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A DIGITAL MODEL FOR STREAMFLOW ROUTING

BY CONVOLUTION METHODS

By W. Harry Doyle, Jr., James 0. Shearman, 

Gloria J. Stiltner, and William R. Krug

ABSTRACT

U.S. Geological Survey computer model, CONROUT, for routing 
streamflow by unit-response convolution flow-routing techniques 
from an upstream channel location to a downstream channel location 
has been developed and documented. Calibration and verification 
of the flow-routing model and subsequent use of the model for 
simulation is also documented. Three hypothetical examples and 
two field applications are presented to illustrate basic flow-routing 
concepts. Most of the discussion is limited to daily flow routing 
since, to date, all completed and current studies of this nature 
involve daily flow routing. However, the model is programmed to 
accept hourly input data.

INTRODUCTION

CONROUT, a Digital Model for Streamflow Routing by Convolu­ 
tion Methods, can be used to route a streamflow hydrograph 
from an upstream location to a user-defined location downstream and 
produce an outflow discharge hydrograph. The model uses convolution 
techniques for streamflow routing computations. A convolution 
model treats a stream reach as a linear, one-dimensional system 
in which the input (upstream hydrograph) is convoluted with the 
unit response of the system to determine the output (downstream 
hydrograph). Two options are available in CONROUT for determining 
the unit response. Successive downstream routings involve stepwise 
routing from point to point using the previously computed outflow 
hydrograph as the inflow hydrograph to the next reach. Also, 
flows from tributaries, distributaries, and reservoirs have to be 
considered and adjustments made to compensate for these components.

The product of CONROUT is a simulated outflow discharge hydro- 
graph at the end of the reach. The routing time step is either 
hourly or daily. The program will also compare simulated discharges 
to observed discharges (SUBROUTINE COMPAR) for calibration and will 
also plot (SUBROUTINE PLOT) the results. CONROUT can be used to 
estimate streamflow for periods of missing records. These data 
can then be used in statistical analyses to determine streamflow 
characteristics.
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The purpose of this report is to provide a user's manual for 
CONROUT. The many options and features of CONROUT are described 
and discussed. Also, an overview of several hypothetical and 
field flow-routing applications is presented to aid the user. In 
addition, information is included for retrieving and transforming 
data for input to CONROUT.

DESCRIPTION OF MODEL

CONROUT is a streamflow routing model which may be used to 
simulate either hourly or daily streamflow. The model may be used 
to: (1) copy hydrographs; (2) combine hydrographs; (3) change 
the timing of hydrographs by lagging one or more routing intervals; 
(4) multiply hydrographs by ratios; and (5) route hydrographs to 
downstream locations. These five operations provide the user many 
different possibilities for streamflow simulation. For example, 
depending upon where simulation information is needed, a simple 
transposition of an upstream hydrograph to a downstream location 
might be sufficient. This can be accomplished by copying the 
upstream hydrograph directly. In other situations, reach 
characteristics influencing time of travel, attenuation and disper­ 
sion might be such that the upstream hydrograph can be transposed 
downstream in size and shape as is, but delayed in timing by one or 
more routing intervals. When reach characteristics are important 
enough to affect the shaping of the downstream hydrograph then the 
model can be used to route upstream streamflow to downstream 
locations. The routing process does consider the effects of wave 
movement and attenuation and dispersion. Finally, the ability to 
combine hydrographs and proportion hydrographs by multiplying by 
ratios enables the user to account for tributary inflows and inter­ 
vening ungaged flows that may be indexed to a gaged station streamflow,

Various combinations of the above operations are also possible. 
Furthermore, results from one operation (or combination of opera­ 
tions) can be used as input to a subsequent operation (or combina­ 
tion of operations). Such stepwise computations can be made within 
a single program execution or by a series of program executions. 
Thus, the model is applicable to modeling studies ranging in scope 
from a single stream reach to an entire watershed.

CONROUT 1 s hydrologic component for streamflow routing consists 
of a unit-response function and the convolution technique of Keefer 
(1974) . The unit-response function defines the discharge at the 
downstream end of a modeling reach as a function of the inflow at 
the upstream end. Basically, the unit-response function defines 
the oercentage of an upstream inflow that will arrive at the down­ 
stream end during the unit time (hourly or daily) and each successive 
unit time. Discharge at the downstream end for each unit tirae is 
the summation of the contribution of inflow at the upstream end 
from that unit time and each preceding unit time.



The behavior of a flood wave in a channel between an upstream 
location A and a downstream location B is controlled by the physical 
characteristics of the reach between the two locations. The type of 
physical setting along the channel influences the unit response 
which is reflected in the attenuation and dispersion of a flood 
wave as it moves along the reach. The determination of the unit 
response enables us to predict the resulting hydrograph shape as a 
flood wave proceeds downstream.

Convolution is a concept basic to linear system theory. A 
system input is combined through the convolution process with a 
system response function to produce the predicted system output. 
In the case of flow routing the system input is the upstsream inflow 
hydrograph, the system response function is the unit-response 
function, and the system output is the resultant downstream discharge 
hydrograph. The convolution technique is essentially identical to 
the unit hydrograph computation in that rainfall is convoluted with 
a unit hydrograph to produce the basin discharge hydrograph.

The convolution technique can be applied in streamflow routing 
because the system is assumed to be linear and individual responses 
may be superimposed to obtain a composite response. The technique 
first requires determining the system's response to a single unit of 
input. As an example, figure la illustrates that the unit-response 
function for the reach between A and B distributes a unit input of 
1 ft^/s for a duration of 1 day at A into a hydrograph at B. The 
unit-response ordinates (0.12, 0.38, 0.30, 0.15, and 0.05) are used 
to distribute the 1 ft^/s inflow that passes A into 5 separate 
parts, each lagged by a time step of 1 day as seen in figure Ib. 
Figure Ic shows that with the same unit-response ordinates as in 
figure la that 10 days of inflow at A are distributed, lagged, and 
accumulated accordingly over a 14 day perid at B. Figure Id is a 
graphical representation of figure Ic with the system input 
(inflow hydrograph at A) being disaggregated into separate individual 
unit responses (in the lower part of figure Id) and then accumulated 
into the composite system output (outflow hydrograph at B).



oq
 

n

i-h
 C

O
C

 
rt

P
 

M
o

 
n>

rt
 

OJ

O
 

S
t

P
 

M
 

	O
g 

* 0
O

 
CT

Q 
O P

 
(D

 
<

 
M

 
O

 
O

 
M

 
P

 
C

 
OQ

O
 

P
 

CO rt
 

rt
 
n

<B 
n> 

o 
(to P OQ

F
LO

W
 R

A
T

E
. 

IN
 C

U
B

IC
 

F
E

E
T

 P
E

R
 S

E
C

O
N

D

O
U

T
F

LO
W

. 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D
IN

F
LO

W
, 

IN
 C

U
B

IC
 F

E
E

T
 P

E
R

 S
E

C
O

N
D

 E 
°*

m
^

z
 o

>

co
 S



Determination of the system's response and convoluting the 
response with an upstream inflow to produce a downstream discharge 
is not the total solution for most flow routing problems. The 
convolution process makes no accounting whatsoever for streamflow 
from the intervening area between the upstream and downstream 
locaations . Such streamflow may be totally unknown or some combina  
of gaged and ungaged streamflow. Of course the problem of 
intervening streamflow can be minimized in some cases by proper 
selection of routing reaches. However, most flow-routing applica­ 
tions will require some procedure for estimating, at least in 
part, intervening streamflow and combining these strearaflow with 
routed hydrographs. An estimating technique that should prove 
satisfactory in many instances is the multiplication of known stream- 
flow at an index gaging station by a drainage-area ratio. The 
drainage-area ratio is computed as the ratio of intervening ungaged 
drainage area to the drainage area of one or more index stations. 
Such a procedure can be accomplished easily and directly when 
using CONROUT. Some flow-routing problems will require varying 
degrees of increased complexity for estimating intervening streamflow 
Such cases require that the streamflow estimates be made externally 
from CONROUT. However, CONROUT can treat such estimates as tributary 
inflows if they are stored in compatible data files.

FLOW ROUTING METHODOLOGY

CONROUT provides the user two different methods, diffusion 
analogy and storage-continuity for determining the unit response. 
Both methods will compute a single unit-response function while the 
diffusion analogy method can also be used to compute multiple unit- 
response functions .



Diffusion Analogy Method

The differential equations derived by Saint-Venant (1871) for 
one-dimensional unsteady flow are the theoretical basis for the 
diffusion analogy method. Assuming no lateral inflow the Saint- 
Venant equations for channel flow are a continuity equation:

3Q 3A
   +   = 0 (1)
3x 3t

and a momentum equation:

1 8V V3V 3Y
- -  +    +   + Sf - S0 = 0 (2)
g 3t g3x 3x

in which

Q = volumetric rate of flow,
A = area of flow,
x = longitudinal distance along channel,
t = time,
Y = depth of flow,
V = average cross-sectional velocity,
g = acceleration due to gravity, 

Sf = friction slope, and 
S0 = bed slope.

These complex equations have no analytical solutions, except for 
cases where the channel geometry is unform and the non-linear 
properties of the equations are neglected or linearized. However, 
with numerical techniques and computers, the equations are solvable.

While flow routing models use the continuity equation as shown 
in equation 1, the momentum equation may be used in the form of 
equation 2 or in an abbreviated form depending on which terms are 
retained. The individual terms in the momentum equation from left 
to right are, respectively, dimensionless measures of the local and

( 1 3V V3V\ /3y\ 
    +    I , the pressure j    1 , f rictional 
g 3t g3x/ V 9x /

(Sf) , and gravity (So) forces. Models that retain all five terms 
are called complete dynamic models. If the acceleration terms are 
neglected, the resulting equation is referred to as the diffusion 
wave method, and if, additionally, the pressure term is dropped, 
the resulting equation is referred to as the kinematic wave method.



The kinematic wave and diffusion wave approximations of the 
momentum equation provide simpler and faster computer solutions 
than the full dynamic equation and therefore are often used instead 
of the complete dynamic model. The choice of the approximation 
depends on which terms must be retained in equation 2 to accurately 
describe the stream system. Henderson (1966) gives the following 
values for terras of the momentum equation taken from a fast-rising 
flood for an actual river in steep alluvial country:

S 0 , 3y, V3V, 1 3V,

3x g3x g 3t

Feet per/mile 26, 1/2, 1/8 to 1/4, 1/20

These figures were computed for a flood in which the discharge increased 
from 10,000 ftVs to 150,000 ft3 /s and decreased again to 10,000 ft3 /s 
within 24 hours. Even in this case, where the acceleration terms 
were comparatively large, they still are not as important as the 
bed slope terra (So ) . In some situations, however, the discharge 
and bed slope can determine the magnitude of the other terms . On 
very small slopes (So small) the pressure term might well be the 
same order of magnitude as S0 . If the discharge rises fast, 
then all terras may be important (especially on flat to moderate 
slopes) . Omitting even small terms (in these situations) from the 
equation can introduce errors into the solution.

It has been shown repeatedly in flow-routing applications 
that the kinematic wave approximation always predicts a steeper 
wave with less dispersion and attenuation than may actually occur. 
This can be traced to the approximations made in the development 
of the kinematic wave equations wherein the momentum equation is 
reduced to a uniform flow equation of motion that simply states 
the friction slope is equal to the bed slope. If the pressure 
term is retained in the momentum equation (diffusion wave method), 
then this will help to stop the accumulation of error that occurs 
when the kinematic wave approximation procedure is applied.



The more general diffusion wave model reduces to the diffusion 
analogy method by rewriting the continuity and momentum equations 
for a unit-width channel in terms of unit discharge (q) and depth 
(y). The equations are then combined and linearized about a ref­ 
erence discharge. The resulting diffusion equation is as follows 
(Keefer, 1974):

= KQ     - - C0       (3)

9x2 g x

in which

q = discharge per unit width,
t = time,
x - distance,

KQ = wave dispersion or damping coefficient, and 
Co = flood wave celerity.

KQ controls the spreading of the wave and C0 controls the traveltirae.

t\ 
The wave dispersion coefficient, KQ (in units of ft^/s),

can be computed for a stream reach by the equation

(4)
WQ

where

0Q = stream discharge in
S0 = average bed slope in ft/ft, and
W0 = average channel width for a particular study reach in ft.

The flood wave celerity, Co (in units of ft/s), can be computed from

C0 =       (5)

where (dQQ/dy ) in ftr/s is the slope of the rating curve (stage- 
discharge relation) at Qo ; and Wo is as previously defined. Physically 
a high C0 value means the flood wave will arrive sooner than one at a 
lower Co value, and a high K0 value results in a hydrograph being 
flatter and more spread out than that resulting from using a low K0 
value.



The physical characteristics of the channel used to determine 
KQ and Co in equations 4 and 5 should be representative of the 
entire reach. In natural channels, they vary throughout the reach. 
Therefore, the initial estimated Ko and C0 values will probably 
require adjustment during model calibration when simulated data 
are compared to observed data.

Keefer and McOuivey (1974) expressed the solution of equation 3 
corresponding to specific boundary conditions by

-(CQ t-x) 2
(6)q(x,t)=         -^ exp 

(4irK0 ) 1/2

where ir is a constant (3.1415927) . This equation expresses the instan­ 
taneous unit response of a system at location x and time t. It can 
be seen that with Ko , Co and x as parts of equation 6, that the 
physical characteristics of the channel such as bed slope, width and 
length determine the shape and time of the unit output response of the 
system. An assumption here is that channel flow losses and gains 
are negligible.

A mathematical tool, the convolution integral, can be used to 
obtain output discharges Q(x,t) by integrating the system response(s) 
and upstream discharges over a time interval from 0 to t or

t
Q(x,t) = / 0(0,t-t) h(t) dt (7) 

0

where equation 6 is computed for a given x and replaces h(-r) in 
equation 7, and 0(x,t) is the discharge at the downstream location.

Single Linearization

The single linearization method linearizes around a single 
discharge; therefore, only one Ko and Co are used. However, wave 
celerity and dispersion can change with discharge. The computed 
output may be distorted when wide variations in discharge are 
considered (Keefer and McQuivey, 1974) . Low flows arrive too 
soon and are over-damped if the model is linearized about a high 
discharge, whearas high flows arrive late and are under-damped 
if the model is linearized around a low discharge. Nonetheless, 
the single linearization method is the easiest and cheapest to use 
in the model. Also, it is unconditionally stable and mass conser­ 
vation is guaranteed. Therefore, it is recommended if the magnitude 
of flow peaks is the primary concern and timing errors are not 
critical (Keefer, 1976) . If flow duration is of concern, then 
the multiple linearization option should be considered.



Multiple Linearization

Single linear system flow routing models suffer from two major 
drawbacks. First, single linearization prevents such models from 
correctly predicting wave celerity and wave dispersion over a wide 
range of discharge. The range over which a single response func­ 
tion may be used is determined by the stream characteristics. Second, 
single linear system models are not capable of accurate predictions 
under backwater conditions. No provision is made for downstream 
boundary influence. Multiple linearization will correct the first 
problem but not the second.

It is well documented in the literature (Harley, 1967, Schwarz 
and Friedland, 1965) that stream channels behave nearly as single 
linear systems over small discharge ranges. Multiple linearization 
simply couples several such systems together and divides the inflow 
among the systems in an appropriate way. A multiple convolution of 
the divided inputs is performed with the several response functions, 
and the results are recombined to form the predicted outflow hydro- 
graph.

The difficult part of multiple linearization is selecting the 
increments for dividing up the inflow and computing the response 
functions. These two problems are handled internally in the program 
using the methods described by Keefer and McQuivey, 1974.

The primary variables for the multiple linearization method are 
a table of discharge (Qo) versus wave celerity (Co) and a table of 
discharge (Qo) versus wave dispersion coefficients (KQ). The 
celerity and dispersion at each discharge are computed exactly as 
for the single response function model, except several discharges 
of different magnitudes are used instead of one. The program 
selects an optimum number of response functions and divides the 
inflow appropriately based on the tables.

Multiple linearization will produce significant improvement in 
traveltime predictions over a single response function model for 
hourly data. Root-mean-square errors can typically be reduced from 
10 to 50 percent (Keefer and McQuivey, 1974) by using multiple 
linearization. The improvement in daily routing is less dramatic. 
In some instances, the errors may actually increase.

Keefer (1976) has compared the multiple linearization technique 
to a finite-difference technique. In wide rectangular channels the 
answers are nearly identical when using the procedure described earlier 
for determining the celerity and dispersion coefficients. In narrow 
nonrectangular channels some calibration is needed to achieve equivalent 
accuracy.
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Storage-Continuity Method

The Sauer (1973) unit-response model, referred to as the 
storage-continuity method, does not use the theory of diffusion 
analogy. Sauer's model derives the unit-response function by 
modifying a translation hydrograph technique developed by Mitchell 
(1962). A triangular pulse (Keefer and McOuivey, 1974) is routed 
through reservoir-type storage and then transformed by a summation 
curve technique to a unit response of desired duration. Sauer 
defines a storage coefficient Ks , as the slope of the storage- 
discharge relation in the routing reach, and Ws , the translation 
hydrograph time base. These two parameters determine the shape of 
the resulting response function. Kg behaves like and is comparable 
to the wave dispersion coefficient Ko in the diffusion analogy 
method. Also, if the traveltime is held constant, Ws is analogous 
to the wave celerity Co .

Sauer (1973) describes in detail the physical significance 
of Ks and Ws and how initial estimates can be obtained from available 
streamflow data or from channel characteristics. Ks is equivalent 
to the time required for the center-of-mass of the flood wave to 
travel through the reach, minus the travel time, TT, required for 
the leading edge of the flood wave. The best estimate of Ks can 
be made from the recession of an outflow hydrograph. Ws is difficult 
to estimate, even from actual streamflow records, but fortunately 
it is rather insensitive and successful routing results can be 
obtained with crude estimates of Ws . In some instances, such as 
for reservoir releases, timing of critical points of the inflow 
and outflow hydrograph can be determined fairly accurately. In 
these cases, the travel time of the end-of-runoff (inflection 
point of the recession) minus the travel time of the leading edge 
is roughly equal to Ws .

In Sauer's original model, an attempt was made to adjust the 
simple linear model to account for variations in traveltime with 
discharge. Each input discharge was routed using a traveltime 
based on the antecedent discharge in the reach. This procedure 
improved the predicted arrival times with streamflow changes but 
resulted in what Sauer refers to as "stacking" and "separations" 
in the output hydrograph. These problems resulted from the slowing 
down or speeding up the entire streamflow rather than varying the 
velocity of components of the streamflow. The storage continuity 
method in CONROUT uses a constant traveltime to avoid these problems.
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APPLICATIONS OF THE MODEL

Calibration, Verification and Simulation

Application of a mathematical model typically involves three 
steps: (1) model calibration, (2) model verification, and (3) 
system simulation. Sometimes the first two steps are considered 
one step and referred to as either calibration, verification, or 
parameter optimization. Nevertheless, the system input and the 
corresponding system output must be known for some period of time 
and range of conditions to permit determination of model parameters.

For the typical three-step approach approximately half of the 
known system input and system output data are utilized for model 
calibration. The calibration process yields an optimum set of 
model parameters that best duplicates the relationship between 
the known system input and system output data. Model parameter 
optimization techniques range from totally automated objective 
best-fit procedures to procedures involving various degrees of 
manual iteration to obtain an "eyeball" best fit.

The remaining observed system input data and the model para­ 
meters determined in the calibration step are used to verify the 
model. Computed system output is compared with corresponding 
observed system output to evaluate the accuracy of the model. An 
unsatisfactory comparison means a poor verification and could 
point out model deficiency, that is, a process that wasn't covered 
in the calibration phase.

After successful calibration and verification, the model may be 
used to simulate system output for any input condition(s) of interest. 
The input data may be actual observed data (for which system output 
data were not observed) or hypothetical data representing input 
for any condition(s) to be studied. Resultant simulated system 
output data may be used to arrive at conclusions relative to the 
given input condition(s) or to make comparisons of various system 
input condition(s).

An overview of a typical modeling application was presented 
above. The following paragraphs relate the above processes to CONROUT 
applications. Examples presented in the next two sections provide 
additional detail as well as further clarification of data require­ 
ments and approaches to several modeling problems.

Calibration and verification of CONROUT requires concurrent 
observed streamflow data at both the system input and output sites. 
The system output site is that downstream station at which it is 
intended to simulate streamflow data. The input site(s) include 
any upstream station(s) from which flows are to be routed and any 
index station(s) to be used for estimating intervening flow. In 
addition, data describing physical characteristics of the reach 
are needed to estimate model parameters.

12



Unfortunately, an automated optimization procedure which can 
determine optimum model parameters and intervening flow estimates 
directly from known input and output streamflow data is not available 
in CONROUT. Therefore, CONROUT calibration requires a high degree 
of manual iteration and "eyeball" best fitting. Each iteration 
involves the use of trial estimates of model parameters and inter­ 
vening flow with known input to compute system output. Corres­ 
pondingly, computed and observed system output are compared to 
determine the validity of the trial estimates. Computed mean 
errors, volume errors and root-mean-square errors are computed by 
CONROUT and are one primary measure of success. However, for 
total evaluation of the trial estimates, it is almost imperative 
to also make some comparisons on a day-to-day basis (using both 
numerical and plotted daily flow data). Obviously, if long data 
sequences are used in this process, the task of zeroing in on 
acceptable estimates of model parameters could be insurmountable. 
Therefore, CONROUT calibration is based on relatively short segments 
of the observed data which are chosen to cover a relevant range of 
flow conditions.

When it appears that the estimated model parameters are satis­ 
factory, model verification is attempted. The final trial estimates 
from the calibration step are combined with the system input(s) for 
the entire period for which observed system output data are available. 
Comparisons of the resultant computed system output with corresponding 
observed data are made using flow characteristics such as flow volume, 
flow-frequency relations, and flow-duration relations. Unfavorable 
comparisons indicate that the model doesn't work or that the modeler 
may have made a mistake whereas favorable comparisons indicate that 
the model is suitable for system simulation.

Hypothetical Examples

Examples presented in this section provide a sample of applica­ 
tions for which CONROUT is well suited. These examples are idealized, 
hypothetical and simple cases designed to introduce some basic con­ 
cepts of flow-routing. The next section of the report contains 
actual field examples. Completed modeling studies are documented 
for the Kentucky River (Shearman and Swisshelm, 1973), the Flambeau 
River (Krug, 1976), the Susquehanna River (Armbruster, 1977) and 
the Wisconsin River (Krug and House, 1980) . The reader is urged 
to consult these references for a better understanding of flow-routing 
applications of varying complexity and requiring diverse approaches.
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Example 1

A stream reach for which daily strearaflow data have been 
observed for 10 years at the downstream station (site B) and for 
30 years at the upstream station (site A) is illustrated in figure 
2. Site B data are concurrent with the middle 10 years of site A 
data. Knowledge of low-flow frequencies at site B is required to 
make decisions regarding wastewater discharges into this stream 
reach.

One obvious approach to obtain the desired information is to 
use the 10 years of observed data at site B to estimate low-flow 
frequencies. However, the low-flow events observed at site B over 
this 10-year period may not be representative of long-term hydrologic 
conditions, especially if this period was abnormally wet or dry. 
Use of estimated low-flow frequencies for a 10-year period could 
thus result in very poor planning.

Another possible approach is utilization of correlation tech­ 
niques using observed data at both site A and site B to arrive at 
adjusted low-flow frequency estimates at site B. This involves 
correlation of low-flow data at sites A and B for the 10 years of 
concurrent data. This correlation and the long-term (30-year) 
low-flow frequency estimates at site A are used to adjust the 
short-term (10-year) low-flow frequency estimates at site B. These 
adjusted low-flow frequency estimates are equivalent to those that 
would result from more than 10 but less than 30 years of observed 
data at site B. The equivalent record length and the reliability 
of the adjusted low-flow frequency estimates depend upon the strength 
of the correlation between sites A and B low-flow data for the con­ 
current period of record.

A third approach would be simulation of 30 years of streamflow 
data at site B using a streamflow routing model such as CONROUT. A 
fairly good foundation for model calibration and verification is 
provided by the 10 years of concurrent data at sites A and B.

Model calibration utilizes relatively short segments of site A 
streamflow as system input. Several such segments should be selected 
to cover the entire flow range with emphasis placed on lower flows 
since low-flow frequency is the desired end product. For each such 
segment streamflow at site B (system output) may be computed for any 
trial estimate of model parameters (routing coefficients and inter­ 
vening flow estimates). These computed flows are compared to cor­ 
responding observed flows for each segment. Adequacy of the results 
is assessed on the basis of visual comparison of computed and observed 
hydrograph plots and numerical statistics for computed and observed 
daily flow and total volume differences. Minimum volume errors 
are not always accompanied by minimum daily volume errors (nor 
vice versa). Also, the magnitude of errors that are acceptable 
may vary for different segments. In this low-flow oriented study, 
for example, significant daily flow errors in the vicinity of a 
peak may be acceptable If the corresponding volume error is small. 
Therefore, trial estimates of the model parameters are refined until 
some optimum balance of errors (both within and among segments) is 
achieved.
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Given:

Required: 

Alternative I;

Alternative II; 

Alternative III

Sites A with 30 years of streamflow record and B 
with 10 years of streamflow records.

Low-flow estimate (that is, Qy , at site B.

Use 10 years of observed record for the low-flow 
frequency analysis.

Correlation of low flows between sites A and B.

(1) Use 10 years of observed record for calibration and 
verification of selected streamflow routing model.

(2) Use the best unit response and intervening flow 
estimation determined from above procedure to 
simulate 30 years of streamflow data at site B 
using the 30 years of observed record at site A 
as the system input.

(3) Use the 30 years of simulated data In the low-flow 
frequency analysis.

A Site B Gaging station 
(1956-1965) Period of record

Site A 
(1946-1975)

Wastewater discharge 
to stream

Site B 
(1956-1965)

Figure 2. Stream reach for hypothetical streamflow routing exarapli
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Model verification utilizes the calibrated model parameters and 
10 years (1956-65) of observed site A flow to simulate 10 years of 
site B streamflow. Model parameters are considered verified if these 
simulated flows agree within predefined error acceptance criteria 
for the 1956-65 observed data at site B. Adequacy of the agreement 
can be evaluated on the basis of flow characteristics such as 
annual and total flow volumes, low-flow frequency relations, and 
flow-duration relations.

The error acceptance criteria are influenced by the project 
objectives and time and resources available to fine tune the model. 
Previous modeling with CONROUT by Maine Water Resources Division 
personnel demonstrated that the model could reproduce data for 
90 percent of the observed population to within 10 percent 
(Fontaine and others, 1983). The Maine analysis producing these 
results was an ideal application of CONROUT and results will vary 
depending upon the complexity of the stream system.

Verified model parameters and 30 years (1946-75) of observed 
flow at site A provide the necessary data to simulate 30 years of 
streamflow at site B. Assuming that reasonable error acceptance 
criteria were used for model calibration and verification, these 
simulated data are a better representation of long-term hydrologic 
conditions than are the 10 years of observed data at site B. 
Therefore, low-flow frequency estimates based on the simulated 
data provide improved hydrologic input for the planning process.

Example 2

The same stream reach used in example 1 except that in addition 
to the wastewater discharge near site B there is a proposed reservoir 
near site A as is illustrated in figure 3. Therefore, the required 
low-flow frequency estimates must be on regulated flow data rather 
than the natural flow data that are available.

The following approach to this problem is based upon several 
assumptions: (1) a mathematical model can be designed to adequately 
represent the proposed reservoir; (2) natural flow at site A is the 
inflow to the proposed reservoir; and (3) the reach characteristics 
and the drainage area between the outflow point of the proposed 
reservoir and site B are not significantly different from those 
between site A and site B.

The first two of the above assumptions imply that it is possible 
to simulate 30 years of reservoir outflow. As per the third assump­ 
tion, these regulated flows traverse a reach essentially identical 
with the reach between site A and site B and the intervening flow 
is likewise unchanged from natural conditions. Therefore, these 
simulated reservoir outflows can be used as the input to CONROUT 
which has been calibrated and verified as per the discussion in 
Example 1. The output represents 30 years of simulated, regulated 
streamflow at site B. Low-flow frequency estimates based on these 
data provide the necessary logic input to the planning process .

16



Given: Identical to previous example except a reservoir is 
proposed just downstream of site A.

Required: Low-flow estimate for regulated streamflow at site B.

Approach: (1) Calibrate and verify streamflow routing model as in 
previous example.

(2) Use a digital model of the reservoir with 30 years of 
observed flow at A as reservoir inflow to simulate 
30 years of reservoir outflows.

(3) Use 30 years of simulated resevoir outflow as system 
input to the streamflow routing model to simulate 30 
years of regulated flow at site B.

(4) Use 30 years of simulated, regulated flow at 
site B in the low-flow analysis.

Site B Gaging station 
(1956-1965) Period of record

Wastewater discharge 
to stream

Site B 
(1956-1965)

Site A 
(1946-1975)

Figure 3. Hypothetical stream reach with proposed reservoir,
17



Example 3

A basin in which daily streamflow data have been observed at 
the six sites indicated by letters A through F is illustrated in 
figure 4. Drainage areas above the sites are indicated in parentheses 
Data have been collected at sites B and F for a much shorter period 
of time than at the other four sites. Someone wants an estimate of 
daily flow at site F for the longest possible time period.

The solution to this problem would involve application of 
CONROUT to two separate stream reaches, site A to site B and 
sites B and C to site F. Without specific stating of the routing 
coefficients, the two equations in figure 4 indicate possible 
relationships resulting from calibration and verification processes.

Bs = (A0) r + 0.27 (A0) (8) 

Fs = (Bs + C0) r + 1.33 (D0 + E0) (9)

where subscripts

o = observed flow at referenced location;
r = routed flow from referenced location; and
s - simulated flow at referenced location.

The first equation, for simulated flow at site B (Bg ) has a 
routed flow component and an intervening flow component. The routed 
component, (AQ),., is the observed flows at site A routed to site B. 
The intervening flow component, 0.27(Ao), Is the observed flow at site 
A multiplied by the ratio of ungaged drainage area between sites A and 
B (2100 mi 2 - 1650 mi2 = 450 mi*) to the drainage area at site A (1650 
mi2 ) . This ratio is referred to as the drainage-area ratio. The equa­ 
tion for simulated flow at site F (Fs ) also has a routed component and 
an intervening flow component. The routed component, (Bs + Co)r» * s the 
sum of simulated flow at site B and observed flow at site C routed to 
site F. The intervening flows are estimated using the sura of observed 
flows at sites D and E as the index with 0.33 being the ratio of ungaged 
area (3800 mi2 - 2100 mi2 - 1100 mi 2 - 275 mi2 - 175 mi 2 - 150 mi 2 ) to 
the drainage area of the index stations (175 mi2 + 275 mi 2 = 450 mi 2 ) . 
Of course, the expression 1 ,33(DO + Eo) is the total sum of the tributary 
inflows and estimated intervening flow.
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Given: Long-term records at sites A, C, D, and E; 
short-term records at sites B and F.

Required Long-term record at site F

EXPLANATION 

A A Gaging station 

(1650) Drainage area(mi2)

FLOW RELATIONS
Subscripts used are:

o=observed
stimulated

rerouted

Bs=(A0)r * 0.27(A0) 

Fs-(BsC0)r *1.33(D0*E0)

Figure 4. Hypothetical streamflow routing example for multiple reaches
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Field Examples

Two examples of actual field applications of CONROUT are pre­ 
sented in this section. Although they are fairly simple examples, 
they do illustrate how the required model input data are prepared. 
More complicated applications will use these principles as a basic 
foundation.

Example 1

This example is from the Flambeau River study (Krug, 1976) . 
Briefly, the purpose of the study was to determine the low-flow 
frequency of the Flambeau River at Park Falls (figure 5). There 
were no streamflow records at the site. Transfer of low-flow 
characteristics from other gaging stations was not considered 
reliable because the stream is highly regulated. Gaging station 
data available for this study are summarized in table 1.

The basic approach consisted of two simulations with two 
routing reaches each. The first simulation included routing from 
Flambeau Flowage to Butternut, then from Butternut to Winter. 
After these reaches were calibrated and verified, the same model 
parameters were used for the second simulation, routing from Flambeau 
Flowage to Park Falls and from Park Falls to Winter. In all cases, 
a drainage-area ratio (ungaged area/index station area) times the 
flow of the nearby South Fork Flambeau River near Phillips was 
used to simulate ungaged inflow.

In order to determine the model parameters Co (flood wave celerity) 
and Ko (wave dispersion coefficient) for these reaches, it was 
necessary to determine the width (Wo) and slope (So ) of the channel 
and the slope of the stage discharge relation (dQo/dyo) . The width 
of the channel was determined from topographic maps and from discharge 
measurement notes at gaging stations. The slope was determined from 
topographic maps while dQo/dyo was determined from the rating tables 
for the gaging station.
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WISCONSIN

46'
. >

/ ">

Falls *

,/f 05357500, Flambeau Flowage
^*-N-~ - ^s: c ^^- - -

t05358000 near Butternut^) sr*"'J"r "J^

a/'

05358500 
near Winter

i .
JL 05359500 near Phillips

 
(
'

EXPLANATION

.  - Basin boundary

05359500 Gaging station

See table 1 for detailed description 
of sites

Base from U.S. Geological Survey 
State base map . 1968

25

25

50

50 MILES

75 KILOMETERS

Figure 5. Map of study basin and its location in Wisconsin,
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Table 1. Drainage areas upstream from sites and availability of 
surface-water records

Station 
number Station name

River Drainage Water
miles from area years of
Park Falls (mi^) record

05357500 Flambeau River at 18.34 
Flambeau Flowage.

05358000 Flambeau River near 8.53 
Butternut.

       Flambeau River at 0 
Park Falls. 2J

05358500 Flambeau River at 35.12 
Babbs Island near 
Winter.

05359500 South Fork Flambeau 
River near Phillips.

666

737

769

1928-61 

1915-38!/

1,000 1930-7527

615 1930-75

^/Unregulated flows for the 1915-26 period.

j2/Not a streamflow gaging station.

_3/Streamflow data were collected for the entire period; however, all or 

part of the data for water years 1940, 1952, and 1960 were missing from 

the computer files and were not available for analysis at the time of 

this study.
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The single linearization method was selected and the discharge 
used to linearize the routing was the 2-year, 7-day low flow. This 
low flow was chosen because the primary purpose of the study was to 
simulate low flow. The following table lists the parameters 
determined for the study. Two different widths were used at the 
Butternut gage, appropriate for the reaches upstream and downstream 
from the gage, respectively.

Site

Average 
Discharge Width Slope

QO wo so 
(ft3/s) (ft) (ft/ft)

d°o co= ~    *o=     

(ft*7s) (ft/s) (ft2/s)

Flambeau 110 
Flo wage

150

9.074(10)-

190 1.27 405

Butternut
289

289

150

200
7.290(lO)-4

262

262

1.74 1,060

1.31 990

Winter 547 280 543 1.94 1,340

For the first trial on each reach, the Co and Ko from the end 
points were averaged. Thus the first trial was Co = 1.50 and Ko = 
730 for the upstream reach and Co = 1.62 and Ko » 1,160 for the 
downstream reach. After several trials, adjusting the parameters 
to improve the fit of the summer low flow periods, the final 
parameters were Co « 1 .5 and Ko = 600 for the upstream reach and 
C0 = 1.5 and Ko = 1,000 for the downstream reach.
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South Fork Flambeau River streamflow data were used to simulate 
the intervening inflow for all reaches. Several trials were made 
to simulate ungaged inflow using a variety of ratios times the 
flow of the South Fork; none of the trials were significantly 
better than the drainage-area ratio. As one example of the computa­ 
tion of this ratio, the drainage area at the Phillips station 
(05359500) is 615 mi2 . The increase in drainage area from Flambeau 
Flowage to Butternut is 71 mi2 or 12 percent of the Phillips 
drainage area. Therefore, a ratio of 0.12 times the South Fork 
flows was used to simulate the intervening flow.

The program control data cards for the routing on this reach 
are as follows: (An explanation of data entries is presented in a later 
section of this report)

10 I \<\2<\ 1200 S 30 |<?fcl 1200 
1 = 21 , 4>-26 > R4>UTE,DIFFA
05358000 BUTTERNUT ROUTED FR$M FLOWAGE 
C= I .5,K-600,K = <?.8I >R6ACH=FL<t>WA6E-BUTTERNUT 
I-22,4> = 26, RATING. I 2,ADD 
05358000 SIMUATED FL<f>W AT BUTTERNUT

This states that file 21 (second card, 1=21) contains the observed 
flow for the Flambeau River at Flambeau Flowage, that file 22 (fifth 
card, 1=22) contains the observed flow data for the South Fork 
Flambeau River near Phillips, and that file 26 (fifth card, 4>=26) 
is to receive the simulated flow for the Flambeau River near Butternut 
In summary the above cards do the following:

Card 1 The period of analysis is defined.
Card 2 Inflow on file 21 is routed by the diffusion analogy

method and output on file 26. 
Card 3 Title description card. 
Card 4 Model parameters defined for reach. 
Card 5 Intervening flow computed. 
Card 6 Title description card.
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Example 2

This example is from a study performed on the Wisconsin River 
(Krug and House, 1980). The purpose of the Wisconsin River study 
was to simulate an equal period of record at all gaging stations on 
the Wisconsin River including simulation of the present reservoir 
system. These equal periods of record were needed to compute a 
consistent set of flood frequency estimates for the Wisconsin River.

Daily streamflow data had been collected at 11 sites on the 
Wisconsin River for various periods of time. During the period of 
record at most of the longer term stations, several large reservoirs 
had been added to the system making the long-term records unreliable 
for estimating flood frequency. The shorter term stations would 
give flood frequencies that were inconsistant, depending on whether 
their period of record included a representative sample of floods.

This example is a segment of a larger model of the Wisconsin 
River. In this segment, streamflow records are available for the 
Wisconsin River at Merrill for water years 1915-1976 and for the 
Wisconsin River at Rothschild for water years 1945-1976 (figure 6). 
In order to simulate the effects of upstream reservoirs on flood 
peaks, a flow routing model is required for this reach to simulate 
flow from Merrill to Rothschild plus the ungaged inflow between them.

Two main tributaries enter the Wisconsin River just upstream 
from Rothschild; the Rib River and the Eau Claire River. Streamflow 
records were available on these streams for substantial parts of 
the period for which flow simulation was required at Rothschild. 
The Eau Claire River gage had record for water years 1915-1926 and 
1940-1976. The Rib River gage had record for water years 1925-1957. 
Using correlation techniques, it was possible to extend the record 
for the Rib River gage to 1915-1976, based on strearaflow records 
from an adjacent basin. Because the Eau Claire River basin was not 
similar to other gaged basins, no satisfactory correlation could be 
found to extend this record.

With data from Merrill, the Rib River, and the Eau Claire River, 
it should be possible to extend the record at Rothschild, at least 
for the period 1915-1926 and 1940-1944.
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Tomahawk 
River

05393000 
Bradle\

05393500 
Spirit River

05391000 
Rainbow Lake

05392000 
Whirlpool Rapids

Lake Du Bay

05397500 
05398000 

othschild

05400800 
Wisconsin Rapids

05404000 
Wisconsin Dells

05^96000^ 
05399500 

Big Eau Pleine 
River

05400000
Knowlton

submerged by
Lake du Bay

Portage

05406000 
Prairie du Sac

EXPLANATION

A 0539500 
Merrill

A Lake 
Du Bay

Portage

Gaging station with 
number and location name

Reservoir or hydroelectric 
pool

City

Figure 6. Schematic diagram of the Wisconsin River.
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The basic data required for computing the unit-response function 
include the length of the reach, width of the channel, slope of the 
channel, and the slope of the stage discharge relation. The length 
of the reach (27.4 miles) was readily determined from published 
reports of river miles along the Wisconsin River. The slope of 
the channel at normal (long-term mean flow) conditions was computed 
from the length of the reach and the difference between the eleva­ 
tions of the mean discharge at the gaging stations which was readily 
determined from the gaging station records. It was determined to 
initially evaluate the unit response coefficients at three different 
flow rates: the 7-day, 10-year low flow, the long-term mean flow 
and the 10-year high flow. These three flow rates for each station 
were taken from published reports. The corresponding slopes of the 
rating curves (dOo/dyo) were determined from the rating tables for the 
gaging station. The channel width at normal flow was measured at 
intervals on topographic maps. The mean width was 380 feet. The 
widths to use for the higher and lower discharge were determined 
from a sampling of representative cross sections and gaging stations 
where channel widths could be determined at various discharges. 
The computation of model parameters Co and Ko for the three flow 
conditions is summarized in table 2 for each gaging station.

For each of the three flow conditions the Co and KQ computed 
for the two sites were averaged. This gave three sets of Ko and Co 
to be used in the initial calibration. These three sets of 
parameters together with an estimate of intervening inflow were 
used to simulate flow at Rothschild for several selected periods . 
On this initial trial the parameters corresponding to mean flow 
gave the best simulation. Small adjustments in Ko and Co did not 
improve the simulation significantly, so the mean flow parameters 
were accepted as the final values.

Simultaneous with the calibration of K0 and Co , the intervening 
inflow simulation was being calibrated. The increase in drainage 
area between Merrill and Rothschild is 1,260 mi2 . Of this, 303 mi2 
is upstream of the Rib River gaging station and 375 mi 2 is upstream 
of the Eau Claire River gaging station. The remaining 582 mi 2 is 
ungaged. This is 86 percent of the combined area of the two 
tributary gaging stations. The simplest simulation of the intervening 
area would be to multiply the combined flows from both tributaries 
by 1.86 and add the result to the flows routed from Merrill to 
Rothschild. This was the first trial used for estimating intervening 
area ungaged flow during model simulation.
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Table 2. Model parameters for Wisconsin River study

Site

MerrillL/

Merrilll/

Merrilli/

Rothschild2/

Rothschild2/

Rothschild2/

Type
of 
flow

Qxmean

-7,10

QJQ

^mean

°7,10

°10

Discharge
Qo 

(ft3/ s )

2,685

880

23,900

3,438

950

49,200

Average
Width
Wo 
(ft)

380

322

567

416

352

620

Slope
So 

(ft/ft)

6.53UO)-4

6.53(10)~4

6.53(10)~4

4.20(10)~4

4.20(10)~4

4.20(10)~4

dQo

(ft2/s )

1,600

900

4,000

1,500

900

5000

1 dQ0
f* *^ «MH^     ^iM

W d v

(ft/s)

4.210

2.795

7.055

3.606

2.557

8.064

°o
Ko=    

2SOWO 
(ft2/s)

5,410

2,093

32,275

9,839

3,213

94,470

jYDrainage area at Merrill = 2,758.35 mi 2

Slope (So) and Average width (Wo) are an average of reach between Merrill and

Rothschild, a distance of 27.4 mi. 

^/Drainage area at Rothschild = 4,020.59 mi 2

Slope (S0) and Average width (Wo) are an average of reach between Rothschild and

next site (Knowlton) downstream, a distance of 18.0 mi.
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A second trial for the ungaged simulation was indicated by the 
fact that the physical characteristics of the intervening area west 
of the Wisconsin River are different from the area east of the 
river. The intervening area west of the river is 524 mi 2 and the 
area east of the river is 736 mi 2 . For this trial, the Rib River 
streamflow was used to simulate all the intervening area west of 
the river and the Eau Claire streamflow was used to simulate the 
intervening area east of the River. Based on the respective drainage 
areas, the Rib River flows were multiplied by 1.73 and the Eau Claire 
River flows were multiplied by 1.96. This trial gave a more accurate 
simulation of Rothchild flows than the first trial. Other combinations 
of ratios were used to try to improve the simulation of intervening 
inflow, but none of the other ratios gave better results than the 
second trial.

The program control cards necessary for the best simulation 
of flows on this reach are as follows:

10 I ni5 1200 q 30 |<U6 I2OO 
1 = 21 ,<I>-Z6>R4>UTE,DIFFA
053^8000 ROTHSCHILD FL<W FR<M MERRILL 
C= 3. <? > K=7bOO,X = 27. 4, REACH- MERRILL- ROTHSCHILD 
I = 22 , 4> = 26 , R ATI*= I . 73 , ADD 
05398000 MERRILL $ RIB FL<j>W RDDED Ilsl

05338000 SIMULATED FL<j>W AT ROTHSCHILD

It is assumed that file 21 (second card, 1=21) contains the recorded 
flow data from Merrill, that file 22 (fifth card, 1=22) contains the 
recorded flow data for the Rib River,that file 23 (seventh card, 1=23) 
contains the recorded flow data for the Eau Claire River, and that 
file 26 (seventh card, (|)=26) is to receive the simulated flow at 
Rothschild. In summary the above cards do the following:

Card 1 The period of analysis is defined.
Card 2 Inflows on file 21 routed by the diffusion analogy method

and output on file 26. 
Card 3 Title description card. 
Card £ Model parameters defined for reach.
Card 5 Intervening flow computed and added to Rothschild flow. 
Card 6 Title description card.
Card 7 Intervening flow computed and added to Rothschild flow. 
Card 8 Title description card.
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SYSTEM ORGANIZATION AND INPUT DATA REQUIREMENTS

CONROUT was developed on an IBM 360/9li/ and is compiled in a 
load module under level G Fortran. Input for CONROUT is punched 
cards and direct access disk files. Core storage required for 
execution depends upon the number of disk files being used (each 
file requires slightly more than 3,000 bytes of core). Therefore, 
the user should specify a REGION size between 160K (when using one 
file) and 190K (for 10 files) . A sample program run as illustrated 
in Appendix D took 1.42 seconds of execution time. Running under 
a priority of class B the job cost $2.22 to execute on the U.S. 
Geological Survey's Amdahl computer.

Several computer programs are used in conjunction with CONROUT. 
Their relationships to CONROUT are illustrated in figure 7. The 
streamflow data used in CONROUT are retrieved from the U.S. Geological 
Survey's WATSTORE system and are transformed and edited for input 
to the model. After CONROUT has been used to simulate streamflow 
data, streamflow statistics programs can be used to analyze both 
the simulated and observed data.

These programs and their operation are described in detail in 
Appendix D. The remaining sections of this report describe the 
different operations that CONROUT can perform and the model input 
data requirements.

JL/The use of brand names in this report is for identification purposes 
only and does not imply endorsement by the U.S. Geological Survey.
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CONROtIT can do five functions which are as follows:

1. Strearaflow computations;

2. Data comparison;

3. Data plotting;

4. Data printout; and

5. Restart.

Six different kinds of input data cards are required to perform 
the above functions. These are:

1. Time data;

2. Instructions;

3. Header information;

4. Title information;

5. Routing parameters; and

6. Discharge/wave-dispersion/wave-celerity data.

The functions and required data cards are documented in table 3.

A job may consist of a single step using one of the first four 
functions, or it may involve several steps using various combina­ 
tions of the above functions. If all steps of the job involve the 
same time period, then a single Time Data Card (preceding the 
instruction card for the first step of the job) will suffice for 
the entire job. However, between any two steps in the job which 
require different time periods, a Restart Instruction Card followed 
by a Time Data Card must be input to redefine the time period.
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Table 3. Program functions and data card requirements

Program function Data card(s) required

I. Streamflow computations A. Time Data card!/ 

B. Instruction card 

C. Header Information card

D. Routing Parameter card (required 
only when ROUTE Instruction 
specified on B above)

E . Discharge/wave-dispersion/wave- 
celerity cards (required only 
when MULT instruction is specified 
on B above)

II. Data comparison

III. Data plotting

IV. Data printout

A. Time Data cardl/ 

B. Instruction card 

C. Title Information card

V. Restart A. Instruction card

I/If first step of a job or the first step having a time period different 

from the previously defined time period.
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Time Data Card

The Time Data Card 
execution. The data are

Input item

Starting month

Starting day

Starting year!/

Initial time^/

Ending month

Ending day

Ending year!/

Ending timei/

Number of data

specifies the period 
coded as follows:

Variable 
name

INITM0

INITDY

INITYR

INITI

LASTM0

LASTDY

LASTYR

LAST I

NRECDS

of record

Format

15

15

15

15

15

15

15

15

15

for model

Card 
columns

1-5

6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45
records plus 1 for 
the header record

Routing interval RI F5.0 46-50 
daily data = 24. 
hourly data = 1 .

Print control option NTS0 15 51-55 
NTS0 = 0, CONROUT Daily printout and summary 

- 1, CONROUT Summary only
= 2, Same as NTSlft = 0 except with additional output files I/ 
= 3, Same as NTS0 = 1 except with additional output files I/

J_/Four-digit year such as 1962, 1963, etc.

2/¥or daily routing, may leave blank or input time in military notation,

3/ Files 17, 18, and 19 have to be defined in JCL to output information. 
File 17 contains simulated discharge (Ql) data. 
File 18 contains observed discharge (0,2) data.
File 19 contains computed differences between simulated and observed 
discharges in percent and computed as [(Qj-Q2)*100/Q2] . Data in each 
file are stored in 80-byte records in a format of (8F9.2,8x). A 
complete water year requires 46 records with day 365 the fifth 
item in the 46th record. If a leap year then day 366 will be 
be stored in the sixth item.
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Streamflow Computations

Table 4 documents information needed for the Instruction Card 
for the Streamflow computation functions. The various instructions 
are not order-dependent, that is, the program does not expect the 
options in any specific order. The following types of Streamflow 
computations are possible.

a. Copy hydrographs; 

b. Combine hydrographs;

c. Change timing of hydrographs by lagging one or more 
routing intervals;

d. Multiply hydrographs by ratios;

e. Route hydrographs to downstream locations; and

f. Combinations of the above.
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Table 4. Instructions for streamflow computations

INPUT FILE = xxi/1/1/

OUTPUT FILE = yyl/3/47

RATIO =

LAG = I

DIFFA3/2/

ADDJ>/

Specifies the file number of the input hydro- 
graph data.

Specifies the file number of the output 
hydrograph data.

Multiplies the input hydrograph by the ratio, 
w.d.

Lags the input hydrograph by S, routing inter­ 
vals .

Convolutes input hydrograph with the unit- 
response function(s). If the DIFFA instruc­ 
tion (below) is not specified, a single unit- 
response function is computed using the 
storage-continuity method.

A single unit-response function is computed 
using the diffusion analogy method.

A family of unit-response functions is computed 
using the diffusion analogy method and multiple 
linearization.

The final output hydrograph is the sum of the 
initial output hydrograph and the input hydro- 
graph (with any modifications caused by other 
instructions).

I/Mandatory instruction 

.2/2 K xx £ 30 (suggest 21 £ xx £ 25)

3/Only first letter of instruction word used in the translation 

4/26 £ yy £ 30

_5_/Whole instruction word used in the translation 

6/LAG and Rj&UTE cannot be used simultaneously 

7/Can be used only in conjunction with R0UTE 

jJ/Can be used only in conjunction with R0UTE and DIFFA
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Instruction Card Format

The format of the Instruction Card for the streamflow computations 
function is shown in table 5.

Table 5. Instruction Card format for streamflow computations function

Input item

Input file

Output file

Diffusion analogy

Route

Use multiple 
linearization

Add two hydrographs

Multiply by a ratio

Lag a hydrograph

Card 
entry

I - xxl/,

0 = xxl/,

Keyword Parameter 

DIFFA,

R0UTE ,

MULT,

ADD,

RATIO=w.dl/ ,

LAG=£ I/,

Format

Free fieldZ/

Free field

Ins t ruct ions       

Free field

Free field

Free field

Free field

Free field

Free field

Card 
columns

1-80

1-80

1-80

1-80

1-80

1-80

1-80

1-80

jl/xx represents a two-digit file number,

2/Free field entries allow input anywhere on card in columsn 1-80. 
Differentiation between individual field entries is signified by a 
separation comma ( ,) except for the last entry.

2/w.d represents a number in the range - 99999.99999 £ w.d £ 99999.99999 
with at least one digit required on each side of the decimal point.

jj/An integer representing the number of routing intervals by which the 
input hydrograph is to be lagged.
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Various combinations of instructions for streamflow computations 
are possible. Table 6 lists four of the simplest combinations and 
the final result of the operation. It can be noted from table 6 that 
blank spaces are allowed between and within Individual instructions 
entries.

Table 6. An example of four streamflow computation instruction 
combinations

Combination Result

I = xx, t> = yy

I = xx, ADD, t = yy

I = xx, RATI0 = w.d, 0 = yy

I = xx, RATI0 - w.d, ADD, #=yy

The discharge hydrograph is input 
from file xx and then copied to 
output file yy.

Two discharge hydrographs from 
files xx and yy are input, added 
together, and the resultant hydro- 
graph output to file yy.

The discharge hydrograph is input 
from file xx, multiplied by the 
ratio w.d, and the resultant hydro- 
graph output to file yy.

The discharge hydrograph is input 
from file xx and multiplied by the 
RATI0 w.d, then a second hydrograph 
from file yy is input and added to 
the multiplied hydrograph. This 
summed hydrograph is then output 
to file yy.

Each of the instruction combinations illustrated in table 6 may be 
combined with lagging or routing (not both) operations. Table 7 
illustrates the additional instructions that may be used for the lagging 
and routing operations. Each of the four entries in table 7 may be 
combined with the combinations in table 6 providing 16 total possible 
instruction combinations for streamflow computations.
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Table 7. Lagging and routing operations for streamflow computations 
function

Instruction(s) Purpose

LAG * I Lags input hydrograph by I routing
intervals.

R0UTE Performs routing computations using
storage continuity method to determine 
system response.

R0IJTE, DIFFA Performs routing computations using
diffusion analogy method with single 
linearization to determine system 
response.

R0UTE, DIFFA, MULT Performs routing computations using
diffusion analogy method with multiple 
linearization to determine system 
response.

Figure 8 illustrates the computational sequences for any instruction 
combination. As shown in the figure the hierarchy of the instructions for 
streamflow computations is:

1. Multiplying by a ratio;

2. Routing or lagging hydrographs; and

3. Adding hydrographs.

As mentioned above, individual instructions are not order-dependent, 
thus:

1. I = xx, t = yy, R0IJTE, RATI0 = w.d, MULT, ADD, DIFFA

2. R0TJTE, ADD, I = xx, RATI0 = w.d, DIFFA, MULT, 0 = yy, and

3. DIFFA, MULT, RATI0 = w.d, (6 = yy, ADD, R0UTE, I - xx 

are all equivalent instruction cards.
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Header Card Format

The format of the header card for streamflow computations is 
documented in table 8.

Table 8. Header card format for streamflow computations

Input item

Station number 
identification

Station name

Variable Format 
name

STANtfll/ 2A4

STANMll/ 12A4

Card 
columns

1-8

11-58

7STAN01 is an array with 2 elements, 

is an array with 12 elements.

Parameter Card Format

The parameter card is required only when the R0UTE instruction has 
been selected. Tables 9, 10, and 11 document the formats for the three 
methods of routing.



Storage-Continuity Method

If the storage-continuity method is requested (R0UTE specified 
on the Instruction card without DIFFA and MULT) then the parameter 
card is input as described in table 9.

Table 9. Parameter card format: storage-continuity method

Input item

Slope of storage-discharge 
relation !/

Time base of translation 
hydrograph I/

Linearity coefficient in 
storage-discharge relation i/

Traveltime of leading edge 
of flood wave I/

Reach identification I/

Card Format 
entry

K= , Free field

W= , Free field

X= , Free field

TT= , Free field

REACtt= Free field

Card 
columns

1-80

1-80

1-80

1-80

1-80

J/Described in detail in Sauer (1973).

2/Identification information (entered after the = sign) is limited 
to 20 columns and can include any alphanumeric characters.
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Diffusion Analogy Method: Single Linearization

If the diffusion analogy method with single linearization is 
requested, (Rj&UTE and DIFFA without MULT on the Instruction Card) 
then the parameter card format is shown in table 10.

Table 10. Parameter card format: diffusion analogy method, single 
linearization

Input Item Card 
entry

Celerity I/ O ,

Dispersion 7J K= ,

Reach length I/ x= ,

Reach identification I/ REACH=

Format Card 
columns

Free field 1-80

Free field 1-80

Free field 1-80

Free field 1-80

J/As computed from equation 5. 

2/As computed from equation 4. 

J3/Value entered In units of miles. 

4/Limlted to 20 columns.
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Diffusion Analogy Method: Multiple Linearization

If the diffusion analogy method with multiple linearization is 
requested, (R0UTE, DIFFA, and MULT on the Instruction Card) then the 
parameter card format is shown in table 11.

Table 11. Parameter card format: diffusion analogy method, multiple 
linearization

Input item Card 
entry

Format Card 
columns

Reach length !/

Reach identification 2J

X- , Free field 

Free field

1-80 

1-80

1/Value entered in units of miles. 

2/Limited to 20 columns.
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Discharge/wave-disperison/wave-celerity data cards

For the diffusion analogy method with multiple linearization, 
the discharge/wave-dispersion/wave-celerity data are input on additional 
cards (table 12). There must be at least two discharge/wave-dispersion/ 
wave-celerity data entries and the maximum limit is 10 entries.

Table 12. Formats of discharge/wave-dispersion/wave-celerity data cards

Input item Variable Format Card 

___________________________name________________columns

Discharge range card

Minimum discharge should be OMIN F8.0 1-8 
set to the lowest flow that 
you are interested in.

Maximum discharge must be QMAX F8.0 9-16 
less than the largest entry 
in the discharge table

Discharge/wave-dispersion table cards

Discharges, from lowest to BPW 10F8.0 1-80 
highest flows expected 
in ascending order 
(Can be 2 to 10 values)

Wave-dispersion values matched WBP 10F8.0 1-80 
up with discharge values!/

Discharge/wave-celerity table cards

Discharges, from lowest to BPC 10F8.0 1-80 
highest flows expected 
in ascending order 
(Can be 2 to 10 values)

Wave-celerity values matched up CBP 10F8.0 1-80 
with discharge values!'

_l_/Wave-dispersion values have to be entered in either increasing 
or decreasing order.

2/Wave-celerity values have to be entered in increasing order only
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Data Comparison

The data comparison function has both an Instruction Card and a 
Title Card.

Instruction Card Format

The Instruction Card format for the data comparison function is 
documented in table 13.

Table 13. Instruction card format for the data comparison function

Input item Card 
entry

Format Card 
columns

Compare instruction COMPARE,!/ Free field 1-80

First input file number FIRST FILE=xx,l/3/ Free field 1-80

Second input file number SECOND FILE=yy,3/l/ Free field 1-80

I/The COMPARE function computes a percent error between discharges Qj; 
~" and Q£ from the formula [(Qi~Q2)*100/Q2l   QI and Q2 are obtained 

from the FIRST FILE and SECOND FILE, respectively.

2/May be abbreviated to F=xx.

2/21 £ xx < 30.

4/May be abbreviated to S=yy.

Title Card Format

The format of the Title Card for the data comparison function is 
80A1 which permits coding useful identification information anywhere 
in columns 1-80.
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Data Plotting

The data plotting function also has both an Instruction Card 
and a Title Card.

Instruction Card Format

The Instruction Card format for the data plotting function is 
documented in table 14.

Table 14. Instruction card format for the data plotting function

Input item Card Format Card
entry columns

Plot instruction PL0T, Free field 1-80

First input file number FIRST FILE=xx,!/2/ Free field 1-80

Second Input file number SECOND FILE=yy,l/l/i/ Free field 1-80

Minimum discharge QMIN = q,!/i/ Free field 1-80

be abbreviated F=xx. 

2/21 £ xx _< 30.

3/A. second input file is optional. 

4/May be abbreviated S=yy. 

^/Optional with default of q = 1

6/q must be an integer. The plot consists of four 3-lnch log cycles on 
the discharge scale. Thus if q is specified as 10a , flows less than q 
and greater than 10a+3 will not be plotted.

Title Card Format

The format of the Title Card for the data plotting function is 
80A1 which permits coding useful Identification Information anywhere In 
columns 1-80.
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Data Printout

The data printout function has both an Instruction Card and a 
Title Card.

Instruction Card Format

The Instruction Card format for the data printout function is 
documented in table 15.

Table 15. Instruction card format for the data printout function

Input item Card Format Card
entry columns

Print instruction PRINT, Free field 1-80

First input file number FIRST FILE=xx,I/l/ Free field 1-80

Second input file number SECOND FILE=yy,!/!/!/ Free field 1-80

I/May be abbreviated F=xx.

2/21 £ xx £ 30.

3/A second input file is optional.

^ /May be abbreviated S=yy.

Title Card Format

The format of the Title Card for the data printout function is 
80A1 which permits coding useful identification information anywhere 
in columns 1-80.
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Restart

The Restart function requires only an Instruction Card

Instruction Card Format

The Instruction Card format for the Restart function is 
documented in table 16.

Table 16. Instruction card format for restart function

Input item Card 
entry

Format Card 
columns

Restart instruction 
(necessary only when 
next step requires a 
new time period) .

RESTART Free field 1-80
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APPENDIX A. GENERALIZED PROGRAM FLOW CHART
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GENERALIZED PROGRAM FLOW CHART

READ INITIAL AND 
LAST DATES 
NRECOS. Rl

CALL FILL
TO INITIALIZE

O2 ARRAY
TO 0.0

CALL SETUP

/INSTRUCTION CARD 
( READ INPUT AND 
[OUTPUT FILE NUMBERS 
j AND ROUTING 
I PARAMETERS

 ©

'CALL OINPUT TO 
INPUT Q3 TO ADD 
TO THE RESULTS

FROM THE 
OPERATIONS ON THE 
INSTRUCTION CARD

/ CALL OADSAH 
IF HOURLY DATA.

DABSAH IF 
V DAILY DATA  
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APPENDIX B. DESCRIPTION OF CONROUT SUBROUTINES
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SUBROUTINE DESCRIPTION 

COMPAR

Computes and prints deviations of two hydrographs for individual 
data points and summarizes mean deviations and volume error.

DABSAH

Used for daily data. Sets the record pointer to the first record 
for data you are interested in.

DADSAH

Used for hourly data. Sets the record pointer to the first record 
of data you are interested in.

DATE

Fills up arrays with the day, month, year, and time for printout 
of the hydrograph.

GETINT

Translates a string of digits from either instruction or para­ 
meter cards to integer or real numbers.

HYDROG

Routes the triangular translation hydrograph through channel 
storage for computing the unit response using the storage-continuity 
method.

INFLOW

Computes the triangular translation hydrograph for computing 
the unit response using the storage-continuity method.

JNWYDY

Computes a Julian day number on a water year basis (October 1 
- 1 and September 30 = 365 or 366, depending on whether or not it is a 
a leap year) .

NSTRXN

Translates the instruction coded on the instruction cards and 
the parameters coded on the parameter cards.

PLOTIT

Sets up the data for subsequent plotting by PRPLOT.
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PRNT

Provides a printout of one or two hydrographs. 

PRPLOT

Reads and writes data records on direct access device. 

SETUP

Creates space on direct access files. 

TABL

This is a linear interpolation routine called when using 
multiple linearization. Used to compute discharge celerity 
and dispersion values.

TRANSL8

Checks for proper instructions on the instruction card. 

UNRESP

This subroutine calculates unit-response functions for 
either the storage-continuity method or diffusion analogy method. 
For the diffusion analogy method, unit-response functions may 
be calculated for either single linearization (one unit-response 
function) or multiple linearization (family of unit-response 
functions) .

UTILIT

This subroutine, with various entry points, provides the user 
with the following capabilities: 1) fill an array with a constant; 
2) multiply an array by a constant; 3) move one array to another 
array, with offsets; 4) add two arrays; and 5) convolute two arrays 
and accumulate the result in a third array.
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REVISED 
COMPARE

UNIT RESPONSE ROUTING PROGRAM

PROGRAMMED 3Y
J. 0. SHEARMAN AND 8. J. STILTNER
DECEMBER 1976

27 JUNE 1978 FOR OROGRAM J351 9Y J05 
SUBROUTINE MODIFIED IN 1983 BY W.H.DOYLE, JR. 
TO PRINTOUT AN E3ROR DISTRIBUTION TABLE.

THIS VERSION MODIFIED FO* DIRECT ACCESS

MAIN PROGRAM

1 OCT 76

NRESP<20)

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

JO) 
COMMON

_00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130

._oooooi40
00000150
00000160
00000170
00000130
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330

IMPLICIT LOGICAL(Z)»INTE3ER(A)
INTEGER STAN01(2),STAN02(2)»STANM1(12)»STANM2(12)
INTEGER IPFILEtOPFILE
INTEGER REACHC20)
=»EAL K, ZERO/0. 0/»NOVAL/999999./
DIMENSION INFO(20), ITT(EO)
DIMENSION 31(384), IAV(10)« LREC(IO), 03(334), 03(484),
COMMON /INSTCD/ ICARD(80),ICOL

/ZLOGIC/ ZOPER(20),ZDONE,ZBORT 
/OISCHG/ Q1,Q2 
/IQVALU/ IQF,IQL
/FILES/ I021 1022,1023 1024,1025,1026,I027,1028,1029,1030 
/RTPARM/ REACH»K»X,TT,W»CZE :*0»NURS»*1»UR<20.100),NRO,HWAY(200000340

00000350
/PLT/ INFO,INITMO.INITOY.INITYR»LASTMO,LASTDY,LASTY9,STAN0100000360 

l,STANMl,STAN02»STANM2 00000370 
COMMON /UNITS/ LCARD,LPRNT 00000330 
EUJIVALENCE (ZAOD,ZOPER(3)), (ZRATIO,ZOPER(1))  (ZROUTEtZQP£R(2))»00000390 

i (ZPLOT,ZOP£R(4)), (ZPRINTtZOPER(5)), (ZDI FFA,ZO»ER(6)), (ZFILE2.Z00000400 
?OPER(7)), (ZCOMPR.ZOPEROl), (ZRST3T,ZOPER(10))» (ZMULT,ZOP£R(15))00000410

00000420
LCARD=5 00000430
_P3NTs& 00000440
7SETs.FALSE. 00000450
ZBORT=.FALSE. 00000460
WRITE (LPRNT,460) 00000470
SEAD PROBLEM CONSTANTS 00000430

10 ^EAD (LCARO,470,ENO=430) INITMO,INITDY,INITYR,INITI,LASTMO,LASTOY,00000490
lLASTYR»LASTI,NRECOS»RI»NTSO 00000500

«RITE (LPRNT,480) INITMOUNITOY.INITYR.INITI.LASTMO^ASTOY.LASTYR.OOOOOSIO
1LA5TI 00000520 
^STEPsO 00000530 
IF (ZSET) GO TO 20 00000540 
SET AND DEFINE FILES 00000550 
TF (NRECDS.LE.O) NRECOS=20 00000560

00000570
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CALL SETUP (MRECOS) 
ZSET=.TRUE. 

20 CONTINUE

IF (RI.EQ-24.) GO TO 30
IDAYslMITOY
IF (INITOY.GT.15) IOAYslMlTDY-15
I(J3EG=(IDAY-1)*24*(INITI/100)
IDAY=LASTDY
IF (LASTOY.GT.15) IOAY=LASTDY-15
IQEND=(IDAY-1)*24*(LASTI/100)
50 TO 40 

30 IQ3EG=JNWYOY(IMITMO.INITDY»IMITYR)
IQENO=JNWYOY(LASTMO»LASTDY»LASTYR) 

40 -4EA9 (LOARO»490*ENO = 430) ICAQO
ZOJT=.FALSE.
CALL NSTRXM (RATIO,IPFIL-wOPFILE.HINQ,LAG)
IF (Z80RT) GO TO 410

ZOUT=.TRUE

60

70

80

90
100

110
120

<LPRNT,500) 
IF (ZRSTRT) SO TO 10 
IF (ZPL9T.OR.ZPRINT.OR.ZCOMPR) 
Z8E8IN=.TRUE. 

*. FALSE.

IF(«I.NE.24.) FTIME*INITI/100

JYEAR=INITYR 
LYEAR=JYEA9 
IF (RI.NE.24.) 
IF (IQF.GT.92)

GO TO 
JYEAR'

60 
'JYEAR-1

LOAY=INITOY

70
jOjT=OPFILE-eO
IF (JOUT.GT.5) GO TO
IF (ZOUT) SO TO 70
w«ITE (LPRMT.600) OPFILE
STOP
IF (ZOIIT) 30 TO 80
^EA9 (LCARD,510) STAN01   5TANH1
 RITE (LPRMT.520) STAN01 «STAMM1
30 TO 90

(LCARO,530) ( INFO ( J) , J=l . 20 ) 
(LPRMT»540) INFO

(IPFILEM) <RECOS»STAN01,STANM'l 
(.NOT.ZFILE2) GO TO 100
(OPFILEM) <RECOS.STAM02« STANM2 

IAV(JOUT)=2
IF (RI.EQ.24.) GO TO 110
CALL OA8SAH ( IPFILE .JYEAR', IAV ( JIN) t ZBORT«LREC ( JI M)   IMITMO. IMITOY) 
30 TO 120
TALL OABSAH ( IPFILE. JYEAR, IAV ( JIN) * ZBORTtLREC (JI Ml ) 
IF (ZBOUT) GO TO 420 
IF (.NOT.ZOUT) GO TO 150 
IF (.NOT.ZFILE2) GO TO ISO 
IF (RI.EQ.24.) GO TO 130 
CALL OAOSAH (0«»FILE« JYEAR', IAV ( JOUT) , Z30RTf LREC ( JOUT)   INITMO, INITOYOOOO 1 170 

1) 00001190

IF

00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000830
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001150
00001160
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30 TO 1*0
130 CALL OABSAH (OPFILE..JYEA*, IAV (JOUT) t ZBORT. LPEC (JOUT) ) 
140 IF (Z80RT) GO TO

30 TO 160

INITIALIZE Q2 ARRAY TO 0.0 

150 CALL FILL <Q2.1.484.ZERO)

160 CALL QINPUT (IPFILE.IAV(JIM).ITEMSt01 JYEAR,JMON,JDAY)

IF (RI.EQ.24.) GO TO 170
IF (JYEAR.EQ.LYEAR.ANO.JMON.EQ.LMOSi.OR.JMOM'.EQ.LMON*i) GO TO ISO
IF (JYEAR.EQ.LYEAR*l.ANO.JMON.EQ.l.AND.LMOM.E0.12) GO T0 190
30 TO 440

170 IF (JYEAR.NE.LYEAR*!) GO TO 440 
ISO LYEARsJYEAR'

LMONrJMON
LDAYsJDAY
IF (.NOT.ZOUT) GO TO 190 
IF (.NOT.ZFILE2) GO TO 190

CALL QINPUT (OPFILE.IAV(JOUT)tITEMZtQ2.KYEAR.KMOM.KDAY)

IF (KYEAR.EQ.JYEAR) GO TD 190 
-RITE (LPRNT.SSO)
STOP 

190 IF (RI.EQ.24.) GO TO 200
IF (JMON.EQ.LASTMO.AND.JDftY.GE.(LASTDY-15).AMD.JYEAR.EQ.LASTYR) 

I TO 220
30 TO 210 

200 IF (IQENO.LT.93.ANO.JYEA^i.EQ.LASTYR') GO TO 220
IF (IQEN0.3T.92.ANO.JYEA^'.EQ.LASTY^l) GO TO 220 

210 IQLPITEMS
30 TO 230 

220 IQLFIQEND
ZEMOs.TRUE. 

230 IF (.NOT.ZOUT) GO TO 240

IF (ZPLOT) GO TO 390
CALL DATE (RItlTEMStFTIMElfJMONtJOAYtJYEAR)
IF (ZPRINT) 30 TO 380
IF (ZCOMPR) 30 TO 400

30JTE HYOROGRAPH OPOINATE5 

240 IF (.NOT.ZADO) GO TO 250

IN=>UT Q3 TO ADO TO THE HYQROGRAPH 3ESULTIN3- PROM 
THE' OPERATIONS SPECIFIED OM THE INSTRUCTIOM' CARD.

CAcL QINPUT (OPFILE»IAV(JOUT)tITEMS.Q3,KYEARtKMOM,KDAY) 

IAV(JOUT)aIAV(JOUT)-l 

250 IF (.NOT.ZRATIO) GO TO 250

1UUTIPLY 01 BY THE RATIO SPECIFIED ON THE INSTRUCTION! CARD.

00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001290 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001390 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001470 
00001*80 

G000001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001570 
000015BO 
00001590 
00001600 
00001610 
00001620 
00001630 
00001640 
00001650 
00001660 
00001670 
00001660 
00001690 
00001700 
00001710 
00001720 
00001730 
00001740 
00001750 
00001760 
00001770 
00001790 
00001790



260

270

280

290

CALL MULT <Ql»IQF,IQL.RATIO)

IF (ZROUTE) SO TO ?90 
IF (.NOT.ZAOO) GO TO 270 
IF (LAG.LE.O) GO TO 280 
MOVE 01 TO 02
CALL HOVE <Ql«Q2tIQFfIQL»LAGtO) 
IF (ZAOO) SO TO 320 
30 TO 330
ADO Q3 TO 31 AND STORE I V Q2 FOR OUTPUT 
CALL A06 (Q3«QltQ2«IQF,I?L> 
30 TO 330
IF (.NOT.Z9ESIN) GO TO 310 

PARAMETER CARD

300

3EAO (LCAROt490tENO-430) ICA^O
*RITE CLPRNT.SSO) ICARD 

DETERMINE PARAMETERS

CALL PARAM
CHECK FOR ABORT
IF (.NOT.Z90RT) GO TO 300
*«ITE (LPRNT.590) ICOL
30 TO 430

3ENERATC UNIT-RESPONSE FJNCTIOM ALLI 

CALL UNRESP (ZDIFFAt ZMULT,-NRESP» ITT)

NTAILsNRESt>(l)-l*lTT(l)

CONVOLUTE 91 WITH UR TO OBTAIN 02

310

320

330

CALL CONVOL! (Q2.Q1 ,UR» IQ Fi, IQL*t NRO, NURS,HWAY» ITT, NRESP) 
IF (.NOT.ZADD) GO TO 330

AOO; Q3 TO 32 AND STORE IN' 32 FOR OUTPUT 

CALL AOO <Q3tQ2tQ2,IQF.I3L>

IF (ZBE6IN.AND.I3BEG.GT.1) CALL FILL ( 92* 1   I QF-1 , MOVAL)
IF <ZEN9. AND. IQEND.LT. ITEMS) CALL rILL (Q2,I3L*1   I TEMS,NOVAL)
CALL OOUTPT (OPFILEf I AV ( JOUT)   ITEMS»Q2t JMON^, JDAY, JYEAR)
IF (ZENB) SO TO 370
IF (.NOT. ZROUTE) GO TO 340

340

350
360

RESIDUAL SUMS TO BE31NNING OF Q2 FOR NEXT YEAR 

CALL MOVE (Q2«Q2tltNTAlLtO*ITEMS) 

CALL FILL <Q2tNTAlL'»l»ITEMS*NTAlL»ZERO) 

IF (LAG.LE.O) GO TO 350 

CALL MOVE (Q2tQ2«l«LAG*Ot ITEMS)

IF (.NOT.Z3EGIN) GO TO ISO 
ZBEGIN-. FALSE.

00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002090
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002290
00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
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370

420
430

440

lF<RI.NE.24.)FTIMEsl.O 
30 TO 160

HEADER RECORD ON OJTPUT FILE

NR£CDS*IAV(JOUT)-1
WRITE (OPFILE'l) NRECOSf STAN01 tSTAMMl
30 TO 40

380 CALL PRNT (ZBEGlNtZFILE2)

IF (ZENB) SO TO 4Q 
IF (ZBE8IN) GO TO 360 
30 TO 160

390 CALL PLOTIT (ZFILE2tZENOtZBE3lNfMIMQ)

IF (ZEND) SO TO 40 
IF (ZBE6IN) 30 TO 360 
30 TO 160

400 CALL COMPAR (ZFILE2tZENOtZBESIN*NTSO)

IF (ZEND) SO TO 40 
IF (ZBE6IN) SO TO 360 
30 TO 160

410 URITE (LPRNTt590) ICOL

(LPRNTt560)
STOP

GAP IS DATA     
 RITE (LPRNTt570) 
50 TO 420

JMON.J3AYtJYEAR,LMONtLOAYtLYEAR

450 FORMAT (1H1)
460 FORMAT UHlt27HUNIT RESPONSE ROUTING MODEL)
470 FORMAT (9I5t F5. 0 t 15)
480 FORMAT ( 1HO 1 1 1 Xt UHFOR THE PERIOOf 2I3t 215. 3H

I FOLLOWING STEPS HAVE BEEN PERFORMED./) 
490 "ORMAT (80A1) 
500 FORMAT <1HO//11X.11H»»»»»STE» = * I3t 3Xt 21HDATA

1.80A1) 
510 FORMAT 
520 FORMAT 
530 FORMAT 
540 FORMAT 
550 FORMAT 
560 FORMAT 
570 FORMAT ( 1HO t 1 1 X t 30HGAP

lYtL¥EAR x t3I4) 
580 FORMAT (1H tllX.BOAl) 
590 FORMAT ( 1HO t 1 1 Xt 23HINVALIO 
600 FORMAT ( 1HO t 1 1 Xt 25HINVALIO

(2A4t2Xtl2A4)
(1H f HXt2A4t2Xtl2A4)
(20A4)
(1H tllXt2044)
(!HOtllXtl6HYEARS MISMATCHED)
(IHOtllXtSClH*)t11HJ03 ABORTEDt5(lH»))

00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002470 
000024SO 
00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
00002620 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
00002690 
00002700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 
00002780 
00002790 
00002800 
00002810 
00002820 
00002830

T0.2I3t2I5/llX»40HTHE00002840
00002650 
00002860

INPUT CARDS»»»»»/11X00002870
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940

DATA, JMOM'f JDAYtJYEAR - t3I4tl9H

DATA IN COL. * .13) 
OUTPUT FILE NO. tI2)

3L3CK DATA

LMON.LOA00002950 
00002960 
00002970 
00002930 
00002990 
00003000 
00003010
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1 3CT 76
00003030

^ 00003030
OOD03040

IMPLICIT LOGICAL(Z) tINTE3£R(A) 00003050
COMMON /DAYSMO/ MOOAYSU2) 00003060
COMMON /ZLOGIC/ ZQf>ER (20) , ZDONE. ZBDRT 00003070
COMMON /ALPWRO/ ARATIO(S) ,AROUTE(5) tAADO<3) tAPLOTU) ,APRINT(5) ,AQM00003030

l~IN(4) ,ACOM£>R(7) , ARSTRT (7) , ALAG (3) 00003090
COMMON /ALFCH1/ AL»HAI , AlPHAR, ALPHAA» ALPHAO* AL?HAP, ALPHAF, ALPHAS, A000031 00
l.PHAQ.ALPHAC 00003110
COMMON /ALFOIG/ AOIGIT (9) , AZERO 00003120
COMMON /ALFCHS/ ANEQSN, A'OINT. ACOMMA t AMINUSt APLUSt AQUCST 00003130
DATA M09AYS/31,29,31»30,31 »30, 31,31 ,30,31t30.31/ 00003140
DATA ARATIO/»R» .'A't'T't'I 1 t «0« /t AHOUTE/«R» .  O't'U't'T"* »E» /, A ADO/00003 1 50
1«A«»«0«t«D«/»APLOT/«P«t |l.lf » l O l t l T«/tAP^lNT/«»«t«Q«»»I«t l N«»   T» /  AQ00003160
?MIS/»Q» »»M« f  !  » »N»/» ALPHAS/ »S»/»ALPHAF/»F«/» A ZERO/' OVt AOIGIT/' 1« 00003 170
l.'a't'B^t'^'^S'^S/t'TS'S' »«9«/»APOIMT/».»/tANEQSN/»s»/»ACOMMA/« 00003190
4« l /«ZOONE/.FALSE./,ALPHAI/»I»/,ALPHAR/»R»/.ALPHAt»/»P»/,ALPHAA/»AV00003190
 JtALPHAO/'O'/tALPHAQ/'Q'/.ALPHAC/'CV.ACOMP^/'C'f'O't'M'.'P-t.Ut.'ROOOOSZOO
ft'f'EV.AMlMUS/'-'/.APLUS/^'/fAQUEST/'T'/fARST'T/'R'.'E'f'S'f'T* »  00003210
7A»  »R»»*T»/»ALAG/»L I     A*   »S*/ 00003220
cND 00003230
SUBROUTINE COMPAR C ZFlLE2,ZEMO.ZBE3-m. ̂ TSO) 00003240

00003250
27 JUNE 1978 00003260 
THIS VERSION OF COMPAR FOR PROGRAM J351 00003270

00003280
C03ICAL ZBEGIN.ZENO.ZFILE2 00003290 
DIMENSION 91 (384) ,32(484) V OEV(384) «INFO(20) tCARO(24) 00003300 
INTEGER STANOU2) ,STAN02(2) tSTANMl (12) »STASM2(12) 00003310 
COMMON /B2/ IYEAR(384) ,nAY(384) ,IMON(3B4) *TIME(384) 00003320 
COMMON /OISCHG/ 01,02 00003330 
COMMON /IQVALU/ IQF, IQ|_ 00003340 
COMMON /PLT/ INFO,INITMO»miTOY.INITYR.LASTMO.LASTOY.LASTYR,STAN0100003350
.STANMUSTAN02tSTA^M2 
COMMON /UNITS/ LCARO«LPR^T

IF (ZBE9IN) SO TO 1 ' 
IF (ICNT.LT.50) SO TO 10

1 *RITE (LPRNTtSO) INFO.INITMO,ISITOY.INITYR.LASTMO.LASTOY,LASTYR
- *RITE (LPRST»90) STAN01.STANM1,STAM02»STANM2 

IF(NTSO.EQ.1.0R.MTSO.EQ«3) GD TO 2 
WRITE (LPRNT.120)

2 IC*T=0
IF(.SOT.ZBEGIN) GO TO 10
IF (NTSO.LT.2) GO TO 5
sjQcO .
WRITEU7.140) STANOI.STA^MI.INITMO.INITOY.IMITYR,

* IASTMO,LASTDY,LASTYR 
WRITE(18.140) STAN02»STASM2»INITMO.IHITOY.INITYR,

* LASTMO.LASTOY.LASTYR 
i<RITE(l9»150) INFO,STAN01,STANM1,STAN02»STANM2.

* INITMO.INITDY.miTYR.LiASTMO,LASTDY»LASTYR 
5 OEV8T=0 

DNEGT=0.0 
DPOSTsO.O 
VOLQlTsO.0.0 
VOLQ2T=0.00 
<40<4EGT*0 
SOPOST'O 
IETT05 « 0

00003360
00003370
00003390
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003,600
00003610
00003620

64



IETT10 « 0 
IETT15 = 0 
IETT20 * 0 
IETT25 « 0 

10 DEV2=0.0

OEVPOSM-0 
i/OLQl=0.00 
VOLQ2>0.00

0
IERR10 0 
IERR15 0 
IERR20 0 
IERR25 0 
00 40 IQ-IQF.IQL
OEV(IQ)«(Q1(IQ)-32(10)) 100.0/32(13) 
OEV2sOEV2*(OEV(IQ)»«2) 
IF (OEV(IQ).LT.O.O) GO TD- 20 
OEVPOS=BEVPOS*OEV(IQ) 
MOP9S=N9POS*1 
SO TO 30 

20 DEvNEGsBEV^EG+OEVUQ)

30
VOLQ2«VOLQ2^Q2(IQ) 

40 CONTINUE
IF(NTSO.EQ.1.0R.MTSO.EQ.3) GO TO 61
00 60 J«IQF,IQL
IF <ICNT.LT.50) 30 TO 50
rfRITE (LPRYTfSOl iMFOtINITHOtiMITOYfINITYR.UASTMQ,LASTOY.LASTYR
«RITE (LPRMTf90) STAN01tSTAN^ltSTA^02t!

50 ^RITE(LBRNTtlOO) ( IMON ( J) « IOAY ( J) t I YEAR ( J) t TIME ( J) tQl ( J) t 
* 32(J) tOEV(J) ) 
ICMT*ICNT+l 
ERROR « OEV(J) 
IF(ABS(ERROR).LE.5.0) 
IF(A3S(ERROR).LE.10.0) 
IF(ABS(ERROR).LE.15.0) 
IF(A3S(ERROR).LE.20.0) 
IF(A3S(ERROR) .LE.25.0)

60 CONTINUE

61 IF(NTSO.LT.2) GO TO 66 
00 65 IQ = IQFtlQL

IERR05 
IERR10 
I£RR15 
IERR20 
IERR25

IERR10 
IE=?R15 
IE3R20 
IE:?R25

CARO(NO)*Q1(IQ)

IF(NO.EQ.S) GO TO 63 
IF(IQ.EQ.IQL.ANO.ZENO) GO' TO 63 
30 TO 65 

63 WRITE(17. 130) (CARO(N) tN*ltNO)

*'RITE(18tl30) (CARO(N) tN«9tNO)

««ITE(l»tl30) (CARO(N) tN*l7tMO) 
 40*0

00003630
00003640
00003650
00003660
00003670

00003690
00003700
00003710
00003720
00003730
00003740
00003750
00003760
00003770
00003780
00003790
00003800
00003810
00003820
00003830
00003840
00003850
00003860
00003870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003990
00003990
00004000
00004010
00004020
00004030
00004040
00004050
00004060
00004070
00004080
00004090
00004100
00004110
00004120
00004130
00004140
00004150
00004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
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65 CONTINUE
66 N08S=NONEG*NOPOS

D£VTOT= (DEVPOS-OEVNEG) /NDQS 
D£V2T=OEV2T*DEV2 
ON£GT=DNEGT*OEVNEG 
OPOST=OBOST*DEVPOS

VOLQ1T=VOL01T*VOLQ1 
VOLQ2TsVOLQ2T*VOLQ2 
DEV2=SQRT(DEV2/NOBS) 
IF(NONE8.EQ.O) GO TO 67 
D£VNEG=9EVNEG/NONEG

67 IF(NOPOS.E3.0) GO TO 68 
D£VPOS«DEV<>OS/NOPOS

68 VOLERR=(VOL01-VOL02)<»100,0/VOLQ2 
«HITE<LRRNT,105) IYEARO65)
*RITE (LPRSTtilO) NOBS«OEvTOT.NONE3-»OEVNEGtNOPOStOEVPOSt

 VOLQltVOLQ2tVOLERR,OEV2 
IETT05 IETT05 * IERR05 
IETT10 IETT10 * IERR10 
IETT15 IETT15 * IERR15 
IETT20 IETT20 
IETT25 IETT25 
IERR05 (IERR05 
IE3R10 = (IERR10 
IERR15 * (IERR15 
IERR20 * (IERR20 
IERR25 * (IERR25 
loEST = 100 -
*RITE<LP.RNTt900> IERR05. lERRlOt IERR'15. IERR20» IERR25. IREST 

900 ^ORMAT(//tlXt!5t   PERCEMIT OF TOTAU OBSERVATIONS HAD ERRORS <* 5
 °ERCENT»«
»/,lXfI5t  PERCENT OF TOTAL OBSERVATIONS HAD' ERRORS <« 10 PERCENT*
 /«lX«I5»» »ERCENT OF TOTAL OBSERVATIONS HAD' ERRORS <* 15 PERCENT*
 /tlX.ISt* PERCENT OF TOTAL OBSERVATIONS HAD: ERRORS <» 20 PERCENT* 
»/tlXt!5»* PERCENT OF TOTAL OBSERVATIONS HAD ERRORS <* 25 PERCENT* 

OERCENT OF TOTAL OBSERVATIONS HAD1 ERRORS > 25 PERCENT*

IERR2C
IERR2!
100
100
100
100
100

ERR25

)

.0001 )
..0001 )
.0001 )
.0001 )
.0001 )
.0001

/
/
/
/
/

NOBS
NOBS
NOBS
NOBS
NOBS

IF (ZEND) GO TO 70 

RETURN 

70 IF(ZBEGIN) RETURN

DEVTOTs (DPOST-ONEGT) /NOBS 
IF(NONEST.EQ.O) GO TO 71 
ONEOTsONEGT/MONEGT

71 IF(NOPOST.EO.O) GO TO 72 
DPOSTsQPOST/NOPOST

72 VOLERRs(VOLQlT-VOLQ2T)  100.0/VOLQ2T 
r>EV2T=SQRT<DEV2T/NOBS) 
^«ITE(LPRNTtl06)
*(RITE (LPRNT.110) NOBS.OEVTOT.NONESTtDNEGTtNOPOSTtOPOSTt 

  VOL01TtVOLQ2T.VOLERR«DEV2T
IETT05 «
IETT10 «
IETT15 «
IETT20 «
IETT25 «

(IETT05
(IETT10
(IETT15
(IETT20
(IETT25

100
100
100
100
100

.0001)

.0001)

.0001)

.0001)

.0001)

/ MOBS
/ ^OBS
/ SOBS
/ MOBS
/ MOBS

00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430
00004440
000.04450
00004460
00004470
00004490
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004790
00004800
00004810
00004820
00004830
00004840
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IREST « 100 - IETT25 * .0001
*RITE(LPRNT,900) IETT05*IETT10,IETT15*IETT20»IETT25»IREST

RETURN

80
90

100
110

120

130
140
150
105
106

FORMAT (IHI« I !Xt20A4/l IX» 4HFROM»2I 3» I5» 3H
FORMAT <16Xt27HQl IS DISCHARGE AT STATION 

1 IS DISCHARGE AT STATION ,2A4,2H, ,12A4)
FORMAT UlX»2I3f I5,F10.2f3F10.1)
FORMAT <1H »10X,18HMEAN ERROR <%) FORtlStTHi DAYS =,F7.2/1H , 1 OX«2000004950 
1HNEAN - ERROR (%) FOR«I5t7H DAYS «»F7.2/IH t!OXt20HMEAN * ERRO* (%00004960

00004850 
00004860 
00004870 
00004880 
00004890 
00004900

TOt2I3,I5) 00004910 
t2A4»2H» f!2A4/16Xf27H0200004920

00004930 
00004940

?) FOR,I5«7H- DAYS =,F7.2/lH i!OX«17MQl VOLUME (SFD) =fF9.0»/
3 H< »!OXtl7HQ2 VOLUME (S^O) ««F9.0t/lH « IOX f 18HVOLUME ERROR
4 F7.2/IH »IOX,15HRMS ERR3R ( *') s»F7.2)
FORMAT </l5X .4HDATEi9X«4MTlME« 7Xt2HQl « 9X«2H02t 5X, 5HERROR/ 

* 37Xf2(5H(CFS) «5X) «3H(»-)/>
FORMAT(8F9.2)
FORMATJ1H /IH /2A4.2HI tl2A4/6I5)
FORMAT(20A4/2A4t2H( t 12A4/2A4« 2H| «12A4/6I5)
FORMAT(lHOflOX«7H      tl5tl7H «Y SUMMARY      )
FORMAT(lHOflOX«27H       TOTAL SUMMARY      )
END'
SUBROUTINE DABSAH ( IFlLEt IYEAR* IRECt ABORTt MRECDS)

1 OCT 76
SETS THf RECORD POINTER TO THE FIRST RECORD: OF
DAILY DATA YOU ARE INTERESTED IN.

DIMENSION IS«IPt2)
LOGICAL' ABORT
W£6DS IS THE NUMBER OF LAST DATA RECORD.
READ (IFILE'l) NRECOS
READ (IFILE«2) ISKIPtlYR'.D

10

20

30
40

50

IF (IYEAR.LT.IYRLO) 
IF (IYEAR.NE.IYRLO)

GO 
GO TD«

90
10

RETURN 
IREC«2*IYEAR-IYRLO
IRECLO-2
IF (IREC.GT. MRECDS) GO T0< 20
READ (IFILE'IRECI ISKIPtMTDYR 
IF (IYEAR.EQ.MIDYR) RETURN 
IKECHlsIREC

ISKI«MYRHI 
GO TO 90 
GO TD 30

50

30 TO 40
READ <IBILE»NRECDS)
IF (IYEAR.GT.IYRHI)
IF (IYEAR.NE.IYRHI)
IRECsNRCCDS
RETURN
IRECHI«NRECDS
IREC«IReCHI-lYRHl*IYEAR
IF (IREC.LT.IRECLO) GO T3-
3EAD (IFILE'IREC) ISKIPtM-lDYR
IF (IYEAR.EQ.MIDYR) RETURN
IRECLOsfREC
lYRLOsMIDYR1
DO 80 100=1,10
IF (IRECLO.Ea.IRECHl-l) 30 TO
IR£C« ( IRECLO* IRECHI) /2

90

00004970 
*,00004990 

00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070 
00005080 
00005090 
00005100 
00005110 
00005120 
00005130 
00005140 
00005150 
00005160 
00005170 
00005190 
00005190 
00005200 
00005210 
00005220 
00005230 
00005240 
00005250 
00005260 
00005270 
00005280 
00005290 
00005300 
00005310 
00005320 
00005330 
00005340 
00005350 
00005360 
00005370 
00005380 
00005390 
00005400 
00005410 
00005420 
00005430 
00005440 
00005450
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60

70
80
90

100

READ (IFILE'IREC) ISKIP,M1DYR
IF (IYEAR.EQ.MIDYR) RETURN
INCVRslYEAR-MlDYR
JREGrlRCCMlMCYR-ISIGNUtlNCYR) )
IF <JREC.LE. IRECLO.OR.JREC.GE. IRECHI)
READ (IFILE'JREC) ISKIP»JYEAR
IF <IYEAR.ME.JYEAR) GO TO 60
IREC=JREC
RETURN
IF (MIOYR.GT.IYEAR) GO TO- 70
IRECLO*IREC-
30 TO 80

lYEARtlFILEi

GO TD- 60

CONTINUE 
rfrtlTE (6.100) 
ABORT*. TRUE. 
RETURN

FORMAT <!HOtI4,25H (INITY) NOT IN FILE NO. tI2l
END'
SUBROUTINE OAOSAH ( IFILEt I YEAR. IRECt ABORTt MRECDS, INITMO. INITOY)

I DCT 76
SETS THE RECORD
HOURLY DATA YOU

POINTER TO THE FIRST 
ARE INTERESTED IN.

RECORD1 OF

LOGICAL ABORT
MRECDS IS THE' NUMBER OF L*ST DATA RECORD.
READ (IFILE'll NRECOS
READ <IFILE«2) JMON,JOAY,IYRLD
IF UYEAR.LT.IYRLO) GO TD- 110
lYRDFsIYEAR
IF (INITMO.LT.10I IYRDFslYEAR-1
IRECsl*(IYROF-IYRLO)*24*a»(IMITMO*13-JMON-(IMITMO/10)»12)
TF <JOAY.GT.15) IREC*IREC-1
IF (INITDY.LT.16) IREC=IREC-1
IF (IREC.E3.2) RETURN
IRtCLO«2
IF (IREG.GT.YRECDSi GO TD« 20
READ (IFILE'IREC) MIDMO» MlDDY»mDYR'
IF <IYEAR.NE.MIDYR.OR.INITMO.NE.MIDMO) GO TO 10
IF (INITOY.LT.16.ANO.MIDDV.EQ.1.0R.INITOY.ST.15.AND.MIOOY.EQ.16) 

IETJRN 
10 IR-CHI^IREC

lYRHIsMIDYR
IMOHI=MIDMO-
IDYMIsMIDOY
50 TO 40 

20 READ (IFILE'MRECOS) IMOHI,IOYHItIYRHI
IF (IYEAR.GT.IYRHI) GO TD- 110
IF <IYEAR.ME.IYRHI.OR.INITMO.NE.IMOHI) GO TO 30
IREExNRCCDS
IF <IOYMI.GT.15) lRECsNRECDS-1
IF <INITOY.GT.15) IREC*NRECDS
RETURN

30 IRECHI^NRECDS 
40 IRECa24»<-IYRHl*IYEAR)*IRECHI-<IMOH'I-IMITMO)»2*l

IF <IREC.LT.IRECLO) GO TO- 60
IF UNITDY.LT.16) IREC«IREC-1
IF <IOYHI.ST.15) IREC*IREC-1
READ <IKIL£«IREC) MIDMO»MIDDYiMIDYRi

00005460 
00005470 
00005480 
00005490 
00005500 
00005510 
00005520 
00005530 
00005540 
00005550 
00005560 
00005570 
00005580 
00005590 
00005600 
00005610 
00005620 
00005630 
00005640 
00005650 
00005660 
00005670 
00005680 
00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005760 
00005770 
00005790 
00005790 
00005800 
00005810 
00005820 
00005830 
00005840 
00005850 
00005860 

R00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
00005930 
00005940 
00005950 
00005960 
00005970 
00005980 
00005990 
00006000 
00006010 
00006020 
00006030 
00006040 
00006050 
00006060
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IF 
IF

(IYEAR.NE.MIDYR.OR.INITMO.NE.MI9MO) GO TO 50 00006070
(INITOY.LT.lfib. AND.MIDDY.EG.1.OR.INI TOY.ST.15.AND.MIDDY.EQ.16) R00006030

l£rJRN
50 IRECLOsIREC 
60 DO 100 100=1,10

IF (IRECLO.EQ.IRECHI-1) 30 TO 110
IR£C= ( IRECLO+ IRECHI ) /2
READ (IFILE'IREC) MlDMOt MIDDY. MIDY9I
IF (IYEAR.NE.MIOYR.OR.INITMO.NE.MI9MO) GO TO 70
IF <INITDY.LT.16.AND.MIDDY.Ea.l.OR.INITDY.3T.15.AND.MlOOY.EQ.16)

70

80

90
100
110

120

INCYR*24»(IYEAR-MIOYR)+2»(INITMO-MIDMO) 
JK£C=IRCC*INCYR
IF (INITDY.LT. 16. AND. MIDDY. GT.15) JREC*JREC-1 
IF (INITDY.GT.15.ANO.MIDDY.LT.16) JREC*JREC*1 
IF (JREC.LE.IRECLO. OR. JREC.GE. IRECHI) GO TD SO 
REAB (IFILE'JREC) JMON, JDAY. JYEAR 
IF <IYEAR.M£.JYEAR.OR.INIT«O.NE.JMDN) GO TO 90
IF <INITOY.LT.16.ANO.JDAY.NE.1.0R.INITDY.GT.15.ANO.JOAY.N .16) GO 

ITO 80 
IREC=JR C 
RETURN
IF (mOYR.ST.IYEAR.OR.MOMO.ST.INlTMO) GO TO 90 
IR£CLO*IREC 
30 TO 100 
IRECHI=IREC - 
CONTINUE
»RITE <6»120) lYEAR.INITHOtlMITDYflFILE^ 
ABORT*. TRUE. 
RETURN

PORMAT (lHO»l4f2I2«25H (INITY) NOT IN riLE NO. »I2J
END.
SUBROUTINE DATE (OOf NOROS.FTlMEf INITMt INITD* INITY)

I OCT 76
F lLLS Ufl ARRAYS WITH THE DAY. MONTH* YEAR.
TlM6 FOR PRINTOUT OF THE HYDROGRAPHY

AND

COMMON /DAYSMO/ MOOAYSU2)
COMMON /B2/ IYEAR(384),IDAY(384),IMON(384),TIME(384)

IF (MOD(INITY,4) .EQ.O) M3QAYS<2)=29
IOAY(1)=INITD
IMON(1)«INITM
NOMONsINITM
TlME(l)»FTIME
00 10 J*2fNORDS
TlMf (J)=TIME(J-1)*00
IOAY(J)sIDAY(J-l)
IMON(j;«IMON(J-l)
IYEAR(J)*IYEAR(J-1)
IF <TlMe<J).LE.24.0) GO TO 10
TlMe<J)«TlM£<J)-24.0
IOAY(J)»IOAY(J) *1
IF (IOAY(J) .LE.MODAYS(NOMON) ) SO TO- 10
IDAY(J)»1

IF (NOMON.ST.12) NOMON=l
IMDN(J)«NOMON
IF (NOMON.GT.l) SO TO 10

00006090 
00006100 
00006110 
00006120 
00006130 
00006140 
00006160 

R00006160 
00006170 
00006190 
00006190 
00006200 
00006210 
00006220 
00006230 
00006240 
00006250 
00006260 
00006270 
00006280 
00006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006350 
00006.360 
00006-370 
00006380 
00006390 
00006400 
00006410 
00006420 
00006430 
00006440 
00006450 
00006460 
00006470 
00006480 
00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
00006550 
00006560 
00006570 
00006580 
00006590 
00006600 
00006610 
00006620 
00006630 
00006640 
00006650 
00006660 
00006670
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IYEAR(J)=IYEAR(J)+1

>JYEAR=IYEAR-<J)
IF <MOD<NYEARt4) .EQ.O) MDOAYS<2)»29 

10 CONTINUE
IF (MODAYSC2) .EQ.29) MODAYS<2)=28
«ODAYS<2)=28
RETURN
END
SUBROUTINE GETINT (INTNO)

1 3CT 7«
TRANSLATES A STRING OF DIGITS FROM EITHER INSTRUCTION
OR PARAMETER CARDS TO INTEGER D« REAL NUMBERS.

IMPLICIT LOGICAL<Z)tINTE3ER<A)
COMMON /ZLOGIC/ ZOPER ( 20 ) .ZDONEt ZBORT
COMMON /INSTCD/ ICARD (80 ) , ICOL
COMMON /ALFCHS/ ANEQSN. A'OINT. ACOMMA. AMINUS* APLUS
COMMON /ALFDIG/ ADIGIT (9) . AZERO
DIMENSION INTGR(lO)
7INT».TRUE.
30 TO 10
ENTRY GCTFLTCFLTNO)
ZINT=. FALSE.
?D£e = . FALSE'. 

10 CALL FIND (ANEQSN)
CALL SKIP 

20 DO 30 I*ltlO
INTGR(I)-0 

30 CONTINUE

IF <ZDEC.OR»ZINT) SO TO 50
SI3N=1.0
IF (ICARD(ICOL).EO.APLUS) GO TO 70
IF (ICARD(ICOL).NE.AMINUS) GO TO 40
SI3N*-1.0
30 TO 70 

40 IF (ICARD(ICOL).NE.APOINT) GO TO 50
7DEE».TRUE.
50 TO 70 

50 IF (ICAHD(ICOL).NE.AZERO) GO TO 80
IDIGxQ

INTGR(NDIG)=IDIG 
70 ICOL=ICOL+1

IF (ICOL.LE.80) GO TO 50
ZD3NE«.TRUE.
nO TO 110 

80 DO 90 I«l*9

IF (ICARD(ICOL).EQ.AOIGIT(I)) GO TO' 60 
90 CONTINUE 
100 INTNO*0

DO 110 Isl.NOIG
INTNOsINTNO*INTGR(I)*(10**<NOI5-»-I) ) 

110 CONTINUE
IF (ZINT) RETURN
IF (ZDEC) SO TO 120
FLTNOsINTN9*SIGN
IF (ICARD(ICOL).NE.APOINT) RETURN

00006630 
00006690 
00006700 
00006710 
00006720 
00006730 
00006740 
00006750 
00006760 
00006770 
00006790 
00006790 
00006800 
00006B10 
00006820 
00006830 
00006840 
00006850 
00006860 
00006470 
00006880 
00006890 
00006900 
00006910 
00006920 
00006930 
00006940 
00006950 
00006960 
00006970 
00006980 
00006990 
00007040 
00007010 
00007020 
00007030 
00007040 
00007050 
00007060 
00007070 
00007080 
00007090 
00007100 
00007110 
00007120 
00007130 
00007140 
00007150 
00007160 
00007170 
00007180 
00007190 
00007200 
00007210 
00007220 
00007230 
00007240 
00007250 
00007260 
00007270 
00007280

70



ICOL=ICOL+1 
SO TO 20

120 FLTNO*FLTNO*SIGN*(FLOAT(INTNO))/(lO**NOIG) 
RETURN
END;
SUBROUTINE HYDROG (K.DELTAT,X)

1 OCT 76
ROUTES THE TRIANGULAR TRANSLATION HYDROGRA»H THROUGH 
CHANNEL STORAGE FOR COMPJTlNG THE JNIT RES 3ONSE USING 
THEi STORAGE CONTINUITY METHOO.

REAL I,K
COMMON /INFLO/ 1(999)
COMMON /INSTQ/ 0(999)
CALL FILL (0,1.999,0.0)
QQcO.O
DO 50 J=2,999
IF (QQ) 20,10,20 

10 3(J)=I(J)
SO TO 30

20 a(J)«(I(J-l)»I(J)-a(J-l) »(2.0*X*K*a'<J-i) )/DEL(TAT*((Q(J-l)*aQ)/2. 
l»*(X-l.O))/(((2.0*X*K)/0£LTAT)*((0(J-l)»QQ)/2.0)* (X-l.0)»1. 0)
IF (Q(J).LE.O.OOOOl) RETJRN 

30 IF (A8S((Qa-Q(J))/Q(J)).LE.O.OOl) 30 TO 40
3Q*Q(J)
30 TO 20 

40 IF (Q(J).GT.atJ-l)j QQ*l.iO*a<J)
IF (Q(J) ,LEi.Q(J-l) ) QQ=0.90*Q(J) 

50 CONTINUE
RETURN
END:
SUBROUTINE INFLOW (O.DELTAT)
1 DCT 7«
COMPUTES THE TRIANGULAR TRANSLATION1 HYDROGRAPH FOR
COMPUTING THE UNIT RESPONSE USING THE STORAGE
CONTINUITY METHOD.

COMMON /INFLO/ 1(999) 
REAL I.INSTR.INSTF 
INSTR(T)s2581.333»T 
INSTF(T)*258l.333»(i.O-T) 
T?*0.0
CALL FILL (1.1.999,0.0) 
D (. 30 J«2,999 
T2*T2*OELTAT 
T1*T2-0
IF (T2.6E.O.O.ANO.T2.LE.0.5) GO TO 10 
IF (T2.6E.0.5.AND.T2.LE.1.0) GO TO 20 
IF (T1.6T.1.0) I(J)=0.0 
IF (Tl.LE.0.0) I(J)*645.333/D 
IF (Tl.LE.0.0) GO TO 30
IF ((Ti.GE.0.0).ANO.(T1..E.0.5)) I(J)*(322.667*(M0.5-T1)»(1290. 
i7»INSTR(Tim/2.0»/D
IF (T1.GE.O.O.ASO.T1.LE.0.5) GO TO 30
IF (T1.8E.0.5.ANO.TI.LE.I.O) I(J)*((I.0-T1) (INSTF<Tl)II/(2.0»0) 
30 TO 30

10 IF (Tl.LE.0.0) I(J)«INSTRKT2)*T2/(2.0*0) 
IF (Tl.LE.0.0) GO TO 30 
IF (Tl.LE.0.5) I(J)s(INSTR(T2)*INSTR(Tl))*0.5

00007290 
00007300 
00007310 
00007320 
00007330 
00007340 
00007350 
00007360 
00007370 
00007380 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
000074BO 
00007490 
00007500

0)00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007580 
00007590 
00007600 
00007610 
00007620 
00007630 
00007640 
00007650 
00007660 
00007670 
00007680 
00007690 
00007700 
00007710 
00007720 
00007730 
00007740 
00007750 
00007760 
00007770 
00007780 
00007790 
00007800 
00007810

6600007820 
00007830 
00007840 
00007850 
00007860 
00007870 
00007880 
00007890
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50 TO 30 00007900
20 IF (Tl.LE.0.0) I(J)*(322.667*(T2-0.5)»U290.667*INSTr(T2))»0.5)/D 00047910

IF (Tl.LE.0.0) GO TO 30 00007920
IF (T1.QE.O.O.ANO.T1.LE.0.5) I<J)««T2-0.5) (1290.667*INSTF(T2))*(00007930

10.5-T1)»(1290.667*TNSTR(TD))/(2.0»0) 00007940
IF (TI.QE.O.O.ANO.T1.LE.0.5) GO TO 30 00007950
IF (Tl.QE.0.5) I(J)*(INSTF(T2)*INSTF(T1))»0.5 00007960

30 CONTINUE 00007970
RETURN 00007980
END- 00007990
FUNCTION JNWYOY (JMON,JDAYtJYEAR) 00008000

C 00008010
C I DCT 7ft 00008020
C COMPUTES A JULIAS OAY NUM8ER OM' A rfATER' YEAR BASIS 00008030
C (OCTOBER FIRST * 1 AND SEPTEMBER 30 * 366). 00008040
C 00008050

COMMON /DAYSMO/ MOOAYS(12) 00008060
IWTRYRsJYEAR 00008070
IF (JMON.GT.9) IWTRYRsIWTRYR*! 00008080
LEAPsO 00008090
IF (MOD(IWTRYR»4).EQ.O) LEAP«l 00008100
JNrfYDY*JDAY*92 00008110
IF (JMON.EQ.l) GO TO 20 00008120
MOS*JMON-l 00008130
00 10 I*1«MOS 00008140

10 JNrfYDY=JNWYOY*MOOAYS(I) ' OT)008150
20 IF (JNWYDY.GT.365) JNWYOY* JNWYOY- (LEAP*365-) 00008160

IF (JMON.GT.2) JNWYOY=JNrfYOY*LEAP 00008170
RETURN 00008180
END; 00008190
SUBROUTINE NSTRXM (RATIOtIF1LE1 IFILE2»MIN3^LAG) 00008200

C 00008210
C 1 OCT 7ft 00008220
C TRANSLATES THE INSTRUCTION COOED 0^1 THE1 INSTRUCTION 00008230
C CARDS AND THE PARAMETERS CODED ON THE PARAMETER CARDS. 00008240
C 00008250

IMPLICIT LOGICAL(Z).INTE3ER(A) 00008260
REAL K 00008270
DIMENSION AREACH(20) 00008280
COMMON /RTP*RM/ AREACHtKtXtTTtHtCZEROtMURS.RI»UR(20»100)tNROtHWAY(00008290

t20> . 00008300
COMMON /UNITS/ LCARD.LPR^fT 00008310
COMMON /ZLOGIC/ ZQPER(20).ZDONEtZBORT 00008320
COMMON /INSTCD/ ICARD(80).ICOL 00008330
COMMON /ALFWRD/ ARATIO(5).AROUTE(S)»AAOD(3)»APLOT(4)»APRINT(5),AQM00008340
1IN(4)»ACOMOR(7)«ARSTRT(7),ALAG(3) 00008350
COMMON /ALFCHS/ ANEQSN.A»OINT«ACOMMAtAMINUS*APLUS*AQUEST 00008360
DATA ABLANK/IH / 00008370
DIMENSION AL°HA(16) 00008380
DATA ALPHA/HAt lHOtlHF»HtI.lHL«lHO»lHP»lHQtlHS»lHM,lHRt IHC,IHK,IHTOOOO»390
l.lHWtlHX/ 00008400
EUJIVALENCE (ZK»ZOPER(20))» (ZCO.ZOPER(19))  (ZX,ZOPER(18))  (ZOIF00008410
1FA,ZOPER(6M. (Z«»ZOPER(17))» (ZMUL(T»ZOPER (15) ) 00008420
Ml^Qxl 00008430
|_AS«0 00008440
ICOL«l 00008450
ZBORTs.FALSE. 00008460
ZOONE=.FALSE. 00008470
DO 10 I=lt20 00008480
ZOPER(I)*.FALSE. 00008490

10 CONTINUE 00008500
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30 TO 30
20 CALL FIND (ACOMMA) 

IF (ZDONE) RETURN 
CALL SKIP 
DO 40 I*ltl2

30

IF (ICARO(ICOL).EO.ALPHA(I)) GO TO 50 
40 CONTINUE

50

60

70

80

90

100

110

120

130
140

150

160

170

180

190
200

210

30 TO (80tlOOtllOtllOt120tUOt90.I50t130tI30t60t160.190)t 160 

ADFXLOP3<S*'CM INVALIO

IF (ZOPERdM GO TO 70
CALL TRNSL8 (ARATIOtStl)
IF (.NOT.ZOPERUM GO TO 70
CALL GETFLT (RATIO)
30 TO 20
CALL TRNSL8 (AROUT£t5t2>
IF (.NOT.ZOPER<2>) GO TO 170
30 TO 20
CALL T-RNSL9 (AADO.3.3)
IF (.NOT.ZOPERC3M GO TO 190
30 TO 20
CALL TRNSL9 <APLOTt4 t 4)
IF (ZOP R(4)> GO TO 20
CALL TRNSL9 (APRlNTtStS)
IF <.NOT.ZOPER(5)) GO TO 190
30 TO 20
ZOf>ER(6)*.TRJE.
30 TO 20
CALL GETINT (IFILE1)
30 TO 20
CALL TRNSL8 (ALAS«3tl6)
IF (.NOT.ZOPERU6)) GO T0« 190
CALL GETINT (LAG)
30 TO 20
ZO»ER(7)s.TRJE.
CALL GETINT (IFILE2)
GO TO 20
CALL TRNSL9 (AQMlNt4t8)
IF (.NOT.ZOPER(fl)) GO TO 190
CALL GETINT (MINQ> 
so TO 20
CALL TRNSL8 (ACOMPR t 7t9)
IF (,NOT.ZOPER<9)) GO TO 190
30 TO 20
C.-LL TRNSL9 (ARSTRTf7tlO)
IF (,NOT.ZOP£R(10)) GO TO' 190
RETURN
ZOPER(15)=.TRUE.
30 TO 20
CONTINUE
ZBDRTs.TRUE.
RETURN
ENTRY PARAH
ZOONE".FALSE.
ICOL«1
DO 210 1=1.EG
AREACH(!)sAQUEST
CONTINUE

00008510 
00008520 
00008530 
00008540 
000085SO 
00008560 
00008570 
00008580 
00008590 
00008600 
00008610 
00008620 
00008630 
00008640 
00008650 
00008660 
00008670 
00008690 
00008690 
00008700 
00008710 
00008720 
00008730 
00008740 
00008750 
00008760 
00008770 
00008780 
00008790 
00008800 
00008810 
00008820 
00008830 
00008840 
00008850 
00008860 
00008870 
00008880 
00008890 
000089QO 
00008910 
00008920 
00008930 
00008940 
00008950 
00008960 
00008970 
00008980 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009090 
00009090 
00009100 
00009110
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220

230

240

250

260

270
280

290

300

310

320

330

340

350

360

CZERO=0.
30 TO 230
CALL FIND (ACOMMA)
IF (ZOONE) GO TO 360
CALL SKIP
IF (ZOONE) GO TO 360
DO 240 1=11.16

IF (ICARO(ICOL) .EO.ALPHA(I) ) GO TO 250

30 TO (260,310,320,330,3*0,350,200), ISO 

R C < T 4 X ERROR

CALL FINO (A^EOSN)
CALL SKIP
IF (ZOONE) GO- TO 360
JCOL=ICOL
CALL FINO (ACOMMA)
IF (ZOONE) GO TO 270
<COL=ICOL-2
30 TO 280
<COL=JCOL*19
IF (KCOL.GT.80) <COL*80
J=0
DO 290 leJCOL.KCOL

AREACH(J)=ICARO(I)
CONTINUE
ICOL=KCOL*1
IF (J.EQ.20) GO TO 220

DO 300 J8=j,20
AREACH(J8)=A3LANK
CONTINUE
30 TO 220
IF (.NOT.ZOIFFA) GO TO 200
IF (ZMULT) RETURN
CALL GETFLT (CZERO)
ZCD=.TRUE.
GO TO 220
CALL GETFLT (K)

*0 TO 220
CALL GETFLT (TT)
GO TO 220
CALL GETFLT (W)

30 TO 220
CALL GETFLT (X)
ZX«,TRUE.
30 TO 220
IF (ZOIFFA) 30 TO 380
IF (ZK) GO TO 370
rfRITE (LPRNT.390)
30 TO 200

00009120
00009130
00009140
00009150
00009160
00009170
00009180
00009190
00009200
00009210
00009220
00009230
00009240
00009250
00009260
00009270
00009280
00009290
00009300
00009310
00009320
00009330
00009340
00009350
00009360
00009370
00009380
00009390
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
00009580
00009590
00009600
00009610
00009620
00009630
00009640
00009650
00009660
00009670
00009680
00009690
00009700
00009710
00009720
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00009730 
00009740 
00009750 
00009760 
00009770 
00009780 
00009790 
00009800 
00009810 
00009820 
00009830 
00009840 
00009850 
00009860 
00009870

DIMENSION INFO(20), MINQA<5) 00009880 
INTEGER STANOl (2) ,STAN02 (2> . STANM1 ( 12) tSTAMM2 ( 12) 00009890 
L03-ICAL ZBEGIN.ZENOtZFILEg 00009900 
LOS'ICALM GRIO(44407) 00009910 
DIMENSION 31(384), 02(484). Q1LOGO66), Q2LOS(366), XK366), NSCAL00009920 
£(5) 00009930 
COMMON /IQVALUV IQF.IQL 00009940 
COMMON /DISCHG/ 01,02 00009950 
COMMON /PLT/ INFO, INITMO, INI TOY. I NITYR«LASTMO,LASTDY,LASTYR, STANOl 00009960

370 IF (.NOT.ZH) W=K
9ETURN 

380 IF (ZMULT) RETURN
IF (ZCO.ANO.ZX.ANO.ZK) RETURN'
WRITE <LPRNT,400)
GO TO 200

390 FORMAT (16HOK NOT SPECIFIED)
400 FORMAT (30HO< OR X OR CZERO NOT SPECIFIED)

END'
SUBROUTINE PLOTIT (ZFILE2, ZEND, ZBE3-IN, HINQ)

1 OCT 76
SETS UP THE DATA FOR SUBSEQUENT PLOTTING BY »RPLOT.

fSTANMl,ST4N02.STANM2 
COMMON /UNITS/ LCARD,LPRMT 
DATA NSCALE/1.0.0,OtO/

IF (.NOT.Z3EGIN) GO TO 50
XMIN=0.0
MIMLO=1
IF (HINQ.LT.MINLO) GO TO 20
DO 10 J=l»3
MINMIslO»*J
IF (MINQ.GE.MINLO.AND.MIMQ.LT.HINHI) GO- TO 20
XMIN*XMIN+1.0

10
20

30

40

50

CONTINUE 
MINQ=MINLO 
XMAX*XMIN*4.0 
0 30 J«l»5

60

CONTINUE
*RITE (LPRNT,90) INFOt INITMO. INITOY, INITYR,LASTMO,LASTOY,LASTYR
WRITE (LPRNT.100I STANOl .STANM1
IF (.NOT.ZFILE2) GO TO 40
WRITE (LPRNT,110) STAN02,STANM2
rfSITE (LPRNT,120)
WRITE (LPRNT,130) MINQA
CONTINUE
DO 60 I«IQF',IQL
XI (I)«IOL-I*IQF
IF (OKI). LE- 0.0) 01(I)«0.001
Q1LOG(I)«ALOG10(Q1(I»
IF (.NOT.ZFILE2) GO TO 60
IF (Q2(f ).LE.O.O) 02(I)*O.OOl
32LOG(I)=ALOG10(a2(I»
CONTINUE
NPTSssIQL-IQF+1
NLINES*NPTS

00009970
00009990
00009990
00010000
00010010
00010020
00010030
00010040
00010050
00010060
00010070
00010090
00010090
00010100
00010110
00010120
00010130
00010140
00010150
00010160
00010170
00010190
00010190
00010200
00010210
00010220
00010230
00010240
00010250
00010260
00010270
00010290
00010290
00010300
00010310
00010320
00010330
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c
c
c
c

c
c
c
c

IF (ZBE9IN) NLINES«NLINES-1
XQ1MQF
*Q2=IQL
CALL PLOT1 <NSCALEtNLINES,l»4,30)
CALL PLOT2 (GRID* XMAX t XMlN»XQ2t XQ1 .6)
CALL PLOT3 (lH»»QlLOG(IQ ri) tXI(IQF) ,NPTS)
IF (ZFILE2) CALL PLOT3 ( 1HO t 32LOG ( IQF) ,XI ( IQF) ,N»TS)
IF (ZENO) GO TO 70
CALL OMIT (7)
30 TO 80

70 CALL OMIT (3)
80 CALL PLOT4 (5.5H DATE)

IF (.NOT. ZENO) RETURN
*RITE (LPRNT.130) MINQA
ARITE (LPRNT.120)
RETURN

90 FORMAT (lHl//llX,20A4/HX,4HFROM,2I3tI5t3H TO<.2l3tI5)
100 FORMAT (16X.25H* * DISCHARGE AT STATION t2A4,2Ht t!2A4)
110 FORMAT (16X*25HO = DISCHARGE AT STATION t2A4«2H* f!2A4)
120 FORMAT <//S5Xtl3HOISCHAR3E»CFS)
130 FORMAT (9X.I3.4(23X.I7) )

END
SUBROUTINE PRNT (Z8EGIN, ZFILE2)

1 OCT 7«
PROVIDES A PRINTOUT OF ONE OR TWO HYDROGRAPHS.

LOGICAL ZBEGIN.ZENOtZFILES
DIMENSION INFOC20I
DIMENSION QK384)* Q2<484)
INTEGER STAN01 (2) »STAN02(2) tSTANHl ( 12) ,STAMM2 ( 12)
COMMON /DISCHG/ QltQ2
COMMON /IQVALU/ IQF,IQL

00010340
00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010490
00010490
00010500
00010510
00010520
00010530
00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620
00010630
00010640
00010650
00010660
00010670
00010680
00010690
00010700

COMMON /PLT/ INFO.INITMOt INITDYt INlTYRtLASTMD,LASTDYfLASTYR,STAN01000l07lO

C
C

c

c

c

ttSTANMl,STAN02*STANM2
COMMON /82/ IYEAR(384) t IDAY(384),IMON(384) tTIME(384)
COMMON /UNITS/ LCAROtLPRNT

IF (ZFILE2) GO TO 40
IF C.NOT.Z9EGIN) GO TO 10
ICNT=0
  RITE (LPRNTtSO) INFOtINlTMO.INITDY.INITYR.LASTMO,LASTOY,LASTYq
»<«ITE (LPRNT«140» STANOltSTANMl
*RITE (LPRNT,i20>

10 DO 30 J«IQF,!QL
IF (ICNT.LT.45) GO TO 20
*RITE (LPRNT.130)
rfRITE (LPRNTtl20)
ICNT=0

20 tfRITE (LPRNT*150) ( IMON( J)   IOAY ( J) t IYEAR( J)   TIME ( J) ,Q1 ( J) )
ICNTsICNT*!

30 CONTINUE

RETURN

00010720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010910
00010920
00010930
00010940

76



40 IF <.NOT.Z3EGIN) GO TO 50

50

W ITE 
WRITE 
WRITE 
00 70

(LPRNTfSOl lNFO,INlTMO,lNlTDYfINITYR,LASTMOtLASTDY,LASTYR
(LPRMT.90) STAN01tSTANMltSTAM02tSTAN*2
(LPRNTt110)
J*IQT',IQL

IF (ICNT.LT.45) GO TO 60 
WRITE (LPR^T.130)

(LPRNT»110)

100) (IMON<J)tlDAY(J),IYEAR(J).TIME(J),31(J)«32(J))

C

c
c
c
c

c
c
c
c

60

70

80
90_

i
100
110

I
120
130
140
150

WRITE (LPR

CONTINUE

RETURN

FORMAT (1H
FORMAT (16
IS OISCHA

PORMAT (11
FORMAT (//
\
FORMAT (//
FORMAT <IH
FORMAT (16
PORMAT (11

SUBROUTINE

1 OCT 78
PRODUCES T

00010950 
O0010960
00010970 
00010980 
00010990 
00011000 
00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011070 
00011080 
00011090 
00011100 
00011110 
00011120 
00011130 
00011140

TO,213,15) 00011150 
2A4,24, ,12A4/16X,27HQ200011160

AT STATION ,2A4«2Ht t!2A4) 00011170 
UlXt2I3tI5,F10.2t2F10.l) 00011180 
(//l5Xf4HOATE,9X»4HTlMEt7Xf2HQl,8X,2HQ2/37X,2(5H(CFS)f5X)//OOOlll90

* 00011200 
(//15X,4HOATEt9X,4HTIME,7X,2HQl/37X,5H(CFS)//)

IS DISCHARGE AT STATION t2A4t2H, tl2A4> 
(llX,2I3»I5,Fl0.2fF!0.1)

(lHl//llX*20A4/lU,4HFROM«2I3tI5t3H 
IS DISCHARGE AT STATION 

 12A4)

PRPLOT

PRINTER PLOT OF OME OR! TWO- HYDRO<3RAe>HS.

IMPLICIT" LOGICAL*! (W) tLOStCAL'l (K)
DIMENSION NSCALE(5), ABNOS(26)t X(l)t Y(l)
i.03ICAL.*l MOS(10)/«0*t ! t»2»f 3»t»4»t»5»f»6«t»7» f »8»»»9»/
L03'ICAL»l IMAGE(l) ,CH f LA3EUC1 > ,ERR1tERR3,ERR5
L03ICALM VC»HC,FORl(19) t.FOR2(15> f POR3(19) ,NCtBL,HFtHF1
REAL'S FOXH3),FOX2(2),FDX3<3)
INTEGER»2 VCR'
EQJIVALCNCE (FORUFOX1), (FOR2,FOX2), (FOR3»FOX3), (VC,VCR)
INTEGER FILE
DATA HC/»- f /.NC/»*«/»BL/» f /tHF/«F»/tHF1/ . /
DATA FOXl/» (UAl,F9«f ».2t 12i»t»Al) 
DATA FOX2/MlXAlt 9»»»Xl2iAl) »/ 
DATA FOX3/M1HOF ,»t» , Fl «f». ) 
DATA VCR/Z4FQO/
DATA KPLOT1/.FALSE./»KPLDT2/.FALSE./ 
DATA KABSCtKORD«<BOTGL/3».FALSE./

ENTRY PLOT1 (NSCALE,NHL»NS8H» WLI«NS9V>

 /

 /

ERRls.FALSE* 
ERR3s. FALSE-. 
£RR5=.FALSE. 
<PLOTls.TRUE. 
<PLOT2«.FALSE.

00011210
00011220
00011230
00011240
00011250
00011260
00011270
00011280
00011290
00011300
0001.1310
00011320
00011330
00011340
00011350
00011360
00011370
00011380
00011390
00011400
00011410
00011420
00011430
00011440
00011450
00011460
00011470
00011480
00011490
00011500
00011510
00011520
00011530
00011540
00011550
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NSH«IA8S(NSBH)

MSVsIABS(NSBV)
NSCLsNSCALE(l)
IF (NH»NSH»NV»NSV.NE.O)
<PLOT*. FALSE.
ERRls.TRUE.
RETURN

10 <PLOT*.TRUES.
IF (NV.LE.25) GO TO 20 
<PLOT=. FALSE.
EKR3=.TRUE. 
RETURN

20 CONTINUE

60

70

30 TO 10

IF (NOV. LE. 1201 GO TO 30 
<P'.OT=. FALSE.

RETURN 
30 CONTINUE

IF (NSCL.E3.0) GO TO 40 
FSY«10.»»NSCALE(2)

40

50

IYsMINO(IABS(NSCALE(3) ) t7)*l 
IX=MlNO(IA3S(NSCALE(5)>t?1*l 
30 TO 50

FOR1(10)=NOS(IY) 
NA=MINO(IX,NSV)-1 
NS*NA-MINO (NA» 120-NOV)

I2=N8-II»10 
FoR3(6)BNOS(Il*l)

FOR3(9)«NOS(NA*1)
IF (MV.QT.O) GO TO 70
DO 60 J-ll. 18
FOR3(J)«BL
50 TO 80
ll*NV/10
I2*NV-IIMO
FOR3(11)«NOS(I1*1)

IlsNSV/100 
l3«NSV-fl«100

I3*I3-I2»10 
FOR3(14)«NOS(I1*1) 
FOR3(15)*NOS(I2*1) 
FOR3(16)*NOS(I3*1)

00011560
00011570
00011580
00011590
00011600
00011610
00011620
00011630
00011640
00011650
00011660
00011670
00011680
00011690
00011700
00011710
00011720
00011730
00011740
00011750
00011760
00011770
00011780
00011790
00011800
00011810
00011820
00011830
00011840
00011850
00011860
00011870
00011880
00011890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970
00011990
00011990
00012000
00012010
00012020
00012030
00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160
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FOR3(17)=HF1 
F033(18)=FOR3(9) 

80 IF (KPLOT1) RETURN 
KPLDTls.TRUE.

ENTRY PLOT2 ( IMAGE tXMAXtX*lN»YMAX»Y*IN» FILE)

<PLDT2*.TRUE.
IF (KPLOT1) SO TO 90

30 TO It 
90 CONTINUE

IF (KPLOT) GO TO 100
IF (ERRl) WRITE (IFL.300)
IF (ERR3) WRITE (IFL»310)
IF (ERRS) WRITE (IFt_t320)
RETURN 

100 YMX=YMAX
OH«( YMAX-YM1N) /FLOAT (NDH)
DV«(XMAX-XMIM) /FLOAT (NDV)
00 110 IMtNVP 

110 A8MOS(I)*(XMIN+FLOAT((I-1)»NSV)*OV)*FSX
DO 130 I«ltNIMG 

120 IMAGE(I)=BL ;
00 160 I«ltNOHP
12*I»NOVP
I1«I2-NOV
<NHORBHOO(I-ltNSH) .NE.O
IF (KNHOR) GO TO 140
DO 130 J«IltI2

130 IMAGE<J)«HC
140 CONTINUE

00 160 JsIltI2tNSV
IF (KNHOR) GO TO 150
IMAOE(J)«NC
GO TO 160 

150 IMAGE(J)*VC 
160 CONTINUE

YMINl=YHIN-OH/2. 
RETURN

ENTRY PLOT3(CH»X»YtN3l 
IF (KPLOT2) GO TO 180 

170 -RITE (IFLt330)
180 CONTINUE

IF (,NOT.K»LOT) RETURN 
IF (M3.6T.O) GO TO 190 
<PLDT*.PALSE.
rt«ITE (IFLt340)
RETURN 

190 DO 260 I-ltM3
IF (0V) 210*200,210 

200 DUHlxO
GO TO 280 

210 COMTINUC
OUm«(X(I)-XMINl)/OV

00012170
00012190
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
000122SO
00012290
00012300
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012330
00012390
00012400
00012410
00012420
00012430
00012440
00012450
00012460
00012470
00012480
00012490
00012500
00012510
00012S20
00012530
00012540
00012550
00012560
00012570
00012580
00012590
00012600
00012610
00012620
00012630
00012640
00012650
00012660
00012670
00012630
00012690
00012700
00012710
00012720
00012730
00012740
00012750
00012760
00012770
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220 IF (OH) 240t230«240 
230 OUM2rO

30 TO 250 
240 CONTINUE

OUMe*(Y(I)-YMINl)/9H 
250 CONTINUE

IF (DUM1.LT.O..OR.DUM2.LT.O.) GO TD- 260
IF (OUM1.GE.NOVP.OR.OUM2.GE.NOHP) 30 TO 260
NX*1*INT<DUM1)
SY*1*INT(D'JM2>
J=(NOHP-NY)*NOVP*NX
I AGE(J)=CH 

260 CONTINUE
RETURN

ENTRY PLOT4(NL»LABEL)
ENTRY FPLOT4(NL»LABEL)
IF (.NOT.K'LOT) RETURN
IF (.NOT.KPLOT2) GO TO 170
30 280 I=1«NOHP
IF (I.EO.NDHP.ANO.KBOTGL) GO TO 280
WL*BL<
IF (I.LE.NL9 WL=LA3EL(I)
I2*I»NOVP

IF (MOO(I-ltNSH) .EQ.O.AND'..NOT.KOR91 GO TO 270
rfRITE (IFLtFOR2) WLt(IMAGE(J)tJ*I1t12)
30 TO 280 

270 CONTINUE
ORONO=(YMX-FLOAT(I-l» »DH)»FSY
IF (I.EQ.NOHP) ORONOeYMIMi
WRITE (IFLtFORl) WL^ORDNO-, (IMAGE (J) tJ«11112) 

280 CONTINUE
IF (KA8SC) GO TO 290
WRITE (IFL«FOR3) (ABNOS(J) J«ltNVP) 

290 RETURN

ENTRY OMIT(LSW) 
<A3SCsMOD(LS«»2).EQ.l 
<ORO=M09(LSW.4).GE.2 
<BOTGL«LSW.GE.4 
RETURN

300 FORHAT (T5«»SOME PLOT1 ARG. ILLEGALLY OM 
310 FORMAT (TSt*NO. OF VERTICAL! LIMES >25») 
320 FORMAT (T5.««IOTH OF GRA*H >121») 
330 FORMAT (T5,«»LOT2 MUST BEl CALLED*) 
340 FORMAT (T5,«:»LOT3t ARG2 < 0«)

EN3'

SUBROUTINE OINPUT (IFILE. I AVI t ITEMStO. JYEAR't JMON, JDAY)

1 DCT 76
READS AND WRITES DATA RECORDS ON DIRECT ACCESS DEVICE.

DIMENSION Q(384)t ISKIPU)
READ (IFILE'IAVI) JMON.JDftYtJYEAR.ITEMS.(Q(I)tIMtITEMS)

RETURN
ENTRY QOUTPTdFILEtlAVOtlTEMS.QtJMONtJDAYf JYEAR)
KRITE (IFILE'IAVO) JMONtJOAY. JYEAR, ITEMSt ( 3-( I) 11 *111 TEMS)
IAVO=IAVO»1

00012790
00012790
00012800
00012810
00012820
00012830
00012840
00012850
00012860
00012870
00012880
00012890
00012900
00012910
00012920
00012930
00012940
00012950
00012960
00012970
00012990
00012990
00013000
00013010
00013020
00013030
00013040
00013050
00013060
.00013070
00013080
00013090
00013100
00013110
00013120
00013130
00013140
00013150
00013160
00013170
00013180
00013190
00013200
00013210
00013220
00013230
00013240
00013250
00013260
00013270
00013280
00013290
00013300
00013310
00013320
00013330
00013340
00013350
00013360
00013370
00013380
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RETURN

ENTRY Q1NFEW(NUMBR,Q)
IlsITEMS+1
I2*ITEMS*NUM8R
READ (IFILE'IAVI) ISKIP,O(I).1=11 12)

RETURN
END:

SUBROUTINE SETUP (NRECDS)

1 OCT 7*
CREATES SPACE ON DIRECT ACCESS FILES.

00013390 
00013400 
00013410 
00013420 
00013430 
00013440 
00013450 
00013460 
00013470 
000134SO 
06013490 
00013500 
00013510 
00013520

COMMON /FILES/ 1021,1022,1023.1024,1025,1026.1027.1028,ID29.ID30 00013530
COMMON /UNITS/ LCARO.LPR^T

I CREATE SPACE ON DIRECT ACCESS FILES AS rOLLOWS: I
I 1) REQUESTED SPACEI (NRECDS) ON OUTPJT FILES (26-38) I
I 2) 100 RECORDS ON INPUT FILES (21-251) I

00 10 1*1.5
IGO«I
IF «NRECDS-20»I).LE.O) 30 TO 20 

10 CONTINUE
IGO«*5 

20 SO TO (30.40.50.60.70)t IGO

00013540
00013550
00013560
00013570
00013590
00013590
00013600
00013610
00013620
00013630
00013640
00013650
00013660
00013670
00013680
00013690
00013700

40 CONTINUE 
*    
I CREATE SPACE FOR 40 RECORDS FORi OUTPUT FILES

30 CONTINUE

I CREATE SPACE FOR 20 RECORDS FOR! OUTPUT FILES I

DEFINE FILE 26 (20. 1552. L. 1026) .27 (20. 1552*U» 1027) ,28 (20. 1552. L. 10200013710
|3) *29(20.1552.L»ID29) .30 (20. 1552. L. 1030) 00013720
30 TO 80 00013730

00013740 
* 00013750

    * 00013760 
I 00013770

*         * 00013780 
DEFINE FILE 26(40, 1552, L. 1026) ,27 (40. 1552. Ll» 1027) ,28 (40. 1552. L. 10200013790 

t8) . 29 (40.1 552. L« 1029), 30 (40, 1552* L.I 030) 00013800 
30 TO 80 00013810

00013820 
00013830

    * 00013840 
I 00013850

*         * 00013860
DEFINE FILE 26 (60 . 1552 .L. 1026) .27(60.1552*11*1027) ,28 (60. 1552. L. 1020001 3870

t 3 ). 29 ( 60. 1 552. L. 1029). 30 (60. 1552. L. 1030) 00013880
30 TO 80 00013890

00013900 
60 CONTINUE 00013910

*         * 00013920 
I CREATE SPACE FOR 80 RECORDS FORi OUTPUT FILES I 00013930
*         * 00013940
DEFINE FILE1 26(80 , 1552, L. 1026) ,27 (80, 1552. LI* 1027) ,28 (80. 1552, L, 10200013950

I 3) ,29(8«,1552*L.ID29) . 30 ( 80. 1552, L, 1030 ) 00013960
30 TO 80 00013970

00013980 
70 CONTINUE 00013990

50 CONTINUE 
*     
I CREATE SPACE FOR 60 RECORDS FOR' OUTPUT FILES

81



*       * 00014000 
I CREATE SPACE FOR 100 RECORDS FOR! OUTPUT FILES I 00014010
*       * 00014030
*DEFINE FILE: 36 (100 , 1552.LI, ID36) ,27 (100, 1553,L', 1037) ,38 (100,1552,L,00014030 
«lD38),3t(100,1552,L,ID29),30(lOO,1552,LHD30) 00014040

00014050 
80 ^RECDS«20*IGO 00014060

*«ITE (LPRNT.90) NRECOS 00014070 
«.       * 00014090 
I CREATE SPACE FOR 100 RECORDS FORi INPUT PILES I 00014090
*       «  00014100
DEFINE FILE 21(100,1552,LU1031),22(100,1553*LW1033),33(100,1553,L,00014110
U033).3%(100,1553,L,1034),35(100,1552,LW1035) 00014130
RETURN 00014130

00014140 
90 FORMAT (11X,9HSPACE FORtU.SOH RECORDS HAS 9EEN ALLOCATED FOR OUTP00014150

IJT HYOROGRAPHS) 
END
SUBROUTINE TABL (XI , Yl , X , Y» I I   NQ) 

1 DCT 7S

THIS IS A LINEAR INTERPOLATION ROUTINE CALLED WHEN 
JSING MULTIPLE LINEARIZATION. USEDt TO COMMUTE 
DISCHARGE, CELERITY AND DISPERSION VALUES.

MOOIFIEB 3/14/80 & 3/07/30 BY J.M.B'.AND J.OwS. TO- 
BETTER HANDLE' REVERSALS IN Q VS. C RELATION.

DIMENSION X(i), Y(i)
IF (~Xl.LT.Xd) ) SO TO 40
DO 10 1*11,9
^Qsj
IF (X1.6E.X(I).ANO.X1.LT.X(I*1)) GO- TO 20 
IF (Xl.LE.X(I) .ANO.X1.GT.X(I*1) ) GO- TO 20 

10 CONTINUE

20 Yl«Y(NQ)*( ( (Y(NQ*li-Y(NQ) ) / ) -X ( MQ) ) )   ( Xl-X (NO) ) )

40 WRITE (S»50) 
STOP

50 FORMAT (1H ,30HVARIABLE DUT OF RANGE OF< TA3LE) 
END. 
SUBROUTINE TRNSL8 (ARRAY, NCHAR, IL03')

1 OCT 76
CHECKS FOR PROPER INSTRUCTIONS ON THE INSTRUCTION1 CARD.

IMPLICIT LOGICAL(Z),INTE3ER(A)
INTEGER BLANK/'  /
COMMON /INSTCO/ ICARD ( 80 ) , ICOL
COMMON /ZLOGIC/ ZOPER (20 ) , ZOONE
DIMENSION ARRAY(l)
DO 10 I"l, NCHAR

IF (KOL.GT.80) GO TO 50 
IF (ICARO«Ob1 .NE.ARRAYCI) ) RETURN 

10 CONiTINUe 
ICOLsKOL*! 
ZOPfR(ILOG)«.TRUE.

00014160 
00014170 
000141SO 
00014190 
00014200 
00014210 
00014230 
00014330 
00014240 
00014250 
00014360 
00014370 
OOOU290 
00014290 
00014300 
00014310 
00014330 
00014330 
00014340 
00014350 
00014360 
00014370 
00014380 
00014390 
00014400 
00014410 
00014430 
00014430 
00014440 
00014450 
00014460 
00014470 
00014480 
00014490 
00014500 
00014510 
00014530 
00014530 
00014540 
00014550 
00014560 
00014570 
000l46t80 
00014590 
00014600
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RETURN
ENTRY SKIP
IF (ZDONE) RETURN 

20 IF (ICARO(ICOL).NE. BLANK) RETURN
IC3L=ICOL+1
IF (ICOL.GT.80) GO TO 50
GO TO 29
ENTRY FIND(ICHAR) 

30 IF (ICARD(ICOL).EQ.ICHAR) GO TO 40
ICOL=ICOL+1
IF (ICOL.GT.80) GO TO 50
30 0 30 

40 ICOL=ICOL+1
IF (ICOL.GT.90) GO TO 50
RETURN 

50 ZDONE=.TRUE'.
RETURN
END!
SUBROUTINE UNRESP (ZDIFFA, ZMULTt NRESPt ITT)

1 OCT 7i
THIS SUBROUTINE CALCULATES UNIT RESPONSE FUNCTIONS
FOR- EITHER THE STORAGE CONTINUITY METHOO OR DIFFUSION
ANALOGY METHOD. FOR THE DIFFUSION ANALOGY METHODt
JNIT-RESPONSEi FUNCTIONS MAY 9E CALCULATED rOR; EITHER
SINGLE LINEARIZATION (ON£i UNIT-RES°ONSE OR
MnLfTlPLC LINEARIZATION (HAMILY OF JNIT-RES°ONSES) .

REVISED 6/22/78 BY J.O.S. TO CORRECT UNIT RESPONSE GENERATION 
3R06LEMS   PUT IN MULTIPLE OF 1.0E*50 FOR H-VALJES AND 
ALLOWED POKER TO GO TO -170 INSTEAD OF -50

REVISED 2/13/80 b 3/07/80 BY J.O.S. AND1 J.M.B. TO- BETTER 
HANDLE Q VS. C REVERSALS.

INTEGER REACHC20)
LOGICAL ZDIFFAtZMULfT
REAL K
COMMON /INST3/ 0(999)
COMMON /RTPARM/ REACHtKt Xt TTt WtCZEROt NURS t RI tUR < 20t 100) tNROtHWAY

in)
COMMON /UNITS/ LCARDtLPRNT
DIMENSION C(20) t QCQ-( 1 1 ) » 3CC ( 1 1 ) »QK3'(11) tQKKKll) t QlT(20) t 

t NRESP(20) t ITT (20) tCBRK(4) » TBRK(4) tNBRK(4) , NSLK3) 
3C3(11)=0.0 
QCC(ll)aO.O

3K<i(U)«0.0
INITIALIZE UNIT RESPONSE ARRAY.
CALL FILL (URtlt 2000t 0.0) 
MURS=1

NURS«NUMBER> OF UNIT RESPONSE FUNCTIONS.
FUNCTION NUMBER.

OF' ORDINATES IN RES^ONSEI FUNCTION. 
SUM-0.0
IF (ZOIFFA) SO TO 30
COMPUTES UNIT-RESPONSE FJNCTION' BY THE STORAGE 
CONTINUITY METHOD. 
WRITE (LPRNTtSOO)

00014610 
00014620 
00014630 
00014640 
00014650 
00014660 
00014670 
00014680 
00014690 
00014700 
00014710 
00014720 
00014730 
00014740 
00014750 
00014760 
00014770 
00014780 
00014790 
00014800 
00014810 
00014820 
00014830 
00014840 
00014850 
00014860 
00014870 
00014880 
00014890 
00014900 
00014910 
00014920 
00014930 
00014940 
00014950 
00014960 
00014970 
00014980 
00014990 

(200015000 
00015010 
00015020 
00015030 
00015040 
00015050 
00015060 
00015070 
00015080 
00015090 
00015100 
00015110 
00015120 
00015130 
00015140 
00015150 
00015160 
00015170 
00015180 
00015190 
00015200 
00015210
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10
20

30

40

325

444

CALL INFLOW (D.OELTAT) 
CALL HYDROG- (DK.DELTAT.X) 
T = 0.0 
DO 10 J»2.101

GO TO 20

S S T/D£LTAT»1.05 
UR(NRF,NRO)=0.00155*D»Q(>4') 
SUMSSIH*UR<NRF.NRO) 
IF (SUM.GE.1.00) GO TO 20 
IF (UR(NRF.NRO).LT.0.0001) 
CONTINUE
WRITE (LPRNT.310) RI.K.W.XtNRO 
30 TO 260
IF (ZMULT) GO TO 40 
WRITE (LPRMT.300) 
50 TO 160
READ (LCARD«320) QMINtQMAX
QMIN SHOULD 3E THE LOWEST VALUE YOJ' ARE1 INTERESTED 
IN. QMIN MUST BE > OR = TO THE LOWEST VALUE! IN 
THE TABLE. QMAX SHOULD 3E < OR = TO THE LARGEST ENTRY 
IN THE TABLE.
*RITE(LPRNT,325) QMIN.QMAX
FORMATdHOtlOXt«QMIN = «.F10.2.« C^S'/lOX** OHAX 
READ DISCHARGE VS. DISPERSION' TA3LEU 

(LCARD*320) (QKQ(I)»I=1,10) 
(LQARDf320) (QKK(I),I=1t10) 
DISCHARGE VS. CELERITY TABLE. 
(LQAROf320) (OCQ(I)tI'ltlO) 

(QCC(I)tI=ltlO)
(QKQ(I)»I=1»10)
(QKK(I),I=lt10)
(QCQ(I)fI*lf10)
(QCC(I),I=1»10)

READ 
READ 
READ 
READ 
READ 
WRITE

(LCARDt320) 
(LPRNT.330) 
(LPRNT.340)

WRITE 
WHITE 
WRITE 
WRITE

(LPRMTt300) 
(LPRNT.430) 
(LPRNTt300)

RltX

DETERMINE THE! BREAKPOINTS (IF ANY) OF Q- VS. C

IF(QCC(I) .3T.O.O) GO TO 42
v«ITE (LPRMTt444)
FORMAT («0 C(l>*0.0 INVALID    CHECK CELERITY TABLE CAROM
STOP
CALL TABL (QMINt CBRK(l) OCQt QCCt 1« N8RK( 1) )
CALL TABL (QMAX tCMAXt QCQt QCCt 1 t NMAX)
J = 2
I1=N8RK(1)
IFU1.LT.2) Il«2
TBRK(1)«( (5280.»X) /CBRK ( 1 ) ) /3600.
DO 44 I'll. 10
IF( (3CC(I)-QCC(I-1))»(QCC(I*1)-QCC(I) ) .GT.O.OJGO TO 44
C8RK(J)»QCC(I>

IF(QCQ(I) .LT. QMAX) GO TO 43 
CBRK(J-1)«CMAX

0001S220 
00015230 
00015240 
00015250 
00015260 
00015270 
00015280 
00015290 
00015300 
00015310 
00015320 
00015330 
00015340 
00015350 
00015360 
00015370 
00015380 
00015390 
00015400 
00015410 
00015420 
00015430 
00015440 
00015450 
00015460 
00015470 

CFSM00015480 
00015490 
00015500 
00015510 
00015520 
00015530 
00015540 
00015550 
00015560 
00015570 
00015580 
00015590 
00015600 
00015610 
00015620 
00015630 
00015640 
00015650 
00015660 
00015670 
00015680 
00015690 
00015700 
00015710 
00015720 
00015730 
00015740 
00015750 
00015760 
00015770 
00015780 
00015790 
00015800 
00015810 
00015820
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43
44
45

46
47

48

50

51

52
53

60

30 TO 46
IF (QCC(I*1) .LE.0.5) GO TO 45
COMT1NUE
IFU.GT.4) GO' TO 47
00 46 IaJ.4

65

70

80

100
105
110

M8RK(I)«NBRK(I-l) 
CONTINUE

00 48 I«2.4-
T8RK(I)a( ( 5280. *X)/CBRK(I) 1/3600.
TCHKsTCMK*ABS(TBRK(I-i)-T3RK(I) )
CONTINUE

A MAXIMUM OF 20 RESPONSE FUNCTIONS ARE CALCULATED. 
IF (RI.EQ.24.) NUR<>*20 
IF (MURS.GT.5) GO TO 50
*RITE (LPRST.360)
IF (NURS.GT.20) SURS=20
TCHK=TCHK/(NURS-1)
IF (NURS.LT.20) TCHK«RI
>ISJM*0
DO 52 I»1.3
MSLKI)=0
IF(TBRK(I) .EQ.TBRK(I*l) ) GO TO 53
TSLPABS(TBRK(I)-TBRK(I»1) ) /TCHK
SS'J(I)=INT(TSL*0.500l)
IF(NSLd).LE.O)

CONTINUE
IF(NSUM.LE.19)GO TO 60 
TCHK=(TCHK/(NURS-1) 
GO TO 51

00 105 NB=l,3
IF(NSL(NB) .EQ.O) GO TO 110

NXT-NBRK(NB)
IF(N8.GT.1) GO TO 65
C(l)-CBRKd)
CALL TABL(Cd) .QIT ( I ) .QCO,QCQ« NXT, SQ)
MXT«NQ
TNEKT»TBRK(N3)
TCHK=(TNEXT-T8RK( NB*l))/NS
DO 100 NN=l.NS

IF (NN.LT.SS) GO TO 70

30 TO 80 
TNEKTsTNEXT-TCHK

( (5280.*X)/TNEXT)/3600.

A BISCHARGE VALUE TO' HATCH CELERITY. 

CALL TA8L(C(NRF),QiT(NRF),QCC.QCQ.XXT.^Q)

COMTINUC 
CONTINUE 
NURSsNRR

GENERATE FLAGGING TABLE. HWAY=LINEARIZATIDN DISCHARGES
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00015830
00015840
00015850
00015860
00015870
00015880
00015B90
00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015990
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
06016070
06016080
00016090
00016100
00016110
00016120
00016130
00016140
00016150
00016160
00016170
00016180
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
00016280
00016290
00016300
00016310
00016320
00016330
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430



130 LF*NURS-1
DO 140 NRF»ltLF 

140 H*AY(NRK)*(Q1T(NRF)*Q1T(MRF*1) )/2.
HWAY(NURS)=Q1T(NURS)

C FI^O DISPERSION COEFFICIENT TO MATCH DISCHARGE. 
150 CALL TABL (01T (NRF) .KtQKa-, QKKt MXTt MQ)

CZERO=C(NRF)
C 3ESIN CALCULATIONS FOR U<JHT-RESPONSE USING KNOWN 
C DISPERSION AND CELERITY. 

160 SK=3600.*K
SC*3600.*CZERO
XFT*5280.*X
SC2sSC»SC
TM£AN=X6T/SC*2»S</SC2
TT«TMEAN-(2.78*SQRT<2.»S<»XFT/(SC2*SC) * < 8. *SK/SC2) * ( SK/SC2) ) )
IF (TT.LE.0.0) TTsO.O
TT*TT/RI
ITT(NRF)sIFIX(TT*0.5)
fT*ITT(NRF)»RI

IF (TIME. LE. 0.0) TIME=O.OOl

ILIH*IFJX((1.0/TINT)*0.5)
ICYCLE=0
URSUM^O.O

NFLAG=0 
jNDcsQ 

170 f»OtfERsSO»TIME-XFT

POWERsPOWER/(4.»SK«TlME)
IF (POWER. LT. -170.) POWE^b-170.
H=<1.0E*50/(2.«SQRT(3.1*15927«SK) ) ) »XFT/ (TIHE»» < 3./2.
H=H*EXP (POWER) '
IF (NFLAG.EO.l) GO TO 210
JNQeJNO*! .
iCYGLEsfCYCLE*!
URSUM=URSUH*H
IF (JNO.GT.IL1M) GO TO 200 

180 3EO«sTINT»URSUM
Jl <NRF»NRO)sUR(NRFfNRO) *TINT*REO
IF (ICYCLE.EQ.ILIM) GO TD< 220 

190 TlMEeTIME*R'I»TlNT
SO TO 170 

200

TF (TIMC.LE'.O.O) TIMEsO.OOl
30 TO 170 

210 TlME*TIME*RI
NFL»G=0
URSUM=URSUH-H'
60 TO 180 

220 IF (UR(NRF,NRO) .LT.0.0) JR (NRFt NRO) =0 .0
SUMta>sUM+UR(NRFtNRO) 

C »»*SUM CHECK DELETED 6/22/78 BY J.D'.S.***
IF (UR(NRF,NRO) .LT. 1 .OE*46.AND. (UR ( NRF.NRO) /SUM) .LT. 0.002) 

  GO TO 230 
IF (NRO.EQ.100) GO TO 240

00016440 
00016450 
00016460 
00016470 
00016490 
00016490 
00016500 
00016510 
00016530 
00016530 
00016540 
00016550 
00016560 
00016570 
000165SO 
00016590 
00016600 
00016610 
00016620 
00016630 
00016640 
00016650 
00016660 
00016670 
00016690 
00016690 
00016700 
00016710 
00016720 
00016730 
00016740 
00016750 
00016760 
00016770 
00016780 
00016790 
00016800 
00016810 
00016820 
0001&830 
00016840 
00016850 
00016860 
00016870 
00016880 
00016890 
00016900 
00016910 
00016920 
00016930 
00016940 
00016950 
00016960 
00016970 
00016980 
00016990 
00017000 
00017010 
00017020 
00017030 
00017040
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ICYCLE*0 08017050 
NRO=NRO+1 00017060 
SO TO 1*0 00017070 

230 SUMeSUM-UR(NRF.NRO) 00017080 
NRD«NRO-1 00017090 

240 IF (ZMULT) GO TO 250 00017100 
WRITE (LPRNT.390) RI.X.CZERO.K.NRO 00017110 
SO TO 2*0 00017120 

250 WRITE <LPRNT,**0) CZERO. <!  NRF, NRO 00017130 
260 -,0 270 1 = 1. NRO 000171*0 

UR(NRF.I)=UR(NRF,I)/SUM 00017150 
270 CONTINUE 00017160 

00 280 I»1,NR0.5 00017170 
11*1 00017180 
[2=1*4 00017190 
IF (I2.eT.NRO) I2=NRO 00017200 
WRITE <LPRNT.*00) (J.UR(^RF,J),J=I1 * 12) 00017210 

280 CONTINUE 00017220 
WRITE (LPRNT»*10) TT 00017230 
IF (ZMULT) GO TO 290 000172*0 
NRESP(1)=NRO 00017250 
WRITE (LPRNT.300) - 00017260 
RETURN 00017270 

290 WRITE <LPRNT«*20) HWAY(NRF) 00017280 
WRITE (LPRNT.300) 00017290 
MR£S°(NRF)rNRO 00017300 
NRF*NRF*1 00017310 
IF <NRF.GT.NURS) RETURN 00017320 
MRO»1 00017330 
SUM*0.0 000173*0 
30 TO 150 00017350 

C 00017360 
C 00017370 

300 FORMAT (IH0.10X.80UH-)) 00017380 
310_FORMAT UH0.10X.62HTHE STORAGE-CONTINUITY METHOD USIMS: 1) A ROUTI00017390 

ING INTERVAL! OF »F*.1,6H HRS.;/lIX.39H2) A STORAGE-OISCHARGEi COEFFI00017*00 
?CIENT. K s»F5.1t3*H HRS.J 3) A TRANSLATION HYOROSRAPH/1IX»1*MTIM£ 00017*10 
3BASE, tf *tF5.l,50H HRS.t AND *) A STORAGE LINEARITY COEFFICIENTt X00017*20 
4 =.F5.2/11X.38HCOM»UTES A UNIT-RESPONSE' FUNCTION *ITHtl3t22H OROIN00017430 
SATES AS FOLLOWS:/) 000174*0 

320 FORMAT (IOF6.0) 00017*50 
330 FORMAT <lHOtlOXt3lHOISCHARGE VS. OlSPERSIONi TABLE!» /, 1 IXt 1 OF-10.2) 00017*60 
3*0 FORMAT (1H .1 OX*IOF10.2) 00017*70 
350 FORMAT (1HO.10X»28HOISCHARGE VS. CELERITY TABLE./.11X.10F10.2) 00017*80 
360 FORMAT (1HQ.5HNOTE:/1H .73HCONSIOER: USING SINGLE LINEARIZATION M£T00017*90 

NOT ENOUGH RESPONSE FUNCTIONS/.75H HAVE BEEN! CALCULATED TO MA00017500 
THE MULTIPLE LINEARIZATION METHOD BENEFICIAL.) 00017510 

370 FORMAT (1H0.87HMORE THAN 20 RESPONSE FUNCTIONS WERE CALCULATED. AD00017520 
IJUST TIME CHECK TO CALCULATE ONLY 20) 00017530 

380 FORMAT (1HO.F15.0) 000175*0 
390 FORMAT (1HO«10X.59HTHE DIFFUSION ANALOGY METHOD rflTHt 1) A ROUTING00017550 

I INTERVAL OF.F5.1.11H HRS.I 2) A/1 IX.17HREACH' LENGTH, X ««F6.2.35H00017560 
? MILESI 3) A WAVE CELERITY. CZERO =.F6.2,14H FT./SEC.I ANO/1IX.37HOOO17570 
3*) A WAVE DISPERSION COEFFICIENT. <l *.F9.1,12H SQ.FT./SEC../IIX.3900017580 
 HCOMPUTES A UNIT-RESPONSE! FUNCTION WITH. .I3.22H OROINATES AS FOLLOOOO17590 
S«S:/) 00017600

*00 FORMAT (1H .10X.5(I2t1H).F7.*,5X)) 00017610
*10 FORMAT (1H0.10X.21HTHE TP^VELI TIME. TT «.F9*1.5H HRS.) 00017620
*20 FORMAT (1H .10X.29HLINEAR1ZATION DISCHARGE. 3 *  .F9.1.*H CFS) 00017630
*30 FORMAT (1HO.10X.55HTHE DIFFUSION ANALOGY METHOO WITH A ROUTING INT000176*0 

1ERVAL OF.F5.1.11H HRS. A^O A/11X.17HREACH LENGTH, X *.F6.2.61H MIL00017650
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440
?ES. COMPUTES MULTIPLE UNIf-RESPONSEl FUNCTIONS AS FOLLOWS:/) 00017660 

(1H0.10X.30HUSING A WA.VE: CELERITY. CZERO =«F6.2.14H FT./SEC00017670 
DISPERSION COEFFICIENT. K *.F9.1.12>I SQ.FT./S00017680 
UNIT-RESPONSE NUMBER.I3.6H WITH .I3.22H OROIN00017690

00017700 
00017710 
00017720 
00017730 
00017740 
00017750

I.; AND/11X.34HA WAVE 
2EC.f/11X.29HCOMPUTES 
3ATES AS FOLLOWS!/) 
END- 

SUBROUTINE UTILIT

I OCT 7*

10

20

30

40

THIS SUBROUTINE. WITH VARIOUS ENTRY POINTS. PROVIDES THE USER 00017760
WITH TH-: FOLLOWING CAPABILITIES:

1) FILL AN ARRAY WITH' A CONSTANTI
2) MULTIPLY AN A3RAY BY A CONSTANTl
3) MOVE ONE ARRAY TO ANOTHER ARRAY, WITH OFFSETS!
4) ADO TWO ARRAYS! AND
5) CONVOLUTE TWO ARRAYS. ACCUMULATE! RESULT IN A THIRD

DIMENSION Ad). B<1). C(l). HWAY(20). CC<20.100), NRESP(20),
in)

FILL SETS A(I), 1*11. 12: EQUAL' TO VALUW

ENTRY FILLCA.I1.I2.VALU)
DO 10 I=I1»I2
A(I)sVALU
CONTINUE
RETURN

MULT MULTIPLIES AdltldltlZ BY VALU.

ENTRY MULT(A.I1.I2,VALU)
00 20 I-I1.I2
A(I)rA(I)»VALU
CONTINUE
RETURN

MOVE MOVES B(I«ISHFTB) INTO A ( I * ISHFTA ) , 1*1 1 1 12.

ENTRY MOVE (8. At II. I2t ISH^TA, ISHFTB)
00 30 1*11.12
A(I+ISMFTA)s3(I+lSHFTB)
CONTINUE
RETURN

ADD STORES B(X)*C(I) IN A(I).I=I1.I2

ENTRY AOO(C,B,A,I1, 12)
DO 40 I«I1«I2
A(I)cB(!)«C(I)
CONTINUE
RETURN

CONVOL CONVOLUTES ELEMENTS 11 THRU 12 OF- ARRAY B (THE
INPUT FUNCTION) WITH ELEMENTS 1 THRU1 NRO OF ARRAY C (THE 1
RESPONSE' FUNCTION) ANDl ACCUMULATES THE RESULT IN ARRAY A
(THE OUTPUT FUNCTION). WHICH MAY BE LAGGED BY LAG TIME
INTERVALS.

ENTRY CONVOL(A.B.CC.Il«I2.NRO.NURS.HWAY.LA3*NRESPi)
IF (NURS.GT.l) GO TO 60

00017770
00017780
00017790
00017800
00017810
00017820
00017830

LAG(200017840
00017850
00017860
00017870
00017880
00017890
00017900
00017910
00017920
00017930
00017940
00017950
00017960
00017970
00017980
00017990
00018000
00018010
00018020
00018030
00018040
00018050
00018060
00018070
00018080
00018090
00018100
00018110
00018120
00018130
00018140
00018150
00018160
00018170
00018180
00018190
00018200
00018210
00018220
00018230
00018240
00018250
00018260
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50

60

70

L-l
00 50 I-IUI2
DO 50 J-ltMRO-
K«I*J-l*l_AS<U)
A«1«A(K)*9<I)*CC<l_t J>
CONTINUE
RETURN
00 120 I'll.12
28*8(1)
r»0 70 LL-l.NURS
IF (08.LE.HWAY(Ll_) ) 60 TD«
CONTINUE

80

30 TO 90
80 La LL
90 IF (L.EO.l) GO TO 100

<J8»Q8-HWAY<L-1) 
100 ^RO«MRESP(U

00 110 Jsl.NRO
K*I*J-1*LA3(U

110 COMTINUE
IF (L.EQ.l) 30 TO 120

30 TO 90 
120 CONTINUE 

RETURN
END:

00018270
00018280
00018290
00018300
00018310
00018320
00018330
00018340
00018350
00018360
00018370
00018380
00018390
00018400
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00018440
00018450
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00018470
00018480
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00018510
00018520
00018530
00018540
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APPENDIX D. ILLUSTRATIVE EXAMPLE OF USING CONROUT MODEL
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Statement of Problem and Summary of Results

The purpose of this flow-routing analysis is to investigate the 
potential for use of the CONROUT model for streamflow routing to sim­ 
ulate daily mean discharges at station 11520500, Klamath River near 
Seiad Valley, California. A schematic diagram of the Klamath River 
study area is presented in figure Dl . In this application a best- 
fit model for the entire flow range is the desired product. Stream- 
flow data available for this analysis are summarized in table Dl.

Table Dl. Gaging stations used in the Klamath River flow-routing study

Station no. Station name Drainage
area 
(mi2)

Period
of 

record

11516530 Klaraath River below Iron Gate 4,630 
Dam, CA.

Oct 1%0-present

11517500 Shasta River near Yreka, Ca. 793

11519500 Scott River near Fort Jones, Ca. 653

11520500 Klamath River near Seiad 6,940 
Valley, Ca.

Oct 1933-Sep 1941 
Oct 1944-present

Oct 1941-present

Oct 1912-Sep 1925 
Oct 1951-present

The distance between the two gages on the Klamath River is 36.80 
miles. Two tributaries confluence with the Klamath at 14.65 and 23.80 
miles upstream of station 11520500. Intervening ungaged drainage area 
between stations 11516530 and 11520500 is 864 mi2 or 12.45 percent 
of the total drainage area contributing to the Seiad Valley site. The 
tributary station at 11519500 with a drainage area of 653 mi2 was 
selected as the index station to estimate the flow response from the 
intervening ungaged area.

To simulate the daily mean discharges, the approach was to route 
the flow along the Klamath from Iron Gate Dam to Seiad Valley using 
the diffusion analogy method with a single linearization. Flow was 
also routed along the Scott River and combined with the Klamath at its 
confluence. Since the Shasta River gage is near the confluence with 
the Klamath, flows from the Shasta River were added directly to the 
Klamath Paver flow at the confluence. The intervening drainage area 
was accounted for by using data from station 11519500 adjusted by a 
drainage area ratio. The total discharge at Seiad Valley was the 
summation of the routed discharge along the Klamath and an adjusted 
discharge from station 11519500.
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Figure Dl . The Klamath River study area.
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Data for station 11520500 for the 1980 water year were used to 
calibrate the model while 1981 and 1982 water year data were used to 
verify the model. The model requires concurrent data for all stations 
used in the analysis and while concurrent data were also available for 
water years 1961 through 1979, only the last three years were used. 
In restricting the analysis to the most recent data for comparison, 
the model will better represent the present conditions. Previous 
undocumented changes in the system might invalidate the model's 
application to the earlier period.

To route flow in the Klamath River system, it was necessary to 
determine the model parameters Co (flood wave celerity) and Ko 
(wave dispersion coefficient) . The coefficients Co and Ko are functions 
of channel width (Wo) , in feet, channel slope (So) in feet per foot (ft/ft), 
the slope of the stage discharge relation (dQ0/dyo) in square feet per second 
(ft 2/s), and the discharge (QQ ) in cubic feet per second (ft3/s) 
representative of the reach in question and are determined as follows:

C0 =     
Wo dy0

K0 =      (D2)

Values for Co and Ko were computed from information obtained at 
stations 11516530, 11519500 and 11520500. The discharge 00 , for which 
initial values of Co and Ko were linearized was the long-term mean 
daily discharge at each of these stations. Also, at each station, 
the channel width, Wo , was obtained from width-discharge relationships; 
channel slope, So , was determined from gage-elevation information; 
and (dQ0/dy0), was determined from the rating curves by bracketing the 
mean discharge and computing for an incremental change in gage height 
the associated change in discharge. There were four reaches in which 
routing were performed and average values of Co and Ko were computed 
for each reach by averaging the values computed at the stations . 
Along the Klamath, adjustments were made to Co and Ko in proportion 
to the distance each reach was upstream of station 11520500.
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Table D2 identifies each reach and final calibrated values of Co 
and K0 used for routing flow through the reach.

Table D2. Calibrated model parameters for Klaraath system reaches

Reach Begin (B) Length Co KQ
End (E) (mi) (ft/s) (ft 2 /s)

(B) Station 11516530 13.00 6.375 1,343 
(E) Confluence of 11517500 

with Klamath

(B) Confluence of 11517500 9.15 7.000 1,840
with Klamath 

(E) Confluence of 11519500
with Klamath

(B) Station 11519500 18.40 4.670 459 
(E) Confluence of 11519500 

with Klamath

(B) Confluence of 11519500 14.65 7.440 2,150
with Klamath 

(E) Station 11520500

To simulate flow from the intervening ungaged drainage area of 
864 mi2, a drainage-area ratio was calculated by using the drainage 
area at the index station 11519500 (653 mi2) and dividing it into 
the ungaged area (864/653 = 1 .32) . This value was adjusted to 1 .34 
during calibration.

During calibration Co and Ko were varied, as well as the computed 
drainage area ratio. The best fit single linearization model was with 
the originally determined Co , K0 and slightly adjusted drainage area 
ratio. Table 03 presents the results of the routing model for simu­ 
lated flows at station 11520500.
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Table D3. Calibration results of routing model for station 11520500

***** 1980 WY SUMMARY ***** 
Mean Error (%) for 366 days = 5.80 
Mean - Error (%) for 253 days = -6.17 
Mean + Error (%) for 113 days = 4.97 
Ql Volume (SFD) = 1321710. 
Q2 Volume (SFD) = 1325723. 
Volume Error (%) = -0.30 
RMS Error (%) = 7.57

56 Percent 
84 Percent 
93 Percent
98 Percent
99 Percent 

1 Percent

of total 
of total 
of total 
of total 
of total 
of total

observations 
observations 
observations 
observations 
observations 
observations

had Errors <= 
had Errors <= 
had Errors < : 
had Errors <= 
had Errors <= 
had Errors >

5 Percent 
10 Percent 
15 Percent 
20 Percent 
25 Percent 
25 Percemt

The summary In table D3 includes the 1980 water year from 
October 1, 1979 to September 30, 1980. It can be noted that the 
mean error for 366 days is 5.80 percent with a volume error less 
than 1 percent. The bottom half of table T)3 lists the percent of 
total observations that had errors less than or equal to 5, 10, 
15, etc. percent. Depending upon what the error acceptance criteria 
are for station 11520500, simulation of discharge data at the station 
could be performed with the routing model in lieu of actually gaging 
the flow.

Table D4 presents summary statistics for the verification period 
 1981 and 1982 water years. The results in table D4 are comparable 
to the calibration results.
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Table D4 . Verification results of routing model for station 11520500

***** !98i & 1982 WY SUMMARY ***** 
Mean Error (%) for 730 days = 6.36 
Mean - Error (%) for 437 days = -5.60 
Mean + Error (%) for 293 days = 7.50
Ql Volume (SFD) 
Q2 Volume (SFD) 
Volume Error (%) 
RMS Error (%) =

= 2971071. 
= 2966621 .

0.15 
9.46

54 Percent of 
85 Percent of 
92 Percent of
96 Percent of
97 Percent of 
3 Percent of

total observations 
total observations 
total observations 
total observations 
total observations 
total observations

had Errors <= 
had Errors <= 
had Errors <= 
had Errors <= 
had Errors < : 
had Errors >

5 Percent 
10 Percent 
15 Percent 
20 Percent 
25 Percent 
25 Percent

The flow developed for the Klamath River system produced very 
good results. This indicates that computed model parameters, 
selected index station and calculated drainage-area ratio can be 
expected to give optimum results. Certainly, the small amount of 
ungaged area and a representative index station contributed signifi­ 
cantly to these results.

Figure D2 is a comparison of the observed and simulated discharge 
at station 11520500 for a high flow period in January, 1980. The 
fit for this period is very good as was the other periods used in 
the comparison.
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Model Processing Instructions

This section of Appendix D describes the data processing 
procedures used in the Klamath River Modeling analysis. Figure 
D3 illustrates how the data flows into and out of the model and these 
steps describe the path of the data.

1. Data are retrieved from WATSTORE;
2. The data are transformed;
3. The data are edited;
4. The data are used in the model; and
5. Statistical analyses are performed on model-generated data.

These steps are described in more detail in the following paragraphs.

First, the station data that were used in the Klamath modeling 
analysis had to be located. Data not on the current WATSTORE Daily 
Values File had to be identified as to which historic tape contained 
the data. A computer program execution of the "WATSTORE MESSAGE" 
generated a listing of tapes and related states for which Daily 
Values data in the backfile format were stored. JCL cards used were 
as follows:

//AG4J31JD JOB (438502800l/,RPT,2,9) , 'HJ)OYLE' ,CLASS=B2/ 
//PROCLIB DD DSN=WRD.PROCLIB,DISP=SHR 
// EXEC MESSAGE,WRDMSG='WRD02' 
/*

Data that have been identified for retrieval can be retrieved from 
WATSTORE with the cataloged "Daily Values" retrieval program.

Figure D4 illustrates an example of the necessary information 
to retrieve data from WATSTORE for four surface-water stations in 
the Klamath River study. Figure D4 shows that the cataloged procedure 
DVRETR (line 00000050) is run on tape 115613 to retrieve historic 
daily streamflow data (parameter code 00060 in lines 00000180, 
00000210, 00000240 and 00000270) for the complete period of record 
for stations 11516530, 11517500, 11519500 and 11520500. 
Current data were also included in these retrievals by coding a '3' 
in column 2 on lines 00000170, 00000200, 00000230 and 00000260. 
The retrieved data were stored in an online disk file named 
'AG40XEJ. MENLOPRK .DAILYQ3' (line 00000060) .

_!/Account number displayed for illustration purpose only. Please
use appropriate account number here and in all other illustrated JCL

JCL documented in Appendix D are for running jobs on the 
U.S. Geological Survey's Amdahl computer system in Reston, VA.
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/ / Retrieval Program x"~~ 
/ Reston / DVRETR / _ 
/ WATSTORE / documented A,_,.a,
Daily Values in WATSTORE \**~i 

\ File \ USER'S GUIDE- W  
\ \ CHAP IV.B.5 Xj r

ily \ 
js in] 
file/ 
mat (   .

Program G740 
Reformats Data 
from Backfile 

Format to 
Modeling Format

Missing Days DATA SCAN / File

of Record      Program Analyzes       j Mod< 

are documented Data File \ For

'    -^

( Creates / 
Output File f
in Modeling I 

Format \

5 in / 

;ling I 

mat \

Streamflow 
Routing Model 

CONROUT 
utilizes 

Data File

A969-Streamflow 
Statistics Prog.

A193   Program for      
Log/Pearson 
Computations

A969 and A193 

Output 

Documentation^^-"- ^

Figure D3. Flowchart of CONROUT and related programs
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// 
//

//AG40XEJH JOB ( 470698870 tRPT» 4, 10 ) t «H ODYLE* f CL ASS = 9
/BOUT'1 PRINT RMT046
/»SETlP 115613/4
//PROCLI9 DO DSNSWRO.PROCLI8»DISP=SHR
// EXEC DVRETRtAGENCY=USGS»VOLl=115613»

NAHE4*«AG40XEJ.MENLOORK.DAILYQ3».UNIT4=ONLINE»3L<4=11592»SP4=25,
OTSP4=« (NCH.CATLG)   

//» IN THE DATA CARDS THAT FOLLOW //HOR.SYSIN 00 * THE 
//* FfKST CARD STATES THAT BOTH' CURRENT AND HISTORICAL DATA 
//» ARE TO BE RETRIEVE. THE 2ND CARO STATES THAT PARAMETER 
//* CODE 00060 FOR DAILY DISCHARGE IS TO BE RETRIEVED. 
//* THE '.AST CARO IDENTIFIES THE STATION DOWNSTREAM ORDER «. 
//* AS MANY RETRIEVALS AS NECESSARY CAN 3E HADE WITH- THE 
//* PROCEDURE BEING JUST TO ADD THE NECESSARY 3 CARDS 
//* FOR EACH STATION THAT YOU WANT TO RETRIEVE DATA FOR.
//HDR.SYSIN oo *

300060
0 11516530

11517500
300060
0
M3
R00060
0 11519500

300060
0
/*
//

11520500

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000030
00000090
00000100
00000110
00000120
00000130
00000140
00000150
oooooiso
00000170
00000190
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000230
00000290
00000300

Figure D4. JCL for Daily-Value Retrieval from WATSTORE
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Figure D5 illustrates the format of a retrieved record con­ 
taining one water-year of data in the standard 1656-byte backfile 
record format. The data retrieved from WATSTORE were transformed by 
program G7AO (fig. D6) for input to the streamflow routing model. 
Data for the four stations were retrieved from the computer file 
previously named f AGAOXEJ.MENLOPRK,DAILYQ3' (line 00000230 
//FT10F001 . ..) that was created in the WATSTORE retrieval (fig. 
DA). The individual station data were output on separate files as 
identified by data set names in lines 00000310 to 000003AO (fig. D6). 
The variable NRECXX in the same lines was assigned values corre­ 
sponding to the number of years of data to be transformed into the 
modeling format. An additional record had to be allocated for a 
header record. NRECXX is expressed in increments of 20 (20, AO, 60, 80 
and 100). For example, in line 00000370 22 years of data plus 1 header 
record were processed, so that space for 23 records had to be reserved. 
Therefore, NRECXX was set equal to AO, the next largest increment of 20. 
The respective file (26-29) for each station and the number of records 
were established in lines 00000370 to OOOOOAOO. The relationship 
between the input data and the JCL file descriptions is illustrated in 
the chart in the lower right-hand part of figure D6.

Figure D7 illustrates an example of a direct-access disk file 
of records in the modeling format. Each year of daily data requires 
one record, and for the four stations, the data are stored 
in records 2-NRECDS on each file. The first record of each file is 
reserved for header identification of the station and the number of 
years of data on the file. Hourly data can also be stored in the 
modeling format. If the data are hourly then these data are stored 
in consecutive records, two per month, and contiguous months for the 
specified time period. For a given month, the first 15 days of 
hourly data are stored in the first record and the remaining days 
in the next record. Therefore, a complete year of hourly data 
would require 2A records.

Figure D8 documents an editing program called "DATA SCAN" that 
can be used to analyze modeling format data to determine individual 
days of missing data. This program, like G7AO and CONROUT, makes 
use of an inline procedure that allows the user greater flexibility 
in identifying the files. Figure D8 also shows where input JCL are 
placed (lines 00000350 to 00000390) and that description data for 
identfying the stations and files follow line OOOOOAOO //G.SYSIN DD *.

Figure D9 documents the JCL for executing CONROUT. The inline 
procedure CONROUT (fig. D9, lines OOOOOOAO to 00000130 and lines 
00000310 to 00000350) allows as many as five input and five output 
files to be processed by CONROUT. Input files are designated as 
FILE 21 through FILE 25 and output files, FILE 26 through FILE 30. 
These JCL file declaration cards follow line 00000300. The input/output 
file associations are declared in the INPUT DATA that follows line 
00000390. Input and output files are in the modeling format (fig. 
D7). Additional output files (See footnote 3J in Time Data Card 
section of report) 17, 18, and 19, can also be defined 
(lines 00000360 to 00000380) . In this example they have been 
"dummied out."
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//AG40XEJH JOB (470698870.RPT.2.5).*H- DOYLE*.CLASSsB
/ ROUTE PRINT RHT046
//* THIS JCL IS STORED IN AG4J31 J.KLAMATH'.G740PROC.CNTLI
//* AND CAN BE EXECUTED 9Y SIGNING ON TO THE TSO AND THEN
//* EDIT  AG4J31J.KLAMATH.G7400ROC.CNTL*
//* ANO CHANGING INPUT DATA CARDS AS NEEDED AND THEN
//  S09MIT  
//G74QPROC PROC NAH£26««MF»,NAME27«»iiG».NAME28*«liH*.

// CON026«»(.CATLG.DELETE1 .UNlTrONLlNE*«SREC26=20»
// COND27«» (.CATLG.DELETE1 .UNlTsONLIINE*« NREC27«20.
// CON028**(.OATLGtDELETEl.UNIT*ONL1NE*.NREC28s20»
// COND29«»(tCATLGtDELETE)tUNITsONLINE* »NREC29a20f
// CON030**(tCATLGtDELETE).UNlTrONLINE*.MREC30*20*
// SP««(1552.<*.ETC«*)..CONTIG),DC9»(OSO^G«DA) 
//G F.XEC- PGM«G740.REGION«IR
//STEPLI31 DO DSN*A34J3U.DOYLE.PGML19E.DISP«SHR
// DO eSNsSYSl.FORTG.LlMKLI9X.OISP*SHR
// DO eSNsSYSl.PLIX.TRANJ5L19.DISP»SHR
//SYSPRINT DO SYSOUTaA
//FT06F001 DO SYSOUT«A.DCB=(RECFM*F8A.LRECLal33.9LKSIZE«6118)
//FT05F001 DO ODNAME«SYSIN
//FT10F001 00 DSN«AG40XEJ.MENLa«>RK.DAlLYa3.UNlT«ONL(INE,DISf>«OLD

//FT27F001 00 OSN«stNAME27.0ISP«^CON027. S°ACE=(
//FT2«F001 DO DSNs
//FT29F001 DO DSNaiNAME29.DISP«8,COND29.S°ACE*tSPlNREC29lETC
//FT3QF001 00 DSNs«,NAHE30.DISP«iCON030.S 0ACE««,SPlNREC30lETC

EKEC G740PROC.
NAM£26«»Ae40XEJ.KL5l6530.G740FMT»,NREC26s40, 
NAM£27a*A840XEj.KL5l7500.G740FHT»,NREC27«60. 
NAME28«'Ae40XEJ.KL5l9500.G740FHT**NREC28«60« 
NAME29»*Aa40XEJ.KL520500.G740FHT*»NREC29«60« 

R-l50<i
00  

//

Input 
JCL

11516530
11517500
11519500
11520500

/*

Station No.
Cols. 3-10

File No. XX 
Cols. 14-15

Number of years 
of data retrieved 
from WATSTORE 
+ 1 record for 
header 
Cols. 19-20

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420

# of WATSTORE 
RECORDS

1-19

20-39
40-59
60-79
80-99

NRECDS

2-20

21-40
41-60
61-80
81-100

NRECXX

20
40
60
80
100

Figure D6. JCL for executing G740 Program.
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//AG40XEJH JOB (470698870«RPT«2«3)«»M DOYLE*.CLASSES 00000010
/ ROUTE PRINT RMO*6 00000020
//* THIS JCL IS STORED IN AG4J31J.<LAMATH*DATASCAN.CNTU 00000030
//  AND CAN BE EXECUTED 9Y SIGNdNG ON TO THE TSO AND THEN 000000*0
//* EDIT f AG4J31J.«LAMATH.OATA5CAN.CNTL» 00000050
//  AND CHANGING INPUT DATA CA^OS AS NEEDED AND THEN 00000060
//  SU9MIT   00000070
//DAT* CAN PROC NAME21« » i8,F« ,NftME22* »&&G» .NAME23 = * 1&H» , 00000080
// NAME24«»i8,It ,NAME25»«8,iJ»fCDN021s» (.PASS) ,UNIT=SYSO<». 00000090 
// CDN022»«(.PASS).UNIT=SYSOK»,COND23=«(.PASS)»UN'IT=SYSDK , 00000100 
// CDND24««(.PASS).UNlTsSYSOK»«COND25*«(.PASS)»UM1T*SYSOK , 00000110
// ETC«««St>ACE=(1552»l)«DC8=(OSORG=OA)«,Rs 00000120
//  00000130
//G FXEC PGM=SCAN«REGION=fcR 00000140
//STEPLI3 DO eSN = AG4J3U.DOYLE.PGMLlI3E«OISP=SHR 00000150
// 00 DSN = SYS1.FORTG.LI^KLI3X,OIS°*SHR 0000016=0
// DO 9SNsSYSl.°LlX.TRANSL-I3*DISP*SHR 00000170
//SYSPRINT DO SYSO'JTsA 00000180 
//FTOftFOOl DO SYSOUT*A»OC8*(RECFM=FBA«LRECL*133.3LKSIZE*=6118) 00000190 
//FTHFOOl DO SYSOUTBA«OC8s(RECFH=FBA.LRECL»133«3LKSlZE«61l8) 00000200
//SYSPUNCH DO SYSOUT«8 00000210
//FT07F001 DO SYSOUT*B 00000220
//FTO«iFOOl DO ODNAHEsSYSIN 00000230
//FT21FOOI DO OSN=8,NAMF2i,oiSPs8,CON02UETC 00000240
//FT2?FOOl DO DSN«4NAME22«DISPs8,CON022iETC 00000250
//FT23FOOI DO DSN=iNAME23«OISP»8,COND23iETC 00000260
//FT2«F001 DO DSNe4NAME24.0ISPs4COND24&ETC 00000270
//FT29F001 DO DSN»I.NAME25.0ISP*iCON025iETC 000002SO
//  00000290 
//  ILLUSTRATED IS JCL FOR ONLY 4 FILES. A MAXIMjM OF 5 FILES CAN 8E 00000300
//  INPUT IN ANY ONE RUN WITH FILE NUMBERS 21 TH=*U 25. 00000310
//  00000320
// PF.NO 0000033O
// EXEC DATASCANt 00000340
// NtME21»«A840XEJ.KL5l6530.G7*OFHT«.CON021*SHR, 00000350 
// N«HE22=»A840XEJ.KL5l7500.G7*OFHT» f COND22*SHR, ' 00000360
// N*M£23=»A840XEJ.KL5l9500.G740FMT».CDND23sSHR, 00000370
// NAHE24«*A840XEJ.KL520500.G740FMT'«COND24*SHR« 00000380
// RslSOK 00000390
//G.SYSIN! DO * 00000400

21 11516530 00000410
22 11517500 00000420
23 11519510 00000430
24 11520500 00000440

/  00000450
// 00000460

Figure D8. JCL for executing DATA SCAN Program,
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//AG40XEJH JOB (470698870.RPT.2,9).«H DOYLE 1 »CLASS«B
/ ROUTE PRINT RMT046
//  THIS PROC STORED IN AG4J31J.KLAMATH.CONROUT.CNTL
//CONROUT PROO NAME21=» « MA» .NAME22=» i&8» ,NAME23=»»
// NAME24«» 4.4.9 «.NAME25«« HE ».NAME26=»H.F«
// NAME28-
// CON021«
// CON022»

,NAME29««S,M»
(tPASS).UNITsSYSDK*,COND26=»(,CATLO.DELETE),UNIT«ONLINE»i 
(.PASS) «UNIT=SYSDK«.COND27*« < .CATLG.DELETE) ,UNIT=DNLINE«»

// CDN923« < .PASS) «UNI T*SYSDK « .CON028* 1 ( .CATLG. DELETE) ,UNIT»ONLINE«   
CON024- (,PASS) ,UNITsSYSDK«.CON929»« (, CATLG. DELETE1 ,UNIT*ONLINE» . 

// CON025S (.PASS) ,UNIT=SYSDK « .CON930s» ( .CATLG, DELETE) ,UNIT=DNLINE « . 
// ETCl s »»SPACE*( 1552.1) , DCB= O50R3*OA) »,Rsl50K. 
// SP*» (1552.(».NREC«,ETC2=«) ..CONTIS) ,OCB« (OSOR3«OA)   
//G CXEC- PGH*T351.REGlON=iR
//STEPLI3' 00 OSN*AG4J31J. DOYLE. PGML19E.OISP«SHR 
//SYSPRI^T DO SYSOUT^A
//FTOftFOOl DO SYSO'JT*A.DCB*(RECFM*FBA.LRECLM33.3LKSIZE*6U8) 
//FT05F001 DO DDNAME=SYSIN
//FT21F001 DO DSNsiNAME21.DISP=tCO>l02UETCl 
//FT27F001 DO DSNB4,NAME22.DISP*iCOM022tETCl 
//FT23F001 00 DSNB4,NAHE23.DlSP=iCOM023tETCl 
//FT24F001 DO 
//FT29F001 DO
//FT26F001 DO DS*eiNAME26.DlSP=iCOND26, 
//FT27F001 DO DSM=tNAME27.DISP»iCOM027
//FT2BF001 DO DSS«iNAME2e «DISP*iCO>l028.S5ACEs4,SPlMRECiETC2 
//FT29F001 DO DSM=S,NAME29.DISP«8.CO>ID29. S°ACE*iSPlNRECJ,ETC2 
//FT30F001 DO DSMelNAMESO »DISP»4,CO>I030 
// PENn
// EXEC CONROUT,
// NAME21*«AG40XEU.KL516530.G740FMT» .CON021«SHR. 
// NAME22«»AG40XE'J.KL517500.G7*OFMT» »CON022»SHR. 
// NAME23»»AG40XEJ.KL519500.G740FMT» ,CON023«SHR, 
// NAME24«»AG40XEJ.KL520500.G7*oFMT f

09 30 1980 1200 20 24

//G.FT17F001 00 DUMMY 
//G.FT18F001 00 DUMMY 
//G.FT19F001 00 DUMMY 
//G.SYSlNi DO  

10 01 1979 1200 
1*21 f 0*26, ROUTE. 01 FFA
11516530 11516530 FLOW ROUTED DOWN' TO 1ST CONFLUENCE 
Cc6.375.<*1343.X*13.0.REACHM15l6530 TO 1ST CONFLUENCE 
1=22, 0*26. ADO
99999999 11517500 FLOW ADDED AT KLAMATH CONFLUENCE! 
I «26. 0*27. ROUTE. 01 FFA
99999999 FLOW ROUTED ALONG MIDDLE OF' KLAMATH 
C*7.00.K*1840.X«9.15.REACH=MIDDLE ROUTED FLOW

99999999 11519500 FLOW ROUTED TO' KLAMATHI CONFLUENCE 
C«4.67.K*459.Xsl8.4,REACH*11519500 TO KLAMATH1

99999999 11519500 FLOW ADDED AT CONFLUENCE
I*28.0«29.ROUTE.OIPFA
11520500 FINAL ROUTED FLOW TO 11520500
C*7.44.K«8150.X*14.65.REACH«LAST REACH
1-23. 0«29, RAT! 0=1. 34. ADD
11519500 INOtXED' STATION FOR JNGAGED1 WITH R«864/653*1.34
COMPARE. F*29.S*24
COMPARISON OF SIMULATED AND OBSERVED FLOWS AT 11520500

»LOT SIMULATED AND OBSERVED FLOWS AT 11520500

00000010 
00000020 
00000030 
00000040 
00000-050 
00000060 
00000070 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
000002SO 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
000004SO 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570
00000580
00000590
00000600'
00000610
00000620
00000630
00000640

Figure D9. JCL for executing CONROUT Program,
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Operations to be performed by CONROUT are defined on data 
cards that follow line 00000390//G .SYSIN DD * in figure D9. The 
following is a general description of the individual steps per­ 
formed by CONROUT in the Klaraath River analysis. All the available 
model options are described in detail in a previous section of this 
report and can be used to explain the individual data entries listed 
in lines 00000400 to 00000620.

a. The period of record used in the analysis is defined 
in line 00000400.

b. Step 1 (lines 00000410 to 00000430) defines model parameter 
information for routing flow from station 11516530 to the 
Shasta River confluence 13.0 miles downstream on the Klamath 
River.

c. Step 2 (lines 00000440 and 00000450) state that flow from 
station 11517500 is added to the Klamath River flow at its 
confluence with the Klamath.

d. Step 3 (lines 00000460 to 00000480) defines model parameter 
information for routing the combined flow at the Shasta River 
confluence for 9.15 miles downstream to the Scott River 
confluence with the Klaraath.

e. Step 4 (lines 00000490 to 00000510) defines model parameter 
information for routing flow along the Scott River from 
station 11519500 to its confluence with the Klamath.

f . Step 5 (lines 00000520 and 00000530) combines the routed 
Scott River and Klamath River flows at their confluence 
with each other.

g. Step 6 (lines 00000540 to 00000560) defines model parameter 
information for routing the combined flows from step 5 
along the final reach (14.65 miles) of the Klaraath to station 
11520500.

h. Step 7 (lines 00000570 and 00000580) accounts for intervening 
ungaged flow by using a ratio of 1 .34 times the flow at 
index station 11519500 and adding it to the routed Klamath 
flows at station 11520500.

i. The last two steps (lines 00000590 to 00000620) use the
model options COMPARE and PLOT to compute and illustrate the 
difference between simulated and observed flows at station 
11520500.
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Finally, if the user wants to perform statistical analyses 
such as those that are available in the Streamflow Statistics 
Program A969 and asssociated Log Pearson Type III Computational 
Program A193 then the JCL in figure DlO can be used. Step 1 (line 
00000170 in fig. DlO) refers to PGM=S969 which is a transformed 
A969 program that can read the input data in the modeling format 
(fig. D7). Step 2 (line 00000400 in fig. DlO) activates program 
A193 execution. Line 00000490 illustrates that FILE 21 is to supply 
input streamflow data from station 11520500. This example is for 
observed streamflow data at station 11520500. If streamflow 
statistics are to be computed for the simulated streamflow at 
station 11520500 then the model would have to be executed for the 
period of record and the simulated streamflow at station 11520500 
stored in a permanent disk file. This disk file would then be input 
to the streamflow statistics programs for analysis. Identification 
of analysis time period, station identification and program options 
are input behind line 00000510 //STEP1.SYSIN DD *. The three data 
cards (lines 00000520 to 00000540 in fig. DlO) are as follows:

Line OOOOQ520 Name Card

Col. 1 - Type (always 1)

Cols. 2-9 - Station Number

Cols. 10-80 - Station Name (including all punctuation)
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//AG40XEJH JOB (470698870»RPT»2,)»«H DOYLE*»CLASS=3 
/ ROUTE PRINT RM046
//  THIS JCL IS STORED IN AG4J31 J.KLAMATH'.S969PROC.CNTU 
//  AND CAN B  EXECUTED BY SIGNING ON TO THE TSO ANO THEN 
//  EDIT »AG4J31J.i<LAMATH.S969'ROC.CNTL« ANO CHANGING 
//  IN»UT DATA CARDS AS .NEEDED AND THEN SUBMIT   
//SWSTAT PROC NAME21>*tl*A* *NAHEe2*»&&B«»NAME23* 1

,NAME27s«

PASS)

// 
//

//LOGPEAR1

tPASS)tUNIT=SYSDK»,COND22= (*PASS)
// CON023»«(tPASS)*UNIT=SYSDK«tCOND24« ( »PASS) »UN«I T=SYSOK   . 
// C9ND25«M»PASS) tUNlT=SYSDK» tCOND26« (*PASS> 
// COND27**(,PASS)tUNIT=SYSDK« tCOND28 = 
// CON029**(tPASS)tUNITsSYSDK* »CON030= 
// ETG al *SPACC=(1552*1) OCB=(OSORG=OA 
//STEP1 EXEC PGM»S969,REGION«IR
//   «  STREAMFLDW STATISTICS 3Y PROGRAM S969       
//STEPLI9 DD BSNsAG4J3lJ.DOYLE.PGMLIBE.DISP^SHR

DD BSNsSYSl.PLIX.TRAN5LIBtDISP»SHRl
DD SYSOUT«A
DD DSNsMTEMP.UNIT-SYSOK.OIS^tNEWtPASS. DELETE) t 

// DCB*(RECFM=VB«LRECL»512*BLKSIZE=7172)* 
// S»ACE«(CYL:» <^»1» »RLSE)
//FT06F001 DO SYSOUT»A*DCB«(RECFM*FBA.LRECL=133*3LKSIZE«6118) 
//FT21F001 DO DSN*lNAME2i,DISP*iCOND21&ETC 
//FT2PF001 00 DSNte^NAME22.0ISP*iCON022iETC 
//FT23F001 00 OSN«lNAME23.DISP*iCOND23«iETC 
//FT24F001 00 DSN«sS,NAME24»DISP«l,COND24&ETC 
//FT2SF001 00 DSNB^NAME25.0lSPeiCON025iETC 
//FT26F001 DO DSN*iNAME26«DlSP*iCOND26&ETC 
//FT27 F001 DO DSN«siNAHE27*OISP«fcCOND27iETC 
//FT2SF001 00 DSNslNAME28*DISP«iCON028iETC 
//FT29F001 00 DSNs=iNAME29*DlSP*iCOND29&ETC 
//FT30F001 DO OSNeiNAME30»DlSP«lCON030lETC
//  ILLUSTRATED IS JCL FOR ALL 10 FILES* IF LESS THAN 10 FILES ARE 
//  USED THEN ONLY INPUT THAT NUMBER OF DATA CARDS FOR THE NUMBERt 
//  OP FILES ACTUALLY USED. 
//STEP2 EXEC PGM=A193.R£GION=200K.TIME*3 
//   «  tOG/PEARSON COMPUTATIONS BY PROGRAM A193       
//STEPLI3' 00 0SN=AG4J31J.DOYLE.PGML1BE*DISP=SHR 
// 00 OSN=SYS1.FORTG.LINKLI3X,DIS'*SHR 
// DO BSNsSYSl.PLIX.TRANSLl9tDlSP=SHR
//FTOAF001 00 SYSOUT=A.OCB=(RE:FM=FBA,LRECL=133t3LKSIZE=6118) 
//FT17F001 00 DSN=S.&TEMP,DlSPs<OLD*DELETE*DELETE)
// PFNO
// Ex£C SWSTATt
// NAME21 = «A840XEJ.KL520500.G740FMT« »CON021*SHR,
// RsaOOK
//STEPl.SYSIN 00  
1115203n009SERVED FLOW ON KLAMATH R. NR. SElAO VALLEY* CA.
211520500 196010198009108000 792
31152050011 21 1 7 30 1 7 30

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000090
00000090
00000100
oooooiio
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
000002SO 
00000290 
000*00300 
00000310 
00000320 
00000330 
40000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550

Figure D10. JCL for executing strearaflow statistics programs
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Line 00000530 (First Option Card)

Col. 1 - Type (Always 2)

Cols. 2-9 - Station number

Cols. 10-12 - Blank

Cols. 13-16 - Beginning year (i.e., 1930)

Cols. 17-18 - Beginning month f !0 f , processings limited
to one or more water years of data.

Cols. 19-22 - Ending year (i.e., 1980)

Cols. 23-24 - Ending month '09', processing limited to
one or more water years of data.

Note: Columns 13-24 are left blank if the entire period is to be processed

Cols. 25-30 - Second highest discharge of period to be
processed.

Cols. 31-36 - Lowest non-zero discharge

Cols. 37-38 - Beginning month of low-flow summary if different
from climatic year

Cols. 39-40 - Ending month of low-flow summary if partial
year or if different from climatic year

Cols. 41-42 - Beginning month of high-flow summary if different
from water year

Cols. 43-44 - Ending month of high-flow summary if partial year
or if different from water year

Cols. 45-80 - Blank
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Line 00000540 (Second Option Card)

Col. 

Cols . 

Col.

Col. 

Cols .

1 -

2-9 -

10 -

11 -

Type (always 3) 

Station number

'I 1 if all requested low-flow data (coded in 
columns 21-50) are to be plotted. Blank is 
all low-flow data are not to be plotted.

'I 1 if all high-flow data (coded in columns 51-80) 
are to be plotted. Blank is all high-flow data 
are not to be plotted.

12-15 - File number containing data (i.e., 21 from card 
00490 in fig. THO) .

Cols. 

Cols.

16-20 - Blank

21-80 - Twenty sets of from one to three digit numbers. 
The number is punched if that particular set of 
data is requested for a Log Pearson fit. The 
three columns are blank if that set of data is
not to be fitted.

Cols.

Col.

Cols .

Col.

Cols.

Col.

Col.

Cols .

Col.

Cols .

Col.

21-22 -

23 -

24-25 -

26 -

27-28 -

29 -

30 -

31-32 -

33 -

34-35 -

36 -

Blank

'I 1

Blank

'3 f

Blank

'?'

Blank

'14'

Blank

'30'

Blank

Cols.

Col.

Cols.

Col.

Cols.

Col.

Col.

Cols .

Col.

Cols .

Col.

51-52 -

53 -

54-55 -

56 -

57-58 -

59 -

60 -

61-62 -

63 -

64-65 -

66 -

Blank

 I 1

Blank

'3'

Blank

'?'

Blank

'15'

Blank

'30'

Blank
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Cols. 37-38 - '60' Cols. 67-68 - '60' 

Col. 39 - Blank Col. 69 - Blank 

Cols. 40-41 - '90' Cols. 70-71 - '90' 

Cols. 42-44 - '120' Cols. 72-74 - '120' 

Cols. 45-47 - T 183' Cols. 75-77 - '183' 

Cols. 48-50 - '365' Cols. 78-80 - '365 T 

Note: Columns 21-50 apply to selection of low flow data. 

	Columns 51-80 apply to selection of high flow data.

Columns 10-11 and 21-80 are to be left blank if no 
Log Pearson data (statistics or plot) are requested.

This example is for only one input file. If additional 
files are input for analysis then lines similar to 00000490 and 
00000520 to 00000540 have to be prepared for each file and can be 
included in the data stream like this example:

// EXEC SWSTAT, 00000480
// NAME21='1ST FILE NAME',COND21=SHR, 00000490
// NAME22='2ND FILE NAME',COND22=SHR, 00000491

Other File Names

// R=200K 00000500

//STEP1.SYSIN DD * 00000510
"1st Data Card for 1st File" 00000520
"2nd Data Card for 1st File" 00000530
"3rd Data Card for 1st File" 00000540
"1st Data Card for 2nd File"
"2nd Data Card for 2nd File"
"3rd Data Card for 2nd File"

Data for other files

/* 00000550 
// 00000560
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CONROUT Model Run and Output

The remaining pages of this report illustrate the computer output 
listing for an execution of the CONROUT model for the 9-step run 
described in the previous sections of Appendix D. The general output 
format lists the following information:

a. The period of record for which CONROUT was executed.

b. The number of records allocated for output hydrographs.

c. The individual step functions such as routing, plotting, etc.

d. Options selected for each step.

e. Method of routing selected, routing interval, reach length, 
and model parameters such as the wave celerity and wave 
dispersion coefficients.

f. Computed unit-response function ordinates.

g. The computed traveltime TT (for a TT = 0, no lagging of 
output occurs; for a TT = 24, the output is lagged by one 
routing interval of 24 hours, for a TT = 48, the output 
is lagged by two routing intervals, etc.).

h. Simulated and observed flows with percentage of error for com­ 
puted flows. In this example individual daily listings and 
total period summaries were generated. The final output of the 
COMPARE option in this example was an error distribution table.

i. A plot of simulated and observed Klamath River streamflow at 
station 11520500.
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UNIT RiS'ONSE ROUTING MOOEL

FOR THE PERIOD 10 1 1979 1200 TO 9 30 1980 1200 
THE FOLLOWING STEPS HAVE BEEN =»ERFORMED.

SPACE ="03 20 RECORDS HAS BEEN ALLOCATED FOR OUTPUT HYDROGRAPHS

*****STE 3 = 1 DATA IN 3UT CAPDS*****
1=21,0=26,POJTE.DIFFA 00000*10
11516530 11516530 -LOW ROUTED DOWN TD 1ST CONFLUENCE
C=6.375,K=1343,X=13.0»R£ACH=11516530 TO 1ST CONFLUENCE 00000430

THE DIFFUSION ANALOGY METHOD WITH: 1) A ROUTING INTERVAL OF 24.0 MRS.; 2) A 
PEACH LENGTH. X = 13.00 MILES; 3) A WAVE CfLERITY, CZEPO = 6.38 FT./SEC.: AMD 
4) A WAVE DISPERSION COEFFICIENT, < = 1343.0 S3.FT./SEC. 
COMPUTES A UNIT-RESPDNSE FJNCTION WITH 2 OPDINATES AS FOLLOWS:

1) 0.9997 2) 0.1003 

THE TRAVEL TIME, TT = 0.0 HRS.

    *STE» = 2 DATA IN=»UT CAPOS*****
1=22,0=26,ADD 00000440 
99999999 11517500 rLOW ADDED AT <LAMftTH CONFLUENCE

***»*STE3 = 3 DATA IN^UT CAPOS*****
1=26,0=27,ROJTEtDIFFA * 00000460
99999999 FLOW ROUTEO ALONG MIDDLE OF <LAMATH
C=7.00,<=1840,X=9.15,REACH=MI3DLE ROUTED FLOW 00000480

THE DIFFUSION ANALOGY METHOD WITH: 1) A POUTING INTERVAL OF 24.0 HRS.» 2) A 
REACH LENGTH, X = 9.15 MILES: 3) A WAVE CELERITY, CZEPO = 7.00 FT./SEC.: AND 
4) A WAVE DISPERSION COEFFICIENT, < = 1840.0 S3. e T./SEC. 
COMPUTES A UNIT-RESPONSE FJNCTION WITH ? OPDINATES AS FOLLOWS:

1) 0.9002 2) 0.0999 

THE TRAVEL TlHF, TT = 0.0 HRS.

= 4 DATA IN=>UT CAPOS***** 
1=23,0=29,ROUTEtDIFFA 00000490 
99999999 11519500 rLOW ROUTED TO KLAMATH CONFLJENCE 
C=4.67,<=459,x=18.4,OEACH=H5l9500 TO <LAMATH 00000510

114



THE DI rFJSlON ANALOG? METHOD WITH: 1) A ROJTING INTERVAL OF 24.0 HRS.« 2) A 
REACH LENGTH, X = 18.40 MILES? 3) A WAVE CELERITY, CZE30 = 4.67 FT./SEC.; 
4) A WAVE OISPERSION COEFFICIENT, < = 459.0 S3.FT./SEC. 
COMPUTES A UNIT-RESP3NSE FUNCTION WITH 2 03DINATES AS FOLLOWS.'

1) 0.7979 2) 0.2021 

THE TRAVEL TIME, TT = 0.0 HRS.

  ****STE 3 = 5 OATA IN=»UT 
1=27,0=23,ADD 00000520 
99999999 11519500 rLOW ADDED AT CONF.UENCE

 ****STE 3 = 6 DATA IN'UT CA30S*****
1=28,0=29,ROUTE,OIFFA 00000540
11520500 FINAL ROUTED FLOW T3 11520500
C=7.44,<=2150.X=14.S5,REACH=LAST ^EACH 00000560

THE DI-FJSION ANALOGf METHOD WITH: 1) A ROUTING INTERVAL OF 24.0 HRS.I 2) A 
REACH LENGTH. X = 14.65 MILES; 3) A WAVE CELERITY, CZE30 = 7.44 FT./SEC.; AND 
4) A WAVE OISPERSION COEFFICIENT, < = 2150.0 S3.FT./SEC. 
COMPUTES A UNIT-RESPDNSE FUNCTION WITH 2 OROINATES AS FOLLOWS:

1) 0.8998 2) 0.1002 

THE TRAVEL TIME* TT = 0.0 MRS.

*»»»»STE» = 7 OATA IN^UT CA30S»»»»»
1 = 23,0=29,RAT 10=1.34,ADO 00000570 
11519500 INDEXED STATION FOR UNGAGED WITH 3=964/653=1.34

    *STE 3 = 8 DATA INOUT CA=?DS*»***
COMPARE,~=29,S=24 00000590 
COMPARISON OF SIMULATED AND 03SERVEO rLOWS AT 11520500 00000600
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COMPARISON OF SIMULATED AND OBSERVED rLOwS AT 11520500 00000600 
FROM 10 1 1979 TO 9 30 1980

01 IS DISCHARGE AT STATION 11519500* INDEXED STATION FOR UNGAGED rflTH 3=864/653=1
02 IS DISCHARGE AT STATION 11520500, <LAMATH RIVER NR SEIAD VALLEr CALIF

DATE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

1
2
3
4
5
6
7
8
9

10
11
12
13
1*
15
16
17
18
19
20
21
22
23
2*
25
26
27
28
29
30
31

1
2
3
4
5
6
7
8
9

10
11
12
13
1*
15
16
17
18
19

1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979

TIM:

12.00
12.03
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

31
<CFSJ

1086.5
1421.3
1470. 0
1458.1
1429.5
1415.3
1420.?
1433.?
1448.3
1452.5
1456.4
1463.5
1465.9
1471.9
1522.9
1531.9
1523.4
1518.5
1540.0
1573.9
1503.4
1528.9
1632.7
1677.9
3705.7
3368.4
2480.5
2161.1
2036.3
1991.0
1955.9
1945.5
1918.1
1928.4
1948.5
1973.?
2015.4
2124.3
2062.0
1996.5
1943.5
1924.5
1941.7
1866.?
1946.?
1333.9
2114.1
3119.7
2940.9
2486.0

32
(C-SJ

1520.0
1500.0
1500.0
1490.0
1490.0
1470.0
1470.0
1480.0
1500.0
1490.0
1490.0
1500.0
1520.0
1550.0
1620.0
1630.0
1610.0
1620.0
1910.0
1980.0
1H90.0
1830.0
1910.0
2010.0
3750.0
3310.0
2500.0
2280.0
2120.0
2070.0
2090.0
2030.0
2000.0
2020.0
2070.0
2120.0
2110.0
2120.0
2110.0
2030.0
2000.0
1960.0
1930.0
1910.0
1990.0
1880.0
2130.0
3010.0
2910.0
2570.0

ERROR
(«)

-29.5
-5.2
-?.o
-?.l
-4.1
-3.7
-3.4
-3.2
-3.4
-?.5
-?.3
-2.4
-3.6
-5.0
-6.0
-6.0
-5.4
-6.3

-14.9
-20.5
-15.?
-11.0
-14.5
-16.5
-1.2
1.9

-0.8
-5.2
-3.9
-3.8
-6.4
-4.2
-4.1
-4.5
-5.9
-6.9
-4.5
0.2

-2.3
-1.6
-2.9
-1.9
0.6

-2.3
-2.3
-2.5
-0.7
3.6

-?.4
-3.3
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COMPARISON OF SIMULATED AMD OBSERVED -LOWS AT 11520500 00000600 
PROM 10 1 1979 TO 9 30 1980

01 IS DISCHARGE AT STATION 11519500. INDEXEO STATION FOR UNGAGEO WITH 3=864/653=1.3* 
Q? IS DISCHARGE AT STATION 11520500, <LAMATH RlVE9 MR SEIAO VALLEY CALl F

DATE

11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

1
1
1

20
21
22
23
24
25
26
27
28
29
30

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

1
2
3
4
5
6
7
«

1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1980
1980
1980
1980
1980
1980
1980
1980

TIM?-

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

Ql
(CFS1

2269.*
2157.3
2164.7
2347.?
5754. S
6905.3
5017.5
3927.1
3388.4
3084.5
2884.3
2744.7
4717.?
8558.?
6210.7
5130.9
4499.3
4029.0
3646.9
3440.7
3?42.1
3006.0
2943.7
2724.0
2628.3
2569.1
2506.?
2462.1
2422.5
2405.7
2409.9
2546.3
2564.3
2507.0
2516.3
2538.3
2506.2
2471.1
2419.1
2389.5
2443.9
2838.9
3171.0
3156.3
2911.9
2795.3
2997.7
3363. S
3394.1
3502.?

32
(C C S)

2370.0
2250.0
2340.0
2580.0
5240.0
6470.0
4350.0
3560.0
3110.0
2880.0
2730.0
2610.0
3860.0
8470.0
5710.0
4920.0
4350.0
3990.0
3510.0
3330.0
3200.0
2980.0
2740.0
2650.0
2570.0
2510.0
2450.0
2410.0
2380.0
2400.0
2400.0
2630.0
2620.0
2620.0
2720.0
2720.0
2630.0
2550.0
2490.0
2450.0
2510.0
3000.0
3350.0
3480.0
3080.0
2930.0
2980.0
3400.0
3340.0
3480.0

ERROR
(%>

-4.2
-4.1
-7.5
-9.0
9.8
6.7

15.3
10.3
9.0
7.1
5.7
5.2

22.2
1.0
3.8
4.3
3.4
1.0
3.9
3.3
1.3
4.4
3.8
2.8
2.3
2.4
2.3
2.2
1.8
0.2
0.4

-3.2
-2.1
-4.3
-7.5
-6.7
-4.7
-3.1
-2.8
-?.5
-2.6
-5.4
-5.3
-9.3
-5.5
-4.6
-2.9
-1.1
1.6
0.6
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COMPARISON OF SIMULATED AND OBSERVED rL3WS AT 11530500 00000600 
FROM 10 I 1979 TO 9 30 1980

01 IS DISCHARGE AT STATION 11519500, INDEXED STATION FOR UNGAGEO WITH =* = 864/653 
0? IS DISCHARGE AT STATIOM 11530500. KLAMATH RIVE* NR SElAO VALLEY CALIF

. 3*

DATE

1 9 1980
1 10 1980
I 11 1980
I 12 1980
1 1J 1980
1 l<f 1980
1 15 1980
I 16 1980
1 17 1980
1 18 1980
I 19 I960
1 20 1980
I 21 1980
I 22 1980
I 23 1980
I 2* 1980
I 2b 1980
1 26 1980
I 27 1980
1 28 1980
I 29 1980
1 30 1980
1 31 1980
2 1 1980
2 2 1980
2 3 1980
2 4 1980
2 5 1980
2 6 1980
2 7 1980
2 8 1980
2 9 1980
2 10 1980
2 11 1980
2 12 1980
2 13 1980
2 U 1980
2 15 1980
2 16 1980
2 17 1980
2 18 1980
2 19 1980
2 20 1980
2 21 1980
2 22 1980
2 23 1980
2 2* 1980
2 25 1980
2 26 1980
2 27 1980

TIMi

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

31
(CFS)

3511.3
3653.9
3647.0
14957.7
32981.5
33978.1
22915.3
16817.3
15239.5
12901.3
11124.3
10018.2
9131.7
8462.3
7783.3
6950.5
6253.9
6009. S
5837.7
5547. S
5217. S
5130.3
5177.0
5143.9
5209.2
7271.4
7486.7
6726.9
6517.1
6187. S
6021.7
5861.0
5687.7
5473.3
4761.9
4069. S
3934.2
3744. S
3777.5
4742.2
9779.4
11158.1
11958.4
11145.7
10548.9
9766.5
9167.?
8939.3
8871.9
9532. S

32
(C r S)

354Q.O
3620.0
3600.0
15200.0
30400.0
35200.0
22000.0
16000.0
14900.0
12400.0
10500.0
9710.0
8760.0
8230.0
7510.0
6710.0
5900.0
5870.0
5700.0
5530.0
5330.0
5230.0
5320.0
5310.0
5370.0
7060.0
7360.0
6540.0
6340.0
6000.0
5950.0
5830.0
5690.0
5570.0
5080.0
4020.0
3810.0
3750.0
3710.0
4130.0
7510.0
8670.0
9930.0
10500.0
10000.0
937Q.O
8900.0
8690.0
8IS9Q.O
8940.0

ERROR
<%)

-o.s
0.9
1.3

-1.6
3.5

-3.5
4.2

5.1
2.6
4.0
s.o
3.2
4.?-

2.8
3.6
2.1
S.O
2.4
2.4
0.3

-2.1
-1.9
-2.7
-3.1
-3.0
3.0
1.7
2.9
2.9
3.1
1.2
0.5

-0.0
-1.7
-6.3
1.2
0.6

-O.I
1.8

14.8
30.?
23.7
19.4
S.I
5.5
4.2

3.0
1.7
?.l
S.6
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COMPARISON OF SIMULATED AND OBSERVED rLO«S AT 11520500 00000600
t»OM 10 1 1979 TO 9 30 1930

01 IS DISCHARGE AT STATION 11519500. INDEXED STATION FOR UNGAGEO *ITM 3=864/653=1.34 
Q2 IS DISCHARGE AT STATION 11520500. <LAMATH 3IVE3 N« SEIAO VALLEY CALIF

DATE TIM!
(CFS) (C-S) (*>

2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

28
29

I
2
3
4

5
6
7
8
9

10
11
12
1J
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1
2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980

12,
12,
12,
12,
12,
12,
12,
12,
12,
12
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12.
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12.

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
.00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00

12643.
10918.
9750.
9108.
8598.
7936.
7489.
6753.
6285.
6022.
5332.
5687.
5575.
5465.
5464.
6?37.
6319.
5815.
5346.
6302.
5980.
5586.
5444.
5358.
5295.
5141.
4923.
4309.
3958.
3653.
3545.
3494.
3499.
3520.
3496.
3360.
3187.
3232.
3393.
3309.
3205.
3293.
3381.
3383.
3489.
3608.
3783.
3372.
3844.
4009.

1
0
1
0
3
5
9
7
1
9
S
5
3
3
9
3
3
2
7
4
7
3
0
4
1
7
5
3
1
9
4
9
5
5
5
0
1
0
7
3
0
5
9
0
4
9
4
3
3
7

11000
9700
8980
8630
8420
7690
7510
6690
6310
6080
5920
5790
5740
5610
5730
6870
7190
6420
6230
7140
6730
6200
6070
5950
5910
5780
5540
4740
4350
3960
3830
3780
3770
3700
3620
3600
3360
3400
3540
344Q
3380
3600
3600
3510
3730
3350
3950
3940
3910
4000

.

.

.
 

 

 

 

.

.

.
 

.

.

.
 

.

.

.

.

.

.

.
 
.
.
.
 
.
.
 
.
 
.
.
 

 

,

 

 

 

,

/

 

.

 

.

.

.

.

.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14
12
3

.<9

.6

.6
5.5
2
3

-0
1

-0
-0
-1
-1
-2
-2
-4
-9

-12
-9
-6

-11
-11
-9

-10
-9

-10
-11
-11
-9
-9
-7
-7
-7
-7
-4
-3
-6

.1

.9

.3

.0

.4

.9

.5

.a

.9

.6

.6

.2

.1

.4

.2

.7

.1

.9

.3

.9

.4

.0

.1

.1

.0

.7

.4

.5

.2

.9

.4

.7
-5.1
-4
-4
-3
-5
-3
-6
-3
-6
-6
-4
-1
-1
0

.9

.1

.«

.2

.5

.1

.6

.5

.3

.2

.7

.7

.2
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COMPARISON OF SIMULATED AND 03SERVED rLOWS AT 11530500 00000600 
PROM 10 1 1979 TO 9 30 1980

Ql IS DISCHARGE AT STATION 11519500, INDEXED STATION FOR UNGAGEO WITH **864/653«l. 34 
02 IS DISCHARGE AT STATION' 11520500, <LAMATH RIVE9 NR SEIAD VALLEY CALIF

DATE

4 18
4 19
4 20
4 21
4 22
4 23
4 24
4 25
4 26
4 27
4 28
4 29
4 30
5 1
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
5 10
5 11
5 12
5 13
5 14
5 15
5 16
5 17
5 18
5 19
5 20
5 21
5 22
5 23
5 24
5 25
5 26
5 27
5 28
5 2^
5 30
5 31
6 1
6 2
6 3
6 <  
6 5
6 6

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1930
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980

TIME,

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

31
(CFS)

4327.1
4569.3
5391.0
6180.2
5565.9
5357.5
5046.9
4661.4
4421.4
4533. S
5005. S
5404. S
5414.6
5273.3
5125.1
5085.0
5193.1
5292.2
5022.9
4400.5
3988.7
3822. S
3805.9
3704.7
3553.2
3589.4
3704.0
3869.2
4051. S
3733.6
3563.4
3606.9
3660.5
3577.9
3113.3
2787.2
2636.3
2559.4
2473.1
2389.7
2335.3
2299. S
2274.0
2255.7
2062.5
1993.4
2018.0
2106.0
2284.8
2363.3

32
(C-S)

4150.0
4320.0
4900.0
5460.0
4980.0
5190.0
4800.0
4570.0
4200.0
4270.0
4520.0
5070.0
4920.0
5180.0
5090.0
5180.0
5430.0
5573.0
5600.0
4800.0
4260.0
4040.0
3880.0
3650.0
3530.0
3420.0
3610.0
3730.0
4110.0
3780.0
3670.0
3730.0
3840.0
4030.0
367Q.O
3130.0
2930.0
2850.0
2710.0
2610.0
2560.0
2490.0
2490.0
2470.0
2380.0
2230.0
2190.0
2180.0
2320.0
2380.0

E«ROR
(%)

4.3
5.8

10.0
13.2
11.8
3.2
5.1
2.0
5.3
6.2

10.7
6.6

10.1
1.9
0.7

-1.3
-4.4
-5.0

-10.3
-9.3
-6.4
-5.4
-1.9

1.5
0.7
5.0
2.6
3.7

-1.4
-1.2
-2.9
-3.3
-4.7

-11.2
-15.2
-11.0
-10.0
-10.2
-3.7
-9.4
-9.8
-7.6
-9.7
-9.7

-13.3
-10.6
-7.9
-3.4
-1.5
-0.7
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COMPA3ISOM OF SIMULATED AND 03SE3VEO rLOWS AT 11520500 00000600 
r«OM 10 1 1979 TO 9 30 1980

Ql IS DISCHARGE AT STATION 11519500, INDEXED STATION FOR UNGAGEO *ITH 3=864/653=1.34 
02 IS DISCHARGE AT STATION 11520500, <LAMATH RIVER NR SElAO VALLEY

DATE TIM£ 01 32
(CFSJ

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

7
8
9

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

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

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1930
1980
1930
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1930
1980
1980
1980

12,
12,
12,
12.
12,
12.
12.
12,
12.
12.
12.
12,
12,
12.
12.
12.
12,
12,
12.
12.
12.
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12,
12.
12,
12,
12,
12.
12,
12,
12,
12.
12,
12.
12.
12.
12.

.00

.00
,00
.00
,00
,00
,00
,00
,00
.00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
.00
,00
.00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
,00
.00
,00
,00
,00

2247.
2168.
2184.
2193.
2117.
2176.
2319.
2512.
2408.
2279.
2228.
2243.
2212.
2151.
2049.
1995.
2044.
1825.
1698.
1594.
1524.
1476.
1466.
1478.
1443.
1381.
1343.
1305.
1277.
1238.
1203.
1156.
1118.
1091.
1084.
1047.
1027.
1013.
1002.
998.
990.
971.
962.
971.
962.
962.
938.
922.
913.
907.

3
1
3
1
5
?
9
0
9
?
9
5
9
0
4
7
9
0
7
7
4
3
2
1
1
9
1
1
5
5
5
0
9
V
3
S
9
4
3
0
5
9
5
4
5
5
1
3
1
3

(C-

2260
2210
2230
2210

ERROR
S) (%)

 

 

.

.

0
0
0
0

2140.0
2160
2230
2320
2310
2210
2160
2130
2110
2100
2000
1920
2020
1940
1730
1690
1660
1610
1600
1580
1550
1510
1500
1490
1460
1440
1430
1400
1370
1370
1370
1300
1280
1250
1230
1220
1190
1160
1140
1130
1100
1080
1040
1020
999
980

 
.
.
 

.

.

.
 

 

.

 

 

.

.
 

 

 

 

 

 

 

 

 

.

 

.

.

.

 

 

 

 

 

 

.

 

 

.

 

 

 

 

.

.

 

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-0.
-1.
-2.
-0.
-1.
0.
4.

3.
4.
3.
3.
5.
4.

2.
?.
3.
1.

-5.
-1.
-5.
-8.
-8.
-3.
-6.
-6.
-3.

-10.
-12.
-12.
-14.
-15.
-17.
-18.
-20.
-20.
-19.
-19.
-13.
-18.
-18.
-16.
-16.
-15.
-14.
-12.
-10.
-9.
-9.
-3.
-7.

6
9
0
8
1
7
0
3
3
1
2
3
9
4
5
9
2
9
8
6
2
3
4
4
9
5
5
4
5
0
8
4
3
3
8
4
7
9
5
2
8
2
6
0
5
9
3
5
6
4
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COMPA3ISOM Or SIMULATED A^D OBSERVED -LOWS AT 11520500 00000600 
PROM 10 1 1979 TO 9 30 1980

Ql IS DISCHARGE AT STATION 11519500t INDEXED STATION FOR UNGAGEO rflTH 3=864/653«l.34 
02 IS DISCHARGE AT STATION 11520500. <LAMATH QIVE9 VR SElAD VALLEY CALIF

DATE TIM£ 01
(crs)

7
7
7
7
7
8
8
8
8
8
8
8
8
9
8
8
9
8
8
8
8
9
3
8
8
8
8
8
8
8
3
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9

27
28
29
30
31

I
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
2*
25
26
27
28
29
30
31

1
2
3
4
5
6
7
8
9

10
11
12
13
14

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1900
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
19flO
1980
1980
1980

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

904.
922.
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COMPARISON OF SIMULATED AMD OBSERVED r l_OWS AT 11520500 00000600 
10 1 1979 TO 9 30 I960
01 IS DISCHARGE AT STATION 11519500. INDEXED STATION FOR UNGAGED «ITH 9=864/653*1.34 
Q? IS DISCHARGE AT STATION 11520500, KLAMATH RIVER ^R SEIAO VALLEY CALIF

DATE TIME 01 32 ERROR
(CFS)

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

15
16
17
IB
19
20
21
22
23
24
25
26
27
28
29
30

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

1497.
1468.
1452.
1463.
1466.
1463.
1471.
1495.
1520.
1519.
1524.
1525.
1523.
1525.
1520.
1516.

?
9
0
9
?
0
?
3
3
1
1
1
9
S
5
0

(C r S)

1560.
1530.
1490.
1510.
1520.
1520.
1520.
1540.
1560.
1560.
1560.
1560.
1560.
1560.
1550.
1550.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

m
-4
-4
-2
-3
-1
-3
-3
-?
-2
-2
-2
-2
-2
-2
-1
-2

.0

.0

.5

.1

.5

.8

.2

.9

.5

.6

.3

.2

.3

.2

.9

.2

*  «««  1990 WY SUMMARY     « 
MEAN ERROR (») FOR 366 DAYS = 5.80 
MEAN - ERROR <*) FOR 253 DAYS * -6.17 
MEAN * ERROR <*) FOR 113 DAYS = 4.97
31 VOLJME (SFD) = 1321710.
32 VOLUME (SFD)_ = 1325723. 
VOLUME ERROR (*) = -0.30 
RMS ERROR (*) = 7.57

56
84
93
98
99

1

PERCENT
 >ERCENT
=>ERCENT
3ERCENT
3ERCENT
PERCENT

OF
OF
OF
OF
OF
OF

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS

HAD
HAD
HAD
HAD
HAD
HAD

ERRORS
ERRORS
ERRORS
ERRORS
ERRORS
ERRORS

=
=
=
=
s

5
10
15
20
25
?5

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

   «««STE» » 9 DATA IN=»UT CAROS««««« 
3LOT.Fs29.S=24.QMIN=10 
PLOT OF SIMULATED A>40 03SERVED. FLOWS AT 11520500

00000610
00000620
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