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FOREWORD

The study reported herein was conducted in support of DA Project
4A663712D860, "Military Geographic Systems," Task 04, "MGI Data Base,"
Work Unit 04, "Automation of Performance Prediction Models," sponsored
by the U. S. Army Engineer Topographic Laboratories. The work was per-
formed by personnel of the Terrain Analysis Branch (TAB), Mobility and
Environmental Systems Laboratory (MESL), U. S. Army Engineer Waterways
Experiment Station (WES), under the general supervision of Messrs. W. G.
Shockley, Chief, and S. J. Knight, formerly Assistant Chief, of the MESL,
and under the direct supervision of Mr. W. E. Grabau, Chief, TAB; Mr. M. P.
Meyer was Project Manager. Computer programs were developed by Miss M. H.
Smith; Mr. C. A. Carlson assisted in developing the model. This report was
prepared by Miss Smith and Mr. Meyer. Mr. A. Vazquez and Mrs. M. P. Terry
assisted in computer programming and compiling information.

COL Ernest D. Peixotto, CE, was Director of the WES during this study

and preparation of the report. Mr. F. R. Brown was Technical Director.
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SUMMARY

The soil moisture strength prediction (SMSP) model is a composite
of the methods developed at the U. S. Army Engineer Waterways Experiment
Station for predicting daily soil moisture contents and strengths (in
terms of cone index and rating cone index) of soil layers at depths
of 0-15 and 15-30 cm. Information required by the model includes soil
moisture accretion and depletion relations, field maximum and minimum
soil moisture contents, moisture content at start of prediction, soil
dry density, soil moisture-strength relation, daily rainfall amounts,
and minimum rainfall amount required for accretion. This information
can be obtained from one or more of three sources: (a) directly from
measurements at a specific location; (b) indirectly from estimated or
averaged data derived from field measurements, literature, or empirical
equations built into the model; or (c) indirectly from a surface compo-

sition group classification that closely follows the Unified Soil
Classification System.

The computer program for the model is written in Fortran IV conver-
sational mode for use on a teletype connected to a Honeywell-GE (General
Electric) 440 computer. Output data are stored in permanent files for
use by other performance prediction models, for printing, or for input
to plotting programs.

The main text of the report includes a discussion of the structure,
operation, use, limitations, and mathematics of the model.
Appendixes A-G include detailed flow charts and listings of the computer
program; listings, organization, and format of input data; examples
of prediction runs and graphic displays of results; and procedures for
converting output data to terms required by the airfield construction
effort model.
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AUTOMATION OF A MODEL FOR PREDICTING SOIL MOISTURE

AND SOIL STRENGTH (SMSP MODEL)

PART I: INTRODUCTION

Backggound

1. The study reported herein is a part of the work to automate
performance prediction models of immediate military interest for inclu-
sion in an automated Military Geographic Intelligence data base system.
Completed performance prediction models include the Airfield Construction
Effort Model1 in FY 70, the Cross=Country Locomotion Model2 in FY 71,
and the Helicopter Landing Zone Model3 in FY 72. Th#s report describes
an automated model for predicting soil moisture and soil strength (SMSP
model) .

2. Methods for predicting soil moisture and strength (defined in

terms of cone index (CI) and rating cone index (RCI)4j

were developed
previously at the U. S. Army Engineer Waterways Experiment Station (WES)
for use in predicting the trafficability of fine-grained soils in multi-

pass cross-country vehicular operations. »

For that application, strength
predictions were required for the 15- to 30-cm layer, the critical layer
influencing performance of many military vehicles. Moisture contents of
the 0- to 15- and 15~ to 30-cm layers were also provided for use in the
prediction process. In a subsequent study of worldwide strength condi-
tions of surface matetials,6 soil strength relations were extrapolated to
the 0- to 15-cm layer. These relations have been incorporated in the
present model. An earlier version of the model was used to predict long-
term trafficability conditions in the vicinity of Saigon, South Vietnam,7

to provide data for construction of soil moisture and strength records in

synthalogous environments,8 to provide RCI data for use in an analytical
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procedure for quantitatively comparing the similarity of tetrain aites,9
and to provide moiature content data input to a model that predicts induced
radiation activity of surface soils following nuclear detonatipns.lo’l1
3. The model presented herein has been used to predict moisture

contents for the Seismic Sensor Performance Prediction Model,12 and strength
values for input to the Cross-Country Locomotion Hodel2 and the Army Materiel
Command (AMC) Model for Predicting Cross-Country Vehicle Performance.13’1a
It can also be used to provide data that can be converted to California
Bearing Ratio (CBR) and soil moisture condition for use by the Airfield
Construction Effort Model1 (see Appendix G), The model also includes

an option to store data for use in an;ther model that predicts snow depth,

snow density, and frost and thaw penetration15 (herein referred to as

*
the Freeze-Thaw model).

Description of the Model

4. The SMEP model is a composite of soil moisture and soil strength
prediction methods.a The prediction method for soil moisture is a daily
bookkeeping procedure wherein soil water is added as a result of precipita-
tion or subtracted as a result of depletion (resulting from evaporation,

transpiration, and drainage). Predictions are influenced by terrain and

#c,~-d,-e,~h;5

weather conditions. Soil strength values are predicted from

daily soil moisture predictions by using known relations or relations that

43,5

are determined by certain soil properties. The model combines

*The program for this model is on file at the WES. °



both prediction methods and outputs daily soil moisture content and/or
daily soil strength values (CI and RCI) for soil layers at depths of 0~15 cm
(designated as layer 1) and 15~30 cm (designated as layer 2).
Input data

5. Terrain and weather data are required as inputs to the model.

6. Terrain data. The terrain data, which are referred to as control

data in the automated program, include minimum rainfall amount required
for accretion and the following for each layer of a given soil:

Accretion relations.

o

b. Depletion relations.

c. Field maximum and field minipum soil moisture contents.
d. Soil moisture content at the start of prediction.
e. Soil moisture-strength relation.

f. Dry density.

7. The terrain data may be one or a combination of three different

types as follows:

a. Specific data. These data include the above prediction rela-

tions and soil property data that are derived from measurements taken at
a specific location. Use of these data provides the most accurate predictions
of soil moisture and strength for a particular site under a given set of

terrain and weather conditions. Procedures for derivation of specific

=
£ach layer is actually 15.24 cm (6 in.) thick. In converting data from
metric to English units the program uses the actual thickness.




prediction relations are given in reference 4c; the preparation of the
input data is discussed in Part III of this report.

b. Estimated data. These data refer to averages or estimates

derived from (a) field measurements, (b) publfshed literature containing
data on terrain analogous to the test area, or (c) equations developed
from soil property data from a large number of sites. These equations,
called tentative average (TA) relations, are incorporated in the

model and require measured or estimated values of soil properties as input.
The methodology for deriving these equations is discussed in references

4e and 4j. The moisture equations and variables are shown in table 4 and
the strength equations and variables are shown in tables 6 and 7. The
mathematics of the equations are discussed in Part IV of this report; the
preparation of the input data is discussed in Part III.

c. Surface composition group data. These data are also averages

or estimates that have been derived from sources similar to those described
above. However, here a set of control data has been generated for each
of a number of surface composition groups. The groups correspond closely
to soil classes of the Unified Soil Classification System modified by
the addition of nonsoil water, paQemenusand structures, and rock to allow
for characterization of the entire surface area. Each soil group has all
the information needed for operation of the model stored in a file subject
to call by a group code number. Materials of the surface composition groups
and the corresponding group code numbers are shown in table 1. The surface
composition group can be used when specific data are not available.

8. Weather data. The weather data include daily precipitation

amounts (expressed as water equivalent) and dates of the beginning of seasons



when the rates of depletion change, Provision is made to allow input of

air temperature and snow depth for future use with the Freeze-Thaw model.15

Output data

9. Output data are stored in permsnent files for use by other per=-
formance prediction models, for printout, or for input to plotting programs.
T.ue printing format is suitable for use in reports. Soil moisture content
can be presented separately in units of either centimeters or inches of water
per soil layer (15 cm thick) or, if desired, by percentage of dry weight. Soil
strength can be written as CI and/or RCI. The predictions can start or
end at any time during the year as directed, and can run a part of a year
or for consecutive years. Predictions can be made for one or more selected
years of extreme, unique, or typical rainfall distributions. In these
cases yearly starts are controlled by starting moisture content values inserted
at the beginning of the year of weather data input. When predictions for
another soil are needed, a restart of the model with new terrain input

information is required.

Limitations of the Model

Layer

10. The model predicts the moisture contents and strengths of the
first and second soil layers (0-15 and 15-30 cm depths). No direct account-
ing is made of water from precipitation that is absorbed by wvegetation, runs
off the surface, or drains to lower layers. Depletion is considered a net
loss, and losses specifically from evaporation, transpiration, and drainage

are not differentiated.



Terrain

11. The model does not include all terrain attributes that
can affect soil moisture content and strength, It does not consider the
direct influence of attributes such as water tables, frost, snow, and soil
tillage. The influence of these attributes has been studied, but relations
have not been developed sufficiently for inclusion in the present model.

It should be noted, however, that the model was purposely designed in a
modular format to allow for their inclusion at a later time.

12. The model does not provide daily moisture contents and strengths for
surface materials having strengths that normally are not appreciably affected
by moisture fluctuations, such as clean gravels, cobbles, boulders, stones,
and rock, or materials in which daily moisture contents seldom varv signif-
icantly, such as very poorly drained (water-logged) organic silts and clays,
and other organics (peat and muck). A general estimate of water content,
density, and strength (in CI) for these materials 4s shown in table 2.* Also,
the model should obviously not be used for prediction in irrigated fields, where
the moisture content or strength of the soils is not related to precipitation.
Weather

13. The quality of the weather data, like that of the terrain data,
can have an important bearing on the accuracy of soil moisture prediction.

The prediction of moisture contents requires input of daily rainfall amoumts.
Rainfall distributions may be quite variable over an area, and an intense

rainfall can occur less than a kilometer away from a light shower. This

*
These data are not included in the automated program. They are presented for
use by analysts desiring to characterize entire surface areas.



is especially true in mountainous terrain, where sharp changes in rainfall
amount commonly occur with differences in prevailing winds or in elevation.
In some of the mountainous areas of Hawaii, for example, the average annual
rainfall changes from 50 to 500 cm over a distance of 10 km. The user of
the model should recognize this limitation and try to obtain rainfall data
that apply to the area of prediction.

14, The tentative average relations used with estimated data (see
paragraph 7b) were developed from specific data obtained within the continental
United States. Use of these relations, therefore, should be limited to
areas of similar climate.

Accuracy of predictions for individual sites

15. Soil moisture content. Prediction accuracies were determined from

specific relations developed from 23 test sites. The average deviation of
predicted values from measured values for the 15- to 30-cm layer was
about + 1 percent moisture content, dry weight, for the year the prediction
relations were derived and about + 1.5 percent the following year.4d The
natural variability of moisture content within a site at a given time is
of the same magnitude (Appendix D of reference 4e). From average relations
and from rainfall data collected some distance from the sites, the average
deviation of predicted soil moisture contents from measured values for the
15- to 30-cm layer (for 601 test sites) was about + 4 percent moisture
cont:ent:.l'e Prediction accuracy for the 0- to 15-cm layer was somewhat
poorer because of the greater variability in the soil at the surface.

16. Soil strength. Strengths for the 15~ to 30-cm layer were
predicted from measured moisture contents and specific soil moisture-

strength relations. The average deviations of these strengths from measured



strengths were about + 15 CI or RCI units under wet soil conditions; the
accuracy decreased at lower moisture contents.éj The natural variabilities
of CI and RCI within a site are of about the same magnitude.ah Strengths
for the same layer were also predicted from measured moisture contents and
estimated soil moisture-strength relations. The average deviations of these
strengths from measured strengths were + 30 units for CI and + 20 units for

43

RCI under wet soil conditions; again, the accuracy decreased at lower
moisture contents. No tests were made for prediction accuracy of the 0- to
15-cm layer; but, similar to moisture content, the prediction accuracy is

assumed to be poorer because of the greater soil variability at the surface.

Accuracy of predictions for large areas

17. No tests were made to determine the accuracy of predictions for
large areas (areas several hundred square meters or more). The limitations
of time and money required for the development of the computer program reported
herein precluded the design and operation of a field and desk study to
collect and analyze the necessary data. It can be assumed, however, that
the range of variation between predicted and measured values would be
greater than for individual sites because of the greater variability of terrain

and weather properties.



PART I1; STRUCTURE OF PROGRAM

Cog_:gut:er Orientagion

18. The program for this model iz written in Portran IV language
for the Honeywell-GE (General Electric) 440* computer at the WES and is
to be used remotely by teletype. The system compiler Fortran XFR is
used.

19. An average run for two years of daily precipitation with a complete
output (soil moisture content in terms of volume or percent, CI and RCI for
the two layers) takes from 2 to 2-1/2 min.

20. 1f graphic displays are required, the data in output files stored
by this model can be plotted directly by using the proper programs. The

graphic display program is discussed in paragraph 39.

Main Program and Overlays

21, The program is in conversational mode and is of modular con-
struction. It consists of a main program and six overlays,
and it accesses up to four input files and creates up to nine output
files. If generated data exceed the capacity of a file, the program

automatically opens another file and names it in sequential order.

" .
The Honeywell 435 was upgraded to the 44Q in early 1972.



22. The main program, overlays, and required input control
files are on file in the WES Automatic Data Processing Center as tabu-

lated below.

File or
Overlay Characters
Name Description or Function Source Object Lines
FTWEMS Main program 17571 15333 472
COMPMS Computation core 3234 2628 113
FIL1DA Stores moisture content file 4128 3546 127
FIL2DA Stores percent moisture 3222 2556 97
content file
FRODEP Stores output for freeze-thaw 2364 1626 62
program
STFRSP Computes and stores strength 2142 2067 70
from soil properties
CALSST Calculates soil strenéth 5991 4875 173
DSURGR Soil composition group 9906 - 122
descriptors - data file
DFSTEQ Coefficients of equations 1932 - 40

to determine strength
relation constants, A and
B - data file

Schematic Flow Chart

23. A schematic flow chart shows the logic used in assembling the
program (fig. 1). Detailed flow charts of the program are given in

Appendix A.
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OVERLAYS @ MAIN PROGRAM.

&
/READ CONTROLS :
1. FROM SURFACE COMPOSITION GROUP DATA
2. FROM SPECIFIC DATA
3. FROM ESTIMATED DATA TO BE USED
WITH TENTATIVE AVERAGE
ACCRETION AND DEPLETION
RELATIONS

-WEATHER DATA:
1. BEGINNING OF SEASON DATES
2. DAILY RECORDS FOR ONE WEEK

OF
a.pPRECIPITATION
' b.AIR TEMPERATURE (OPTIONAL)
OVERLAY 1 CONVERT INPUT TO
I"cops” INCHES IF NECESSARY
COMPUTES SOIL -‘-l [————‘———-lCALL OVERLAY 1

MOISTURE FOR TOP "~
TWO 15 cM SOIL
LAYERS FOR SEVEN

DAYS ARE
ALL DATA STORE SOILL
FOR THIS YEAR JMOISTURE.. |
ENTERED " CONTENTS
OVERLAY 2 ? BY LAYERS
TETIT1DAT

TFIL1DA" .
WRITES DATA | .

FILES OF SOIL [ CALL OVERLAY 2]
MOISTURE CONTENT
BY LAYERS

IS
PERCENT
SOIL MOISTURE
REQUIRED
?

OVERLAY 3

WFIL2DA"

COMPUTES PER~ I {
CENT SOLL

MOISTURE AND
WRITES DATA

FILES BY

LAYERS

Fig. 1. Computer program flow chart

CALL OVERLAY 3 |

11

NO

PRECIPITATION
DATA EXHAUSTE]
?

Page 1 of 2




"OVERLAY 4
‘WFRODEP”

WRITES DATA
FILES OF DAILY:
PRECIPITATION
SNOW DEPTH
AIR TEMPERATURE
PERCENT SOIL
MOISTURE FOR
EACH SOIL
LAYER

TION CONSTANTS TO
_BE CALCULATED

OVERLAY 5
"STRRSP"™

CALCULATES
STRENGTH
EQUATTON CALL OVERLAY S
CONSTANTS -
FROM SOIL -
PROPERTIES

OVERLAY 6
TCALSST" |——g—] CALL OVERLAY 6 it

—

CALCULATES
CONE INDEX
AND/OR RATING
CONE INDEX > @
FOR EACH

_ SOIL LAYER

Fig. 1. (Concluded)
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Function of Main Program and Overlays

24. The following outline lists the action accomplished in each segment
of the program and the order in which each, if required, is called into use:
a. Main program - FIWEMS ~ a program F developed in the
Terrain Analysis Branch of the Mobility and Environmental
Systems Laboratory of the WES for predicting soil Moisture
content and soil Strength.
(1) Defines dimensions of the array of each variable cou-
tained in “common" statements.
(2) 1Identifies initial data.
(3) 1dentifies forﬁats of input data.
(4) Reads all input control data.
(5) Reads all weather data.
(6) Converts input as required.
(7) Activates the proper overlay at the proper time.
(8) Contains a subroutine called by overlays for
special formatting of output when precipitation
record begins other than the first day of a week.
b. Overlay 1 - COMPSM - COMPutes Soil Moisture content.
(1) Computes daily soil moisture contents for the top
two soil layers.
(2) Stores daily soil moisture content data in data
blocks of one year (January-December).
&. Overlay 2 - FIL1DA -~ creates FILes for lst type of output

DAta, soil moisture contents by unit layer. Stores

13



soil moisture content data in a separate file
for each layer. If required, converts soil
moisture contents to percent dry weight.

d. Overlay 3 - FIL2DA - creates FILes for 2nd type of output
DAta, soil moisture content by percent. Stores data in a
separate file for each layer.

e. Overlay 4 - FRODEP - creates a file of data for use in models
that predict FROzen DEPth or thawed depth of soil. Stores
daily precipitation, daily air temperature, measured daily
snow depth (if available), and daily percentage of soil
moisture content data by layers in an output file.*

f. Overlay 5 - STPRSP - calculates soil STrength equation con-
stants FRom soil moisture contents (at specific values of CI
and RCI) that have been derived from Soil Property values.
These constants are stored for use in Overlay 6.

£. Overlay 6 - CALSST - CALculates Soil STrength. Calculates
daily CI and/or RCI.

Listings of these program files are in Appendix B.

Input and Output Data

25. The computer operator can enter the input data, described in
paragraphs 5-8, into a designated input file either by paper tape or

directly from the teletype keyboard, or he can punch them on 80-column

*This overlay is not required for operation of the program. It is included
for the convenience of the user.

14



cards and enter them in a time-sharing file. Some control data are
entered from the teletype keyboard only. This input is concerned with
input and output options in answer to questions posed during the running
of the program.
26, Output data generated by the program are stored in time-
sharing files, which are formatted for printing by SYS:MAX ( WES media con-

version system) without line numbers. A built-in routine slews the

printer to the top of the next page when a page of data is complete.
The output files remain in the time-sharing storage until the user unsaves

them.
4Defini£ion§

27. Table 3 contains a list of device, variable, constant, and
flag definitions, and units of measurements with significant decimal

places where applicable.

15



PART II1: PROGRAM OPERATION

28. The successful operation of the program depends on careful
preparation of the input data, an understanding of the user function in
operating the program, knowledge of the limitations and conventions
adopted by the program, and the form, restrictions, and location of the

program output data.

Input Data Preparation

29, Weather data preparation is the same regardless of the input
data source. All other data are control data (see paragraphs 6-3). In
this discussion the terms card and line are used synonymously since data
from a card fills a teletype data line.

Control data

30. Control data describe the top two soil layers and appear on
seven different card types (1-7) as shown in figs. C6~Cl7 of Appendix C.

31. Specific data. If the user wishes to run a prediction based
entirely on specific data he must input on the proper cards all of the
control data (see paragraph 6). The card deck setup is shown in fig. C3,

Appendix C.

32. Surface composition group data. A user selecting control data

input from the surface composition groups needs only to use the five

heading cards (type 7) and the cards with weather data (types 8 and 9) to

16



make a prediction run. If he has information concerning beginning mois~
ture content for each layer, he should add card type 3. He can also add

any other card type for which he has specific data. The cards, including
card type 3, must precede cards of type 7. The card deck setup is shown

in fig. C4, Appendix C. The control data card input for each surface compo~

sition group is stored in file DSURGR. The file is discussed in Appendix D.

33 Estimated data. Tentative average control data stored in the

main program are:

a. Accretion relation constants.

b. Depletion relation constants.
¢. Minimum precipitation causing accretion.
d. Moisture ranges of depletion by soil type, season, and

layer.
e. Maximum and minimum soil moisture equation constants.

Table 4 summarizes the relations from which these constants are taken.

34, Other estimated data that are stored are soil property equa-
tion constants for calculating strength relation coefficients. These
constants with codes that indicate the soil property and its form (1n,
lnln, or natural) are stored in file DFSTEQ and are listed in table D2,
Appendix D.
Weather data

35. Weather data appear on two different card types (8 and 9) as

illustrated in figs. C18 and Cl19 of Appendix C.

17



User Function

36, The user is assumed to be familiar with the remote operation
of the computer by teletype and to have checked the compatibility of
the computer system he is using with the system for which this program
was written. He can submit program card decks to the computer operator
for loading the model into the time-sharing disc pack, or he can enter
them by paper tape through the teletype. The main program, all over-
lays, and all input files must be pre;ent to run the program.

37. The user must prepare control data and weather data as described
in paragraphs 29-35 and in Appendix C, and he must be prepared to enter
file names descriptive of the type of output data desired. A file name
is a six-character alphanumeric, the last three characters of which must
be 001 as requested during the running of the program. This makes pos-
sible the automatic incrementation of output data files in sequential
order—XxX001, XXX002, etc.—if necessary.

38. Three examples of the program operation using specific, surface

composition group, and estimated data are shown in Appendix E. Example 1

18



uses only specific data. Example 2 uses the same weather data, but a
surface composition group as a control data source. Example 3 uses
estimated data with tentative average relations for the prediction.
These examples also illustrate the user's response to questions asked
during the running of the program. A run providing data for the Freeze-
Thaw model is included as Example 4 in Appendix E.

39. If plotting of the output files is desired, a separate program,
FSPMSD, is included for the user's convenience (Appendix F). If this
program is used, a CALCOMP drum (pen) plotter and required operating
library routines must be available. 1If the required library routines
listed at the beginning of the program are not available in his computer
system, the user must write a plotting program that will be accepted by

the system.

Program Conventions

40. Program conventions that must be understood by the user, in
addition to those observed in data preparation, are as follows:
a. The internal operation of the moisture prediction phase of

the program is in inches of moisture per 6-in. soil layer.

-

All data input by the user, except density, must be in the
same system of measurement (either all inches or all -
centimeters).

c. Density is always entered as g/cc.

19
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I=

All 72 spaces on a teletype line must be filled by data or
accounted for by spaces.

The soll strength and freeze-thaw programs use relations

in terms of percent soil moisture content; therefore, the
percent option must be selected for the running of these
programs.

Entry of minimum storm data must be in three decimal places
(0.100 in. or 0.254 cm).

In converting centimeters to inches, the constant 0.3937

is used as a multiplier; and in converting inches to centi-
meters, the constant 2.54 is used.

In converting output from centimeters to percent, 15.24 cm
is used for the thickness of the 6-in. increment.
Identification of the run on the top of each page that is
printed from an output file is made from the identification
information on card type 1, and not from the card type 7
heading cards (see Appendix C).

The last four characters of the identification must be
numeric and must agree with the surface composition group,
if a group is used as an input data source.

If air temperature data are included, both temperature and
snow data cards must follow the last precipitation data
card for each year.

The program requires a "RUNBIG" call for its initiation.
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M.

This program uses overlays; thus, object files with the
following names are held under the user work number for
use in running the program:

(1) FIWEMS =~ 0(zero)FTWEM

(2) coMPMs -~ 0(zero)COMPM

(3) FILIDA =~ 0(zero)FIL1D

(4) FIL2DA - O0(zero)FIL2D

(5) CALSST <~ 0(zero)CALSS

(6) FRODEP ~ 0(zero)FRODE

(7) STFRSF 0(zero)STFRS

To save compilation time, the user can call the program "OFTWEM"

and initiate it with a call to "RUNBIG." This results in a sav-

ing of approximately 30 sec of running time.

If the predicted moisture content on the last day of a
season is lower than the minimum moisture content on the
first day of the following season, daily depletion is not
computed until soil moisture content has accreted above
the new season minimum.

If precipitation cards are out of order, an error message
is printed on the teletype. If a precipitation card is
omitted, no error is printed, but zeros are written into
the output file for the days omitted. The output data
beyond that point will be in error.

The program rounds values as follows:
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(1) Soil moisture contents in inches or centimeters are
rounded to the nearest hundredth of the measurement
unit.

(2) Soil moisture content is rounded to the nearest hun-
dredth of a percent.

(3) sStrength data are rounded to the nearest unit (CI or
RCI).

Some check data are printed by the teletype during the

running of the program. Should these check data disagree

with those desired, the program can be aborted by hitting

the stop button (S).
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PART IV: MATHEMATICS

41. The mathematics used by the program are simple straight line
and power function relations derived empirically using regression tech-
niques. The overlays "COMPSM" and "CALSST" contain instructions for the
calculation of soil moisture content and soil strength using the control
data as defined in paragraph 6. The program was written primarily for use
with TA (estimated) input data with options to substitute data supplied
from specific sources (paragraph 7a) or data characteristic of a surface
composition group (paragraph 7c). This main core of computations makes
possible the total use, partial use, or the use of a combination of any of
the three types of input data (see Appéndix C}. Provision is also made
for the calculations of maximum and minimum soil moisture contents and of

the soil moisture-strength relations if desired.

Soil Moisture Prediction

Accretion relations

42, Accretion (wetting) of soil depends primarily upon the amount of
precipitation and amount of storage space available in the soil for absorbing

water.ac’4d

Precipitation is the critical variable when the total precipita-
tion for a storm is less than the storage available (in the top two layers

of soil). This type of accretion is called "Class I." '"Class II" accretion
occurs Qhen the precipitation is greater than the available storage; then

accretion depends on the amount of available storage. Equations expressing

these relations are shown in table 4.
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43. "RMIN" (minimum storm) defines the amount of precipitation
below which no appreciable wetting of the soil occurs. Unless the user
enters a value of RMIN on card 2-1 (see fig. C7, Appendix C), the program
assumes an RMIN of 0.1 in. (0.254 cm). If precipitation exactly equals
RMIN, no accretion or depletion occurs. For precipitation less than RMIN,
depletion is determined in the usual manner.

44. Minimum values of accretion are set at 0.03 in. for Class II
accretion for both layers and 0.01 in. for layer 2-Class I accretion.
Layer 1-Class I accretion for precipitation between RMIN and RMIN + 0.07 in.
(i.e. between 0.1 in. and 0.17 in. in fig. 2) has a 1:1 relation to pre-
cipitation above RMIN when the minimum storm is 0.1 in. If RMIN is entered
as some value other than 0.10 in., the accretion value 0.07 in. must be
recomputed. For example, as shown in fig. 2, a minimum storm (RMIN) of
0.06 in. would result in a minimum accretion of 0.034 in. The user must
enter these minimum values on card 2-1 (see fig. C7, Appendix C) if new
accretion equation constants are used. Accretion relations can be modi-
fied by entering equation constants on card 2-6 (see fig. C12, Appendix C).
The same equation form must be used.

Depletion relations

45. The program accepts depletion relation equations in polynomial
form up to sixth-degree equations forced through zero. The surface compo-
sition groups use fourth-degree equations. The equation coefficients are
in file DSURGR (see table D1, Appendix D). TA depletion equations (estimated
data) are fourth-degree polynomials, except for two that are sixth-degree
polynomials. The equations define depletion curves that were determined

empir:lcally.4e
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Fig. 2, First-layer Class I accretion
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L46. The equation coefficients were determined by a multiple linear
regression technique with the intercept equal to zero. Daily moisture
loss was considered dependent on soil moisture content above minimum

moisture content. The equation form is:

Y =ax + bx2 + cx3 + dx“ + ex5 + fx6

47. For a specific location, if the maximum and minimum soil moisture
contents for each layer can be determined, these TA depletion equations can
be used. If this is the case, the program computes a factor by which the
site is referenced to the TA moisture depletion during summer, (site maximum
moisture - minimum moisture)/(TA maximum moisture - minimum moisture). This,
in effect, stretches or compresses the TA depletion curves to force them
into agreement with the specific location depletion relation.

48. There are 18 equations in the set, three for each soil layer
for each of three seasons; they are listed in table 4.

Maximum and minimum soil moisture contents

49, TA maximum and minimum soil moisture equations (estimated data)
are empirically derived relations. The constant terms were derived by
regression analysis. Maximum and minimum moisture contents were con-
sidered dependent on soil properties. The properties included in
the program are improved revisions of these equations and can be used at
the user's option to compute maximum and minimum moisture contents if the
soil properties for each soil layer are available. The equations are

shown in table 4 and are of the form:
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Y=a+ b(SPl) + c(SPz) +......n(SP16)
where
Y = maximum or minimum moisture content
SP = soil property
50. The user can supply his own equations, if they are of the same

form, by entering soil properties and equation constants on card type 2-2

as shown in fig. C8, Appendix C.

Soil Strength Prediction

51. Both the CI and the RCI relations to soil moisture content were
determined empirically to be straight line logarithmic. Natural logarithms
are used with specific, estimated, or surface composition group data in
this program. Equations have the following form:

In CI = a + bln MC
In RCI = a + bln MC

where

Cl = cone index

RCI = rating cone index

MC

soil moisture content in percent

Given relations

52. 1If surface composition groups are used for prediction, each group
has an associated CI and RCI equation for each soil layer. If the user
does not use a group, he must supply the strength equation constants using
specific or estimated data. Information for entering these constants can

be found on card type 2-4, as shown in fig. C10, Appendix C.
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Relations computed from soil

properties (estimated data)

53. In a study analyzing the relation of soil strength to soil
pr:operties,l'j six sets of equations were presented to predict moisture
content at specific CI's and six sets to predict moisture content at
specific RCI's. A multiple linear regression technique was used to
determine soil properties most closely associated with moisture con-
tents at CI values of 200 and 300 and RCI values of 100 and 200. Nine
soil properties were examined, and only those that made a significant
statistical improvement in the relation were actually used. Tables 6

and 7 show the various resulting combinations which were retained in

the equation sets. The soil propertiés used are as follows:

a. Percent sand

b. Percent clay
c. Percent silt
d. Percent organic matter
e. Percent fines
f. Liquid limit
&. Plastic limit

h. Plasticity index

i. Dry density

54. Once these relations were determined for moisture contents at the

strengths stated in paragraph 53, a straight-line relation was assumed to

exist between ln CI and 1ln soil moisture content (see paragraph 51). The

equation for this straight line was then determined by forcing it through

soil moisture contents at a CI of 300 and a CI of 200 (fig. 3). The same
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where: M0200 is the moisture content at a CI of 200

MC300 is the moisture content at a CI of 300

M0200 and MC300 can be determined by any one
of the sets of equations for which soil
properties are known

MC is the moisture content for the day of
prediction

Fig. 3. Cone index - percent soil moisture content relation
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sets of equations are considered applicable to both layers. Similarly,
straight-line relations were established for 1ln RCI versus ln soil
moisture content.

55. The partial regression coefficients for the six sets of equa-
tions used in calculating CI coefficients are listed in table 6. A set
consists of equations for calculating moisture contents when CI is 200
and when CI is 300. The soil property coefficients are listed in the
order in which they are entered into the equation.

56. Partial regression coefficients for equations used in calcu-

lating moisture contents when RCI is 100 and 200 are listed in table 7.
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Table 1

Surface Composition Groups

rganic|Drainage¥|
ontent|Potential| Group
Material Y 4 Class Code
Groups with Similar Material in 0- to 15- and 15- to 30-cm Layers
Water 0 8888
Pavement and structures >25X coverage 0 2 0101
Rock, stones, boulders, and cobbles, :
P.D. sizes >0.074mm,is >50%, and >76.2mm,1s >25% I 2 } 0202
Coarse grained] Gravel, P.D. | Clean gravel, P.D. T " 0303
P.D. sizes sizes >4.76- |sizes <0.074mm_is <52 :
>0.074mm, is 76.2am, is Gravel with fines, P.D. : ; 2 { 0707 or
>50% >25% sizes <0.074mm.is >5-50%i ! ; 1111%*
Sand, P.D. Clean sand, P.D. sizes : 2 0505
gsizes >0.074- | <0.074mm i8 <5 ;
4.76um, is Sand with fines,P.D. 1 0606
>252 gizes <0.074um,1is ‘
e - >5-30% >0=-7 2 - 0707
Fine grained, }Silt, LL <35 and PI <15 1 r0808
812e8<0.074mm, i X
is >S0% T, - = 2 0909
Clay, LL >35 or PI >15 : 1 21010
; 2 3L
Organic silts and clays (plastic) . >7-30 0 11212
- I . 1 1313
7" peat (nonpiastic) . 230 ' o0 11616

Groups with Different Material in O- to 15- and 15- to 30-cm Layers
Sand, 0-15 cm, over 1 0610
-] >0=7

___Clay, 15-30 cm . e 2 0711
2 0911

Silt, 0-15 cm, over
Clay, 15-30 cm

P R IR

*
Drainage potential classified by occurrence of water table as follows:

Class 0 Water table occurs at surface 902 or more of the time

Class 1 Water table occurs at the surface less than 90% and above 120-cm depth
102 or more of the time

Class 2 Water table occurs above 120-cm depth less than 102 of the time

*% Gravel with sand matrix coded 0707; gravel with clay matrix coded 1111
NOTE: PD = Particle diameter

LL = Liquid limit

PI = Plasticity index



Table 2

Soil Water, Density, and Strength for
Surface Composition Groups with
Constant Values

e . : L .
r Water *% —1
Group Content Density Strength
'L . :—-uatetia-l‘ L DR SUEREE SRR F ¥ - Y TR fCOde - - %.. - - g/c.:c st ,.‘._’-..;C':I LT
' Water 8888 100  1.00 0
t V . ‘ (1iquid)
[ Pavements & Structures 0101 1 2.50 750+ |
,f Rock, Stone, Cobbles, Boulders 0202 l1toS5 2.15 750+
Clean Gravel 0303 1 2.00 100 |
. I e,
F Saturated Organic Silt-Clay 1212 90+ 0.80 25 '
Peat & Muck 1414 90t  0.80 25
. . _ |

* Percent on dry weight basis except for water
*% Dry density except for water

t Represents an average value estimated from a small number of samples.
Water contents are highly variable and increase with an increase in

the percent organic matter of the material.
\



Table 3

Device, Variable, Constant, and Flag Definitions

Devices
Dev Device handling input data
Dev Device handling output data for layer 1
Dev Device handling output data for layer 2
Dev Device handling output data to be used as input to Freeze-Thaw
model
Dev Device handling linkage with overlay segments of program
Dimensioned Variables and Constants
Decimal
Name Description Units Places
Input=Output
BD(2) Bulk density (dry weight) g/cc 2
C1(16,2) Individual soil properties variable 3
C2(4) Maximum and minimum in./6 in. or 2
moisture content cm/15 cm
IDC1(35) Storage location for rereading - -
input data
IHD (20) Storage for one line of heading - -

IMCA(4,12) Names of months

ISINUM(4) Four three-character words making

ISLEW(3)

up a site identification number
Code for slewing to top of next page
when printing output by the WES SYS:MAX

media conversion system
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Table 3 (continued)

Decimal
Name Description Units Places
KIND(3) Code for type of surface material ynd
layers one and two as needed by Freeze-Thaw - -
model
1 - coarse
2 - fine
3 - other
MAXD(12) Number of days in each month - -
NMAXD(2) (1) Number of last month having data - e
for the year
(2) Day of month for last data for - -
the year
PRECIP(12,35) Storage of daily precipitation for in. 2
one year by month and day or cm
Moisture Content Prediction
ADF(2) Inverse depletion factor - -
C3(2,2) Accretion equation coefficients - 4
C4(2,2) Accretion equation constants - 4
C5(16,4,2) Maximum and minimum equation constants
CMAX(2) Maximum soil moisture content in./6 in. 2
or cm/15 cm
CMIN(2) Minimum soil moisture content modified - -
by the depletion factor
COEF(108) Tentative average depletion equation - 8

coefficients
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Table 3 (continued)

Decimal
Name Description Units Places
CONEW(3,2,6) Depletion equation coefficients for - 7
specific relations (polynomial - up
to sixth degree)
CXMIN(2) Minimum soil moisture content Same as 2
CMAX
DWMC(2,7) Soil moisture content in percent 4 2
dry weight
PMC(2) Present (prior to prediction) soil Same as 2
moisture content CMAX
RANG(2,3,3) Maximum and minimum soil moisture Same as 2
content limits of the tentative average CMAX
depletion curves
SDF(2) Site depletion factor - -
STCRMC(12,31) First layer soil moisture content storage Same as 2
for one year CMAX
STORMD(12,31) Second layer soil moisture content Same as 2
storage for one year CMAX
X(2) Available storage for soil moisture Same as 2
content (maximum moisture content less CHAX
present moisture content)
XRANG(2,3) Soil moisture content limits (maximum Same as 2
and minimum) for three climatic seasons CMAX

for specific depletion equations
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Table 3 (continued)

Decimal
Name Description Units Places
Strength Prediction
ABAR(2) Calculated equation constants for cone index - -
B(13,2,2) Equation coefficients for moisture-strength - -
from soil properties
BBAR(2,2) Calculated equation constants for rating - -
cone index
CON1(2,2) Natural logarithms of 200, 100, 300, 200 - -
D(2),E(2) Intermediate summations in equations - -
determining strength equation constants
IMOD(12,3) Form of soil property as it appears in - -
the equation
STCON(2,4) Soil strength equation constants - 3
(1,4) cone index
(2,4) rating cone index
STC(12,31) Daily soil strengths for one year by months - 0
STRLI(2,4) Maximum and minimum strength limits - 0
(1,4) cone index
(2,4) rating cone index
Freeze-Thaw Model Input
SNC(12,35) Daily snow depths for one year by months m 2
TEMPER (12,35) Daily temperatures for one year by months degC 2
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Table 3 (continued)

Other Variables, Constants and Flags

Decimal
Name Description ‘Units Places
Input-Output
AJBN,JBN,IN Beginning day number divided by seven - -
DMCLA1 ,DMCLA2 Variables holding unit volume moisture - -
content output file names
DPMLA1 ,DPMLA2 Variables holding percent moisture content - -
output file names
DCILA1l,DCILA2 Variables holding cone index output file - -
names
DRCLA1,DRCLA2 Variables holding rating cone index - -
output file names
DFRDEP Variables holding Freeze-Thaw model - -
input name
1BD,JB Beginning day of data - -
IBM,K Beginning month of data - -
1BY Beginning year of data - -
IDAB Beginning day of week - -
IDAE Ending day of week - -
IND Computed format no. - -
ITEM1,ITEM2,IDEV]1 Additional reread storage - -
IIT Number of soil properties to be read - -
1SD Day of new season - -
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Table 3 (continued)

Decimal
Name Description Units Places
ISM Month of new season - -
181 Code for climatic season - -
1 Summer
2 Transition (fall or spring)
3 Winter
Isy Year of new season - .-
ITYPE Code indicating data type - -
IUNMEA. Code for input unit of measurement - -
JEND Last day of data for year - -
JNK Index for weeks, 1-5 - -
LK Last month of data for year - -
MEAOU1 Code for output unit of measurement - -
MEAOU2 Code for output in percent moisture content - -
NEWYR ,NYR New year of data - -
NSOUR Code for input source - -
NTYPE Code for subtype data identification - -
SECT1....SECT10 Sector locators - -
Moisture Content Prediction
ACCR Amount of day's accretion in. 2
C1CJF 0.07 (point at which accretion equation in. 2
is modified)
C1ROF Amount precipitation exceeds minimum rain in. 2

when accretion is less than 0.07 in.
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Table 3 (concluded)

Decimal
Name Description Units Places
ACCR2 0.03 (point at which accretion equation is in. 2
modified)
DEP Amount of day's depletion in. 2
IDA,MC,IYR Present day, month, year - -
ICOUNT Number of days in current month for - -
moisture calculation
ITEXA, ITEXB Soil texture for layer 1 and layer 2 - -
C coarse (sands)
M medium (silts)
F fine (clays)
RMIN Minimum precipitation causing accretion - -
Strength Prediction
NCI Number identifying cone index equation - -
desired
NEWLIM Code for new soil strength limits - -
NRCI Number identifying rating cone index equation - -
NSOST Code for strength equation constants - -
Freeze-Thaw Model Input.
NCODE Code for air temperature and/or snow - -
depth data
NSNOW Code for snow depth data - -
NTEMP Code for air temperature data - -

7 of 7 sheets



Table 4
Built-In Program Controls,

Tentative Average Relations_

ACCRETION RELATIONS

O-to 15-cm Layer 15- to 30-cm Layer
Class I Y = 0.47X - 0.01 Y = 0.22X - 0.01
Class II Y = 0.75Z - 0.05 Y = 0.602 - 0.02

where
»
Y = predicted accretion, in. per 6-in. layer
X = rainfall, in.

Z = available storage at the start of the storm, in. per 6-in. layer

DEPLETION RELATIONS

Summer:
Sand -
First layer wmoisture range, 1.26

£(x) = 0.15970948x ~ 0.28827749x2 + 0.37098284x3 - 0.13067845x4
Second layer woisture range, 1.00
£(x) = 0.20865303x - 0.64984646x% + 0.87560732x3 - 0.30605206x%

silt -
First layer moisture range, 1.87
f(x) = 0.15190803x - 0.07720229x2 - 0.01280603x3 + 0.01851488x%
Second layer moisture range, 1.63

f(x) = 0.09612290x + 0.01073670x% - 0.10720756x3 + 0.05548077xa

Clay -~
First layer wmoisture range, 1.47
f(x) = 0.11641490x + 0.06704479x% - 0.09112914x
Second layer moisture range, 1.08
f(x) = 0.14304453x - 0.10102288x2 - 0.02103815x3 + 0.10071059x%

3 4+ 0.03120642x%
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Table 4 (continued)
DEPLETION RELATIONS (con.)
Transition:
Sand -
First layer moisture range, 1.05
£(x) = 0.08401220x - 0.01562037x2 - 0.10949078x3 + 0.12228349x"
Second layer moisture range, 0.72

£(x) = 0.12713529x - 0.53982006x2 + 1.12524850x3 - 0.58561447x%
silt -

First layer moisture range, 1.55

£(x) = 0.1138717x - 0.6558373x2 + 1.8700644x3 - 2.3253802x% +
1.2952910x3 - 0.26246686x6

Second layer moisture range, 1.25

£(x) = 0.02789788x + 0.24453131x2 - 0.86060142x3 + 1.2998033x* -
0.097359290x5 + 0.29132112x6

Clay -
First layer moisture range, 1.43
f(x) = 0,08321811x + 0.11716883x2 - 0.14710818x3 + 0.04910032x%
Second layer moisture range, 0.93
£(x) = 0.03492386x + 0.36829518x2 - 0.90742210x3 + 0.61582018x%

Winter:
Sand -
First layer moisture range, 0.54
£(x) = 0.12882001x - 0.32751050x? + 1.0509886x3 - 1.0462256x%
Second layer moisture range, 0.35
£(x) = 0.09068948x + 0.37645999x% - 0.79837781x3 + 1.1306980x%
silt -
First layer moisture range, 0.42
£(x) = 0.16554710x + 0.32448206x2 - 3.5931164x3 + 6.0923182x%
Second layer moisture range, 0.30
£(x) = 0.16854730x - 1.2164306x2 + 5.0226953x3 - 5.9828479x"
Clay -
First layer moisture range, 0.92
£(x) = 0.13851029x - 0.32294633x2 + 0.51095728x3 - 0.23644523x4
Second layer moisture range, 0.46
£(x) = 0.14694158x - 0.50856800x% + 1.2942848x° - 0.74715638x"

where

X = soil moisture content (in. per 6-in. layer) above minimum
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Table 4 (concluded)

MAXIMUM SOIL MOISTURE CONTENT AND MINIMUM SOIL MOISTURE CONTENT
USDA Soil Textural Classification Terms

Field maximum
First layer
F. max = 2.01 - 0.013 § + 0.132 OM + 0.189 WI
Second layer
F. max = 2,01 - 0.15 S + 0.008 C + 0.215 WI
Field minimum
First layer
F. min = -0.121 + 0.018 C + 0.101 OM + 0.105 WI
Second layer
F. min = 0.170 + 0.025 C + 0.013 OM + 0.061 WI
Unified Soil Classification System Terms

Field maximum
First layer
F. max = 0.602 + 0.011 F + 0.014 LL + 0.181 WI
Second layer
F. max = 0.221 + 0.014 F + 0.011 LL + 0.224 WI
Field minimum
First layer
F. min = -0.354 - 0.001 F + 0.024 LL + 0.092 WI
Second layer
F. min = -0.094 - 0.001 F + 0.025 LL + 0.044 WI

where
F = fines in percent
LL = liquid limit
WI = wetness index (see table 5)
S = gand in percent
OM = organic matter in percent
C = clay in percent
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Table 5

Classification of Sites by Wetness Index

Wetness  Potential Depth to Depth of General Characteristics

_Index _ Wetness Water Table Wetting of Sites*
0 Arid Indeterminable Less Located in desert regions
than ‘
1 ft .
(0.3 m)
1 Dry Indeterminable 1-4 ft Steeply sloping, denuded, or
(0.3 to severely eroded and gul-
1.2 m) lied. Mostly semiarid to
arid regions
2 Average More than 4 ft More Well-drained soil with no
(1.2 m) than restricted layers or pans;
L £t fair to good internal and
(1.2 m) external drainage. Slope
may be flat to steep
3 Wet 1-b4 ft To water Soil not well drafned. Re-
(0.3-1.2m) table stricted layers or deep
pans may be present. May
occur at base of slopes,
on terraces, upland flats,
or bottomlands
4 Saturated Less than 1 ft To water Sites waterlogged or flooded

(0.3 m) table at least part of year.
Bottomlands subject to
frequent overflow. Upland
flats with poor internal
drainage or shallow pans.
Slopes with very poor in-
ternal drainage

* For use in classification when water table and wetting depths are not
measured.



Table 6

Relation of CI-MC Coefficients to Soil Property Groups

CI-MC Coef- Partial Regression Coefficients (b)

ficient (Y), No. of the Intercept Organic Dry

MC at CI's of Equation_Set (a) Sand 1n Silt 1n Clay Fines  1n-In LL 1n-ln PL PI Matter Density
200 4 +0.866 -0.007 - - - - +2.20881 - -0.053 -
300 +0.820 -0.012 - - -— —— +2.15453 - -0.067 —-—
200 1 +4.059 -0.016 -0.1532 -0.0059 - -
300 +3.409 -0.019 -0.0871 +0.0677 - -
200 2 +1.290 +0.008 -1.09364 +2.07387 +0.009
300 +0.650 . +0.013 -0.72716 +1.67302 +0.009
200 5 +0.272 +0.007 -0.22320 +2.28968 +0.004 -0.055 -
300 -0.846 +0.010 +0.62087 +1.91759 +0.002 -0.081 -
200 3 +1.002 -0.17148 +1.97572 +0.006
300 +0.208 +0.69014 +1.52218 +0.005
200 6 -0.321 +0.73907 +2.32219 +0.001 -0.077 -
300 -1.765 +2.11222 +1.96798 -0.004 -0.115 -

3 variables not made available for addition to the fit.

Relation is of form ln y = a-l~b1x1+b2xz+...-i-bix1



Table 7

Relation of RCI-MC Coefficients to Soil Property Groups

RCI-MC Coef- Partial Regression Coefficients (b)
ficient (Y), No. of the Intercept Organic Dr)'v
MC atRcl's of Equation Set (a) Sand 1n Silt Clay = Fines 1n-1n LL PL P1 Matter Density
100 4 +0.784 +1.49869 +0.026
200 +0.985 +1.08056 +0.033
100 1 +3.025 -0.001 +0.0143 +40.012
200 +4.740 -0.011 -0.3582 40.001
100 2 -0.101 -0.001 +2.39889 +0.023 -0.005
200 +0.004 +0.002 +1.76424 +0.031 -0.004
100 S -0.543 -0.002 +2.44112 +0.031 -0.005 +0.004
200 -0.686 +0.001 +1.83022 +0.042 -0.005 +0.006
100 3 -0.154 +2.34307 +0.023 -0.004
200 +0.107 +1.87108 +0.030 0004
100 6 -0.583 +2.34990 +0.030 -0.005 +9.003
200 -0.662 +1.88333 +40.042 -0.005 +0.006

{—— Variables not made available for addition to the fit.

Relation is of form 1ln y = atb

15110 %0t

.o .+bixi



APPENDIX A: DETAILED FLOW CHARTS OF COMPUTER PROGRAM

Appendix A contains detailed flow charts of the main program and
subroutines produced by the computer program, FLOWGEN/F-1I, which is
on file in the WES Automatic Data Processing Center. Each segment
(subroutine) is detailed separately. The flow charts of the main program
and subroutines are as follows: main program, fig. Al; subroutine
WRIBWK (part of main program), fig. A2; subroutine COMPMS, fig. A3;
subroutine FIL1DA, fig. A4; subroutine FIL2DA, fig. AS5; subroutine
FRODEP, fig. A6; subroutine STFRSP, fig. A7; and subroutine CALSST,

fig. A8.

Al



Fig. Al. Detailed Flow Chart of Main Program
(34 pages)
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[FORMATI(OF7.3) |

FORMAT(X,.20R3)

bV
[FORMATIX.1).31X.121) ]

1
LFORMAT{1X.212.2X.A1) |

FORMAT(RL )

(FoRmATTo 37627 ]

FORMAT(IL)
IFORHR!(OX.7FG.2)|

FORMAT(IH )

13 v
[FORMAT(IX.12.11.6F10.0) ]

CONT. ON PG 4



14

i
i

b

[FORMATI4X.2(F5.3.X),412F6.01) !

15
[FoRMAT (10X .312F5.211 ]

16

v/

[FORMAT(SX.4F7.3,5X.4F7.3) |

17

v
[FORMAT(IX.4(2FB.3)) |

18

v

[FoRmAT(3x.12.11.6F10.8) |

19 iv]
[FoRmAT(10X.14) |

FORMART( 14)

21

AvJ

[ FORMAT(X.12) ]

22

v
[FORMATISHISITE .2X.4R3) |

23

(FORMAT( 8H TEXTURE .BX.A1.4X.A1) |

b

CONT. ON PG S
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[FORNATI6H DENSITY.IN.F6.2 . 4X.F6.2) ]

[FORMATE IH BEG MC .4X.2F10.2) |
r——--______._____.__zs 74
FORMAT J6H SOIL PROPERTIES.5X .SF10.3/2X.7F10.3/2X.6F10.3) |

21 @
[FORMATI11H MAX-NIN MC.6X.4F10.3) |
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- 29
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[ FORMAT(24X.15H0 - 1S CM LRAYER./1 |

v
CONY. ON PG 6
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(FORRATIZIN, 30 CH LAYERL, 1]

kY .
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kv ]
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C:.ﬂ k2
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IF VOU HANT OUTPUT MOISTURE CDN!EN‘ IN
RINT,' INCHES ENTER A 13 CM ENTER R 2°
RCRO MEROL :

PRINT . "NANE LﬂYERS ] ANG 2 SOIL MOISTURE CONTENT FILES."
PRINT, EXAMPLE " xX100t .XX2001"

RERD 35. NMCLA] .NMCLRA2

PRINT. DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT.
RERO.MEAOU2

CONT. ON PG 7
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GO 10 SO

A2

| PRINT, *NANE LR'ERS | ANO 2 PERCENT MOISTURE FILES.' |

")

EXANPLE 'XX1001.Xx2001°
RERO 39. NPNLA .NPHMLR2
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X3

| NT

T.'1F YOU HAVE SNOW OEPTH(M).ENTER AN SN3 IF NOT A 9°
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v
PRINT.'ENTER" | FOR SURFACE COMPOSITION OROUP. OTHERWISE A 2°
READ .NSOUR
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¥,

CONT. ON PC 8
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— .60

{CALL OPENF{). DSURGR ) |

PRINT, ENTER THE NUMBER OF YOUR SURFACE GROUP®
READ 20 .NSCONU

v
................ {00 10 é;l.soo‘)
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IFLITYPELEQ. 1)

............... 70

. \7
CONT INUE

\J
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CONT. ON PG 9
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L
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GO 10 1178

82
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9
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esneaREAD &?EN!IFICQ‘IO“ CODE FOR EQUATION 10 CONPUTE STRENG'Meses
10N _CONST

sssse EQU ANTSE00000000000000000000000000800000000088040
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[RERD

[ € sansoREAD BEOQINNING SOIL MOISTUREswennsevsnssnvessnveasvesansssose !

B7 | 87

[READT101.30) PACIII.PRCI2) |
[PRINT 28.PACI1I.PACIZ2) ]

FiJUNMER .EQ.2.0R .NSOUR.ED.1)

---------------- <00 182 [:1.2_ >

T T T T T T T T G PR TI0 39T

Le seeeeREAD AND PRINT MAX AND NIN SCiL ROISTUREeeeccecccccccscscscce |

CONT. ON PG 15
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[remD(101.201C21 11, 1=1.43 ]

IFLJTYPE-51192.191.192

CONTINUE

<3

192

\
JF( JUNMER.EQ.2.0R.NSQUR.€EQ.1)

00 70 194

-------------- 193 ¢
[€2111=C2(1120.3937 ]

l¢E;sarfﬂ_-]

194 4

v
{00 186 1=1.2 > - - - P16

CONT. ON PG 16
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IFI(NSOUR.€0Q .2}

10 197

LchLL CLOSEFIIDI

READ 32.SAN

PRINT, "ENTER NAME OF RAINFALL FILE"

-]
[CALL OPENF(].5AM) )
"

<_GO 10 (196,160).JuL

PHCI ]
PMC(2
JUL=2

12CHMAX( ] )
1=CHAX(2)

GOT0160

lc 20eesREAD SOIL PROPERTIESHeueasaeanraesceceauadnseeeeeereneeeessee ;'

CONT.
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LTEM2=J0EV]
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IFIT1.GE.8)

| READ(101.3) 11.NSCS.J.(CHLT.J), =110 )
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v
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204 ¥
[READCT.4N(CI(T.JY.1:=8.111 ]

s

208
[PRINT 26.(C1(1.MI.1=1.111 ]

CONT. ON PG 19
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IFIN.EC.D)

1

v,

_ IFIN.EQ.4)
-

*

IF{MNDO .EQ.2)

1T .

- [G070_1180_>ois

suassREAD CONSIQ&TS FOR EQUATIONS COMPUTING MOISTURE NAX ANOD MINes |

[ READ( JTEM3 .31 NSCS.J.(CSCI.M.NSCS),1=1,.8) |

‘CONT. ON P5 20
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, 0
1160 i

| READ( 1. 41tCS1T.M.NSCS). 19,710 |

7
[PrRINT 29.1CSCE M.NSCST.I=1.01) |

v
i ~<_ 00 T0 (194.160)JUL ]

{C sessaREAD AND HRITE NEADINGSeessvessssnssnsesnanssssencecnccecnnas l

C6

210
| READ( 101 .51 [HDtJ),J=1.201 |
[ 1=1 |
(G0 10 217 >>offH
[l
<00 220 1:1.5 » - - -

CONT. ON PG 21
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[READI1.5)(1HOIJ) .Y

- o - -
W ~-oa N
(M) (M) (V) o oo
e & & o o

MNmND

22

- - -
W W)W W)W
o= 0= =
o ot o o e
Exxxa
ZXXXX

CONTINUE
G0 10 231
00 10 232

IF (NEAOU] .€EQ.2}

GO 10160
CONT. ON PG



-

|C eeeeeREAD SERSON CHANGE CARDwsecesucessnsessecesoennnenenannencvee '

cs8 | Cs8

230
lREﬁﬂ( 101.61 151 .lSD.ISH.lS\'}

IFtJuB.E0.1)

G0 10 235

[ 180= IDACK=1S0 |

n18D=160
AJBN=A180/7.
108=NCK= ISH
NEWYR=18Y=ISY

235 ¢
[ CONT INUE |

(0218 1518 > - - - D23

CONT. ON PG 23

PG 22 QOF
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[SOFT11=RANGIT.11T.1)/7CNAXT 1 )-CXNIN(I1] |

v
{ADFL1)121/80F(1) |

22“'>2 .
CONT INUE

6070160 _>oHh
Ic ceanuREAD PRECIPITATION OR AIR TEMPERATURE OR SNOW CARQsssssssssss |

READI(101.7.END=305) 1DR.NO.NCODE

F(NTEMP.EQ.NTOS .AND .NSNOH.EQ.NTOS )

GO 10 2240

CONT. ON PG 24




FINCODE-NTENP)

0

2
2249.2246.2249 ——————

J1F (NCOOE -NSNOW ! 2240.2244.2240

. 28
G0_10_300 >t

~

s b
READ( 101,111, ( TENPERINO.JJ).JJ=I0A.NDA) |

00_10 300 >t

READ(101.31) 10R.MO.IYR.(RFIJJ).JJ21.7) ]

—__[F(ION.EQ.NO.AND.IBY.EQ.IYR.AND.ISD.GT.1DA

IFCIYR.LT.NENWYR)

CONT. ON PG 25
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---------------- {00 246 JJ=1.7 >

[RF(JJI=RF1JJI)e0.3937 |

|RFIJV)1=77.77 ]

CONT. ON PG 27
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1FIN0.EQ.2}

GO 70 249

JCOUNT=3]
60 10 2s0

N ¥,

ICOUNT=28

GO0 10 250

49 Y

JCOUNT=30

280 .
CONTINUE

Y

NT0A=10A
{80 251 NJ:1.7 > - - - D28

CONT. ON PG 28

PG 27 OF

34




| PRECIPINO NTORI:zRF(NJ )82 .S4 |

-

{c wsassCONPUTE SOIL NOLSTUREtnll--c-n-----c.---c.-n.u-.n-ocno-n-.c'“f

v
[CALL LInKiS. 0CONPH 1 |

{c asussennsse |

1FIJRZ.EQ.2)

CONT. ON PG 29

PG 28 QF_ 4



IF{ND.EO.NMAXD(1}.0R.N0.€Q.12)

s

<_GO0 10 (304.304.305) 408

v

IFINTEMP.EQ.NTOS)

G0 10 30§

J0B:=J08+1

c sewsalRITE SOIL MOISTURE FILESusunnnnunnenasuansnauesaesnnansuannan |

CALL LINKIS.'OFILID")

Cant. ON PG 30
PG 29 QF 34



IF(MEAQU2 .€Q.1)

.———

LC seseeWRITE FILES FOR INPUT 10 FREEZE-THAW NODELeensscascadcadaasss |

IFCNTENP .GT .NTOS.OR .NTEMP.LT.NTOS)

[ CALL LINKIS,. OFRODE 1 |
Y

IFINTEMP .GT .NTOS.OR.NTEMP.LT.NTOS)

PO —

IJOB:I I

CONT. ON PG K]}



EC seaen(COMPYTE STRENGTH EQUATION CONSTANTS FROM SOIL PROPERT|ESesnas |
K—

\
IFINSOST.EQ.5.AND.IYR.EQ.IBY)

[ CALL LINK(S. OSTFRS') |
1;—‘-———-4H

TF(NSOST .€Q0.5.AND.1YR.EQ.1BY)

[C eesseCOMPUTE SOIL STRENGTHuswssussusenussunesenenunsnennunnuREnunsy |

1F(NSOST.EQ.4.0R.NSOST.€Q.5)

[CALL LINK(S. OCALSS ) ]

CONT. ON PG 32



CALL EQFTSTEL.1END)

{F1IEND-21460.430.460

0

430
[nos:=2

G010470

CONY. ON PG Kk}

34



=e

460

lFlllvPE-l'jjf;::f;:gg_—_,,,
@EB

470

;

Ll

—< GO 10 (302.495.490).JEB ]

< GO 10¢420.495).408 |

CONT. ON PG 34




@Fi l
495

< GO 10 (115,.5001.406 |

F2
4
[PRINT."PRECIPITATION FILE NAS OATA OuT OF OROER. }

v E
I PRINT, "CHECK OATA" " . IDA.MOLIYR | ;

$00

w
-t
E|°
°

PO 34 _FiNA.



Fig. A2. Detailed Flow Chart of Subroutine WRIBWK
(6 pages)



[ SUBROUTINE WR1BNWK |

- _v

eceeeWRITE FIRST WEEX OF OUTPUT DATA FILES WITH BEGINNING DAYesaae

eeeee OTHER THAN THE FIRST DAY OF NEEKeeeaceeseeceennanncecasn
—f1 —
LFORMAT(IX .12, 1H-,12.4X,7H 6F7.2)1 |
161 @ ~
LFORMAT(IX.12.1H-.12.4X . IH .6F7.0) |
62
[FORMATCIX.12,1H-012.4X.2(7H ).S5F7.2) |
1
[ FORMATEIXN 124 1H-,12.,4X,.20TH 1,5F7.0) |

3 ¢
[FORMATIIX.12,1H- . 12.4X.307H 1.4F2.2) |

163 1

[FORMATIIN.12.1H-.12.4X.307H ).4F7.0) |
5_" [\ 3

[FORMATL IX .12, 1H- o ]2.4X .41 TH 1.3F7.2) |
164 9

[FORMATIIN12:1H-012.4X .40 TH 1,3F7.0) |
68 ¢

v

CONT. ON PG 2
PG 1L QF 6



! .
165

LFORMATLIN .12, IH- . J2.4X.5( 1.2F7.0¢ 1§
86

[FOR"RT‘ li.l?olfb.l?o‘l;ﬁlﬂﬁ D.F?.Zl *
166

LFORMATE 1IN 12, 1H- .12, 4X .61 TH 1.F7.00 |

!
l
|
l
)

v

CONT. ON PG 3
pPg 2 OF __u.



IF1IND.EQ.62)

[WRITE(2.62)10RB.IDAE, (STORNC( I . JJ),JJ= INK,T0RE) |

IF{IND.EQ.62)

[ WRITE(3.62)10ARB. [DAE . {STORND( [ .JJ).JJ=JNK,[DRE ) ]

IFCIND.EQ.63)

[ WRITE(2,63)IDRB.IDARE . (STORMCI ], JJ),JJzJINK,.IDRE} |

IFCIND.EQ.63)

CONT. ON PG 4



A2

1

[WRITEt2.6411CAB,TDAE . STORNCI1.JJ 1, 1J: JNK.ICAE) |

-

IF{IND.EQ.6S:

[WRITE(2.65110AB. IDRE . (STORNCI |, JJ).JJ=JINK.JORET |

T~

IFEINO.EQ.6S

|WRITE13.65110RB . I0AE . i STORMOt 1. JJ1.JJ=JNK,JORE } |

\/
{WRITEI2.66)10RB. IDAE.ISTORMC(1.JJ}.JJ:JINK.IDRE) |

CONT. ON PG S




IFUIND.EQ.66)

[WRITE(NO.162).10RB.10RE .(STO(1.JJ).JJ=JNK,IDRE) |

IFUIND.EG.63)

[WRITE(NO.163)10AB.IDAE . (STOCT.JJ).JJ=JINK.]ORE | |

CONT. ON PG &



IFUIND.EQ.64)

{WRITE(NO.164 ) 10RB. IDARE.15TOIT.JJ)1.JJ=INK,TORE I |

k

IFLIND.EQ.65)

{WRITE(NO.166110RB.IORE.(STOI1.0J).JJ=JNK.IDRE ) |

k

1F{IND.EQ.66)

| WRITE(NO.166)10RB, I0RE . tSTBI1.3J).JJ=INK.IDRE) |

|
—

R

[P

=L :
8011

IHTMNI

PL.b .

N



Fig. A3. Detailed Flow Chart of Subroutine COMPMS
(11 pages)



SUBROUTINE COMPHS

'

Ty

ssssesssscssesses
eeeaeCALCULATION COREenccnnccennncnnnntannnanneesnneaesanneesenes

TR

)
< 00 600 J=1,7 >

IFIRF{J1-77.771601.602.603

- - - P

+

IF{ ISN-N01606.606,607

b~

8

08
< 60 10 1640.605) JON |

CONT. ON PG 2

PG 1 _QF

11




® % & & e = o ® & * * ® ® e ®» & @ ®w ® o @ e o -

IF(NEWCOF .LT.2.0R.NEWCOF .GT .21

GO 10 610

[ CHINCT)=CHAXE T )-XRANG(T.IS) |

00 0

610
| CHINCI)=CHAX( 1 )-RANG( ] JIT.1S)1eRODF(]) |

(o0 611 1:1.2 > - - - bg

lowmCi1.0):0. ]

CONT. ON PG k|

PG 2_ 2%

...

.
.



l

~<_ G0 10 (612.613.614.615).JEM |

RS

e

612
- +
0

{c

IFIRFEJ)I-X(1)-X1(2)1621.620.620

CONT. ON PG 4




G0l0614 ———— e em——

{c oauaeACCRETIONICLASS | AND CLASS 2)esees |

e e e aa

A6

614
[ACCR=CAL 1T . DreXt T 1oCAlTT 1 ]

IF(ACCR1622.622.62)

TIF(PHCLTI)-CMAX(1))624.625.625

CONT. ON PG S

PG4 9f LU



R7

K

[PHC(T3-PHCLI 1+ACCR2 |
X ST
GO 70 627 ra

A8
626

[PMC(1):=PNC(]1)-ACCR] |

F(I1.€EQ.] AND.ACCR.LT.CICOF .AND.1.EQ.1)

GO 10 628 >

GO 1) 629

et

[ CIROF=RF{J)-RNIN |

(C eeneeACCRETIONIONE TO ONE RELATION Jewsne |

CONT. ON PG 6

PG S OQF

11




E

Bl ,
ACCR-RF(JI-RAIN

B2

i

IFUI1.EQ.Y)

<

2eassACCRETION(CONSTANT lessae |

IF (ACCR .GE .ACCR2?

|00 10 619 >—

[

| PHCCIIzPHCI 1) +ACCR2 |

NEW MOTSTURE CONTENT |

E,Et

LPMC(1)=PMCI 1) +RCCR |

;

CONT. ON PG 7

..
- A ...




{c sanssCONVERT NOISTURE CON;IENY 10 = DRY MEIGHTeseenccccsccscasncssasn |
(OWNCI1.J)=(PNCIE)/(6.080(1)))e100.+0.005 |
S JI
00 10 611 wa
H aseeeDEPLETION CALCULATIONwe ssnessnsenes sannenssssssss samansssnss |

CONT. ON PG




G0 10 633

EEEO

Lc TJKL = | +NAXIafJ-1)+NAX]aNAXJu(K-1 1+HAX T eMAX JeMAXKa(L-1) |

?

{ 1K= losnll 1161200 1TC1)-1)1+3600{5-1) |

IEHInlﬂI

---------------- < bo 636 Lz1.6 >
lc wasanlENTATIVE nveaaoe OEPLET[ONeaeaae |

OEP=0EP+COEF({ IUKL )u(SOF( [ )a(PNC(I)-CNINIT)))euL
TJKL=1UKL ]

[c sesus TRANSFORMED OEPLET[ONwesws |

"
| DEP-0EP/SDF (1) |

CONT. ON PG 9

Pg 8 ¢

——



IF(DEP) 631.631.635

@o

[ senseNEW MOISTURE CONTENTusuosssnanscasncaccesncnunscsnonosenasnas |

b ——

[ STORKC(M3.ITEMP)=0.0 |

CONY. ON PG 10

PG 9 OF 1t




IFIRF(J).LT.25.0)

GO To 638

| STORNO(MO.ITERP1=0.0 |

|GO 10 639 >

STORNC (MO, TTEMP 1ZPAC( 1)
' 9

[STORMD(MNO.ITENP }=PNC(2) |

CONT. ON PG 11

PG 10 OF il




1TENP=10R+J-1

NNAXD( 1):NO
NMAXD(21=1TEMP- ]
JRZ=2

c?

64
RETURN

F



Fig. A4. Detailed Flow Chart of Subroutine FIL1DA
(15 pages)



1 SUBROUTINE FlL1DA

4
eeeecvecccscesoee
ssceenR]'t SOOIt MOISTURE FltESececcccncescscccecescscscsecescsseses
~ e0aeefIRNA) STATEMERTSe00000000000000000000000000000000000000000080

S & I -
{¢ORMAT( 20X ,2IMIOENTIF ICATION NUMBER® .4A3) |

|ronnau3a3: |
[FORMATI 4t 1n ./ 1) l

FORMAT(2X,.INDAY . 24X.3R3.A).X.21018,.12) |

2 v
LFORMATLIX.1Z,1H-.12.4X.7F7.2) |

[FORMAT(24X.15H0 - 15 CH LAYER./) |

YR
[FORMAT(23X ., 16M1S ~30 CH LAYER./V |

3 v
[FORMAT120X,22HSOTL WOISTURE IN/ 6 INI |

v
CONT. ON PG 2

PG L _QF 1S



36 v _
| FORMAT 120X .22nS01L MOISTURE CM/1S Mg

7w

[FORMATI24X.14H0 - 6 [N LAYER./1 ]

349
| FORMAT{24X.1SH6 - 12 IN LRYER./) |

-

[C eeseelEST QUTPYT CHECKS AND OPEN FILESwusancusunescevanscucsscenss !

IFCIYR.GT .NEWYR)

GO 10 651

GO 10 6S2
<

651 l

[€ALL OPENF(2.0MCLA1) |

v
[CALL SETSCTi(2.SECT1) ]
| I—

CONT. ON PG 3

PG 2 QF %



J,

eeeselR]ITE HEADINGSeeunneacannesnaensnessvausssnsensoRRanaUEEnRanY |

WRITE(2,27)1SINUM

IF (MERQU] .EQ.1)

IF(NEAOUI .EQ.2)

CONT. ON PG 4

PG 3 OQF

15




G0 10 653 -

[CALL OPENF(3.0MCLAZ) | :
i

(TALL SETSCTII.8ECTZ) ] !
L —— . 1

[WRITE(I.271ISINUN

t
H
P U RS

v
CONT. ON PG S



=Lk

IFIRERQUL .EQ.2)

1

HRITE(3.36)

v

£
IF (HEADU1.€Q.2) >
1

L)

WRITE(3,30)

v,

[ NEWYR=1YR |

7] v
“— A4

65 Y
[ K=18M |

LK:=NM0

{ D0 654 l:=K.AK > - - -~ D13

CONT. ON PG 6

PGS QF 1S




IFe 1. EQ.NNAXDI 1)

[JEnp=nMAXDI 21 |

1FLT.E0.NMAXDIT 1)

DO 657 J:UB.UEND > - - - D1

v
{ STORMCIT.J1:STORNCI |.J1e2.54 |

CONT. ON PG ?



[[STORMDI(1.J)=STORMD(1.J)122.54 ]

AS

_ 656
[WRITEL2.31) (INOACTIT. 1), T1=1.4). IVR]

JON:=AJON

o
{ D0 656 NW=1.5 > - - - Dg

" “e<eeeWRITE OUTPUT WHEN BEGINNING WEEK 15 ONLY PARTIALLY FILLED=aen ]

CONT. ON PG 8
£G 7 QF 1S



- e m e w ow owm w m e m m # m o= e m e w m e e e o

..............

=

IFISTORNCI ] . Nx1.£EQ.0.0)

e 1 i A s 1 7 £ 008

A}

lGO 10 661 >

[IND=60+INK-1 ]
P

JNX=NK
JNI:=1

CALL WRIBNK

e

P L

CONT. ON PG 9



IF(NW.EQ.5)

{108E=MAXD( ) |

JNzJEND/T

10A€ = JEND

Ic eeneolR{TE DATA ON FLESwscessnnanesanscencnecnannscecancaneccences |

{WRITE(2,32) 10AB.I10AE . (STORNCI|.JJ1. JJ=1DRB,I0AE) §

v
{WRITE(3,32) 1DAB.IORE . (STORMD(1,.J4), JJ=10AB,I0AE) |

1F(1.EQ.NMAXD( 1) .AND.UN.EQ.-NH)

AS

10AB8=: 10RB+7

7 - - - b
[(foRE=10RE+T ]

v
CONT. ON PG 10

PG 9 QF 15




IFt].EQ.6.0R.].€3.120

[WRITE12.29) ISLEN |

IFi1.€Q.6.0R.1.EG.12}

© e ——— e

L

[ |

L

IFINERCU! .€Q.1)

1

|uRlTEl2.3$t l

v
CONT. ON PG 11

:
3

.o

ar



SER
\/
IFIMEAQUL EQ. 11}

1

Y,
WRITE(2,37)

IFIHEAOUL .EQ.2)

T

WRITE(2.36)

IF{REAQUL .E0.2)

1

v,

[WRITEC3.27) 151NuM |

\J
WRITE(3,35)

CONT. ON PG 12

PG 11 OF 1S




L-

luRlI£(3o30) '

84

663

IFINEAOU2.EQ.2)

CONT. ON PG 13



IFINEACU] .€Q.2)

IGO 10 664 >

---------- {00 665 J=JB.JEND >

{STORHCll.Jl:STORNC(l.J)-lOO-/(BUllilﬁ-lI

---------------

865

IGG 10 654 >

CONT INUE

CONT. ON PG 14




LCALL CLoSEFiZT )

GO0 1D 668 >

T e S et e T ——_——— & 0

et e e — - -

CALL CLOSEF(2.0MCLALY

b e o e s

CALL SAVSCT(3

FUIYR.EQ.I1BY.OR.NEKFIL .EQ.1 1

[CALL CLOSEF(31 ]

00 10 670_>—

CALL CLOSEF(3.0MCLAZ)

—

S—

NYISEQ:NY1SEQ+ |

3

v
ssanaNEED FOR NEW CONTINURTION QUIPUT FlLEcnd:nunc-cu--nocvouuo-_c:“}

CONT. N PG

15

PG 14 2F



IFIMODINY1SEQ.18).€Q.0)

IFIMO0INYISEG.181.€0.0)

[NMCLARII21:=NUMB+I1SEQ/100266+M0D( 15EQ.10) |

[ NMCLAZ(2)=NNCLAL(2] |

PG 19 FINAL



Fig. A5. Detailed Flow Chart of Subroutine FIL2DA
(10 pages)



SUBROUTINE F1L20A

sussssessussenuue
cocsnelRITE PERCENT MOISTURE FILESesssssssscsssssssssssssssssssssss
esensFORNMAT STATEMEN!Seenssansssencssssssssssssssssssssssssssssssss

[T PR

21
| FORMAT( 20X . 23HIDENTIFICRTION NUMBER® .4R31 ]

2
| FORMAT{ 19X .24HPERCENT MOISTURE CONTENT)

!FORN&T(393)'
r_ap v
FORMARTLAC M ./lll

al v

[ FORMAT(2X . IHDAY . 24X, IA AL K. 2H19,12) |

32 74
| FORMATIIX.T2.1H-,12.4X.7F7.2) |

v

33
[FORMAT(24X . 15H0 - 15 CM LAYER,/) |

34 v
| FORMATI 23X, 16HIS -30 CM LAYER./) |

v

CONT. ON PG 2
PG 1 __QF

10




—

17
LFORMAT( 24X 1410 - & IN LAYER./1 ;

ki I~
| FORMAT (24X, 1506 - 12 IN LATER./1 |

{C ssneeEST QUTPUT CHECKS AND OPEN F!LﬁS'Q.O-QIOCQQOOOOOQ.l-t;;t'.':::

F

IFIIYR.EQ.IBY .OR.NENWFIL .EQ.1)

e mim e

{CALL OPENFL2.DPHLAL)Y |

LcaLt 3515CT!2.$£C13!!

[C eccceelR|TE HEﬂQINGS--.------:.-..-----o.-o.n.!.!..n.!n.!.n..on.onl ]

k4
(WRITE12.27).1SINUN )

WR1TEL2,28)

¢

CONT. ON PG 23



Al

1F IMEAQUL .EQ.2)

{FIIYR.EQ.IBY.OR.NEWFIL .EQ.1)

G0 1o 701

fcaLL OPENF(3.0PMLA2) |

[€ALL SETSCT(3,.SECT4) |
L__q

201
[WRITEC3.27), ISTNUN |
WRITE(3.28)

CONT. ON PG 4



o ——————

IFiNERQUI .EQ .2}

NRITE(3.34)

WRITE(3.30)

B0 702 I:Mk > - - - g

CONT. ON PG S
2 B LA



(]

G0 10 0%

waaewlRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLEDswas |

<t

{00 706 NK:-10RB.IDARE > - - - ©Dg

| IND=60+INK-1 |
v

JNK=NK
JNI:=}

]CGLL WR ] BHK

CONT. ON PG 6
PG S OF 10




GO 'Q 708

EEE}F?3 !
$ - - -Pq

Uhb

CONT INUE

|

IFINN.€E0.51

PROPE——

10AE :MAXD1 1)

JNz JEND/T

1DAE s JEND

Lc sesaslRITE ORTR ON FILESHNNRSsSEEsEsONsEnNIENNeERECseURaANNOONOanEr |

[ WRITE(2.32) (0AB.IDAE (STORMCI | . JJ1. JJ=3i0A8.10AE1 |

CONT. ON PG 7

IS
(S
kn
'

band
4

pOR———— |



{“QI¥£i3e32) IDGS.IQRE.!STOR"O(I.JJi. JJ:=10AB.10AE) l

IFCL.EQ.NMAKD( 1 1.AND.UN.EQ . NN}

GO _10 707 >

RS

10RB=10RB«}

IF(1.€0.6.0R.1.£0.12)

{WRITE12,29) ISLEN |

[F(1.€0.6.0R.1.£0.12)

[ WRITE(3.29) ISLEMN |

[FLI.LT.6.0R.]1.GT.6)

CONT. ON PG 8




A6

GO 10 102

/A7

[WRITE(2.271.151NUN ]

WRITE(2.28)

IFUNEAQUL .EQ-1 )

1

WRITE(2.371

L

[F(MEAQUL .EQ.21

1

WRITEL2.3))

s e e e cmenamad

MRITEL2.30)

WRIT
)

27)11S51NUN
HR 28)

IFI{MERQUI .EQ.1)

1

WRITEI3.38)

CONT. ON PG 9
LT T L



IF{MEADUL.EQ.2)

1

CALL SAVSCT(Z.SECTI)

¥

f
JIFUIYR.EQ.18Y .OR.NEWFIL .EQ. 1)

1 ]

60 10 708

[CALL CLOSEF(2.0PALAL) |
| —

CALL SAVSCT(3.SECT4]

CONT. ON PG 10
PG9_OF 10



4
[

{FIIYR.EQG.IBY.OR.NEWFIL .ED.1)

——
10 710 > e onn
@~ -t
{cALL CLOSEFL3) | §
60 10 711 —h

CALL CLOSEF(3.0PNMLAZ)

(c weeeelEST NEED FOR NEW CONTINUATION FilLEsennncacoavvasnncenocvennee |

111
[NPHLAYI 2)=NMCLAL(2]} |
v

NPHMLAZ{21=NMCLAL(2)}
NENFIL:=0

IF(NODINYISEQ.18).£0.0)

NEWF IL =)

RE TURN

END



Fig. A6. Detailed Flow Chart of Subroutine FRODEP
(5 pages)



SUBROUT INE FROOEP

¢

sssesRITE AIR TEMPERATURE AND SNON FILESecesssssscccccccssssccnss
eseaefORNAT STATEMENTSeesessreccesscscscsscsseccsscscssecccsesecees

21
[ FORNAT( 18X, 24HIDENTIF ICATION NUMBER' .4A31 |

FORMATI3AZ)

[FORMAT(26X%.3A3.A1.K.2H19.121 ]
‘FORH“Ii?QBII

P —— & B
FORMATIBY,2SHOENSITY' 0-15 CH LAYER. .F6.2,2340/CMs  15-30
CHM LAYER, .FS.2,4H0/CM)

34 A/
:?Rﬂﬂ!llll.‘QNFROZEN OEPTH OF SOILICRREL-1968) DATA INPUT
LE./)

as 4
JFORMATIIM /) |

36
[FORMAT(26X . I9HMERSURED SNOW DEPTH.//) |

CONT. ON PG 2
¢ 1 QF S



32
FORMATLTIX AHSNOW . IX L THPREC IP- ,3X . IHATR 6N, 1 FRSOIL MIISTURE .8x, |
134SQ{L MOISTURE) :

[FORMATI6N 12, 312X .F6.2) BN FT.2,0IR.F7.271 |

a9
FORMATIGX . IHDAY . 2X SHOEPTH . 2X . THITRATION, IX LAHTEMP . 4X . 1SH0- 15
CN LAYER,:,3X.17H 16-30 CM LAYER,.=2)

IFLIYR.OT.18Y)

IC eenssADDI TIONAL INPUT CONTROLuessesnesensseeentvesatudesansnneonses l
i

SRR SN

{PRINT. "ENTER NRMES OF SNOW.FROZEN SOIL DEPTH MOOEL INPUT FILE" |

EXAMPLE ' FROOO! "’

(ﬁl“,o’
READ_32 .NFROEP

I€ esconTEST QUTIPUT CHECK AND OPEN F!LESC-.c.u.can---o-nonoau---co;-a ]

850

IFUIYR.EQ.IBY.OR.NEWF [L .£Q.1)

fCALL OPENF (4 .0FROEP) |

CONT. ON PG 3
PG 2 .. L




JCALL SETSCTi4,S5€CT9T |
| IR

CONT INUE

'f;-;;-'oulet NE“OINGSO......--oco-a..ccoaccccosiloln.a-ancual.nncnac]

V)

(00862 T:Kelll > - - - D4
v
271.1SIKUN

34)

.
L

IFIRINDCLY.EQ.O)

1

00 10 853

,

[WRITE(4,36) ]

853 %
{WRITEL4,31) (IMORE TN 1), Ti=1.41.1YR |

-
.80(11,8012)

[UEND:=NMAXDI2) |
v

';;E;qufigtﬁatﬂ ON FlL{Sc-ucot'uc---s.nll.ct:unaunua.ncn:nno.nnnc.]

v

CONT. ON PG 4
PG 3 OF S




Ee)

...... © o - - K00 B854 u: JB.JEND D
 (WRITE A 38T SROT jﬁ%g‘g}m% IV TERPERI T 5T ams 10,
I3 . . . . P iTadt,SY Ttlaws -
STORND( ].J) ]

3 - - . p
[WR1T€ia.311 1SLEM |

[CALy SAvSCTi4,SECT9 )

|
H
|
RIS i
g0 10 855 >— M'—M_Tf
O _—t
[CALL CLOSEFi41 |
j
GO 10 856 --;,
< N
j
CALL CLOSEF(4,0FROEP) ;
—_ _J

NY2SEQ:NY25EQ-}

IFINODINY2SEQ.3).E0.00

CONT. ON PG S



o,

1S£Q=-1SEQ-1

1F(NODINY2SEQ.3).EQ.Q)

[NFROEP({ 2 1:NUNB+ ISEQ/102256+M0Dt 150,100 |
"

ceeeeTEST NEED FOR NEW CONTINURTION FlLEeecnccencencaccnccnncanse |

NEWFIL=0

1FIHODINY25€G.3).€0.0)

./

NENF IL

i

£ ]

RETURN




Fig. A7. Detailed Flow Chart of Subroutine STFRSP
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- . ®» = e »

SUBROUTINE STFRSP

&

seeee(ONPYTE STERNGTH EUURATION CONSTANTS FROH SOIL PROPERTIESswesne

34
| FORMATISX.2IHINCORRECT C1 MOD CODE! |

AL0G(200.)
ALOG(100.}
ALOG( 300.)
AL00(200.)

JcALL SAYSCT(1,SECTI0) |

fcaLL CLOSEF(1) |

T eesseSEARCH FOR STRENGTH EQUATION CONSTANTSesscunnnnsssssnnnnnnnns |

—
P

")
[cALL OPENF(1. OFSTEG') ]

S T S T < 00 800 11=1.NCI >

-2
|READ (1.1 t IMOOIT.1).0=1.121 |

)
e e e e e e e e {00 800 J:=1.2 >
v

[READ t1.) (BtI.J.1).1=1.12) |

................. 800 v,

CONTINUE

[12:7-11NRCI |

Do 801 11:=1,12 » - - - D2

[READ (1.3 (IMOD(1,21.1=1.12) |

{00 801 J=1.2 > - - - D2

CONT. ON PG 2

PG | OF S

.t



{REAC 1.1 (Bi].J.21. 121,12V ]

e o | e e

1 o‘ D ba
CONT IKUE

[CALL CLOSEF(1) |

fcacy OPENFI].SAN) |

[CALL SETSCT(1.SECYIO) |

lc eeeN [NDICATES LAYER.L1 IS5 CONE INDEX.L2 1S RATING CONEeeesncccsean |

v
<D0 802 N=1.2 > - - - Ds§
006038 =1.2 - - -« Da

‘L ]:8‘ l . cL !-8( l .2-!.1
(L1=011.1.L1

ooeoaﬁL._x_:?) - - - D4

"‘OL,
)

1FLJTENP 1804.003.805

CONT. ON PG )



[0

OEf ;
CONIINUE'

;f " eeaws(OMPUTE LN OF VARIABLEusenaunanancansennennencansansanneneane |

LTEMP=ALOGI TENP) |

0010806

609

lr(JrenP-alff:;fifiggi——_,,

0

ic weeeeCOMPUTE LNLN OF VARIABLEeseesnessneenesnacsncsnneneaunensenne |

b e rare s m—— m————

|lEHP:ﬂL00(ﬂL00(7£HPl)I

60100806

of

Bw2

JUT v
[ 0eL b=DtL1+(BC1.1.L0-801.2,L))8TENP |

CONT. ON PG 4



i

(ECL Y EiL1oBil. 1.0 taTE™F |

A4

ic saessCONPUTE A AND O OF STRENGTH EOUQT[GNnl.nleannn.cto-.olluQQOQ:_.l

D0802L:1.2 > - - - D

ABARIL .NI:=CONIC( 1.
BBARIL NI=(CONL( ]
PRINT.LAYER = .

tl.LVre€rL i/06L)

|
[PRINT.- CONE INDEX €0. A: LABARIL.N) |
v
[PRINT,* 8= ".BBARIL,N) |
[G0_To 830 > -+
|
i
1
829 {
[PRINT." RATING CONE €0. B:  .ABARIL.N) | |
v |
LPRINT. B: ".BBAR(L N} | |
3 e

830 -
[STCON ¢ 1.NNI-RBARTL.N) |

v
[STCON(Z2 NN 1:BBAR(L N |

v

CONT. ON PG §
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Fig. A8. Detailed Flow Chart of Subroutine CALSST
(21 pages)



SUBROUTINE CALSST

3

essea(ONPUTE CONE INDEX AND RATING CONE INDEXesssesesesscccccsssee

eveeofORMAT STATEMENTSeenneeseesssssnssentoeennseetateneeonseeteee

21

[FORMATI(20X.23HIDENTIF

Av
ICATION NUNBER™ .4A3) ]

IFORﬂRTl3R3lI

0w
[FORMATIA(IR ./7)) ]
3l w

[FORMAT(2X . IHOAY 24X, 3RI A1 . XN 2HIG,12) |

32
|FORMATCIX.12.,1H-.12.4X.7F7.0) ]

a3

| FORMAT{ 24X, 15H0

kv
- 15 CH LAYER./} |

A4

34
| FORMAT(23X.16HIS

- 30 CM LAYER./) |

37 hvj

| FORMAT 24X, 14H0

- 6 _IN LAYER./1 |

CONT.

$

ON PG 2

PG 1 QF 21




k] R -
[FORMATICAX . 1516 - 12 IN LAYER.s: |

19 v
[FORMAT( 26X, 10HCONE INGEX) ]

N X
]FORNRTI23t.I7nRﬂTING CONE_INOEX) |

41
| FORMATI2A3.1X .23, 1N, 2A3.1X.2R3) |

chlvn.figigllﬂ,a,f

T

GO 1C 7150 >

(¢ eeeesA00] T IONAL CONTROL INPUT T0 OETERMNINE SOIL STRENGTH REQUESTew |
I '

S ) .
[PRINT, 00 YOU MANT CONE INDEX FOR FIRST SOJL LAYER. SECOND LAYER-. |} i
) ;

PRINT. RC] FOR FIRST LAYERe SECOND LAYER. SEPARATE ANSWERS l
PRINT . NiTH COMMRS. EIRHPLE FOR RC] ONLY FOR B80TH LAYERS:2.2.1.1 ! :
REARD.INSTEBI 11,121, | .
PRINT . ENTER NA HES OF SOJL STRENGTH FILES 10 BE USEO.ENTER ' :
PRINT.  NODORTA IF A FILE IS NOT TQ BE USED. ! !
PRINT, EXANPLE FOR RC] FOR 80TH LRYERS:NOORIR NOORTR.XxX1CQQi .xx2c0: | .
READ 41. NCILAT.NCILARZ .NRCLAL .NRCLAR2 ! :
1580 .
LCONT INUE |
[C eoenelEST QUTPUT CHECKS AND OPEN FILESecccscccevescececcvasscesnee i
<
C00 773 [=1.4 > - - - D2

}

CONT. ON PG 23
0 I S LSO



s ¥,
lad .
- .

o e
P Tt
IFINSTEQi 1 .EQ .2
‘\\m /

o

L

.e F

1

CALL

IFE1.6Q.1 j

1

[cALL sEfscii2,sECTS) |

S e—
1

IFI1.6Q.2)

CONT. ON PO 4
. PQY _QOF 21 _



H‘a‘i‘“}’

[CALL OPEWF(3,DCILAZ: ;
—

{€AL SETSCTia

+SECTE 1

1Fil.6Q.0

. ——— —— . 4 mn &

(SO

[CALL OPENF(3.0RCLAZ, |

=9

=

CONT. ON PG

$



IF(1.€Q.4)

[ cALL SETSCT(3,.SECTA) |
D — |

A4

282
[ xLIME=STRLIC1.1) |
)

| XL IM2=STRLI(2.11 |

< D0 753 J=K.LK > -

IFCJ.EQ.NMAXOD(1))

[ JEND=NMAXD(2) |

IF(J.EQ.NMAXDI( ] ))

CONT. ON PG 6




EQS N

AG

[JEND=MAXBT 31 ]

- D 8

1

i

i

|

|
!
|
J
|
{
|

4

| STOtJ.LI=EXPLSTCONI] . 13+STCONIZ.1)eALOGISTORMCE Job it! H
v
CONT. ON PG 7

I LY

Iy
Kn



fF
IFESTO(J.L.GT . XLIND)

IST0tJ.LI=XLIM) ]

IFISTO(J.L).LT . XLIN)

(E101J.L1:EXP(STCONII,11sSTCON(2.1)1eALOGISTORND(J.L)I) ]

CONT. ON PG B
PG Y oF 21



LS10iJ v r=xL IA1 )

IFISTO( L 1Lt XL IM21

LST0CJ.L1=XLTNZ ]

.. _E"—.@nal

s e ——— e

IF(M0D11.21.€0.0)

CONT. ON PG 9

——d

da



PR

l

"seussURTTE HEADINGSsesavaeuunnuussenansasennsssnanentnnseannnanene |

AS

1586
[WR1TE(ND, 271 1SINUM |

CONT. ON PG 10
PG 9 OF 21



Eei""i

[WRITEIND.341 ]

EM l
257

| WRITEING.40) ]

I

[WRITE(NG.38) )

[FIMERQUT.EQ.2)

{WRITEIND,34) ]

CONT. ON PG 1)
L0 ¥ <



IFINEAQUL .EQ. 11

[WRITE{NO.37) |

IFINEROUL .EQ.2)

IRRITEI(NG.33) |

HRITE(ND.30)
2

10AB: 1

I10RE:?
WRITEINO.311C(INOARCIT.LOUT). 11=1.4),1YR

v
{00 761 NH=1.5 > - - - D14

CONT. ON PG 12

BG 11 OF

21




t
T i

o — ——— ——

{c

CONT. ON PG

13

-~
s



B4 s6

GQ_10 764 >

87

L IND:6O+INK-1 |
v

JNKzNK
JNI=LOUT
s'un:: *

CALL WRIBWK

ﬁuns:mxouhun ]

CON!. ON PG 14



[Nz JENDZT

13
F(LOUF.EQ-NHRKD(ll.RNO.JN.;;T;:T~“t=—-~~u«n-n-~~--~—~

10AE < JEND

{c sensalRITE DATA ON FlLESecsessnn e s s ousnuEnesstsencaisuesesaeUns }

K-

[MRITEIND.32) IDAB,IDAE ESTQILOUT . JJ). Iz 10RB.I0ARE) |

FILOUT.EQ.NMAXOL ]! .AND.UN.EQ .M

.

GO 10 765

!
1
S

-

J
e

[WRITEING.291I5LEN |

CONY. ON PG 15



[C sesanlR[TE MI0-YEAR HEADINGSenenwnenunucesnvenannansunaunenndeennn |

{WRITEIND.27)ISINUN |
9

[ WRITE(ND.39) |

IF{1.€0.1.AND.NEROU] .EQ.L)

(wRITE(NOL3TYV ] .

IFL1.€Q.1.AND.NERQUI] .€EQ.2)

[WRITEIND.33) |

CONT. ON PG 16



| WRITEIND,.28) |

1F11.€60.2.8N0.86RQU) .€0.2)

o v o

[WRITEIND, 343 |

L...

6o 70 767 >0}
c4

166,
JRRITE(NG.271E1SINUN |

[WRIYEINO.40) ]

IFE1.E0.3.AND.PEADUL .EQ.))

[uritEIND,37) |
i

1F(].€0.3.AND.NEAQU! .EQ.2)

CONT. ON PG 17



€S

[WRITEIND.33) |

IF(1.€60.4.AND.NEAQUT .EQ.1)

| WRITE(NO.38) |

1F(]1.€0.4.AND.MEAQU] .EQ.2)

| HRITE(NO.34) |

WRITE(ND,30)

CONT. ON PG 18




ECB I
(G0 7o _7e9 >o®
%Dl '
768
- +
1F01-2) 770773 .72

0

CALL SAVSCT(2.SECTS!

Fﬂ

{CALL CLOSEFI2.0CILAL) |

60 10 773 >+fff;
3]

f%1

[cALL sAvscT1r3.SECTE) |

CALL CLOSEFI3.0CILA2)

—— e —————— e ot = ——

- ——-d

..

L CALL SAVSCT(2,.SECTT) |

CONT. ON PG 19

PG 8 0F... .2

+
4



[ CALL CLOSEFt2.DRCLAL) |

 S—
[60_T0 773 %

02
174
[CALL sAvSCT(3.5ECT8) ]

{caLL CLOSEF(3.0RCLA2) ]

\J

(68 10773 _>off#]
14

IF( !'2)775 b776 0777

[CALL SAVSCT(2.SECTS)

LcALL CLOSEF(2) |

GO 10 773 _>-tfH

116
[caLL SAVSCT(3.SECTE) |

{CALL CLOSEF(3) |

(G0 70 773

CONT. ON PG 20

G 19 Q¢ 21



[CALL SAVSCT(2.SECTT7 )

[CALL CLOSEF(2) |

00 10 173

]
JCALL SAVSCT(3.SECTB) |

[cALL CLOSEF(I) ]
L_.....__...q

c

NEWFIL =1

CONT. ON PG 2!
Pe.25 08 <)



B oe ;’
[RETURN |

£G 21 FINAL



APPENDIX B: COMPUTER LISTINGS

1. This appendix contains the computer listings with line numbers of

the main program and subroutines as follows: main program, table Bl; subroutine
COMPME8, table B2; subroutine FIL1DA, table E3; subroutine FIL2DA, table

B4; subroutine FRODEP, table B5; subroutine STFRSP, table B6; and sub-
routine CALSST, table B7.

Bl



Table Bl
Listing of Main Program, FTWEMS

10080VR,COMPMS

110SOVR,FIL1DA

120S0VR.FL2DA

130S0VR,FRODEP

140S0VR,CALSST

15030VR»STFRSP

160SRPC

165Ce2020COMMON VARIABLES 00000000 000000008000000000000000000000000008080000004
170 COMMON JDC1(35),PMC(2),ST0(12,31),NSTEQ(4),RF(7),1HD(20)sCXMIN(2)»
1808 TEMPER(12,35),SNO(12+35),CONEW(3,2,6)»XRANG(2,3),STCON(2,4),
1908STRLI(2,4) ,NMAXD(2), ISINUM(4),C3(2,2),C4(2,2),DWMC(2,.7),COEF(108),
2008MAXD(12), IMOA(4,12),BD(2),RANG(2,3,3),X(2),C1(16,2),C5(16,4,2),
2108CMAX(2),CMIN(2),C2(4),STORMC(12,31),STORMD(12,31),ADF(2),SDF (2),
22081T(2)oKIND(3), ISLEW(3),DUM(25),PRECIP(12,35),B(13,2,2),B1(12),
2308CON1(2,2),D(2),E(2),IMOD(12,2),ABAR(2,2),BBAR(2,2),NMCLAL(2),
2408NMCLA2(2) »NPMLAL(2),NPMLA2(2),NFRDEP(2),NCILAL(2),NCJLA2(2),
2508NRCLAL1(2) s NRCLA2(2),NSOUR)» IUNMEA ,NTEMP+»NSNOW,NYR, I TEXA

26081 1EXB,RMIN, ITYPE, ITEM1,1TEM2,11,IDEVL,1S1,1SD,ISMsISY,11T7,1DA,
2708M0, IYR, ITEMP, ICOUNT,ACCR,DEP,C1COF »,CLROF »NCODE,ACCR1.ACCR2,MOK,
28089UL + JIL»JUGILUB, JOK,MOB» JEMs JAZ, JEL » JEB,

3608NTYPE,NEWLIM)NEWCOF »NSOST,NR,LL,JUB,18BD, 1BM, IBY,NEWYR,
3708MEAOUL,MEAOV2,K,LK, JB,JEND)NTOSsAJBN,JBN, IN,KPMC,SECT1,SECT2,
3OOGSEC‘3JSECTQoSECTS:SECTboSECY7oSECTBDSECT9OSEC7100NClzNRClo
3908SAM, IND,» IDAB, IDAE, JNK»JNI,NO,STDN,NUMB, ISEQ,NY1SEQ,NY2SEQ
395Ce«eosEQUIVALENCED VARIABLES® 00 s essncsssnssnsnssnssssgtossttonsnsnssnsns
450 EQUIVALENCE (NMCLA1,DMCLA1),(NMCLA2,DMCLA2), (NPMLAL1,NPMLAL),

4608 (NPMLA2,DPMLA2)+» (NFRDEP,DFRDEP), (NCILA1,DCILAL), (NC1iA2,DCILA2),
4708 (NRCLA1,DRCLAL)» (NRCLA2,DRCLA2)

475Cec00aDATA INITIALIZATIONG 0000000300080 0000000000008,00000% 0000000000001
480 DATA NUMB,ISEQ,NY1SEQ,NY2SEQ,NEWFIL,ACCR1,ACCR2/"001",0,0,0,
490‘0!000100003/

500 DATAIMOA/12HJANUARY 1 12HFEBRUARY +12HMARCH
510812HAPRIL 0 12HMAY +»12HJUNE ’
520812HJULY »12HAUGUST +12HSEPTEMBER ’
530812HOCTOBER +12HNOVEMBER » 12HDECEMBER /

540 DATAMAXD/31,28,31,30031,30,31,31,30,32+30,31/

550 DATA COEF/(G.15970948,-0,28827749,0.37098284,~,13067845,0.,0,,
5708y.20865303,-0,64984646,0.87560732,-.30605206,0.+04»
5908.15190803+~.07720229,-.01280603,.01851488,0,,0.,
6108,.09612290,.01073670,~.10720756,.05548077+0.,0.,
63080.1164190,0.06704479,-0,09112914:0,03120642,0.,0.,
6508.14304453,-,10102288,~-.02103815,.30071059,0,,0.,
67080.08401220,-0.01562037,-0.10949078,0.12228349+0.:0.»
69080.12713529,-0.53982006,1.1252485,-0,56561447,0.,,0.,
7108.11387171,~.65583730,1.8700644,~2,3253802,
72081.2952910,-,26246686,
73080.02789788,(.24453131,-0.86060142,1,2998033,
7408-.97359290,,29132112,
7508.08321811,.11716883,~.147108168,.04910032,0.+0.»
7708.03492386,.36829518,-.90742210,:61582018+0.+0.,
79080-12862001,-0.3275105.1.0509886,+1,0462256,0.+04+
81080:09068948,0.37645999,-0.79837781,1.130698,0.4+0.,
8308.1655471 ) .32448206,~3.5931164,6.0923182,0.40.,
8508,.1685473,+1.2164306,5,0226953,-5.9828479,0.,0.,
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Table Bl (continued)
Lieting of Main Program, FTWEMS

8708,13851029,-,32294633,.51095728,+,23644523,0,,0,,
8908.14694158,-.508568,1,2942848,~-,74715639,0,,0./

910 DATA RMIN,STRL1,C1COF ,NEWCOF/0.1+,750,+0.+,750,+0,,300.,0,0300.,0.,.,
91580.07,07,

9208STORMC, STORMD, TEMPER»SNO,ST0/372%0.,,37240,,42040,,42000,+,37240./,
93U&NYR/NMAXD/1+,0,0/,C3/.47+.75++22+.60/,C4/-.01,-,05,~,01,=.02/
"0D"ARlethJMIJLIJLIM%1N&1&%OJL1J%
98081.29,1.43,0.,93,0,54,0,35,0,42,0,30,0,92,0.46/

990 DATA RF,PRECIP/7%0,,42000,/,MOK,JUL,JIL»JUG,LUB,JOK,MOB,JEM,JAZ,
1000&JEL.JEB/0.0.0.0.0.0.0.0.0.0.0/.JUB.K!ND/0.300/.lSLEu/6193023,
101088355711,8355711/,NEWCOF ,NEWLIM,NSOST/0,0,0/,NTOS/1H9/

1050 DATA C5/0.602+0.+0.+6.00.011,04014,0,00,,0,00.,0,1089,0,20¢50,¢0,00¢0
106080,221,0,,0,,0.,0,014,0,022,0,,0.,0.00.+0,224,0.+0.40.00.,0,,
10708-0:354,0¢400.+0,0~0.001+,0,024,0.+7c+0,+0,,0,092,0.+0,00,20¢,0.»
10808-0.U94,0,,0.,0.»0.001,0,025,0.,+0.,0,00,,0.044,0,00.+0.004,+0.»
109082.01+-0.013+0.+0.+0,+0.+0.,00.+0.13200¢+0.189+0,+0.+0.20¢+0.+
11v082,01,-0,015,0.,0.006,0,,0.+0.+0.+0,040.,0,215+,0,,0.+0.+0.00.,,
11108-9.121,6,.0.,0.016,0,,0.,0.,0.,0.101,0.,0.105,0.+0,,0.00.20.,
112080.17010.00.00.02500.00.:0.oD.:0.013:0.:0.06100.00.'0.00.00./
1125C2020oFORMAT STATEMENTS 0000000000000 000000000000000000000000000000000000¢
1130 FORMAT(2X»4A3,2X02(A102X)»2F10.0)

1140 FORMAT(1X,F9.,7F10.)

1150 FORMAT(1X,»12,211,4X,8F7.3)

1160 FORMAT(8F7.3)

1170 FORMAT(X»20A3)

1180 FORMAT(X»11,3(X»12))

1150 FORMAT(1X»212:2XsA1)

1200 FORMAT(AL)

1210 9 FORMAT(8X,7F6.2)

1220 FORMAT(11)

12390 FORMAT (8%, 7F6.2)

1240 FORMAT(1H )

1250 FORMAT (7x,12,11,6F10.8)

1260 FORMAT(4Xs2(FS5.3,X)04(2F6.0))

1270 FORMAT (10X, 3(2F5.2))

1280 FORMAT(SX,4F7.3,5X:4F7.3)

1290 FORMAT (3X,4(2F8.3))

1800 FORMAT (3x,12,11,6F10.8)

1310 FORMAT (10X, 14)

1320 FORMAT(]4)

1330 FORMAT (X, 12)

1340 FORMAT (SH1SITE,2X,4A3)

1350 23 FORMAT( 8H TEXTURE.8X,A1,4X,AL1)

1360 FORMAT(8H DENSITY,7X,F6.2,4X,F6,.2)

1376 25 FORMAT(7H BEG MC,4X,2F10.2)

1380 26 FORMAT(16H SOIL PROPERTIES,5X,5F10,3/2X»7F10.3/2%+6F10.3)
1390 FORMAT(11H MAX-MIN MC,6X»4F10.3)

1400 FORMAT(3X,212)

1410 . FORMAT (13H COEFFICIENTS,8X,4F10,.3/2X,6F10,3/2X+,6F10.3)

1420 FORMAT(1X,F9.0,F1C.)

14350 FORMAT(1X»312,X»7F6,.2)

1440 FORMAT (A6)

1450 FORMAT(24X,15H0 - 15 CM LAYER,/)

1460 FORMAT (23X,16H15 - 30 CM LAYER,/)

OENOCOT &LN -

s e b A e
OOV NS LN = O

LS VL S S SV
WM &aUL N O

. N
~

L L LN
HULUWNE- DO O®
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1470
1480
1490
1500
1510

Table Bl (continued)
Listing of Main Program, FTWEMS

35 FORMAT(20X,21HSOIL MOISTURE IN/6 IN)
36 FORMAT(20X,22HSOIL MOISTURE CM/15 CM)
37 FORMAT(24X,14H0 = 6 [N LAYER»7)

38 FORMAT(24X,15H6 - 12 IN LAYER,/)

39 FORMAT(2A3,1X,2A3)

1915C 0000 ADDITIONAL CONTROL INPUT®0220000000000000000000008080000000000000084¢

1920
1530
1540
1550
1560
1570
1580
159V
160
1630
1620
1630
1640
1650
1660
1670
1680
1690
1790
1719
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
18%0
1860
1870
1880
1890
1900
1910
1920
1930
1940

PRINT,*FOR INFORMATION ON RUNNING THIS MODEL SEE USFR'S MANUAL."
PRINT,¢,"WHEN ANSWERING YES OR NO QUESTIONS."
PRINT," USE 1 FOR YES AND 2 FOR NO."

PRINT,"IS INPUT RAINFALL IN CM2"

READ, JUNMEA

PRINT,"[F YOU WANT OUTPUT MOJSTURE CONTENT [N3"

PRINT,» INCHES ENTER A 1; CM ENTER A 2"

READ,MEAOUL :

PRINT,*"NAME LAYERS 1 AND 2 SOI\L MOISTURE CONTENT FJILES,"
PRINT," EXAMPLE :XX1001,XX2001"

READ 39, NMCLA1,NMCLA2

PRINT,"pO YOU NEED OUTPUT MOISTURE CONTENT [N PERCENT?"
READ,MEAOU2

IF(MEAOU2.EQ.2) GO TO 50

PRINT,*NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES."
PRINT,® EXAMPLE :XX1001,XxX2001"

READ 39, NPMLA1,NPMLA2

20 1DC1(1)=101

PRINT,"1F YOU HAVE AIR TEMPERATURE, ENTER A T; IF NaT A 9"
HEAD 8,NTEMP

JoB=1

PRINT,"|F YOU HAVE SNOW DEPTH(M),ENTER AN SN; [F NOT A 9"
READ 8,NSNOW

IF(NSNOW.EQ.3HS )HKIND(1)=10

PRINT,"yHAT IS YOUR INPUT SOURCE?"

PRINT,"ENTER: 1 FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2w
READ/NSOUR

IF(NSOUR.EQ.1) GO TO 60

PRINT,"ENTER THE NAME OF YOUR INPUT FILE"

READ 32,SAM

PRINT,"ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE"
PRINT,"INPUT DATA FILE?"

READMMDD

CatlL OPENF(1,SAM)

Go T0 160

60 CALL OPENF (1,"DSURGR")

PRINT,"ENTER THE NUMBER OF YOUR SURFACE GROUP"
READ 20,NSCGNU

Do 70 I=1.500

READ(1,10)1TYPE
IFCITYPE,.EQ.1)READ(101,19)INCKSGN

IF { (NSCGNU-NCKSGN) .EQ.0) GO TO 115

/0 CONTINUE

1945CeeeeeREAD SITE AND SOIL IDENTIFICATIONevecccccnsessgesssstassssssncese:

1950
1960
1970
1980

115 MOK=1
1TEM1=1DC1(1)
READCITEM1,1) ISINUM,ITEXA,ITEXB,BD(1),BD(2)
PRINT22, ISINUM
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Table Bl (continued)
Listing of Main Program, FTWEMS

199y PRINT 23,1TEXA.1TEXD

2000 IFC(ITEXACEQ.3HN )KIND(2)210

2010 IFCITEXB,EQ.3HN )IKIND(3)=210

2020 PRINT24,8D(1),8D(2)

2030 IFCITEXA=3HC )122:120,122

2040 120 JT(1)=KIND(2)=1

2050 Go 70 126

2060 122 IFC(ITEXA-3HM )125,124,125

2070 124 IT(1)=KIND(2)=2?

2080 Go TO 1286

2090 12% IF(ITEXA-3HF 126,127,128

2100 127 wIND(2)=2

2110 Iv(1)=3

2120 128 IF(ITEXB-3HC )132,130,132

2130 130 17(2)=KIND(3)=1

214U Go TO0 150

2150 132 IF(ITEXB-3HM )135,134,135

2160 134 KIND(3)s2

2170 IT(2)=2

2180 Go T0 150

2190 135 IF(ITEXB=-3HF )150,137,150

2200 137 KIND(3)s2

2210 [7(2)=3

2220 150 JuyL=1

2230 JoK=1

2235C¢0%e®READ DATA FROM INPUT FlLE®00000000000000000000p00000%000000000000
2240 160 READ(1,10)]ITYPE

2250 G0oT04(115,170,160,190,190,200,210,230,240),1TYPE

2260 170 READ(171,21)NTYPE

2270 GO T0(172,174,176,178,179,175)NTYPE

22/79C1a2000READ LINITS00000000000000000000000000000000000,000000000000000000
2289 172 READ(1G1,14) RHIN,C1COF,» ((STRLI(1,J),1281,2),J81,4)
2250 NEWLIM=NTYPE

24”0 IF(lUNHEA.EO;i.AND.NSOUR.EO-Z) R"lN'RHl~.0|3937

2310 GO TO 160

2315C>a¢0oREAD DEPLETION EQUATION COEFFICIENTSesccccccccccccte®soccccccccce
2320 174 1F(NSOUR.EQ.2) GO TO 1175

2330 READ(101,13) NS/NL» (CONEW(NS,NL,JIJ) s JJ=1,6)

2340 NEWCOF=NTYPE

2350 Go 10 160 .

2360 1175 READ(101,18) NS/NL» (CONEW(NS,NLsJJ)»JJ2156)

2370 NEWCOF=NTYPE

2380 GO T0 160

2390 175 CONTINUVE

24)0 READ(101,16) ((C3(N»1)sN21,2),12812,2),C(C4(N,1),N21,2),121,2)

2420 Go T0 160

2425c02---RéAD MOISTURE RANGE BY LAYER AND SEASONescseces000000000000000
2430 176 READ(101,15)((XRANG(1,J),131,2),J21,3)

2440 Go TO 160 .

2445C20000READ STRENGTH EGUATION COEFFICIENTS00000000000000000%000000000000
2450 176 READ(101,17) ((STCON(1,J)+321,2),J=1,4)

2460 NSOST=NTYPE

2469C*e00oREAD IDENTIFICATION CODE FOR EQUATION TO COMPUTE STRENGTHeeeeeeee
2466C*a000 EQUATION CONSTANTS00000008000000000000000000000000% 00000080000
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2470
2460
2490

Table Bl (continued)
Listing of Main Program, PTWEMS

179 READ(101,28)NCIsNRCI
NSOST=NTYPE
Go TO 160

2499CoeoeoREAD BEGINNING SOIL MOISTURE®®0000200000000000,000800080000000800000.

2500
2510
2520
2530
2540
2950
2560

180 READ(101,30) PMC(1),PMC(2)

PRINT 25,PMC(1).PMC(2)
IFCIUNMEA.EQ.2.0R.NSOUR.EQ.1) GO TO 184
bo 182 21,2

182 PMC(]1)3PMC(1)90,3937

184 JuLs?2

GoT0160

2965Ceso0eREAD AND PRINT MAX AND MIN SOIL MOISTUREsessscsscssse®ocsssscsssse:

2570
2580
2590
2690
2630
2620
2630
2640
2650
2660
2670
2680
2690
27uu
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840

190 READ(101.23(C2(1)s1=21.4)
IF(ITYPE=5)192,191,192
191CONTINUE

Do 195 121.2

Jzle2
CMAX¢])=6,BD(1)eC2(]1)/100.,
CMIN(]1)26,9BD(1)eC2(J)/100.
195CONTINUE

192 IF(JUNMEA.EQ.2.0R.NSOUR.EQ,1) GO TO 194
Do 193 1214

195 C2(1)=C2(1)#0,3937

194 PRINT 27,¢C2(1)s181.4)
o 196 131,2

Jz]+2

CMAX(1)=C2(])

CxXMIN(1)2C2(J)

196 CONTINUE

IF(NSOUR.EQ.2) GO TO 197
CALL CLOSEF (1)

PRINT,®ENTER NAME OF RAINFALL FILE"
READ 32,SAM

CALL OPENF(1,SAM)

197 GO TO (198,160),JUL
198CONTINUE

PMC(1)2CMAX(1)
PMC(2)2CMAX(2)

JuL =2

GoT0160

2849CceeeoREAD SOIL PROPERTIES®00000000000000000040000000000000000000000000

2850
2860
2870
2880
2890
2910
2910
2920
2930
2940
2950
2960
2970

200CONTINUE

IpEvi=101

GO TO ¢201,1150),MO0K

201CONTINUE

MOK=2

0o 206 M31,2

I TEMZ2=1DEVL

READ(ITEM2,21) 11

IF(11.GE.B8)GO TO 202

READ(101,3) 11sNSCS,»Je(CL(IsU)0l=1,11)
Go 10 203

202 READ(131,3) I1.NSCS»J,(C1(1+J),121,8)
203 IDEvVi=l
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Table Bl (continued)

2980 1F(11-82205,205,204

2990 204 READ(1,4)(C1(1,),129,11)

30¢0 205% PRINT 26, (C1(l.M)sl=1,11)

3010 206CONTINUE

3020 IF(MMDD.EQ.2) GO TO 1150

3030 GoT0160

3040 115GCONTINUE

3050 DO 1190 M=1,4

3060 |ITEM3z1DEVL

3070 IF(M.EQ.1.0R,M.EQ.2)N=M

3080 IF(M«EQ.3)N=1

3090 IF(M.EQ.4)N=2

3100 1F(MMDD.EQ.2)G0 TO 1180
31n9CeeessREAD CONSTANTS FOR EQUATIONS COMPUTING MOISTURE MAX AND HINeasseos
3110 READ(ITEM3,3)11.,NSCS,J,(C5(1,MsNSCS)»121,8)
3120 1pEviz1l

3130 IF(11~-68)1170,1170,1160

3140 1160 READ(1,4)(CS5(1,M.NSCS),129,11)
3150 1170 PRINT 29,(CS¢1,M.NSCS)+122511)
3160 1180 CONTINUE

3170 C2(M)=0.

3180 Do 1190 J=1,11

3190 1190 C2(M)=C2(M)+C5(1.,M.NSCS)*C1(1:sN)
3290 GO TO (194,160)JUL

3205C20009READ AND WRITE HEADINGS600000000000000000000000000000000000000000.
3210 210 READ(1G1,5)(IHD(J)»J=1,20)

3220 =1

3230 Go 1O 217

3240 po 220 1=1,5

3250 READ(1:,5)(1HD(J)»J=1,20)

3250 217CONTINUE

3279 PRINTS, (1HD(J)»J21,20)

3280 WRITE(2,5) (IHD(J)»J31,20)

3299 «~RITE(3,5) (1HD(J),J21,20)

3305 220 CONTINUE

3310 {F(MEAOUL1.E0.2) GO TO 231

3320 WRITE(2,35)

3330 WRITE(3,35)

3340 WRITE(2,37)

3350 WRITE(3,38)

3360 WRITE(2,12)

3370 WRITE(3,12)

338U GO TO 232

3350 ¢31 WRITE(2.,36)

3400 WRITE(3,36)

3410 WRITE(2,33)

3420 WRITE(3,34)

3430 WRITE(2,12)

3440 WRITE(3,12)

3450 232 GO T0160

3455C=e00eREAD SEASON CHANGE CAﬂD.0ooooooooooooooooooooo.ooooo!ooooo.oooooo
3460 230 READ(101,6) 1S1,1SD,ISM,ISY
3470 IF(JUB,EQ.1)80 TO 235

3480 18Dz IDACK=1SD
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Table Bl (continued)
Listing of Main Program, FTWEMS

349 A[BD=1BD

354t AJBNsAIBD/7.,

350 1BMsMCK=1SM

3520 NEWYR=[HY=ISY

350 235 CONTINUE

3540 Do 215 1%1.2

3%50 11 T=iT(})

356U IF(NEWCOF ,LT.2.0R.NEWCOF.GT.2) GO TO 22%

3579 SpF=l.

32at ApF=1,

3994 Go 1O 215

36,0 ¢25 SDF(1)=RAMG(I,11T»13/7(CMAX(I)=CXMINC]))
361U ADF(l)=21/sBF (1)

36U 215 CONTINUE

J6sc 1=1

3640 JyG=1

3650 JyB=1

3600 GOTO160

3669Css*eeREAD PRECIPITATION OR AIR TEMPERATURE OR SNOW CARD#evccscceessssce
3670 240 READ{1:1,7,END=23:5) IDA,MO,NCODE

3680 NDAzIDA+S

3600 IF(NTEMP.EQ.NTOS.AND,.NSNOW.EQ.NTOS) GO TO 2240
3740 IF(NTEMP.EQ.NTOS)GO TO 2249

37:;0 IF(NCODE~NTEMP) 2249,2245,2249

3774 2249 1F(NCODE-NSNOW) 2240,2244,2240

3730 2244 READ(101.,9),» (SNO(MO,JJ)»JJ=I1DA*NDA)

374+ Gp 10 3.0

3750 2245 READ(101,11),(TEMPER(MO,JJ)»JJZIDA+NDA)
37¢v Go TO 3:0

377 224, READ(101,31) [DA,MO:IYR, (RF(JJ)»JJZ1.:7)
3/80 IF(18M,EQ,MO,AND,IBY, . EQ.1YR.,AND.ISD.GT,.IDA)IDACK=]DA
379" IF(IYR.LT.NEWYR) GO TO 498

3806 IF(1YR.EQ.NEWYR.,AND.MO.LT.MCK)GO TO 498

381 IF(IYR.EQ,NEWYR.AND.MO.EQ.MCK.AND,IDA.LT.IDACK)GO Tn 498
JB-O MCK=MO

3830 IpDACK=1DA

3841 CALL EOFTST(1,MM)

385¢ lF(MM.EQ.2) GO TO 241

386U IF(IYR,GT.NEWYR) NMAXD(1)=NMAXD(2)=0

3870 |F(IYR,GT.NEWYR) 1BD=z1BM=1

3880 241 IF(IUNMEA.EG.2) GO TO 247

38en Do 246 JJd=3.?

3960 RF(JJ)IZRF (JJ)*0.3937

39.5 246 IF(RF(JJ).GT.30.AND.RF(JJ).LT.35.)RF(JJ)=?77,77
3910 247 IF(MO,.EQ.2) GO TO 248

3920 IF(MO0.EQ+4.0R.M0.EQ.6,0R.MO.EQ.9.0R.MO.EQ.11) GO TO 249
3930 ICOUNT=31

3940 Gg TO- 250

3950 248 ICOUNT=28

3960 GO T0 250

3970 249 ICOUNT=30

3950 250 CONTINUE

3960 NTDA=IDA

4000 DO 2591 NJ=1,7
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Table Bl (continued)
Listing of Main Program, FTIWEMS

4010 PRECIP(MO,NTDA)ZRF(NJ)®2,54

4020 251 NTDA=ENTDA+L

4025C>000oCOMPUTE SOIL MOISTURE®®00050000000000000000000,08000800000000000000
4070 CALL LINK(5,"0COMPM")

4040 CALL COMPMS

4050Cog000c000e

4060 300 IF(JAZ.EQ.2) GO TO 301

4070 JgB=1

4080 $01 GO 7O (420:302).,JAZ

40%0 3UZCONTINUE

410 JiLsl

411V IF(MO.EQ+NMAXD(1).0R.MO.EQ.12) GO TO 303

41,0 GO 70 419

413u >p3 GO 10 (304,304.,3¢5) JOB

414U 504 IF(NTEMP,.EQ.NTOS) GO TOQ 305

4150 JoB=J0B.1

4169 Gpo TO 160

4165C e®0 o RITE SOIL MOISTURE FILES®200000000000000000000000000%000000000000
4179 335 CALL LINK(5,"0FIL1D")

4180 CALL FIL1DA

4190 1F(MEAOU2,EQ.1)CALL LINK(5,"0FILZ2D")

4200 1F(MEAOU2.EQ.1)CALL FIL2DA

4210Cee%eoyRITE FILES FOR INPUT TQ FREEZE=THAW MODELeeceg00cce®sccccsccecce
422y IF(NTEMP,GT.NTOS.OR.NTEMP.LT.NTOS)CALL LINK(S5,"0FRONE™)
4230 IF(NTEMP,GT.NTOS.OR.NTEMP,LT.NTOS)CALL FRODEP

4240 u0B=1

424> IF(MEAOU2.EQ.2) GO TO 400

424/C50900COMPUTE STRENGTH EQUATION CONSTANTS FROM SOIL PROPERTIESeessssses
4250 [F{(NSOST,£Q.5.AND.IYR.EQ.IBY) CALL LINK(5,"0STFRS")
4260 IF(NSOST.EQ.5.AND.IYR.EQ.IBY) CALL STFRSP
4265C<s00eCOMPUTE SOIL STRENGTH®20000:0000000000000008000,000000300000000000
4270 1F(NSOST.EQ.4.0R,NSOST.EQ.5)CALL LINK(S5,"0CALSS"™)

4280 JF(NSOST,EQ,.4,0R.NSOST.EQ.5)CALL CALSST

429U 400 JEL=1

4330 JeBse

4310 GOTO0450

4320 410 JEB=3

4330 420 READ(1,10) ITYPE

4340 MQB=1

4350 CALL EOFTST(1,1END)

4360 IF(IEND-2)460,430,46"

4370 430 MOB:=2

4380 GoTo470

4390 460 1IF(]TYPE-1)480,470,480

4400 470 GO TO (302.495.490).JEB

4410 480 [F(ITYPE.EQ.3) GO TO 180

4420 IFCITYPE~8)240.,230.240

4430 490 JUEL=2

4440 450 GO T10(420,495),M08

4450 495 G0 TO (115.500),M08 )
4460 498 PRINT,"PRECIPITATION FILE HMAS DATA OUT OF ORDER."
4470 PRINT,"CMECK DATA:",|DA,MO,IYR

4480 Y00 STOP

4490 END
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Table Bl {concluded)
Eistiqg of Main Program, PTWEMS

4492 SYBROUTINE WRIBWK

4493Crov00s00nssssssse

4495CeoeeoWRITE FIRST WEEK OF OUTPUT DATA FILES WITH BEGINNING DAYenconnnes

4496Crevee OTHER THAN THE FIRST DAY OF WEEKesesoaesageecsctosccscncnsce
4550 61 FORMAT(1X,12,1H=,12,4Xs7H 16F7,2)
4560 161 FORMAT(1X,12,1H-,12,4X,7H 16F7,0)
4570 62 FORMAT(1X,12,1H~,12,4X02(7H )yS5F7,2)
4580 162 FORMAT(1X,12,1H~,12,4X,2(7H Y5F7.0)
4590 63 FORMAT(1X,»12,1H=,{2,4Xs3(7H )14F7,2)
4600 163 FORMAT(1X,12,1H=,12.,4X»3(7H )+4F7,0)
4610 64 FORMAT(1X,12,1H=,12,4Xs4(7H )o3F7,2)
4620 164 FORMAT(1X,12,1H~,12,4X,49(7H )»3F7,0)
4630 65 FORMAT(1X,12,1H=,12,4X+s5(7H ),2F7,2)
4640 165 FORMAT(1Xs12,1H~,12,4X,5(7H Y:2F7.0)
4650 66 FORMAT(1X,12,1H-0»1204Xs6(7H )oF7.2)
466U 166 FORMAT(1X,12,1H=,12,4X06(7H )F7.0)
4670 1=zINI

468y IF(STDN.EQ.1,.) GO TO 8010

4690 IF(IND,EQ.61) WRITE(2,61)IDAB,IDAE, {STORMC(1,JJ)»JJIsINK,IDAE)
4700 {F(IND,EQ.61) WRITE(3,61)IDAB,IDAE, (STORMD(1,JJ)»JJzJINK,IDAE)
4710 IF(IND,EQ.62) WRITE(2,62)1DAB,IDAE, (STORMC(1,JJ)0»JJ2JINK, IDAE)
4720 IFCIND,EQ.62) WRITE(3,62)1DAB,IDAE, (STORMD(I,JJ)sJJsINK,1DAE)
4730 IFCIND,EQ.63) WRITE(2,63)1DAB,IDAE, (STORMC(1,JJ)sJJ2JNK,IDAE)
4740 IFCIND,EQ.63) WRITE(3,63)1DAB,IDAE,(STORMD(1,JJ)sJJ2JNK,DAE)
4750 1FCIND,EQ.64) WRITE(?,64)I1DAB.IDAE, (STORMC(1,J0J)sJJaJINK,]DAE)
4760 IFC(IND,EQ.64) WRITE(3,64)1DAB,IDAE, (STORMD(1+JJ)sJJ2JINKsIDAE)
4770 1F(IND,EQ.65) WRITE(2,65)1DAB,IDAE, (STORMC(1,JJ)0»JJ2JINK,IDAE)
4780 IF(IND.EQ.65) WRITE(3+,65)1DAB,IDAE, (STORMD(1,JJ)0»JJ2JNKsIDAE)
4790 IFC(IND,EQ.66) WRITE(2,66)1DAB, IDAE, (STORMC(]I,JJ)sJJsJINK, IDAE)
48n0 IFCIND,EQ.66) WRITE(3,66)IDAB, IDAE, (STORHD(1,JJ)»JJ2JNK,IDAE)
4810 Gp TO 8011

4820 5010 CONTINUE

4830 IF(IND,EQ.61) WRITE(NO,161)IDAB,IDAE,(STO(],JJ)+JJ2UNK, IDAE)

4840 1F(IND,EQ.62) WRITE(NO,162)0 JDAB,IDAE (STO(10sJJ)sJJ2INKs IDAE)
4850 IF{IND,EQ.63) WRITE(NO,163)IDAB,IDAE,(STO(1,JJ),JJ2UNK,]DAE)

4840 IF(IND,EQ.64) WRITE(NO,164)IDAB, IDAE, (STO(1,JJ)sJJ2UNK, IDAE)

4870 IF(IND,EQ.65) WRITE(NO,165)IDAB,IDAE, (STO(1,JJ)sJJ2JNK,IDAE)

4880 IF(IND,EQ.66) WRITE(NO,166)IDAB,IDAE, (STO(1,JJ)»JJ2INK, IDAE)

489y Hp1l RETURN

4900 END
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Table B2
Listing of Subroutine COMPMS

6000 SYUBROUTINE COMPMS

6010Co%ec000000sssssnce

6020C>00®eCALCULATION CORE0o0000000000000000000000000000g00
6030 VO 600 J=1,7

6050 IF(RF(JY)=77,77)601,672,603

6070 601 GO 70 (604,605) JOK

6080 IF(1SM-M0)606,606,607

6090 6y6 IF(1SD-1DA-JU+1) £#08,608,607

61uu 608 GO TO (640,605) JOK

6110 oCc4 JOK=2

6120 605 [Ss|S1

6130 Do 6V9 31,2

6140 [1T=]T(])

6150 1F(NEWCOF.LT,2.0R.NEWCOF.GT.2) GO TO 610
616D CMIN(I)=CMAX(I)-XRANG(],1S)

6179 Go T0 6.9

6180 610 CMIN(I)SCMAX(I)=RANG(I,I]T,1S)®ADF(I])
6190 609 CONTINUE

6200 JyG=1

6210 007 JEM=1

6220 Do 611 [=1,2

6230 DYMC(1,0)=0C,

6240 GO T0 (612,613,614,615),JEM

6250 612 IF(RF(J)~RMIN)616,617,618

6260 616 JEM=2

6270 GoT0613

6280 617 ACCRs30.

6290 GO TO 619

6300 618CONTINUE

80 a%g00000000s

6310Cca®08ACCRETION CALCULATION®®000000000000000000000000080808000000000000

6340 X(1)3CMAX(1)=PMC(1)

6350 X(2)3CMAX(2)=-PMC(2)

6360 IF(RF(J)=X(1)-X(2))621,620,620

6570 620 [[s2

6380 JEM=3

6390 GOT0614

6400 621 l1=1

6410 JEM=4

6420 615 X(1)3RF(Y)

6430Coas0eACCRETION(CLASS 1 AND CLASS 2)ssocs
645" 614 ACCR=sC3I(Il,1)ex(l)eCacll,1l)

6460 IF(ACCR)622,622,623

6470 622 IF(PMC(1)-CMAX(]1))624,62%5,625

6480 624 IF(11,EQ.1)G0 TO 626

649U PMC(1)spMC(])+ACCR2

6500 Go TO 627

6510 626 PMC(1)zPMC(]1)+ACCR1

6520 GOT0627

6530 628 [F(11.EQ0.1.AND.ACCR.LT.C1COF.AND.1,EQ.1) GO TO 620
6540 Go TO 629

6550 628 C1ROF=RF(J)=-RMIN

6960 IF(C1ROF,LT.C1COF.AND.I.EQ.1) GO TO 630
6570 GO TO 629

6580C®e®08ACCRETION(ONE TO ONE RELATION)e®sass
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Table B2 (continued)
Listing of Subroutine COMPMS

6600 630 ACCR=RF (J)-RMIN
6610 629 IF(11.€0.1) GO TO 619
6620Caee0e ACCRETION(CONSTANT)000es
6640 1F(ACCR.GE.ACCR2)GO TO 619
6650 PMC(l)=PMC(1)+ACCR2
6661 Go TD 627
667UC NEW MOISTURE CONTENT
6690 619 PMC(1)=PMC(1)+ACCR
6700 627 IF(PMC(I)=CMAX(])) 631,631,625
6710 625 PMC(])aCMAX(])
6720 631 IF(MEAOU2.EQ.2) GO TO 611
6730C®2eeeaCONVERT MOISTURE CONTENT TO X DRY WEIGHTeecscensscacatosscccnses
6750 DWMC(1,J)3(PMC(1)/(6.*BD(1)))100,
6760 GO TO 611
6780CeeeeDEPLETION CALCULAT]ONQoo00oooooooooooooooooooo.oooooooooooooooa
6800 613 IF(PMC(I)-CMINC(I)) 631,632,632
6810 632 IF(NEWCOF.NE.2) GO TO 633
6820 DePs=0.0
6830 Do 634 _=1,6
6840 634 DEP=DEP+CONEW(IS,1,L)®(PMC(1)-CMIN(])) o0l
6850 IF(DEP) 631,631,635
6860C
6870C 1JKL = ] eMAXI®(J=1)eMAXTOMAXJ® (K~1)*MAX] aMAXJOMAXKe (L =-1)
6880C
6890 633 1JUKLZ1+60(1-1)+12°(IT(])=1)+360(]S-1)
6900 DeP=0,0
6910 Do 636 L=1.6
6920C®eceeTENTATIVE AVERAGE DEPLETIONecces
6940 DEP=DEP+COEF (1JKL)®(SDF (1)@ (PMC(1)=CMIN(])))eaL
6950 TUKL=]JUKL+1
6960 636CONTINUE
6970C*e®eaTRANSFORMED DEPLETION®®ace
6990 DEPsDEP/SDF (1)
7000 IF(DEP) 631,631,635
7010CeeeeaNEKW MOISTURE CONTENT2000000000000000000000000000000000000000000
7030 635 PMC(1)=PMC(]1)-DEP
7040 IF(PMC(I)-CMIN(]))637,631,631
7050 637PMC(1)=CMINCI)
7060 GOT0631
7070 611 CONTINUE
7080 602 ITEMPzIDA+J~1
7090 IF(RF(J),LE.RMINIGO TO 638
7100 STORMC(MO,1TEMP)=0.0
7110 IF(RF(J)(LT.25.0) GO TO 638
7120 STORMD(MO,ITEMP)=0.0
7130 Go T0 639
7140 638 STORMC(MO, ITEMP)=PMC(1)
7150 STORMD(MO, ITEMP)=PMC(2)
7160 639 [F(ITEMP~ICOUNT) 600,640,640
7170 640 JA2s2
7180 GO TO 645
7190 600 CONTINUE
7200 JAZ21
7210 GO TO 645
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7220
7230
7240
7250
72560
7270

603 ITEMPzIpA+Jd-y
NMAXD(1)3MO

NMAXD (2351 TEMP~1
Jalsg

645 RETURN

END

Table B2 (concluded)
Listing of Subroutine COMPMS
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Table B3
Listing of Subroutine FIL1DA
80710 SUBROUTINE FILIDA

8010C*e®svsccnssssssse

8015C 000 RITE SOIL MOISTURE FILES®®0000000000000000000,0000%0%00000000
8016Cs0200FORMAT STATEMENTS00000000000000000000000000000000000000000000000
8020 27 FORMAT(20X,23HIDENTIFICATION NUMBER: ,4A3)
8030 29 FORMAT(3A3)

8040 SO0 FORMAT(4(1H »7/))

8050 51 FORMAT(2X,3HDAY,24X,3A3,A1,X,2H19,12)

8060 32 FORMAT(1X,12,1H=,12,4X,7F7,2)

8070 33 FORMAT(24X,15H0 = 15 CM LAYER,/)

8080 34 FORMAT(23Xx,16H15 ~-30 CM LAYER,/)

8090 35 FORMAT(20X,22HSOIL MOISTURE IN/ 6 IN)

8100 36 FORMAT(20X,22HSOIL MOISTURE CM/15 CM)

8110 37 FORMAT(24X,14H0 - 6 IN LAYER./)

8120 38 FORMAT(24X,15H6 - 12 IN LAYER,/)
8125C*e0eeTEST OUTPUT CHECKS AND OPEN FILESecccccssesccccsncsssdsnssnssnse
8130 IF(NEWFIL.EQ.1) GO TO 650

8140 IF(IYR,GT.NEWYR) GO TO 651

8150 GO TO 652

8160 651 CALL OPENF(2,DMCLAL)

8170 CALL SETSCT(2,SECT1)

8175C*00eoRITE HEADINGS®0000000000000000000000000000000000000000000000000
8180 650 WRITE(2,27)]SINUM

8190 IF(MEAOU1,EQ.1)WRITE(2,35)

8200 IF(MEAOU1.EQ.1) WRITE(2,37)

8210 IF(MEAOU1.EQ,.2) WRITE(2,36)

8220 IF (MEAOV1.EQ.2) WRITE(2,33)

8230 WRITE(2,30)

8240 IF(NEWFIL.EQ.1) GO TO 653

8250 CALL OPENF(3,DMCLA2)

8260 CALL SETSCTV(3,SECT2)

8270 653 WRITE(3,27)ISINUM

8280 IF(MEAOU1.EQ.1) WRITE(3,35)

8290 |F(MEAOU1.EQ.1) WRITE(3,38)

8300 IF(MEAOU1.EQ.2) WRITE(3,36)

8310 IF(MEAOUL1.EQ.2) WRITE(3,34)

8320 WRITE(3,30)

8330 NEWYRz]YR

8340 652 K=18BM

8350 Lk=MO

8360 DO 654 [3K,LK

8370 JB=1

8380 IF(1B8D,GT.1,AND,].EQ.1BM.AND.IYR,EQ,1BY)JBsIBD
8390 1DABs}

8400 IDAEs?

8410 [F(],EQ.NMAXD(1)) JENDSNMAXD(2)

8420 IF(}.EQ.NMAXD(1)) GO TO 655

8430 JENDE®MAXD(1)

8440 655 JF(MEAOU1.EO0.1) GO TO 656

8450 Do 657 UzJUB,JEND

8460 STORMC(1+J)3STORMC(1,J)e2.54

8470 657 STORMD(1,J)3STORMD(I,J}®*2,54

8480 656 WRITE(2,31) (IMOA(CII,1). 1131,4), IYR
8490 WRITE(3,31) (IMOAC(Il,1)s I181,4),1YR
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Table B3 (continued)
Listing of Subroutime FIL1DA

8500 JBN=AJUBN

8510 U0 658 NW=21.5

8520 IF(IYR.GY.IBY) GO TO 6%9

8530 INK=0

8550 1F(JUB.EQ«1.0R.JBN.LT.{(NW=1)) GO TO 659
8559Coe0eoWRITE OUTPUT WMEN BEGINNING WEEK 1S ONLY PARTIALLY FILLEDssesss
8560 Up 661 NK=1DAB.IDAE

8570 INKsINK+l

8580 IF(STORMC(1.,NK).EQ.0.0)GO TO 661

8590 IND360eINK=~1

8600 JUNKaNK

8610 UNI=]

8620 CALL WRIBWK

8630 Go TO 660

8640 661 CONTINUE

8650 Go TO 660

8670 IF(NW.EQ.5)IDAE=MAXD(])

8680 JUNSJEND/7

8690 IF(1.EQ.NMAXD(1}.AND.UN.EQ«NW)IDAE=JEND
8695C2000oWRITE DATA ON FILES©000000000002000000000000000080000000000000000
8704 WRITE(2,32) 1DAB,IDAE, (STORMC(]:JJ)» JJ2IDAB.1DAE)
8717 WRITE(3,32) IDAB,IDAE, (STORMD(],JJ)+ JJ21DAB,IDAE)
8720 IF¢(1.EQ.NMAXD(1).AND.UN.EQ.NW)BO TO 662
8730 660 1DABSIDAB+7

8740 658 IDAE=]DAE+?

8750 662 1F(1.EQ.6.0R.]1.EQ.12) WRITE(2,29) ISLEW
8761 IF(1.€EQ.6.0R.1.EQ.12) WRITE(3,29) ISLEW
8770 IF(J«LT.6.,0R.1.GT.6) GO TO 663

8780 WRITE(2,27),1SINUM

8790 IF(MEAOU1.EQ.1)WRITE(2,35)

8800 IF(MEAOUl.EQ.1)WRITE(2,37)

8810 IF(MEAOU1.EQ.2) WRITE(2,36)

8820 IF(MEAOU1.EQ0.2) WRITE(2.33)

8830 WRITE(2,30)

8840 WRITE(3.27) ISINyM

8850 IF(MEAOU1.EQ.1)WRITE(3,35)

8860 IF(MEAOU1.EQ.1) WRITE(3,38)

8870 IF(MEAOU1.EQ.2) WRITE(3,36)

8880 IF(MEAOUY1.EQ.2) WRITE(3,34)

8890 WRITE(3,30C)

8900 663 IF (MEAOU2.EQ.2) GO TO 654

8910 IF(MEAOU1,.EG.2) GO TO 664

8920 Dp 665 Jy3JB, JEND

8930 STORMC(1+J)2STORMC(1,J)0100,/7(BD(1)96,)
8940 665 STORMD(1.,J)2STORMD(1,J)®100./(BD(2)%6,)
8950 Go TO 654

8960 664 CONTINVE

8970 Do 666 J=JB,JEND

8980 STORMC(]:J)=sSTORMC(1,J)®100,/(BD(1)®15,24)
8990 666 STORMD(1.,J)=STORMD(1,J)®100./7(BD(2)215,24)
9000 654 CONTINUE

9010 CALL SAVSCT(2.SECT1)

2 of 3 sheets



Table B3 (concluded)
Listing of Subroutine FIL1DA

9020 IF(IYR,EQ,I1BY.OR.NEWFIL.EQ.1)GO TO 667

9030 CALL CLOSEF(2)

9040 GO TO 668

9050 667 CALL CLOSEF(2,DMCLA1)

9060 668 CaALL SAVSCT(3,SECT2)

9070 IF(IYR,EQ.IBY.OR,NEWFIL.EG.1)GO TO 669

9080 CalLL CLOSEF(3)

9090 GO TO 670

9100 669 CALL CLOSEF(3,DMCLA2)

9110 670 NY1SEQ=NY1SEQ+1

9115CoaaeeNEED FOR NEW CONTINUATION OUTPUT FlLEsscssssascscscatotiansessssses
9120 IF(MOD(NY1SEQ,18).EQ.0) ISEQ=1SEQ+1

9130 lf(HOD(NYISEQnia).EO.0)NHCLAI(2):NUH9‘1$EQ/100256'HOD(1550010)
9140 NMCLA2(2)=NMCLA1(2)

9150 NEWFIL =0

9160 1F(MOD(NY1SEQ,18).EQ.O0)INEKWFIL=1

9170 RETURN

9180 END
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Table B&4

Liscing of Subrodtine FIL2DA

1000) SUBROUTINE FIL2DA

10010Cececscccscccsccccee

10015Cec®e®aliRITE PERCENT MOISTURE FILES®00000000000000000000000000000000000
10016Cse00eFOQRMAT STATEMENTS®000000003000000000000000000000000%0000000000
10020 27 FORMAT(20X,23HIDENTIFICATION NUMBER: ,4A3)
10080 28 FORMAT(19X,24HPERCENT MOISTURE CONTENT)
10049 29 FORMAT(3A3)

10090 30 FORMAT(4(1H ,/))

10060 31 FORMAT(2X,3HDAY,24X,3A3:A1,X,2H19,12)

10070 32 FORMAT(1X,12,1H=,12,4%X,7F7.,2)

1008y 33 FORMAT(24X,15H0 - 15 CM LAYER.,/)

10090 34 FORMAT(2IX,16H15 ~30 CM LAYER,/)

10100 37 FORMAT(24X,14H0 - 6 IN LAYER,/)

1011v 38 FORMAT(24X,15H6 - 12 IN LAYER,/)
10115C«e00eTEST OUTPUT CHECKS AND OPEN F]LESesccsccacccceccctotecccceses
10120 IF(IYR.EQ.IBY.OR.NEWFIL.EQ.1)GO TO 700

10130 CALL OPENF{2,DPMLAL)

1014y CALL SETSCT(2,SECT3)

10145Cs200elRITE HEADINGS 0000000000000 00000000000000000080000000%830000000008
10150 700 WRITE(2,27), ISINUM

1016U WRITE(2.28)

10170 [F(MEAOU1.EQ.1) WRITE(2,37)

10180 [F(MEAOU1.EQ.2) WRITE(2,33)

10190 WRITE(2:30)

1020u IF(IYR.EQ.1BY.OR.NEWFIL.EQ.1) GO TO 701

10216 CALL OPENF (3,0PMLA2)

10220 CALL SETSCT(3.SECT4)

10230 701 WRITE(3,27),1SINUM

1024y WRITE(3,28)

10250 |F(MEAOU1.EQ.-1) WRITE(3,38)

10260 [F(MEAOU1.EQ.2) WRITE(3,34)

10270 WRITE(3:30)

10280 pO0 702 I=K,LK

10290 JB=1

10300 IF(IBD.GT.1,AND.1.EQ.,IBM,AND.IYR,EQ,IBY)JB=IBD
10310 1DAB=1

10320 IDAE=7

10350 WRITE(2,31) C(IMOA(II,1)s 1121,4),1YR

10340 WRITE(3,31) (IMOA(CII,I),1121,4),]YR

103% DO 703 NwWs1,5

10360 [F(IYR.GT.IBY)GO TO 704

10370 INK30

103580 [F(AJBN.GE.NW.AND.I1.EQ.IBM) GO TO 705

10399 [F(JB.EQ.1.0R.JBN.LT,(NWN-1))GO TO 704
10395Ceeee o WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLEDeeces
1040y DO 706 NK=1DAB. IDAE

10411) INK3INK<*1

1042y IF(STORMC(I1.,NK).EQ.2,0)B0 TO 706

104350 IND=60+INK-1

1044, JUNK3INK

1042y UN|sl

10460 CALL WRIBWK

1047p g0 TO 705

1048 705 CONTINUE
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1049\'
10500
10510
10520
10530

Table B4 - (concluded)
Listing of Subroutine FIL2DA

G0 10 705

704 IF(1.EQ.2.AND.NW.EQ.4) NW=NW+1
1F(NW.EQ.5) IDAE=MAXD(I)

JN2JEND/?
1FCI.EQ'NMAXD(1).AND.JIN.EQ.NW) IDAE=JEND

105355Ce359eWRITE DATA ON FILESe000000000000000000000000000080008%30000000000

1054y
1055
10564
105/0
10584
1049y
10600
1061
1062y
10636
1064y
1065y
10661
10671
1068y
10690
10700
10716
1021
10738y
1074::
107%u
10764
1077y
1078y
1079y
10800
1081¢
1082

WRITE(2,32) IDAB,»IDAE,(STORMC(1»JJ)» JJ=21DAB, IDAE)
WRITE(3+32) IDAB.,IDAE,(STORMD(1,JJ)+ JJ=1DAB, IDAE)
1F(1,EQ.NMAXD(1),AND.JUN.EQ.NW)GO TO 707

705 1DAB=1DAB+7

703 IDAE=IDAE+7

707 IF¢1.EQ0.6.0R.1.EQ+12) WRITE(2,29) ISLEW
1F(l.60.6.0R.1.EQ.12)WRITE(3,29) ISLEW
IF(l1.LT,6.0R.1.GT.6) GO TO 702

WRITE(2:27), 1SINUM

WRITE(2,28)

1F (MEAQU1.EQ.1)WRITE(2,37)

IF (MEAOU1.EQ.2)WRITE(2.:33)

WRITE(2,30)

WRITE($,27)]SINUM

WRITE(3,28)

I1F (MEAOU1.EQ.1)WRITE(3.38)
1F(MEAOVU1.EQ.2)WRITE(3,34)

WRITE(3,30)

702 CONTINUE

CALL SAVSCT(2,SECT3)
IF(IYR.EO.IBY.OR.NEWFIL.EQ.1) GO TO 708
CALL CLOSEF(2)

GO TO 709

708 CALL CLOSEF (2,DPMLAL)

709 CALL SAVSCT(3,SECT4Y)
IF(IYR.EQ.IBY.OR.NEWFIL.EQ.1)GO TO 710

CALL CLOSEF(3)

GO0 To 712

710 CALL CLOSEF (3,DPMLA2)

10625Co200aTEST NEED FOR NEW CONTINUATION FILEesecscccscsccagecacsetsscssccsssnse

1083v
1084
108>v
1086y
1087p
10a8¢

711 NPMLA1(2)=NMCLAL1(2)
NPMLA2(2)=NMCLA1(2)

NEWF L=V

IF(MOD(NY1SEQ.18).EQ.0) NEWFIL=1
RETURN

END
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Table BS
Listing of Subroutine FRODEP

12000 SUBROUTINE FRODEP

12001Cevecvssvpscnssose

12002CeseesRITE AIR TEMPERATURE AND SNOW FILESsscssvsscgsncss®ossssssssose
121:03Ca0eeeFORMAT STATEMENTS®000000000000000000000000000,000000800000000800
1201y 2/ FORMAT(18X,24HIDENTIFICATION NUMBER: ,»4A3)

120240 29 FORMAT(3A3)

12038 31 FORMAT(28X+s3A3,A1,X,2H19,12)

12041 32 FORMAT(2A3)

120%y 33 FORMAT(6X,25HDENSITY: 0-15 CM LAYER, ,F5,2,23HG/CM: 15-30
12060& CM LAYER, +F5.2,4HG/CM)

12075 34 FORMAT(11X,49HFROZEN DEPTH OF SOIL(CRREL~1968) NATA INPUT

12080u8 FILE,/)

12090 35 FORMAT(1H ,/)

1210u 36 FORMAT(26X,19HMEASURED SNOW DEPTH,//)

12110 37 FORMAT(11X,4HSNOW+3Xs 7HPRECIP~,3Xs3IHAIR,6Xs13HSNIL MOISTURE,6X,
1212081 3HSOIL MOISTURE)

12130 38 FORMAT(O6Xo12:3(2XsF6.2)s8XeF7.2011%XsF7.2)

12140 39 FORMAT(6Xs3IHDAY +2XsSHDEPTH,2X s 7HITATION, 3Xs4HTEMP+»4X,15H0-15
121508 CM LAYER,%+3Xs17H 15=30 CM LAYER,X)

12160 |F(IYR.GT.IBY) GO TO 850

12165CeoeesADDITIONAL INPUT CONTROL®00000000000000000000080800000000000000
121/ PRINT,"ENTER NAMES OF SNOW.FROZEN SOIL DEPTH MODEL INPUT FILE"

1218u PRINT," EXAMPLE: FRDOO1"

12190 READ 32,NFRDEP

12195Ce®e®eTEST OUTPUT CHECK AND OPEN FILESesccssssssssssssscssssesssseese
12200 850 IF(IYR.EQ.IBY.OR.NEWFIL.EQ.1) GO TO 851

12¢10 CALL OPENF (4,DFRDEP)

1222u CALL SETSCT(4,SECT9)

12239 851 CONTINUE

12235Ce 000 alRITE HEADINGS 000000000000 0000000000000000000,0000000000000080800
12240 DO 852 [:=K,LK

12250 WRITE(4+27),ISINUM

12260 WRITE(4,34)

122/y |F(KIND(1).EQ.0) GO TO 853

12286 WRITE(4,36)

1229y 853 WRITE(4,31) (IMOA(II.1)s1131,4),1YR

123501 WRITE(4.,33),8D(1).,8D(2)

12310 WRITE(4,35)

12320 WRITE(4,37)

12330 WRITE(4,39)

12340 JB=18D

123%0) JEND=MAXD(])

12360 [F(I1,EQ.NMAXD(1))JENDSNMAXD(2)

12365Ce 20 o RITE DATA ON FILES®0000000000000000000000000800000080000000008000
12370 pO 854 U=UB,JEND

12380 854 WRITE(4,38)J,SNO(I,J) PRECIP(1,J),TEMPER(],J)»STORMC(I,)),
1239n8STORMD(1,J)

12400 B852WRITE(4,31) ISLEW

12410 CALL SAVSCT(4,SECT9)

12420 JF(IYR.EQ.IBY.OR.NEWFIL.EQ.1) GO TO 855

12430 CALL CLOSEF(4)

12440 GO TO 856

12450 855 caLL CLOSEF (4,DFRDEP)

12460 896 NY2SEQ=NY2SEQ+1
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Table B5 (concluded)
Listing of Subroutine FRODEP

1247y 1F(MOD(NY2SEQ,3).EQ.0)1SEQ=1SEQ+1

12489 [F(MOD(NY2SEQ,3).EQ.0)NFRDEP(2)=NUMB*ISEQ/10256+mMaD(1SEQ,10)
12a85Ce0eeoTEST NEEN FOR NEW CONTINUATION FILEceccccccceoccecctocccccee
12490 NEWFIL=0

12500 JF(MOD(NY2SEQ,3).EQ.0) NEWF]L=1

12510 RETURN

12520 END
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Table B6
Listing of Subroutine STPRSP

15000 SUBROUTINE STFRSP

1501(Ceveveecsacccccccacs

15015Cee 200 COMPUTE STERNGTH EQUATION CONSTANTS FROM SOIL PROPERTIESecccccce:
1502y 34 FORMAT(5X,21HINCORRECT C1 MOD CODE)

1503y CON1(1.,1)2AL0G(200.,)

15040 CON1(1.2)=ALOG(100.)

1939y CON1(2,1)2AL0G(300.)

1506u CON1(2,2)2AL06G(200.)

1907y CALL SAVSCT(1,SECT10)

15040 CALL CLOSEF(1)

15y85Ceee2osSEARCH FOR STRENGTH EQUATION CONSTANTSecssscagssssstossssssssnse
15090 CALL OPENF(1,"DFSTEQ™)

15100 00 80y 11=1,NCI

15118 READ (1,) ( IMOD(1,1),121,12)

15120 Do 80C J=1.2

1513¢ READ (1.) (B(1.J,1),121,12)

19140 800 CONTINUE

191%0 1227<11+NRCI

15160 Do 801 I1=1,12

15179 READ (1,) (1MOD(1,2),1%1,12)

15180 DO 801 J=z1.,2

1519y READ (1,) (B(1,J,2),121,12)

15200 801 CONTINUE

19211y CALL CLOSEF(1)

15220 CALL OPENF(1,SAM)

19230 CALL SETSCT(1,SECT16)

15232CeeeN INDICATES LAYER,L1 IS CONE INDEX,L2 IS RATING CONEe®sosccssse
19240 pO 802 N=1,2

15756 p08L3L=1,2

19260 D(L)=B(1.1,L)=B(1,2,L)

19270 E(L)=B(1,1,L)

15280 p08031=2,12

19290 JTEMP=[MOD(I-1.L)

15300 TEMP=C1(1,N)

19310 1F(JTEMP)804,803,805

15320 8USCONTINUE

15330 1F(JTEMP-1)804,806,807

15340 8C7CONTINUE

19350 IF(JTENP-2)804,808,809

1536y B808CONTINUE

15365Ce200sCOMPUTE LN OF VARIABLE®0000000000000000000000000000080000000000¢
153/0 TEMP=ALOG(TEMP)

15381 60T0806

15390 809 |F(JTEMP-3)804,810,804

15395Ce000sCOMPUTE LNLN OF VARIABLE®0000000000000000000000000000000000000
15400 810 TEMP=ALOG(ALOG(TEMP))

15410 GOT0806

15420 804 PRINT 34

1543y 806 D(L)=D(L)*(B(I1+1+L)=BCL,2,L) )0 TEMP

15440 E(L)=E(L)*B(1,1,L)eTEMP

154%0 B803CONTINUE

15460 NNz=N

15465Ce202aCOMPUTE A AND B OF STRENGTH EQUATIONescsccccscscacsccccstosssssssses
1547y p0BL2L=1,2
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19480
1549y
15509
155401
15502
15504
15505
1%50u6
15508
1551
1%52¢y
15530
15540
1995
15560

Table B6 (concluded)
Listing of Subroutine STFRSP

ABAR(L,N)ZCON1(1,L)+(CON1{2,L)=CON1(1,L))=E(L)/D(L)
BBAR(L,N)=(CON1(1,L)-CON1(2,L))/D(L)

PRINT,*LAYER = “,N

IF(L.EQ.2)GO TO 820

PRINT, " CONE INDEX EQ, As ",ABAR(L,N)
PRINT,* 8= *,BBAR(L,N)

GO To 830

82u PRINT," RATING CONE EQ. AT ",ABAR(L,N)
PRINT, " B8z "»,BBAR(L,N)

830 STCON (1,NN}sABAR(L/N)
STCON(2:NN)=BBAR(L,N)
NN=NNe2

802 CONTINUE

RETURN

END
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Table B?7
Listing of Subroutinme CALSST

1300y SUBROUTINE CALSST

13010Ceacs0s000000000000

135115Ce000oCOMPUTE CONE INDEX AND RATING CONE INDEXeossossocscscscccccscacssssce
13.016Ce000sFORMAT STATEMENTS®000000000000000000000000000000000%00000000000
13u2: 27 FORMAT(20X,23HIDENTIFICATION NUMBER: ,4A3)

13538, 29 FORMAT(3AJ)

1314y 30 FORMAT(4(1H ,/7))

13109, 31 FORMAT(2X,3HDAY,24X,3A3,A1,X,2H19,12)

13061 32 FORM‘T(IX:l?nl"*nl?t‘Xl7F7n0)

1307y 33 FORMAT(24X,15H0 - 15 CM LAYER,/)

13080 34 FORMAT(23X,16H15 ~ 30 CM LAYER./)

13090 37 FORMAT(24X,14H0 - 6 IN LAYER,?/)

13100 38 FORMAT(24X,15H6 ~ 12 IN LAYER,/)

1511¢ 39 FORMAT(26X,1NHCONE INDEX)

1512 4y FORMAT(23X,17HRATING CONE INDEX)

1513y 41 FORMAT(2A3,1X,2A3,1X,2A3,1X:2A3)

1314y [F(IYR.GT.IBY)GO TO 750

13145Ce®e0aADDI YIONAL CONTROL INPUT TO DETERMINE SOIL STRENGTH REQUESTee
13:%0 PRINT,"DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYERZ?"
13160 PRINT,"RCI FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSWERS"
13170 PRINT,"W]TH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH | AYERS}2,2,1,1"
1318y READ, (NSTEQ(1),1=21,4)

15195 PRINT,»ENTER NAMES OF SOIL STRENGTH FILES TO BE USED,ENTER"™

1320 PRINT," NODATA IF A FILE IS NOT TO BE USED."

18210 PRINT,*EXAMPLE:FOR RCI FOR BOTH LAYERSSNODATA,NODATA,XX1001,xXx2001"
1372¢: READ 43, NCILAL1,NCILA2,NRCLA1,NRCLA2

13:39 750 CONTINUE

13235Ce0e0aTEST QUTPUT CHECKS AND OPEN FILESescrcscsccscscsscecctetosccssscee
1824, pO 773 =1.,4

18750 [F(NSTEQ(1).EQ.2) GO TO 773

18,60 1F(IYR.EQ.IBY.OR.NEWFIL.EQ.1) GO TO 752

1327y 1F(1.EQ.1)CALL OPENF (2.DClILAL)

1328« 1F(1.EQs1) CALL SETSCT(2,SECTS)

13296 IF(J.EQ.2)CALL OPENF(3,DCILA2)

1330 IF(1.EQ.2) CALL SETSCT(3,SECTS)

15310 1F(1.EQ.3) CALL OPENF(2,DRCLA1)

1332¢ 1F(1,EQ.+3) CALL SETSCT(2,SECT7)

13380 1F(1.EQ.49) CALL OPENF(3,DRCLA2)

1334y 1F(1.,EQ.4) CALL SETSCT(3,SECT8)

13450 752 XLIM1=STRLI(1.1])

1336u XLIM2sSTRLI(2+1)

133743 pO 753 J=zK.LK

1338y JB=1

1339¢ 1F(J.EQ,1BM.AND,IYR.EQ.IBY)UB=1BD

18400 IF(J.EQ.NMAXD(1)) JEND=NMAXD(2)

13410 IF(J.EQ.NMAXD(1)) GO TO 754

13420 JEND=MAXD(J)

13430 754 CONTINUE

18145 DO 753 L=UB,JEND

1345, (F(1.EQ.2.0R.1.EQ.4)GO TO 755

13460 [F(STORMC(J,L) .EQ.C.)STO(J,sL)=0,

13476 JF(STORMC(J,L).EQ.0.) GO TO 753

13483 STO(J,L)=EXPC(STCON(1,1)+STCON(2,1)®ALOG(STORMC(J,L)})

13494y [F(STO(J,L).GT.XLIMI)STO(JoL)EXL IML
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Table B7 (continued)
Listing of Subroutine CALSST

13500 JF(STO(J, L) LT XLIM2)STOC(J L )BXLIM
1351n GO To 753

1352¢ 795 IF(STORMD(J,L).EQ.0.)STO(J,L)=0,
133y 1F(STORMD(J,L).EQ.0,)GO TO 753

1354, STO(J,L)=EXP(STCON(1+1)+STCONC2,1)®ALOG(STORMD(JsL)))
13550 [F(STO(J,IL).GT. XLIML)STO(JsL)IXLIML
135649 1F(STO(J,L) . LT.XLIM2)STO(J L )3XL M2
1357y 753 CONTINUE

1358y 1F(MOD(1,2).EQ.0) NO33

13590 1F(MOD(1,2).EQ.0)GO TO 756

1360y NOs=2

13605ConeesRITE HEADINGS#00000000000000000000000000000000080800%0000000000
13610 796 WRITE(NO,27) ISINUM

13626 [F(l1.EQ.3.0R.1.EQ.4) GO TO 757

13630 WRITE(NO,39)

13640 [F(]1.EQ4+1)G0 TO 758

13654 [F(MEAOUL1.EQ.1)WRITE(NO,38)

13660 IF(MEAOUL1.EQ.2)WRITE(ND,34)

136/u g0 TOo 759

1368y 757 WRITE(NO,40)

1369v 1F(1.EQ.,3)GO TO 758

1370y |F (MEAOU1:EQ.1}WRITE(NO,38)

1871 JF(MEAOUL.EQ.2)WRITE(NO,34)

13720 60 To 759

13730 758 IF(MEAOU1.EQ.1) WRITE(NO,37)

13744 [F(MEAOUL1.EQ.2)WRITE(NO,33)

1375, 759 WRITE(NO,30)

1376 DO 760 LOUT=K,LK

13770 JB=1

13/8y 1F¢18D.GT.1.AND.LOUT.EQ.IBM,AND.I1YR,EQ.1BY)JB=18BD
13790 1DAB=1

13801 |DAE=7

13811 WRITE(NO,31)(IMOACII,LOUT),1]1=21,4),1YR
1382u DO 761 NW=1,5

1343 IF(IYR.GT.IBY)GO TO 762

13840 [NK=§

1385 |F(AJBN.GE.NW.AND.LOUT.EQ.IBM)GO TO 763
13865CeeeesWRITE OUTPUT WHEN BEGINNING WEEK 1S ONLY PARTIALLY FILLEDeeeeee
13871 DO 764 NK=1DAB,» IDAE

15881 INKSINKe}

13p9¢ [F(STO(LOUT,NK).EQ.C.0)GO TO 764

13901 [ND360+INK=1

1391y JNK=3NK

13929 UNIs3LOUT

139315 STDN=1,

1394:; CALL WRIBHWK

1392, STDN=0.

1396V GO-T0 763

1897, 764 CONTINUE

1398u GO TOo 763

1399V 762 IF(LOUT.EQ.2.AND.NW.EQ.4)NW=NNW*1
14010 N=JEND/?

2 of & sheets



1402v

Table B7 (continued)
'Listigg of Subroutine CALSST

IF(LOUT.EQ.NMAXD(1).AND.IN.EQ.NW)IDAE=JEND

14025C+%00sWRITE DATA ON FILES00000000000000000000000000000000%00000000000

14030
1404y
14050
14060
14n/y
14081
14999

WRITE(NO,32) 1DAB, IDAE, (STO(LOUT,JJ)»JJ=1DAB, IDAE)
1F(LOUT.EQ.NMAXD(1) .AND.IN.EQ.NW)GO TO 765

763 1DAB=1DAB*7

761 1DAEzIDAE+7

765 IF(LOUT.EQ.6.0R.LOUT.EQ.12) WRITE(NO,29)ISLEW
tF(LOUT,LT.6.0R.LOUT.GT.6) GO TO 760
1F¢l1.EQ.3.0R.1.EQ.4) GO TO 766

14095Ce000eWRITE MID-YEAR HEADINGS©000000000000000000000000000%000000000800

1410u
1411,
14120
1413¢
14140
14150
14160
1417y
14184
1419
14200
14210
14224
14230
14249
1425y
14260
142/
14284
1429y
14304
14310
1432y
14330
14340
1435y
14360
142/
1438y
1439
14400
14410
14424t
144350
1444y
14450
1446y
1447
14481
1449y
14506
1451y
14524
14830

WRITEINO,27)1SINUM

WRITE(NO,39)
IF(1.EQ.1.AND.MEAOUL1.EQ.1)WRITE(NO,37)
IF(I.EQ,1.AND.MEAOU1.EQ.2)WRITE(NO,»33)
1FC1.EQ.2.AND.MEAOU1.EQ.1)WRITE(NO:38)
IF(1.EQ.2.AND.MEAOU1.EQ.2)WRITE(NO,34)
GO T0 767

766 WRITE(NO,27)1SINUM

WRITE(NO,40)
1FC(I.EQs3.AND.MEAOUL.EQ.1)WRITE(NO,37)
1FCI1.EQs3.AND.MEAOUL.EQ.2)WRITE(NO:33)
1FC1.EQ.4.AND.MEAOU] .EQ.1)WRITE(NO,.38)
1F(l.EQ.4.AND.MEAOUL1.EQ.2)WRITE(NO,34)
767 WRITE(NO,3U)

76u CONTINUE

IF(NEWFIL.EQ.1) GO TO 768
IF(IYR.GT.IBY)GO TO 769

768 1F(1-2) 770,771,772

770 CALL SAVSCT(2,SECTS)

CALL CLOSEF(2,DCILAL)

G0 T0 773

771 CALL SAVSCT(3,SECT6)

CALL CLOSEF(3,DCILA2)

GO To 773

772 1F(1.G7.3) GO TO 774

CALL SAVSCT(2,SECT7)

CALL CLOSEF(2,DRCLAL)

GO0 TO 773

774 CALL SAVSCT(3,SECT8)

CALL CLOSEF(3,DRCLA2)

GO To 773

769 1F(1-2)775,776.,777

775 CALL SAVSCT(2,SECTS)

CALL CLOSEF(2)

G0 To 773

776 CALL SAVSCT(3,SECT6)

CALL CLOSEF(3)

G0 To 773

777 1F¢1.GT.3)G0 T0 778

CALL SAVSCT(2.,SECT7)

CALL CLOSEF(2)

GO To 773

778 CALL SAySCT(3,SECT8)

CALL CLOSEF(3)
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Teble B? (concluded)
Listing of Subroutine CALSST

14545, 773 CONTINUE

1455¢ NCILAL1(2)SNMCLAL(2)

14560 NCILA2(2)zNMCLAL(¢2)

14570 NRCLA1(2)=NMCLAL(2)

14580 NRCLA2(2)=NMCLAL(2)

14590 NEWF[L=0

14595Csoa0sTEST NEED FOR NEW CONTINUATION FILER 0 0onnnsseyssasadannnnnsssse
14500 [F(MOD(NY1SEQ-18).EQ.0)INEWFIL =1

14630 RETURN

1462y END
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APPENDIX C: INPUT DATA ORGANIZATION AND FORMAT

1. The format for preparing control and weather data on cards is
described in this appendix (see Part III of the main report). Figure Cl
shows the texture code for soils of the U. S. Department of Agriculture
textural classification gystem that is entered on type 1 card (see fig. C6).
Figure C2 shows a complete card deck setup; and figs. C3-C5 show the card
deck setup for each of three examples illustrating the use of specific, sur-
face composition group and estimated (tentative average) data, respectively.

2. Figures C6-C19 show the positions of the variables on each of the
cards with a brief description of the variables. The decimal point as shown
is preferred; however, it may appear anywhere in the area reserved for the
variable. It should be remembered that the decimal point as entered takes
precedence over the format call by the program. Double-headed arrows show
the column limits of the area reserved for the variable. If there are no
arrows, the variable must appear in that column only. A “A" indicates a

space that must be left in the column.

Cl



—— Percent Sand
Fig. Cl. Texture gode for soils of USDA aoil textural classification



Precipitation [ 915 451
Snow Depth '9 8 4518
Air Tempera- ' 9 8 451T

ture :

Precipita~- } 9 8 451

tion

Required sequence

of cards if air
temperature and snow
depth cards are present.. -

THESE i

1s b—

REQUIRED 0
0,2

"~ WEATHER DATA

. CONTROL DATA AND
~— AREA IDENTIFICATION

NOTE: R - REQUIRED IN PROGRAM
O - OPTIONAL IN PROGRAM

Fig. C2. Card deck setup for a time-sharing file



e - ) _[@ Winter Begins
9221052 —_—- - - 24 Oct 52
83 2k 10 52 -
8 May
14 Sep 51
9 8 45 <o _ /

Fe
1

13 4 5 - - m
% B8 - - . WEATHER
13 April 1951 is first day / - % hata begins DATA
© of data. It is in the —
spring season (2) 7 ) :
-
§ .
4 1—13 ~
&
é&'
© 2-2-31
2-2-22
2-2-21 .
CONTROL DATA AND
AREA IDENTIFICATION
1 l

NOTE: These data can be entered by computer operator or by user through

the teletype (keyboard or punched paper tape), One card
corresponds to one line. An example using this setup is
presented in Appendix E, pxample 1.

Fig. C3. Card deck setup using specific data




WEATHER
—  DATA

SUPPLEMENTARY
TO SURFACE
COMPOSITION

GROUP CONTROL
DATA SELECTED

NOTE: FROM FILE

" 1]
R - REQUIRED IN PROGRAM DSURGR
O - OPTIONAL IN PROGRAM

An example using this setup is presented in Appendix E, Example 2.

Fig. C4. Card deck setup using surface
composition group data



8 '
| WEATHER
DATA

ONE OF |

THESE 18 —] 0

FREQUIRED : | CONTROL DATA AND

R AREA IDENTIFICATION

NOTE:

R-REQUIRED IN PROGRAM
0-OPTIONAL IN PROGRAM

An example using this setup is presented in Appendix E, Example 3.

Fig. C5. Card deck setup using estimated
(tentative average) data



LAYER 1 SOIL TEXTURE
LAYER 2 SOIL TEXTURE

10, 2b LAYER 1 30, . aver 2-39 50, 60 70,
ummnncanlmlv | DENSITY | pENSITY L)
4l | XiX'MDIAAXAA x| x[x«d AAEER

This card is required in the program. It precedes all associated cards for a given site.

COLUMN CONTENTS
1 1
3-14 Alphanumeric identification., Last four characters must be numeric.
17 Layer 1 texture code. Select one of following codes from USDA textural

triangle (fig. Cl).
F for fine (clay)
M for medium (silt)

C for coarse (sand)

20 Layer 2 texture code (code is same as for layer 1).
21-30 Layer 1 dry density (g/cc). Enter to two decimal places.
31-40 Layer 2 dry density (g/cc). BEnter to two decimal places.

Fig. C6. Type 1 Card - Site Identification, Soil Texture and Soil Density




CARD TYPE < CONE INDEX RATING CONE INDEX a
CARD SﬂgTYPB lo—FIRST LAYVER SECOND _LAYFR IRST LAYER SECOND LAYER
L‘Julm‘m 2 (] 'y 60. 70
a LU [ UL LJIL)
F'stomn 1 tcrcop] 11T dax L Db e - sk - mx-k-Lm l
__H P e .ﬂ_% ol olel- Hﬁ > § -l
28 alx]. ] 3] x| A x{. T ] [ x| | e |1 Tl ] (g 1 x| | (g [ x| | I,

This card is optional. If it is not present, the program assumes 0.100 inches for minimum precipitation; 750
maximum CI and O minimum CI for layers one and two; 300 maximum RCI and O minimum RCI for both layers. If
this card is used it must be filled completely as indicated.

COLUMN CONTENTS
1 2
3 1
5-9 Minimum storm (in. or cm). Enter with three decimal places.
11-15 C1COF. Accretion value at which accretion-precipitation relation changes to
. one-to-one relation.
17-22 Layer 1 maximum CI
23-28 Layer 1 minimum CI
29-34 Layer 2 maximum CI
35-40 Layer 2 minimum CI
41-46 Layer 1 maximum RCI
47-52 Layer 1 minimum RCI
53-58 Layer 2 maximum RCI
59-64 Layer 2 minimum RCI

Fig. C7. Type 2-1 Card - Minimum Precipitation and Limits of Cone Index and Rating Cone Index



CARD TYPE
CARD SUBTYPE

SEASON
LAYER
MV NEW COEFFICLENTS e e
=1 20 30, 40 ) 60, -1 1
RPH E % B ik

x o sessANsEANAE
Za:quﬁ.n:xn;xlxs].xny;x* xxﬁ.xxxu.im.n shxdxtudade] | lxbdsldsdude s | bl iy ludvl vy

This card is optional, If this ¢ard is not present, the program assumes the tentative average depletion
equation coefficients (table 4 of main text) are applicable. Negative coefficients must include the sign
in the space allowed for that variable. The number of decimal places is optional. The decimal point
must be entered. Separate cards must be filled out for each layer and each season.

COLUMN CONTENTS
1 2

3 2

5 Code for season

1 for summer
2 for transition (spring or fall)
3 for winter

6 Soil layer (1 or 2)
7-16 Coefficient of X term
17-26 Coefficient of Xz term
27-36 Coefficient of X3 term
37-46 Coefficient of X‘ term
47-56 Coefficient oflx5 term
57-66 Coefficient of X6 term

If a term is not used a zero must be entered as the coefficient. "X" is the difference between present moisture
content and the minimum moisture content. This is calculated daily by the program.

Fig. C8. Type 2-2 Card - Depletion Equation Coefficients



CARD TYPE
CARD SUBTYPE

UMMER RANSITION WINTER
( 3 4 £0, 60 70,

| I |

1 Z Z 1
i e AT AT E

This card is required if card 2-2 is present. . Data on the card includes the soil moisture content maximum

to minimum range by layers for each season. For example, the first surface composition group, 0505,

has maximum and minimum moisture contents of 1.04 and 0.05 in. respectively for the first layer (see line 511
of table D1). Therefore, the range for the driest season (summer) is 0.99 in. Ranges for the transition and
winter are 0.80 in. and 0.43 in., respectively (see line 509 of table D1).

COLUMN CONTENTS

1 2

3 3
11-15 Summer layer 1 moisture range for relation on card 2-2
16-20 Summer layer 2 moisture range for relation on card 2-2
21-2% Transition layer 1 moisture range for relation on card 2-2
26-30 Transition layer 2 moisture range for relation on card 2-2
31-35 Winter layer 1 moisture range for relation on card 2-2
36-40 Winter layer 2 moisture range for relation on card 2-2

Fig. C9. Type 2-3 Card - Range of Soil Moisture Contents



CARD TYPE
CARD SUBTYPE

FIRST LAYER CI SECOND LAYER CI FIRST LAYE QECOND LAER RCI )
- oty 30 ) 7 6C 70,

[o]
T | o e A R

L -

]
L) 2
4 L 30EX LSRN X vxxﬂ an%’ Jxlxle | xhedx] ﬁﬂﬂ !Jﬁ

This card is required if strength predictions are required and equation constants are not calculated. The
decimal point may appear anywhere in the eight spaces allocated to the constant, Terms a and b listed
below are used in strength equations discussed in paragraph 51 of the main text.

COLUMN OONTENTS

1 2

3 4

4-11 Term a in layer 1 CI equation
12-19 Term b in layer 1 CI equation
20-27 Term a in layer 2 CI equation
28-35 Term b in layer 2 CI equation
36-43 Term a in layer 1 RCI equation
44-51 Term b in layer 1 RCI equation
52-59 Term a in layer 2 RCI equation
60-67 Term b in layer 2 RCI equation

~ Fig. Cl0. Type 2-4 Card - Strength Equation Constants



CARD TYPE

CARD SUBTYPE
CODE FOR CI EQUATION SET

10

20

30, 40

CODE FOR RCI EQUATION SET

50,

60,

70,

REBERE!

This card is required if strength equation constants are to be calculated.
required to calculate a and b of CI equations and one of six sets is required to calculate a and b
The equation sets relate various combinations of soil properties to soil strength (see
paragraphs 53-56 of main text and fig. Clg-a). A listing of these equation sets is given in table D2.

of RCI equationms.

COLUMN

~N W W e

Fig. Cll.

One of six equation sets is

2
5
Code (1-6) of equation set computing CI constants

Code (1-6) of equation set computing RCI constants

Type 2-5 Card - Codes for Equations used in Calculating Strength Equation Constants




CARD TYPE,

_CARD SUBTYPE
FIRST LAYER b SECOND LAYER " FIRST LAYER £- " SECOND LAYER )
‘__-—._..._...W — ,-_.* _ EAEEEES ) . e e L »
10, ) 30, ) % 60 70
FTTirt T1r 111 L L) Ttlr Tl (L P10l LA LU
CLASS 1 -’}é:uss II}t-CLASS I—}-CLASS IIP lcuass 1HcLass 11 ;cu;ss 1 CLASS 11
: : $ 1 1 1

usmqf REEERIERESE XA T 11 [xdxixlafa AA1 . axix ] 1.]xx) .xixm

This card is optional. 1If it is used it must be filled completely as indicated. The equation form must be
Y = bX + a.

COLUMN CONTENTS

1 2

3 6

6-12 Coefficient of variable for Class I, layer 1 equation
13-19 Coefficient of variable for Class II, layer 1 equation
20-26 Coefficient of variable for Class I, layer 2 equation
27-33 Coefficient of variable for Class I1, layer 2 equation
39-45 Constant term of variable for Class I, layer 1 equation
46-52 Constant term of variable for Class II, layer 1 equation
53-59 Constant term of variable for Class 1, layer 2 equation
60-66 Constant term of variable for Class II, layer 2 equation

Fig. Cl12. Type 2-6 Card - New Accretion Equation Constants



_CARD TYPE

10 20 30 40 50 60 70,
FIRST SECOND
LAYER LAYER
XX | X[ [ xix

This card is optional. If this card is not present, the maximum moisture content is used as the beginning
moisture content.

COLUMN CONTENTS

1 3

2-10 Layer 1 beginning soil moisture content (in. or cm)
11-20 Layer 2 beginning soil moisture content (in. or cm)

Fig. C13. Type 3 Card - Beginning Soil Moisture Content



CARD TYPE

MAYTMUM MOTSTURE CONTENT MIN MOTSTHRE
10, 20 30, 4Q 50, 60, 70,
| FIRST SECOND FIRST SECOND
LAYER LAYER LAYER LAYER
T IX{ X[V BEREEE H.{xx'zi I 0y

This card is required if card type 5 or 6 is not present. The maximum and minimum soil moisture contents
establish the limits of the moisture variable against which each new moisture content prediction is checked.

COLUMN CONTENTS
1 4 '

2-10 Layer 1 maximum moisture content (in. or cm)
11-20 Layer 2 maximuwm moisture content (in. or cm)
21-30 Layer 1 minimum moisture content (in. or cm)
31-40 Layer 2 minimum moisture content (in. or cm)

Fig. Cl4. Type 4 Card - Maximum and Minimum Soil Moisture Contents in Measurement Unit



__CARD TYPE

, MAXIMUM MOISTURE CONTENT ., MINIMUM MOISTURE CONTENT
10 20 30 40 50 60 70,
[TFIRST SECOND FIRSTT ] SECOND -
+—rLAYER LAYER LAYER: LAYE‘R
1 ot
ERBEECROED x L x[x Xk |x] xIx . {xix[x

This card is required if card type 4 or 6 is not present. The program accepts the moisture content in percent,

then converts the values to inches for use in calculations.

COLUMN CONTENTS

1 S

2-10 Maximum moisture content in percent for layer 1
11-20 Maximum moisture content in percent for layer 2
21-30 Minimum moisture content in percent for layer 1
31-40 Minimum moisture content in percent for layer 2

Fig. C15. Type 5 Card - Maximum and Minimum Soil Moisture Contents in Percent



N0, OF LAST VALOE ENTERED
| svstew ‘ -

CODE ' | o 1.0 o |, PERCENT)  PERC ERCENT | LPERCENT WLIQUID PLASTIC ,LPLASTICI
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1] [ T 1]
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(CONTINUATION CARD)

This type card is required if maximum and minimum moisture contents or strength equation constants
(a and b of an intercept, slope ln equation) are to be computed. All type 6a cards must precede type 6b
cards. The continuation card is not required if values of soil properties on this card are not required.
Soil property values must be entered in the order showm. Values for 15 soil properties may be entered.

A zero must be entered for properties not included in the equation up to the last property value in
the equation (see the control input for table Ell in Appendix E).

Fig. Cl6a. Type 6a Card - Soil Property Values
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COLUMN CONTENT
(First Card)

1 6
2-3 Number of the last variable entered as prescribed by
the order on the layout above
4 Code for soil classification system
1. Uscs
2. USDA
5 Soil layer
1. Layer 1
2. Layer 2
10-16 1.0
17-23 Percent sand
. 24-30
: Value of appropriate soil property
59-65 }
(Continuation Card)
1-7 Percent organic matter
8-14 Dry density, lb/cu ft
15-21 Wetness index
22728 Values of other appropriate soil properties in the
h9:56 equation required by user

Fig. Cl6a. (concluded)
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{ARD TYPE

;m_c‘g:: . COEFFICIENTS OF TERMS AS IDENTIFIED BY CARD 6a >J
20 30 40, 50 60, 70,
Bk O H S A s 1 o L
| S Caan mACAREREUSRREENL
j6} Txix{xjp latajad [xix]. Axix] (% x| AR Ix] Deixix] g, Ixixdx] jxxd. xixixd RDd. b dx) ixIx Rixecl xdx). b
| COEFFICIENTS OF TERMS AS IDENTIFLED ON CONTINUATION CARD OF &a S
10 20 30, 40 50 60 70
3] © o it H e
AR 1 e — e ! ]
CIRRE Txixdxd Dok )xix g D] IxDxbd Ixdad . x{xixi {xix. [dxix bl BcDxd . [xbxx] Txix] fdxix

(CONTINUATION CARD)

This type card is required only if user is estimating maximum and minimum moisture contents using soil property
values entered on type 6a cards. The decimal point must be included in the space reserved for constant or
coefficient as indicated. Cards of this type must be preceded by type 6a cards. The items on type 6b cards

are in the same order as those on card type 6a, i.e., the value of clay is in the fourth position on type 6a
cards and the coefficient for use with the clay term in the equation is in the fourth position on type 6b cards.

Also, similar to instructions for type 6a card§, a zero must be entered for properties not included in the
equation up to the last property value in the equation; the continuation card is not required if coefficients

of soil properties on this card are not required.

‘Fig. Cl16b. Type 6b Card - Maximum and Minimum Moisture Equation Coefficients
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COLUMN
(First Card)

1
2-3

10-16
17-23
24-30

31-37

59365

(Continuation Card)
1-7
8-14
15-21

22-28}
49-56

CONTENTS

6
Number of the last coefficient entered as prescribed by the
order on the layout above.

Code for seil classification system
1. UscCs
2. USDAa

Code for maximum or minimum equation
1. Maximum for layer.1l
2. Maximum for layer 2
3. Minimum for layer 1
4. Minimum for layer 2

Constant term in the equation

Coefficient of sand term in the equation. If sand term is
not used in the equation, enter 0.0

Coefficient of silt term in the equation. If silt term is
not used and the preceeding term is not the last term in the
equation enter 0.0

Coefficients of other soil property terms in the equation

Coefficient of organic matter term in the equation
Coefficient of dry density term in the equation
Coefficient of wetness index

Coefficients of other appropriate soil property terms in
the equation

Fig. Cl16b. (concluded)



CARD TYPE sy ({nm)mc
10, 20, 30 40 50 60, 70,

—

!
>
|

[

THzid iuis] {al iTIElsiT i=iuin

Five of these cards are required. Memory storage is available for only one line of heading; therefore, the
card is read and immediately written into the proper output files, The next heading card is read into the
same memory location thus overlaying the first. All but the first heading card are read without testing
card type. For this reason there must be exactly five of these heading cards.

Fig. C17. Type 7 Card - Heading Information



CARD TYPE
SEASON CODE _

= 10, 20 30, 40 50 60 70
2 TT=
ERgeEge

Xa| 1xa] |x]alxd

This card is required. It must precede the first precipitation data card (type 9) and carry the date of the
first day of data. For each new season, a similar card, carrying the date of season change, is entered
preceding the precipitation card containing that date. (A precipitation card contains seven days of precipi-

tation record.) For example,.a card with the season beginning on the twelfth'of October would be placed
immediately before the precipitation card beginning on October eighth.

COLUMN CONTENTS
1 8 '
2 Season code

1 summer
2 transition
3 winter

4-5 Day of month (1-31) that season begins
7-8 Month of year (1-12) that season begins

10-11 Last two digits of year of record

Fig. C18. Type 8 Card - Season Beginning Date



CARD TYPE
3 WAICH WEEK BEGINS (1 5, 22, 29
MO Td
YEAR
i FIRST 2 30. 40 50 60, 70,
19 pay ox-‘—szcouno THIRD —T~ FOURTH T FIFTH T SIXTH 1~ SEVENTH K
} Ll L WEEK _ — DAY DAY _—t— DAY _—_DA!_ — DAY DAY '
r 11
of Ixi Ixjxix]®] Jxpd Ixixd. [xgx] Ixlxl. ixix ] Dl bl bedd, D] Befxd. i

These cards make up the daily weather record deck; the precipitation subtype cards are required, whereas the air
temperature and snow depth subtype cards are optional.

Each card contains the date, the type of weather data, and a one week record of data, For convenience in
programming, each month (except February) is considered to have five weeks beginning on days 1, 8, 15, 22,
and 29. The 29th of February on leap year is deleted from the record and any precipitation recorded on that
day is added to either of, or prorated between, the adjoining days. A code, 99.99, following the last day
of data indicates the data ends before 31 December.

If data begins on a day other than 1, 8, 15, 22, or 29, a code (77.77) is entered on each day preceding the
beginning day (see weather input ligting, table El of Appendix E).

Precipitation is entered in inches or centimeters to two decimal places. Air temperature is entered in
degrees centigrade to one decimal place. Snow depth is entered in meters to two decimal places.

CLolumn Contents
1 9
2-3 Day of the month (1, 8, 15, 22, 29) indicating the beginning
of a week (right justified)
4-5 Month of the year (1-12, right justified)
6-7 Last two digits of the year
8 Code for subtype

4 (blank) - precipitation
T - air temperature
S - snow depth on the ground

9-14 Precipitation, air temceratwre, or snow depth on day 1
15-20

: ‘} Same type data as 9-14 for days 2 through 7
45-50 :

Fig. C19. Type 9 Card - Precipitation, Air Temperature, and Snow Depth



APPENDIX D: STORED INPUT DATA FILE LISTINGS

1. This appendix includes listings of two files containing control
information for the surface composition groups and tentative average soil
strength relations, respectively. Table D1, file "DSURGR", contains the
required control data input to the program for each of the surface
composition groups. The first set of figures on each line is the line
numher. The remainder of the line follows the organization of input data
as described in Appendix C. For example, on the first line, 501, the
first number, 1, identifies card type 1 with the following information:
the surface composition group is 0505; the two 'C's" indicate a storage
location within the program for holding the depletion equation coef-
ficients for the two soil layers. The remaining two values, 1.50 and 1.50,
are the soil densities for the two layers.

2. Table D2, file DFSTEQ, contains data for the variables in the
tentative average soil strength relations. The information to the left
of the line number is not in the file. It is included for identification
of the information only and matches the number of the equation set as
defined in tables 6 and 7 of the main text. The numbers on the first line
of each set to the right of the line number identify the form for each
of the variables required in the two equations of the set. For example,
equation set 4 for RCI (table 7, main text) provides data on variables
for 1iquid limit and plastic limit, respectively. (The data, soil
property values, are input on card 6, see fig. Cl6a, Appendix C.) On
line 370 of the file a 3 in the fifth slot indicates the 1ln 1ln form for

liquid 1limit and a 1 in the sixth slot indicates the natural form for

D1



plastic limit. Zeros for the other variables indicate that they are not
used in the equation. The appropriate sets of equations are identified

by numbers 1-6 entered on card 2-5 illustrated in fig. Cll, Appendix C.

Line 380 of file DFSTEQ contains the constants of the equation for calculat-
ing the moisture content of a soil with an RCI of 100 when the liquid and

plastic limits are known. In this case, the equation is:

A
MC (of a soil with an RCI of 100) = 0.783718 + 1.498687 (1nlnLL) + 0.026353(PL)

D2



Table D1

FILE - DSURGR

501 1 0505 C ¢ 1.%0 1.50
502 2 1 .1 0,07 200, 75. 0, 0. 0. o, 0, 0.
503 2 2 11 0.110707-0.0231589 -0.105756 0.143049 0.0 0.0
504 2 2 12 0.100238 0.0238269 -0.363323 0.363148 0.0 0.0
505 2 2 21 0.0501935 0.212765 =0.707042 0,5618552 0.0 0.0
506 2 2 22 0.0969137 -0.253245 0.367966 0.0206268 0.0 0.0
507 2 2 31 0.152511 -0.859015 3.01405 =-2.66872 0.0 0.0
508 2 2 32 0.0622643 0,817522 -3.81712 6.40615 0.0 0.0
509 2 3 .99 ,99 .80 .68 .43 ,3S
510 2 4 3,987 0.815 o©, 0. 0. 0. 0. 0,
511 4 1.04 1.08 0.05 0.09
801 1 0606 ¢C C 1.55 1.65
602 2 1 .1 0,07 750. 0. 750, 0. 300, 0, 300, 0,
603 2 2 11 0.146609 -0.149675 0.0626695~-.00911799 0:0 0.0
604 2 2 12 0.137576 -0.217303 0.141294 =-0,03234 0:0 0.0
605 2 2 21 0.02387-0.0846743 0.01983610.00216961 0:0 0.0
606 2 2 22 0,0949594 -0.196022 0.181008 -0,061218 0+0 0.0
607 2 2 31 0.164312 -0.417828 0.429489 -0.154277 0.0 0.0
608 2 2 32 0,118524 -0.376805 0.525502 -0.271716 0.0 0.0
609 2 3 1,92 1.72 1.68 1.16 1.09 .60
610 2 4 15,864 -3.759 10,237 ~-1.,889 15.864 -3,759 10,237 -1,889
611 4 2.42 2.26 0.50 0,54
6251 3610 C C 1.55 1.2%
527 2 1 .1 0.07 750. 0. 750. 0. 300, 0, 300. 0,
628 2 2 11 .146609 =-,149675 .0626695-.00911799 0+0 0.0
629 2 2 12 .151167 =-.161474 .0633498-,00672157 0-0 0.0
633 2 2 21 .09387 -,0846743 .0198381 ,00216961 00 0.0
631 2 2 22 .099932 -.150325 .0819444- 0106633 0.0 0.0

. 632 2 2 31 164312 -.417828 .429489 -,154277 0.0 0.0
633 2 2 3¢  .0(43609° 0527193 -2.32341 2,41855 0.0 0.0
65‘ 2 3 1092 1068 1.68 1-11 1-09 153
635 2 4 15,864 -3,759 13,641 -2,417 15,864 3,759 13.641 .2,417
637 4 2142 3.08 0.50 1,40
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Table D1 (continued)

FILE - DSURGR
701 1 0707 ¢ ¢ 1,58 1.65
702 2 1 .1 0.07 750, 0. 7%0. 0. 3vo. 0, 300, 0.
703 2 2 12 0.120502-0.0524178-.00284354 0,0259163 0.0 0.0
704 2 2 12 0.090336 0,0509247 -0.358181 0.327398 040 0.0
705 2 2 21 0,0309516 0,176284 =-0,3205%9 0,172292 040 0.0
706 2 2 22 0,0999868 -0,312412 0.541498 -0,174273 0:0 0.0
707 2 2 31 0,147569 -0.,392467 0,.832866 -0,532128 0.0 0.0
708 2 2 32 0.033461 0.95145 -2,92207 3,30366 0.0 0.0
709 2 3 1,45 1,03 1.21 0.74 0.62 0,36
710 2 4 15,864 -3,759 10.237 -1,88% 15.864 -3,759 10,237 -1,889
711 4 1,95 1.57 0,50 D54
7261 0711 C € 1.55 1,46
728 2 1 .1 0,07 750. 0. 750. 0. 300. 0. 300. 0.
730 2 2 11 0.120502-0.0524178-,00284354 0,0259163 0. 0.
732 2 2 12 ,0363197  ,418133 -,731765 .35784 0.0 0.0
734 2 2 21 0,0309516 0,176284 -0,320559 0.172292 0,0 0.0
736 2 2 22-0,0171618 0,448802 ~-0.752844 0,381092 0.0 0.0
738 2 2 31 0.147569 -0,392467 0,832868 -0,532128 0. 0,
740 2 2 32 0.0416587 0.51296 -2.24252 2.69611 0.0 0.0
742 2 3 1,45 1,28 1.21 1.10 0.62 0,54
744 2 4 15,864 -3,759 15,008 -3.193 15.864 -3,759 14,958 ~3,254
246 4 1:95 2,28 0,50 1,00
801 1 0808 C C 1,34 1,37
802 2 1 .1 0.07 750. 0. 750. 0. 300, 0, 300. 0.
803 2 2 11 ,124665 -.0915965 .0233589 -,0011482 0.0 0.0
804 2 2 12 .11087& -.10916 .0435616-,00601796 0.0 0.0
805 2 2 21 ,0764369 -.0803309 .0347412-,00512833 040 0.0
806 2 2 22 .077366 -.120503 «0779171 -.0177912 0.0 0.0
807 2 2 31 ,197605 -.78094 1.26458 -.718446 0,0 0.0
808 2 2 32 ,109453 -.457144  .763806 -.441766 0.0 0.0
809 2 3 2.25 2,10 1.64 1.28 .70 .73
810 2 4 13.074 -2,534 13,585 -2.534 12.843 -2,614 12,821 ~2,546
811 4 2:90 2.80 0.65 0.70
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Table D1 (continued)

FILE - DSURGR
901 1 0909 < ¢ 1.34 1.9
902 2 1 .1 0.07 750. 0. 750. 0. 300. 0. 300. 0.
903 2 2 11 .129208 -.0116793 -.0589193 .0260517 0-0 0.0
904 2 2 12 .0536875 .116592 -,184512 .0701473 0.0 0.0
905 2 2 21 ,041%5562 .0830014 -.175168 .0904789 0.0 0.0
906 2 2 22 .142549 -.314464 .29825 -.0911122 0.0 0.0
907 2 2 31 .110865 ,759634 -4,75675 6.77918 0:0 0.0
908 2 2 32 .121556 ~.673037 3.40772 ~5.42114 0.0 0.0
909 2 3 2.0 1,70 1.39 1.15 .45 ,31
910 2 4 13.074 -2.534 13,585 -2.534 12.843 -2,614 12,821 -2.546
911 4 2,65 2.40 0,65 0.70
926 1 0911 C ¢C 1,34 1,46
927 2 1 .1 0,07 750. 0. 750, 0, 300, 0, 300, 0,
928 2 2 11 .129208 ~.0116793 -.0589193 .0260517 0+0 0.0
929 2 2 12 .0363197 .418133 -7331765 . 35784 0.0 0.0
930 2 2 21 .0415562 .0830014 -.175168 .0904789%9 0.0 0.0
93y 2 2 2¢ -,0171618 .448802 ~.752844 .381092 0.0 0.0
2933 2 2 31 .110865 .759634 -4,75675 5,77918 0.0 0.0
933 2 2 32 ,0616587 51296 -2.24252 2.69611 0.0 0.0
934 2 3 2.00 1.28 1.3% 1.10 .45 .54
93s 2 4 13.074 -2.534 15,008 -3.193 12,843 -2,6314 14,958 .3,254
937 4 2.65 2.28 0.65 1.00
1001 1 1010 Cc ¢C 1.26 1,29
1002 ¢ 1 .1 0.07 750. 0. 750. 0. 3o00. 0+ 300 0,
1003 2 2 11 0.184265 -0.165133 0.0458207-.00083453 0.0 0.0
1004 2 ¢ 12 0.151167 -0.161474 0.0633498-.00672157 0,0 0.0
1005 2 2 21 0.0764167-0,0366654-0.01327750,0089275s 0.0 0.0
1006 2 2 22 0.099932 -0.150325 0,0819444-0,0106633 0,0 0.0
1007 2 2 31 0.116053 -0.173597 0.104796-0.0218575 0.0 0.0
1008 2 2 32 0.0436099 0.527193 -2,32341 2.41855 0,0 0.0
1009 2 3 1.95 1.68 1,71 1.311 1.40 0,53
1010 2 4 13,130 =-2,417 13,641 =2.417 13,130 <-2.417 13,641 <=2,417
1011 4 3,19 3.o08 1.15 1,40
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Table D1 (concluded)

FILE - DSURGR
1101 1 1111 C C 1.38 1.646
1102 2 1 .1 0.07 750. 0. 750. 0. 300, 0. 300. 0,
1103 2 2 11 0.0985818 0.121609 -0.15411 0,0521654 0.0 0.0
1104 2 2 12 0.0363197 0.418133 -0.731765 0,35784 g.0 0.0
1105 2 2 21 0.139897 -0.233305 0.285204-0.0979788 0.0 0.0
1100 2 2 22~0.0171618 0.448802 -0.752844 0,381092 0.0 0.0
1107 2 2 31 0.0742744 0,0324442 -0.129626 0.105992 0,0 0.0
1108 2 2 32 0.0616587 0.51296 -2,24252 2.69611 0,0 0.0
1109 2 3 1.64 1,28 1,44 1.10 1.03 0.54
1110 2 4 14,0249 -2,903 15.008 -3.193 13.517 <2.823 14.9%8 .3,254
1111 4 2.44 2:28 0,30 1,00
1301 1 1313 € C 0.80 0,80
1302 2 1 .1 0.07 750. g. 750. 0. 300. 0. 300, 0,
1303 2 2 11 ,0914088 -.127858 .097528 -,0258745 0,0 0,0
1304 2 2 12 .n920077 -.133981 .0889643 -,0208478 0,0 0.0
130% 2 2 21 .0910546 =-.164201 .126329 -,0330897 0,0 0.0
1306 2 2 22 ,0735553 -.154462 ,139078 =-,0429461 0,0 0.0
1307 2 2 31 .0997909 ~.310384 .412761 -,188311 0,0 0.0
1308 2 2 32 .083431 -.,406992 .856876 -,618321 0,0 0.0
1309 2 3 1.80 1.80 1.34 1.20 0.92 0,60
1310 2 4 16.478 -2,870 16.478 -2.870 16,255 <2.870 16,295 «2,870
1311 4 4,32 4,32 2.52 2.52

4 of 4 sheets



Description of Line

] File Data No,

— [ VARTABLE 'MOD. CODE*gy100
cI 200 00110
I S ... 300 00120
VARIABLE MOD. CODE 00130

C1 200 00140
|2 300 00350
VARIABLE HOD. CODE Q0160

e 200 081

=3 — 399_30160
‘ VARIABLE MOD. CODE 00190
(5 200 00200
4 300_ 0021D
VARTABLE MOD. CODE 50229

(o3 § 200 00230
5 300 00240
VARIABLE MOD. CODE_ 00250

c1 200 00260
6 300 00270
RCI 100 00290
1 20Q. 00300
VARIABLE MOD. CODE 0310

RCI 100 00320
2 200 00330
um&uﬂ&EmeLJHmLﬂﬂlsﬁ

RCI 100 003°0
3 200 00360
CODE_0UI70

RCI 100 0 0
4 200 00390
 VARTABLE MOD. CODE_(0400

RCI 100 {'00410
‘00415

> 200 £~00420
0425

VARKLABLE n'gUB ILE 60‘30

RCI Y
pU4dp
6 1004:00445
200 ‘00450

*Variable Modification Code: 1 = (refers to code numbers opposite line numbers 00100, 00130, 00160

Table D2
File DFSTEQ
File Data

10202+00000,0,000,0,0,0
4,058688,-,015583,-.153208,-.005868,0,0,000,0,0,0,0
3.,408689,-,018647,-,087059,.06774,0,0,0,0,0,0,0,0
000000103+3+1,0,0+0,000
1:289572,0,0,0,.008378,-0,093638, 2 073866,.009393,0

+649613,0,0,0,,012876,-0,7272161.1.673019,,009355,0
00000,0¢3+3,1+,0,0,0,040
0 1.002382,0+0,0,0,~.171477,1,975750,,006373,0,0,0,0

.208219,0,0,0,0 .690143,1,52217%,,004713,0,0,0,0
10,0,000,3,0,1,0,0,0,0
.865592,-,006905,0,0,0,0,2,208814,0,-0,052790,0,0,0,0
.820054,-,011654,0,0,0,0,2,15453%,0,+%0.067230,0,0,0
020»0,1¢303+1+1,0,0,0,0 .
+27160400,0,0,:006551,-,223204,2.289678,,004494,-,055121+0,0,0
-.846172,0,000,,010153,,620867,1.917589,,002012,-,081351,0,0,0
00000000303010100+0,0,0

-0321422,0,0,0,0,0,739068, 2322491, 0.,000577,-0,076648,0,0,0
=1 /652560_940021_&!_2_,_1122151 967978, ~ 4098,-0,1147

OO
OO

3.024529.-0 oo1245.0 014260.0.011616.0.0.0.0.0-0.000
4,739997,-0,010870,-0.358211,0.001490,0,0,0,0,0,0,0,0
0°0¢051¢3+1+1+0,0,0,0,0
-0.100719000000.'Oo001300'2.39886900-0232120'0.00‘657'0900000
0.00399%,0,0,0,0,002488,1,764239.0,030534,0,003866,0,0,0¢0
0000000,3,1+2+0,0,0,0,0
-0,154484,0,0,0,0,2,343072,0,023354,-0,004483,0,0,0,0
0+,106906,0,0,0+0,1,872078,0,030243+-0,004197,0,0,000
00000¢003¢1,0,0,000,0,0
0,703718,0,0,0,0,1,498687,0,0263%3,0,0,0,0,0
0.985254,0,0,0,0,1,080560,0.033070+000+,000,0
000000103+01+1+0,140,000

-0, 54333500 000,-0.002109,2,441123,0,0306323,-0,005442,0.
0:003741,0:0
-0,685705,0,0,0,0,001227,1,8300237,0,042095,=0,005089,
0.005829,0,0

00000,003+,1+100,1+0,0,0
-0,983421,0,0+000+2.349903,05030118,-0,005094,0,
0,003370,0,0
-0,662423,0+0,0,0+1,883330,0v042%94,-0,005292,0,0,006045¢0,0

, etc.). 1 = natural

form, 2 = ln form, 3 = lnln form (see tables 6 and 7, main text).



APPENDIX E: EXAMPLES OF PREDICTION RUNS

1. The purpose of the examples in this appendix is to illustrate
the input data setup required for prediction of soil moisture content
and soil strength and for input to the Freeze-Thaw model. Example 1
illustrates a prediction run using specific (measured) data and relations
derived from measured data and example 2 shows the setup for a run using
the surface composition group data. In example 3 the only soil and
terrain data available are those that have been derived from estimated
or averaged values and from weather records from a nearby weather station.
In this case tentative average relations, which are built into the program,
are used. Example 4 shows input and output data required for use in the
Freeze-~Thaw model.

2. Appendix F contains graphic displays of the results of runs for

the first three examples.

Example 1, Run Using Specific Data

3. Assume that daily prediction of soil moisture content in inches and
percent and CI and RCI for the two layers is needed at a site for the
period 13 April 1951 - 31 December 1952. Records are available for data
as follows:

a. Physical soil properties

% Organic Dry
% Sand X Silt X Clay Matter  Demsity, g/cc
Layer 1 5 78 17 1.71 1.35
Layer 2 4 78 18 1.24 1.53

El



jor

e

Summer
Layer 1
Layer 2

Transition
Layer 1
Layer 2

Winter
Layer 1

Layer 2

The site is located on the levee of a bottomland, which is
classified as wetness index 4 (table 5, main text).
The soil is a Collins silt loam.
The following relations have been determined from measured
data:
(1) Accretion relations
Layer 1 Layer 2
Class 1 0.7X-0.04 0.44Xx-0.10
Class 11 0.962-0.06 0.76Z2-0.02
Minimum storm - 0.10 in. Layer 1-Class I relation
changes to a 1:1 relation when the soil moisture
content prior to accretion is 0.10 in.
(2) Depletion relations
X XZ X3 x“ x5 X6
0.112577 0.892538 =2.41564  2.34487 -1.01126 0.163761
0.0875938 0.148577 -0.303785 0.127866 0 0
0.233207 =-0.454052 0.359594 -0.0938728 0 0
0.404195 -2.2826 5.68009 -6.27261 2.52196 O
0.198281 -1.61755 7.46858 -10.673 0 0
1.01464 -24.9913 255.935 -1102.69 1693.1 O

E2



(3) Strength relations

CI RCI1
Layer 2 1nCI = 10.72 1nMC-1.64 1nRCI = 23,864 1nMC-5.815

e, Limits of soil moisture content

Maximum Minimum
By Seasons
Summer Transition Winter
Layer 1 2,52 in. 0.66 in. 1.02 in. 2.13 in.
Layer 2 2.43 in, 0.90 in. 1.53 in. 2.19 in.

f. Measured soil moisture contents on 13 April 1951 were

2.12 in. for the first layer and 2.26 for the second layer.

g+ Beginning of season dates

Spring Summer Fall Winter
10 Mar 10 May 21 Sept 24 Oct

|=

. Precipitation as listed in data file (table El) beginning with
line 20.
4. From this information the required control data (lines 1-13 of

table E1) and weather records (beginning line 19 of table El) are set up

for a daily soil moisture-soil strength prediction. A card deck would be set
up in accordance with fig. C3, Appendix C. The teletype input during the
running of the program is shown in table E2. Partial lists of predicted
soil-moisture contents in inches and percent and CI for the 6- to 12-in.

(15- to 30-cm) layer are shown in tables E3-ES5.

Example 2, Run Using Surface Composition Group Data

5. Suppose all that is known about the area in example 1 is that:

(a) it is on the levee of a bottomland; (b) the water table occurs at

E3



the surface less than 90 percent of the time and above the 120-cm

depth more than 10 percent of the time; (c) the soil is silt with an

organic content less than 7 percent; and (d) the starting moisture con-

tents for the two layers and the weather data (daily precipitation and
beginning of season dates) are known. Daily predictions of soil mois-

ture content and soil strength can be made by using the program controls from
file DSURGR (table D1, Appendix D). To determine the surface composition group
for this area, a search is made of table 1 of the main text, and Group

0808 is selected for obtaining control data. The card deck setup is shown in
fig. C4, Appendix U. Table E6 lists the input data file printout for

Group 0808, and table E7 shows the teletype input during the run. Partial
outputs of soil moisture content in inches and percent and CI are shown

in tables E8-E10.

Example 3, Run Using Estimated Data

6. Assume that all that is known about the area in example 1 is
that it is a bottomland with an estimated wetness index of 4. Percent-
ages of sand, silt, clay, and organic matter, and values of dry density
are obtained from soil samples. With this information and weather data,
an input deck is set up and a data file is output as shown in table Ell.
The program then computes maximum and minimum soil moisture contents.
The maximum moisture content is used as beginning moisture content. The
program proceeds with daily predictions by using tentative average relations
for accretion and depletion. (See fig. C5, Appendix C, for the deck setyn.)

The teletype input and response during run time is shown in table E12.



Tables E13-E15 show partial outputs of soil moisture content in inches

and percent and CI predictions.

Example 4, Run Providing Data for Freeze-Thaw Model

7. An example of a data file with air temperature and snow depth

input data is shown in table E16. The weather data setup is shown in

figs. C2 and C3, Appendix C. The teletype input and response for the
Freeze-Thaw model are presented in table El17. Table E18 is a listing

of the required soil moisture content and weather data output by the

program.
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00(01
00002
00003
0004
00u0S
00006
00007
00008
00009
vlolo
00111
00012
00013
00014
00nls
00u16
004917
00nis8
00u19
0Gnea
0002y
00nz2
0ny23
00c24
ooeezs
00026
0027
00028
00029
0003y
00031
00032
00033
00us4
00035
00n36
001387
00138
0039
2004y
00n4q
00342
00043
0044

Table E1

Example 1, Data File Printout

1 RIFLE 7S0002 M M 1.35% 1.53

21 0.104 0.100 7%0. 0, 750, 0. 3o00. 0, 300, 0.
2 2 11 .,112577 .892538 -2.41564 2.34487 ~1.01126 .163761
2 2 12 .:879%938 .148577 =~,30378% 127866 0. 0.
2 221 .233207 -.454052 + 359594 -,0938728 0 0.
2 2 22 .404195 =2.2826 5.68009 ~6,27261 2+52196 0.
2 2 31 .198281 -1.61755 7.46858 -10.673 0. 0.
2 2 32 1.01464 -24,9913 255.935 -1102,69 1693,1 0.
2 3 1.86 1.53 1.50 0.90 n.39 0,24

2 4 ‘140 0.0 10072 -1,.64 0.0 0.0 230864 -50815
2 6 6.700 0.960 0.440 0,760 -0,04 -0.06 -0,19 =-0.02
3 2.12 2.26

4 2.52 2.43 0.66 0.90

7 SPECIFIC RELATIONS

7 LOCATION - RIFLE RANGE» VICKSBURG:. M1SS.

7 SOIL - COLLINS SILT LOAM

7 VEGETATION - HERBACEOUS

7 RECORD =~ 13 APR 1951-31 DEC 1952

RZ 13 4 51

9 8 45y  TT.TT T7.77 T7.77 TT.77 T1.77 .02

915 45; .63 2.69

922 45;

929 45 .02

9 1 551 03

a1 1 5 51

9 8 551 .47 22

915 5bvy .01

922 551

929 55}

9 1 651

9 8 651 <43 1,79 .02 .64

915 65i .47 40 .13

922 /51 .88

929 651 .40 .24

9 1 751 .81 W72

9 8 791

91% 751

922 751 .28 .05 06 .01 2.66

929 75i

9 1 8%1

9 8 851

915 851 .06 1.61

922 851 .

929 851



Table E2

Example 1, Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER’S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONS.,
USE 1| FOR YES AND 2 FOR NO.

IS INPUT RAINFALL IN CM?

INPUT:01560

? 2

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 13 CM ENTER A 2

INPUT:01590
21

NAME LAYERS 1| AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLE:XX1001,XX2001

INPUT:01620

? AM1001.,AM2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT:01640
21

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XX1001,XX2001

INPUT$01680

? AP1001,AP2001

IF YOU HAVE AIR TEMPERATURE, ENTER A T; IF NOT A 9
INPUT:01710
29

IF YOU HAVE SNOW DEPTH(M),ENTER AN SN; IF NOT A 9
INPUT:01740
29

WHAT IS YOUR INPUT SOURCE?

ENTER: 1| FOR SURFACE COMPLEX GROUPS, OTHERWISE A 2
INPUT$:01780

22

1 of 2 sheets



Table E2 (concluded)

ENTER THE NAME OF YOUR INPUT FILE
INPUT:01810
? DARIFH

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE
INPUT DATA FILE?

INPUT201840

* 2

SITE RIFLE TS0002
TEXTURE .} M
DENSITY 135 153
BEG MC 2.12 226
MAX-MIN MC 2+520 2¢430 0.660 0.900
) SPECIFIC RELATIONS
LOCATION - RIFLE RANGE, VICKSBURG, MISSe.
SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS
RECORD - 138 APR 1951-31 DEC 1952
DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER?
RCI FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSWERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS:32,2,1,1
INPUT$13180
? fslalsl

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED,ENTER

NODATA IF A FILE IS NOT TO BE USED.
EXAMPLE:FOR RCI FOR BOTH LAYERS;NODATA,NODATA,»XX1001,XX2001

INPUT 13220
? AC1001,AC2001,AR1001,AR2001
STOP

RUNNING TIME: 78.1 SECS 10 TIME : 42.6 SECS

2 of 2 sheets



CAY
8-14
15-21
22-2%
29-30u
CAy
1=/
8-14
15-22
22-28
29-31
CAY
1=/
8-14
15-21
22-28
29-30

Example 1, Predicted Soil Moisture Content in Inches

Table E3

SPECIFIC RELATIONS

LOCAT!ON - RIFLE RANGE. VICKSBURG, MISS,
SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECERD - 13 APR 1951-31 DEC 1952

2.17
2.33
2.12

2.L6
1.88
1.¢9
1.30
1.8

1,03
(.96
1.67
1.62
1.70

SOIL MOISTURE IN/6& IN

2.14
2.31
2.09

2.03
1.98
1.63
1.26
1.06

1.02
1.05
1.78
1.56
1.71

6 - 12 IN LAYER

APRIL

2.11
2.28

MAY
2.01
1.99
1.57
1.22
J.04

JUNE
1.00
1.74
1.72
1.50

2.08
2.25

1.98
1.92
1.5
1.1¢

0'99
1.68
1.79
1.‘4

1951

2.25
2.2¢

1951
1.95
1.87
1.45
1.15

1951
0.98
.62
1.80
1039

2.23
2.22
2.19

1.93
1.81
1.40
1.13

0.98
1.55
1.74
1.34

2.20
2:36
2:16

1.90
1.75
1.34
1.10

0.97
1.74
1.68
1.63



DAY
1= /
8-14
15-21
22-28
29-31
DAY
1=/
8~14
15-21
22-2%
DAY
1= /
&=-14
15-21
2228
29-31
CAy
1~ /
8~-14
15-21
22-28
29=-30
DAY
1= /7
a-14
15-21
22-28
29-31
DAY
1~ 7
8-14
15-21
22-28
29-30

Table E4

Exapple 1, Predicted Soil Moisture Content in Percent

24.18
24.78
23.94
24.30
25.11

25.85
24.66
25.94
26,16

25.42
24.78
24.33
29.82
23.60

22.99
23.20
21042
23.16

22.40
22.87
20.03
24.11
260\.'4

23.61
19.:3
14,61
11.97
1uv,82

IDENTIFICATION NUMBEK: RIFLE TS0002
PERCENT MOISTURE CONTENT

24,03
24.8¢0
23.87
24.14
24.92

25.54
24.5?
26,27
25,76

25.17
24.89
24,00
25.52
23.26

22.27
21.66
22.87
25.04
22.73

24Q86
22,54
19.36
25.69
25.10

22.95
18.36
14.10
11.74
10.72

6 = 12 IN LAYER

JANUARY

23.91
24.66
23.86
24.00
24.78
FEBR
25.27
24.38
25.96
25.46
MARC
25.94
25.87
23.66
25.22
22.92
APRI
21.96
21.77
22.54
24.73

MAY
24.54
23.27
18.69
26.06
24.32

JUNE

22.30
17.68
13.64
11.54

25.64
24.52
23.66
23.89

UARY
25.38
24,22
25.65
26.01
H
25.63
25.58
25.58
24.91

L

23.26
21.47
22.22
24.41

24.21
22,61
23.78
25.13

21.66
17.01
13.23
11.36

1952

25.35
24.38
23.86
23.86

1952

25014
25.71
25.36
26,34
1952

25.35
25.28
25.28
24.60

1952

22.93
24.22
21.91
24.08

1952

23.88
21,97
25.61
24.34

1952

21.01
16.37
12.86
11.20

25.12
24.22
24'59
25.63

24.95
25.42
25.99
26.02

25.12
24.97
24.97
24,27

22.60
23.88
22.02
23.74

23.54
21.33
24.75
23.63

20.36
15.74
12.53
11.06

24.94
24.07
24.45
2%.34

24.80
25.17
25.68
25.71

24.93
24.66
24.66
23:94

22.27
23:+54
21.71
23440

23-20
20.68
24.01
25.57

19.70
15.16
12.24
10.93



Table ES
Example 1, Predicted Cone Index
IDENTIFICATION NUMBER:

CONE INDEX
6 - 12 IN LAYER

RIFLE T1S0002

DAY JANUARY 1952

j= 7 244, 247, 249, 222, 226, 229, 232,
A-14 234, 234, 236. 239, 241. 243, 246.
15-21 248, 249, 250. 250. 250, 238. 24%0.
22+28 24¢. 245, 247, 249, 250, 222. 226,
29-31 23, 232. 235,

DAY FEBRUARY 1952

1= 7 219, 223. 227, 226, 229, 232, 234,
8-14 236, 239. 241, 243, 221, 225. 229,
15-21 218, 213. 217, 222, 226, 217, 221,
2:-28 216, 220. 224. 217. 212. °17., 221,
LAY MARCH 1952

1. 225, 229. 218. 222, 226. 229, 232,
8-14 235, 233, 219. 223, 227. 232. 236,
15-21 242, 247, 253. 223, 227, 232, 236,
22-24d 219, 224, 228. 233, 237, 243, 248,
29-31 2v4, 260. 266.

DAY APRIL 1952

1=/ 273, 279, 286, 260, 266. 273, 279,
8-14 286, 292, 290. 297, 244, 249, 255,
16-21 261, 267, 274, 280, 287, 285, 291,
27-28 298, 231, 235. 240. 246. 252. 258.
29-30 264. 270.

DAY MAY 1952

1=/ 277. 233, 238. 244, 249. 255, 2601,
8-14 268. 274, 260. 272. 286. 300. 315,
15-21 33z, 351. 372. 251, 222, 235, 247,
22-28 245, 221. 216, 229, 242. 254, 223,
29-31 216. 230, 242.

CAY JUNE 1952

1= 7 254, 266, 279, 292, 307, 323. 341,
8-14 361. 383. 408, 434, 463, 493, 525,
15-21 557. 590. 623, 656, 687, 717, 74s.,
22-28 750, 750. 750, 750. 750. 750, 750,
29-30 75¢. 750,



00012
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
000354
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00096

NNNNYNW

Table E6

Example 2, Data File Printout

2.12

SILT,

82 13 4 51
77.77 77.77 77,77 77,77 77.77 .02

9 8
915
922
929
91

451
451
451
451
551

81 10

9 8
915
922
929
91
9 8
915
922
929
91
98
915
922
929
91
98
915
922
929
91
98

551
551
551
551
651
651
651
651
651
751
751
751
751
751
851
851
851
851
851
951
951

82 21

915
922
929

951
951
951

9 11051
9 81051
9151051
83 24 10 51
9221051
9291051

.02
51

.40
.81

.28

9 51

2.26

SURFACE COMPOSITION GROUP 0808
LOCATION - RIFLE RANGE. VICKSBURG. MISS,

FINE GRAINED:,

ORGAnIC MATTER 0-7 PERCENT

INTERNAL DRAINaGE-CLASS 1
RECORD ~ 13 APR 1951-31 DEC 1952

.47

l‘s
.47

.24
.72

.05

.84
+01

e 22

.06

3.82

+33

.63 2,69

.03

.01

.02 164
.40 .13
.88

006 001 206‘

1,61

.07 2,14
.03

104



Table E7

Example 2, Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONS.
USE 1| FOR YES AND 2 FOR NO.

IS INPUT RAINFALL IN CM? ‘

INPUT:01560

72

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 15 CM ENTER A 2

INPUT:01590

21

NAME LAYERS 1 AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLE: XX 1081 ,XX2001
INPUT :01620
? MC1001.,MC200!

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT: 01640
21

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XX1001 ,XX2001

INPUT:01680

? PM10G1.,PM2001

IF YOU HAVE AIR TEMPERATURE., ENTER A T3 IF NOT A 9
INPUT:01710
?29

IF YOU HAVE SNOW DEPTH(M).ENTER AN SN; IF NOT A 9
INPUT:01740 i
79

WHAT IS YOUR INPUT SOURCE?

ENTER: 1| FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2
INPUT:01780

71

1 of 2 gheets



Table E7 (concluded)

ENTER THE NUMBER OF YOUR SURFACE GROUP
INPUT:01890
? 0808

SITE 0808
TEXTURE c ¢

DENSITY 1.34 1.41

MAX-MIN MC 2.900 2.800 2.650 2.700
ENTER NAME OF RAINFALL FILE -
INPUT:02770

7 DAO0BOY

BEG MC 2.12 2.26
SURFACE COMPOSITION GROUP 0808
LOCATION - RIFLE RANGE, VICKSBURG., MISS.
SILT, FINE GRAINED, ORGANIC MATTER 0~7 PERCENT
INTERNAL DRAINAGE-CLASS 1
RECORD - 12 APR 1951-31 DEC 1952
DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER?
RC1 FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSWERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS:;2,2,1,1
INPUT: 13180
?2 1,151,1

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED, ENTER

NODATA IF A FILE IS NOT TO BE USED.

EXAMPLE:FOR RC1 FOR BOTH LAYERS3NODATA,NODATA,XX1001,XX2001
INPUT: 13220

? ACl1001,AC2001.,AR1G01,AR2001

STOP

RUNNING TIME: 81.5 SECS 170 TIME : 42.6 SECS

2 of 2 sheets



Table E8

Example 2, Predicted Soil Moisture Content in Inches

SURFACE COMPOSITION GROUP 0808
LOCATION ~ RIFLE RANGE. VICKSBURG. MISS.
SILT, FINE GRAINED, ORGANIC MATTER 0~7 PERCENT
INTERNAL DRAINAGE-CLASS 1
RECORD - 13 APR 1951~31 DEC 1952
SOIL MOISTURE IN/6 IN
6 = 12 IN LAYER

CAy APRIL 1951

g-14 2,24 2,22
15-21 2.21 2.19 2.17 2.15 2.28 2.27 2.%7
2:-24 2.55 2.53 2.52 2.50 2.48 2.46 2:48%
2u-34 2.43 2.41

NAY MAY 1951

t= 7 20‘0 2.38 2.36 2,34 2.33 2031 2'29

8-114 2.27 2.37 2.41 2.37 2.33 2.30 2:26
16-21 2.22 2.18 2.15 2.11 2.07 2.03 2:00
??'26 1.96 1.92 1.88 1.84 1.80 1.76 1.73
89'31 1.69 1065 1061

ray JUNE 1951

1=/ 1.57 1.53 1.49 1.45 1.41 1.38 1.34
a-14 1.30 1.39 1.77 1.73 1.69 1,65 1.78
1.-21 1.74 1.84 1.80 1,88 1,90 1.86 1.82
22-28 1.78 1.74 1.70 1.66 1.62 1.58 1.77

26-3u 1.84 1.89



CAY
1= 7
8=-14
15-21
22+-29
29~34
DAY
-/
8-14
15-24
22-~24
CAY
L=/
B=14
1¢-21
2¢ =24
2931
LAY
1~ /7
£~-14
1=-21
2--28
2y=-30
I'AY
1= 7
a=14
15-21
22-28
29-31
CAY
i~/
B~14
1¢-21
27~28
29-31:

Exapple 2, Predicted Soil Moisture Content in Percent

Table E9

32.33
32.05
31.90
32.40
32.05

32.36
32.10
32.48
33.10

32.80
32.54
32.07
32.30
30.89

30.29
30.27
31.18
30.20
30.50

30.10
30,46
28.95
31.30
32.46

31.13
28.¢08
25.02
21.86
18,62

IDENTIFICATION NUMBER:
PERCENT MOISTURE CONTENT

32.22
32.53
31.79
31.90
31.94

32.25
32.00
32.83
33.00

32.69
32.73
31.87
32.09
30.69

30.09
30.07
30.98
31.7")
30,30

31.66
30.26
28.51
32.14
32.01

30.69
27.65
24.57
21.40
18.16

6 - 12 IN LAYER

JANUARY
32.11 32.47
32.42 32.32
31.69 31.58
31.79 31.69
31.84

FEBRUARY
32.15 32.52
31.89 31,79
32.73 32.63
32.90 33,10

MARCH
33.05 32.95
33.08 32.88
31.67 32,29
31.89 31,69
30.49

APRIL
29.89 31.07
30.60 30.40
30.78 30.58
31.50 31.30

MAY
31.46 31,26
31.13 30.69
28.08 30.85
32.50 ' 32.05
31.57

JUNE
30.26 29.82
27.21 26.78
24,12 23.68
20.94 20,47

1952

32.36
32,21
31,48
31.59

1952

32,42
32,34
32.52
33.10
1952

32.85
32.68
32.09
31.49

1952

30.87
31.78
30.38
31.10

1952

31.06
30.25
31.96
31.61

1952

29.39
26,34
23.22
20.01

0808

32.26
32.11
32.21
32.26

32.31
32.23
32.88
33.00

32.74
32.47
31.89
31.29

30,67
31.58
30.60
30.90

30.86
29.82
31.52
31.17

28,95
25.90
22.77
19.55

32.15%
32.00
32.11
32415

32.21
32.13
32.78
32.90

32.64
32+27
31.68
31.09

30.47
31.38
3040
30.70

30.66
29.38
31.08
32:09

28.52
25.46
22.32
19.08



Table E10

Example 2, Predicted Cone Index

IDENTIFICATION NUMBER: 0808
CONE INDEX
6 -~ 12 IN LAYER

DAY JANUARY 1952

1=/ 119, 120. 121. 118, 119, 120.
8-149 122, 117. 118. 119. 120, 121,
15-21 123. 124, 125, 126, 128. 120,
22“28 122. 1230 124' 125- 1260 1200
29-31 122, 123. 124.

DAY FEBRUARY 1952

i= 119, 120. 121. 117, 118, 119,
8-14 121, 122, 123, 124, 119, 120.
15~-21 118. 115. 116. 116, 117, 114,
22-28 112, 113. 114, 112, 112, 113,
ray MARCH 1952

1~ 7 115, 116, 113, 114. 115. 115,
g-14 117, 116. 112, 114, 116. 118,
15-21 122, 124. 126. 120. 122, 123,
2e~28 120, 121. 123, 125, 127, 129,
29-31 134, 136. 138,

DAY APRIL 1952

1=/ 141, 143, 145, 132, 134, 136,
8=-14 141, 143, 137. 139. 124, 127,
15-21 131, 133. 135, 137. 140. 137,
2z-28 142, 125. 127, 129, 132, 134,
29-3u 138, 140.

LAy MAY 1952

1=/ 143, 126. 128. 130. 132, 134,
8-14 139, 141. 131, 136, 141, 146,
15'21 1560 1640 17°| 1340 1230 1270
22’28 129. 1210 118' 122. 1260 1310
29’31 1180 122- 1270

DAY JUNE 1952

1=/ 131. 136. 141, 146, 152, 158,
g-11 174, 177, 184, 192, 200, 209,
15-21 228, 238. 250. 262. 275, 289,
27-28 321, 338. 358, 378, 401, 425,
29-30 481, 513.



0001 1 RIFLE TS0002 M M

0002
0003
0004
0005
0006
0014
0015
0016
0017
0018
3019
0020
0021
0022
0023
0024
0025
2026
Jo27
0028
0029
3030
3031
3032
3033
J034
0035
J036
J037
Jo3s
J039
J040
)04l
J042
J043
JO44
045
046
3047
)048
1049
)05S0

2511
61121

1.71 0.
61122

1.24 O

NNNNQ

82 13 4 51
TT7¢TT 1777 7777 17677 7777

9 8 451
915 451
922 451
929 451
9 1 551

81 10 5 51

LOCATION - RIFLE RANGE.

Tsble El1
Example 3, Data File Printout

1435 153

| Se 78, 17 0. [1 8
4.
le e
4o
TENTATIVE AVERAGE PREDICTION RELATIONS
VICKSBURG, MISS.
SOIL - COLLINS SILT LOAM
VEGETATION - HERBACEOUS

RECORD - 13 APR 1951~-31 DEC 1952

78 ~‘180 0. [+ 1%

«02
«63 2.69
«02

«03

9 8
915
922
929
9 1
9 8
915
922
929
9 1
9 8
915
922
929
91
9 8
215
922
929
91
9 8

551
551
551
SS1
651
651
651
651
651
751
751
751
753
751
851
851
851
851
851
951
951

82 21

915
922
929

951
951
951

«40
«81

28

9 Si

«89

«47

.43
47

«24
+72

«05

.22

179

+06

«71

3.82

«40

«06

«58

01

«02
«13

+01

«07

«64

«88

2.66

1.61

«03
2.14

«03

O«

O

0.

(10



Table El2

Example 3, Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONS.
USE | FOR YES AND 2 FOR NO.
IS INPUT RAINFALL IN CM?
INPUT:01568
? 2

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 15 CM ENTER A 2

1NPUT: 41590

? 1

NAME LAYERS 1 AND 2 SOlL MOISTURE CONTENT FILES.
EXAMPLE:1XX1001,XX2001 v
INPUT:01620
? MC1001.,MC2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT:01640

? 1

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XX1001.,XX20801
INPUT:01680
? PMI1001,PM2001

IF YOU HAVE AlR TEMPERATURE, ENTER A T; IF NOT A 9
INPUT:€1710
?29

IF YOU HAVE SNOW DEPTH(M),ENTER AN SN; IF NOT A 9
INPUT:0174¢
29

WYHAT IS YOUR INPUT SOURCE?
ENTER: 1 FOR SURFAGCE COMPOSITION GROUP, OTHERWISE A 2
INPUT:01780

? 2

ENTER THE NAME OF YOUR INPUT FILE
INPUT:01810
? DTARIF

1 of 2 sheets



Table E12 (concluded)

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE
INPUT DATA FILE?

INPUT: 01840

? 2

SITE RIFLE TS0002

TEXTURE M M

DENSITY 1.35 1.53

SOIL PROPERTIES 1.000 5.000  78.000 17 .000
0.000 2.000 2.000 1.710 2.000 4.000

SOIL PROPERTIES 1.000 4.000  78.008 18.800
2.000 2.000 2.000 1.240 2.000 4.000

MAX-MIN MC 24927 7 2,954 0.778 ~ 0.880

TENTATIVE AVERAGE PREDICTION RELATIONS
LOCATION - RIFLE RANGE., VICKSBURG., MISS.
SOIL - COLLINS SILT LOAM N
VEGETATION - HERBACEOUS
RECORD - 13 APR 1951-31 DEC 1952

LAYER = 1
CONE INDEX EQ. A= 1.322739227E+01
B= -2.405180618E+00
LAYER = 1 ’

RATING CONE EQ. A= 2.237862116E+01
B= -5.42170S970E+00

LAYER = 2
CONE INDEX EQ. A= 1.362313798E+081
B= -2.513599087E+00
LAYER = 2 T
RATING CONE EQ. A= 2.237569960E+01

B= =5.400542561E+00
DO YOU WANT CONE INDEX 'FOR FIRST SOIL LAYER? SECOND LAYER?
RC1 FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSVERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS32.,2,1,1
INPUT:13180" ’ ’
? 1.1.10.1

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED,ENTER

NODATA IF A FILE IS NOT TO BE USED.

EXAMPLE:FOR RCI FOR BOTH LAYERSINODATA.,NODATA.XX1001,XX2881
INPUT:13220 ' )

? 1C1001,1C2001,MR1001,MR2001

STOP

RUNNING TIME: 88.6 SECS 1/0 TIME : 39.7 SECS

2 of 2 sheets
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2.000



Table E13

Example 3, Predicted Soil Moisture Content in Inches

TENTATIVE AVERAGE PREDICTION RELATIONS
LOCATION -~ RIFLE RANGE, VICKSBURG, MISS.
SOIL - COLLINS SILT LOAM
VEGETATION -~ HERBACEOUS
RECORD - 13 APR 1951-31 DEC 1952
SOIL MOISTURE IN/6 IN

6 - 12 IN LAYER

CAY APRIL 1951

8-14 2.80 2'68
15-21 2,59 2.50 2.42 2,35 2.48 2.40 2:71
2728 2.61 2.52 2.44 2.37 2.29 2.22 2:15
29-3u 2.09 2,02

DAY MAY 1951

b / 1096 1-90 1084 1079 1-74 1069 1‘65
8-1a4 1,61 1,71 1.74 1.66 1.%7 1,50 1.43
2z-28 1,07 1,05 1,02 1.00 0.99 0.97 0.96
29-31 0.95 0.94 0.93

CAY JUNE 1951

1=/ 0.92 0.92 0.91 0.91 0.90 0.90 0.90
8-14 0'90 009& 1.36 1.31 1.26 1.21 1'3‘
15-21 1.28 1,38 1.32 1,40 1.42 1.35 1.30
22-28 1.25 1,20 1.16 1,13 1,09 1.07 1.25

29-30 1.33 1,37



Table El4

Example 3, Predicted Soil Moisture Content in Percent

IDENTIFICATION NUMBER: RIFLE 150002 =~ —
PERCENT MOISTURE CONTENT
6= 12 IN LAYER

DAY JANUARY 1952
‘”r“T““‘—?T%?'1T3?_TTTT‘TF1T“3W1T_3—Tf'!T?t“‘“‘"‘
=14 3¢.06 30.50  30.31 30,13 29.96_ 29,81 29.66
i15-21 29.52 29.3% 29.26 29.14 29.03 29.83 29.6% —  ~
22-28 29.54 29.41 29.28  29.16 29.05 30.71 30.50
R9-31 30.31 30.13 29.96
DAy e FEBRUARY 192
1¥°7 773178 " 30.83 30.61 30.96 30.72 30.51 30.32
8-14 30.14 29.97 29.82 29.67 30.69_ 30.48 30.29
—15-21" T 31,21 %1.57 T31.277 31.00 T30.76 51,39 W11
22-28 31.53 31.23 30.97 31,46 31.79 31.45 31.16
DAY 7 T MARCH T19%2
1= 7 30,91 30.68 31.36 31,08 30.84 30.62 30.41
TTREII T2 95 30,1y 31.14 30.61 J0.19 29.69 29.28
15-21 28.84 28,43 28.03 29.76 29.33 28.91 28.50
© 22287 T T30V49 TID.0C 29.587 29.15 28.74772B.3IF 27T T
29-31 27,53 27.13 26.74
- CRay 9. . XPRIL - 1953~ o —= —r— ——m
TTBATH 23 TI172%.73 29. . N . 1y
15-21 25.48 25.09 24.71 24.34 23.97 24.17 23.81
22-28° ~ T2¥.,84 25 83 " 25.43 725,06 24,68 24,3123 94 T
29-30 23.57 23.22
DAY . 9.7 m—fav T fes e e e,
22.87 24,53 24.16 23.79 23.43 23,08 22.73 .
TTEeIYTT 2198 21,29 22.0% ?21.30 20.57 19.88 1v.16 —
15-21 18.48 17.83 17.20 20.18 21.08 20.36 19:65
T R2=28 " © TI9.85 22.4F " 2%.88 T 23,10 22.35 21.80° 2T.38 T T
29-31 24.52 23.74 22.97
DAy 2 JUNE ~ — =" 1ggB T e
1./ 22.21 21.47 20.74 20,02 19.32 18.64 17.98
) 177341674 18,16 15,61 15,10 13,62 1418
22-28° T U1L1U®9 11,49 1T.31 T 1101 10.99 10,86 I0.73 T T

_29=30 10.62 10.52




Table E15

Example 3, Predicted Cone Index

© " IDENTIFITATION NUMBERT RIFLE VS0002
. CONE INDEX .
T8 S 127TIN LAVER T

CAY JANUARY 1952
R i 169, 187 159, 150, 1527 5%, 197~
8~14 167, 154. 156, 159, 161, 163, 165,
15-21 167, IR T 471L 172 CTTI7ET UrEY,T 188 T T
22-28 167, 168, 170. 172. 174, 151, 154,
55-31 156, — I8y — qEy - ot e 2L A%
DAY FEBRUARY 1952
TTTTYET7 137—1%0. 152. 148. — 151. 154. 196.
8-14 158, 161. 163. 165. 151. 154. 156,
15-21 7 14%, 71417 195, T 148, 151, 143, "146. T
22-28 141, 145, 148, 142, 139. 142, 146.
Ay - , A aReH o ey e A0
= 7 149. 152. 143, 147, 150. 152, 158,
TTRE{4 T T " Te1., 159, 1486, 152. 159. 165, 171,
15-21 177, 183. 190. 164, 170. 176, 182,
22-28 T oAS4, IEeT T 166, T 172, T 47V, 168%, 0 Tfve. T
29-31 199, 206. 214,
DAY T T APRIL — " 7I¢s—— — T — 7
1= 7 222, 230. 239, 216, 224, 232, 291.
CeEE 2571, 260. 248, 257. 216, 224, 238,
15-21 241, 251. 261. 271, 281, 275, 286,
22-28 297 T 237, 242, 282, T 282, 272, 2872, -
29-30 293, 305. - I
DAY T T THAY 19%2— T T T
1= ? 317, 266, 276, 287. 298. 310, 322,
DA : o I M. -1 QR 1. £ 337, 377, 4173, %1, ivq,
22-28 7T T 452,732, 28B4, 309, T 338, 365, 300,
29-31 266, 288. 313.
“DAY T T T NE~—~ — TI95Z2 T T
[ s / 3410 3710 ‘05. 442. 4830 5290 5790
§-17 §34. 693. 750. 750, 750. /50, J80.
S 1-21 750, 750. 750. 750. 750. 750, 750.
27+-28 T 78077 780,  750. 480, IS0, 750, 754, T
29-30 75, 750.




Table El6

Example 4, Data File Printout with Air Temperature and Snow Depth

fn

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270

280
290
300
310
320
330
340
350
360
370
340
390
400
410
420
430
440
450
460
470
430

3 6elS Se74

7 SENSOR STUDY

1 WEST GERMANY WURZBURG AREA 18

7 SURFACE COMPOSITION COMPLEX GROUP 0606

7 SAND WITH FINES, POORLY DRAINED

7

3 1 1 S8

9 1 158 «01 «13 e31 1.96
9 1 1SBT 4.9 l1e6 =3¢6 <=4.3 2.7 6.7 37
9 8 158 e 14 «30 1.33 «01 «03 «66 e46
9 8 1S8T 1.6 206 2.8 Se0 2.3 25 2.0
915 158 «02 «02 10 «64 +09
915 1S8T 1.0 0.8 1.3 2.7 2¢0 =203 =-=1.9
915 158S «04 «04
92 158 «01 «40 «01
922 158T =0e¢6 =3¢4 =3.8 <=3.0 =3.1 =12 =4.0
922 158S «04 «02 «02 «09 «06 «05 <05
929 158

929 158T =649 =50 <~-1.4

929 158S «04 «04 «04

9 1 258 «04 «38 1.18 e64
9 1 258T =32 =148 1e2 =13 3.0 0.0 =-2.8
9 1 258S «04 «04 «04 «01 «02 «07
9 8 258 «40 «60 el4 1.08 10 o112
9 8 258T 3.0 7.2 7.4 6.8 10.6 9.0 14.7
9 8 258S «09

915 258 e 24 «07 «53 «97
915 258T 13.3 9.9 2¢1 =1.6 ~-1e2 1¢7 3.3
915 258S «01 «07

922 258 154 «01 l1e74 1.00 «03 . 37

922 258T =06 0.9 4.0 8e2 =06 =3e4 <=1¢7
922 258S «01 «03

9 1 358 «04 «59
9 1 358T =-1.9 1.9 2.0 246 4.6 20 <=0.2
9 8 358 «06 e17 led4q4 «09 «02 61
9 8 35S8T =0ed4 =22 =4e¢2 =6¢0 =4¢2 =32 =23
9 8 358S «01 «02 ol12 12 «08 +05 «14
91y 358 «07

915 35S8T =3¢6 <=2¢7 =2¢3 =2¢3 =06 =241 =37
915 358S «08 «06 «04

922 358 «01 «43
922 358T =4.6 =33 <=0.1 3e4 Se4 9.4 9.6
929 358 [3-1)

929 35S8T 10.6 6.6 1.0

9 1 458 «45 «03 27
9 1 4S58T 1.0 2.1 8e¢4 1007 6.0 65 24

82 10 4 S8



Table E17

Example &, Teletype Input

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL.

WHEN ANSWERING YES OR NO QUESTIONS.
USE I FOR YES AND 2 FOR NO.
IS INPUT RAINFALL IN CM?
INPUT: 0l S60
21

IF YOU WANT OUTPUT MOISTURE CONTENT IN:
INCHES ENTER A 1; CM ENTER A 2

INPUT:01590

? 1

NAME LAYERS 1| AND 2 SOIL MOISTURE CONTENT FILES.
EXAMPLE:XX1001.,XX2001

INPUT:01620

? CMl001.,CM2001

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?
INPUT:01640
21

NAME LAYERS | AND 2 PERCENT MOISTURE FILES.
EXAMPLE:XX1001 ,XX20801
INPUT:01680
? MP100O1,MP2001

IF YOU HAVE AIR TEMPERATURE., ENTER A T; IF NOT A 9
INPUT:0O1710
?2 T

IF YOU HAVE SNOW DEPTH(M).,ENTER AN SN; IF NOT A 9
INPUT:01740
? SN

WHAT IS YOUR INPUT SOURCE?

ENTER: | FOR SURFACE COMPOSITION GROUP. OTHERWISE A 2
INPUT:01780

21
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Table E17 (concluded)

Example 4, Teletype luput

ENTER THE NUMBER OF YOUR SURFACE GROUP
INPUT:0189G
? 0606

SITE 0606

TEXTURE ¢ c

DENSITY 1455 1465

MAX-MIN MC 2420 2.260 0.500 0.540
ENTER NAME OF RAINFALL FILE .
INPUT:02770

? DT2RIF

SENSOR STUDY
WEST GERMANY WURZBURG AREA 18
SURFACE COMPOSITION COMPLEX GROUP 0606
SAND WITH FINES, POORLY DRAINED

ENTER NAMES OF SNOW.FROZEN SOIL DEPTH MODEL INPUT FILE
EXAMPLE: FRDO@1
INPUT:12190
? FRIGODELETED
? FRDOO1

DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER?
RCI FOR FIRST LAYER? SECOND LAYER? SEPARATE ANSWERS
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERS:32.2,1.,1
INPUT: 13180

?2 1.1,51,1

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED,ENTER
NODATA IF A FILE IS NOT TO BE USED.
EXAMPLE:FOR RCI FOR BOTH LAYERS3NODATA,NODATA,XX1001,XX2001

INPUT: 13220
? 1C1001.,1C2001.,CR1601.,CR2001

STOP
RUNNING TIME: 175.1 SECS 1/0 TIME : S1.8 SECS
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Table E18

Example 4, Input Data for Freeze-Thaw Model

INENTIFICATION NUMBER: 0806 © T T T

MEASURED SNOW DEPTH

A T JANUARY 1958 o
DENSITY: 0-15 CM LAYER, 1.55G/CM3 15-30 CM LAYER, 1,65G/CM

“Sow  TPRECIP=— "KTR” ~ TTBDIL WOISTURE " "SOIL ROISTURE =~

DAY DEPTH,M ITATICNCM TEMR C U-15 CM LAYER,X 15-30 CM LAYER,X

1 T v.0n 4,90 25,79 T T T 22.69 7 T

2 s ‘' {!.Ol' 1-60 25.56 22055

3 e 3 0.01 -5.60 B 25-33 B 22141

4 se vt .00 "4.30 25010 22027

I PETAT | P - B4 - 29,87 2213

6 RN 0.31 6-70 ) 25.10 22030

7 re ot 1.9¢ 3.70 " T 25.43 7T T 22461

8 v LU 0'14 1060 25.19 220‘7

9 TR 0.30 7 2740 ’ —é5.82 T TR0 T

1v teit 1.32 2.8 25.84 22.83
11 IR 2 15 S /1) B4 Y -} § 22.69 -
12 st 0.0% 2.30 25.38 22.55
18 Te ¥ g.66 ° 7.50 ' 25770 T T 22.83 1 T .
14 207, 0.4¢ .00 26,02 22.83
15 Selt T G0 T fL000TT T T TTEBVI O T T TTTZR.6977 7T -
16 .. N 0«0‘7 0.80 25.56 22'55

17 TedT .0t 1.0 T 29033 €241 -
14 Ce ol 0.02 2.70 25.10 2227

19 se it 0.10 2.un - ‘24,87 T T 0 T22.43 T
20 .v:4 0.64 -2.30 25.20 22.44
21 o4 86.09 " -1.90 . 724096 T T T T 22.300 T
2? iet,4 0.00 -,60 24.73 22016
28 T RETTTIL0T S3AT 24750 . 22.02

24 e 2 0.07 -3.80 24,26 21.88
2% 1039 0.4" ° -3,00 "T24.88 0 T T T
26 -} o.oc -3.1¢0 24.65 21.99
27 .5 7 0.00 7 -1.20 C T 24.42 T 0
28 ye id G.01 -4.00 24.18 21.71
29 TIITETTTUL TTTREI0 T T T 2395 2157 -
3 of4 0.9" =5.00 23,73 21.43
31 Lesd g.0n -1.40 23.50 T T 21.29



APPENDIX F: GRAPHIC DISPLAYS OF RESULTS

1. Appendix F contains examples of graphic displays of results
for the first three examples described in Appendix E. The graphs were
run on the CALCOMP drum plotter. The program is listed in table F1.

To run these programs, the user must check the system, program compati-
bility, and the system library subroutines called by the program. A
run-time input by teletype is shown in table F2. Figs. F1-F6 are graphs
of predicted soil moisture content and CI for the first three examples
described in Appendix E.

2. Fig. F7 illustrates an option of the plotting program. Data
for each of two (or more) years are plotted on one axis. Ten or more
years' output could be plotted with this option, thereby giving a long-

term visual display of season wetness and/or soil strength.

Fl
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Fig. Fl. Predicted soil moisture content for Example 1, Appendix E
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CONE INDEX
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PERCENT MOISTURE
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CONE INDEX

750

625

S00
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125
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Predicted CI for Example 2, Booendix E



PERCENT MOISTURE

60 |-

40 |

0 1

] 1 1 [] 1 i
0 S0 100 150 200 250 300 350 400
TIME IN DAYS

RIFLE RANGE., VICKSBURG, MISS. TENTATIVE AVERAGE 1852
PERCENT SOIL MOISTURE - SECOND LAYER

Fig. F5. Predicted soil moisture content for Example 3, pppendix E



CONE INDEX
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Fig. F6. Predicted CI for Example 3, Appendix E
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Table F1
Program Listing for Graphic Display of Results

100SLIB,AXIS 3, ssnne

1198LIB,LATICor,s0ne

1249SLIBsPLOTTy, s nue

13 DIMENSION X(365),Y(365),LAB1(16),LAB2(16),LAB3(6)

143 DIMENSION MAXD(12),1CDM{2),1IDLS(2),IDYR(2)

15 CUMMON [DUMMY(400),DuM(20)

16 DATA JX/iH+/

1/ DATA MAXD/31,28,31,30,31,30,31,31,30,31,30,31/

18y Li)gV=I

19 PAINTI"ENTER XMAX AND XMIN"

206i1 PHINT,»» EXAMPLE: 400., 0.

210 READ,XMAXsXMIN

221 SCYX=(XMAX=XMIN)/8,

28" SCALEX=8,0/{XMAX=XMIN)

290 PRINT+"ENTER YMAX AND YMIN"

255 PHINT," EXAMPLE: 48, o."

26 READ,YMAX,YMIN

27 SCYS(YMAX=YMIN)/6.

2814 SCALEY=6.0/(YMAX-YMIN)

291 N3y

301, CALL PLOTS(LDEV)

31 PRINT,"TYPE IN DATA FILE NAME.®

329 READ 14,FILNAM

331 14 FORMAT(AG)

J4. PKINT.*ENTER NUMBER OF YEARS 70 BE PLOTTED."

35+ READ,NPL

365 PRINT,"DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH?2"
370 PRINT»" TYPE 1 FOR YES;: 2 FOR NO"

38, Rt::AD.NOP

39, CALL OPENF{1,FILNAM)

407 PRINT,"ENTER FIRST LINE OF HEADING CENTERED IN 48 SPACES."
41, READ 1:2,LAB1

42 PHINT,»1,"ENTER SECOND LINE OF HEADING IN THE SAME MANNER,"
430 PRINT,"SPACE AT THE END OF FIRST HEADING LINE 1S RESERVED"®
4497 PRINT,»"BY THE PROGRAM FOR THE YEAR."

451 Rt aD102,LAB2

46n 1.2 FORMAT(16A3)

47n PHINT,"ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES."
48y READ 1 .4,LAB3

49, 1.4 FORMAT(6AI)

500 DO 2u0 K=1,NPL

510 =1
52t Nl=1
530 Mk=0

54, PRINT,"ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH"
550 PRINT,"FOR THIS YEAR. EXAMPLE:BEGIN 13 APR, AND END 28 DEC."

S6n PHINT»" ENTER: 13,4,28,12"
57 RLAD,IBEG,IMB,1END, IME
s8¢ JDA=7?

592 DO 105 1J31.5

601 1t (IBEG.LE,JDA)IBEG=(IJ~1)e7e1
610 1+ (1BEG.LE.JDA) GO TO 106

620 1% JDA=JDA+?7

630 146 PRINT,"ENTER YEAR AS FOLLOKW"
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Table F1 (continued)

Program Listing for Graphic Display of Results

64) PRINT,"23LANKS, ANUMBER"

65 READ 15,]1DYR(1),IDYR(Z)

66. 1> FORMAT(2A3)

671 1D 195 M=1,2

681 READ(1,1:) (DUM(NN),NN=1,9)

691 1 FORMAT(AS)

70 DO 190 U=1,6

719 1V (M.EQ.1+AND.J.LT.IMB)MESME+MAXD(L)

72; 1H(M,EQ.1,AND.J.LT.IMB)GO TO 188

739 1H(L.GT.IME)GO TO 190

740 RLAD(1,1.)DUM(1)

750 IF(L.EQ.IME)ME=IEND*ME

76.: IH(L.EQ.IME) GO TO 107

77 . MEzME*MAXD (L)

78+ 1F(M,EQ.1.AND,J.EQ.IMBINBEG=zN]=NI+IBEG-1
79¢ 107 READ(1,2),(Y(1),1=N1,ME)

800 2 FORMAT(1uX,»?7F7.0)

81y IF(M,EQ.1+AND.J.EQ.IMBINI=NI+MAXD(L)=]1BEG+1
821 1t (M.EQ.1.AND.J.EQ.IMB) GO TO 189

834 108 NI=NI*MAXD(L)

84 139 L=aL+1

85 170 CONTINUE

861 READ(1,1:)DUM(1)

870 175 CONTINUE

89 1t (N-1)16,16,18

909 16 CALL PLOT(0,,=30.,-3)

91+ G0 TO 8¢

92 14d IF(MOD(N,2).EQ.0)GO TO 70

93:: CALL PLOT(15.,-12.,-3)

94> GN TO 80

95‘\. 7- CALL PLOT(O.:IZ..'S)

96y GO TOQ 82

97: 8 CALL PLOT(2.+3.,-3)

985 &. CONTINUE

99~ CALL AXx1S13(0.,0.,12HTIME IN DAYS,=12,.14,8,,-1,0,XMIN,SCX+1.,1,0)
1000 CALL AXISIS(OoDO.oLAB3olenOo]4o6.o’1a1oYHlNoSCYv100100)
1010 CALL SYMBOL(0.71,-0,90,0,14,_.AB1,0.,48)
1020 TALL SYMBOL(7.10,-0.90,0.,14,1DYR,0.,6)
1030 CALL SYMBOL(0.71,-1.18,0.14,LAB2,0.,48)
1040 CALL LATIC(00000060218001’1)

100 45 CONTINUE

1060 CALL PLOT(v.+0.,3)

1080 VDo 40 [=NBEG,ME

1050 x(l)s1]

1100 X(1)Z(X(1)-XMIN)®SCALEX

1110 Y (I)s(Y(1)-YMIN)®SCALEY

1120 [pPEN=3

1130 49 CONTINUE

1150 po 50 [ =NBEG,ME

116V IF(Y(I).LE.O) GO TO 65

1170 1F(Y(]1).LE.6.0) GO TO 60
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1180
11950
1210
121¢C
1220
1220
1240
125u
1260
1270
1280
1290
1300
1310
1320

Table F1 (concluded)
Program Listing for Graphic Display of Results

CALL PLOT(X(I).Y(1),IPEN)
IPENSZ

30 10 5.

5 [PENzJ

6o 10 5.

50 CALL PLOT(X(!),Y(1),IPEN)
IPENSE2

=0 CONTINUE

IF(N.EQ.NPL) GO TO 9-
Nz=Ne+l

<yU CONTINUE

vy CALL PLOT(0.,0..3)
LALL PLOT(1‘00000999’
ST0P

tND
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Table F2
Example of Teletype Input for Graphic Display of Results

ENTER XMAX AND XMIN
EXAMPLE: 408., 3.
INPUT:00210 T ”
? ABODJOO

ENTER YMAX AND YMIN

EXAMPLE: 48., O.
INPUT:00260 o o
? 60.,0.

**%xFROM PLOTTER ~ PLEASE INPUT A PLOT FILE NAME
INPUT:00145 )
? AMSPO1

TYPE IN DATA FILE NAME.
INPUT:00320 h
? PM2@01

ENTER NUMBER OF YEARS TO BE PLOTTED.
INPUT :00350 .
? 2

DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH?
TYPE 1 FOR YES; 2 FOR NO

INPUT :00380

? 2

ENTER FIRST LINE OF HEADING CENTERED IN 48 SPACES.
INPUT:00410
? RIFLE RANGE, VICKSBURG., MISS. GROUP 0888

ENTER SECOND LINE OF HEADING IN THE SAME MANNER.
SPACE AT THE END OF FIRST HEADING LINE IS RESERVED
BY THE PROGRAM FOR THE YEAR.

INPUT:00450 v

? PERCENT SOIL MOISTURE - SECOND LAYER

ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES.

INPUT: 00480
? PERCENT MOISTURE

1 of 2 sheets



Table F2 {(concluded)
Example of Teletype Input for Graphic Display of Results

ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH

FOR THIS YEAR. EXAMPLE:BEGIN 13 APR. AND END 28 DEC.
ENTER: 13,4.28,12 ” o

INPUT:00570

? 13,4,31.,12

ENTER YEAR AS FOLLOW
2BLANKS , 4NUMBER
INPUT:00650

? 1951

ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH
FOR THIS YEAR. EXAMPLESBEGIN 13 APRe. AND END 28 DEC.
ENTER: 13,4,28,12 "
INPUT:00570
? 1,1,31.12

ENTER YEAR AS FOLLOW
2BLANKS » 4NUMBER
INPUT:00650

? 1952

STOP

RUNNING TIME: 21.7 SECS I1/0 TIME : 12?6 SECS
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APPENDIX G: PROCEDURES FOR CONVERTING MOISTURE CONTENT AND
CONE INDEX TO TERMS REQUIRED FOR THE AIRFIELD CONSTRUCTION EFFORT (ACE) MODEL

1. The Airfield Construction Effort (ACE) model requires as input
the moisture condition (wet or dry) and the California Bearing Ratio (CBR)
of the upper layer of surface material. Wet or dry conditions of the soil
and CBR can be derived from percent soil moisture content and CI values,
respectively, that are output from the SMSP model. As previously discussed,
the SMSP model outputs data for the 0- to 15-cm and 15- to 30-cm layers,
respectively. Since the properties of the 15- to 30-cm layer more nearly
approximate the average properties of an upper layer of several feet of
soil thickness, which is of direct pertinence to the required airfield con-

struction effort, this second layer is the only layer considered in the

conversion procedures that follow.

Conversion of CI to CBR

2. The CBR for the ACE model can be derived from the following
equation:

CBR = 0,02 CI (15-30 cm layer)

This equation was derived from an analysis of data presented in plate
43 of reference 16, and closely approximates the relation shown in fig.
4.11 of reference 17. The following table shows CI class values derived
from the above equation, that are equivalent to CBR classes used in the

ACE model:

Subgrade CBR Equivalent Subgrade CI
3-9 150-<500
10-20 500-1000

Gl



It should be noted that a Cl less than 150 or a CBR less than 3 indi-
cates that construction effort is not considered because the soil is

too soft to permit efficient operation of equipment.

Conversion of Moisture Content to Wet or Dry States

3. The soil moisture content at the plastic limit (PL)* is con-
sidered to be the boundary line between the dry and wet states of the
soil. Soils with moisture contents above PL act as plastic materialsg, adhere to
equipment, and, in general, are more difficult to work than soils with
moisture contents below PL.

4, The wet or dry conditions of the soil can be determined from
one of the two following procedures, depending upon the availability of

PL information for the soil:

a. PL of the soil is known:

% MC (15- to 30-cm layer)

from SMSP Model Soil Moisture Condition
<PL Dry
>PL Wet

b. PL of soil is not known: Use data from the following tab-

ulation to estimate the PL of the soil, and then compare the PL with the

*Plastic limit units are in percent moisture content.
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percent moisture comtent (15- to 30-cm layer), as in a above, to

determine the dry or wet condition of the soil:

- Average
Region Soil Type PL
Tropical Sand 16
Silt 26
Clay 33
Laterite 22
Temperate Sand 18
Silte 23
Clay 22
Arid Sand 16
Sile 21
Clay 21

Data in the above table were obtained from table 18 of reference 8.

Soil samples from 1066 sites were used to derive values of average PL.

G3



Unclassified

Secunity Claasifi

DOCUMENT CONTROL DATA-R&D .

(Security clessllicetion of title, body of eb ond Ind Y] lon must be entered when the overall rw ¢lc-olllod‘
1. ORIGINATING ACTIVITY (Corporate aulhor) 20. REPOAT SECURITY CLASSIFICATION

U. S. Army Engineer Waterways Experiment Station Unclassified

Vicksburg, Mississippi 5. GROUP

3. AEPORT TITLE

AUTOMATION OF A MODEL FOR PREDICTING SOIL MOISTURE AND SOIL STRENGTH
(SMSP MODEL)

4. OESCRIPTIVE NOTES (Type of report and Incluelve dates)
Final revort

8. AUTHORI(S) (flnl nece, middie Initlel, lael neme)

Margaret H. Smith
Marvin P. Meyer

6. REPORT CATE 78. TOTAL NO. OF PAGES 76. NO. OF REFS
January 1973 268 26
[¥e. CONTRACT OR GRANT NO. 08. ORIGINATOR'S REPOR T NUMBE R(S)
b. emosecT no.  WAGG3T712DS60 Miscellaneous Paper M-T73-1
e. Task Ob 90. OTHER REPORT NOIS) (Any other numbers that may be sesigned
thie report)
¢. Work Unit Ob

10. OISTAIBUTION STATEMENT

Apvproved for publi~ release; distribution unlimited.

1 . SU”LE&(NTAR' NOTES 12. SPONSORING MILITARY ACTIVITY
U. S. Army Engineer Topographic
Latoratories

Tort Belvoir, Virginia

TS ASSTRAEY The soil moisture strength prediction (SMSP) model is a composite of the
methods develoved at the U. S. Army Ingineer Waterways Experiment Station for predict-
in7y daily soil moisture contents and strengths (in terms of cone index and rating cone
index) of soil layers at depths of 0-15 and 15-30 cm. Information required by the
model includes soil. moisture accretion and depletion relations, field maximum and nini-
mum soil moisture contents, moisture content at start of prediction, soil dry density,
soil moisture-strength relation, daily rainfall amounts, and minimum rainfall amount
required for accretion. This information can Le obtained from one or more of three
sources: (a) directly from mecasurements at a specific location; (b) indirectly from
estimated or averaged data derived from field measurements, literature, or empirical
equations built into the model; or (c¢) indirectly from a surface composition group
classification that closely follows the Unified Soil Classification System. The com-
puter program for the model is written in Fortran IV conversational mode for use on a
teletype connected to a Honeywell-GE (General Electric) 44O computer. Output data are
stored in permanent files for use by other perforinance prediction models, for printing,
or for input to plotting programs. The main text of the report includes a discussion
of the structure, operation, use, limitations, and mathematics of the model. Appendixes
A-G include detailed flow charts and listings of the computer program; listings, orzani-
zation, and format of input data; examples of prediction runs and graphic displays of
results; and procedures for converting output data to terms required by the airfield
construction effort model.

W’ AEPLACES OO FORM 'l‘l'al JAN 048, WHICH I8

' OV o8 ©00S0LETE POR ARMY USE. Unclassified
Security Clessificeton




Unclassified

4.
KEY WORDS

GiNK A

LINKR &

LiNK €

AOLE

wT ROL &

Lo

ROL &

wY

Soil moisture prediction
Soil strength prediction
Computerized model
Terrain model

Unclassified

= Bacwmity Classifcetion







	Image_001
	Image_002
	Image_003
	Image_004
	Image_005
	Image_006
	Image_007
	Image_008
	Image_009
	Image_010
	Image_011
	Image_012
	Image_013
	Image_014
	Image_015
	Image_016
	Image_017
	Image_018
	Image_019
	Image_020
	Image_021
	Image_022
	Image_023
	Image_024
	Image_025
	Image_026
	Image_027
	Image_028
	Image_029
	Image_030
	Image_031
	Image_032
	Image_033
	Image_034
	Image_035
	Image_036
	Image_037
	Image_038
	Image_039
	Image_040
	Image_041
	Image_042
	Image_043
	Image_044
	Image_045
	Image_046
	Image_047
	Image_048
	Image_049
	Image_050
	Image_051
	Image_052
	Image_053
	Image_054
	Image_055
	Image_056
	Image_057
	Image_058
	Image_059
	Image_060
	Image_061
	Image_062
	Image_063
	Image_064
	Image_065
	Image_066
	Image_067
	Image_068
	Image_069
	Image_070
	Image_071
	Image_072
	Image_073
	Image_074
	Image_075
	Image_076
	Image_077
	Image_078
	Image_079
	Image_080
	Image_081
	Image_082
	Image_083
	Image_084
	Image_085
	Image_086
	Image_087
	Image_088
	Image_089
	Image_090
	Image_091
	Image_092
	Image_093
	Image_094
	Image_095
	Image_096
	Image_097
	Image_098
	Image_099
	Image_100
	Image_101
	Image_102
	Image_103
	Image_104
	Image_105
	Image_106
	Image_107
	Image_108
	Image_109
	Image_110
	Image_111
	Image_112
	Image_113
	Image_114
	Image_115
	Image_116
	Image_117
	Image_118
	Image_119
	Image_120
	Image_121
	Image_122
	Image_123
	Image_124
	Image_125
	Image_126
	Image_127
	Image_128
	Image_129
	Image_130
	Image_131
	Image_132
	Image_133
	Image_134
	Image_135
	Image_136
	Image_137
	Image_138
	Image_139
	Image_140
	Image_141
	Image_142
	Image_143
	Image_144
	Image_145
	Image_146
	Image_147
	Image_148
	Image_149
	Image_150
	Image_151
	Image_152
	Image_153
	Image_154
	Image_155
	Image_156
	Image_157
	Image_158
	Image_159
	Image_160
	Image_161
	Image_162
	Image_163
	Image_164
	Image_165
	Image_166
	Image_167
	Image_168
	Image_169
	Image_170
	Image_171
	Image_172
	Image_173
	Image_174
	Image_175
	Image_176
	Image_177
	Image_178
	Image_179
	Image_180
	Image_181
	Image_182
	Image_183
	Image_184
	Image_185
	Image_186
	Image_187
	Image_188
	Image_189
	Image_190
	Image_191
	Image_192
	Image_193
	Image_194
	Image_195
	Image_196
	Image_197
	Image_198
	Image_199
	Image_200
	Image_201
	Image_202
	Image_203
	Image_204
	Image_205
	Image_206
	Image_207
	Image_208
	Image_209
	Image_210
	Image_211
	Image_212
	Image_213
	Image_214
	Image_215
	Image_216
	Image_217
	Image_218
	Image_219
	Image_220
	Image_221
	Image_222
	Image_223
	Image_224
	Image_225
	Image_226
	Image_227
	Image_228
	Image_229
	Image_230
	Image_231
	Image_232
	Image_233
	Image_234
	Image_235
	Image_236
	Image_237
	Image_238
	Image_239
	Image_240
	Image_241
	Image_242
	Image_243
	Image_244
	Image_245
	Image_246
	Image_247
	Image_248
	Image_249
	Image_250
	Image_251
	Image_252
	Image_253
	Image_254
	Image_255
	Image_256
	Image_257
	Image_258
	Image_259
	Image_260
	Image_261
	Image_262
	Image_263
	Image_264
	Image_265
	Image_266
	Image_267
	Image_268
	Image_269
	Image_270
	Image_271
	Image_272
	Image_273
	Blank Page
	Blank Page
	Blank Page



