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INTRODUCTION

ihé purpose of this report is to document the results of.our first stage efforts
-in developing an operational water management model. As stated in the memorandum of
November 7, 1967, on the subject of management of the District's water system, the
first phase of development is a model that will reproduée or predict the reaction
of a basin system to a given set of initial and input conditions. The steps taken
to accomplish this goal can be described in the following manner:
1. Conceptual development and problem definition.
2; Establishment of what parameters are necessary to suppért the adopted
concept.
3. Are these parameters economically feasible to obtain and evaluate.
4. Creation of a computer program that simulates and processes the adopted
concept.
5. Evaluate the parameters in a form that is acceptable for input to the
program.
6. Evaluate the results.
7. Acquire a "feel" for the response of the system t$ various changes.
Taylor Creek basin, extending north from the north shore of Lake QOkeechobee,
was chosen as the te;t area used in the development of a model. For a detailed de-
scription of Taylor Creek's physiographic features, reference is made to the progress
report entitled "HYDROLOGY OF THREE EXPERIMENTAL WATERSHEDS IN SOUTH FLORIDA" by

Speir, Mills and Stephens.

.

CONCEPT
Academically, the treatment used'in describing rumoff and hydrograph synthesis
can be termed a time-invariant linear approach. The treatment describing relation-

ships between rainfall and rainfall excess can be termed as an infiltration approach

and threshold concept. An andlysis of the concepts und functional relationships



utilized for infiltration, and hydrograph synthesis are discussed and developed
in the writers memorandum report of December 21, 1967, on the subject of Techniques

Pertaining to Basin Models. These techniques have been incorporated into the system

described herein and, therefore, will not be restated in this report. In the memor-
adum report there was a discussion on methods of hydrograph analysis wherein param-
eters describing the behavior of each reservoir can be determined. The writer's
evaluation of this particular method has changed somewhat and this has resulted in
several points of departure from the procedures originally presented. It should be
pointed out that the word "reservoir" refers to any water storage unit such as a
zone of soil, open channel, lake, etc.

The storage coefficient, K(hrs.), for a reservoir can be determined by reverse
integrating a hydrograph through the region whgre the reservoir flow characteristics
are predominate. This parameter, when used in the evaluation of either the equal
or unequal impulse function derived by Nash or Singh respectively, produces a very
useful and accurate mechanism for fouting the reservoir releases through time.( In-
the model by Jamieson and Onstad, and also, the one by Holtan, it is assumed that

this K value of a reservoir times the peak discharge of that reservoir yields the -

[ .
-

total available free ;éter storage:) Based on this assumption, it was possible to
also use the same K value as a "generator" in determining how much water would be
released from a teserinr during each finite time period. No appreciable error
appeared in their results for two apparent reasons:

1. The basins used as test plots had K values in the order of .5 hrs. to

<

1.5 hrs. This indicates a flashy stream with a short time of concentra-

8

tion.and rapid recessions.

2. The basins areas were in the order ef 2 to 4 square miles.




Because of these factors, there was little loss of storage to evaporation
and transpiration during the period when free water was being released from the
various reservoirs. These conditions, however, do not exist in Taylor Creek or
generally speaking, in the central and south Florida area. Taylor Creek has a
basin area of 100 square miles, a time of concentration of about 32 hours and its
free water storage is very definitely affected by evapo-transpiration during its
recession. Consequently, it cannot be assumed that the storage coefficient for
routing reservoir releases is the same as the generator that determines what is
released during any period of time. It is further noted that because evapo-
transpiration is var;able depending on water table conditions, growing conditionms,
and time of year, the release of or yield from a given reservoir will not be equal
under all conditions. Add to this the fact that an infiltration function is incor-
porated into the model and it becomés possible to conclude that, although academics
classify the general approach as time-invariant and linear,’tge result of our present
effort is an approximation of a time-variant, non-linear system. I am certain that
this point can be debated, however for the present, it remains to be the writer's

opinion.

INPUT PARAMETERS

- As in all quantitative problems, there must be some initial information or
conditions accompanying its solution. For the model, this necessary input information

is listed and defined as follows:

S = Total -available étorage in the contributing soil zone.
- G= . .-Tdtal free water storage in the contributing soil zone.
GD = Total amount of free water that is extracted during the period of. .

reservoir releases.




VDM = Maximum volume of water stored in surface depressioms.

FC = Constant rate of free water seepage out of the contributing soil
zone.

AWC = Total volume of capillary water in the contributing soil zone that
is available for plant consumption.

D= Depth of contributing soil zone.

H20TA = Depth at which free water evaporation from the soil surface ceases.

PPAN = Ratio of maximum evapo-transpiration to maximum pan evaporation.

A= Expression of maximum root density as related to soil pore connections.

SUBM = Relationship between storage and discharge for various reservoirs.

EP = Pan evaporation.

GIn = Growth indexes for several types of vegetation.

PR = Rainfall.

ECONOMICS

The economics of obtaining and evaluating the previously listed parameters is
largely a question of what accuracies are demanded from the model results. Prelim-
inary observations of the model results indicate that accuracies of a simulation
are extremely sensitive to the given rainfall and soils data. As was SuSpected,
rainfall and soi1s data are the most costly input requirement and there has been
no determination mﬁde as to what is an economically feasible expenditure to acquire
these data. Continual inquiry is being made into this question and initial steps
have been taken in expanding the existing data network. The final configuration, -
however, will have to be compatible with the requirements and desired intelligence
~of an oﬁ%rational system.




THE COMPUTER PROGRAM

The computer program consists of a mainline, four subroutines, and five support-
ing programs. The name and function of each program is as follows:

#inline Program for Watershed Models

This program is primarily a series of decision making statements. It continually
examines existing conditions of the soil, distribution of free and capillary water
in the soil, occurrence of a rainfall event, evapo-transpiration processes, day and
time, and when to call the required subroutines. It also sorts and totals all the
cutput items and contains the formats, transfer of control statements, and file
crganization necessary to handle the data that is processed during a simulation.
This subroutine performs all the calculations and bookkeeping functions associated
with determining evaporation and trénsPiration.

RECOV ¢

This subroutine is responsible for generating lateral releases of free water storage.
These releases are subsequently sorted into their respective reservoirs and stored
on disk for future routing.

INTTL:

This subtoutine fnftizlizes certain variables when the mainline recognizes that a
rainfall event has arrived.

INFIL:

This subroutine calculates infiltration of water into the soil reservoirs, determines
how much water was fefused due to infiltration rate being less than precipitation
inﬁensity,‘dé£ermines the condition of sﬁrface storagé depressioné and depleteé water

in the surface storage depressions subsequent teo terminating a rainfall event.



GI & EP:

This program takes in pan evaporation and vegetation data, calculates the GI values,
then stores this information on disk for future use by ETFC.

PRECIP:

This program takes in precipitation data, as compiled by H & H and stores it on disk
for future use in the above mainline and four subroutines. It has the capability of
compiling more than one station's rainfall record and combining it with others.
ROUTE :

This program contains the two routing functions of the model. For input it uses
reservoir data stored on disk; the output also goes on disk in the form of a routed
hydrograph. This program executes the most time consuming calculations in the entire
model.

OUTPUT :

This program reads and sums the routed results that are stored on disk and prints
them out in four hour increments.

EDIT:

This program examines rainfall data for possible errors in time and quantity due

to either keypunching or extraction from the original charts.

A listing and flowchart of all programs is attached to this report. In executing
the model, instructions concerning available options and required information are

printed out on the console typewriter.

" "EVALUATION OF PARAMETERS

The source and manner by which the input parameters were evaluated is discussed

-in the following parégraphs.




Total available storage (S):

Several recessions during the period when ground water tables were recorded were
used to determine depth of the contributing soil zone. By using available soils
maps, a determination was made of type and distribution of the soils present in -
Taylor Creek Basin. This information was then combined with information on moisture
characteristics of soils in Florida ﬁo evaluate total soil storage capacity of the
basin. As shown in the ARS Taylor Creek report, the contributing soil zone is not
uniform over the basin. The Upper basin or Penhaloway Terrace and its fall to the
16wer basin or Talbot Terrace has a shallower contributing soil zone. This had to
be taken into account when establishing a single value to represent the entire basin.

Total free water storage (G):

The amount of free water storage was calculated using percent water released at
tensions of 60 and 100 cm. of water. The desorption of a soil under the inf}uence
of a water table condition is not uniform. A capillary fringe zone rising from the
water table distorts any lumped numerical evaluation of available free water. To
acquire a precise measurement of the water released under the influence of gravity,
a soil sample can be run through an absorption and desorption test in a laboratory.
The correct amswer can then be acquired by integrating the resulting desorption
curve to the desired profile depth. After analyzing results of some laboratory
tests on fine sands, it became apparent that the volume of free water released at
60 cm. tension closely approximated the more accurate laboratory results. Therefore,
this approximation was used in the analysis of Taylor Creek's soil moisture
characteristics. |

Surface storage depressions (VD):

An aerial photo of Taylor Creek ﬁasin, supplied by SCS, was used as the source for

this determination. Compared to other input requirements, this had a minimum of




detailed analysis and was actually a rather crude evaluationm. <Fhe analysis employed
was a simple count of an average size storage depression with an estimated six inch
depth of water as a threshold value. The result was the equivalent of O.Iiinches
over the entire basin or approximately 1000 acres of ponds, six inches deep.

Rate of constant infiltration (FC):

Values for this parameter are discussed and listed in the 1955 Agricultural Yearbook
on water. The work was done by G. W. Musgrave in his study of the major soils of
the United States. For Taylor Creek, t@}; value was determined as & zero because

of water table conditions existingrover the entire basin.

Depth of contributing soil zone (D):

This value was established by observing ground water tables during periods of a long

recession. 1Its determination is linked with the analysis of total soil storage.

Maximum depth of free water evaporaftion H20TA):

This value was determined from the results of lysimeter tests conducted at Plantation
Field Station and reported in the yearly ARS publication containing Taylor Creek data.

Pan evaporation (EP):

These values were determined from pan evaporation records compiled for the Taylor
Creek Basin and reported in the ARS yearly publications. They are stored and used
by the model in the form of weekly values. Therefore, for any given week, the same
value is used for each day of that week. It was felt that for the present, weekly
values are the smallest practical increment that cogld be utilized. Daily wvalues
experience severe scatte? when plotted; however, weekly'values do demonstrate a

cyclical trend.

Ratio of ET/E_. (PPAN):

" Determined from déta'compiled at Plantation Field Station.

1

Root Densitv (A):

Determined from ARS reports entitled INFLUENCE OF SOILS, VEGETATION AND GECMORPHOLOGY

-8-
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ON_ELEMENTS OF THE FLOOD HYDROGRAPH, FIELD & LABORATORY STUDIES OF THE HYDROLOGIC

CAPACITIES OF SELECTED SOILS and PLOT SAMPLES OF WATERSHED HYDROLOGY.

Growth Indexes (GI):

Determined from lysimeter tests conducted af Plantation Field Station with various
types of vegetative cover. The distribution of pasture grass, virgin land, etc.,

is expressed as a percent of basin area and the GI values are calculated and stored
on disk by weeks. The handling and arrangement of this file is very similar to that
of Pan Evaporation.

Precipitation (PR):

Precipitation for periods of constant intensity, as extracted from rainfall records,
is pre-processed into time increments of 15 minutes and stored on disk in that form.
Therefore, each daily rainfall record contained 96 pieces of data.

Capillary water (AWC):

Determined from information on free water storage (G), and total storage (S), where
AWC=5-G.
SUBMp & GD:
The relationship between storage, discharge, and free water extracted during reservoir
releases should be discussed under the same heading. These values are determined from
hydrograph analysis berformed in the following suggested manner:
The recession of a hydrograph through any particular segment is a composite of X
number of reservoirs acting together. 'The flow characteristics of the particu-
lar region appears to represent only?one reservoir even though there are several
participating units. The apparent reason for this is that gi QRﬁ; the ADRF £’0

- [

while PE is rapidly approaching zero, and in DRF, the MRF becomes small com-
pared to DRF. Therefore, through a particular region of flow, the predominant

functioning reservoir will determine the slope of the storage discharge curve

*for that region when the hydrograph is infegrated. The slope (&S/H.Q), is

- . -9-



the routing factor for that reservoir. The problem then arises concerning

the maximum flow being released by each soil zone or reservoir. Each volume

of water from a reservoir is routed through time and therefore has attenuated

when it appears as the dominant reservoir on the recession. However, its first

appearance as an'influencing factor in the shape of a hydrograph is noted at
the beginning signs of an inflection point. It is in this region that emphasis
is shifting from one reservoir to another and would therefore indicate a pos-
sible maximum release of water for all reservoirs acting at that particular
time. By taking the difference between these inflection points, the potential
discharge at various storage 1evelsrcan be determined.

So far, determieation of the K value for routing, and maximum releases from each
soil zonme or reservoir have been discussed. The next questions are how is the storage
distributed among reservoirs and what is the total free water storage involved in
desorption of the soil zones.

Itcan be assumed that a specific region of a recession represents the action of
a single reservoir. As already explained, a recession is the composite action of
several reservoirs;rhowever, for determining volumetric releases, this assumption
appears reasonably valid. Therefore, the routing coefficient, KR}, times the maxi-
mum release rate of a reservoir would give that portion of the total free water
storage that is discharged. To this valee, the plant>and soil evapo-transpiration
for an equal period of time must be added. Plant evapd-transpiration is determined
from the schedule of weekly values and soil evaporation is determined as a function
of depth to water table. It should be recognized that the recession analysis for a

' . e

hydrograph occurrlng say, in June, will not match an ana1y51s of a November hydro-

'-graph except in total free water (GD) released from the contributing soil zone.

.~10-




RESULTS

As was previously stated, the output of the model should reproduce the reaction
of a basin system to a set of initial and input conditions. To test the model re-
sponse, historical record for the periods of October lst to Ndvember 15th, 1956,
and March 15th to July 4th, 1959, were used. These ﬁeriods represent 46 and 127
days respectively.

The October 1lst - November 15th, 1956 period of record includes a storm of
approximately 1 in 100 year frequency followed by a 137 day recession. The major
portion of the storm occurred between October 13-16 with 9.98 iﬁches falling on
the 15th. This provides an excellent check on the model's capability to simulate
hydrologic response to extreme conditions of rainfall with an almost uninterrupted
recession. A graphical comparison of historical and simulated record is shown in
Figure I. A listing of the computed output prior to basin routing is attached as

Exhibit I. The following is a breakdown of recorded and simulated results:

ITEM RECORDED SIMULATED
Evapo-transpiration 2.33 inches . 2.34 inches
Yield 9.98 inches 9.97 inches

Time of Peak Flow Hiénight-Oct. 16 Midnight-Oct. 16
Peak Flow . 6930 cfs. 6700 cfs.
Rainfall 12.31 (6 gages) - 12.38 (2 gages)

The relationship between soil storage and discharge is:

RESERVOIR STORAGE ’ CUMULATIVE DISCHARGE CUMULATIVE
, {Inches) STORAGE - (in./hr.) DISCHARGE
- Cs (Inches) : : . gin./hr.!
‘Base 3.40 : 3.40 .00021 .00021
DRF 1.00 4.40 .00479 .00500
QRF 2.20 6.60 .02750 .03250
PE ‘ oo - . -




PE was routed through linear equal reservoirs with a storage coefficient, K, of
16 hrs. and lagged by three (3) cascades. QRF was also routed through ;inear
ggual reservoirs with a storage coefficient of 16 hrs., and lagged by five (5)
cascades. The DRF was routed through linear unequal reservoirs with storage
coefficient of 120 and 16 hrs. for groundwater and channel flow respectively.

The March 15th - July 4th, 1959 period of record includes a cycle of hydro-
logic conditions. The cycle begins with a mild storm period from March 16th to
March 23rd with a maximum rainfall of 1.92 inches occurring on Marcn 19th; then
a 49 day recession of minimum rainfall; then a 33 day period of varying threshold
rainfall; then a medium storm period from June 15th to June 22nd with a maximum
rainfall of 3.71 inches occurring on June 18th. A graphic comparison of histori-
cal and simulated records for this éeriod is shown in Figure II and a listing of
the computed output prior to routing is attached as Exhibit II. The following is

a breakdown of recorded and simulated results.

ITEM RECORDED SIMULATED
Evapo-transpiration 14.65 inches "~ 14.73 inches
Yield 13.70 inches 14.70 inches
Peak Flows . 1300 cfs. (1st storm) 1230 cfs.

i 4450 cfs. (2nd storm) 4350 cfs.
Rainfall : 29.11 (6 gages) 30.18 (2 gages)

The storage-discharge relationships of QRF, DRF, and base flow were identical
to those used in the 1956 simulation; likewise, the routing procedure was identical.

To deﬁon;t;ate how ;ach reservoir of the sysfe? responds, a'separated hydro-
éiaph; figure I1I, was plotted for.thé 1956 ;eriod of record. fﬁe total.hydrograph
is computed by adding values of the separated hydrographs at a particular peoint in
time.‘

-12-




SYSTEM RESPONSE

A period of about 8 weeks was used by the writer to examine the response of
the model to changes in input parameters and routing procedures. It was felt that
this was a necessary and profitable expenditure of time because it gave the writer
a "feel" for recognizing erroneous input data by examining characteristic indicators
of output. Where the model must be applied to areas that lack sufficient data to
adequately define input parameters, the ability to recognize certain output indi-
cators that are linked withrinput information will be an outstandihg advantage
that will result in a considerable savings of guess work and time.

The process of éonverging on accurate input information has been generally
called the "tuning process". Accordingly, there are several "tuning knobs" that
are available in the form of input parameters that can be adjusted to compensate
for errors in simulated results. The following is a discussion of the major tuning
mechanisms:

A. ET & E: An incorrect schedule of ET & E values and/or functions will be
the major consideration in balancing the water budget of a basin. Very simply, if
there is a deficient or surplus amount of water attributed to the yield of a basin
with the complementary error attributed to evapo-transpiration, then the schedule
of ET values should be examined. The information required to make these determina-
tions is printed as shown in Exhibits I and II. In fitting the model to a basin,
the balance of ET and water yields should be realized before any effort is spent on
the routing Problem. .-

‘ B. fgg This variable also has a volumetric impact on the.water budget of
a basin and may be difficult to recognize unless an erxor in its determination fe-_
sults in an unreasonable adjustment to the ET.schedule. If there is any continuous
record available, the effects of this variable can more easily be recognized by

examining the rainfall-yield relationships of the basin.® If no record is available,

-13-




the best value to use is Musgrave's determination in his analysis of the major
soils as reported in 1955 Agriculture Yearbook. A simulation for an extended
period of time would help expose any major errors in the assigmment of this value.

Examples of A and B:

When the model was first run with correct rainfall for the period in 1956,
a schedule of ET values that had been quickly developed was wused. When
model results were compared to historical record a deficiency in yield and
a surplus of ET was apparent. The same held true for the first runs of the

1959 period. The following is an example of the magnitude of error:

1956 (46 days) 1959 (90 days)
Recorded ET 2.33 inches 10.31 inches
Simulated ET 4.87 inches 14.12 inches
Recorded Yield .9.98 inches 9.78 inches
Simulated Yield . 7.22 inches 8.32 inches

When extended periods of record are simulated, such as in 1959, the effects

of small incremental errors in ET become magnified and can induce significant

errors: i.e., a .02 inch error in ET will result in *2 inches of storage error

at the threshold of a rainfall event 100 days later. (The actual effects of _

one half inch (b.S) surplus in soil storage at the beginning of a major rain-

fall event is shown in Figure Iv.

C. A-Value: This particular parameter does not show itself until a period
of medium to high intensity rainfall occurs. It affects the amount of PE that is
generated by'placing limitations on the maximum rate_of infiltration that can exist.

If, during a storm period, the historical record shows a rapid response with a short
peak duration and the simulated record apéears to be more groundwater oriented with
’ P

an attenuated rise and translated peak, then suspicions concerning the A value

-

should be investigated. There is another parameter that has the, same effect but

-
-

¥
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it has other indicators to distinguish it from the A-Value} The effect of this
A-Value is not of great magnitude and it should be varied only in the very fine
stages of basin analysis and model fitting. An example of its application as a
tuning device is demonstrated by the 75th day of 1959 as shown in Exhibit II.
Originally there was no PE generated due to the 1.32 inches of rainfall. The
historical record indicated that a small amount of PE did exist:due to the{hyster-_
q5i§ effect in the rising limb of the hydrog;aph. After adjusting the A-Value, PE
in the amount of 0.09 inches was generéted which fit very well. The adjustment

also resulted in a better fit for other periods where PE existed.

D. Amount and Distribution of GD: 1In the absence of adequate historical

record, establishing the amount of free water available to drain (GD) and its dis-
tribution among the assigned reservoirs will be a difficult task. There are,
however, certain indicators that caﬁ be used in the fixation of both the amount

and distribution of free water stored in the contributing soil zone. As an example,
if, when plotted, the simulated DRF reservoir consistently falls to the right of
recorded events when reasonable adjustments have been made to the routing factors,
then the possibility exists of allocating too much water to DRF. A deficit will
not necessarily be noticeable in QRF because of the large difference between con-
tributing flows of QRD and DRF. In other words, the deletion of storage allocated
to DRF with an eduivalent amount added to QRD will make a signifcant change in the
simulated response of DRF with only a slight change occurring in QRF. Another
example is the effect of total storage on the generation of PE. If the given total
storage is greater than what actually exists, it is possible to get the correct
fieié from a ;imulation Sut never match<rec;rded éeak flows. This results from
ﬁﬁe lack of PE, which' is the major.cahse of ;apid risidg, high ﬁéak flows.

Routing Coefficients: A comsiderable amount of effort was spent on determining

=15~




the sensitivity of the routing function to changes in the "K" coefficients. For
Taylof Creek, in the region of PE and QRF, the output of a simulation is extremely
sensitive to changes in the routing coefficients. Because of this, gross errors
will develop in the model output when an incorrect K value is used. chever,.
because the function is so sensitive, it also offers an excellent tuning device
when compensating for innumerable indeterminate variables that cause unexplained
departures of simulated record from historical record. Care must be exercised,
however, in determining whether the errors are due to incorrect routing coefficients
or incorrect storage distributions of groundwater. It is in separating these dif-
ferences that a long, continuous historical record becomes very useful. For dem-
onstration purposes, the 1956 storm was routed using a K of 12 hrs. with 2 cascades
for PE, a K of 12 hrs. with 3 cascades for QRF, and DRF was held constant. A com-
parison of the incorrect simulation and historical record is shown in Figure V.

Precipitation: Rainfall, because it is an input determined from recorded values,

might be questioned as to its utility in tuning the model output. This is not to
imply that rainfall data should be altered as an input variable. What is meant is
that the output accuracies of the present and future numerical schemes used in a
watershed model are limited by the availability of accurate and representative
rainfall data. Evaiuation of model results generated from erroneous rainfall data
have demonstrated to the writer that hydrograph shape, peak, and tgmporal;charact-

eristics are critically altered when errors of approximately one-half inch are

experienced. 'The one-half inch error does not have to occur at a single point in

time but can be accumulative through time and produce similar incorrect results.

It is felt that emphasis needs to be placed on developing a reliable and accurate

r - =

precipitation data acquisition facility and to develop a scheme for reducing, eval-

uating and storing these data in machine readable form.

-16-




CONCLUSIONS & RECOMMENDATIONS

The concepts, numerical scheme, and methods of data analysis as described
in the previous paragraphs and related memoranda have been compiled into the form
of a computer program portfolio that is operative and simulates, within reasonable
accuracies, the response of a watershed to a given set of initial and input condi-
tions. The simulations have been checked against historical record for continuous
periods of 46 and 127 days and demonstrates the capability of computing acceptable
results for peak flows, extended recessions, hydrograph shape and overall account-
ing of a water budget. -

The present structure of the computer programs is inefficient, with the
primary considerations being oriented toward developmental utilization. During
the time when an operational model is being organized, the programs will be
continually changing and, to some degree, there will be changes in fundamental
concepts. However, these changes are not sufficient cause to pursue further
development work on the Taylor Creek basin.

It is the writer's opinion that the verification of this mathematical model
has satisfied the criteria and objectives necessary to jusﬁify the continuation
of our program as outlined in the November 1967 report. It is therefore recom-
mended that we tgrminate development efforts on Taylor Creek basin, begin a
"grass roots" analysis of hydrologic parameters for the many Kissimmee sub-basins
and apply the numerical scheme and concepts as described herein to continue work-
ing_towards the major objectivés of an operational model that will assist manage-
ment in the hecision making processes.

] Respectfully‘submigted,

—

L. E. Lindahl
Systems Engineer
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EXHIBIT




R

DIAGRAMMING SYMBOLS USED

< w

L

Vertical connector line between blocks and for DO's
Vertical connectors for branch flowlines

Horizontal connector line between blocks

Change of direction.or junction of flowlines
Direction of flow (upward) , at junctions only
Direction of flow (downward), at junctions only

Direction of entry into a connector line

Branching on zero in an IF *

- Branching on plus in an IF *

Branching on negative in an IF *

* These symbols are followed by the statement
number being branched to unless the number

is that of the next statement,




"FORFLO" analyzes each card which is read in to determine
statement type. Each type is enclosed in a block which is
outlined with a characteristic symbol. Sequential cards of
the same type are grouped in the same block., Comment cards

are blocked with the preceeding statement type.

BLOCK CHARACTERISTIC STATEMENT TYPES

kkkkkkkk Branches and DO's
Emmeme=— ' Control cards fFORTRAN)
/7777777 ‘Specifications and CALLs which

are not exits
——————— I/0 Statements
=#====== EXits -

++++++++ _Arithmetics and any others undefined
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