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1.0 INTRODUCTION

An understanding of the effect of the proposed Kemano Completion project on
Nechako River water temperatures was required for the environmental impact
assessment. In response to this need an unsteady state hydrothermal model was
developed to analyze two concerns. Initially, this model was developed and used
to estimate long term maximum cooling water releases and average annual
volume of cooling water required under the proposed project. Secondly, this
model was developed for use in the design of a program to manage Nechako
River summer hydrothermal regimes between Cheslatta Falls and the Stuart
“River confluence (Finge [.1) under ’a proposed with-project flow regime. This
hydrothermal model consists of two computer models, a one-dimensional
unsteady state water temperature prediction model and a flow routing model
capable of simulating unsteady state flow regimes for the entire river section of
study as required by the water temperature model. The flow model is a
modification of the UBC Flow Model and is documented in a separate report
(Envirocon 1985A). This hydrothermal model has been used successfully in 1983
and 1984 in management programs similar to that designed for the with-project

conditions.

Although the hydrothermal model consists of the two models, this report
documents only the one-dimensional unsteady state water temperature model
- used to simulate Nechako River water temperatures under observed hydro-
thermal regimes and forecast without- and with-project hydrothermal regimes.
All references to a model will be for the water temperature model, and

documentation of the flow mode! will be Ieft to Technical Memorandum [957/1.
A necessary step in the model development was verification using observed input

to ensure that the with-project water temperature simulations would be

representative under the with-project conditions. The water temperature model
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has been verified for 1974 to 1982 (Envirocon 1984A), and more recently for 1983
and 1984 (Envirocon 19848, 1985B).

The water temperature model used in all the above applications is the same
model with the exception of slight modifications as to how input is read and
output is generated. However two basic modelling applications have evolved,
observed simulations and forecast simulations.  Observed simulations are
performed using known flows, water temperatures and meteorological input data.
The flows and water temperatures can be for observed with-project or without-
project conditions. These types of simulations are one complete computer run

" Tor a period defined by the availability of complete records, usually 10 July to 20
August. An example of an observed simulation would be a verification run for
the period 10 July to 20 August, 1984.

The forecast simulations are performed using forecast flows, water temperatures
and meteorological data. Forecast simulations are carried out on a day by day
basis with the length of individual simulations being defined by the length of the
meteorological forecasts, currently a five day period. Forecast simulations
performed in the 1983 and 1984 summer programs were six-day simulations,
including the observed day (previous day), the first day forecast (current day) and
the four subsequent forecast days. This forecast approach has also been carried
out for proposed with-project conditions using the same meteorological forecast

data but with proposed with-project flows and water temperatures.

The initial section (Section 2.0) of this report provides a brief discussion of
general theory of one-dimensional water temperature modelling, a detailed
description of the model and its structure, a brief discussion of tributary inflows
(a significant data input to the modelling process) and a summary of data
requirements. The next two sections discuss examples of the observed and

forecast water temperature models' set up and operation in Sections 3.0 and 4.0,
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respectively. Each section provides a general description of the modelling
procedure, followed by an explanation of the command procedure file and all
input and output files required for the example simulation. Listings of files and
detailed descriptions of each parameter within each file for both the observed
and forecast water temperature model examples is given in Appendices B and C,
respectively. Also, included in Appendix D is a description of an interactive
editing program developed to efficiently prepare input files for the forecast flow
and water temperature models used in the Nechako River water temperature

management programs.

- —— JES—— —_

This document has been prepared ass—uming that the reader has enough computer
experience to be able to process jobs interactively and in a batch queuve. To
assist in the operations of these documented models, command procedures have
been included for each type of simulation discussed. However, these procedures
are based upon the VAX operating system maintained by H.A. Simons, Inter-
national Ltd. (Vancouver), and knowledge of this system would assist in under-
standing this document. A brief discussion of some VAX editing commands has
been included in the forecast water temperature model user's guide (Envirocon

1985C) and would be useful to review.
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2.0 THE NECHAKO RIVER WATER TEMPERATURE MODEL
2.1 Ceneral

Future river water temperatures can be predicted using a mathematical model to
simulate the transport of heat by water flowing in an open channel exposed to
the atmosphere. This transport is described by the following equation, obtained
by applying the principle of conservation of thermal energy to one-dimensional
open channel flow (Jobson and Keefer 1979):

JAT) -+ AUAT) = 3D AST) + HW + HgP (Equation 1)
ot ox 3x?

rCp rCp

This equation contains all the variables involved in the general case of this

transport, as follows:

A = cross-sectional area of the flowing water (mz)

T = water temperature at any time t (°C)

t = time

U = cross-sectional average velocity of the flowing water (m/s)

X = distance along the channel (m)

D, = . longitudinal dispersion coefficient (mz/s)

HT = flux density of thermal energy transferred from the atmosphere to
the flowing water (W/mz)

W = top width of the flowing water (m)

r = density of water (Kg/m3)

Cp = specific heat of water at constant pressure (J/Kg/oC)

HB = flux density of thermal energy transferred from the channel bed to
the flowing water (W/mz)

P = wetted perimeter of the channel (m).
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Equation (1) can be reduced to a form useable in "simple river situations such as
the downstream warming of cold water released from a reservoir" (Edinger et al.

| 974, page 69) as shown below.

o(hT) + @D |\ (Tg)=0 (Equation 2)
ot SA

= surface area of the flowing water (mz)
= depth of river (m)

= equilibrium temperature (°C)

= flow rate of river (m3/s) V

= kinematic coefficient of surface heat exchange (m/s)

The important parameters in Equation 2 are the kinematic exchange coefficient
(k) and the equilibrium temperature (E), defined as the hypothetical water
surface temperature at which the net rate of surface heat exchange would be
zero. The method used to determine these parameters (k and E) from

meteorological data was previously developed by Edinger et al. (1974).

Temperature calculations are preformed using a Eulerian or fixed distance
reference frame. This grid system simplifies water temperature calculations and
allows a straightforward means of verifying that hydraulic continuity is main-
tained in each river sub-reach. Maintaining hydraulic continuity both spatially

and with time is a crucial factor in unsteady state water temperature modelling.

The Eulerian grid system was set up using survey data availabie from previous
work (IPSFC 1979). These river channel data (consisting of surface width, cross-
sectional areas for survey sections and the distance between these sections) were

available for 102 locations along the Nechako River.
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The Nechako River flow model (Envirocon 1985A) calculates flows at these 102
locations accounting for routing effects and tributary inflows. The temperature
mode! then uses flow data for the Nechako River and its tributaries, water
temperature data for the Nechako River at Cheslatta Falls and the tributaries of
the Nechako River, and meteorological data to estimate water temperatures for

the 101 sub-reaches of the Nechako River.
2.2 Model Description and Structure

The Nechako River water temperature model can be described as a one-

- —— —

dimensional unsteady state model operating on an hourly time step using an
Eulerian reference frame. This temperature model has been adapted to operate
for many different situations. These situations include the verification of model
predictions with observed data, the estimation of river temperatures in the cases
of both with and without KCP project flow regimes (which differ from observed
conditions) and the cases of predictions of flow requirements to maintain river
temperature criteria using forecast meteorological data and with and without
KCP flow control conditions. However, for all simulations, the water tempera-
ture model used has the same structure with only the format of the.input data

being altered for each simulation to suit the input data requirements.

For the purposes of simulating Nechako River temperatures, the Nechako River
has been divided into 101 sub-reaches (hydraulic data available for 102 surveyed
cross sections) similar to the example sub-reach represented in Figure 2.1. Note
that each sub-reach is identified by the downstream surveyed cross-section.
That is sub-reach 2 is located between surveyed cross-section | and 2. Sub-reach
| therefore does not exist (by definition) and no reference in the modelling can
be made to a sub-reach |. Thus, for example, tributaries can only be entered at
sub-reach 2 and downstream. The only reference to the upstream end of sub-

reach 2 is, of course, the source flow and water temperature in the Nechako
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River at Cheslatta Falls. Water temperature computations are performed on an
hourly basis for each sub-reach simultaneously, and the results are stored for use
in the following hour's calculations. The modelling procedure used for all

simulations is best portrayed by a flow chart (Figure 2.2).

Following input of all required data (discussed in detail in the following sections),
flows and water temperatures are assigned to each sub-reach (initialization) so
that the hydrothermal regime of the entire river is established prior to the start
of any computations. This step allows the model to best portray the river's

hydrothermal regime with the most recently available observed data and thus

-

reduce modelling run-up error. If the river's initial conditions are not at all
representative of the current "real" conditions, several computational steps will
be required before the model will produce representative results. Good
initialization may not be vital when using the observed model to simulate a long
period of output (for example, a 46 day period from 6 July to 20 August) as
several days of output may be sacrificed to allow the model to run up. However,
good initialization is a vital component of each é-day simulation using the
forecast model, since initial conditions must be set as close as possibie to the
current "real" river conditions to minimize loss of representative data on which
management decisions are made. The initialization procedure used with the

forecast model is described in Section 4.1.2.

Once the '.river system has been initialized, the hourly time step calculations
begin. The following procedure is carried out for each hour (Figure 2.2). The
first step is to read modelled flows (obtained from the Nechako River flow model
(Envirocon [985A)) for each of the 102 Eulerian grid cross-sections. It must be
noted that the Nechako River flow mode! develops hourly flows for each of the
102 surveyed cross section locations, supplying upstream and downstream hourly
flows for each of 0| Eulerian grid sub-reaches. That is the downstream flow of

any grid i is the upstream flow of grid i+| (Figure 2.1). These flows are then
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used to determine the hydraulic characteristics of each 102 cross sections. As
each sub-reach is generally hydraulically homogenous, the hydraulic parameters
for the upstream and downstream cross sections of each sub-reach are then
averaged and assumed to be constant throughout each sub-reach. As depicted in
Figure 2.1, tributary flows and temperatures are added to the appropriate sub-
reaches to ensure that hydraulic continuity is maintained and thermal inputs are
accounted for. Included in the model is a routine which calculates water volume
within each sub-reach for each hour of computations and checks that hydraulic

continuity is maintained throughout the entire study reach.

-—=m —

The next step is to read the meteorological data and determine, through an
iterative approach, two parameters, the kinematic exchange coefficient (k), and

the equilibrium temperature (E) (Edinger et al. 1974).

Time-varying water temperature response of each sub-reach is then numerically
evaluated from actual flow and boundary data using Equation (2) cast into a
finite difference form in time and space (Edinger et al. 1974). These results are
then stored and the next hourly time step begins. When all hourly time step
computations are complete, water temperature and other necessary parameters

for selected locations are output and stored in permanent files.
2.3 Tributary Inflows

An important step in hydrothermal modelling is identification and inclusion of
significant tributary inflow (gauged and ungauged) to the mass and heat balance
computations. During development of the Nechako River flow model (Envirocon
I985A) six significant tributaries were identified, the Nautley River (gauged) and
five ungauged tributaries. The five ungauged tributaries are Swanson Creek,
Greer Creek, Stoney Creek, Sinkut River and Cluculz Creek, and have been

assigned flows of [.13 m3/s, .13 m3/s, |0 percent, 20 percent and |0 percent of
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the Nautley River flow, respectively (Envirocon [985A). These ungauged
tributary inflows are assigned in a manner consistent with input requirements to
the Nechako River flow model to ensure maintenance of hydraulic continuity.
The observed model uses, of course, the observed Nautley River inflows.
However, in the forecast model, Nautley River inflows for each six day

simulation are held constant at a value equal to the previous day's observed flow.

Water temperatures assigned to these tributaries are based upon either observed
Nautley River water temperatures (observed mode of modelling) or forecast
~__meteorological parameters (forecast mode of modelling). In the observed model,
_:bserved water temperatures are used for the Nautley River and the ungauged
tributary water temperatures are estimated from the observed Nautley River

water temperatures as follows:

(o]
TSWANSON = TNAUTLEY - 5-2 (OC)
TGREER =TNAUTLEY - 29 CQ)
T =T °C)
STONEY NAUTLEY )
ToINKUT = TNAUTLEY - 2 (OC)
Terucurz = TNAuTLEY * 16 CO)

These equations were derived from field data gathered in the summer of 198
(Envirocon 1981). Methods of determining and assigning Nautley River and
ungauged i;ribumry water temperatures in the forecast model are discussed in
Appendix A. Estimating source water temperatures in the Nechako River at
Cheslatta Falls for the forecast model is performed in the same manner as
estimating Nautley River temperatures. This method is also contained in

Appendix A.
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2.4 Data Requirements

Required data for the water temperature model can be generally described in
two categories. The fig'r category consists of one data file containing water
temperatures for each of the 102 Eulerian grid cross-sections used to initialize
the thermal regime of the entire Nechako River system between Cheslatta Falls
and the Stuart River confluence. This initialization file is required by both the
observed and forecast water temperature models and methods of use are

described in Sections 3.1.2 and 4.1.2, respectively.

f——— [

The second category consists of all data files (other than the initialization file)
required by both the observed and forecast models to perform water temperature
simulations for as many days as data is available. Generally, the second

category of data consists of the following information:

(1) hourly flow data at the 102 surveyed cross sections, supplied by the

flow model.

(i) source water temperature data for the Nechako River at Cheslatta
Falls.

(iii) tributary temperatures and flows.

(iv) water temperature data for the Nechako River above the Nautiey and

Stuart Rivers (if available), used for initialization.

(v) meteorological data including air temperature, solar (short wave)

radiation, cloud amount, dewpoint temperature, and wind speed.
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A more detailed discussion of these data for the observed and forecast water
temperature models are contained in Sections 3.1.3 through 3.1.8 and 4.1.3
through 4.1.8, respectively. Complete observed and forecast water temperature
mode!l example set-ups, including command file listing, input files' listing and
description, output files' listing, and computer source codes are given in

Appendices B and C, respectively.
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3.0 OBSERVED WATER TEMPERATURE MODEL

The observed water temperature model has been used to simulate Nechako River
water temperatures under observed meteorological conditions with observed, and
estimated with- and without-project flows and water temperatures. The purpose
of designing an unsteady state water temperature model was to develop the
capability of predicting water temperatures during periods of rapidly changing
flows as would occur under with-project conditions. An important step in this
process was verification of the model under observed conditions. This has been

previously documented (Envirocon |1984A) and is left to the reader to review.

R, —_—

This section provides a general discussion of the observed water temperature
model's command, input and output files for an example 46 day simulation for
the period July 6 to August 20, 1984 (Sections 3.1.1 through 3.1.10). Detailed
listings and parameter descriptions of all command, input, output and source

coding files used for this 46 day simulation are supplied in Appendix B.
3.1 Modelling Procedure

Simulations using the observed water temperature model are carried out using
observed meteorological data, observed Nautley River source water tempera-
tures, and either observed Nechako River water temperatures and flows
(observed simulation), or estimated with-project Nechako River water tempera-
tures and flows (hindsight simulations). The general structure of the observed

water temperature model is outlined in Figure 2.2.
The following sections (Sections 3.1.!1 to 3.1.10) provide explanations of the

command procedure (used to control operation of the observed model), and all

input and output files required for the example observed simulation.
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3.1.1 Command File, TEMPJ06V.COM

Operation of the observed model is controlled by a command file called
TEMPJO6V.COM. Input files are called TJO5.0UT, PGB4MET.DAT, TU3.DAT,
TUSJ06V.DAT, FU7JO4V.DAT, TUBJO6V.DAT and TU9J28V.DAT and are read
from logical I/O units I, 2, 3, 5, 7, 8 and 9, respectively. Output files are called
TU4J06V. DAT and TU6J06V.DAT and are written to logical I/O units 4 and 6,
respectively. The name of the observed model (fortran source program) is
84T.FOR. Submitting the command @TEMPJ06V.COM will process an observed
simulation using the data and observed model mentioned above. Appendix B
" Contains a listing of this file and lis’r—ings and descriptions of all input and output

files discussed in Sections 3.1.2 to 3.1.10.

3.1.2 I/O Unit |, Initialization Input File, TJO5.0UT

Input file TJO5.0UT contains initial water temperatures at each of the 102
surveyed cross sections for hour | of the simulation. Making this file as
representative as possible of the "real" river conditions will minimize computer
run-up error at the beginning of the simulation. The filename TJ05.0UT implies
that water temperatures output for hour 24 of July 5 are used as input for hour |
of July 6.

3.1.3 I/O Unit 2, Meteorological Input File, PGB4MET.DAT

input file PGB4MET.DAT contains meteorological data obtained from [984
records maintained at the AES weather station located at Prince George Airport.
The file consists of air temperature (°C), solar (short wave) radiation (langleys),
cloud amount (tenths), dewpoint temperature (°C) and wind speed (km/hr),
station pressure (in.Hg), relative humidity (%), and date, line by line for dates

July 6 (start of simulation) to August 20 (end of simulation) inclusive. Only the
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first five parameters on each line are used in the modelling process. Note that
in this case data for July 6, 7, 8 was not available and was thus set equal to data

for July 9.

3.1.4 I/O Unit 3, Surveyed Hydraulic Input File, TU3.DAT

This file contains cross sectional area of flow and surface width of flow data for
the 102 surveyed cross sections for flows ranging from 0 to 30,000 cfs. A
subroutine called CALQ(NXSEC) in the water temperature model is used in
conjunction with this data to set up rating curves of cross sectional areas and
" surface widths for each of the I02—surveyed cross sections. Thus a complete
hydraulic regime for the entire river is defined for all flows read from the input

flow file (FU7J04V.OUT) supplied by the flow model.

The first three cards in this file contain the number of flows (first card) and

magnitudes (second and third cards) used in the rating curve set up.

3.1.5 I/O Unit 5, Parameter Control Input File, TU5J06V.DAT

This is the control file used to specify modelling period, size of the simulation
time step, coefficients for the windspeed function, location of surveyed cross
sections, initial river and tributary flows and source water temperatures, and

locations for which output is to be produced.

The first card contains the day and month of the beginning of the simulation.

The second card contains the following parameters;

(N NCON - not used.
(ii) NXSEC - number of surveyed cross sections used in the modelling
(102).
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(iii) NHR
(iv) DT
(v) QSO
(vi) GO
(vii) IOUT

(viii) NTRIB

(ix) JTS
(x) Al
(xi) Bl

number of hourly time steps - 1104 for a 46 day simulation.
size of time step - one hour in this case.

initial flow in the Nechako River at Cheslatta Falls (m3/s).
specifies that the Nautley River enters the Nechako River
at sub-reach 54 - not used but required for documentation.
frequency of output of results - not used but required for
documentation.

number of ftributaries - seven in this case; one gauged
(Nautley River), five ungauged, and one artificial tributary
(at survey cross section number 2) - this artificial tributary
was developed for use in the forecast water temperature
model (discussed in Section 3.1.7) and does not affect opera-
tion of the observed water temperature model -inclusion of
this tributary simplifies use of input files.

hour of day at which computations begin - in this case, JTS
= 0, implying computations begin at midnight with the first
hourly output occurring for 0100 hrs.

constant in the windspeed function.

coefficient in the windspeed function.

~ Cards 3 through |3 contain locations of the |02 survey cross sections. Entries (in

miles) represent the distance from each surveyed cross section to the down-

stream end of the study reach at the Stuart River confluence. For example

Cheslatta Falls and the next cross section downstream are 106.03 and |15.78

miles, respectively upstream of the Stuart River confluence.

Cards |4 and |5 contain the number of lines of hourly flow data (supplied by the

flow model and contained in file FU7J04V.QOUT) and number of locations for

which simulated mean daily water temperatures are to be output, respectively.

Card 16 identifies the surveyed cross sections for which mean daily water
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temperatures are to be output. Cards |7 through 2! supply titles to the above
output.

Card 22 contains the number of days of mean daily source water temperature
(NDSWT) and the number of extra days of data before start of the simulation
(NEDBSP). In this case there are 58 days of data (cards 3| through 35) and the
simulation starts on July 6, 8 days after the first data entry in card 31. Thus the

first entry in card 31 is for June 28.

Cards 23 through 29 contain the location of each tributary and its initial inflow,
" card by card. Note that although the artificial tributary in sub-reach 2 is not
used in the observed model, it has been assigned an initial inflow of 0.03 m3/s
(1.0 cfs). Assignment of a value of flow to all tributaries used in the modelling
process is a requirement of the Nechako River flow model. Again, although this
artificial tributary is only used in forecast modelling (flow and water tempera-
ture), it has been included in both the observed and forecast flow models and
thus is included in the observed water temperature model. This ensures that the
Nechako River hydrologic regime is represented in a consistent manner by both
the flow and water temperature models. Input file TU9J28V.DAT (Section 3.1.7)
also assigns an inflow value of 1.0 cfs to the tributary in sub-reach 2 for each of

the 58 days of input data.

Note that tributaries in sub-reaches |5 and 24 have each been assigned an infiow
value of .13 m3/s (40 cfs) and tributaries in sub-reaches 78, 88, 97 have been
assigned inflow values of 10, 20 and 10 percent of the Nautley River inflow (sub-

reach 55), respectively.

Card 30 consists of three parameters, PTVAL, IFCONT, and INITSEC. PTVAL is
the value assigned to the source water temperature in the Nechako River

assuming a constant value at the source. IFCONT is a flag used to control
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assignment of Nechako River source water temperatures. If IFCONT=1, the
program will use mean daily source water temperatures read from cards 3|
through 35. If IFCONT=2, the program will use a constant value of mean daily
source water temperatures equal to PTVAL for each day of the simulation.
INITSEC defines the sub-reach at which the Nechako River source water
temperatures are measured. For example, if INITSEC=2, the source water
temperature data were recorded at Cheslatta Falls. [If INITSEC=9, the source
water temperatures were measured at Bert Irvine's. Note that the value of
INITSEC cannot be set equal to | as a tributary can only be introduced at the

downstream end of a reach due to program structure.

Rinssne 4 —_—

Cards 3| through -35 are mean daily source water temperatures recorded in the
Nechako River at the location defined by INITSEC. The number of data entries
must be equivalent to NDSWT in card 22 and there must be sufficient entries
prior to the start date (NEDBSP) of the simulation. In this case there must be 58
values starting with data for June 28, 8 days prior to July 6, the start of the

simulation period. Data for June 28 through July 5 can be estimated in this case.

Whether INFCONT is set equal to | or 2, these cards (3| through 35) of data
must be included in the file and the number of entries must equal the value of
NDSWT in card 22. Cards 36, 37, 38 are not used.

3.1.6 1/O Unit 7, Hourly Flow Input File, FU7J04V.QUT

File FU7J04V.0UT was created from the output of a Nechako River flow model
simulation (Envirocon 1985A) and contains hourly flows for each of the 102
surveyed cross sections. Each 9 lines in this file contain flows at each of the 102
cross sections for each hour of the simulation. Therefore there are 9x24=216
lines of data per day, and 9x24x46=9936 lines of data for the complete 46 day
simulation. Note that these files are quite large and thus good data management

is essential.
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3.1.7 /O Unit 8, Mean Daily Nautley River
Water Temperature input File, TU8JO6V.DAT

The number of mean daily Nautley River water temperatures in this file is
equivalent to the number of days in the simulation. In this case, there are 46
entries starting on July 6 and ending on August 20. Note that in this case data

for July 6, 7, 8 was not available and was thus set equal to data for July 9.

3.1.8 /O Unit 9, Mean Daily Tributary Inflow Input File, TU9J28V.DAT

" This file contains mean daily tributary inflows to sub-reaches 2, 15, 24, 55, 78,
88 and 97. As in the 1/0O Unit 5 file, TU5J06V.DAT, the number of entries for
each tributary must be equivalent to NDSWT in card 22 and there must be
sufficient entries prior to the start date (NEDBSP) of the simulation. In this
case there must be 58 values starting with data for June 28, 8 days prior to July
6, the start of the simulation period. Data for June 28 through July 5 can be

estimated in this case.

Cards | to 5 contain 58 days of mean daily flows in an artificial tributary
(entering sub-reach 2) used to adjust modelled flows during the 1984 Nechako
River hydrothermal program (using forecast water temperature model). These
flows are all assigned a value of 1.0 cfs (0.03 m3/s) for use in the observed water

temperature model.

Cards 6 to 10 and || to |5 contain 58 days of mean daily flows in Greer Creek
and Swanson Creek, respectively, and are all assigned a valuve of 40.0 cfs. Cards
16 to 20 contain 58 days of recorded Nautley River mean daily flows. Cards 21
to 25, 26 to 30, and 31 to 35 contain 58 days of mean daily flows in Stoney Creek
(equivalent to 10% of the Nautley River flows), Sinkut River (equivalent to 20%
of the Nautley River flows) and Cluculz Creek (equivalent to 0% of the Nautley

River flows), respectively.
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3.1.9 /O Unit 4, Mean Daily Water Temperature Output File, TU4J06V.OUT

This file contains simulated mean daily equilibrium water temperatures and
mean daily water temperatures in the Nautley River and the Nechako River in
sub-reaches 8 (Bert Irvine's Lodge), 54 (above the Nautley River), 56 (below the
Nautley River), 82 (at Vanderhoof) and 102 (above the Stuart River), for the
period of the simulation (July 6 to August 20).

3.1.10 1/O Unit 6, Initial Conditions and
Hydraulic Continuity Output File, TU6J06V.QUT

Output in this file consists of a summary of parameters assigned in card 2 of file
TU5J260X.DAT (Section 3.1.4), a list of initial hydraulic and water temperature
data, and hourly computations of flow volume and water temperatures for sub-
reaches 2, 7, 54, 55, 56 and |02.

Initial conditions parameters include grid (sub-reach) number, river mile, water

velocity, cross sectional area of flow, top width of flow, tributary inflow and

initial water temperatures estimated for each grid (sub-reach).

2076



4.0 FORECAST WATER TEMPERATURE MODEL

One component of the operation of the proposed Kemano Completion project is a
water temperature management program designed to control summer water
temperatures in the Nechako River. The program proposed for use under with-
project conditions is similar to the program used in the summers of 1983 and
1984. Both the without-project and with-project programs involve use of
forecasted meteorological conditions as input to the forecast water temperature
model to predict corresponding forecast water temperatures in the Nechako

River. In the 1983 and 1984 summer programs, these forecast water tempera-

- ——e _—

tures were used to schedule cooling water releases from the Skins Lake Spillway
to achieve specified water temperature criteria. A documented user's guide
(Envirocon 1985C) has been prepared which outlines the procedure followed for
day by day operations performed in 1984. This section discusses the forecast
model set up and operation using the complete set of input and output files
(Appendix C) of an example 6 day run, for the period July 26 to July 31,
performed on July 27, 1984.

4.1 Modelling Procedure

The general structure of the forecast water temperature model is similar to that
of the observed water temperature model and is outlined in Figure 2.1. The main
difference’ between simulations performed using the forecast model and those
using the observed model is the format of the input data. The forecast
procedure (simulation) is carried out on a day by day basis using one day of
observed data and five days of forecast data, and the observed simulation is a
single simulation performed with data files complete for an entire simulation
period. That is, for a 46 day modelling period from, for example, July é to
August 20, 46 daily forecast simulations would be performed compared to |

simulation using the observed model.
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The forecast simulation period is defined by the length of the meteorological
forecast, which is currently a five day period. Thus each forecast simulation
covers a six day period; the previous day (using observed information) and the

current and following four days (using the five day forecast information).

Data required by the forecast water temperature model consist of observed and
forecast meteorological parameters; observed water temperatures in the Nautley
River and in the Nechako River below Cheslatta Falls, above the Nautley River
and above the Stuart River; observed flows in the Nautley River and in the
Nechako River below Cheslatta Falls and at Vanderhoof; hourly routed flows for
" fhe observed and forecast days (supplied by the Nechako River flow model); and
a file which describes the initial water temperature at each 102 surveyed cross
sections for the first hour of the simulation period. Complete details of data
requirements for a practical use of the forecast model are outlined in a report of

the 1984 summer operations (Envirocon 1985B).

The most difficult component of the approach using the forecast mode! is
estimating (forecasting) source and tributary water temperatures. The most
recent procedure used (1984) involved long term observed water temperatures

and observed, forecast, and calculated meteorological parameters (Appendix A).
The following sections (Sections 4.1.1 to 4.1.10) provide explanations of the
command procedure (used to control operation of the forecast model), and all

input and output files required for the example forecast simulation.

4.1.1 Command File, TEMPJ27.COM

Operation of the forecast water temperature model for the July 27 simulation is
controlled by a command file called TEMPJ27.COM. Input files are called
TJ25.0UT, TU2J27.DAT, TU3.DAT, TUSJ27.DAT, FU7J26J31.0UT, and
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TU9J27V.DAT, and are read from logical I/O wunits I, 2, 3, 5, 7 and 9,
respectively. Output files are called TU4J27.0UT, TU6J27.0UT, TJ26.0UT and
TUI2J27.0UT and are written to logical I/O units 4, 6, || and 12, respectively.
The name of the forecast model (fortran source program) is TFMODX.FOR.
Submitting the command @TEMPJ27.COM will process a forecast simulation
using the data and forecast model mentioned above.Appendix C contains a listing
of this file and listings and descriptions of all input and output files discussed in

Sections 4.1.1 to 4.1.10.

4.1.2 [/O Unit |, Initialization Input File, TJ25.0UT

- —— _—

Input file JT25.0UT contains water temperatures at each of the 102 surveyed
cross sections for hour | of the first day of the simulation. For the present
example simulation (July 26 to July 31), TJ25.0UT contains water temperatures
for each of the 102 cross sections, output for hour 24 of July 25 for the previous
day's 6 day simulation (i.e. July 25 to July 30) performed on July 26 and is used

for hour | of the 6 day simulation performed on July 27.

A subroutine called TCOR in the source program TFMODX.FOR is used to
correct the simulated water temperatures for the observed day (July 26) of the 6
day simulation, to the observed water temperatures using the hourly simulation
corresponding to the time the observed water temperature was recorded. In this
example the observed water temperature in the Nechako River above the Stuart
River was recorded at 1900 hrs on July 26 (Section 4.1.4; file TU5J27.DAT, card
34). Thus TCOR will adjust the simulated water temperatures for hour |9 for
July 26 to agree with the corresponding observed values. The July 26 hour 24
simulated water temperatures resulting from this correction will be stored and
output to file TJ26.0UT (Section 4.1.9).
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Note that the output file TJ26.0UT contains July 26 hour 24 water temperatures
for the 102 cross sections to be used as hour | initialization water temperatures

and read in on /O unit | for the July 28 simulation (July 27 to August ).

4.1.3 1/O Unit 2, Meteorological Input File, TU2J27.DAT

File TU2J27.DAT contains six days, line by line, of meteorological data, one day
observed and five days forecasted. In this case, the previous day (July 26) is
observed data and the current day (July 27) and subsequent 4 days (July 28, 29,
30, 31) make up the five day forecasted data. Each line of data consists of air
" femperature (°C), solar (short wave), radiation (langleys), cloud amount (tenths),
dewpoint temperature (°C), and wind speed (km/hr), station pressUre (in. Hg),
relative humidity (%) and date. Only the first five parameters on each line are

used in the modelling process.

4.1.4 I/O Unit 3, Surveyed Hydraulic Input File, TU3.DAT

This file is exactly the same file used by the observed water temperature model

and is documented in Section 3.1.3.

4.1.5 I/O Unit 5, Parameter Control input File, TU5J27.DAT

With a few exceptions this file is the same as the file documented in Section
3.1.4. Entries in cards | through 29 and the last three cards are identical to
TUSJO6V.DAT with the exception of the date in card | and the number of days
(46) and the number of days prior to the start of the simulation (16, since the
simulation begins on July 26) entered in card 22. Card 30 contains four
parameters, PTVAL, IFCONT, INITSEC and TNR. PTVAL is the value assigned
to the source water temperature in the Nechako River assuming a constant value
of the source. IFCONT is a flag used to control assignment of Nechako River

source and Nautley River water temperatures.
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Whatever value IFCONT is equated to, the previous day's observed Nechako
River source (below Cheslatta Falls) and Nautley River water temperatures (for
July 26 in this example) will be assigned values of PTVAL and TNR, respectively.
If IFCONT is not equal to 2, water temperatures for both locations for the five
subsequent days (forecast days) of the 6 day simulation will be estimated using a
forecast procedure (Appendix A). |If IFCONT=2, Nechako River source and
Nautley River water temperatures for the five forecast days will be assigned
mean daily values contained in cards 3| and 32, respectively. INITSEC defines
the sub-reach at which the source water temperatures are measured. [f
INITSEC=2, the source water temperature data were recorded at Cheslatta Falls
" and TINITSEC=9, the source water temperature data were recorded at Bert
Irvine's, downstream of Cheslatta Falls. Note that the value cannot be set equal

to 1.

Card 33 contains six coefficients, CTRWT(l), | = | to 6, used in estimating
tributary inflow water temperatures, for Swanson Creek, Greer Creek, Nautley
River, Stoney Creek, Sinkut River and Cluculz Creek. Determination of these
coefficients and their use in estimating tributary water temperatures are
outlined in Appendix A. Card 34 contains parameters JTIME, OBSPT(54) and
OBSPT(102), and represent the time that the water temperature was recorded in
the Nechako River above the Stuart River (19 for 1900 hrs on July 26 for this
example), the water temperature recorded in the Nechako River above the
Nautley River at 1900 hours on July 26 and the water temperature recorded in
the Nechako River above the Stuart River at 1900 hours on July 26, respectively.
Note that JTIME cannot be assigned a value of 0 (zero). Review of the report
outlining the 1984 Nechako River hydrothermal monitoring and control program
(Envirocon 1985B) would be instructive in terms of understanding these opera-

tional procedures and constraints.

"~ Cards 35, 36 and 37 are not used.
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Note that an interactive program (Appendix D) has been developed to edit this
parameter control file and file TU9J27.DAT (Section 4.1.6) efficiently, saying

time and minimizing editing errors.

4.1.6 I/O Unit 7, Hourly Flow Input File, FU7J26J31.0UT

“File FU7J26J31.0UT is of exactly the same format as file FU7J04.0UT (Section
3.1.5) but begins on hour | of July 26 and contains 9x24x6=1,296 lines for the six

days of simulation.

"TE1.7 1/0 Unit 9, Mean Daily TribQTory Inflow File, TU9J27.DAT

This file is again of the same format as file TU9J28V.DAT documented in
Section 3.7. However, this file is updated daily for forecast operations by use of
the interactive program (Appendix A) previously mentioned (Section 4.l.4).
Cards | to 4, 5 to 8, and 9 to 12 remain unchanged at their constant values of
1.0, 40.0 and 40.0 respectiviey. Cards |3 through 28 will be updated in response
to changes in Nautley River flows. The previous day's observed Nautley River
flows (July 26 in this example) will be assigned to each day subsequent to the
previous day, thus assuming the Nautley River flow will remain constant for the
period of the current six day simulation (July 26 to July 31). Flows for Stoney
Creek, Sinkut River and Cluculz Creek in cards 17 to 20, 2| to 24, and 25 to 28,
- respectively will be upg‘rdded according to their assigned percentages (Section

2.3), by the interactive editing computer program.

4.1.8 I/O Unit 4, Hourly and Mean Daily
Water Temperature Output File TU4J27.0UT

This file contains simulated hourly response temperatures and hourly water
temperatures for sub-reaches 8, 54, 56, 82 and 102, mean daily water tempera-

tures in the Nechako River at Bert Irvines and the Nautley River, mean daily

2076



response and equilibrium temperatures, and mean daily water temperatures in
sub-reaches 8 (Bert Irvine's Lodge), 54 (above the Nautley River), 56 (below the
NaQTIey River), 82 (at Vanderhoof) and 102 (above the Stuart River). Mean daily
water temperatures are output in both degrees fahrenheit and celsius. The six
groups of hourly water temperatures at the beginning of the file are, in order,
response temperature, and water temperature for sub-reaches 8, 54, 56, 82 and
[02. These are output |2 per line so that there are 12 lines of hourly output (6
days) for each parameter. The mean daily source water temperatures in the
Nechako and Nautley Rivers are output for the observed or previous day (OBS)
and first three forecast days only as the fourth and fifth forecast days are set
A—gqual—'rb the third forecast day (Appéndix A). The first entry (July 26, output as
26/07) for the mean daily response temperatures has been intentionally deleted
from the output routine in the source program, as this value is not used in the

calculations.

4.1.9 [/O Unit 6, Initial Conditions and
Hydraulic Continuity Output File, TU§J27.0UT

This output file is of exactly the same format as output file TUEJ0EV.OUT
(Section 3.1.9), with the exception of length of output. TU6J27.0UT contains
output for 6 days compared to 46 days in TU6J06V.OUT.

4.1.10  1/O Unit |1, Water Temperature Initialization Output File, TJ26.0UT

This file contains the simulated July 26 hour 24 water temperatures for each of
the 102 locations which will be used to initialize the entire Nechako River for
the following day's forecast simulation. That is file TJ26.0UT created during
the July 27 simulation would be used as the hour | initialization water
temperature input file read in on |/O unit | in the command file TEMPJ28.COM

for the July 28 simulation.
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4.1.11  1/0 Unit 12, Water Temperature
Initialization Correction Output File, TUI2J27.0UT

This file contains the results of the subroutine TCOR which is used to adjust the
previous day's simulated water temperatures to agree with the observed water
temperatures at the time the sub-reach 102 water temperature was recorded.
Note that water temperatures are recorded in the Nechako River at sub-reach 8
(Bert Irvine's Lodge), 54 (above the Nautley River) and 102 (above the Stuart
River) only. The subroutine TCOR uses these water temperatures and the
Nautley River water temperatures to adjust (using linear interpolation) water
-—tamperatures for the entire river. The first section of the output contains the
time at which the sub-reach 102 water temperature was recorded (19 in this
example - read in as JTIME from I/O unit 5, input file TU5J27.DAT), and the

observed water temperatures in sub-reaches 54 and |02 recorded at that time.

The second section of output contains CORU, CORS54, CORS55, QS54, QTS5S5,
QS56, OBT56, CORS56, CORI02, DI and D2. The parameters CORS54 and
CORI102 represent magnitudes of differences between observed and simulated
water temperatures (correction) in sub-reach 54 and 102, respectively. CORU is
the correction at the upstream source (at sub-reach 8 in this example). CORSS5
is set equal to CORS54. OBT56 is a blended water temperature for the Nechako
River below the Nautley River obtained by blending observed Nechako and
Nautley River water temperatures. CORS56 is the correction obtained using

7 OBT56. The parameters QS54 and QS56 are the flows at cross-sections 54 and
56, respectively corresponding to the hour defined by JTIME. QT55 is the
Nautley River flow at hour JTIME. The terms Dl and D2 are the differences
between CORS54 and CORU, and COR102 and CORS5§, respectively.

The last three sections of this output file contain linearly interpolated correc-
tions for each sub-reach, the simulated water temperatures before correction for
each sub-reach and the revised simulated water temperatures for each sub-reach

after correction, respectively.
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7.0 APPENDICES
This section contains the following appendices:
A Determination of Forecast Source and Tributary Water Temperatures

B Example Set-Up of Observed Water Temperature Model
- July é to August 20

C Example Set-Up of Forecast Water Temperature Model
- July 26 to July 3l

D Interactive Editing Program for the Forecast Water Temperature Model
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APPENDIX A

DETERMINATION OF SOURCE AND
TRIBUTARY WATER TEMPERATURES
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Thus, using the estimates of A calculated as above and response and dewpoint
temperatures calculated from five-day meteorological forecasts, five-day source
water temperatures for the Nautiey and Nechako Rivers could be determined for
each day during the summer program. In actual fact, the source temperatures
for days | through 3 were calculated using Equation (1) and days 4 and 5 were set

equal to the value calculated for day 3.

The above equation could yield unrealistically high predicted source tempera-
tures during periods of rapid warming. To place an upper bound on these
predicted temperatures five-day maximum warming curves were developed based
" on the 1974 to 1982 observed source water temperature data for the two rivers.
Days | through 3 were calculated using maximum observed incremental increases
(1974 to 1982) in a three day period and added to the previous day's observed
source water temperaoture. Days 4 and 5 were set equal to the value calculated
for day 3. For each day of operation, the source water temperatures used in the
modelling were defined by Equation (1) as long as these values did not exceed the

values determined by the maximum curve.

Minimum values for each of the five-day source water temperatures were
established by assigning the value of the previous day's observed source water
temperature to days | through 5 (i.e. constant source water temperatures even if

Equation (1) predicted dropping source water temperatures).

Thus, the source water temperatures used in the modelling were those predicted
by Equation (1) as long as these values were within the bounds of the maximum
and minimum curves. If they were not, the values defined by the maximum or

minimum curves were used.

It must be emphasized that this approach to estimating source water tempera-

tures has been used in an attempt to develop a better understanding of how the
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Nechako River and, especially, the Nautley River respond to changes in
meteorological conditions and more realistically model the responses. It was felt
that this approach is an improvement over previous methods when viewed in

terms of fisheries management and water use.
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T B APPENDIX B

EXAMPLE SET-UP OF OBSERVED WATER
TEMPERATURE MODEL - JULY 6 TO AUGUST 20
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T T OBSERVED MODEL

COMMAND FILE LISTING

TEMPJ06V.COM
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OBSERVED MODEL
INPUT FILES LISTING
AND DESCRIPTION

T J05.0UT
PGB4MET.DAT
TU3.DAT
TUSJ06V.DAT
FU7J04V.0UT
TUBJO6V.DAT
TU928V.DAT
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Program

1/0 Unlit

Card No.
Variable(s)
Format

8L4T.FOR TJ05.0UT
1

1 THROUGH 9
PT(1) |l =1 to 102 (102 = NXSEC)

12F6.1

—rTTYTTTTTTYT

7
?Q"Ym'vvvﬂ'zvy

E%

24

T T Y rrryrrrrrieryrry

L4

Ty irTyvvy

Explanation:

Initializing water temperature file.

This file is used to initialize water temperatures at each
of 102 surveyed cross sections between Cheslatta Falls and
the Stuart River Confluence. The file contains 8 cards of
12 entries and 1 card of 6 entries. The first card,
represented by this page, contains 99.9 for the first seven
survey locations (not used) since the continuous recording
thermograph is located within surveyed cross section 8,
downstream of Cheslatta Falls.

The file name is TJO5.0UT

Field




/2

38 9 (0o (]

7

Pr
1/

Ca

Variable(s)

Fo

ogram
0 Unit

rd No.

rmat

- 2‘”- FOR PGB4SMET.DAT

1 THROUGH 46
TA, HS, CC, TDP, V
5F7.2

Explanation: This file contains meteorological data used in the

modelling. Fields 1 through 5 are used, fields 6 through

12 are not.
The filename is PGBLUMET.DAT

3000 0b 037, .54 J09 F6 DATA .

PG DATA: Data obtained from the AES weather station in Prince George
J09: Data for J09 used for J06 as data for J06 not available

BL: Year

07: Month

06: Day -

63.00: Relative humidity (%) (not used)

93.40: Station pressure (in Hg) (not used)

V: Wind speed (km/hr)

TDP: Dew point temperature (degree C)

cC: Cloud cover (tenths)

HS: Shortwave (solar) radiation (langleys)
TA: Air Temperature (degree C)
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TU3.DAT

14

4000,05000,0,7000,05 10000, 5,30000,0.
0,0:0,0:0,010,090,040,0+0,050,0:0,0+0,0:0,0,0,0:
0,010,050,000,0:0:0:0,000.060.0:0.040,0:0,040.0:

0,010.0s0,0:0,0:0.0:0.0:0,0:0,0:0,0:0,0:0,0:0.0
0,0:0.000,0¢0,0:0,0:0,0¢
0,00:0,00:0,00:0,00:0,00,0,00:0,00:0,00:0.00:0.00,
D,0050:0060,00:0,0000,00:0,00:0,0000,00:0,00:0,00.
0,00:0,0000.00:0.00:0.0050,00:0,00:0,00:0,00:0.00.

0.00¢0,00+0.00s0,00+0.20,0,000,005%. 50,
0,0:0,060,000,0:0,0:0,0:0,0¢0,050,050,0:0.0:0,0
0,0910+000,060:090,000.040,050,0+0,0+0,0:0.040.0»
0,010,010,050,090,040,0:0,0¢0,0:0,0:0:0¢0,0:0.0,
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270 10300, 911750, 111175, 15450, 14450,y 7575, 9013, ¢ 7025, ¢ 4875, 12372,y
280 £450,5275,95975.17075, 16800, 8813, ,5813,+4150,:5875,+ 11450, ¢
291 9475, :9325,+11650,+23270. ¢

2¢e2 104825, +7450,94815,95825,:7800, 59480, 19510, 4240, 7450, 3140+
283 4040, 16700, 15950, 6070, 14280,17475. 995950, +9300.+4335,+4010.+
4 8780,17430,14775,+7450,+8210,113473, 126750, 111950, 19090, ,9795,+
105 11420,:11840,,12180,,10440.:10490. 15770, 113280, . 12750, 114113, 14445, »
284 14110, 48750, 013365, 14000, 7375, 14450, 2 7400, 0 7508, »

2¢7 519.+519.1470,:477,+383,+902,,1349,,926,+:1433.:1147.»

oe8 112791132, 0574, 1806, 11062,9731,+1119,1497, 884,704,

200 472, 1979, 51448, 41024, +48F,:709,,748,.:336,.,874,,598,,

290 403,9731,9583.¢571,2817,5534, 5591 ,0712,,1230,+1037,.,

29 1124,,794,4932,,924,,489, 1344, ,583,:412.:437,41197.,

2e2 480,:934,:531, 41152,

203 S11,:731,9547,91134,,1425,,1257,,94R, 4427, ,494,,:589, .

20 715,1542,+2505,,1057,01302,11240,, 1444, 4A3T,,892,,1031,.

Jo% . 1225, 01289, 01217, 91048, 22374, 24620, 12000, 4809, 5449, ,R92,

204 494,,487,9354,11209,:501,.:920,,742,,447,,788,, 355, ,

297 1094, 1539, :433,1465.:414, 319,450, 1450, ¢

TIR)



Prog ram . : BAT.FOR TU3.DAT
1/0 Unlit : '3

Card No. s 1

Variable(s) : NEW2

Format e FREE FORMAT

Explanation: /0 input unit 3 file contains surveyed hydraulic data

AN B BN MER AN B gt

LA JEN San A an 4

v

rvrYvy

YTy rrror—r

L S0 B 200 S 280 ZEAJ

vy

tTrrvryrrryryyryrryrrrrroryrry

ryve vy vvyvyyv v irvgvvuoewy

.
Abcho b A A b A 0 0 A\ 4 & 4 2 2 A A0 0 223 222 12

/lﬁllllLALlll‘_l;leLl‘JLLIIIIIAJllll‘l_llJAl_‘lAl_L‘Jllll

NEW2:

(cross sectional area of flow and surface width of flow)
for flows of 0 cfs to 30,000 cfs at 102 surveyed cross
sections.

The file name is TU3.DAT

Number of discharges used for rating curve
Flows range from 0 to 30,000 cfs.

Field




Program
1/0 Unit

Card No.
Variable(s)
Format

84T .FOR
3

2
Qp(t) b =1 to NEW2
FREE FORMAT

e e e

A

TV vy vV yYyvivy vy

rrrYT LTty rrryrTorTTT

rTrTyTrlTyryryrro—r

YyrrrvryryryrrrrryrrryrryrryreeterTrYrTrrTrreey

Q1)

Flows used to establish rating curves
This card contains flows of 0 through 3,000 cfs.




Program
1/0 Unit

Card No.
Varlable(s)
format

8LT.FOR
3

3
QD(1) | = 4 to NEW2
¢ FREE FORMAT

TiI fTlTYTJTYyYrYyrryrryrryryrrrevyyyvyyrvroevy

20

q

IDl
rYrryyoyyvgigyggrvyvrryvyvrirTryryryvyryryryyrryryyyvyrvrovoy

LA Sun Ak AN S Bun BN BN S g

0,9,

QDn(1):

Flows used to establish rating curves
This card contains flows of 4,000 through 30,000 cfs.

Field




84T .FOR

Program :

1/0 Unit : 3

Card No. . 4 THROUGH 13

Variable(s) : AT(J) J =1 to NXSEC (NXSEC = 102)
Format . FREE FORMAT

AT(J): Cross sectional area of flow at each of 102 cross sections

for a flow of 0 cfs.
Entries are all zeroes for cards 4 through 13.

Field




Program : B4T.FOR

1/0 Unit : 3

Card No. : 14 THROUGH 23

variable(s) : WT(J) J =1 to NXSEC (NXSEC = 102)
Format FREE FORMAT

20 E: 40,
v v 5§ ¥ ¥Yr v vovrw

rYvrYrvrriryrrrryeerYvyrrryryyrrYyYrrryry ot

9

TV ooy v VY vy

T T rTyYYy

TYyry

WT(J):

Surface width of flow at each of 102 cross sections for
a flow of 0 cfs.
Entries are all zeroes for cards 14 through 23.

Field




Program
1/0 Unit

Card No.
Variable(s)
format

84T.FOR

24 THROUGH 297
AT(J) AND WT(J) J = 1 to NXSEC (NXSEC = 102)
FREE FORMAT

rev sy uorory LS Aun RELANE SN SEN San SA Sa TrrTrIy ™

TTrrrfyyyrrrvryrrvyvvrryrrryrrey

TV vy vYVYyYVvV vy vy

ad b 0 a2t a2

A b A L A & & 8 8 & & & 5.8 A & & & & & & 8 & 2 3 2 A 2.1 2% 2 82 2 &2 A 22 2 8 B A &t 8 B A A Aa

Al Lt A A A A a2 A A 2 A a2

Explanation:

Cards

Cards

Cards

Cards

Lards

Cards

Cards

Cards

24
34
Ly
54
64
74
84

94

Cards 24 through 297 contain cross sectional area of
flow and surface widths of flow for each 102 surveyed
cross sections for flows of 50 cfs through 30,000 cfs.

to 33 : Cross sectional area of flow for 50 cfs.
to 43 : Surface width of flow for 50 cfs.

to 53 : Cross section area of flow for 100 cfs.
to 63 : Surface width of flow for 100 cfs.

to 73 : _Cross section area of flow for 200 cfs.
to 83 : Surface width of flow for 200 cfs.

to 93 : C(Cross section area of flow for 500 cfs.

to 103 : Surface width of flow for 500 cfs.

Cards 104 to 113: Cross section area of flow for 1,000 cfs.

Cards

Cards

Cards

Cards

Cards 155

Cards

Cards

1k
124
134
144

166

177

to

to

to

to

to

to

to

123: Surface width of flow for 1,000 cfs.
133: Cross section area of flow for 1,500 cfs.
143: Surface width of flow for 1,500 cfs.
154: Cross section area of flow for 2,000 cfs.
165: Surface width of flow for 2,000 cfs.
176: Cross sectién area of flow for 3,000 cfs.

187: Surface width of flow for 3,000 cfs.

Field




T YT Y

\g

LN S i SUD MR i S Sub SuD G ENS S SNA SUM Su Bun ENA D NN JNn MND SR

TYfTJTyryyvyryjrvryry

AL AL AA AL DL 3 8 2 A 5 4 4 4 2 & A 4 8 8 22 2 8 A2 3 2 2 4 8 2. 8.4 0 23 2 8 4L a0k 8 A A B 4 s a 52 22 A28 3 A s 2 8 4 a d 4 A A2 a2t 22l

.Program : BLT.FOR
1/0 Unit : 3
Card No. : 24 THROUGH 297 (cont'd.)
Variable(s) : AT(J) AND WT(J) J = 1 to NXSEC (NXSEC = 102)
Format FREE FORMAT
; Cards 188 to 198: <Cross section area of flow for 4,000 cfs.
E Cards 199 to 209: Surface width of flow for 4,000 cfs.
E Cards 210 to 220: <Cross section area of flow for 5,000 cfs.
E Cards 221 to 231: Surface width of flow for 5,000 cfs.
E Cards 232 to 242: <Cross section area of flow for 7,000 cfs.
: Cards 243 to 253: Surface width of flow for 7,000 cfs.
s Cards 254 to 264: Cross section area of flow for 10,000 cfs.
E “—Eards 265 to 275: Surface width of flow for 10,000 cfs.
E Cards 276 to 286: <Cross section area of flow for 30,000 cfs.
Cards 287 to 297: Surface width of flow for 30,000

Fleld
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TUSJO6V.DAT

a7

1102 1104 1.00 ?3.40 54 ! 7 0 8,240
11403, 115, 78, 114,44, 114,30, 113,23, 112,80, 112, 04,110, 72,109, 3
107,00 104,31+ 105, 242104,32, 103,84, 102,82, 101, 74,100, 37,099,135
94,62:0%,94,0%,54,04, 44,94, 05, 73,28,02, 55,51 77,00, 93,9004
80,19,028,74,37,04,87. 02, 25,31+ 85, 14,04, 21,23 51,01,70.20, 44,
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Program

1/0 Unlit

Card No.

Variable(s)

Format

: 1

8 L}T .FOR TUS.D6V.DAT
5 .

OBSDAY, MONTH

: FREE FORMAT

LN S Sk S SED Sub S SN 4 Ty VvV Y vyYun

rryy ryr vy v v yr vy ey oy v

T TYTTrTTYTYY

T TTYY

T e vy vov Yy v §vvy vy

Explanation:

MONTH :
OBSDAY:

July

Control file used to specify modelling period,
size of the simulation time step, coefficients
for the windspeed function, location of
surveyed cross sections, initial river and
tributary flows and source water temperatures,
and locations for which output is to be
produced.

The file name is TU5J0O6V.DAT

(7)

The sixth day of the month (06)

Field




‘"

LIBS SNn SER D AN Sne s s Em 4

10

7

g

Ty Y Yy v TV iy rrry vy rr T r ey TTTrT T TYY

7

Program
1/0 Unit

Card No.

Variable(s)

Format

84T .FOR

2
NCOND,NXSEC,NHR,DT,QS0, IGO0, IOUT,NTRIB,JTS,A1,B1

1X,11,14,15,2F10.2,415,2F10.2

AR SR BB

Lo 4

L

vTrrrTyrfyrrrorr

. il % .57

2L

12!

TYyYyrvreoeyvsvvyvgiviryrryy

,
-y
;P.: B1: Coefficient in the windspeed function
S]
4
S N ) .
] Al: Constant in the windspeed function
]
] — — -
4
Q " < "
b JTS: Hour of day at which computations begin
1 Computations begin in the first hour for JTS=0 (midnight
™ . -
) NTR1B: Number of tributaries
y
-~
b 1oUT: Frequency of output of results - not used but
j required for documentation
EE 1GO: The Nautley River enters the Nechako River at sub-
. reach 54 - not used but required for documentation
1
&; QSO: Initial flow in the Nechako River at Cheslatta
e Falls (m3/s)
N
3
Q)
‘ﬂ DT: Size of time step. One hour in this case
R
g .
N NHR: Number of hourly time steps - 1104 for a 46 day
3 simulation
Nl
9. NXSEC: Number of surveyed cross sections used in the
7 modelling
NCOND: Not used

Field




84T .FOR

Program :

1/70 Unit : 5

Card No. : 3 THROUGH 13

Variable(s) : X(1) Il = 1 to NXSEC (NXSEC = 102)
Format : FREE FORMAT

TTrryrr™m

A g i

h/n/.t'nélédnln/14:'L'BnonLlL/n3n'nz lh/L/ﬂ'ZQul/A,LJA"OA h.lnlnon'_.? AlA/AoA?A‘A}A?I .,.0.3.0.2"2“. Ad adds i

LAl LA Sun gns BNN Sum SnA

79

AJND BN AND 2 S0 BN AU A S ZND JUD Zun D BND SED SND JNN SN SND S Sin NN SED NN GEN b SED A SED Sne AS SE SuN SuD ZNN un S San Sun e )

A ]

(o
I\
TV vT vy yyeoe vy vy

L/A, lé (1 '10131) A/l / 15' 1713.

X(1): Distance from each surveyed cross section to the
downstream end of the study reach (ie at the
confluence of the Nechako and Stuart Rivers).
(mites).

.

Field




84T .FOR

Program
1/0 Unit

of hourly flow data

lines

14
NLHFD
1X, 12

Number of

|
_ﬁ

---J!.4ﬁqq44<1<\-q4-111411141-q1-\-<<-<ﬂ<<---1-4414\1J-qqqndqqqdudlddiijd &-4 v—vnu

NLHFD:

Variable(s)

Card No.
Format

T W T TN AU S WA e I S S ST A ISPl GE A GRS ST U WU I I I AU G G U U G U TR W U U BN W GO U U S WU G ST S U O U W O U S S U I W |

1 L § 1 1 1] . ¥ 1 M




Program
1/0 Unit

Card No.

Variable(s)

Format

BLT.FOR
5

15
NTRPLT
FREE FORMAT

(]
LD J0 N0 JN SE) BNR S B SN SN M SER SN ZND SN Sun g gun 4

rTYyyryryryYyvyryryrrrryryrrrrrrryr/ervyyyr7U9TMmMmeyYTYY

T vy vvyyvivivy vy

rrvy v Ty vy vy

14

ASlllllLll.lll_l‘lAllllllllllLllllllll LA A 2 2 A 2 2 L a2 A A4 8 A A a a8 a8 0 22l g oaaaaaaaginasansy

NTRPLT:

Number of locations for which calculated mean daily
water temperatures are to be output

Field




Program
1/0 Unit

Card No.

Variable(s)

Format

84T. FOR
5

16
I1PRT
FREE FORMAT

rirrTrryrryTrey

A N0 NN S SNk SuA BN Zhn BN un Sun Sun SHN Gun Sn Aue S o )

|

)|
rTrvrvryyryyryrrryfryrrryrryryryrrryvrrTrTrrTryYy Ty

A/AA’xlALLlAAAleJAAAllAlllALJ.]LJAI.AAAIIA.LLAAAlAAAl...A..LLl'A.IlAIJ

)
[
w‘
4
:W:N

8

| PRT:

Surveyed cross sections
temperatures are output

for which mean daily water

ﬁ




84T .FOR

Program :
1/0 Unit : 5
Card No. : 17 THROUGH 21 :
Variable(s) : RivLOoC (K, I) K =1 to 20; | = 1 to NTRPLT
Format : 20A4
r -
I 1]
)

/]
Ty
AoA A a b A A A & o A A A A A A A A A A A 2 0 2 2 48 A 2 2.4 2

vty Yy rryryrrTrrrrr e T e T T rrTY

[/
,l
LZ AN S S0 SIS S SN AN Bn S R S SN B B

ATLSECTION B AT IRVINE'S, LOPSED,

RIVLOC (K,1):

Titles for output of
in card 16

locations

identified

Field




Program
1/0 Unit

Card No.
Variable(s)
Format

84T. FOR
5

22
NDSWT, NEDBSP
FREE FORMAT

MBS NN ANE BN San BEN Aan Bu BN

T T T T YT Y

YV “vrIrrre

vrrrryrryryrfyrrrrrrrvyryrryYyry vy

ryYyYrr v v eYvryvvivuvy

NDSWT:

NEDBSP:

.‘é;gjllgunLAanllllj.__L;JLAllllllllLAAAAlllnlJAJAAAAAAAu‘JllLlA‘A-AA‘_LA'LAIIAIL

Number of days of mean daily source water temperature

data (58)

Number of extra days in data before start of the
simulation (8)

Field




Program
1/0 Unit

Card No.
Variable(s)
Format

8L4T. FOR

o oo
w

23 THROUGH 29 ~
[GT(N), QTT N=1 to NTRI1B
10X, 17, F7.2

se oo we

Y rrTrrrrryryryryryyryrrrryrrrryrrrryrrverxyy

/o,

Ty vy vveywygyvy rryv vy

YTy rfrIrfrrryrrrrIyyyyYyYyrrryryyryvryrvywy

QTT: Initial flow of the tributary
[GT(N) : Survey cross section at which the tributary enters

the Nechako River

Al A A A A b o h 4.1..1 11101'105 AL A b 2 4 2 4 2 2 A 8 0 2 & 0 A A 4 2 A 2 A 8 A A A A A A 4 A A AL S A A Ak A s s aa aaas aasaaii

Field




84T.FOR

Program :

1/0 Unit : 5

Card No. : 30

Varlable(s) : PTVAL, IFCONT, INITSEC
Format : FREE FORMAT

vV v T v ruy

LE 2

) aa gun

T gy vyrrvryyrvryrgygrryyryrvryrvrrrryryrrrryry79yeYvy r{TrVvrvvYrTYtrrYyYw

vVy gy veyyg v yvy vy vy eyry

/3..40,.0..9

PTVAL: Value of the source water temperature in the Nechako
River at Cheslatta Falls assuming a constant value
(13.1)

1FCONT: Flag used to control assignment of Nechako River

source water temperatures, |[FCONT = 1. read mean
daily water temperatures from cards 31 through 35,
IFCONT = 2: wuse the value of PTVAL for constant
mean daily source water temperatures in the
Nechako River at Cheslatta Falls (1)

INITSEC: Defines the sub-reach at which the Nechako River
source water temperatures are measured. (9)

AA A A A A A s 2 A A 2 A 8 AL R A 8 MM A0 8. 8 A 2 8 A A a2 A 2 A8 AL & 8 A A A A A A A S & 5.3 2 0 8.2 & 5. .22 2 A8 AR a2t

Fleld




Program
1/0 Unit

Card No.
Variable(s)
Format

84T.FOR
5

31 THROUGH 35
TUPD(1) | = 1, NDSWT
FREE FORMAT

79

73

rvyryvr 7y  ryryryryryrryrryrrvyyyyrrryyy

vy vy g v e reyey

LANA SN0 SuL Sub SuD SuA Zun Aun AU Sun ZND SR BN SN amn

Yyrrrrorvemryy

Tyl yryYrirvrvryryy

TUPD(1):

Mean daily source water temperatures

in the Nechako

River at Bert Irvine's Lodge (at survey cross

section B8.)

Fleld




/9

Program : 84T .FOR
1/0 Unit : 5
Card No. : 36
Variable(s) : JDAT, PHI, ALON, TZIM
Format : 10X, 17, 3F7.1
[ ]
[ ]
- .o
- L
[ ]
[ ]
[ ]
-
- r
. 4  —— — _
L ]
[ ]
[ ]
& ]
i?f TZIM: Not used (120.0)
[ Q]
F
.
gt >
s ALON: Not used (125.0)
b
!
E PHI : Not used (54.0)
St
t JDAT: Not used (210)
r

lLlLlLlAlIAALLE/IOAIAZ%'IOLI L/

Field




FREE FORMAT

84T.FOR
5

37

AZ1

Not used

|
_ﬁ

AZ1:

Program
1/0 Unit
Card No.
Variable(s)
Format

"4
TIvI vy v e e ey vVVy T rTirrryyvvvevvyrvgygvgiryvyvvvyvyvrvoryd ---ddd14114441144<4JIJ<1—@¢-G-V¢ v—v—u

P WA W I G U0 O G U US W AU U I U G A U U UU IS S U W GO S A B G I O G I AU U WP W I AP ST U W G U U Y W WS WD U B W WD GG U U0 B U B U0 U UGS U U 'Y

L) T ] L | 1 1



FREE FORMAT

84T .FOR
38
EBH1

Program

1/0 Unlit
Card No.
Variable(s)
Format

Not used

|
ﬁ

EBH1:

qucq-dJ.diqqiidqlqudqj-4-1-4-11-d1<j4114-d<-¢---d-1--4-1\1141111J4i4\¢Q.14

U WA WY N W WPV WO VA G U VI P G U W U WA SN0 W UNU ST U G0 G U0 R WU U U GHP U GHE UI0 W WOF W U U G SIS WY U W WY VY WY U U Y U U U U U ST U U U0 B ST U W U U O U U U U TS O O e v




T N I S R

b4 sa 32 3o

R
W 2 A B sl 1) v= D 0 0

[B S , T  PN |

LIES I P T Y R P B I B Y I Y |
[ e I |

e

Rl
— O

L R I R e die] oY <Y ~ NN ~ N -
(ST« B¢« IS b SR I SN )

FU7J04V.0UT

2000, 2001, 2001,
2001, 2001 2001,
2081, 2081, 2081,
2081, 2081, 2081,
2081, 2081, 2081,
3411, 3411, 411,
111, 3411, 411,

544, 3544, 3544,
3810, 3043, 3943,
2000, 2001, 2001,
2001, 2001, 2001,
2081, 2081, 2081,
20843081 —2081,
2081, 2081, 2081.
3411, 3411, 3411,
11, 3411, 411,
31544, 3544, 3544,
910, 3943, 1943,
2000, 2001, 2001,
2001 2601, 2001,
2081, 208!, 2081,
2081. 2081, 2081,
2081, 2081, 2081,
111, 3411, 3411,
3411, 3411, W11,
1544, 3544, 1544,
810, 3943, 1943,
2000, 2001, 2001,
2001, 2001, 2001,
2081. 2081, 2081.
2081, 2081, 2081,
2081, 2081, 2081,
3411, 3411, W11,
411, 111, 414,
3544, 3544, 1544,
910, 1943, 3943,
2000, 2001, 2001,
2001, 2001, 2001,
2081, 2081. 2081,
2081 2081, 2081,
2081, 2081, 2081,
111, 1411, 3411,
111, 3414, 1411,
1544, 1544, 1544,
1810, 3043, 1943,
2000, 2001, 2001,
2001, 2001, 2001,
2081, 2081, 2081,
2081, 2081, 2081,
2081, 2081, 2081,
1411, 3411, 411,
3411, 3411, 3411,
1544, 3544, 1544,
TR1A. T047. 1047,

2001,
2041,
2081,
2081,
2081,
411,
411,
1944,
1943,
2001,
2041,
2081,
2081,
2081,
111,
U1,
3544,
943,
2001,
2041,
2081,
2081

2081.
11,
3411,
1544,
2001,
2041,
2081,
2081,
2081,
3411,
111,
1544,
943,
2001,
2041,
2081,
2081,
2081,
U1,
3411,
1544,
1943,
2001,
2041,
2081,
2081,
2081,
411,
3411,
1544,
047,

2001,
2041,
2081 1]
2081,
2081,
3411,
3411
3810,
3941,
2001,
2041,
2081 1
2081,
2081,
1411,
1.
3810,
3041,
2001,
2041,
2081,
2081,
2081,
3411,
3411,
1810,
1041,
2001.
2041,
2081,
aney,
2081,
14,
1411,
3810,
1043,
2001,
2041 +
2081,
2081,
2081,
Ja11,
u1,
3810,
3043,
2001,
2041,
2081,
o8t

2081,
3411,
3411,
810,
7047,

2001, 2001,
2041, 2041,
2081, 2081,
2081, 2081,
2081, 2081,
3411, 3811,
413, 1544,
3910, 3810,
3943,

2001, 2001,
2041, 2041,
2091, 2081,
2081, 2081,
2081, 2081,
1411, 3411,
3411, 3544,
819, 3810,
1943,

2001, 2001,
2041, 2041,
2081, 2081,
2081, 2081,
2081, 2081,
11, 3411,
3411, 1544,
1810, 3810,
1943,

2001, 2001,
2041, 2041,
2021, 208
2081, 2081,
2081, 2081,
3411, 11,
3411, 3544,
1910, 3810,
1043,

2001, 2001,
2041, 2041,
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[ TCaT. IEAT 1047, 1047 04T




OBSERVED MODEL
OUTPUT FILES' LISTING

TU4J06V.OUT
TU6J06V.OUT
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Program
1/0 Unit

Card No.

Variable(s)

Format

8LT.FOR

9
: 1 THROUGH 35
: QTSD (K,I) K = 1 to NDSWT
: 12F7.0 I = 1GT(N) N =1 to NTR1B

ey vvw

LEn mn o
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vy

A AL 8 0 8 8 a8 8.0 o & 2.2 & 2 % 8 1 32 %8348 222324 8 3 22322 22 Aa2 28 2d ol A aa Ao oaoaaosaoaaaisaloaoasaanaadaasgseasy

Note:

The number of data elements contained in this file
must equal the sum of ""NDSWT + NEDBSP'" contained

in I/0 input unit 5. The number and dates of data
will be equivalent to the data entries contained in
cards 31 through 35 (TUPD(1)) in I/0 input 5. For
the current example, data begins on June 28 and ends
on August 24. Thus there are 58 days (NDSWT) of
source water temperature and the modelling begins on
July 6, 8 days (NEDBSP) beyond the first entry of
these data.

Field




vy vy vy orty
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Program : 84T.FOR TU9J28V.DAT
1/0 Unit : S
Card No. : 1 THROUGH 35
Varifable(s) : QTSD(K,I) K = 1 to NDSWT
Format : 12F7.0 | = IGT(N) N =1 to NTRI1B
Q Explanation: Mean daily flows in all tributaries used in
- the modelling.
~ The file name is TU9J28V.DAT
~
S
Q Cards 1 to 5: Mean daily flows in an additional tributary
~. used to adjust flows for flow modelling
Q during the 1984 Nechako River hydrothermal
N program (forecast operations).
ry
I~ Cards 6 to 10: Mean daily flows in Greer Creek
‘ t . - assumed to be constant to 4O cfs for entire
A N modelling period
mL -
rq -—€=ards- 11 to 15: ~Mean daily flows in Swanson (Creek
s - assumed to be constant at 40 cfs for entire
% I modelling period
o
s Cards 16 to 20: Recorded mean daily flows in the Nautley River
[ Cards 21 to 25: Mean daily flows in Stoney Creek
“‘N. - assumed to b