
- 6.7
- 6.9
- 7.1
- 6.5
- 1.1
- 4.3

1.2
- 4.1

3
- 5.0

120 843
118 003
114 726
111 205
108 885
108 129
108 682
106 416
104 467
108 354
115 471
120 389
117 770
116 170
124 536
131 076
140 175
144 982
141 706
145 198
150 448
147 230
137 974
129 307
121 995
119 471
120 022
118 630
114 655
111 948

134 000
130 000
126 000
124 000
120 000
118 000
118 000
116 000
116 000
119 000
126 000
129 000
128 000
126 000
129 000
136 000
143 000
149 000
147 000
151 000
157 000
156 000
147 000
138 000
131 000
128 000
128 000
126 000
122 000
119 000

10. 9

10. 2

9.8
11.- 5

10.2
9.1
8.6
9.0

11.0
9.8
9.1
7.2
8.7
8.5
3.6
3,8
2.0
2.8
3.7
4.0
4.4
6.0
6.5
6.7
7.4
7.1
6.6
6.2
6.4
6.3

13 954

15 270
14 757
10 840
11 337
10 052
18 334

13 595
10 757

9 662
6 111

14 973
13 240
20 805
25 303
18 431

32 109
23 242
18 553
18 106
16 446
13 077
17 181
12 961

7 796

6 874
16 178
12 142

8 774

15 523

x=-5.5
x = 7.2

a = 6.2 o = 2.6

where: Q* ~ simulated daily discharge

Q = daily discharge published by WSC
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Table 5.10

Results of 1-D Simulation for October 1968

Port Mann Mission Port Coqui tlam

Day

(cf s) (cf s)

100(Q-Q*)
Q*

(cf s)

Q 100(Q-Q )

Q*

(cfs)

Q*

(cfs)

1

2

3

4

5

6

7

8

9

10

ll
12

13
14

15
16

17
18
19
20

21

22

23
24

25
26

27
28

29
30

31

136 300
125 232
120 316
119 369

116 115
129 478
130 517

117 210

110 771

117 163

110 896
119 596

122 613

111 389
120 696
106 946

104 358
118 704
107 782
112 458
107 630
117 632

104 949
135 666

129 618
139 944

124 508
124 129

137 163
164 174
163 289

127 000
123 000
116 000
115 000
105 000
110 000
119 000
108 000
102 000
103 000

96 900
105 000
103 000

99 700
106 000
104 000

91 300
107 000

97 700

100 000
94 300

102 000

89 300
104 000
109 000
118 000
114 000
106 000

107 000
142 000
153 000

- 6.8
- 1.8
- 3.6
- 3.7

9.6
-15. 0
- 8.8
- 7.9
- 7.9
-12.1
-12.6
-12.2
-16.0
-10.5
-12.2
- 2.8
-12. 5

- 9.9
9.4

-11. 1

-12.4
-13.3
-14. 9

-2313
-15.9
-15. 7

- 8.4
-14.6
-22,0
-13.5
- 6.3

110 200
108 395
105 817
104 692

103 828
103 418
101 287

96 601

93 899
94 000
94 406
93 555
91 550
90 437

91 161

89 301

88 268
92 656
90 695
90 116
92 159
96 139

91 396

96 677
101 693
106 293

102 316
103 560

108 732

121 664
127 748

117 000

116 000
112 000
111 000
109 000
107 000
106 000

101 000
99 000
98 600
97 900
96 800
94 900
93 200
92 100
91 400
90 300
93 300
93 500

92 600
93 600
96 800

96 000
97 800

102 000

106 000
105 000
106 000
112 000
126 000
136 000

6.2
7.0
5.8
6.0
5.0
3.5
4.7
4.6
5.4
4.9
3.7
3.5
3.7
3.1
1.0
2.4
2.3

.7
3.1
2.8
1.6
.7

5.0
1,2

.3
3

2.6
2,4
3.0
3.6
6.5

15 373

ll 937
8 366

10 640
10 485

17 490
14 983

10 109

8 900

13 669
7 013

12 506
17 116

9 624

15 983

6 032
5 875

12 521

5 369

8 375
6 791

9 289
2 847

24 941

15 706

21 993
11 931

12 379

lg 638

28 544
19 569

x = -11.2 x 3.4

a= 5.0 a = 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

Day

(cfs) (cfs)

100(Q-Q*)
Q+

(cf s) (cfs)

100(Q-Q*)
Qa

(cfs)
1

2

3

4

5

6

7

8
9

10

ll
12

13
14

15
16

17

18

19

20

21

22

23
24

25
26

27
28
29
30

156 641
152 975
172 923
159 205
148 974
136 042
133 043
125 419
124 890
113 555
109 986
133 221
125 977
112 911

119 967
121 480
105 183
104 355
109 683
116 027
108 018
136 998
147 053
123 875
131 175
113 034
125 820
113 707
107 260
113 665

150 000
148 000
165 000
157 000
149 000
135 000
128 000
118 000
121 000
110 000
97 700

115 000
117 000
103 000
103 000
111 000
93 800
84 600
85 200
86 300
79 700

109 000
122 000
115 000
120 000
106 000
114 000
107 000
87 000
97 100

- 4.2
- 3.3
- 4,6
- 1.4

.0
,8

- 3.8
- 5.9
- 3.1
- 3.1
-11.2
-13.7

7.1
- 8.8
-14. 1

- 8.6
-10.8
-18. 9

22 ~ 3

-25. 6

-26.2
-20.4
-17.0
- 7.2
- 8.5
- 6.2

9,4
- 5.9
-18,9
-14.6

132 686
139 095
143 532
135 100
125 864
117 921

112 603
107 457
103 810

98 803
92 918

100 172
98 639
94 988
93 649
91 181

86 421
84 390
87 272
90 743
93 277

104 577
105 316

99 793
100 091

97 275
97 204
90 598
90 231
90 126

142 000
150 000
154 000
148 000
137 000
128 000
121 000
115 000
110 000
105 000

99 700
102 000
102 000

98 200
96 100
94 500
90 200
86 000
85 700
87 100
89 300
97 000

103 000
102 000
102 000
101 000
98 900
94 400
89 600
90 500

7.0
7.8
7.3
9.5
8.8
8.5
7.5
7.0
6.0
6,3
7.3
1.8
3.4
3,4
2.6
3,6
4.4
1.9

- 1.8
-40
-43
- 7.2
- 2.2

2.2
1.9
3.8
1.7
4.2
,7
.4

13 465
5 636

17 887
12 206
11 581

9 180
11 364

9 874
9 926
4 903
7 970

18 131
14 528

8 970
14 259
15 851

8 689
8 809

11 814
14 230 I

7 633
19 535
24 824
10 672
17 744

7 581

15 995
11 061

8 244
11 919

x -10. 2 x ~ 3 3

a ~ 7.4 a= 4.3

where: Q* = simulated daily discharge

daily discharge published by )(SC
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Table 5.12

Results of 1-D Simulation for December 1968

Port Mann Mission Port Coquitlam

(cfs) (cf s)

100(Q-Q')
Q*

(cfs) (cf s)

100(Q-Q*)
Q*

(cf s)

1

2

3

5

6

7

8

9

10

ll
12

13
14

15
16

17

18

19
20

21

22

23
24

25
26

27
28

29
30
31

111 326
102 285
109 324
148 218
112 615
102 430
82 951

93 828
85 996
98 762

99 994
94 742
76 632
83 164

76 380
86 229
82 010
82 748
78 983
68 938
66 631
57 646

59 731

84 659

91 148
73 847

73 848
86 310

105 867
72 823
56 188

101 000
94 500

71 300
117 000

97 000
94 900
73 800
82 300
66 900
77 200
86 100
87 600
68 900
73 300

65 600
73 200
66 300
69 000
73 000
68 000
65 900
59 600

52 000
60 900

72 500

65 300

70 200
61 500

56 100
52 700
33 500

- 9.3
- 7.6
-34.8
-21 ~ 1

-13.9
- 7.4
-12.2
-12.3
-22.2
-21.8
-13.9

7.5
-10.1
-11. 9

-14.1
-15.1
-19,2
-16. 6
- 7.6

1,4
1.1
3 4

-12. 9

-28. 1

-20. 5

-11. 6

- 4.9
-28.7
-47.0
-27.6
-40.4

87 853
83 916
89 215

104 977

92 101

83 748
76 435

74 905
72 307
74 903
74 128
71 889
66 558

62 646
61 574
64 308
69 005
69 759
69 837
65 886
60 359
54 925
53 887

57 183
59 116

52 750

48 483
50 790

70 159
52 663
51 976

88 800
85 600
85 300
95 400
88 300
81 900
74 800

72 000
69 300
70 500

71 400
71 300
67 800
64 100
61 500
61 900
63 900
66 100
65 700
63 100
60 200
56 700
54 300
54 500
55 500

53 000
51 200
48 600
48 500

45 500
41 600

1.1
2.0

- 4,4
- 9.1
- 4.1
- 2.2
- 2.1
- 3.9
- 4.2
- 5.9
- 3.7

.8
1.9
2.3

.1
- 3.7
- 7.4
- 5.2
- 5.9
- 4.2

3

3.2
.8

- 4.7
6,1

.5
5.6

- 4.3
-30.9
-13.6
-20.0

9 608

5 351

6 897

22 217
6 666

6 296
958

5 488
3 198

ll 533

11 719

9 614
2 375

8 511

4 673

9 929
4 853

4 993
163

-4 584
-2 148
-3 837

163

14 454
15 436

7 510

10 817

25 927

26 203

13 520
566

x = -16.1 4.2

g = 11.4 g= 7.1

where: Q" = simulated daily discharge

daily discharge published by blSC



Table 5. 13

Summary of Monthly Mean and Standard Deviation of theRelative Difference Between Published and Simulated Daily Discharges

Month Port Mann Mission

January
February
March

April
May

June

July
August

September

October
November

December

-25.31
-22.04
-12.95
-15. 26

9. 36

9.52
9. 42

0. 83

5. 51

-11. 18

-10. 19

-16. 11

13. 19

8. 95

6.60

6. 59

3.21

1. 72

0. 83

5. 64

6 '9
4.98

7. 42

11.36

-11.47
7. 67

1 ~ 70

6.70

0. 56

2.06

1 ~ 06

9.45
7. 23

3.42

3 ~ 27

4.17

7. 86

6. 61

3. 69

2.45

2.65
0. 73

0. 52

4. 74

2.63
1. 95

4.25
7.05

Annual .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 August, 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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Table 5.14

Summary of Moderate to Heavy precipitation (inch/day) over the Lower Fraser River Basin

( f rom Meteoro1 og ical Branch, 1968)

Day Jan. Feb. Mar. Apr. May June Jul. Aug. Sep. Oct. Nov. Dec.

10

12 1.38

13 0.68

14

15

16

0.73

1.08

1. 51

0. 57

1. 06

0.77

0.65

0,62

1.69

1,64

0. 61

0. 57

0. 52

1. 00

1.05

0.81

1.00

0.70

17 0.63

18 3.46 1. 96

19 2.24

20 0.58

21

0.52

0. 53

0. 71

0. 95

0.50
22

23

24

25

26

27

28

29

30

31

0. 64

0. 87

0.87

0. 66

0.62

0. 50

0.55

1. 04

0. 58

0.82

0. 50

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

become 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.

5.3 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 (IO) 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);

Calibration of the 1-D model to the 1968 conditions;

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

levels at Port Hammond and Whonock;

Localization 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-running of the model for the periods affected by errors in the water

levels and lateral inflow data.

May:

Computation of the daily mean values 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 bated

priority used and all the rebates granted by CSC. The details of the costs

are given in Table 5.15. Since the project was realized over two differen.-

fiscal years (1984-85 and 1985-86) the Table presents separate values

(March 1985 and April-June 1985). The Table indicates that the 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

I

Description
I March 1985 April-June, 1985 I Sum

Processing charges

Unit record charges

Operator activity charges

Pe rmanent disk file cha rges

Library services

Rental/Sale

$ 1, 645. 87

296.34

522.54

572. 16

67. 12

24.75

4I 196. 07

34.53

15. 50

$ 2, 218.03

363.46

24.75

4,718.61~

34.53

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 ~
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disk files ($4,718.61). Most of the storage on the disk files consist o

TAPE10 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 TAPE10

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 90'4 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 ot $13,795.63). This advantage should also be tyen
into consideration during the realization of any other projects.
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Table 5.16

Estimation of Processing Costs

Description CP per run IO per run
( sec) ( sec)

Total $ before Priority Total after
CM per ru~ $ per run No of runs priority rate rate priority rate
(words 10 ) di scount di scount (I) di scount

Calibration of model 135/day 147/day 37/day $ 23/day 3 days,
3 runs/day

207. 00 207.00

Verification of calibration 135/day 147/day 37/day $ 23/day 44 days,
2 runs/day

2,024.00 90 202.40

1968 simulation 732/week 495/week 246/week $ 135/week 52 weeks, 7,020.00
1 run/week

90 702.00

Correction runs*

Redundant runs+*

732/week

732/week

495/week

495/week

246/week

246/week

$ 135/week 5 weeks,
1 run/week

$ 135/week 27 weeks,
1 run/week

675.00

3,645.00

90 67. 50

364.50

Mean values

Suspended sediment loading
calculation

53/month 238/month

64/month 218/month

14/month

14/month

$ 11/month 12 months,
1 run/month

$ ll/month 12 months,
1 run/month

132.00

132.00

132.00

132.00

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 in 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), errors in

stations, dates or codes identification, and abnormal changes (too r»
'
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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 missing 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 TAPE10 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
File
Name
(PFN)

Identification
(ID)

Cycle
(CY) Type

Maximum
Number

of Days

Aut orna t ii
Interpolation
of n values
Q 199,500 cfs

ONEDEEFRASER

ONEDSMAL

ONEDSMAL

ONEDEEFRASER

LGOSHORT

LGOSMAL

BERNARD

MSJLY81

BMMAR85

BERNARD

BMMAR85

BMMAR85

Source

Source

Source

Compiled

Compiled

Compiled

No

No

Yes

No

Yes
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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 Description

CHECK.NL 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 pro)ect, because additional testing is required.

DATE.68 Data file containing a list 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 daily 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.

Input file of the 1-D model containing the description of the boundaries, the location of the lateral 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 list of the

dates for the year (IPF=DATE.68), and generates a permanent file (PFN=RUNOFF, ID=DIS68) containing the annual record of

daily date and lateral inflow.

FUSION.JCL

INPUTS.TEM

JCL program used to run FUSION program.

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. NEK

JCL program used to run the 1-0 model for a period of 1 day. The date must be specified by the user.

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 in every reach, at the

computational mesh points requested by the user. The program also determines the maximum and minimum IS-minute discharge

for every day, and the corresponding water levels and time of occurrence. The first part of the program includes a short

JCL program needed in order to run the program.



List of Major Indirect Permanent Files (IPF)Avail able on the FRASER83 Library (cont'd)

F Name
Description

NSURVEY Source program that reads the annual records of the 15-minute water levels at Port Mann (PFN=08MH054, ID=WL68), Port
Coquitlam (PFN=08MH035, ID=WL68) and Mission (PFN=OBMH024, ID=WL68) referenced to the gauges datum, and generates the 1-D

model boundary conditions at all three stations relative to the GSC datum for the specific period of time.NSURVEY.LGO

QRUSK IN

Compiled version of NSURVEY program.

Source program that reads the annual record of the hourly hydro-electrical power produced at the Ruskin Power House
(PFN=RUSKIN, ID=DIS68) and generates the 1-D model boundary conditions at Ruskin (hourly discharges) for the specified
period of time.

QRUSKIN.LGO Compiled version of QRUSKIN program.

RUNOFF Source program that reads the annual record of the lateral inflow (PFN=RUNOFF, ID=DIS68) and generates the 1-D model
lateral inflow at every 12 hours for the specified period of time.

RUNOFF.LGO

SEDIM.JCL

SEDIM.PGM

Compiled version of RUNOFF program.

JCL program used to run SEDIM.PGM program.

Source program that computes the daily suspended sediment loadings at Port Mann from both the hourly and the daily river
discharge and concentration, and compares these loadings with the values published by WSC. The program also compares the
simulated daily discharges at Port Mann and Mission with the values published by WSC.



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

N Name
I

ID
Description

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

FRASER10 MONDAYR* Binary coded file containing the simulated discharges and water levels at every computational mesh point and
every time step. This file can be used for plots and for the computation of daily mean values.FRASER17 MONAD YR** 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 initia'I conditions of the
next period to be simulated.

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

FRASERFKANS MON0168~* 'onthly record of the simulated daily discharges and water levels in every reach, at the computational mesh
point requested by the user. These values are formatted according to WSC standards.F RASE ROMAX MON0168*** Monthly record of the maximum and minimum simulated 15-minute discharges for every day, and thecorresponding water levels and time of occurrence.

LGOSHORT

LGOSMAL

BMMAR85

BMMAR85

Compiled version of the 1-D model. The dimensions allow the model to run for a period of up to 2 days.
Compiled version of the modified 1-D model. It includes the automatic interpolation of the Manninng'sroughness 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=l) or compiled (cycle=ill) version of the 1-D model. The dimensions allow the model to run
for a period of up to 7 days.

ONED SMAL BMMAR85 Source version of the modified 1-0 model. It includes the automatic interpolation of the Manning'sroughness 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.



Index of Major Permanent File Names (PFN) - cont'd

PFN Name ID Description

ONEDSMAL

OUTPUT

RUNOFF

RUSKIN

OBMH024

08MH024

08MH035

08MH043

08MH044

08MH054

08MH054

08MH054

MSJLY81

MONDAYR*

DI 568

D I 568

DAILY Q

WL68

WL68

HR1968

HR1968

DAILYQ

DAILYG

FEB68

Source version of the 1-0 model. The dimensions allow the model to run for a period of up to 2 days.

File containing a copy of the print-out of the 1-D model (hydrographs and profiles).

Annual record of daily lateral inflow, including the inflow for December 31, 1967 and January 1, 1969.

Annual record of the hourly hydroelectrical power produced at the Ruskin Power House.

Annual record of daily discharges at Mission, as published by WSC.

Annual record of the 15-minute water levels measured at Mission.

Annual record of the 15-minute water levels measured at Port Coquitlam.

Annual record of the 15-minute water levels measured at Port Hammond.

Annual record of the 15-minute water levels measured at Whonock.

Annual record of daily discharges at Port Mann, as published by WSC.

Annual record of daily suspended sediment loadings at Port Mann, as published by WSC.

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 08MH054, ID=FE868.

* MONDAYR corresponds to the identification of

day of the simulated period; YR = year (68)
** MONADYR corresponds to the identification of

conditions, where: MON = three first letters
*** MON0168 corresponds to the identification of

the period simulated, where: MON = three first letters of the month; DA date of the firs

the period preceeding the simulated period in order to obtain approximate initial
of the month; A() = date of the first day of the simulated period; YR = year (68)

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 NAWE CYCLE OWNER VSN

OUTPUT
F RAS E Rlo
F RAS ER17
FRASERMEANS
RUSK IN
OBMH054
FR AS ER10
OBKK024
RUNOFF
OBMH054
OBMH024
OUTPUT
F RASER10
FRASER17
F RAS ERMEANS
FRASERMEANS
FRASEROMAX
FPASERMEANS
FRASEROMAX
OSMH035
OBMH054
FRASERMEANS
OBMH035
FRASERQMAX
OBMH126
OBMH043
0 SMH044
FPASER17
F RA 5ER17
OUTPUT
FR AS ER10
F RAS ER10
FRAS ER10
FRASERMEANS
FRASER10
FRASEROMAX
F RASER10
F RASER10
F RASER10
F RASER10
F RASER10
F RAS ER10
FRASER17
F RAS ER10
FRASER10
F RAS ER10
FR AS ER10
F RAS ER10
F RAS ER10
F RAS ER10
F RAS ER10
FRASER10
FRASER10

eee
1

1

1

F E 91968
FE 91968
FE91968
DEC0168

DI568
WLes

AUG12eE
WL68

DI 569
FEB68

WLB3
JUL2268
JUL2268
JUL2268
JUL0168
FE 90168
F E soles
J AN0168
JAN0169

WLB3
wLes

JAN0169
W Les

J AN0168
WLS3

HR 1968
HR1968

FES0568
FE91268
FE 91269
AUG19es
AUG26es
OC T2169
MOND AVR

SEP0269
MDNDAYP
SEP0969
OCT2869
N'3V0469
SEP1668
NDV1169
JAN2268
JAN2968
FE92668
NOV1868
MAR0468
5EP2369
MAR1168
SEP3069
DEC3169
MA~176e
DECO968
MA~1869

E24206
E2420e
E24206
E2420e
E24206
E24206
E?4206
E242C6
E242Cb
E242oe
E24206
E24206
E2420e
E24206
E24206
E24206
E24206
E2420e
E24206
E24206
E24206
E24206
E24206
E 24206
E24206
E24206
E24206
EZ4206
E24?06
E24206
E?4206
E24?06
E24206
E?4ZGb
F?4206
E2420e
E242Cb
E24206
E2420b
E24206
E24206
E24206
E24206
E24206
E24206
E2420e
E24206
E24206
E24206
E24206
E24206
E242C'6
E24206
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PERMANENT FILE NAME CYCLE CANER

DNEDEEFRASER
F RASER10
F RASER10
DNEDEEFRA5ER
F RASER10
FRASER10
FRASER10
F RAS ER10
F RA 5 ER10
F RAS ER10
FRA5ERMEANS
F RAS ER10
FRASEROMAX
F RA5 ERMEAN 5

FRASERQMAX
F RAS ER10
FRAS ER10
F RAS ER10
F P.A5 ER10
F RAS ER10
OUTPUT
FRAS ER10
F RAS ER MEANS
F RA5 ER1Q
FRASERQMAX
FRl5ERMEAN5
FRASEROMAX
FRA5ERMEANS
F RAS ER10
F RASER1Q
F RA5ERlQ
F R AS ER10
F RAS ER10
F R-'5 ER 10
FRASERQMAX
F RASER10
F RAS ER10
FRASERMEAN5
F RASER10
F RAS ERQMAX
FRA5ER1Q
F RAS ER10
FRASER1Q
FRASER10
F RASER10
F RASER17
F RAS ERQMAX
F RAS ER10
F RAS ER10
FRASERMEANS
CRASERQMAX
L GCI5 HOR T

1

1

11

1

11
1

111

BERN A&D

OEC02e9
MAR2568
BERNARD
OCTC768
APR0168
Nt3V2568
APR0968
AP&1568
CIC T14 6 9

A&~0169
FE91269
hP R0169
FE Bole9
F E 90168
A~R2269
DEc1668
OEC2368
OEC30eB
APR2Q69
FEB0568
WAY0668
MCINDAYR

MAY1368
MOWDAYR

DECO168
DECO169
NOVO468
MAY2068
MAY2768
JUL0168
JUN0369
JANO969
JAN0768
NDV0469
J AN1569
JUN1068
MDNDAYR
JANO169
MDNOAVP
MAY2969
JAN0468
J IJN1 7 68
JUN2469
JUL0968
JUL1569
JULOle8
JUL2968
AUG0568
JUNO16 9

JUNC169
RMMAR95
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PERMANENT FILE NAME
CYCLE PINER VSN

F RAS ERl EAN 5

F RAS ERQMAX
FRASERMEA%5
FRA5ERMLAN5
FRASERQMAX
FRASERQMAX
FRASERMEANS
FPA5ERQMAX
FRA5ER,MEANS
FRA~ERQYAX
F RASER10
~USK IN
LGPSMAL
PNEDSMAL
OUTPUT
F RASEP10
R USK IN
FRASFRMEANS
FRASERQNAX
F RAS ER17
"UTP UT
FRA5ER10

PCT0168
OC T0168
MAR0168
SF P0168
MAR0168
SE P0168
AUG0168
AUG0168
JUL0168
JUL0168
FF 80568

01583
BY" AP85
YS JLY81
JAN2968
JAN2968

01568
JAN0168
JAN0168
JUL0868
JUL1568
JUL 1568

E24207
E24207
E24207
E24207
E24207
E24207
E24207
E24207
E242C7
E242C7
E24207
tCWCLi&
E24207
E24207
F24207
E24207
E24207
E24207
E24207
F24207
E24207
F 24207
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Listing of Computer Programs
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FUSION.JCL Program
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I'JO&CN100000iT150 ~ P2 ~ FUSIOH-JCL
A C C 0 UH T ~ 2 2 5 5 b e

CONNEHT ~ eeeee ~ ~ ~ eeee ~ ~ ~ ~ ~ ~ ~ e ~ e ~ e ~ e ~ ~ ee ~ eeeeeee ~ ~ eeee ~ ~ eeee ~ eeee

COee EHT ~ ~ THIS JCL RUNS PROGR Ah F US I OH. IT NER GE 3 THE DATE ~

CONNEHT ~ e F IL E V 1TH THE DAILY RUNOFF FILEe TO CRElTE ONLT

CON IENT ~ e FILE ~

e

CQNNENT ~ eeeeee ~ ~ ~ ~ e ~ ~ ~ ee ~ ~ ~ ee ~ e ~ ~ ee ~ ~ e ~ ~ eeee ~ ~ ~ ~ ~ eeeee ~ e ~ ~ e ~ ~ ~ ~

IUSEeFRASER83pFRASER83 ~ FklSER83 ~

IGET i TAPE5+DATE ~ b8 ~

I GET e Tl ~ E55 ~ DEBIT ~ 88 ~

I GET e PGN ~ FUSION ~

REDUESTe TAPE98, ~ PF ~

F TH( L ~ Oe I ~ PGP) ~

LGO ~

CATALDGiTAPE98iRUHOFFi ID ~ DISBB ~ RP ~ 999 ~

REWIND TlPE98
CQPTSBFn TAPE98iOUTPUT ~

00 01 00
000110
000120
000130
0001%0
000150
0001 b0
000170
000180
000190
000200
000210
000220
000230
000240
000250
000280



FUSION Program
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PR06RAt( FUS ION( IHPUT ~ OUT ~ UTt TA ~ EO ~ t TAPE 5t TA ~ j55)
KOiOR
K IHI ~ 5
K IH2 ~ 55
JDAY ~ jbj
IYEAR ~ IYR/4
IYEAR ~ IYEAR+4
IF(IYEAR.E0. IYR) JDAY jbb
KDAY ~ JDAY+2
DO 10 I 1,KDAY
READ(KIH1 ~ 5) lYRe HOHDA
READ(KIH2 ~ b) 0
VRI TE ('(Ot 7) IYRt ((OHDAt 0

10 COHTIHUE
5 FOR HAT(12t l4)
b FORttAT( F10 0)
7 FORHAT(4Xt12t14tFIOeO)

STOP
EHD
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JCL. DAY Program
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Ii& 1 0 ~ CNZOODDQi T250 ~

ACCOUNT 22558
CQN&&ENY ~ ~ t ~ ~ e ~ ~ ~ ~ ~ & ~

COrNENT ~ 6
CPNNENT ~ e
CQNNEHT ~ +

CQNNENT ~ ~
CQNNENT ~ ~

CONNEHT ~ +

CQKNENT ~ 6
CQNNENT ~ ~

CQNNENT ~ ~
CnrNENT. ~
CQHN ENT ~ 4 ~ 4 ~ 1& ~ ~ &It ~

)USE&FRASER83& FRASER
IGETiLGQ1 HSURVEY ~ LG
lTTACHi TAPE91& 08NH05
ATTlCH& TAPE92i06KH03
ATTACH& TAPE93i08KHDZ
COPY 8R & INPUT & L INPUT ~

RE VINO L INPUT ~

LG01 (L INPUT),
REVIHQ L INPUT&
UNLOAD LGQ ~

IGET &LGQ2 ~ ORUSK IH ~ LG
ATTACH& TAPE9C&RUSKIN
LGQ2 (L INPUT ) ~

Rf VIHD LIH ~ UT&
UHLQ AD LGQ ~

IGETiLGQ3 ~ RUNOFF ~ LGO
ATTACH& TAPf98&RUNOFF
LGQ3(LIHPUT) ~

REVIHD(TAPE2biTAPE35
UHLQ AD LGQ ~

I GET iF R AHE ~

IGf 7 ~ HALF ~ IHPUT5,TEK
rSUEQIT,
lTTACH&LGQ&LGQSHQRT&
CQPYBRiHALF& TAPE5 ~

COPY 6Fi FRA" I& TAPES ~

REVIHD&TAPE5 ~

ATTACH& T4PE18& FRASER
UHL JAO( TAP E12) ~

REDUEST& TAPE17&RPF ~

REQUEST& TAPE IO&+PF
LGQ ~

REMI HQ& TAPEIQ ~

REMIND& TAPE17,
ClTCYC& TAP E17i FRASER
CATC YC i TAPE10& F RASEA

PZ ~ JCL-QAY

~ I ~ ~ ~ ~ 4 ~ P ~ ~ P ~ ~ to ~ ~ Pi ~ ~ 4 ~ ~ ~ Pre

~ &040 ~ ~ t ~ e& ~ & ~ 1 ~ ~ 00 ~ ~ ~ ~ ~ ~ ~ t ~

83&FRASERR3&
0 ~

4& 10 ~ VLbb ~

5& ID ~ VLb6 ~

4 & IO ~ VLbb &

Q ~

i ID ~ OISbb ~

~ IO ~ DISb6 ~

i TAPE24& TAPE11& TAPE12) ~

I 0 ~ br Nik 8 5 i NR ~ 1 ~

17& 10 ~ NQHAQYR ~

17 i ID ~ NQHDAYRi R P ~ 10i KP ~ 1 ~

1 0& ID ~ NQHD AYR i R P ~ 10& KP ~ 1 ~

YRNQQA
001

LENGTH 60 ~

EDIT&FRAHEiFR&
INSERT& TlPE12&
INSERT&TAPE28&
IHSE RT& TAPE 35i
IHSE RT& TlP f 24&
IHSERTi TAPE11i
/RUN I ~ /rQNQAYR
/ITE / ~ /098/ PA
/I TD I~/030/ ZO

100ibY ~ 100 'T&310i 6Yi 1 ~

ATi510& bYil ~

AT& 810 ~ 6Yi 1 ~

AT i 181 0 i bYi 1 ~

AT& 2 010 i 6 Yi 1 ~

I 400 ~

00 '

k 4 5 E k N 0 0 E L

THIS JCL IS PREP4RED TO RUH 1 04Y VIT
USING DATA FkON ANNU4L kECQRDS ~ THE
THE FOLL QVING STATf rEHTS &

/YRKQOAI bY THE bEGINNIHG OF THE
IHQHDAYRI bY THE 6EGINNING OF. THE
INQNADYR/ ~ Y THE STAkTING DAY OF

RIOD ~

4 ~ 0&& ~ P ~ ~ PO ~ i ~ ~ 00 ~ 4

H THf 1 D NODf Li ~

USER RUST NODIF Y ~

REQUESTED PERIOD ~

REQUESTED PERIOD
THE PRECEEOING Pf

9
PP44 ~ ~ ~ I~ P ~ 4 ~ i ~ ~ ~ ~ ~ ~

0001 00
000110
000120
000130
0001%0
0001 50
000180
000170
000160
000190
000200
000210
000220
000230
000240
000250
OOOZ60
000270
000260
000290
000300
000310
000320
000330
000340
000350
000340
0003 70
000360
0003 90
000400
000410
0004 20
000430
000%40
000%50
000480
000470
OOQII60
000490
000500
000510
000520
0005 30
000540
000550
000580
000570
000560
000590

000810
000820

000840
000850
000880
000870
000860
000890
000700
000710
000720
0007 30
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SEVE t&, INES+'S ~

EDIT eHIL f e F I r IOOi 3 7 ~ 100 ~

/ITE I ~ /00bI 300 ~

I TDT INE I ~ I 0blOOI 300 ~

SLY E ~ HIE &e HS o

J J
0007( 0
000770
000700
000700
000800
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JCL.WEK Program
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e ~ ~ e ~ ~ ee ~ eeee ~ e ~ eeeeee ~ ee
e

1 TH THE I~D hODE L ~ e
USER RUST NOD IF Y e

e
Re QUe e TED ER IOO ~

E REQUESTED PERIOD I'HE

PRECEEDING Pf e

ST DkY OF THE

e ~ eeee ~ ~ ee ~ eeee ~ e ~ ~ 4

F R A 5 E R h 0 D E L

THIS JCL IS PRE ~ ARED TO RUH 7 DAYS V

USING DATk FROS l'NHUlL Rf CORDS ~ THE

THE FOLLQVIHG STATENENTSI
/YRSQDl/ bY THf BEGIHHIHC QF THE

/NQHDAYR/ BY THE BEGINNING OF TH

/NQNADYR/ BY THE STARTIHG DAY OF

RIQD ~

/NQHNDYR/ BY THE DATE OF THE FIR
NEXT PERIODS

NR ~ 1,

~ OR ~ INFINITE ~

~ 1»
10

'RNQQA

007

ICPJQ&CSZBOQQD& T1500&STVDJ ~ JC IIEK

ACCOUNT& 22556
COssfHT ~ eeeee ~ ee ~ eeeeeeeeeeeeeeee ~ ~ ~ eeeeee
CONSENT ~ e
CONNENT ~ ~

CQssfHT ~ 4
CQNPIENT ~ ~

CONNEHT ~ e
COshfHT,e
CQHNENT ~ 4

COSSEHT ~ e
CONNEHT»e
CQssfHT ~ 4
CQNHEHT ~ e
CQssEHT ~ 4
COHHEHT.eeeeee ~ eeee ~ eeeeeee ~ ~ eee ~ eeeeeeeee
IUSE&FPASER83& FRASER83tFRASER83 ~

I GET&LGQ1»NSURVEY ~ LGQ ~

4 1 Tl C»( ~ T APE 91& OBHH054& ID»VLBB ~

lTTACV& TkPE92 ~ QBSH035& ID»VL68 ~

ATTkCHt TAPE93&QBHHQ24& ID ~ VLbb ~

C CPY BR ~ INPUT ~ L INPUT ~

R E V I HD L IH PUT»
LGQ1 (L INPUT) ~

RE VIHD L INPUT ~

UNLOAD LCQ»
IGET&LGQ2 ~ QRUSKIH ~ LGQ ~

ATTACH&TAPE96 ~ RUSKIH ID'IS68 ~
LGQ2(LIHPUT) ~

REVIND LIHPUT
UNLOAD L60 ~

ICET L 603 RUHCFF ~ L6D ~

ATTACH& TAP E98t RUNOFF& ID ~ DIS68»
LGQ3 (L INPUT) ~

REVIND(TA( E2bp TAPE35t Tll'E24t TAPE11& TAPE12)
UNL0 AD L 60 ~

ICET&FRANE ~

IGET&HALF»INPUTS TEN ~
HSUEDIT»
~ EQUESTp TAPE10p ~ PF ~

REQUESTp TAPE17&ePF ~

REQUEST& TAPE18 ePF ~

ATTlCH (.GQ QHEDEEFRASER ID ~ bERHARD ~ CY 111 ~

COPY BR & HALF ~ TA PE 5 ~

CQPYBF& FRlSE&TkPE5 ~

RE VI HD& Tll'E 5 ~

kTTACHp TAP Elbp FRAS ER17p ID ~ NQNADYR ~

UHLQAD(TAPE12)»
L60( TAP E 5) ~

REVIHD& OUTPUT ~

CQPYbF& OUTPUT& Tll EIbt 9999 ~

CATCYC TA)'Elb OUTPUT ID ~ NQNDAYR&KP 1&RP 10
REVIND& OUTPUT ~

DI SP QSE & OUT I'UT»
CATC YC t TAPE 10t FR ASER10p ID ~ NQHDkYRt R P ~ 10& KP

CATCYC&TA( E17&FRlSER17pID»NOHDAYR&KP ~ 1&RP ~

IGETpNEXT ~ NQHHDYR ~ JCL ~

SUbhITp NEXT»
EXIT(S) ~

DHP ~

000» QC

O00110
0001 ZQ
000130
000140
000150
0001 60
00017D
000180
000190
000200
000210
000220
000230
0002 40
000250
000260
000270
00028Q
OQOZ 90
000300
000310
000320
000330
000340
000350
000360
000370
000380
000390
00040D
000410
000420
000430
000440
000450
000460
0004 70
0004 80
000490
000500
000510
000520
000530
000540
000550
000560
000570
000580
000590
000600
000$ 1D
000620
0006 30
000640
000650
000bbQ
000670
000680
000690

000710
000720
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i F,.-T~ GG„
f 0 I T e F R 4 HE e F 8 e 100 ~ 8Y ~ 10D ~

TN5E RTe TRP fl2e RT ~ 810e bYe le
IHSE RTe TRPE28e RTe810 ~ BY ~ 1 ~

IH5ERTeTRPESSe JTe810ebYel ~

lNSE RTe TAPE24e JTe 1810ebY& 1 ~

IHSE RTe TRP Elle JTe 2010e bYe 1 ~

IRUHI ~ IHONORYR I 400 ~

/ITE /& I 872/ +8 ~

/I TO I ~ /174/ 2000 ~

I IL I ~ /018/ 800 ~

L Rb ~

5 RYE ~ F RRNE e NS ~

EDIT HRLFe FR 100,8Y ~ 100 ~

I TTE I ~ /672/ 800 ~

I TOT IHE I ~ I804800/ 500 ~

54VEeHLLFeHSe

GO 's 'iO

Dooi80
000780
000770
0007 80
000780
000800
000810
000820
000880
000840
000880
000880
000870
0008 80
000890
000800
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RESURVEY Program
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10

0 ~ ~ ~ Ol ~ ~ P ~

THIS PRDGRLIS RELDS 15 NIHU'TES VlTER LEVELS (REFERENCED TO
6AUGf DJTUIS) FROIS THE JHHUAL RECORDS AT ~ ORT hlHH (TAPE 01) p

PQRT CQQUITLLN (TAPE92) LNO NISSIQH (Tl ~ E03)s AHD VRITES
THE 15 ISIHUTES VlTER LEVE LS ( RE FERE NCED TQ 6 ~ S eC ~ DAY UN)
FOR THE REQUESTED DaTES OH TAPEZB (PORT NAHN)t
TAPE35 (PORT COQUITLAN) AHD TAPEZJ (hISSION) ~

THE COsSVERSIOH FROH GAUGE OATUN TO 6 ~ S.C. DJTUh IS DONE bY
Ts(f USE QF THE CQEFF ICIEHT "ADJUST'HICH IS JDDE 0 TQ
THE DATk READ FRQN THE ANNULL RECORDS ~ THE USER NUST CHANG\
THESE VALUES IF NECESSARY ~

15
LHNUAL RE ORD

08SSHI28( DBNH05J) TAPE01
Dbsss(03 5 TAPE02
OSNH020 TAPE03

ADJUST
-bo54

be 5ss
0 ~ 24

REQUESTED PERIOD DJTA
TLPE28
TJPE35
TAPEZA

20

25

THE FOL LOVING VALUES lR E kSSUISED I

-NUhbf R OF DAIL Pf R ClRD ~ 8
s(UNBER OF CARDS ~ ER DlY PER STATION ~ 1Z

THE FOLLQVING VLLUES RUST bf DEFINED BY THE USERs
Tssf START IH6 DATE S YfaR/HOHTH/DaY
THE HUNBER QF DJYS TO BE RE JD

30

35

40

50

400 ~ P ~ ~ ~ OJ
PROGRlh NSURVEY(IHPUTs OUTPUTS Tl ~ E5 ~ IHPUTs TJPE(s ~ OUTPUTs

+TJS E2 br Tl I'E 35s TLP EZJs TAP f43 s TLPEA J ~ Tk PE 91 s T A PE 92s TA PE 93r
~ TJPE9sssTJPE05)

DIhiHSIOH DATAX(8)
C

C +++++ READ Tkf REQUESTED PERIOD(IHITIlL DATE ~ Hb ~ OF DlYS)
C

READ(5s 1) IYRs NQMDA

I FOR NlT( IZs 10)
READ(5s2) HOAYS

2 FORNAT( I3)
LYR ~ IYR
L NQHDl ~ ISOHDA
IF (HDAYS ~ EQ ~ 1) GOTO 75
NDJYS ~ MClYS 1
IFEBDY ~ 0228
I YEAR ~ I YR /ss
I YEAR ~ I YEAR +0
IF(IYR ~ EQe IYEAR) IFEBOY&0229

C

C +' +~~ DETERNIHE THE LAST DAY'S DATE OF THE REQUESTED
C PE'RIQD ~ SPECI JL CARES NUST BE TAKEN FQR THE
C TRAHSITIOH bETVEEH TVO NOHtHS ~

C

DO 70 I ~ 1 ~ hOAYS
IF(LNQNDA ~ Hf ~ 0131) 6OTO 10
L IIOHD l ~ 0201
GOTO 70

10 IF(LIIOHO J ~ HE a IF EBDY) GOTO 15
. LhONDA ~ 0301
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bo

70

80

90

15

20

25

30

35

40

A5

50

55

bo

85
70
75

GOTO 70
If(LHOHDA ~ HE ~ 0331)
LNOHDA ~ OA01
GOTO 70
IF (LNOHDA ~ NE ~ 0430)
LHOHDA F 0501
GOTO 70
If(LNQHDA.NET 0531)
L HOHD A~ObQI
GOTO 70
If(LHOHDA ~ HE ~ 0830)
L HOHD i ~ 0701
GOTO 70
If (LNDHDA ~ HE ~ 0731)
LNONDA ~ 0801
6QTO 70
If (LNOHDl ~ HE ~ 08311
L HONDA ~ 0901
GOTO 70
IF (L HONDA ~ HE ~ 0930)
LNOHQA ~ 1001
GOTO 70
If (LHQHDA ~ HE ~ 1031)
L HONDA ~ 1101
GOTO 70
If(LHDHDAoHE 1130)
LNQHDA ~ 1201
GOTO 70
IF(LNQHDA ~ HEal231)
L HOHD l ~ 0101
LYR ~ LYR+1
GOTO 70
(, NOH D l ~ L NQHD I+I
C ON TI HUE
HCARDS ~ HDAYSR12

GOTO 20

GOTO 25

GOTD 30

GOTO 35

GOTD 40

6070 45

GOTO 50

GOTO 55

GOTO 80

GOTO 85

100

105

110

C 4+ ~ ff SET FILES FOR THE FIRST STATION

C

KING 91
KO ~ 2t

C

C ~ i+Ri ADJUSTHEHT FACTOR TO CONVERT HATER LEVELS TO GeS ~ Co

C

ADJUSTS 

-8a54
C

C ' ++if LOCATE THE STARTIH6 POSITION IN THE ANNUAL

C RECORD FILE ~

C

100 RElQ(KING 3) KYRyKNOHOA

3 FORHAT(8Xt12e14)
If(EQF(KIN) ~ NE ~ 0) 60 TO 355
IF(KYR ~ E0 ~ IYR ~ AND ~ KNONDA ~ E0 HONDA) GOTO 110
GOTD 100

110 8ACKSPACE KIH
C

C 044 ~ f VHEN THE STlRTING POSITION IS DETERNIHEOs READ

C DATA AND CREATE THE OUTPUT FILE ~
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115

120

1t5

130

135

140

145

DO 300 I ~ li HCAROS
READ(KIHnl) ITYPEySTAiNOp JYR«JhONDA ~ KCARDRDATAX
00 200 J ~ lo8
DATAX( J ) «DATAX( J )+AD JUST

200 CON TIHUE
VXI TE (KOe A ) ITYPEr STAp NO«JYR«JhONDA«KCARDi DATAX

A FORHAT(IlilfpItoIZ ~ Il ~ It«RFR ~ 21
300 CONTINUE

C

C +R ~ ~ ~ CHECK IF THE "LlST DATE RElD«CORRESPONDS TO

C THE DATE OF THE «LAST DAY REQUE STED" ~

C

IF(L&5NDA.EO.JHONDA.ANO,LYR ~ EO.JYR.AHO.KCARD,EQ,IZ) 6OTO 310
VRITE(bi5) STAi NO

5 FORHAT(/n 5Xi "HISSIN6 DlTA AT STATIOH «rl5 ~ Its/)
C

C + ~ ' «SET FILES FOR THE NEXT STATION
C

310 IF (K IheHE ~ 01) 6OTO 330
K IN ~ ()2
KO ~ 35
ADJUST«-defi
6OTO 100

330 IF (KIN. NE. 02 ) 6OTO 355
KIN ~ 63
KO ~ Za
ADJUST«DIZA
6OTO 100

355 STOP
END
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QRUSKIN Program
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10

20

30

40

50

THE FOLLOVIHG VALUES RUST bE DEFINED SY THE USERS
THE START IHG DATE I YEAR/NOHTH/DAY
THE HUNBER OF DAYS TO BE READ

C PRRP ~ RElD THE REQUESTED PERIOD(IHITIlL OATEi NS ~ OF DAYS)
C

RElD(5i 1) IYR&IIOHDA
1 FORNAT(12'A)

READ(5p2) HDAYS
2 FOR HAT( I3)

LYR ~ I YR

LNOKDA ~ HONDA
IF(HDAYS ~ EOol) COTO 75
NDAYS ~ HDAYS 1
IFEBDY ~ 022S
IYEAR ~ IYR/i
IYElR ~ IYEAR ~ A

IF(IYR ~ EO ~ IYEAR) IFEBDY ~ 0229
C

C ++&++ DETERIIINE THE LAST DAY'S DATE OF THE REQUESTED
C PERIOD ~ SPECllL CARES NUST SE TlKEH FOR 7HE
C TRANSITION bETVEEH TVO NOHTHS ~

C

DO 70 I ~ I i NDAYS
IF(LNONDl.HE ~ 0131) GOTO 10
LNOHDA ~ 0201
GOTO 70

10 IF(LNOHDA ~ HE ~ IFEBOY) COTO 15
LNOHDA ~ 0301
GOTO 70

15 IF(LNOHDA

FANE

~ 0331) COTO 20
L NOH 0 AOOA 01
GOTO 70

20 IF (LNOHDA ~ NE ~ 0%30) GOTO 25
LNOHDA&0501
GOTO 70

25 IF (L NOHDl ONE e0531) COTO 30
LNOHOA ~ OS01

~ P ~ ~ P ~ 0 ~ ~ P

C THIS PR OCR AN READS THE ANNUAL RECORD OF THE HOURLY HYDR OELECTRICAL
C PRODUCTION AT THE RUSKIN POVER HOUSE (Tl ~ EQS) AND VRITES THE
C CORRESPOHDINC HOURLY DISCHARGES FOR THE DATES REQUESTED SY THE
C IJSER ON TAPE11 ~

C

C IH ORDER TO RUH PROPERLY'HE PROCRAN REQUIRES THAT THE lNNUlL
C RECORD ALSO IHCLUDESTHE LAST CARD OF THE DAY PRECEEDINC THE
C FIRST OF JANUARY'

C THE FOLLOVIHG VALUES ARE ASSUNCOI
C NUNSER OF DATA PER CAROLER
C HUIIBER OF CARDS PER DAY PER STATION ~ l
C

C

C

C

C

C ~ PO ~ 4 ~ ~ ~ ~ P

PROGRAN QRUSKIH(INPUT&OUTPUTiTlPE5 ~ INPUTS TAPES ~ OUTPUTi
~ TAPE11 ~ TAPE96)

DINEHSIOH DATAX(6)
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60

70

bc

30

35

60

45

50

55

60

65
70
75

GOTO 70
IF ( L IIOND l ~ NE
LNONDA ~ 0701
GOTO 70
I f ( L HONDA ~ NE
LNONDAo0801
GOTO 70
If (L NOHDl ~ NE
LNOHDA ~ 0601
COTO TD
I F ( L)IONDA ~ HE
L N JHD A ~ 1001
GOTO 70
IF (L HONDA ~ NE
LNOHDA ~ 1101
GOTO 70
IF(LPOHDA ~ HE

L HONDA ~ 1201
GOTO 70
IF(LIIOHDAsNE
L )ION 0 A ~ 0101
L YR ~ L YR+1
GOTO 70
L NON 0 l ~ L II OH D

CONTINUE
NCAF DS ~ NDAYS
KIN ~ 06
KO ~ 11
DELTA ~ -De I

F 0630) COTO 35

~ 0731) COTO 60

~ Ob'bl) COTO 45

~ 0030) COTO 50

a1031) GOTO 55

~ 1130) COTO 60

~ 1231) GOTO d5

AFI

~ A +

C

C +4400 LOCATE THE STARTING POSITION IH THE ANNUAL

CO
C

C

100
3

110

RECORD FILE ~

RElD 
( KIHn 3) KYR FKI(OHDA

FOR

HAT (

bXi 12F lh )

IF ( EOF ( KIN) ~ NE ~ 0) CO TO 355
IF (KYR ~ ED ~ I YR olHD ~ KI(ONDA ~ I De NONDA ) COTO 110
GOTO 100
blCKSPACE KIN
blCKSPACE KIN

100

C

0 ei0It 1(HEN THE STARTIHG POSITIOH IS DETERHIHEDF READ
C OlTA AND CREATE THE OUTPUT FILE ~

C

105

110

200

A

300
C

DO 300 I ~ liNCARDS
READ(KIH ~ i) ITYPEiSTAeNOi JYRt JHOHDAsKCARD ~ DATAX
DO 200 J ~ 1 ~ 6
DAT A X ( J ) ~ -1000 ~ +DATA X( J ) /b ~

IF ( DATAX( J ) ~ CE ~ DELTA ) DATAX(J ) ~ -50 ~

CONTINUE

@RITE (KDP

i) ITYPEs STAiHOi JYRp JI(DHDAF KCARDF DATAX

FOR HAT( Ill A5& I Zi I Zt Ikn IZF dF10 ~ 0)
CONTINUE

C 4 FFF CHECK If THE ~LAST DATE READi CORRESPONDS TO

C THE DATE OF THE "LAST DAY REOUESTED ~

C
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IF(L&OHDA ~ EO ~ JIIOKDA,AND,LYR ~ EO,JYR ~ ANO.RSARO,EO.R) COTO SSS
VRITfldiS) STApHOFORhiT( li SXp ~hI SSIHC DATA AT STAT IOII ~n AS ~ If tlatSSS STOP
ENO
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RUNOFF Program
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10

20

~ ~ ~ ~ ~ ~

THI S PR OGRLN READS NEAH LATERAL Ihf LOVS f RON ANNUAL
RECORDS (TL ~ EOb) AND VkITE THE REQUESTED PE ~ 100 ON TlPE12
THE DAILY NEAH LATERAL INFLOV READ PRON THE ANNUAL kECOkD
IS ASSUNED TO COR ~ ESPOHD TO THE DISCHARGE AT NOON TINE ~

THIS PRQGRAN CONPUTES VLLUES FOR EACH 12 HR OF THE TOTAL
~ ER IOD ~

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C A ~ iP

THE FORNLT Of THE ANNUAL RECORD IS A NOH-STlNDARD f 0 ~ hLT SINCE
THE F IL E VAS CREA TED bY THE USEk ~ THE FQRhlT ADQ('TED IS(

-YEARt NONTH AHD DAYn DISCHARGE (AX&12i IAnf10 ~ 0)
ONLY OHE DAY PER CARD ~

THE ~ EDUESTED PERIOD IS SPECIFIED IH THE JCL(
-THE STARTIHG DATE (YEAR/NQNTHIDLY)

THE HUNRER OF DAYS REQUESTED (I3 FQRNLT)

~ ~ P ~ P ~

PRQGRLN RUHQFf( INPUT@OUT ~ UTiTAPE5 ~ INPUTiTAPEA ~ QUTPUTt
TAPE12s TLPEPB)

TO VQRN PROPERLY THE PROGRlh REQUIRES THAT THE lHHUAL RECORD
ALSO INCLUDES THE DlILY NELH LATERAL IHFLOV OF THE DAY PRECEED[HG
THE FIRST OF JANUARY@ AHD THE DAY FQLLQVIHG THE 31ST OF DECEhbER

25 C

OP ~ ~

C

~ READ THE REQUESTED ~ ERIOD(INITIAL DATE& Nb. OF DAYS)

30

AQ

READ( Si 1) IYRihQNDl
FORPAT( I2i14)
READ(5t2) NDAYS
FORNLT(13)
L Y R ~ 'I 'Y R

LHQHDA ~ NOHDA
IFEBDY ~ 022k
I YEAR ~ I YR /A
IYElR ~ IYEAR+A
IF ( IYR ~ ED ~ I YEAR ) IFE ROY ~ 022()

C

C ~ P~i+ DE7ERhIHE THE LlST DAY'S DATE OF THE REQUESTED
C PERIOD SPECIAL CARES NUST bE TAKEN FOR THE
C TRANS IT ION bETVEEH TVQ hOHTHS ~

C

45

50

10

20

DO 70 Ile NDAYS
If (LNCNDA.HE,0131) GOTO 10
LNQHDA ~ 0201
GOTO 70
If(LNQHDA ~ NE ~ IFEBDY) GOTO 15
LNOHDL ~ 0301
GOTO 70
If (LNQHDl ~ HE ~ 0331) GOTO 20
LPQHDA ~ DA01
GOTO 70
IF(LNONDA ~ HE ~ 0430) GOTO 25
LNQNDA ~ 0501
GOTO 70
If(LNOHDL HE ~ 0531) GOTO 30
LNQNDA*OAOI
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60

65

70

75

80

30

35

40

45

50

55

60

65
70
75

GOTO 70
If(LHOHDA ~ NE ~ 0430)
LHONDle0701
GOTO 70

OHhi HE 0731 )
LHOHDA ~ Db01
GOTO 70
If(LHDHDA ~ NET 0631)
LHOHD l ~ 0001
GOTO 70
IF ( LHOHDA ~ HE ~ 0930)
LHOHD ie1001
GOTO 70
IF (LHOHDA ~ NE e1031)
L HOHD 4 ~ 1101
GOTO 70
IF (LHOHDA ~ NE ~ 1130)
LHOHDA ~ 1201
GOTO 70
IF ( L HONDA ~ HE e1231 )

LHOHDA ~ 0101
LYR eL YR+1
GOTO 70
LHDHDl LHOHDlf1
CONTINUE
KIH ~ Qb
KOe12

COTO 35

COTh CQ

COTO 65

GOTO 50

COTO 55

GOTO 60

GOTO 65

QD

100

105

110

C

o ~ eff LOCATE THE STARTIHG POSITION IH THE ANNUAL

C RECORD FILE ~

C

100 READ(KINe 3) JYRe JHONOAe 0
3 FORWAT(AXe IZeIAeflb ~ 0)

If(EOF(KIH) ~ NEeD) CO TO 355
IF(JYR ~ EQ ~ IYR ~ AHD ~ JHOHDA ~ EQ ~ HOHDA) CDTO 110
QD ~ Q

CDTO 100
110 QSTART ~ 0

C

C ff+4f VHEH THE $ TARTING ~ 0$ ITIOH IS DETERHINEDe READ

C DATA AND CREATE THE OUTPUT FILE ~

C

TSUH ~ De
QHORN ~ 0 'k(00+QSTART)
VRI TE (KOe 5) TSUHi QHORN

01 ~ OSTART
FORHAT(2FIO ~ 0)
00 300 I el'DkYS
REkD(KIH 3) JYRe J)(OHDle 03
02 ' 'f(Qlt03)
TSL)H ~ TSUH+43200 ~

VRI TE (KOe 5) TSUKe Ql
TSUH ~ TSUH+%3200 ~

VRITE (KOA 5) TSUHe 02
01 F 03

300 COHTINUE
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C ~ oi+o CvECR IF THE LAST DATE READ CORRESPONDS TO
C TNE DATE OF THE ~LAST DAY REQUESTED ~

C

IF ( LNONDA ~ t 0 ~ JF)OHDA ~ AND ~ LYR ~ I 0 ~ JY R ) COTO 35 5
VRITE (bib)

b FORRAT) /i5XiwhISS INC DATA ~l)
355 STOP

END
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FRASER RIVER
1
1

20
1

4
5
6
7
8
0

10
11
]Z
13
14
15
ld
17
18
10
20

REACH 30
30

8
0 ~

2
3 ~ 000

-1 ~ 5 00
0 ~ 000
1« 500
3«000
4« 500
F 000
1325«

2
-F 000

1 ~ 500
0«000
1«500
3«000
4 ~ 500
6«000
2401«

2
-3 e 000
-l«500

0«000
1« 500
3«000

500
6 ~ 000
3420 ~

t
3«000

-1« 500
Oe 000
1 ~ 500
3 ~ 000
4 ~ foo

IIQOEL C

2
ITE

16
30
31
32
33
40
41
42
43
44
45
4b
47
48
40
50
fl
52
53
54
55

FRASER
I

1372 ~

1443.
1455«
1452 ~

145 8 ~

1474.
148O.

1670,
1703.
1713 ~

]7]9«
1725«
1731«
1737 ~

t053 ~

2083 ~
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1635»
ld30 ~

1644 ~

ldlb ~

TO ERAS

7408 e

Oe
Oa 000

346

'40

~

353
'5da

360 ~

361

'dO

~

0 ~ 000

76'00»

815 ~

832»
864 ~

874 ~

683 ~

0»000

608 ~

700»
010 ~

072 ~

076»
960 ~

9d3 ~

0»000

SZ4 ~

703»
d30 ~

836 ~

840 ~

844 ~

648 ~

0 ~ 000

Sl5 ~

692 ~

4~148»
44006 ~

16686 ~

-51600 ~

38601 ~

40ZOO ~

41084 ~

43682 ~

4538'7001»

48 dpi e

-54600

'6731

~

38348»
39070

'150b ~

4322S»
44650 ~

4b407 ~

ER RIVER
0

1ZOO ~

0 ~

0 ~

7986»
8316 ~

8649 ~

806 S.
0324 ~

9667 ~

1OO14.
0 ~

125te
5032 ~

5838 ~

6650 ~

7506 ~

8375 ~

9250»
0 ~

3210 ~

3862»
4705»
5666 ~

6434»
7608»
8581 ~

0 ~

1678 ~

2281 ~

306 3 ~

3013 ~

4746 ~

5585 ~

6427 ~

0 ~

723 ~

1314 ~

F 000

»000

Oa
F 000

F 000

F 000

F 000

F 000

0 ~

era leep
0
0

»acro ro
023680
023890
023000
023910
023020
023030
023940
023050
023960
023070
OZ3960
023000
024000
024010
024020
024030
024010
024050
024060
024070
024080
024000
024100
024110
0241ZO
024130
021110
024150
02lldo
024170
024160
024190
024200
024210
024220
024230
0
0
0
024270
024280
024290
024300
024310
0243 20
024330
024340
0243 50
024360
024370
024380
024390
024400
024110
021120
024430
024140
024450
024140
024470
024480
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IC&JO&5
lCC ILl'kT

FT»(LE 0
»aP( Pap
l TTaCH&
(, I&JR aRT
COPTER&
Rfv)ND(
RcQUEST
REQUEST
RFRIND(
REVIHD(
(GOD
Pfv)ND&
RF vl &(0 ~

')py 5" F

CAPYRc&
f vT &&0&

4 cvT &&0&

". lT a LGG
aTaLOC

yvDJ&C"
~ ZZSSd ~

) ~

T)
f &)RLIR ~

(E&(4LIR
1&(PUT y

TlPE9)
& TlPE 11
& TAPE 20
TlPE11)
TRP f 20)

TlPf lie
TlPE20 ~

& TlPE11
TlPF20&
Tapf lie
TlPEZOe
& Tl PE11
& TlPEZO

230003, STOP S=VE& 8o &GRiSSE

)
apf91

&PPF ~

&
~ PFe

&DUTPJT,
Oi|T PUT

F 4 a SF 4 '& E a && 5 I 0 ~ » 3 &(0 a y R & K P ~ 1 R P ~ I 0,
~ F 4 l 5 E 4 0 ~ l 4 & I n ~ P O W 0 l y R & K 4 & 1 ~ R P ~ I 0 ~
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70

120

C

C

C

C

RNO ~ o ~ ~ ~ REACH NUHBER IDENTIFICATION
RHAoI ~ ~ ~ ~ o REICH NAKE IDEHTIFIC JTIOH
RHESH ~ o ~ ~ ~ REACH NESH ~ OINT

+ //plDX 35HHUNBER Df TJPE10 f ILES ATTJ HEO ~ l5)
VRITE (NAGOUT p115)

115 FORHLT(//plDXplZHSEOUENCE NQ ~ p5X ~ '12HST ATION ND ~ ~ 5XplZHNESH PT ~ NQ

+ ~ )
00 130 I ~ 1pNRELCH
RE JD( HAGI 4 120) 8 NO( I ) p RNJN( I I ~ Ro(ESH( I )

lf ( RHESH( I ) ~ LT ~ 1) RNESH(I ) ol
FOR NAT( 110p 3Xp ATp 15)

VRITE(IIAGOUTpllbl RHO(I )pR4JH(I )pRNESH(I)
Ilb f OR PI JT(12K p 15plDX p A7 ~ 10Xp I5)
130 CONTINUE

VRITE (bp131)
131 fORoIJT(///pIBXp+I H P U 7 F I L E SP //p'5Xp

+tSTARTIHG DlTE HO ~ OF OJYS PFH ID CYP )

80

135

JO

PI A I N L 0 0 P F 0 R E J C H I H P U T F I L E

~ P ~ ~ ~ ~ O ~ O ~ PPRPP ~ PPPRPtp ~ ~ P ~ P ~ ~ ~ ~ ~ P'P ~ Op ~ P ~ P ~ ~ PJ ~ O ~ ~ ~ P14 ~ PPP ~

DQ 550 I ~ lpNFILE
DO 135 Kl ~ lp20
f 08 (Kl ) ~ 0
CONT IHUE
READ(KJGHAKpIJD) ISDlTE ~ HDAYpNPFHpIDpCYpIOPT
FDRHAT( JX p 312p15 ~ 2llDpl2p12)

90

95

100

105

I SDATE(1)
ISO JTE(2)
ISDJTE(3)
NDJY
NPFH
ID
CY

IOP T

STJRTING DAY

STJRTIHG HOHTH
ST ART IHG YEAR
HO OF DLYS OH TAPE

PERHANEHT FILE NANE

10
CYCLE NUHBER USE IF FILE OTHER THAH HIGHEST

CYCLE ~ NOTE() ( IF USED SECOND

STATEHENT OF 'CALL SETFDB'UST
INCLUDE ZHCYpCY

NPFHpIDpCY ARE LEFT JUSTIFIED

FLAG TO INDICATE THAT THE FIRST FILE VJS HQT

CRELTED IN I D NODEL FROH J TAPE17
IOPTo 1 IN COL'S 38-39

BLlNK IF f IRST FILE VAS CREATED FRQN TAPE17

BLANK FQR OTHER FILES

110
181
C

C

VRITE(HAGQUTplkl) ISDATEpHDAY HPFNpIDpCY

f OR KJT( BX ~ 3IZpTXp I5pTXp 2A10p l2)
CHECK FOR LEAP YEAR LND CHANGE THE HUNBER DF DAYS IN

FEBRUARY IF NECESSARY ~

HEVDAY MISDATE(3)/JJJ
If(HEVDJY ~ EG ~ ISDATE(3)) NONTH(2) ~ 29

If(loEGol)60 TO ltd
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'I 75

180

100

105

200

205

210

215

220

225

WRITE (br 1220) IDPT
1220 FORHAT(" - IOPT ~ g I3$

RT Vkl RYPASSEDo~)
500 JJ ~ 0
C

C

C

C

C

C

THEREFDRE NO TAPE 17 AHD A DUHKY SE

LOD ~ FOREACHDAY
OPOOPPt ~ PPOOP ~ P ~ th ~ POPPPPPPOPPPPPPP

520 CALL RETURN(bHTAPE10)
If ( I ~ EQ ~ Nf I LE) GO TO 550
If i JJ ~ EO ~ 0) 60 TO 530
IFDATE(1) ~ JDlYP1
IFDATE(2) ~ ISDATE(2)
IFDATE(3) ~ ISDATE(3)
GO TO 550
DO 5AD H~lt3
IFOkTE(N)MISDATE(H)
C OHT I HUE
IF(JDAY ~ EO ~ h) 60 70 1000

b00 JS & JDAY +1
C

C PLlCES 99999 IN REhlINIHG DkYS OF LiST HOHTH FOR EACH REACH

C

530
540
550

DO b20 L~JSeh
DO b10 K ~ lgNREACH
OlTAI (K PL ) ~ -099 ~ 00
DATA O (Kp L ) ~ 00000 ~

b10 CONTIHUE
b20 CONTINUE

J J ~ 100
C

WRITES LlST hONTH OH UNIT ll
C

CALL VSCFOR(hkGVSC NRElCH RHAHPNOHTH ~ DATAZyDATAQpISDATEi JJ)
60 TO 1000

DO 500 J ~ 1 ~ NDAY

J DAY ~ ISDk TE ( 1 )+ J J
C

C SET DATAI" AHD "DATAO ARRAY TO 0 0 FROH "JDAY TO EHD OF HOHTH

C

IF( J J ~ EO ~ 0) CALL RLANK(NREACHtDATAI ~ DATAOi JDAY)
JJ ~ JJ +1
CALL READTEH(HREACHphkGTENtRHESHtDATAI ~ DATAOt JDAYiHIHCsISDATEy

+RNkh)
h ~ HOHTH( I SDATE(2) )

C

If EHD OF NONTH) VRITES OlTA ON UNIT 11 IN VSC FORHAT 10 10 11

C

IF( JDAY ~ EQ ~ HOHTH( ISDlTE (2) ) ) CALL WSCfOR( HAGWSCfHRE l H ~ RHAH ~ HO (TH ~

+DATA I t 0 AT AQi I SDATE ~ J J )

500 CONTINUE
C

C THE CALL TO "RETURN" IS l PERhlHEHT FILE FUNCTION

C DESCRIBED IH EHRLIR ROUTINE PRS004
C

— i55-



PRQGRAN hEANS(INPUTiOUT ~ UTe TAPES ~ INPUTS Yk ~ Eb~OUTPUT ~ TLPEIDy TAPE+Ili TAPE9 ~ TAPE20)

PURPOSE

10

THIS PRO6RLN TAKES LN OUTPUT FILE (TLPE10) I'RODUCED bY THE 0
DINEHSIOH NODEL AND CALCULATES DAILY DISCHlRGE AND ELEVATIOW
NEAHS FOR EACH NODE OR STATION OH THE RIVER SYSTEN ~ IT
PRODUCES IT'5 OVH OUTPUT FILE OF DAILY VLLUES IN STANDARD
VkTER SURVEY OF Cl'(ADA FORKAT~ I ~ E ~ e 10-10-11 ~

15

20

VRI ITEN bY

JOHN HlRVEY
SYSTENS EVALUATION SECTION
VkTER NANLGENENT SYSTENS DIV ~

VATER PLAHHIHG LND NANl6ENEHT bR ~

INLAND VkTERS DIRECYQRkTE
EHVIRONNEHT CLHLDL

JULY 1952

25

INTEGER RHO(30)rRNESH(30)
DINENSIOH NQHTH(12) p RHkll(30) & ISDLTE(3) pDATAZ(30i 31) i

+DATA()(30m 31) &FOB(20) i IF DATE(3)
DINEHSIOH DNAX (30) IHTNLX (30)s ELIILX(30)
DIMENSION ONIH(30) ~ NThIH(30) i ELNIH(30)
DATl h'3HTH/31~ 2 bi 31k 30 ~ 31'0'1'1i 30'1 ~ 30'1/

30

35

I H P U T
ik4 ~ P ~ 0 ~ ~ kltO

hl6 IH ~ o

NA6Hlh ~ ~

hAGTEH ~ ~

N AG IN ~ '5

hlGHAN ~ 9
NAGTEN ~ 10

F I L E 5
P ~ 00 ~ ~ ttt ~ ~ ~ Ot ~

~ oo SYSTEN'5 IHPUT FILE
o ~ e FILE OF PFH'5 LHD ID'5 FOR EACH DATA FILE
~ ~ ~ ONE QINEHSIOH NODEL OUTI'UT DATA FILE

AO

45

50

100
C

C

C

C

C

OUTPUTF ILES
I|0 ~ P ~ te40044 ~ tfit1t ~ 001 ~ P ~ lto

hlGVSC ~ ~ ~ ~, FILE CF DAILY VALUES IN V ~ S,C, FQR'IAT
RAGOUT ~ ~ ~ ~ ~ SYSTE I 5 OUTPUT FILE

hlGQUT ~ b
NLGVSC ~ ll
READ(NAGIH&100) HINC&NREACHiHFILE
FORNAT(315)

HIHC ~ ~ ~ ~ ~ HUNbER QF TINE INCREhEHTS PER DLY
HREACH ~ ~ e ~ ~ HUNGER OF REkCHES OR STATIONS
HFILE ~ ~ ~ ~ ~ HUNRER OF INPUT DATA FILES TO bE ATTACHED

IF(NREACH ~ GTe30) 60 TO 950
VRITE(NAGOUTn110) NIHC ~ NREACHiNF ILE

110 FORhlT(lhlr//ilQXi35HHUNBER OF TINE INCRENEHTS PER DLY ~ iI5t
+ //ilOXi35HHUNBER OF REACHES ~ i

lb'52



30
100

SUhROUTINE RLRHK(HRr DI DQr J )

PURFOSE I

TO SET HEWN ELEVATIOH LHD DISCHRRCE VRRIRRLES TO ZERO

NR ee ~ e ~ NO ~ OF RERCNES
DI ee ~ ~ ~ HERH ELEVATIONS
DQ e ~ e ~ ~ )(ERH DISCNLRCE3
J ~ ~ ~ ~ ~ STRRT INC DlY OF hONTH

DINENSION OI (30r31)r DQ(30r 31)
DO 100 II ~ J ~ 31
DO 30 I ~ I ~ HR
DI( lr II) ~ 0 ~ 0
DQ( I ~ II ) ~ 0 ~ 0
CONTI HUE

CONTINUE
RETURN
END
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115
CHECK DATE OF HEV FILE kGAIHST STARTING DATE CALCULATED AT THE
END OF OLD FILE VALUES NUST NATCH

120

125

130

135

lk3
144

+

1%5
C

C

C

Ikb

00 145 J ~ 1 ~ '3

IF (IFDATE( J ) oNE, ISDATE (J) ) 60 TO 143
60 TO 145
VRITE (NA60UT ~ 1ii) IF DATE
FORNlT(XJ IDXrP+r+rr ERROR NESSAGE ++++ DATES NISNATCHED STARTING

DATE SHOULD bE ' r3I2)
STOP
COHTIHUE

THE CALL TO «SETFD8» AHD»ATTACH» ARE PERNlHENT FILE FUNCTIONS
FROH FQRTRAH THAT ARE DESCRI8ED IH ENRLI8 ROUTINE PbS001

CALL SETFD8(FDbrIERRr2HLFrbHTAPE10)
IF ( IE RR oHE ~ 0) GO TQ 900
CkLL SETF Db(FOBr IERRr 2HPFr NPFHr 2HIDr ID)
IF(IERRoHE ~ 0) 60 TO 900
CALL ATTACH(FDBrIERR)
IF((ERR ~ HE,O) 60 TO 920
REVIHD HAGTEN

1ioo

145

150

155

180

1b5

C

C DUNNY READ

READ(HlGTEN) IIrI2r I3r14
VRITE (HAGOUT ~ 149) Ilr 12r l3 ~ Ik
FQRNlT(10Xr AI10rl )

IF(EQF(HAGTEN)) 150r155
VR ITE (br 151)
FORHAT( I/oIDXrltttrr ERROR NESSAGE rorrr AN
NEDIATED ON THE LAST ~

Tkl 210 FILE ATTACHEDP)
STOP
COHTIHUE
IF (I ~ EQ 1 kHD ~ ISDATE(1) ~ GT 1) 60 TO 180
GO TO 220
If IH ~ ISDATE (1)-1
ES 99999 IN DAYS PREVIOUS TO STARTING DAY
IRST HOHTH FOR EACH STATION
DO 200 L ~ lr IF IN
DQ 180 K ~ lr HREACH
DAT A I (K r 1 ) ~ 999 ~ 99
DATAD (Kr L ) ~ 99999o
CONT IHUE
CONTINUE
CQHTIHUE

C

1A9

150
151 EOF VAS EHCQJNTERcD IN

155

160
C PLAC
C OF

180
200
220
C

C IF FIRST FILE IS BEING PRQCESSEOr START UP DATA )(UST bE bYPkSSE0
C

170

250

280

IF(I ~ ED 1 AHD ~ IQPT ~ LE ~ 1)250r 300
DQ 280 K ~ 1 HREACH
IR ~ K

READ(NAGTEH) Zr0
If (EQF(NAGTEH)) 9ADr280
CONTINUE



4h

49

70

VRITE(ZO ~ 300) JDATtISDATE(t)tISDATE(3)
300 FORIIAT(1Hlr I/r1xt 1AHDAT/{ION.H/TEAR ~ Sx ~ 11H$ TATION NOe ~ 6X ~

RIOHQHAX! 83/9 )r SXr 8HZ QHAX( I) r Sxt 8HTQNAX ('Sl t SXr
4 IDHQHIN ( H3/9 lr 9Xr 6HI QNIN()I ) ~ 9 X ~ 8HTONIN ( $ ) r I lt ZXt It t t( SX ~ It) l

00 170 IeltNR
ONAxIeONAx(I)/39.3Z
TIIIE1 ~ HTHAX(I)ROOD
VATLE1eELHAX(Il/3et6
OIIINIeQNIH( I)/SS St
TINE ZeHTNIH ( I) +600 ~

VATLEteEL" IN(I)/3 ~ Z8
VRITE(ZO 310l RHAN(I)r QNAXIr VATLElt TII!El Ot! INI VAYLEtr TIIIEZ

310 FOR eIAT(IH+t ZOX ~ ATt llXt F 8 ~ Dt SXt F 8 ~ St SXr F6 ~ 0 ~ YX ~ F8 ~ Or SX ~ F8e3p
~ SXt F8 ~ Dr/)

170 CONTINUE
RETURH
EHD
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230

235

2AO

2&5

000 VRITE(byP10) IERR
910 FOR&AT(SHIT//plOxr4ERROR IN CALL SETFDSiNO ~ ~ ~ F15)

CO TO 1000
020 VPITE(br%30) IERR
030 FORNAT(1H1 ~ // ~ 10xiPERROR IN CALL ATTACHrND ~ ~ PiIS)

CO TO 1DDD
OAO VRITE(NAGOUT,eel) IR
041 FORNAT(//yIOXrbAN EOF VAS ENCOUNTERED ON Ti ~ E10 ATPu

+PTINE PERIOD 0 AND REACH+i15)
65 TO 1000

050 VRI TE (be 951) NREACH

051 FOR HAT(//i IOX/' +++A+ ERROR )IE SSACE PAP++ PROCRA)I STOPPED SEC AUS I

+HE NUNSER OFP
+,PREACHES EXCEEDED 30 '//iSXi

ABSOLUTION

IS) REDINEHS ION AFF ~

+ ~ ~ ECTED VARI ASLES TO+tI5)
1000 CONTINUE

STOP
END
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80

80

15
20

'30
300
C

C

C

%00

500

FOR

HAT (

Ale IXI 47e 13e 43e AZ ~ 3X p 8 ( I Qi IH+ ) )

CONTINUE
'IF ~ 0
DO 30 IZeI..A
IS ~ IF+1
IF ~ ISAT
IF ( I 2 eE0e 4) IF ~ IRON
VRITE (e(AQVSC ~ 15l IQ RNAH(I) ~ ITRe INOo IDAT(IZ) 4! IDATAQ( I ~ J) y J ~ IS IF )

CONTINUE
CONT INUE

CHAHQE DATE TO HEN VALUES

IF I J J e EQe 100) RETURN
IF(IH ~ EQ ~ 12) 60 TO 400
JJ ~ 0
ISDATE(1) e 1
ISDATE(Z) ~ ISDATE(Z) tl
60 TO 500
ISDATE( 1) ~ 1
ISDATE(2) ~ 1
ISDATE(3) ~ ISDATE(3) 41
JJeO
NOH(2) ~ 28
COHT IHUE
RETURN
EHD

161



SURROUTINE READTEN(NR NACTEHt RNESH ~ DLTAl ~ DATAQe JDAY ~ NINC ~ ISD)
+RNAN)

PURPOSE I

TO CALCULATE NEAN ELEVlTIONS AND DISCHARGES FOR EACH DAY

10

HR
NAGTEH
RHESH
DLTAZ
DAY AQ

JDAY
HIHC

9 ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~

NO ~ OF REACHES OR STATIONS
INPUT DATA FILE UHIT 10 (RIHARY FILE)
hESH POINT FOR DlTA EXTRACTION
NEAH CLEVATIOH
NELH DISCHARGE
DAY OF HOHTH
NO ~ OF INCREHEHTS PER DLY

20

INTEGER RHESH(30)
DIHEHSIOH DLTAI (30&31) ~ DATAQ(30n31) tZ(90) rQ(00) ~ ISDATE(3)
DIHEHSIOH QNAX(30) HTNAX(30) E(.NLX(30) RHAN(30)
DIHEHSIOH QNIH(30)iHTHIH(30)iELNIH(30}
I INC ~ HIHC
IHC ~ H INC
DO 100 II ~ lt IHC
DO 100 I ~ le HR

IR ~ I
hT GANESH( I)
READ(iAGTEH) (l(H)t0(H) ~ N ~ IINT)
IF ( EOF (HlGTEH) ) 110i 55

30

AD

C CALCULATES i RUNNING NEAH

C

55 COHTIHUE

bo

IF(lleHEol) CO TO ZD
QHA X ( I ) ~ 0( HT )

ELHAX (I) ~ l(NT)
HTHAX(I) ~ II
QNIH(I) ~ Q(NT)
ELHIH(I) ~ l(NT)
H TH IH ( I ) ~ 11
GO TO bo

ZO IF(Q(hT) ~ CT ~ QNLX( I)) CO TO AD

0NLX ( I ) ~ 0 (NT )
ELHLX(1) ~ l()IT)
HTNAX (I ) ~ 11
GO TO b0
IF(0(HT) LT QHIH(I) ) GO TO b0
0HIH ( I ) ~ Q ( NT )

ELH IH 
(I ) ~ I (NT)

HTHIH(I) ~ II
COHTIHUE
0ATAZ(li JDAY) ~ DATAZ(li JDAY) + l(HT)/ZIHC
DATAQ(la JDAY) ~ DATAQ(II JDAY) + Q(HT) XZIHC

100 CONTINUE
CO TO 130

110 VRITE(bi115) JDAYtIR
115 FORHLT(llylOXp++++++ ERROR NESSAGE ++i++ AN EOF VAS ENCOUNTERED OH

+ TAPE10 AT DAYii15r
+NREACHP, IS)

STOP
130 COHTIHUE



ICP J 0»STVD J» CII2DGD' ~ SERNlRD HOLA SSE

ACCOUNT» 22 556 ~

CONSENT'»44»» ~ »»»» ~ P ~ PPP»»» ~ ~ 4»P ~ 4 ~ 4 ~ »»»»»PPPPAP ~

4»»»»»POPPY 
»PP

CD&HEHT ~ 4 THIS JCL RUNS PROGRAN SEDIN ~ I 5 ~ IN ORDER YO CONPUTE 4

COHHEHT»+ THE DkILY SUSPENDED SEDIHENT LOADINCS LT I ORT NAHN

CONVENT 4 USING SOYH HOURLY AND DAILY DISCHA CE5 AND CONC EN

CONHENT»P TRLTIDNS ~
8

CON»IE»IT ~ ~ IN ORDER TO RUN THE JCL» THE USER RUST DEFINE I

CONN ENT ~ ~ IDAHO/ VHERE Dl ~ FIRST DAY OF THE PERIOD»

CONSENTED AHD NO» NOHTH» P

CONN ENT »P IHOHDll VHERE NON»NONTH ~ AND Dl»FIRST OAY ~

CONHENT ~ ~ OF THE ~ ERIOD» 4

CONHENT 44» ~ P ~ ~ 4»»P»44»4 ~ PP»P»4 ~ PP ~ 4 ~ »»44 ~ 4 ~ PPOPPOO ~ 4 ~ ~ PP»PAP ~ ~ 4

IUSE»FALSE R83» FR ASER83 ~ FRASER83 ~

)GET PGN 5 ED IN LPGA
FTH( I ~ PGH»LE 0)
ATTACH» TlPE30» FRLSER» ID ~ 68HSED ~

ATTACH» TAP E24» OSNH024» ID ~ DAILY 0»
ATTACII» T APE 54» DPHH054 ~ ID&DAIL YO ~

ATTACH» TLPE55 ~ DSNH054» ID»DkILYG ~

REVIHD» Tl ~ E24.
REVIHD» YAPE54 ~

RE VI HD» TAP E 55 ~

ATTAC»I» ENRL IS ~

L ISA ART(ENRLIS)
LOPY SR» INPUT» TAPE 0 ~

REVIHD» TAPE%»
LGOo

0D0100
000110
0001tD
000130
00014D
0001 50
000160
000170
000180
000100
000200
000t 10
000220
000230
000240
000250
00026D
000270
000280
000280
000300
000310
000320
000330
000340
000350
000360
000370

DAN 068
DLHObb
DAHObb
DAHO68
DANObb

0000 5

7FRkSER10 NONDA68
TFRASER10 NOHDA68
TFRASER10 NQHOA68
TFRLSER10 NONDA68
TFRlSER10 NOHDlbb

000300
000400
000410
0004 20
0004 30

000450

163



SUBROUTINE VSCF OR (NAGVSCt NR ~ RHlNt NOH ~ QlTAZ ~ DATAO ~ ISDATE ~ J J)

PURPOSE(
VRITE WEiN DaILY E(.EVATIONS AHD DISCHlReES ON OUTPUT TILE

(UHIT11) IH STANDARD V ~ S ~ C ~ CARD FORNAT 71 102

10

20

NAGVSC
HR
RHJN
HQN
DJTLZ
QJTJQ
ISDATE
JJ

0 II(EHSIOH R

t ~ IDATlG ( 30t
OIHEHSIQH
DATA NQHTH/

eHOCTt 3HNQVt
DATA IDlY/2

o ~ ~ ~ ~ OUT ~ UT DATA FILE (UNITll)
o ~ ~ ~ ~ NO ~ OF REkCHES

e ~ ~ e ~ REACH IOEHTIFICATIOH
~ ~ ~ » ~ NO ~ OF DAYS IH NONT H

~ ~ ~ ~ » NEAH DAILY ELEVATIOHS

~ e ~ ~ ~ NEAN DAILY DISCHAR6ES

~ ~ ~ ~ ~ DAY - NONTH ~ YEAR I ~ E ~ 311287
eo ~ ~ ~ COUNTER
HAH(30) t NOH(12) t DLTkI(30 ~ 31) t OAT AD(30t 31) t IDATAI (30» 31)

31) t ISDATE(3)
QHTH (12) t IQlY( t»)

3HJAH» 3HF 2Bt 3HHJR ~ 3HAPRt 3HNLY ~ 3H JUHt 3H JUL ~ 3H JUGt 3H5E Pt 3

3HDEC/
HOlt 2H00t 2HITt 2H29/

25

30

CHANGE YEAR PRON l»E» (t7 TO 0(t7 FOR Y'EkR 1087

I YR ~ I SD AT E (3 )+000

CHECK FOR 1EAP YElR AHD CHANGE FEB» IF NECESSARY

IYE AR ~ IYR/i
IYEAReIYEARPA
IF(IYR»EG»IYEAR) NQN(2) ~ 29

INQ ~ »(Q»(TH( ISDATE(2))
IN ~ ISDJTE(2)

N 0 T E ( I ) I (

DATA IS VRITTEH AS INTEGER VALUES VHERE ECEVATIQHS LHD

DISCHARGES JRE IH HETRIC UNITS AND RECORD FORNJT IS THAT

OF STkHDARD VJTER SURVEY ClRD FQRKLT 71 102

ELEYATIOHS ARE IH THOUSANDS OF NETRES

%0

10

INQH ~ NOH( IN)
I I ~ 1H9
ID ~ ]HD
00 300 I ~ lt HR

DQ 10 K ~ lt INCH
IF (DATA I ( It K) ~ EG ~ 999 ~ 09) GO TO 0

IQLTAI ( I, K) ~ 0ATlI ( I ~ K)0100C/3,28084
IDATLQ( I K ) ~ DATAD\ It K) /35 ~ 32

GD TO 10
I DAT lI ( I t K ) ~ 09090
IDATAD( It K le 90999
CONTINUE
IFoO
DO 20 Ilol ~ l
IS ~ IFtl
IF ~ IS+7
IF ( I I ~ E 0 ~ l ) I F ~ I NOH

VRITE(NAGVSCtl5)
IltRHAN(I)tIYRtINQ»IDJY(Il)t(IDATLI(It J)t J ~ IS»IF)
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10

20

PROGRA'I SEDIH( IHPUTt OUTPUT t TAPES ~ INPUTt TAPES ~ DUT ~ UTt TLPE0t

THIS ~ ROGRAN CQHPUTES THE DAILY SUSPENDED SEDIHENT LOADIHCS
PDRT HAHH FRQH COTH HOURLY AHD DAILY DISCHARCES 6 CONCEHTRlTIQHS ~

IT ALSO CDHPaRES THE SIHULaTfD aHD PURL)SHED DaILY DISCHaRCES aY
HISS IQN AND PQRT HANH ~

OTLPE10 ~ TAPE30t TAPE24 ~ TAPES4t TAPE55)
INTEGER RHESH(20)tSUHDAYt TOTOAY
DINE tI 510% HOHTH(1Z) t I SD ATE ('3) t F Db ( ZO) t IF DATE (3) tDlTAX (12)
DIHEHSI OH CQHCHR ( Tt 24) t QIHST I 7 ~ 041 ~ CHEAH(7t 20) t O'IEAH(7) t SUHLDl(71
OIHEHSIQH SUHLDZ(7) I(09) ~ Q(90) QHR(7t24)
OIHEHSIQV ERROR(7lt ICDA(8)t IChQ(b)t ICYR(81 ~ CHP(71 ~ CDP(7)
DIHEHSI QH ERGI'GD(7) ERGPCH(71 t ER6D6H(7) I HQI'QS(7 1 tf PQ PCS(71
DIHEHSIQH PU8054(370) & PUAQZ4(370) tPUBC54( 370) ~ QPP(7lt QPh(7) tC ~ P (7)
DATA HQHTH/31 28 31 30 31t30 31t bl 30 31»30tbl/
DATA RtIESH/lt lt lt 1St 1 ~ lt lt lt St lt lt lbt lt lt lt 1 ~ 1 ~ 5t lt 7/

I H P U T A N 0 0 U 7 P U 7 F I L f 5
4 ~ ~ oe ~ eee ~ ~ ~ ooeee ~ 0 ~ 0 ~ ~ oee ~ oooeoo ~ oeoooooeo
HAGIH ~ ~ ~ ~ ~ SY5TEH'5 INPUT FILE
HAGHAH FILE OF PFH'5 lHD IDtS FOR ELCH DlTA FILE
HLGTEH ~ t ~ ~ ~ DHE DI ~IEHSIQH HQDEL OUTPUT DATA FILE
HAGSEO ~ ~ ~ ~ ~ ANNUAL RECORD OF HOURLY CQHCENTRlTIOHS
RAGOUT ~ ~ ~ ~ ~ SYSTE H' OUTPUT F ILE

30

35

40 00 00 K ~ lt 3SS
READ(HA6Q54t 1CD'1 PU8054(K)
READ(hi6Q24t 10C5) ~ U8024(K)
READ(ha6G54t10051 PUB654(K)

90 CONTINUE
1005 FORHAT(F10 ')
C

C

C

C

H l I H L 0 0 P F 0 R f A C H I N P U T F I L I
00 ~ 0000000000400000 ~ 0 ~ 00 ~ oo ~ ~ ooee ~ eoooeeo ~ 00000000 ~ 00 ~ 040 ~ 0

00 800 IF ILE tlt NF ILE
OO 100 Kl lt20
FD8(K1) ~ 0

100 COHTIHUE
READ(HLGHAHt 10ZD) ISDATEt HDAYtN ~ FHtIDtCYt IQPT

1020 FOR HAT(4Xt 3I 2t 15t Zllbt A2t 121
C

C ISDlTE(1) ~- STARTINC DAY

ha GIN ~ 5
HAGHAtI ~ 0
HAG T EH ~ 10
RAGS E D ~ 30
HAGQUTt 8
HAGQ54t S4
HAGQ24~24
HAG654NSS
READ(&l6IHt 1000) HFILE

1000 FQRKAT( I5)
C

C HFILE ~ t ~ ~ ~ NUHCER OF INPUT DATA FILES TO bE ATTACHED
C
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115

120

125

130

135

140

130
140

150
C

C

C

C

IBO
1050

I f D 4 T E ( '3 ) ~ I S D 4 T E ( 3 )

ICDA(lleISDLTE(1)
ICNO(1 l ~ ISDLTE I 2)
ICYR (I) eI SDATE (3)
NDLY ~ NDlY 1
00 150 JelpHDAY
J J ~ J+I
If t IF04TE(1l NE ~ hOHTH(IFDLTE(
IFDLTE(11~1
If DATE(2) «If DATE(t )+I
IF(IFDLTE(2) ~ L'I ~ 13) GO TO 140
IFDATE(t) e1
If DATE(3) ~ If DLTE(3)+1
GO TO 140
If DaTE(1) eIFDATE(1)+I
ICDL( JJ) ~ IFDATE (1)
ICHO( J J ) ~ If DATE (2)
ICYR ( J J ) ~ If DATE (3)
CONTINUE

2) )) GO TO 130

READ HOURLY CONCENTRATIONS AT PORT NAHHp FOk THE CORRES ~ ONDIHG

PERIOD OF TINE AHD NUNBER DF DLYSp FROH THE AHHUlL RECORD ON

TLPE30 ~

REVIHD IIAGSED
RE4D(HLGSEDp1050) ITYPEpSTApNOp JYELRp JNOHTHe JDAYpKCLRDpDLTAX

FORNLT(I1p45 ~ 5IZplZF5 ~ 3)
IF(EOF(HLGSED) ~ HE ~ D) GO TO 170
IF ( J DAY ~ E 0 ISOLTE (1) ~ AHD ~ JNOHTH EO ~ ISDLTE ( 2 ) ~ LHD ~ JY EAR ~ EO ~

145
MISDATE(3) ~ LHD ~ KCLRD ~ EO ~ 1) GO TO 180

GO TO IbD
170 VRITE(Ill GOUT p10b0) ISDLTE
10b0 FOR)ILT(//plDXp LH EOF VLS EHCOUHTEkED OH T4PE30 VHILE SEARCHING"

FOR COHCEHTRLTIOHS FOR DLY NOHTH-YEAR ip3121

150

155

1bO

150

IOO

200

210

STOP
IFL lGI ~ 1
00 220 J ~ 1p HOLY
If(IFLlGleEOel) GO TO 100
READ(NLGSEDp1050) ITY ~ EpSTApNOp JYElkp JNOHTHp JDAYpKCAkD ~ DlTLX

00 200 JHOUR ~ lp 1Z
COHCHR( J p JHOUR) ~ DATAX( JHDUk)
COHTIHUE
kE40(PILGSEDp1050) ITYPEpSTApNO JYELkpJNOHTH JDLY K.LRDpDATAX

DO Z10 JJ ~ lp12
JHOUR ~ J J+12
COHCHR( Jp JHOUR) ~ DATAX t J J)
CONTINUE
IFLLG1 ~ 0

Ib5

170

CHECK If THE LAST CARD READ ON THE ANHULL RECORD OF HOURLY

CONCENTRATIONS tTAPE30l CORRESPONDS TO THE CONPUTED DATE ~ THIS

IS DONE TO CHECK IF ANY CARD IS hISSING ~

220 COHTIHUE
C

C

C

C

C

IF( JDLY ~ E0 ~ ICDA (HDLY) ~ lND ~ JNONTH ~ EO ~ ICNO(NDAY) ~ AHD ~ JYEAkeEO ~

+ICYR(HOLY).LHD.KCARD.EO.Z 1 GO TO Z30
VRITE (NAGOUT p1070l JDAYp JNOHTHp JYEARp ICDL I HDAY) p IChOt NDAYl p
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175

180

185

100

1070

230
C

C

C

C

C

C

C

C

C

C

C

+ ICY'

HOLY )

FOR ILT(//elDXe»NISSIHG CARO ON TlPE30 ~
»

~ /e IOXi 312 ~

VAS YHE DATE READ "t/el0 e312i» SHOULD HLYE bEEN READ»p/)
STOP
CONTINUE

READ INSTANTANEOUS DISCHARGES AT PORT NANNt FOR THE CORRES ~ OHDIHG
I'EA(UD OF T'(HE kND HU»BER OF DlYS ~ FRON THE TLPE1'D FILE CREkTED
DURING THF. 1 0 SINULIITIOHe ALSO READ INSTANTANEOUS DISCHAR6ES
LT OTHER STATIONS k)eD COIII'UTE DkILY DISCHLR6ES ~

THE CkLL TO "SETFDB» AHD "ATTACH" ARE PERI(ANENT FILE FUNCTIONS
FRO» FORTRLH THAT LRE DESCRIBED IH ENRLiB ROUTINE PBS001e

CALL SETFDB(FDBeIERRtZHLFeBHTAPEIO)
IF( IERR ~ HE ~ 0) GO TO 000
CALL SETF08 (FDBtIERRe2HPFeNI'FNe 2HIDe 10)
IF(IERR NE Dl GD TO 800
ClLL ATTACH(FDbeIERR)
IF ( IERR ~ NE ~ 0) 60 TO 920
REWIND NLGTEH

105 C

C DUKNY READ
C

200

205

210

215

220

225

1080

240
1080

250
C IF
C

280

270

1100

280
C

C

C

C

C

C

READ( IekGTEH) Ili IZi I 3t IA
WRITE (NAGOUTi1080) 11412 ~ 13' A

FORNLT ( IDXi L 110& /)
IF(EOF(II4GTEH)) ZADi250
VR I TE ( NLGOUTe 1080 )

FORNLT(//eIOXe ~ ttttt ERROR NESSAGE +++++ AH EOF VAS ENCOUNTERED III
+NEDIATED OH THE LlST ~

tt TAPE10 FILE ATTACHED»)
STOP
C O'I T I HUE

FIRST FILE IS BEIH6 PROCESSEDt START UP DATA NUST BE BYPASSED

IF ( IF IL E ~ EO ~ 1 ~ AHD ~ 1 OPT ~ LE ~ 1) 280'80
DO 270 K ~ le 20
IR ~ K

RELD(NAGTEH) Zt0
IF (EOF(NA6TEH) ) bAOe270
COHTIHUE
WRITE(NlGOUT»1100) IOPT
FOR)(AT(» IOPT»»t 13t » THEREFORE ND TAPE 17 AHD A DU'INY SE

'BT VLS BY) ASSEDe )

CONTINUE

L 0 0 P F 0 8 E L C H 0 L Y

Ptttt»ttt ~ »»t ~ P ~ tttt ~ tit ~ ~ ~ 'tttt ~ tt ~

DO 330 J ~ 1 ~ NDlY
DO Z85 JRELCH»lt20
GNElN(Jy JRElCH) ~ 0 ~



230

240

Zkf

Zfo

25f

260

265

270

27f

265

Cbf

310

20O
1110

300

1000
325
2000

327

CONTINUE
CNEANI J )»Oe
GHP(J) an.
DD 310 JT I::4 ~ li '96

00 310 JREACH liZU
IR ~ JR f ACH
NT»RNESH(JREACH)
READ( IAGTEN) tl(N)eOIH)") ~ leNT)
IF I EOF( NAGTEN) ) 2.".0» 300
VRI TE ('lAGOUT»lllo) ICOA( J) » ICIIOt J ) » ICYR( J ) » IR
FORNAT(//eloae "»tete ERROR MESSAGE 4+++4 AN EOF VAS ENCOUHT

ON TAPE10 AT DAY»»312 ~ » IN REACH»»15)
STOP
IF( JRCACH ~ f 0 ~ 1) Q INST( Je JTINE )» Q(IIT)
QIIEAH()yJREACH) ~ QNEAN(J»JREACH)+I 0(NT)/06 ~ )

CONTINUE
N5UII ~ I
DD 320 JHDUR ~ le ZA

N SUN1 ~ N SUN e I
NSUNZ ~ NSUN+2
'NSUN3 ~ NSUNe3
QHR ( J e J HOUR ) ( 0 INST t J e 9 SU)e ) eQ INST ( J e 9 SUNI ) e0 IHST ( J e NS UN2 ) +

SQIHST ( J» NSUN3) ) /%e
GHP( J) ~ GHP( J)e(QHRI Je JHOUR)4CONCHRI Je JHOUR)43600 ~ /32037 ~ )

CIIE AN ( J ) ~ CNE AN( J ) +(CONCHA ( J ~ J HOUR ) /24 ~ )

NSUN»(%4JHOUR)tl
CONTINUE
6DP ( J ) ~ Qe(E AN I J e I ) 4CIIEAN ( J ) 4 bd 400 ~ /32037 ~

ERGPGH( J ) 100 ~ '4(GI'P ( J) 6HP( J) ) /GHP ( J )

ERGPGD(J) ~ 100 '(GPPIJ)-GDP(J))/6DP(J)
ERGDGH(J) ~ 100 ' (GDP(J) GHP(J))/6HP(J)
ENQPQS(J) 100 4(QPII(J) QNEAH(J»lb))/QNEAN(Jelb)
EPQPQS( J) ~ 100 ~ ~ (QPP (J) QNEAN( Je 1) )/QNEAH( J ~ I)
IF(IF ILE ~ EQ ~ lekHD ~ JeEQel) 60 TO 325
IF ( IC Dk( J ) ~ NE ~ 1) GO To 3ZT
VRITE (NAGOUT»1990)
FORMAT(IXe 110(1H4) )

VRITE(eIAGOUTy2000)
PORN kT I 1Hle 110(1H4) e /e 2H ~ e 6Xe IH44 46Xi 1H+ » 6 3Xe IH4i /i

~ DATE 4 SIIIULATED DkILY DISCHARGES AND CONPkRI SONS ~ "e

e PORT NANN DAILY SUSPENDED SEOINENT LOADIN65 AND CONPARISO

+2H '4e /e 2H 4»bXe "4 PORT NAHN 4 NISSIOH CITY
COQ.

+"CONC ~ HRe VkL ~ 4 DAY VAL ~ 4 PUb ~ VAL ~ ' ERROR 4 ERROR 4 ER

t/ " ~ OANOYR4 QSP 4QPP QSP' OSN 4QPN QSN4 QSC '

e" 4 GHP 4 6DP 4 GPP 4GPP-»HP46PP-GDP46DP-6
eZH 4i 6XiIH4e 9Xi "4 QSI'" »9X "4 OSN 4 elOXelH4e
+6X ~ 1H4» IOX ~ 1H4 ~ IOXe
tIHeeIOXe»4 GHP ~ GDP 4 GNP 4»e/»ZH 4»bXeIH4»
+3Xe»(CFS) 4 (Z) 4 (CFS) 4 (Z) 4"
+" (CFS) 4(6R/L)4 (T/0) 4 (T/D) 4 tT/D)»i
t» 4 tZ) 4 IZ) 4 (Z) 4»n/eIH 4110(IH4)r/e
+2H 4ibXrlHep2(0XpIH4»TXelH4)yIOXnlH4ybX»IH4»3(10X»IH4)r
43 (TX» 1H4 ) 4 /n
+ZH 4 6X 1H4 p 2(9X ~ 1H4 TX 1H4) 10Xy IH4y bXylH44 3(10X lH4) 4

t3(TXiIH4) )
'llRITE (NAGOUTiZOIO) ICOA( J) ICNOt J )p ICYR( J) ~ QNEAH( Je I)y EPQP0

ERED ~

NS

ROR ~ »
~

C»e
HP4»e/e

5(J)e
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! 93

303

310

+OHEAH(Jp18) pfNOPOS(J) pONEAH(J ~ A)rChfAN(J) pGH ~ (J) GDP( J) ~

+GPP (J ) pf R GPGH( J), ERGPGD(J ) pEtCOCK(J )
2010 FDRNAT(2H Pp312 ~ 1H ~ pt(F9 ~ OptH ~ pFbolplHP) pF10 ~ OplhppF8 ~ 3plKop

P3(FIO ~ Oplh ~ ) p3(FT ~ 1 ~ 1H ~ ))330 CONTINUE
C

C THE CALL TO "RETURN IS A PERHAHEHT FILE FUNCTION
C OESCRIRED IH EhRLI8 ROUTIHf F83004C

320 CALL RETURN(6HTAPE10)800 CONTINUE
I(R I Tf ( NAGDUT p1990)
GD TD 990900 VRITE(NAGDUTpll20) IERR1120 FDR HAT( 1Hlp //p IOXp Rf RROR IH CALI. SETF 08 p HO ~ p ~ p If )
eo ro 990920 WRITE(NAGDUTp1130) IERR1130 FDRNAT(lKlp//plOX ~ ERROR IN CALL ATTACKpHO ~ + 15)
GD TD 990980 l(RI TE (NAGDUTp1140) IR11%0 FDRHAT(/I plDX ~ AH EOF VAS ENCOUNTERED OH TAPEIO ATP

P ~ TINE PER IDD 0 AHD Rf AC Hop 15)GO TD 990950 VRITE (HAGDUTpllf0)IISO FDRNAT(//plDXp "+PPPP ERROR NESSAGE +P++P PRDGRAN STOPPED
P" 8ECAUSE THE HUH8ER OF REACHES EXCEEDED 30" p//)990 CONTINUE

STOP
fHD
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