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S�Y 

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 

Background 

1. The study reported herein ts a part of the work to automate

performance prediction models of immediate 11i.litary interest for inclu­

sion in an automated Military Geographic Intelligence data base system. 

Completed performance prediction models include the Airfield Construction 

Effort Mode1
1 in FY 70, the Cross-Country Locomotion Mode1

2 in J!Y. 71,

3 and the Helicopter Landing Zone Model in J!Y. 72. This 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-

4 5 
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 materials,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 S�igon. South Vietnam,7

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

8 
synthalogous environments, to provide RCI data for use in an analytical 
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procedure for quantitatively cOJ1paring the. s1Jlilaritf of terrain aitea,9

and to provide moiature content data input to a JDOdel th.at predicts induced 

10 11radiati.on activity of surface soils foll"'1ing nuclear detonations. • 

3. The model presented herein ha& b.een use.d to predict moisture

contents for the Seisaic Sensor Perfornance Prediction Model, 12 and strength

2values for input to the Cross-Country Locomotion Model and the Army Materiel 

Command (AMC) Model for Predicting Cross-Country Vehicle Performance. 13•14 

It can also be used to provide data th.at 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 another 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 SMSP aodel is a composite of soil moisture and soil strength

prediction •thods. 4 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 

weather conditions. Ac,-d,-e,-h;S Soil strength values are predicted from

daily soil moisture predictions by using known relations or relations that 

are determined by certain soil properties:. 4j' 5 The model combines 

* 

The program for thia model is on file at th.e WES. 
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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: 

a. Accretion relations.

b. Depletion relations.

c. Field maximum and field miniliaum soil moisture contents.

d. Soil moisture content at the start of prediction.

e. Soil moisture-strength relation.

f. Dry density.

7. nie 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 

* 

Each layer is actually 15.24 cm (6 in.) thick. In converting data from 
metric to English units the program uses the actual thickness. 
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prediction relations are given in reference. 4c; the preparation of the 

input data is discussed in Part III of this report. 

J!.. Estimated data. These data re.fer to averages or estimates 

derived from (a) field measurements. (b) published literature containing 

data on terrain analogous to the test area, or {c) equations developed 

from soil property data from a large number ot 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 an� variables are shO'Wll 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 • 

.£• 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 nUB>er of surface composition groups. The groups correspond closely 

to soil classes of the Unified Soil Classification System modified by 

the addition of nonsoil water, pavements and 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 

4 



when the rates of depletion change_ Provision is aade to allaw: input of 
. 15 air temperature and snow depth for future use with the. Freeze-Thaw model. 

Output data 

9. Output data are stored in permanent files for use by other per­

formance prediction models, for printout, or for input to plotting programs.

Ti.,e printing format is suitable for use in reports. Soil 110iature 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 di�ected, 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 vegetation, 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. 
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Terrain 

11. Tha 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 

tillaae. 1'he 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 �hat 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 vaey si,mif­

icantl� such as very poorly drained (water-logged) organic silts and clays, 

and other organics (peat and muck). A gen.era! estimate of water content, 

density, and strength (in Cl) for these materials is 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 amounts. 

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. 'lb.ey are presented for 
use by analysts desiring to cliaracterize entire surface areas. 
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is especially true in mountainous terrain, where aharp changes in rainfall 

amount commonly occur wltb. differences. in prevailing �inds or in elevation. 

In some of the mountainous areas of liawail, for example, the average annual 

rainfall changes from SO 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 

4d 
relations were derived and about±. 1.5 percent the following year. 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

4e 
content. 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 tb..e 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 

7 



strengths were about±. 15 CI or RCI units under wet soil conditions; the 

accuracy decreas.ed at lower moiatura contents,
4
J The natural variabilities 

4h 
of CI and RCI within a site are of about the same :magnitude. Strengths 

for the same layer were also predicted from measured moisture contents and 

estimated soil moisture-strength relations. Th.e average deviations of these 

strengths from measured strengths were:!:.. 30 units for Cl and:!:.. 20 units for 

RCI under wet soil conditions;4j 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. 
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PART II; STRUCTURE OF PROGRAM 

18. Th.e progra for this model is written in Fortran 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, Cl and RCI for 

the two layers) takes from 2 to 2-1/2 .min. 

20. If 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 440 in early 1972. 
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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 Descrietion or Function Source Object Lines 

Fl'WEMS Main program 17571 15333 472 

COMPMS Computation core 3234 2628 113 

FILlDA Store� 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 strength 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 

OVERLAY 1 
"COMPSM'' 

COMPUTES SOIL 
MOISTURE FOR TOP 
TWO 15 Qt SOIL 
LAYERS FOR SEVEN 
DAYS 

OVERLAY 2 
11FIL1DA11 

WRITES DATA 
FILES OF SOIL 
MOISTURE CONTENT 
BY LAYERS 

OVERLAY 3 
11FIL2DA11 

CO.},jl'PTES f�­
CENT SOU 
MOISTURE AND 
WUTES DATA 
FILES 8Y 
LAYERS 

READ CONTROLS : 

MAIN PROGRAM. 

1. FROM SURFACE COMPOSITION GROUP DATA
2. FROM SPECIFIC DATA
3. FROM ESTIMATED DATA TO BE USED

WITH TENTATIVE AVEMGE
ACCRETION AND DEPLETION 
RELATIONS 

1 

G OF SEASON DATES 
CORDS FOR ONE WE 

CALL OVERLAY _l 

YES· 

CALL OVERLAY 2 

CALL OVERLAY 3 

NO 

STORE SOIL 
,MOISTURE .. t---1-----1 

'CONTENTS 
BY LAYERS 

Fig. 1. Computer program flow chart

NO 

11 
Page 1 of 2 

'2 



OVERLAY 4 
11FR.ODEP11 

WRITES DATA 
FILES OF DAILY: 

PRECIPITATION 
SNOW DEPTH 
AIR TEMPERATURE 
PERCENT SOIL 

MOISTURE FOR 
EACH SOIL 
LAYER 

OVE!U,At 5 
"STFISP" 

CALCULATES 
STRENGTH 
EQUATION 
CONSTANTS 
FROM SOIL 
PROPERTIES 

OVER.LAY 6 
II CALSST11 

CALCULATES 
CONE INDEX 
AND/Oft RATING 
CONE INDEX 
l"OR EAQI 
SOIL LAYER 

(1.---------

NO 

CALL OYEIU.AY 4 · 

NO ....,,_ _____ _. 2 

YES 

NO 

1ES 

CALL OVERLAY S

CALL OVERLAY 6 

--+-© 

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: 

.!.· Main program - FTWEMS - a program! developed in the

.!,errain Analysis Branch of the Mobility and Environmental 

Systems Laboratory of the �S for predicting soil �oisture 

content and soil ,!trength. 

(1) D efines dimensions of the array of each variable con­

tained in .. common" statements.

(2) Identifies initial data.

(3) Identifies formats 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 - �utes ,!oil !!Oisture 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 - FILlDA - creates FILes for _!st type of output 

,!!!ta, soil moisture contents by unit layer. Stores 

13 



soil moisture content data in a separate file 

tor each layer. If required, converts soil 

moisture contents to percent dry weight. 

!• 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. 

�- 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.* 

!.• Overlay 5 - STPRSP - calculates soil STrength equation con-

stants FRom soil mois�ure contents (at specific values of Cl 

and RCI) that have been derived from Soil Property values. 

These constants are stored for use in Overlay 6. 

&• Overlay 6 - CALSST - �culates Soil fil.rength. Calculates 

daily Cl 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 progra�. 

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. 

Definitions 

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 Ill: 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 con�rol data (see paragraphs 6-J). 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. Cl, 

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 laye� he should add card type 3. Re 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. 

3 3. Estimated data. Tentative average control data stored in the 

main program are: 

layer. 

a. Accretion relation constants.

b. Depletion relation constants.

c. Minimum precipitation causing accretion.

d. Moisture ranges of depletion by soil type, season, and

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 (ln, 

lnln, or natural) are stored in file DFSTEQ and are listed in table D2, 

Appendix D. 

Weather data 

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

illustrated in figs. Cl8 and·Cl9 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 ti•-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 present to run the program. 

37. The user must prepare control data and weather data as described

in paragraphs 2�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 incre•ntation of output data files in sequential 

order-xxxoo1. 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 incl uded as Example 4 in Appendix E. 

39. If plotting of the output files is desired, a separate prograa,

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. If the required library routines 

listed at the beginning of the progr8!'1 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. 

b. All data input by the user, except density, must be in the

same system of measurement (either all inches or all·

centimeters)

.£.• Density is always entered as g/cc. 
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d. All 72 spaces on a teletype line must be filled by data or

accounted for by spaces.

e. The soil strength and freeze-thaw programs use relations

in tertllS of percent soil moisture content; therefore, the

percent option must be selected for the running of these

programs.

!• Entry of miniDlm storm data must be in three decimal places 

(0.100 in. or 0.254 cm). 

A· 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. 

h. 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). 

j_. 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 nust follow the last precipitation data 

card for each year. 

l. 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) Fl'WEMS O(zero)Fl'WEM 

(2) COMPMS O(zero)COMPM 

(3) FILlDA O(zero)FILlD 

(4) FIL2DA O(zero)FIL2D 

(5) CALSST O(zero)CALSS 

(6) FRODEP O(zero)FRODE 

(7) STFRSF O(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. 

o. 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 •

.E.• 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) Strength data are rounded to the nearest unit (CI or

RCI)

.!l• 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 Appendix 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 

4c 4d 
water. ' 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 when 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. 

23 



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 11

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 minimu� 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. Cl2, 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. 

in file DSURGR (see table Dl, Appendix D). 

The equation coefficients are 

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

4e 
empirically. 
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46. 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: 

2 3 4 5 6 
Y • ax+ bx + ex + dx + ex + fx 

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. Maximwn 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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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. CS, Appendix c.

Soil Strength Prediction 

51. Both the Cl and the RCl relations to soil moisture content were

determined empirically to be straight �ine logarithmic. Natural logarithms 

are used with specific, estimated, or surface composition group data in 

this program. Equations have the following form: 

where 

Given relations 

ln Cl= a+ bln MC 

ln RCI = a+ bln MC 

CI• cone index 

RCI = rating cone index 

MC• soil moisture content in percent 

52. If surface composition groups are used for prediction, each group

has an associated CI and RCl equation for each soil layer. If the user 

does not use a group, be 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. ClO, 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

properties,4j six sets of equations were presented to predict moisture

content at specific CI1s 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 Cl 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 properties used are as follows: 

A• Percent sand 

-2.• Percent clay 

£.• Percent silt 

_g_. Percent organic

.!.• Percent fines

!..• Liquid limit 

.&• Plastic limit 

matter 

.b.· Plasticity index 

!.• 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 Cl and ln 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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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 ln RCI versus ln soil 

moisture content. 

55. The partial regression coefficients for the six sets of equa­

tions used in calculating Cl coefficients are listed in table 6. A set 

consists of equations for calculating moisture contents when Cl is 200 

and when Cl 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 RCl is 100 and 200 are listed in table 7. 
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Table 1 

Surface Composition Groups 

Material 

rrganic Drainage
� ontent Potential Grou

_
p 

% Class Code 
. . - --- -- � ' ' . -

Groups with Similar Material in 0- to 15- and 15- to 30-ca Layers 

Water -·�-=r· ·-··· · ... -_· _o __'+-· -�_ s_ss_
Pavement and structures >25% coverage 0 2 0101 

····-···--·--------------------
Rock, stones. boulders, and cobbles , 
P.D. sizes .!_0.074im, is .!_50%. and >76.2nn,is >25% 2 10202 

·--Coarse· "graine Gravei;-¥ J,:-.--c1
"""
e-

an
--g-r-ave_l .... ,-P-.-D-.----------

2
---11

I

_
0

_
30

_
J

_ 

P.D. sizes sizes >4.76- sizes <0.07411111 is <5% 
>0.074mm,is 76.2ia, is Gravel with fines, P.D. 2 !0707 or
.!,50% >25% sizes <0.074- is >5-50%i : 1111**

Sand, P.D. Clean sand, P.D. siz.-.-

i 

sizes >0.074- <0 •. 074- is <5% 2 0505 
4.76aa, is • l _0606 >25% sizes <0.074aa, is 

Fine grained, 
sizes<0.074ai, 
is >50% 

Silt,
>0-7 2 · 0707

l · 0808
---- ·--· ·-·• _ _ 2 · 0909

Clay, LL >35 or PI >15 1 : 1010 
---'-·----.,---------------� 2 __ 4 upOrganic silts and cl�y-•-�P�_u_

t
_
i
_
c

_>_ --·""·--·--- : 
>7-

30
0 

... I ��g 
__ Peat Jnon.PJac;;s,.ti_c_.)..__ ___________ , ___ ___., :30� 0 __ .. ,.1414 

Groups with Different Material 
Sand, 0-15 cm, over 

__ .. Clay,_ 15-
30_cm ____ _

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

in 0- to 15- and 15- to 30-cm Layers 

�--- -lo-1 
·1-- �ii0

2 0911 

---------------------•-···-·· 

Drainage potential classified by occurrence of water table as follows: 

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

10% or more of the ti• 
Class 2 Water table occurs above 120-cm depth less than 10% 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 

r·•• 
Water fi ** ·7

L 

i 

Water 

Group
Code

8888 

f Pavements & Structures 0101 

t Rock, Stone, Cobbles, Boulcms 0202 
. 

-----· 
Clean 

L. 
Gravel 0303 

�--
S

.
aturated Organic Silt-Clay 1212

I 

I 
Peat & Muck 

L ____ ·- -··•-··-··

1414 

----•-----

Content Density Strength 1 

• · !.. -· _gf_c_.,c -·· -··· .�.1. c.:I
100 1.00 0 I 

I (liquid)!
1 2.50 75o+ I 

I 

1 to 5 2.15 75o+ I 
I 

1 2.00 100 
... --·· -·-·-- ··-... ------·-· 

I90t 0.80 25 

90t 0.80 25 
I 

I 

* 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. 

\ 



Dev 1 

Dev 2 

Dev 3 

Dev 4 

Dev 5 

Name 

BD(2) 

Cl(16,2) 

C2(4) 

IDC1(35) 

Table 3 

Device. Variable. Constant. and Flag Definitions 

Devices 

Device handling input data 

Device handling output data for layer 1 

Device handling output data for layer 2 

Device handling output data to be used as input to Freeze-'lllaw 

model 

Device handling linkage with overlay segments of program 

Dimensioned Variables and Constants 

Description 
Input-Output 

Bulk density (dry weight) 

Individual soil properties 

Maximum and 11ini11um

moisture content 

Storage location for rereading 

input data 

Decimal 
Units Places 

g/cc 2 

variable 3 

in./6 in. or 2 

cm/15 cm 

IHD(20) Storage for one line of heading 

IMOA(4,12) Names of months 

ISINUM(4) Four three-character words aaking 

up a site identification number 

ISLEW(3) Code for slewing to top of next page 

when printing output by the WES SYS:MAX 

media conversion system 

1 of 7 sheets 



Name 

KIND(3) 

MAXD(12) 

NMAXD(2) 

l'i<i::ClP(12 .35) 

ADF(2) 

C3(2.2) 

C4(2,2) 

C5(16.4,2) 

CMAX(2) 

CMIN(2) 

COEF(108) 

Table 3 (continued) 

Descrlpt.ion 

Code for type of surface material and 
layers one and two as needed by Freeze-Thaw 
model 

1 - coarse 

2 - fine 

3 - other 

NWlber of days in each month 

(1) Number of last month having data

for the year 

(2) Day of month for last data for

the year 

Storage of daily precipitation for 

one year by month and day 

Moisture Content Prediction 

Inverse depletion factor 

Accretion equation coefficients 

Accretion equation constants 

Maximum and minimum equation constants 

Maximum soil moisture content 

MinimU1D soil moisture content modified 

by the depletion factor 

Tentative average depletion equation 

coefficients 

Units 
Decimal 

Places 

in. 

or cm 

in. /6 in. 

or cm/15 cm 

2 

4 

4 

2 

8 
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Name 

CONEW(3,2,6) 

CXMIN(2) 

DWHC(2,7) 

PMC(2) 

RANG(2,3,3) 

SDF(2) 

STORMC( 12, 31) 

STORMD(12,31) 

X(2) 

XRANG(2,3) 

Table 3 (continued) 

Description 

Depletion equation coefficients for 

specific relations (polynomial - up 

to sixth degree) 

Minimum soil moisture content 

Soil moisture content in percent 

dry weight 

Present (prior to prediction) soil 

moisture content 

Maximum and minimum soil moisture 

Units 

Same as 

CMAX 

Same as 

CMAX 

Same as 

content limits of the tentative average CMAX 

depletion curves 

Site depletion factor 

First layer soil moisture content storage 

for one year 

Second layer soil moisture content 

storage for one year 

Available storage for soil moisture 

Same as 

CMAX 

Same as 

CMAX 

Same as 

content (maximum moisture content less CMAX 

present moisture content) 

Soil moisture content limits (maximum Same as 

and minimum) for three climatic seasons CMAX 

for specific depletion equations 

Decimal 
Places 

7 

2 

2 

2 

2 

2 

2 

2 

2 
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Name 

ABAR(2) 

8(13,2 ,2) 

BBAR(2,2) 

CON1(2,2) 

0(2) ,E(2) 

IHOD(l2,3) 

STC0N(2,4) 

STC( 12, 31) 

STRLI(2,4) 

SNC(12,35) 

TEMPER ( 12, 35) 

Table 3 ( continued) 

Description 

Strength Prediction 

Calculated equation constants for cone index 

Equation coefficients for moisture-strength 

from soil properties 

Calculated equation constants for rating 

cone index 

Natural logarithms of 200, 100, 300, 200 

Intermediate summations in equations 

determining strength equation constants 

Form of soil property as it appears in 

the equation 

Soil strength equation constants 

(1,4) cone index 

(2,4) rating cone index 

Daily soil strengths for one year by months 

Maximum and minimum strength limits 

(1,4) cone index 

(2,4) rating cone index 

Freeze-Thaw Model Input 

Daily snow depths for one year by months 

Daily temperatures for one year by months 

Units 

m 

deg C 

Decimal 
Places 

3 

0 

0 

2 

2 
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Name 

AJBN,JB�,JN 

DMCLA1,DMCLA2 

DPMLAl, DPMLA2 

DCILA1,DCILA2 

DRCLAl, DRCLA2 

DFRDEP 

IBD,JB 

IBM,K 

IBY 

IDAE 

IND 

Table 3 (continued) 

Other Variables, Constants and Flags 

Description 

Input-Output 

Beginning day number divided by seven 

Variables holding unit volume moisture 

content output file names 

Variables holding percent moisture content 

output file names 

Variables holding cone index output file 

names 

Variables holding rating cone index 

output file names 

Variables holding Freeze-Thaw model 

input name 

Beginning day of data 

Beginning month of data 

Beginning year of data 

Beginning day of week 

Ending day of week 

Computed format no. 

ITEM1,ITEM2,IDEV1 Additional reread storage 

UT 

ISD 

Number of soil properties to be read 

Day of new season 

Units 
Decimal 
Places 
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ISM 

1S1 

Name 

Table 3 (continued) 

Description 

Month of new season 

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 

JENO Last day of data for year 

JNK Index for weeks, 1-5 

LK Last month of data for year 

MEAOUl 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 

SECTl •••• SECTlO Sector locators 

ACCR 

ClCOF 

ClROF 

Moisture Content Prediction 

Amount of day's accretion 

0.07 (point at which accretion equation 

is modified) 

Amount precipitation exceeds minimum rain 

when accretion is less than 0.07 in. 

Units 

in. 

in. 

in. 

Decimal 
Places 

2 

2 

2 
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Name 

ACCR2 

DEP 

IDA,MC,IYR 

!COUNT

ITEXA,ITEXB 

RMIN 

NCI 

NEWLIM 

NRCI 

NSOST 

NCODE 

NSNOW 

NTEMP 

Table 3 (concluded) 

Description Units 

0.03 (point at which accretion equation is in . 

modified) 

Amount of day's depletion 

Present day, month, year 

Number of days in current month for 

moisture calculation 

Soil texture for layer 1 and layer 2 

C coarse (sands) 

M medium (silts) 

F fine (clays) 

Minimum precipitation causing accretion 

Strength Prediction 

Number identifying cone index equation 

desired 

Code for new soil strength limits

in. 

Number identifying rating cone index equation -

Code for strength equation constants 

Freeze-Thaw Model Input 

Code for air temperature and/or snow 

depth data 

Code for snow depth data 

Code for air temperature data 

Decimal 
Places 

2 

2 
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ACCRETION RELATIONS 

Class I 

Class II 

where 

Table 4

Built-In Program Controls, 
Tentative Average Relations 

0-to 15-cm Layer 

Y • 0.47X - 0.01 

Y • 0.75Z - 0.05 

Y • predicted accretion, in. per 6-in. layer 

X • rainfall, in. 

15- to 30-cm Layer

Y • 0.22X - 0.01 

Y • 0.60Z - 0.02 

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

DEPLETION RELATIONS 

Sumner: 
Sand -

First layer aoisture range, 1.26 

f(x) • 0.15970948x - 0.28827749x2 + 0.37098284x3 - 0.1306784Sx4

Second layer moisture range, 1.00 

f(x) • 0.20865303x - 0.64984646x2 
+ 0.87560732x3 - 0.30605206x4

Silt -

First layer moisture range, 1.87 

f(x) • 0.15190805x - 0.07720229x2 
- 0.01280603x3 

+ 0.01851488x4

Second layer moisture range, 1.63 

f(x) • 0.09612290x + O.Ol073670x2 - 0.10720756x3 + 0.05548077x
4

Clay -

First layer moisture range, 1.47 

f(x) • 0.11641490x + 0.06704479x2 - 0.09112914x3 + 0.03120642x4 

Second layer moisture range, 1.08 

f(x) • 0.14304453x - 0.1010228Bx2 
- 0.0210381Sx3 + 0.10071059x4 

1 of 3 sheets 



Table 4 (continued) 
DEPLETION RELATIONS (con.) 

Transition: 
Sand -

First layer moisture range, 1.05 

f(x) • 0.08401220x - 0.01562037x2 - 0.10949078x3 + 0.12228349x4 

Second layer moisture range, 0.72 

f(x) • 0.12713529x - 0.53982006x2 + l.12524850xl - O.S8561447x4 

Silt -
First layer moisture range, 1.55 

f(x) • 0.1138717x - 0.6558373x2 
+ l.8700644x3 - 2.3253802x4 + 

l.2952910x5 - 0.26246686x6

Second layer moisture range, 1.25

f(x) • 0.82789788x + 0.2445313lx2 - 0.86060142x3 + l.2998033x4 -
0.097359290x5 + 0.29132112x� 

Clay -
First layer moisture range, 1.43 

f(x) • o;08321811x + 0.11716883x2 - 0.14710818x3 + 0.04910032x4 
Second layer moisture range, 0.93 

f(x) • 0.03492386x + 0.36829518x2 - 0.90742210x3 + 0.61582018x4 

Winter: 

Sand -
Pirst layer moisture range, 0.54

f(x) • 0.1288200lx - 0.32751050x2 
+ l.0509886x3 - l.0462256x4

Second layer moisture range, 0.35 
f(x) • 0.09068948x + 0.37645999x2 - 0.7983778lxl + l.1306980x4

Silt -
First layer moisture range, 0.42 

f(x) • 0.16554710x + 0.32448206x2 - 3.5931164x3 + 6.0923182x4

Second layer moisture range, 0.30 
f(x) • 0.16854730x - l.2164306x2 + 5.0226953x3 - 5.9828479x4 

Clay -
First layer moisture range,0.92 

f(x) • 0.13851029x - 0.32294633x2 + O.Sl095728xl - 0.2364452Jx4

Second layer moisture range, 0.46

f(x) • 0.14694158x - 0.50856800x2 + 1.2942848x3 - 0.74715639x4

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 Tems 

Field maximum

First layer 

F. max • 2.01 - 0.013 S + 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

where 

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

F • fines in percent 
LL• liquid limit 
WI• wetness index (see table 5) 

S • sand in percent 
OM• organic matter in percent 
C • clay in percent 

3 of 3 sheets 



Wetness 
Jo4ex 

0 

1 

2 

3 

4 

Table 5 

Classification of Sites by Wetness Index 

Potential 
Wetness 

Arid 

Dry 

Average 

Wet 

Depth to 
Water Table 

Indetenninable 

Indeterminable 

More than 4 ft 
(1.2 m) 

1-4 ft
(0.3-l.2m) 

Depth of 
Wetting 

Less 
than 
l ft

(0.3 m) 

1-4 ft
(0.3 to 
1.2 m) 

More 
than 
4 ft 

(1.2 m) 

To water 
table 

Saturated Less than 1 ft To water 
(0. 3 m) table 

General Characteristics 
of Sites* 

Located in desert regions 

Steeply sloping, denuded, or 
severely eroded and gul­
lied. Mostly semiarid to 
arid regions 

Well-drained soil with no 
restricted layers or pans; 
fair to good internal and 
external drainage. Slope 
may be flat to steep 

Soil not well dra!ned. Re­
stricted layers or deep 
pans may be present. May 
occur at base of slOP.es, 
on terraces, upland flats, 
or bottomlands 

Sites waterlogged or flooded 
at least part of year. 
Bottoml.ands 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.



CI-KC Coef-
ficient (t) • 
KC at Cl's of 

200 
300 

200 

200 

200 
300 

200 
300 

200 
300 

No. of the 
Eguation Set 

4 

l 

2 

5 

3 

6 

Table 6 

Relation of Cl-MC Coefficients to Soil Property Groups 

Partial Regression Coefficients 
Intercept 

(a) Sand ln Silt 1n Clay Fines ln-ln LL ln-ln PL 

+o.866 -0.007 +2.20881
+o.820 -0.012 +2.15453

+4.0S9 -0.016 -0.1532 -0.00S9
+3.409 -0.019 -0.0871 +o.0677

+1.290

I
+o.008 -1.09364 +2.07387

+o.6S0 +o.013 -o. 72716 +1.67302

+o.272 +o.007 -0.22320 +2.28968
-0.846 +o.010 +o.62087 +l.91759

+1.002

I
-0.17148 +l.97572

+o.208 +o.69014 +l.52218

-0.321 +o. 73907 +2.32219
-1. 765 +2.11222 +1.96798

c=J Variables not made available for addition to the fit. 
Relation is of form ln y • a+b1x

1+b2x
2+ ••• +b

i
xi

(b) 
Organic 

PI Matter Density 

-0.0S3
-0.067

+o.009 
+o.009 

+o.004 -o.oss
+o.002 -0.081

+o.006 
+o.oos 

+o.001 -0.077
-0.004 -0.11s



Table 7 

Relation of RCt-MC Coefficients to Soil Property Groups 

llCI-MC Coe£- Partial Regression Coefficients 
ficient (Y) , 
MC atl.Cl's of

100
200

100
200

100
200

100
200

100
200

100
200

No. of the 
Equation Set

4 

1 

2 

5 

3 

6 

Intercept 
(a) Sand ln Silt 

+o.784
+o.985

+3.025 -0.001 +o.0143
+4.740 -0.011 -0. 3582 

-0.101

I
+o.004

-0.543
-0.686

-0.154 

I
+o.107 

-0.583
-0.662

r=JVariables not made available for addition to the
Relation 1s of form 1n y • a+b1x1+b2x2+ ••• +b1x1 

Clay Fines ln-ln LL PL 
-

+1.49869 +o.026
+1.08056 +o.033

+o.012
+o.001

-0.001 +2.39889 +o.023
+o.002 +1. 76424 +o.031

-0.002 +2.44112 +o.031
+o.001 +1.83022 +o.042

+2.34307 +o.023
+1.87108 +o.030

+2.34990 +o.030 
+1.88333 +o.042 

fit. 

(bl
Organic Dry 

PI Matter Dens.i tv_ 

-o.oos 1-0.004 J 
-0.005 +o.004 
-o.oos +o.006 

-0.004
1-0.004 

-o.oos +e.003

-0.005 +o.006 



APPENDIX A: DETAILED FLOW CIWtTS OP COMPUTER PROGRAM 

Appendix A contains detailed flow charts of the main program and 

subroutines produced by the computer program, PLOWGEN/P-II, 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 

WI.IBWK (part of main program), fig. A2; subroutine COMPMS, fig. Al; 

subroutine FILlDA, fig. A4; subroutine FIL2DA, fig. AS; subroutine 

FRODEP, fig. A6; subroutine STFR.SP, fig. A7; and subroutine CAI.SST, 

fig. AS. 

Al 



Fig. Al. Detailed Flow Chart of Main Program 
(34 pages) 
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I� 
tOVR.CONPNS
tOVR.FILlOA
tOVR.FIUOA

I:: 
tOVR.FIIODEP
tOVR.CALSSl 

Ii __ 
IOVR .$ lFRSP 
IRPC 
•••••CONNON VARIABLES•••••••••••••••••••••••••••••••••••••••••••••

LL 

LL 

<b 

CONNON I DC II 35 I .PNC 12 J .ST Of 12 • 31 l .NS TEOI 4 l .RF n 1. IHOl_zu hCXNJN( 2 I,
TEHPER I 12 .35 I .SNOI 12. JS J .CONENf3 .z ,61 .XRANOf 2 .3 J .STCONU • .t I• 
STRLl12.41.NHAX012J,JSlNUN141.C312.21.C412.2l,0NNCl2.71.COEF11081.
HAKOll21.JHOAl4.l2J,80C21.RAN012,3,31.Xf21.Clf18,2J,C&Cll•4•21. 
CNAKl21,CNlN12>,C2f41.STORNCll2,3lt,STORN0112,311,ADFl21,SOF121 •. 
1Tt21,KIND131.ISLEM131,DUN126J,PRECIP112.361,8113,2,21.llf121, 
CONl12,21,0121,E12J,INOOIJ2.21,AIAlf2.2J.88ARl2.21.NNCLA112J, 
NHCt.A2121,NPHt.AI 12 I ,NPNLA2U I ,NFROEPf2 I ,NCILAlf 2 I .NCJI.A212 I, 

6 
NRCt.Al 12 > ,NRCt.A2'2 I ,N&OUR • IUNNEA.NTENP .NIN,11,NYI • ITUA, 
I TEX8 ,RHIN. ITYPE, ITENI • ITEN2, I I• IDEVI • ISi, sg,l&N,IST •III ,IOA, 
NO, IYR • ITENP. I COUNT ,ACCR.DEP .CICOF .CJROF .NCO E .ACCll ,ACCl2 .NGK, 
JUL ,JIL ,JUG,LU8,JOK.N08.JEN.JAZ ,JEL ,JU, ·. 
NTYPE,NENt.lN,NENCOF.NIOST.Nl,LL,JU8el80,IIH.IIY,NENYI. 
HE AOU l ,H£AOU2 ·" ,LK ,JI .JENO ,NTOS ,AJIN ,JIN .JN ,KPNC .a1c, I ,SEC Tt·,
sEc,,.srcr•.s,cT&,sEcre.fECT1.secTt.sEcT1,s1c,10.NcA·••cr. 
SAN.INO,IOAB, DAE,JNK,JN ,NO.STON,NUNI.ISEO,NYISEQ. Y21EO 

0 
•••••EOUIVALENCEO VARIABLES••••••••••••••••••••••••••••••••••••••• 

<b 

I 
EOU I VALENCE I NNCLA l ,DNCLAl J • I NNCLA2 ,ONCLA2 I, l NPNLAI ,Uf"NLAI I, 
tNPNLA2,0PNLA21,INFROEP.DFROEPI.INCILAI.OCILAIJ,lNCILAl,OCILA2t. 
INRCLAI ,DRCLAI 1,INRCLA2.0RCLA2J 

ff 
•••••DATA INITIALIZATION•••••••••••••••••••••••••••••••••••••••••• I 

6 
DATA NuNa. 1sEo .Nn&EO ,NY2SEO,NENF n .Acc11 .Acca21 ·001 • .a .o .o. 

IJ.0.01 .0.011 
<&· 

OATAJNOAl12HJANUART , t2HFEIRUARV ,12HHARCH •

12HAPRlt. • l2HNAY • l2HJUNE • 

12HJULY , 12HAUOUST • t 2HSEPTENIER 
12HOCT08ER .12HNOVEN8ER ,12HOECEN8H I 

<b 

I OATANAX0/31.28,31 ,30,31,30,Jl .31.30,31,30,31/ I

.,, 
DATA COEF /0, 15910948 ,·O ,28827749,0 ,37098284,• • 13067845 ,0, ,0,,
o.2oasuo3 •• o.s4te4&4&,o.a1&&on2.-.3oso&20&,o. •• o •• 
• 15190803,-,07720229,•,01280603,,011&1488,0,,0 •• 
0, 1164190 .o ,06704479,•0 ,09112914 .o ,03120642 .o • .o •• 
,0961-2290. ,01073670,•. 10120766, ,05&48077,0, .o • • 
• I 4304453, ·,IO I 02281 ,. ,0210381 S • • 10071069 ,0 • .O., • 

10.oe,01220.-o.01ss201,.-o.109.c901e.o.12221,,t.o •• o ••
t_D,12713529,-0.53982006,1,1252485,·0•58561447,0,,0,. 

I 
"uann .-.esse3no.1.e1ooe ..... -2.12s3eo2. 

I1,2952910,-,26246686, 
v 

CONT, ON PO 2 
PG Qf 34 



IC 

l 

� 

DATA C&/0 •102 .o • .0 • .0 • .o •011 e0 .ot• .0 • .0 • .0 • .0 • .0 • I 81 .o • .o • o0 • .0 • .0 
0 .221.0 • .o • .o • .o .01 • .o •81 I .o • .o • .o • .o • .o .22• •'-' •• o • .o • .o • .o •• 
-0 .J&• .o • .o • .o • • •0 .001 • .0f4 .o •• o • .o • .o • .o .092 .o •• o •• o • .o • .o, • 
-o .ot• .o •• o •• o .• -o .001 .o .02, .o •• o •• o •• o •• o .o•• .o •• o .• o •• o •. o •• 
2 .01 .-o.ou.o •• o •• o • • o .• o .. o .. o. 132 .o. •g-11,.0 . . o •• o .• o •• o •.
2 .01.-0 .01s .o •• o .ooe.o •• o •• o •• o •• o •• o •• • 21s .o •• o •• o •• o • • a ••
-o .121.0 •• o •• 0.011.0 •• o •• o • • a •• 0.101 .o •• o. 10,.0 •• o •• o .• o •• o ••
0. l 70 .0 • .o •• o .026 ,0 •• o •• o .. o .. 0 .01 J ,0 •• o .o& I .o •• o •• o • .o •• o. I

IJ 

CONT, Olf PG J 



CONT, ON PG 4 
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f0RHATl�X,21f5,3,Wl,�12F6,011 

CONT. ON PG S 



CONl. ON PG 6 

PG s OF 34 



C 

u l 

PRINT.·FOR INFOR"ATION CN R1JNMINO lHIS "00EL SEE USER S "ANUAL.· 
PRINT. •'WHEN ANSWERING YES OR NO QUESTIONS.· 
PRINT.• USE I FOR YES ANO 2 FOR NO.· 
PRINT.'IS INPUl RAINFALL IN CN•· 
REAO.IUN"EA 
PRINT.'IF YOU WANT OUlPUI "OISIURE CONTENt IN·· 
PRINT.· INCHES ENTER A la CN ENlER A 2· 
REAO.NEAOUl 

PRINT.'NA"E LAYERS I ANO 2 SOIL NOISTURE CONTENT FILES.· 
PRINT.· EXA"PL£'XXIOOJ.xx2001· 
READ 39. N"CLAt.NNCLA2 
PRINT.·oo YOU NEED OUTPUT "OJSTURE CONTENT IN PERCENT•_j 
REAO.NEAOU2 

CONT. ON PG 7 



fgAJ 1 
I GO TO so > .... -- ·-----------. 

A2 

PRINT.·NAftE LAYERS I ANO 2 PERCENT "OISfURE FILES.• 

PRINT.· EXA"PLE'1Xl00l,XX200I' 
READ 39, NP"LAI ,NP"LA2 

PRINT.· IF YOU HAYE AIR TE"PERATURE. ENTER A Tl IF NOT A 9.' 
READ 8 .rHEftP 
JOil:I 
PRINT,'IF YOU HAYE SHON OEPTHlNt.ENTER AN SNa IF NOT At• 
R£AO 8,NSNON 

PRJfH. 'ENIER · 
REAO,NSOUR 

PRJNT,'ENTER THE HANE OF YOUR INPUT FILE' 

CONT. ON PO 8 

PO 7 OE M 



C 

PRINT. 'ARE NAX ANO Hitt SOil HOtSTURE EOUAT IONS l'tCLUOED Itt -.._� 7 
PRINT,·INPUT DATA FILE•· ,.· REAO .NNOO __ 

CALL 

PRINT,'ENTER THE NUNBER OF YOUR SURFACE GROUP' 
READ 20,NSCGNU 

F 

•••••READ SITE ANO SOIL IOENTIFJCATION•••••••••••••••••••••••••••• j 

CONT. ON PG 9 
e.G.....LJ2L .•.. H. 



A4 

ltENl::.IOCJt 11 
REflOI tTEnJ. I l IS INU". JtEXA, ITEXB ,80(1 I .eo, 2 l 
PRltH22 • IS INU" 
PRINT 23,IT£XA.IT£X8 

0 

CONT. ON PO 10 

PO 9 OF 3:4 



0 

(02!001�0'.:]]12�eC>---------------�?
4-_________________ j : 

0 

0 

CONT. ON PO 11 

I 

I 
I 



C •••••READ DATA FRON 

0 

0 

CONT, ON PO 12 
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_______ ,. .

REAOl 101 .141 

F 

j! 
ac:,..------------------' 

�C---.-. -.. - •-R_E_A_O_OE_P_L_E_T_l_�-E�O�U-A�T�l� O-N -C�O�E�F�F�l�C�IE�N-T�S�•-•-•-•-• -• -• -.. - .-.-.-.-.-.-. -•• - .- .- .-.-.-.-.�
_

J 

CO NT, ON PG ll 



REAOl 101. 13 > 

RE AO I IO I • I 8 ) 

[�_ •••••READ STRENGTH EQUATION COEFFl�IENTS••••••••••••••••••••••••••

REAOl 101. 171 

CONT. ON PO 14 

PG 13 OF l◄



C 
C 

C 

···••READ IDENTIFICAtlON CODE FOR EGUAllON to ca"PulE St�E�v!�•-··:
••••• £0UAT ION CONSTAIUS•••••••••••••••••••••••••••••••••••..!.!,!.'!�.!.;

• • • • • - • - • • • - • • • • 00 182 I: I .2

C •••••READ ANO PRINT NAX ANO NIN $OIL NOISTURE••••••••••••••••••••• I 

CONT. ON PG IS 



0 

J:1•2 
CNAXI J l:6.■8011 l•C21 J l/l00. 
CNJNI I l:6.■801 J l■C21Jl/l00. 

T 
• • • • • - - - - - - - - - - - 00 193 I: I , 4

CONT. ON PG 16 

F 

E> 16

PG JS OF 34 



J:1•2 
CnAXI l 1:C21 l 1 
cxnlNI l l:(21 JI 

PRINT.·ENTER NAnE OF RAINFALL FILE' 
READ 32.SA" 

19�._ _____ _ 

V
r----------<<_...,,G_O_T

_,,

0. I 198 • 160 I ,JUL 

J_lm ___________;,.._.._---1>____, 

C 

PNCI I J:CNAXI 11 
PNCl21:CNAX121 
JUL:2 

CONT, ON PG 17 



�-ITi) I [ill 
¼ _______________________ !>-. 

REA0f 101 .3 > 

CONT. ON PO 18 

PG lJ Of 34 



PRINT 

17 • • • 

0 

CONT. ON PG 19 

�-------------, 

' 

.. ; 

' 



C 

REAOIJTEN3.3lll,NSCS,J,ICSll,N,NSCSl,l:l,8) 

CONT. ON PG 20 

PQ 19 9F �◄ 



PRINT 

' - - - - - - - - - - - - - - -

I , 
: ' 

I I 

C •••••R£AO ANO WRITE HEADINGS•••••••••••••••••••••••••••••••••••••• 

00 220 I: I , 5 C> 21

CONT. ON PO 21 



PRINTS.llHDfJl.J:l.201 
MRITE12.SI f lHOIJI.J:t.201 
MRllEI 3.51 I fHDfJI.J:1 .201 

WRITEl3.35 I 
WRITE12.371 
WRITEU.381 
MR ITE 12. 121 
MRITE13.121 

00 TO 232 

WRITE! 3 .361 
WRITE12.33l 
NRITEl3.34l 
HR ITE I 2 • 12 I 
NRITEll,12) 

CONT. ON PO 22 

PG 21 Of 34 



... I c ____ •_•_• _••_R_f:...AO SEASON CHANGE CARO .. ••• .................. � ........... .;;;-·i

GO 

AIBD:180 
AJIN:AIBQ/7. 
18":NCK: ISN 
NENYR:IIY:ISY 

CONl. ON PO 23 

I> 23

F 



C 

22 • • • I>

•••••READ PRECIPITATION OR AIR TENPERATURE OR SNON CARO••••••••••• 

CONl, ON PG 2• 

f 

PG 23 Of 34 



REAOf 101.311 

0 

--------------------· --- . .

CONT, ON PG 25 



CONl. ON PG 26 

F 

F 

PG 25 OF 34 



, - · - - - - - - - - - - - - - -
---.....----

CONT. ON PG 27 

f 



co�,. o� PG 2a 

F 

PG 27 OF 34 



C •••••CO"PUTE SOIL NOi ................. � .•.......•...... ;·• 

CALL 

CONT. ON PG 29 

'!.Q..l.LIL .... �-.c 



CONT, ON PG 30 

F 

Po 29 or H 



C 

I 

I 

,.. ____ ..._ __________ __J 

•••••WRITE FILES FOR INPUT TO FREEZE-THAN NODEL•••••••••••••••••••

CONT. ON PG 31 

F 

F 

' 
! 
i 

i 
I 

I 



F 

F 

(L •••••CONPUTE SOIL STRENGTH•••••••••••••••••••••••••••••••••••••••• 

CONT, ON PO 32 

PG 31 OF 



CO�l. ON PG 33 



�E7
460 

0 

41 

GO TO 1302.49S.4901.JEB 

GO TQl420,49Sl,H08 

CONT. ON PG 34 

PG 33 OF 34 



PRINl,'PR£CIPITAT HAS DATA DUI OF ORD£�.· 

io----------------

soo_...__ 
STOP 

II![] 



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



• 

• 

• 

I SUBROUllNE WRl8WK l 

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

�
••••MRITE FIRST WEEK OF OUTPUT DATA FILES WITH BEGINNING DAY••••• 
••!!.,__ OTHER THAN THE FIRST DAY OF NEEK••••••••••••••••••••••• 

• · ••--

,a '

I fOR"AT( 1X.l2.IH•ol20Ue7H 

IAI ,, 

I FOR"ATI IX.12.IH-.12.4X.7H 

A!> ,,. 

I FORNATI IX• 12 • IH-• 12 .41 .217H 

I 11!.'t ,,. 

I FOR"AT I IX• 12 • IH· • 12 .u .217H 

A11 0 

IFORNATIIXol2elH-.12.4X.3f7H 

IA11 ' . 
IFORNATIIX.l2elH-.12.4X.317H 

II!. .. ' .
IFORNATltX.12.IH-.t2.4X.417H 

154 ,,

I FOR"AT I IX• 12 • IH·. 12 .u .417H 

,::c ,, 

I FOR"ATI IX. 12. IH·. 12 .41 .Sl7H 

,., 

CONT. ON PG 2 

.6F7 .2 I I 

.6F7 .o) l 

I .SF7 .2) I 

1.sF1.o, l

I .4F7 .2) I 

, .4F7 .o, l 

) .3F7 .2) I 

l.3F7.0I I

I .2n .21 I 

PG PE 6 



I ,f1 .2 l 

l.F7,0I

r 

I 
I 

ia-----------------_J 

WR I TE I 3 ,6 I I JOAS• IDAE, I SlORnOI I ,JJ l, JJ: JNt<. I DAE I 

CONT. ON PG 3 



WRITE13.6311DAB,IOAE,ISTOR"DI l,JJl,JJ:JNK,IOAE) 

CONT, ON PO 4 

PG 3 OF 6 



IQ----------------- _J 

WfU JE I 3 .6S ti DAB. t DAE • I S T
lt::I
O

I-
R_"_o _, 1_ ._J_

J
_•_· J_J_:_J _  .. _I(_. _' o_

A
_
E

_• ______ _j 

WRITE 12 ,66 I IOAB, IOAE. IS TORNC I I .JJ I.JJ:JNK • I DAE 1] 

CONT. ON PG S 



WRJTEtN0,16ltlDAB,IDAE,fSTOC l,JJl,JJ:JNK,lDAEt 

WRITE I NO. 1621, IDAB. IDA£ .c STOC I .JJ 1,JJ:JNK. IOAE I 

WRITEIN0,163110AB,10AE,ISTOC l,JJl,JJ:JNK,JOAEI 

CONT, ON PO 6 

PG S OF 6 



t3A6 � 

_:;;;,,----------•-•· .. . '

WRITE INO. 16,t IIDA8. IDAE .1 SlOI I .JJ 1 .JJ: JNK. IOAE I 

io--------------·---·· ·-' 

WR I TE U•O. 166 HDAB • IOAE .IS TOI l ,JJ I .JJ:JNK. tOAE I j 
I 

l<J-----------------·-·-' 

WRITE I NO. 1661 IDAB • IOAE. c S 101 I .JJ I .JJ: JNK .I DAE I 

nr-r----q;i-------------------1 
A? 



Fig. A3. Detailed Flow Chart of' Subroutine COM:EMS 
(11 pages) 



SUBROUTINE CO"P"S 

••••••••••••••••• 

•••••CALCULATION CORE••••••••••••••••••••••••••••••••••••••••••••• 

---------<< GO

�

601 
TO 1604 .6051 JOK 

CONT. ON PG 2 

t> 10

PG OF ti



. - - - · - - - - - · - · · - - -

r 
lC"INlll=C"AXIII-XRANOII.ISI 

�-----------, 

i 
I 

TO 609 >'>--------------....., 

CONT. ON PO J 

C> 9

. .



c·-------<< GO TO 1612,613,614,6151,JEN

,·1E31h3lii3 � ___________________________._ 

+ 

L-------------------0. 

C •••••ACCRETION CALCULATION•••••••••••••••••••••••••••••••••••••••• 

XI 11:CNAXI 11-PNCI 11 
Xl21:CNAXl21-PNC121 

CONT, ON PG 4 

PG 3 OF 11 



CONT. ON PG S 



C •••••ACCRETJONIONE TO ONE RELATJONI••••• 

CONT, ON PG 6 

F 

PG S PE II 



C 

->-------------. -, 

•••••ACCRETIONICONSTANTI••••• 

C NEW NOISTURE 

CON1. ON PG 7 

PG 6 



+ 

C •••••CONVERT NOI STURE CONTENT TO: ORY WEIGHT••••••••••••••••••••• 

L_L_ __ • _• •_•_•..;;0;.;:E;...P.;;;L.;;;E_T .;.I O;;.N.;...;;C;.;.A;,;::L.;;;C.;;;U.;;;.L A;.;,T,;..l;.;O;.;.N;;..•_• _•_• .. ••.;..•_ •.;..•_•...;•...;•..;• _• _• _• •- •- •-•-•-•-• -• -• •-•- • -•-• -•-• -• -••- •- •-•-•-•_, 

B7 

CON T. ON PG 8 
PG l OF 11 



>>-------------

, • • • • • • • • • • • • • • • 00 634 L: I .6

C IJKL : 

, - - - - - - - - - -

C DEPLETION■-■■-

OEP:OEP•COEFI IJKL l•ISOFI I l■IPNCI 11-CNINI I 111■-L 
IJKL: IJKL• I 

C 

CONT. ON PG 9 



CON1. ON PG 10 

PG 9 OF ti 



CONl. ON PG 11 



64,.._ __ _ 
RETURN 

PG II F JNAL 



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



--------

isuaROUllNE FILIDA 
·•-·""·--·----------------------------.

••••••••••••••••• 

•••••MRl!f SOIL "OISTURE FILES•••••••••••••••••••••••••••••••••••• 
__ ...!!.!!!�..Q�_!'Al STAT(N(klS•••••••••••••••••••••••••••••••••••••••••••• 

CONT. ON PG 2 

PO QE 1s 



C •••••TEST 

r ' 
1_G_O_T0_6_5_2_� ! 

.0----------------_J 

CALL SETSCT12,SECTJ I 

CONT, ON PG 3 



PG 3 OF 15 



i 
I 
. 

-····-_J

----7 
. 

' ' 
I 
I 
I 

i 
. 

110----------------·-·-j 

CONT. ON PG S 



CONT. ON PG 6 

I> 13

F 

PG s OF 15 



"3-----------------·--·

�fil:>-------·--····➔. 
····-·----·•JI

r 

aa-----------------··· .J 

COtH. ON PG 7 

::>-----------· 

t> '



6 - - - £> 1 

STORNOI J .J l:STORNOI J .J 1•2 .54 

WRJTEI 2 .31 I ll:J,41, )YR 

WRITEf3,311 IINOAflJ,11. 11:1,41,JYR 
J8N:AJ8N 

F 

£> 9 

�••••WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLED•••• 

CONT. ON PG 8 
PG 7 OF ts 



CONJ. Oij PG 9 



rc 

F 

•••••WRITE DATA ON FILES•••••••••••••••••••••••••••••••••••••••••• 

WRITE12.321 

WRJTE13.32) 

CONT, ON PO 10 

JJ: IOAB • IOAE I 

JJ: JOAS. lOAE I 

F 

PG 9 QE 15 



! 

i 
i 
I 

a--------------__J 

..:::::i-----------·-, 

I 
i 

I 
I 

ICI----------------_J 

CONT. OM PO ll 



CONT, ON PG 12 

PG l1 Of IS 



� 83 t>.

let------------···---·-·' 

' 

! 
i 

io----------------J 

I 

I 
I 

ao----------------__J 

00 



, · • • - - - - · - - - · - -

STORNCI l,Jl:STORNCll,J>•lOO./f80111•6•1 

B6 

CONT. ON PG 1, 

PG 13 OF JS 



i Oo�o[J]ro�6§!&�a:::=>-------------+. 
.. 
.. IO----·--------------'• 

Oo�o[!toLl&CT1!0:)>----------- j 

=l 
i 
I 

�-----------------_J

CONT. ,� PO 15 



RETURN 

PG 1s FINAL 



Fig. A5. Detailed Flow Chart of Subroutine FIL2DA 

( 10 pages) 



,. 

SUBROUTINE FIL20A 

••••••••••••••••• 

•••••WRITE PERCENT NOISTURE FILES••••••••••••••••••••••••••••••••• 
•••••F0R"A1 STATE"ENTS•••••••••••••••••••••••••••••••••••••••••••• 

4 

FORNA1123X.l6HIS -30 CN LAYER.II 

CONT. ON PG 2 

PG OF 10 



C 

C 

GO 

.a-------=!l 

•••••NRlll HEADINGS••••••••••••••••••••••••••••••••••••••••••••••• 

CONT. ON PG 3 

f>Jj_,.Z_!}f__ . ..1.a .. 



CONT. ON PG � 

f 

PG 3 OF JO 



C> 9

I 

1a------------------.J 

IOAE:'7 
MRl1E12.31I ll"OAtll,11, 11:J ... 1,IYR 
WRJTEI 3 ,31 I I l"OAI 11, I 1, I J: 1 •• 1. lYR 

I> 7 

::;:::-----------------,

CONT. ON PG s 

I 
; 

I 
I 

____ . ..J 



CONT. ON PG 6 

PG S Of 10 



C 

---, 

l 

I 
I 

an,_ ________________ _J 

F 

Id----------------····--·--- ···--·

COtff. ON PO 7 



CONJ. ON PG 8 

JJ:: IDAB • IOAE I 

F 

PG 7 QF 10 



' 

I 

l 
I 

________ J 

CONT. O'f PG 9 



CONI. ON PG 10 

PG 9 OF 10 



C 

,0--------------- -·--· --. 

GO TO 71 l -·-t,
&0--------------__,'I

I 
I 

! 
I 

I 

•••••fEST NEED FOR NEW CONTINUATION FILE•••••••••••••••••••••••••• j 
I 

. 

I '
I 

_____________ _j 

RETURN 

cm]



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



SUBROUTINE FROO£P 

_, ____________________________________ __ 
••••••••••••••••• 

•••••WRITE AIR TE"PERATUR£ AND SNOw FILES••••••••••••••••••••••••• 
•••••FORNA1 STATENENTS•••••••••••••••••••••••••••••••••••••••••••• 

.. - --- .. ..,., __ _

FORNATl6�.2SHDENSITY' 0·16 CN LAYER • •  F&.2.23HO/Cftt 15·30 
CN LAYER • •  FS.2,4H0/CNI 

FORNAT1i1x.49HFROZEN DEPTH OF SOlllCRREl-19681 OAJA INPUT 
FIL£,11 

CONT, ON PG 2 

PG Qf s 



C 

C 

;;::,,,-------------. 

! 

•••••ADDITIONAL INPUT CONTROL••••••••••••••••••••••••••••••••••••• 

!1

ii 
., 

11:1-----------------...J: 

PRINf.•fNtfR NANES OF &NON.FROZEN SOIL DEPTH "OOEL INPUT FILE' 

PRINt.· EKANPLE' FROOOJ' 
IIEAD 32 .NFROEP 

F 

:::::::::==-----------.

COtfT. ON PG 3 

I 



MRITE14,27l,ISINUN 
MRJ1£14,341 

WRITEl 4,331,80111,8012 I 
WRITE14,3SI 
WRITE14,37l 
WRITE14,391 
J8: 180 
JEND:NAX0lll 

¢ 

CONT, ON PG A 

PG 3 OF 5 



.:::::::=----------.. ·--, 

i 
. 

l 
1:9!:JilHD>-------- -·-· ··-·t

IICI----------------------': 
. 

fO-------------·---··•·-·-·· 

! 
i 
I 

..,. ____________________ .J 

COffT. ON PO S 



· � •••••ffiT NEED FOR NEW CONTINUATION FILE••••••••••••••••••••••••• 
: ::, ______ ...; _ _,;;.. __ __, ___ ........ __ ..._ __ ......,,_.......,.....,.......,...._ __________ __,

RETURN 

PG S FINAL 



Fig. A7. Detailed Flow Chart of Subroutine STFRSP 
(5 pages) 



SU8ROUllNE SlFRSP 

•••••••••••••••••• 

_ ·--�u••CONPUTE SlERNGTH ECJURT ION CONSTANTS FRO" SOIL PROPERTIESu-■• 

FOR"RTISK.21HINCORRECT Ct HOD CODEI 

CONll t, I l:ALOOl 200. I 
CONll I .2 I :ALOGI 100, I 
CONll2.J l:ALOGl300,l 
CONll2,21:AL001200,I 

CALL SAVSCTI l,SECTIOI 

•••••SEARCH FOR STRENGTH EQUATION CONSTANTS••••••••••••••••••••••• 

• · · · · · · - · - · - · DO 800 11: I ,NC I 

READ 11,1 IBII.J,ll,J:l,121 

READ 

CONT, ON PG 2 

I> 2

PG QF s 



C 

I , l 

r--- ,b 
zi7L qfAO_ i 1. I ..!_81 I .J ,21. I:;. 121 

I 
I 

•••N INOICAlES LAYER,Ll RATING CONE••••••••••• 

01 L J:811 • 1 ,L 1-81 l ,2 ,L J 
EILl:811,l,LI 

t> s

t> '

t>' 

�---J 

CONT. ON PG J 



0 

•••••CONPUTE LN OF VARIABLE•••••••••••••••••••••••••••••••••••••••
. ----------------------------------

•••••CONPUTE LNLN OF VARIABLE••••••••••••••••••••••••••••••••••••• 

'---------------------011 

34 

CONT, ON PG 4 

PG 3 OF s 



C 

I> s

AIARtL .tthCONll I .L l•ICOfflt 2.L 1-co,u1 I .l I hEtL I/OIL I 
18ARIL.ttl:ICONll I .L l-COffll2.L I l/OIL I 
PRINf•'lAYfR : '•N 

00 

PRJNf • · A: ' .ABAR! L ... I 

PRINT.· 8: · ,88ARI L ... I 

GO TO 830 

PRINf.' A: · .A8ARI L ,ti I 

PRINf,· 8: ',88ARt L ,ti I 

I 
·--·4

I 
I 

! 
i 

·-fl
,, 
11

I 
I 

·I
I

I
- ··--·-··__j



PO S FINAL 



Fig. A8. Detailed Flow Chart of Subroutine CALSST 
(21 pages) 



SUBROUTINE CALSST 

' ...... _______________ ......, ___________________ 
••••••••••••••••• 

•••••CO"PUlE CONE INOEK ANO RATING CONE INOEX••••••••••••••••••••• 
•••••FORNAT STA1£NEN1S•••••••••••••••••••••••••••••••••••••••••••• 

., 

FORNATl24X.14H0 - 6 IN LAYER.It 

CONT. ON PG 2 
PG OF 21 



IC 

IC 

•••••AOOlllONAL CONTROL INPUT TO OETUNINE SOIL STRENGTH RE QUE Sh Ii] ' 

! 

-

,... 

1 • 

PRJNt.·oo YOU NANt CONE INDEX FOR FIRST SOIL LAYER• SECOND LAYER• I 
ff 

PRINt.·RCI FOR flRSt LAYER• SECOND LAYER• SEPARATE ANSWERS 
I PRINf,·NJTH CONNAS. [IANPLE'FOR RCI ONLY FOR BOTH LAYERS:2.2.1 ,I 

REAO,tNSTEQC 11,1:I • .e 1 i PRINf,'ENtER NANES Of SOIL STRENGTH FILES TO BE USEO,ENTER I 

PRINt,· NODATA If A FILE JS NOt TO BE USED,' I 
PRINT, (IANPLE"FOR RCI FOR BOTH LAY(RS:NOOATA,NOOATA,KXIO�i.KKZGO! 
READ .e1. NCILAt.NCILA2,NRCLA1,NRCLA2 I 

--

--· -... 

•••••TEST OUTPUT 

-

7c.n 0 

I CONTINUE I 
b 

CHECKS 
-, 

AND OPE� FILES••·················••_!••···· 
ff 

< DO 773 I: ....

r 
COtH. ON PG 3 

. . . � .., ... .,

... 

: ! 
I ' 



-- , 

--.:.:..:::.1- y • II =:::..., _______ _ 

1 

CONT, ONPO .f 

l!{LL Qf 21 



I 

I 
I 

I 

! 
------------·-·-···- · •·-· -· . ..; 

:;,,,,.---------··---. 

CALL OPE�FIJ.OACLAL!] 

r-=-� 



CONT. ON PG 6 

C> 8

PG S OF 21 



IICJ----·-----·····----· ····--·-·. 

C> 8 

:::::=-----------l 

I 
I 
I 

IICl----------·--•-_j 

"i 

GO 

STO!J.L l:EXPtSTCOMI I ,I l•STCON12.I l•AU)CilSTORNCl..:l.!!-.J..!.! __ 7

CONT. ON PG 7 

I 

I 
!



r S ! 01 J .L I: ExP IS T CON I I • I I •S TCON I 2. I I •ALOOI STORNOI J .L 111 
·--------

CONT. ON PG 8 
PG 1 Of 21 



_ ______ _, 

�----J 
6 .s 

GO 

____ ,J 

CONT. ON PG 9 



CONT. ONPG 10 

PG 9 OF 21 



I HRITEIN0.341

B2 

"">------------. : 

CONT. ON PG II 



I> 17

T 

IOAE:7 
HR I TE 1t•O • 3 1 II I l'IOA I II • l OUT > • II = I • 4 I • IYR 

00 761 NN:1.S I> 14

CONT. ON PG 12 

F 

PG JI OF 21 



C 

>------- -·--·-·-·--· ·---: 
' 

' 
' 

,o--------·----_j 

F 

i 

•••••WRITE OUfPUI NHEN 8£01NNINO WEEK IS ONLY PARTIALLY FILLEO•••• ! 
ia----------------·__J 

CONT • ON PG 13 

I> 13

I 
., 



12 • - •

CONY, ON PG 14 

PQ 13 OF gt 



NRJlffM0.32 I 

II • • . E> 

--
. 

N 
. . -· ... ·-·-- ,_ .. ---- -. 

JO----- .. ·-------------- . .

F 

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

______ J 

CONT. ON PG 15 



C 

CONT, ON PG 16 

PG 15 OF 21 



------

IC:1----------------·

CONT. O" PG 17 

I 

j 
: 

r 

-·--·1

i 
I 



11 - - -

GO 

CONT, ON PG 18 

PG 17 OF 21 



CALL CLOS£Fl2.OCILAI I 

CALL 

' 

' 

.0----------------J 

�-------------7 

GO 

CONT. ON PG 19 

i 
I 



I 
I 
I 

l____________ _

CONT. ON PG 20 

PG 19 OF ZJ 



C 

IJo�o[!r!o::1[j1�eC>-----------·---

!CJ-------------------' 

CALL 

•••••TEST NEED FOR MEN CONTINUATION FILE•••••••••••••••••••••••••• 

CONT, ON PG 21 



(lliJ 

PG 21 E INAL 



APPENDIX B; OOMPU'l'EB. LISTINGS 

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

the main program and subroutines as follows; main program, table 81; subroutine 

COMPMS, table B2; subroutine FILlDA, table S3; subroutine FIL2DA, table 

B4; subroutine FBODEP, table B5; subroutine STFRSP, table B6; and sub-

routine CALSST, table B7. 

Bl 



100SOVR,COHPHS 
110SOVR,FIL1DA 
120SOVR,FlL2DA 
t3oSoVR,rRoDEP 
140SOVR,CALSST 
150SOVR1S TFRSP 
l60SRPC 

Table Bl 

Listing of Main Program, FTWEMS 

165C•••••COHHON VARIABLES••••••••••••••••••••••••••••••••••••••••••••••••••• 
170 COMMON JDC1(35>,PMC<2>,ST0<12,3t>,NSTEQ(4),RF(7),IHD<20>•CXMIN<2>, 
18o&TEMPERc12,35>,SN0(12,35),CONEwc3,2,6),XRANG(2,3),STCnN(2,4>, 
19u&sTRLIC2,4),NHAXD(2),ISlNUH(4),C3(2,2),C4(2,2),DWHC(2;7),COEF(108), 
200&HAXD(12>,1HOA<4,12>,BD<2>,RANG(2,3,3>,X<2>,C1(16,2>,C5(16,4,2), 
210&CMAX<2>,CHJN<2>,C2c4>,STORMC(12,31),STORHD(12,31>,A0F(2>,SDF<2>, 
22o&JTc2>,KIND<3>,ISLEW<3>,0UM(25),PREC1P<12,35>,8<13,2,2>,B1<12>, 
2JO&CON1C2,2),0(2),EC2>,IHOD<12,2),ABAR(2,2),98AR<2,2>,NMCLA1<2>, 
240&NHCLA2(2),NPMLA1(2),NPHLA2f2>,NFRDEPC2>,NCJLA1(2),NCJLA2<2>, 
25o&N�CLA1<2),NRCLA2<2>,NSOUR,JUNHEA,NTEMP,NSNOW,NYR,JTEXA, 
260&JIEXB,RMIN,1TYPE,ITEM1,lTEM2,11,lDEV1,IS1,lSD,JSH,ISY,IIT,1DA, 
27o&H0,IYR,JTEHP,JCOUNT,ACCR,OEP,C1COF,C1ROF,NCODE,ACCR1,ACCR2,MOK, 
280&JUL•JlL,JUG,LU9,JOK,MOB,JEM,JAZ,JEL•JEB, 
360&NTYPE,NENLIM,NENCOF,NSOST,NR,LL,JUB,IBD,IBH,IBY,NEWYA, 
370&MEA0Ul,MEAOU2,K,LK,J9,JENO,NTOS,AJ8N,J8N,JN,KPMC,SECT1,SECT2, 
380&SECT3,SECT4,SECT5,SECT6,SECT7,SECT8,SECT9,SECT10,NC1;NRC1, 
390&SAH,IND,J0A8,JDAE,JNK,JNl,NO,STDN,NUH8,JSEQ,NY1SEQ,NY2SEQ 
395C•••••EQUIVALENCED VARIABLES••••••••••••••••••••••••••••••••••••••••••••• 
45U EOuJVALENCE CNMCLA1,DHCLA1),(NHCLA2,DHCLA2),(NPMLA1,nPHLA1>, 
460&cNPHLA2,0PHLA2>,CNVRDEP,DFRDEP),CNClLA1,DCJLA1),CNCl1A2,DCILA2), 
470&(NRCLA1,0RCLA1>,CNRCLA2,DRCLA2) 
475C•••••DATA INITIALIZATION••••••••••••*•*••••••••••••••••••••••••••••••••• 
480 DATA �UHB,JSEQ,NYtSEQ,NY2SEQ,NEWFJL,ACCR1,ACCR2/"001•••0,0,0, 
◄90&0,0.01,0.031
500 DATAIHOA/12HJANUARY ,12wreeRUAAY ,12HHARCH 
510&12HAPRJL ,12HNAY ,12HJUNE 
520&12HJULY ,12HAUGUST ,12HSEPTEHBER 
530&12HOCTOBER ,12HNOVEM8ER ,12HDECEM8ER 
540 OATAHAXD/31,28,31,30,31,30,31,31,30,31,30,31/ 

• 

I 

550 DATA COEF/0,15970948,-0.28827749,0,37098284,•,130678◄5,0,,0,, 
570&0,20&65Jo3,•0,6498◄646,0,8756o732,-.J0605206,0,,o., 
590&,15190803•••07720229,-.012&0603,.01851488,0,,0,, 
61o&.o96122to,.01013670,�.10120156,,oss◄eo11,o.,o., 
630&0,1164190,0,06704479,-0,09112914�0.03120642,0,.,0,, 
650&.1 ◄Jo◄453,-,101022as,-.02103815,.10011os9,o,,o., 
670&0,08◄01220,-0.01562037,-0,10949078,0,12228349,0,,0., 
690&0.12113529,-0.53982006,1,1252◄85,-o.58561◄47,0.,o., 
110&.11387111,-,65583730,1,8700644,•2.3253802, 
720&1,2952910,-,26246686, 
7J0&0 ■ 02789788,0.24453131,-0.86060142,1,2998033, 
740&• ■97359290,,29132112, 
1,o,.oeJ21a11,.1111688J,-.1◄11oe1e,.049100J2,o.,o., 
77o&.OJ492386,.3682951e,-.901◄2210,,615a201e,o.,o,, 
790&0,12se2001,-o.321s105,1.o,09&s6,•1.0◄62256,o.,o., 
e10&0,09o6a94&,o.J7645999,-o.798377&1,1.130698,o.,o,, 
83o&.1655◄710,,J2448206,•J.593116◄,6,09231&2,o.,o,, 
850&.1685◄73,•1,21643o6,5.o226953,-5.9a2a419,o,,o,. 
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870&,13851029,-,32294633,.51095728,•,23644523,o,,o,, 
89u&.1469415e,-,508568,1,2942848,•,74715639,o,,o., 
910 DATA RHJN,STRLJ,C1COF,NEwCOF/0,1,750,,0,,750,,0,,300,,0,,300,,0,, 
915&0,01,01, 
92o&sToRHC,ST0RHD,TEMPER,SNO,ST0/372•0.,372•0.,420•0,,42o•0,,372•0,/, 
93U&NYR,NHAXD/1,0,0/,C3/,47,,75,,22,,60/,C4/-,01,-,05,�,o1,•,02/ 
970 DATA RANG/1,26,1,00,1,87,1,63,1,47,1,08,1,05,0,72,1,55, 
980&1,2�,1.43,u,93,0,54;0,35,0,42,0,30,0.92,0.46/ 
990 DATA RF,PRECJP/7•0,,420•0,/,MOK,JUL,JJL,JUG,LUB,JOK,HOB,JEH,JAZ,
1000&JEL,JE8/0,0,0,0,0,8,0,0,0,0,0/,JUB,KJND/0,3•0l,JSL&w/6193023,
1010&8355711,8355711/,NEWCOF,NEWLJH,NSOST/0,0,0/,NTOS/1H9/ 
1oso DATA cs,o,602,o.,o.,o.,o.011,o.014,0,,o.,o,,o.,o.1e1,o,,o,,o •• o.,o., 
1060&0,221,o.,o.,o.,o.014,o,o11,o.,o.,o.,o.,o.224,o,,o.,o.,o.,o.,
1010,-o,354,o,,u.,o.,�o.oo1,o.024,o,,r.,o.,o.,o,o92,o.,o.,o.,o,,o., 
1oao&-o,094,o,,� •• o.,•o.oo1,o.02,,o.,� •• o.,o.,o.044,o,,o.,o.,o.,o., 
1090&2.u1,-o.�1J,o.,o.,o.,o.,o.,o.,o.1J2,o.,o.1e9,o,,o.,o.,o.,o., 
11uoa2.01,-o.015,o.,o.ooa,o,,o.,o.,o.,o.,o.,o.21,,o •• o.,o.,o.,o., 
1110&·0,121,o,,c.,o.01a,o.,o.,o.,o.,o.101,o.,o.105,o.,o •• o.,o.,o., 
1120&U,170,0,,0,,0,025,0,,0,,0,,0,,0,013,0,,0,061,0,,0,,0,,0,,0,/ 
112�C•••••FORHAT STATEMENTS•••••••••••••••••••••••••••••••••••••••••••••••••
1130 1 FORHATC2X,4A3,2X,2CA1,2X),2F10,0) 
1140 2 FORHATC1X,F9,,7F10,) 
1150 3 FORHATC1X,t2,2J1,4X,8F7,3) 
1160 4 FORHATC8F7,3> 
1170 � FORHATCX,20A3) 
1180 6 FORHAT(x,11,3cx,t2)) 
1190 / FORHAT<1x,212,2x,A1) 
1200 6 FORHATCA1> 
1210 9 fORHAT(8X,7F6,2> 
1220 10 FORHATCJl> 
1230 11 FORHATc8x,7F6,2) 

1240 12 F0RHATC1H > 
1250 13 FORHATc7x,12,11,6r10.a, 
1260 14 F0RMAT(4X,2CF5,3,x>,4(2F6,0)> 
1270 15 F0RMATC10X,3(2F5,2)) 
1280 16 FORMAT(5X,4F7,3,5x,4F7,3) 
1290 17 F0RMATC3X,4(2F8,3)) 
1300 18 FORMATc3x,J2,)1,6F10,8) 
1310 19 FORMAT(10X,14> 
1320 20 F0RMAT(J4> 
1330 21 FORMAT(X,)2) 
1340 22 F0RMATC5H1SITE,2X,4A3) 
13�0 23 FORMAT< 8H TEXTURE,8X,A1,4X,A1) 
1360 24 FORHAT<8H DENSITY,7X,F6,2,4X,F6,2) 
1370 25 F0RMAT(7H BEG HC,4X,2F10,2) 
1380 26 FORMAT(16H SOIL PROPERTIES,5X,5Fl0,3/2X,7F10,3/2X,6Fl0,3> 
1390 27 FORMATC11H HAX·HIN MC,6X,4F10,3) 

14UU 28 FORHAT(3X,212) 
1410 29 FORMATc13H COEFFICJENTS,8X,4F10,3/2X,6F10,3/2X,6F10,3) 
14?0 JO FORHATC1X,F9,0,F1C,) 
1430 J1 FORHATC1X,312,X,7F6,2> 
1440 32 FORMATCA6) 
14?0 J3 F0RHATC24X,15HO - 15 CH LAYER,/) 
1460 J4 FORHATc23x,16H15 - 30 CH LAYER,/) 
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Listing of Ma.in Program. PTWEMS 

1470 J; FORMAT(20X,21HSOIL MOISTURE IN/6 JN) 
1◄eo J6 FORMAT(20X,22HSOIL MOISTURE CH/15 CM) 
1490 37 FORMAT(24x,14HO - 6 IN LAYER,/) 
,�uo JS FORMAT(24X,15H6 - 12 IN LAYER,/) 
15t0 J9 F0RMAT(2A3,1X,2A3) 
1�15C4••••AODITIONAL CONTROL INPUT•••••••••••••••••••••••••••••••••••••••••• 
1�20 PRINT,"fOR INFORMATION ON RUNNING THIS HODEL SEE USFR'S MANUAL." 
1530 PRINT,t,"WHEN ANSWERING YES OR NO QUESTIONS," 
1540 PRlNT.• use 1 FOR YES AND 2 FOR NO," 
1�50 PRINT,"JS INPUT RAINFALL IN CH?" 
1�60 HEAD,JUNMEA 
1570 PRINT,•JF YOU WANT OUTPUT MOISTURE CONTENT JNl" 
l�ao PRINT," INCHES ENTER A 11 CH ENTER A 2" 
159\J READ,MUOU1 
t6ro PRINT,"NAHE LAYERS 1 ANO 2 SOIL MOISTURE CONTENT FILES," 
16J\J PRINT," EXAMPLE:xx1001,xx2001• 
1620 READ 39, NMCLA1,NMCLA2 
1630 PRINT,•oo YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT?" 
1640 READ,MEA0U2 
1650 Jr<HiAOU2,EQ,2) GO TO 50 
1660 PRINT,•NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES.• 
1670 PRINT," EXAMPLE:xx1001,xx2001• 
1680 HEAD 39, NPMLA1,NPHLA2 
1690 ?O IDC1<1>=101 
1100 PRINT,•tF YOU HAVE AIR TEMPERATURE, ENTER A T; IF NOT A 9"
1710 kEAO 8,NTEHP 
1'21J JOB=l 
1730 PAINT,"Jf YOU HAVE SNOW DEPTH(H>,ENTER AN SNJ IF NOT A 9" 
1740 READ 8,NSNOW 
1750 lr<NSNOW•E0.3HS )KJNDC1)•10 
1760 PAINl,"WHAT IS YOUR JNPUT SOURCE?" 
1770 PRINl,"ENTER: 1 FOR SURFACE COMPOSITION GROUP, OTHERWISE A 2" 
1780 READ,NSOIJR 
1790 IF<NSOUR•EQ,1) GO TO 60 
1800 PRINT,"ENTER THE NAME or YOUR INPUT FILE" 
1810 READ 32,SAM 
1820 PR!Nl,"ARE MAX ANO HIN SOIL MOISTURE EQUATIONS INCLUDED JN THE" 
1830 PRlNT,"JNPUT DATA FILE?" 
1840 REAO,HHOD 
18�0 CALL OPENFll,SAH) 
1860 Go TO 160 
1870 60 CALL OPENF<l,"DSURGR"> 
1880 PRINT,"ENTER THE NUMBER or YOUR SURFACE GROUP" 
1890 READ 20,NSCGNU 
19�0 uo 70 1:1,50� 
1910 REA0(1,10>ITYPE 
1920 IF<ITYPE,E0.1)READ(101,19)NCKSGN 
1930 IFllNSCGNU-NCKSGN>•EQ.0> GO TO 115 
1940 iO CONTINUE 
194�C•••••READ SITE ANO SOIL IDENTl,tCATlOH•••••••••••••••••••••••••••••••••
1950 115 MOK:1 
1960 ITEM1=JOC1<1> 
19?0 READ<ITEM1,1> JSJNUH,lTEXA,lTEXB,BD<1>,BD<2> 
1980 PRJNT22,1S1NUH 
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199U PRINT 23,JTEXA,ITEXB 
20o0 trCJTEXA•EQ.3HN >KlND(2)•10 
2010 1r<1Texe.eo.3HN >KIND(3)•10 
2020 PRINT24,BOC1),8Dc2> 
2030 lr<JTEXA•3HC >122•120,122 
2040 120 IT<1>•KIND<2>•1 
2050 Go TO 128 
2060 122 lr<JTEXA•JHM >125,124,125
2010 124 lT(1)aKJND(2):2 
2080 GO TO 128 
2090 12, 1r,1TEXA•3Hr )128,127,128 
2100 127 �JND(2>•2 
2110 ITCU:J 
21,a 12e 1rc1Texa-JHC >1J2,1Jo,132
2130 130 lTC2)aKINDC3)a1 
2140 Go TO 150 
2150 132 trctTEXB•3HM )135,134,135 
2160 134 KJND<3>•2 
2170 1T<2h2 
2180 Go TO 150 
2190 135 1r,1TEX8-3Hr )150,137,150 
22oO 137 KINDC3>•2 
2210 IT<2>=3 
2220 150 JUL=l 
2230 JOKal 
223,C•••••READ DATA FROM INPUT FILE••••••••••••••••••••••••••••••••••••••••
2240 160 READ<t,10)JTVPE 
2250 GQT0(115,170,180,190,190,200,210,230,240),JTYPE 
2260 170 READ(1�1,21>NTYPE 
2270 GO TOC172,174,176,178,179,175>NTYPE 
221,C 1••••READ LIMITS•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
22�0 172 READC1u1,14> RHJN,ClCOF,ccSTRLl<l,J>,1•1,2>,J•1;4> 
2290 NEWLIM:NTYPE 
2JoO tr<JUNHEA.Eo.1.AND,NSOUR,EQ.2> RMIN•RHJN•0.3937 
2310 GO TO 160 
2J15C�•·••READ DEPLETION EQUATION coerrJCJENTS••···························
2320 174 IF(NSOUR.EQ,2> GO TO 1175 
2330 READ(lOl,13> NS,NL,<CONEW<NS,NL,JJ),JJ:1,6) 
2340 NEWCOF:NTYPE 
2J50 Go TO 160 
2360 1175 READ<101,18) NS,NL,<CONEWCNS,NL,JJ),JJ•1,6> 
2J70 NEWCOF:NTYPE 
23flO GO TO 160 
2390 175 CONTINUE 
24JO READ(101,16)((C3<N,l>,N•1,2>,l•l,2),((C4(N,J),N•1,2>,1•1,2) 
2420 Go TO 160 
242�C•••••READ MOISTURE RANGE BY LAYER AND SEASON•••••••••••••••••••••••

2430 176 AEADC101,15>C<XRANG<I,J>,1•1,2>,J•1,3> 
2440 Go TO 160 
244�C•••••READ STRENGTH EQUATION COEFFICIENTS••••••••••••••••••••••••••••••
2450 178 REAOC101,17> <<STCONCl•J>•t•l,2),J:1,4> 
2460 NSOST:NTYPE 
24o�C••·••READ IDENTIFICATION CODE rOR EQUATION TO COMPUTE STRENGTH••······ 
2466C••••• EQUATION CONSTANTS•••••••••••••••••••••••••••••••••••••••••••••
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2470 179 REAOC101,28>NCl•NRCI 
2480 NSOST:NTYPE 
2490 Go TO 160 
249�C•••••READ BEGINNING SOIL MOISTURE•••••••••••••••••••••••••••••••••••••·

2500 180 REA0(101,30) PMCC1),PHC<2> 
2S10 PRINT 25,PHCCt),PHC(2> 
2520 lr(JUNMEA,EQ,2,0R,NSOUR,EQ,1) GO TO 184 
2530 uo 182 1•1,2 
2540 182 PMC<l>•PMC<l>•0,3937 
2)50 184 JUL:2
2560 GoT0160
2)65C•••••REA0 AND PRINT MAX ANO HIN SOI� MOISTURE•••••••••••••••••••••••••·
2�70 190 READC1tt,2)(C2Cl>•l=1•4>
2�80 lr(JTYPE•5)192,191,192
2590 191CONTINUE
2600 uo 195 1•1•2
26:i.O J:1+2
2620 CHAXll):6,•BD<l>•C2(1)/100,
2610 CHINCJ)a6,•BD<I>•C2CJ)/100.
2640 195CONTINUE
2650 i92 lr(JUNHEA,EQ.2.0R,NSOUR,EQ,1) GO To 194
2660 Do 193 1•1•4
2670 19J C2(J):C2<J>•0.3937
2680 194 PRINT 27,tC2Cl),ls1,4>
2690 oo 196 1•1,2
27t,U J:J+2
2710 CHAXC1>=C2(J)
27�0 CxHIN<l>•C2(J>
2730 196 CONTINUE
2740 lr<NSOUR,E0,2> GO TO 197
2750 CALL CLOSEf<t>
2760 PRINT,"ENTER NAME or RAINFALL FILE"
2770 READ 32,SAM
2780 CALL OPENr<t,SAM)
2790 197 GO TO (198,160>,JUL
2800 198CONTINUE
2e1u PHC(1)•CHAX(1)
28�0 PHC<2>•CHAX(2)
28:SO JUL•2
2840 GQT0160
284�Cc••••REA0 SOIL PROPERTIES•••••••••••••••••••••••••••••••••••••••••••••·

2850 200CONTINUE
2860 10Ev1:101
2870 Go TO c201,1150),HOK
2880 .!O1CONTINUE
2890 HOK:2 
29uo Do 206 H•1,2 
2Y10 ITEH.i!:lOEv1 
2920 ReAD<tTEM2,21) II 
2930 IF<Il,GE,8>80 TO 202 
2940 READ(101,3) Jt,NSCS,J,(C1(1,J),l:1,ll> 
2950 GO TO 203 
2960 l02 READ(1�1,3> tl,NSCS,J,<Cl(l,J>,1•1,8) 
2970 20J 1DEV1=1 
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2990 l04 READC1,4)(C1<1,J>,1=9,ll> 
J010 lO� PRINT 26,(Cl(l•H>•l=l,ll> 
3010 l06CONTINUE 
3020 IrC""DD.E0,2> GO TO 1150 
3030 GQT0160 
JO◄O 1150,oNTINUE 
3050 uo 1190 "=1,4 
3060 JTEM3:IDEV1 
3070 tr<H,EQ.1,0R,H.EQ,2>N=M 
3080 IF(H,EQ.3)Na1 
JOqO 1FCH,EQ,4)N•2 
31"0 tr<HHDO,EQ,2>GO TO 1180 
31n�C•••••READ CONSTANTS FOR EQUATIONS COMPUTING MOISTURE MAX AND MIN••••••·
3110 READIITEM3,3>11,NSCS,J,<C5(1,M,NSCS),la1,8) 
31�0 IDEvhl 
3130 lr<ll-8>11?0,111q,1160 
3140 1160 READC1,4)(C5<1,H,NSCS>,1•9,JI) 
3150 1170 PRINT 29,(C5cl,M,NSCS>•l•1•11) 
3160 1180 CONTINUE 
3170 C2(Mh0, 
3180 Do 1190 1•1,tJ 
3190 1190 C2tM>•C2cH>•C5<J,H,NSCS>•C1Cl,N> 
3200 Go TO (194,160)JUL 
32o5C•••••READ AND WRITE HEADINGS••••••••••••••••••••••••••••••••••••••••••·

3210 l10 READ(101,5>1JHD<J>,J•1,20> 
3220 I :1 
3230 GO TO 217 
3240 oo 2�0 1=1,5 
32�0 READ<1,5)CIHD<J>,J•1,20> 
3260 lt7CONTJNUE 
327'1 PRJNT5,clHD(J),Jd,20) 
3280 WRITti<2,5) (JHOCJ),Js1,20> 
3290 HRITE<3,5) (JHD(J),J:1,20) 
JJ�u l20 CONTINUE 
JJJQ IF(H�AOU1,E0.2> QO TO 231 
33?0 WRITEC2,35) 
33.50 WR1TEt3,35) 
3J◄O WRITEC2,37) 
3350 WRITi<3,38) 
3Jo0 WRITEc2,12> 
3370 WRITE<3,12> 
JJPO GO TO 232 
3J9U i31 WRJTEC2,36> 
J4oO wRITE<J,36> 
3410 WRITEC2,33> 
3420 hRJTE<J,34) 
34311 WRITE<2,12> 
3440 WRJTE<J,12> 
3450 lJ2 GO T0160 
345�C•••••READ SEASON CHANGE CARD••••••••••••••••••••••••••••••••••••••••••

3460 lJO REA0(101,6) 1S1,lSD,ISM,JSY
3470 IF<JUB.EO,l>GO TO 235 
3480 IBDalDACKalSD 
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J4QII All:tD•IBD 
35,ll! AJBNU 18D/ 7, 
35•0 1BH•HCK=ISH 
J5�U NEWYR=ll:tY:lSY 
35•0 t35 CONTINUE 
3540 oo 215 1=1,2 
J5c,o IIhlT<() 

Table Bl (continued) 

Listing of Main Program, FTWEMS 

3560 IF(NEWCOF,LT.2.0R,N�wcor.GT,2) GO TO 22, 
351 1J sor:1. 
3!,flll AOF:1, 
3,9:, Go TO 215 
36JU 125 SDF<l>=RANG<l,IIT,11/(CHAX<l>-CXHIN<J>> 
361U AOFcl>:1/5DF(l> 
36;0 115 CONTINUE 
36JC I :l 
J64U JuG:al 
36',U JuB=l 
J6o0 GoTO16o 
360,C•••••READ PRECIPITATION OA AIR TEMPERATURE OR SNOW CARD•••••••••••••••
3670 l40 REA0(1C1,7,END:315) IDA,HO,NCOOE 
36flu NOh I DA+6
36�n IF(NlEMP,EQ,NTOS,AND.NSNOW.EQ,NTOS) GO To 2240 
370n IF<NTEHP.EQ,NTOS>GO TO 2249 
J7lO IF<NCOOE•NTEMP> 2249,2245,2249 
37?� t249 !F(NCODE-NSNOWl 2240,2244,2240 
J7JO l244 READ(l01,9>,<SNOCHO,JJl,JJ:JoA•NDA> 
37-1:: GQ TO 3 ,0 
Jl�u <245 READ<lOl,11>,CTEHPER<HO,JJl,JJ•tDA•NDAl 
376l' GO TO 3•!0 
Jin 124,, READ< 101,31 > [DA,HO• (YR, <RF<JJl ,JJ=l• 7 > 
3/811 If'( JBM,EQ,MO,ANO, IBY ,EQ, JYR,AND, ISD,GT, JOA) IDACK=lDA 
J/9 1' IF< JYR,L T ,NEWYR> GO TO 498 
38uu IF(!YR,EQ.NEWYR.AND,MO,LT,HCK)GO TO 498 
38i 1 I IF(IYR.EO,NEWYR.ANO.HO.EQ,HCK.ANO,IDA,LT,IDACK>GO Tn 498
38;: n MCK:MO 
3831J IOACK=IDA 
384U CALL EOFTST(l,MMl 
38�P IF(MM,EQ.2) GO TO 241 
3860 IF<IYR,GT.NEWYR) NMAX0(1):NMAXD<2>=0 
3870 JF<tYR,GT,NEwYR> 18D:JBH:1 
3880 l41 IF<IUNMEA,F.0,2) GO TO 247 
3890 oo 246 JJ=1,7 
39nO NF(JJ):RF(JJ>•0,3937 
J9�� l46 1F<RF<JJJ,GT,30,ANO,RF<JJ>,LT,35,>RF<JJ)s77,77 
J9JQ e47 IF(HO,EQ,2> GO TO 248 
J9cu IF<HO,EQ,4,0R,HO,EQ,6,0R,MO.EQ,9,0R,HO.EQ,11) GO TO 249 
39Jll I COUNT:31 
3940 Go TO 250 
3950 l48 ICOUNT::28 
3960 GO TO 250 
3910 l49 ICOUNT:30 
3980 <50 CONTINUE 
3990 NTDA=IOA 
4000 00 2�1 NJ:1,7 
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40\0 PREClP(H0,NTOA):Rf(NJ)•2.54 
4020 l51 �TOA•NTOA+l 
402,c�••••COHPUT� SOIL MOISTURE•••••••••••••••••••••••••••••••••••••••••••• 
40�0 CALL LINK(5,"0COHPH"> 
4040 CALL COHPHS 
4050C•••••••••• 
4060 �oo lrcJAz,E0,2> GO TO 301 
4070 JES:1 
4080 Jol GO TO (420,J02>,JAZ 
40v0 Jo2CONTINuE 
41: 1.1 JIL=l 
4110 lr<MO,EO,NHAXD(l),OR,HO,EQ,12> GO TO 303 
41,:U GQ TO 41 1) 

41Ju �oJ Go ro 13o4,Jo4,J�s, JOB 
414v J04 lr<NTEHP.EO,NTOS) GO TO 305 
4150 JQ8:J08+1 
4160 GQ TO 16C. 
416�C•••••WRITE SOIL MOISTURE rJLES••••••••••••••••••••••••••••••••••••••••
417Q lO� CALL LINKC5,"0FIL10") 
4180 CALL F'IL10A 
4190 lf'<H�AOU2,EQ,1)CALL LINK(5,"0FIL2D") 
4200 lf'(H�AOU2,EQ,1>CALL FIL20A
42!0C••·••WRITE FILES f'OR INPUT To rREEZE-THAW MODEL••·····················
42?.u lf'(NTEHP,GT,NTOS,OR,NTEHP,LT,NTOS>CALL LJNK<5,"0FROnE">
4230 IF'CNTEHP,GT,NTOS,OR,NTEHP.LT,NTOS)CALL f'RODEP 
4240 .108:1 
424, lf'IHEAOU2,E0,2> GO TO 400 
4241C0••••COHPUTE STRENGTH EQUATION CONSTANTS FROM SOIL PROPERTIES•••••••••
42�0 trCNSOST,eQ.5,AND,IYR,EO,J8Y) CALL LJNK<5,"0STF'RS") 
4260 lf'INSOST,E0,5,AND,JYR,EQ,JBY> CALL ST,RSP 
426,Cv ••••COHPUTE SOIL STRENGTH••••••••••••••••••••••••••••••••••••••••••••
4270 1F(NSOST.E0,4,0R,NSOST,EQ.5>CALL LINK<5,"0CALSS"> 
4280 IF'<NSOST,E0.4,0R,NSOST,EQ,5)CALL CALSST 
4290 ◄oo JEL:1 
43&0 JEB•.I 
4310 GOT0450 
4320 410 JEB:3 
4J30 4iO READ<1,10> ITYPE 
4340 H08:1 
4350 CALL EOF'TST(1,IEND> 
4360 Ir<J£ND-2>460,4J0,46� 
4370 430 HOB:2 
4380 GOT0470 
4390 460 JF({TYPE-1)480,470,480 
4400 470 GO TO <Jo2,495,490J,JE8 
4410 480 IF<tTYPE,E0,3> GO TO 180 
4420 lf'(JTYPE•8>240,230,240 
4430 490 J�L•2 
4440 450 GO T0<420,495>,H08 
4450 495 GO TO 1115,500),HOB 
4460 498 PRJNT,"PRECIPITATION rtLE HAS DATA OUT or ORDER�" 
4470 PRINT,"CHECK OATA:•,tOA,HO,lyR 
4480 �oo STOP 
4490 END
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Table Bl (concluded) 

Listing of Main Program. Fl'WEHS 

4492 SuBROUTINE WRlBWK 
449JC••••••••••••••••• 
449,C••·••WRITE flRST WEEK or OUTPUT 
4496CQ•••• OTHER THAN THE FIRST 
45�0 61 f0RMAT(1X,12,1H-,t2,4X,7H 
4560 161 fOAHAT(1X,12,1H•,12,4X,7H 
4�70 �2 F0RMAT(1X,12,1H•,12,4X,2(7H 
4580 162 fORHAT(1x,12,1H•,12,4X•2(7H 
4590 63 F0RMAT(lX,12,1H-,[2,4X,3(7H 
46QO 163 fORHATC1X,12,1H•,l2,4X,3C7H 
4610 64 fORMATC1X,12,1H•,J2,4X,4(7H 
4620 164 f0RHAT<1X,12,1H•,l2,4X,4(7H
46Ju 65 f0RMAT(1X,12,1H•,J2,4X,5(7H 
4640 16� fORHAT<1x,12,1H-,I2,4x,5c7H 
4650 66 f0RMAT<1X,t2,1H•,J2,4X,6C7H 
466u 166 fORHAT(1X,12,1H•,l2,4X,6(7H 
4610 l:JNI 
468U IF<STDN.EQ.1.> GO TO 8010 

DATA fJLES WITH BEGINNING DAY•••••••••

DAY or WEEK••························· 
,6f7,2) 

,6f7,0) 
>,5f7,2) 
,,sr1.o, 

),4f7,2) 
),4F7.0> 

),3f7,2) 
>,3f7,0) 

),2f7,2) 
1,2r1.o, 

>,r1.2, 
),F7,0> 

4690 lfCIND.E0.61> wRtTEc2,61)IDA8,lDAE,lSTORHC(t,JJ>,JJaJNK,JDAE) 
4700 IF(JND,EQ.61> WRJTECJ,61)1DA8,JDAE,<STORHD<t,JJ),JJ:JNK,tDAE> 
4710 IrCtND,E0.62> WRJTEC2,62>1DA8,IDAE,<STORMCCJ,JJ>,JJ:JNK,JDAE) 
4720 IF<IND,E0,62> WRtTE<3,62>lDAB,IDAE,<STORMD(J,JJ>,JJ:JNK,JDAE) 
4730 lFlJND,E0.63> WRJTEC2,63)lDAB,IDAE,lSTORMCCJ,JJ>,JJaJNK,IDAE) 
4740 IF(JND,E0.63) WRlTE<3,63)1DA8,IDAE,(STORMD(l,JJ),JJaJNK,JDAE) 
47�0 Jf([NO.E0.64) WRITE<?,64>lDA8,JOAE,<STORMC(l,JJ>,JJ•JNK,IDAE) 
4160 tr<INO,E0.64> WRlTEl3,64)10A8,lDAE,<STORHOCl,JJ>,JJ•JNK,IDAE) 
4770 tr<INO,E0,65> WRITE<2,65)10A8,IDAE,<STORHC<t,JJ>,JJ•JNK,IDAE) 
4780 lr<JNO,EQ,65> WRITE13,65>lDAB,lDAE,<STORHD<J,JJ>,JJ:JNK,IDAE) 
4790 lf(IND.EQ,66> WRITE(2,66>1DAB,lDAE,lSTORHC(J,JJ>,JJaJNK,JDAE) 
48no lrCJND.e0.66) WRITE(3,66)JDA8,IDAE,(STORHD(l,JJ),JJ•JNK,IDAE) 
4810 Go TO 8011 
4820 8010 CONTINUE 
4830 lr(IND,e0.61) 
4840 tr<JNO,EQ,62> 
4850 lrftND.EQ,63> 
48�0 IFflND,EQ,64> 
4870 lr<IND,E0.65> 
4880 lr<JND.e0.66) 
489J Soll RETURN 
49Q0 �ND 

WRJTE(N0,161)JoAB,JoAE,<STO<J,JJ),JJ•JNK,IOAE) 
WRJTECN0,162),JDAB,tDAE,(STO(J,JJ>,JJsJNK,tDAE> 
WRJTE(N0,163>lDAB,JDAE,<STO<J,JJ),JJ•JNK,IDAE> 
WRITE(N0,164)lOAB,JDAE,<STO<l,JJ>,JJ•JNK,IOAE> 
wRtTElN0,165>lDAB,JDAE,ISTOll,JJ),JJ•JNK,IDAE> 
wRITE(N0,166)lOAB,IDAE,<STO<l,JJ>,JJaJNK,IDAE> 
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Table B2 

Liating of Subroutine COHPHS 

6000 suBROUTINE CoHPHS 
60tOC••••••••••••••••• 
602oc�-•-•CALCULATION CORE••·············································
6030 UO 60u J=l,7 
6050 tr<RF<J>•77,77)601,6n2,o03 
6070 601 GO TO (6�4,605> JOK 
608U tr<JSH•H0)606,606,607 
6090 ou6 IF(ISD-IDA-J+l) �08,608,607 
61uu 608 Go TO (640,605) JOK 
6111.! <>c4 JOK=2 
6120 60!> 1S•(S1 
61�0 Uo 609 1•1,2 
6140 l(T=ITCI> 
6150 lr<N�wcor.LT,2,0R,NEwcor.Gr,2> GO TO 610 
6160 GMIN(J>=CHAX<J>-XRANG<J,1S) 
617!) Go TO 6J9 
618P 610 CH(N<J>=CHAX(J)•RANGCJ,llT,IS>•ADF<I> 
6190 009 CONTINUE 
6200 JuG:1 
621ll <>o7 JEM:l 
6220 uo 611 1=1,2 
6230 OwHC<l,J):D, 
6240 Go TO <612,613,614,615),JEM 
625U 012 IF<RF<J>-RHIN>616,617,618 
6260 616 JEM:2 
6270 GQT0613 
6280 t,17 ACCR•O. 
6290 GO TO 619 
6JuO 018CONTINUE 
6310C§ o•••ACCRETION CALCULATION•••••••••••••••••••••••••••••••••••••••••
6J40 X<l)•CMAX<l>·PHC<l> 
6350 X(2)•CHAX(2>•PHC(2) 
636U lr<RF<J>•X<l>•X<2>>621,620,620 
6J711 620 11•2 
6380 JEH:3 
6390 GoT0614 
6400 621 11=1 
6410 JEH:4 
6420 01� X<t>•RF(Jl 
6430C 0••••ACCRETJON<CLASS 1 AND CLASS 2>••••• 
645n 014 ACCR•C3<11,l>•X<l>•C4<ll,l> 
6460 lr<ACCR>622,622,623 
6470 622 lr<PMC<l>·CMAX<l>>624,625,625 
6480 024 1rc11.ea.1>GO TO 626 
6490 PHC(l>•pMC<l>•ACCR2 
6500 Go TO 627 
6510 626 PHC<l>=PHC<l>+ACCR1 
6520 GOT0627 
6530 62J trc11.Ea.1.AND,ACCR,LT,C1COF.AND,l,EQ,l) GO TO 628 
6540 Go TO 629 
6550 628 ClROF:RF<J>•RHlN 
6560 lr<C1ROF,LT.c1cor.AND,l,EQ.1) GO TO 630 
6570 Go TO 629 
6580C•••••ACCRET10N<ONE TO ONE RELATION>••••• 
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6600 630 ACCR=Rr<J>•RMIN 

Table B2 (continued) 

Listing of Subroutine COHPHS 

6610 629 lf(ll,E0.1> GO TO 619 
6620C•••••ACCRETION(CONSTANT>••••• 
6640 lfCACCA,GE,ACCR2>GO TO 619 
6650 PHCCl>•PMCCl>+ACCR2 
666d GO TD 627 
667UC NEW MOISTURE CONTENT 
6690 619 PMC<l>=PHC<l>+ACCR 
6100 627 lf<PMC(l)-CHAXCI)) 631,631,625 
6/10 625 PHC<l>•CMAXCI> 
6120 631 lf<MEAOU2,E0,2> GO TO 611 
673UC•••••CONVEAT MOISTURE CONTENT TO X DRY WEIGHT•••••••••••••••••••••••
6750 DwMCCl,J):CPMCCl>l(6,•8D<l>>>•100. 
6760 Go TO 611 
6780C•••••DEPLETION CALCULATION••••••••••••••••••••••••••••••••••••••••••

6800 6t3 lf(PMC(l)-CMJN<l>> 631,632,632 
6810 632 lf(NEwcor.NE,2> GO TO 633 
6820 DeP:O.o 
6830 DO 634 L=l,6 
6840 634 DEP:DEP+CONEwclS,1,L)•(PMC(l>-CMJNCJ>>••L 
6850 lr<DtP) 631,631,635 
6860C 
6870C IJKL :  I +MAXl•CJ-l>+MAXl•MAXJ•CK•l)+MAXJ•MAXJ•MAXK•CL-1>
6880C 

6890 633 IJKL•l•6•cl-1>•12•ClTCl)-1)+36•CIS·1>
6900 DeP:0,0 
6910 Do 6J6 L•1•6 
6920C•••••TENTATIVE AVERAGE DEPLETION••••• 
6940 DeP•DEP•COEf<IJKL>•<SDFCJ>•<PMC<t>-CMINCJ>>>••L 
6950 IJKL•IJKL•l 
6960 636CONTINUE 
6970C•••••TRANSFORHED DEPLETION••••• 
6990 DeP•DEPISDF<l) 
7000 lr[DEP> 631,631,635 
7010C•••••NEW MOISTURE CONTENT•••••••••••••••••••••••••••••••••••••••••••
7030 635 PHCCl>=PHC(l>-DEP 
7040 lrCPMC<l)-CHJN<l>>637,631,631 
7050 OJ7PMCCJ):CHJN(l> 
7060 GOT0631 
7070 6t1 CONTINUE 
7080 602 ITEHP:IDA+J·1 
7090 lrCRf<J>•LE,RHIN>GO TO 638 
710U STOAMCCMO,ITEHP):0,0 
7110 lr<RF<J>,LT,25.0l GO TO 638 
7120 STORMDCMO,lTEHP):O,O 
7130 Go TO 639 
7140 638 STORMC(MO,ITEHP):PMC(1) 
7150 STOAMDCHO,ITEMP>=PHC<2> 
7160 639 {r(tTEHP•ICOUNT> 600,640,640 
7170 640 JAZ:2 
7180 Go TO 64, 
7190 600 CONTINUE 
7200 JAZ•1 
7210 GO TO 645 
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7220 ooJ ITEHPalOA+J-1 
7230 NHAXDU J•HO 
7240 NHAXDC2>•tTEHP-1 
72SO JAZ•2 
7260 645 RETURN 
7270 E:ND 

Table B2 (concluded) 

Listing of Subroutine COMPHS 
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8000 SuBROUTlNE FJLJDA 
8010C••••••••••••••••• 

Table Bl 

Liating of Subroutine FILlDA 

80t5C•••••WRJTE SOIL MOISTURE FILES•••••••••••••••••••••••••••••••••••••

80J6C•••••FORHAT STATEMENTS•••••••••••••••••••••••••••••••••••••••••••••••

8020 l7 FORMAT<20X,23HJDENTIFICATJON NUMBER: ,4A3> 
8030 l9 FORMAT(3A3) 
8040 JO F0RMAT(4(1H ,/)) 
8050 J1 F0RMAT(2X,3HDAY,24X,3A3,A1,x,2w19,J2) 

8060 J2 F0RMAT(1X,J2,1H-,i2,4X,7F7.2)
8070 J3 FORMATc24X,15HO - 15 CH LAYER,/) 
8080 J4 FORMAT(23x,16H15 ·30 CM LAYER,/) 
8090 J5 F0RMAT<20X,22HS0lL MOISTURE IN/ 6 IN) 

8100 36 FORMAT<20X,22HS01L MOISTURE CM/15 CH> 
8110 37 F0AMAT<24X,14HO - 6 IN LAYER,/) 
8120 J8 FORMAT(24x,15H6 - 12 IN LAYER,/) 
812,C•••••TEST OUTPUT CHECKS ANO OPEN FILES••••••••••••••••••••••••••••••

8130 IF<NEWFIL,E0,1> GO TO 650 
8140 IF<JYR,GT,NEWYR) GO TO 651 
8150 GO TO 652 
8160 651 CALL OPENF<2,DHCLA1) 
8170 CALL SETSCT<2,SECT1) 
8175C•••••WRITE HEADINGS••••••••••••••••••••••••••••••••••••••••••••••••••

8180 650 WRJTE<2,27>1SINUH 
8190 IF<HEAOU1.EO,l>WRITE(2,35) 
8200 IF<HEAOUl.E0.1> WRITE(2,37> 
8210 IF<HEAOU1,E0.2> WRITE<2,36) 
8220 Ir <HEAOUl,EQ,2) WRITE(2,33) 
8230 WRITE<2,30) 
8240 IF<NEWflL,EQ,1) GO TO 653 
8250 CALL OPENF<J,DMCLA2> 
8260 CALL SETSCT(3,SECT2> 
8270 653 WRJTE<3,27>1SINUH 
8280 IFCHEADUl,E0,1> WRITE<3,35) 
8290 lr(HEAOUl,EQ,1) WRITEC3,38) 
8300 lFCHEAOU1,EQ,2) WRITE(3,36) 
8310 lr(HcAOU1,EQ,2) WRITE(3,34) 
8320 WR1Ti<3,3o> 
8330 NEWYR•IYR 
8340 652 K:JBH 
8350 LK•HD 
8360 DO 654 t•K,LK 
8370 JB•l 
8380 IFCIBD,GT,1,AND,l.E0,18H,AND,IYR,EQ,18Y)JB•IBD 
8390 IDAB•l 
8400 IDAE•7 
&410 IFCJ,EQ,NMAXD<l>) JEND•NMAXD<2) 
8420 IF<t,EQ.NHAXD<1>> GO TO 655 
8430 JENDSHAXD<l> 
8440 655 lF(HEAOU1.eo.1, GO TO 656 
8450 Do 657 J•JB,JENO 
8460 STORMCCl•J>•STORMC<J,J>•2,54

8470 657 STORMD<I,J>•STORHD<l,Jt•2,54
8480 656 WRJTEC2,31) <IHOA<JJ,J>• Jl•l,4>, JYR 
8490 WRITEC3,3t) <lHOA<ll,1), 11•1,4>,JYR 
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8500 JQN•AJBN 
8510 UO 658 NW•l,5 

Table B3 (continued) 

Listing of Subroutine FlLlDA 

8520 lrCJYR.GT.lBY) GO TO 659 
85�0 INK:O 
8540 lrCAJBN.GE.NW.AND.I.EQ,JBM)GO TO 660 
855P tr<J8.EQ,1.0R,J8N,LT.lNW•l)) GO TO 659 
855)C0••••WRJTE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY rlLLED•••••• 
8560 Uo 661 NK•IDAB,JDAE 
8570 INK•INK•l 
85�0 lr(STORMCCl,NK),EQ,O,O>GO TO 661 
8590 IN0•60•INK•1 
86�0 JNK•NK 
8610 JNl•l 
86,0 CALL WRJIWK 
8630 GO TO 660 
8640 661 CONTINUE 
8650 GO TO 660 
8660 659 lrct,EQ,2,AND,NW,EQ,4>NW•NW•1 
8670 lrCNW,EQ,5)J0AE•HAXD<I> 
8680 JN•J�ND/7 
8690 lr(J.EQ.NHAX0(1),AND.JN.EQ.Nw>IDAE•JEND 
869�C•••••WRJTE DATA ON fJLES•••••••••••••••••••••••••••••••••••••••••••••
8700 WRITE<2,32> JOAB,JOAE,CSTORHC<l•JJ>, JJ•t0A8,JOAE> 
871� WR1Ti<3,32> lDAS,IDAE,<STORMO<l,JJ), JJ•IDAB,IOAE> 
8720 lrct,EO.NMAXO(l),AND.JN,EQ.NW)80 TO 662 
87JO 660 IDA8•1DA8+7 
8140 658 IDAE•JDAE+7 
8750 662 lf<J,EQ.6,0R,1,EQ.12> WRJTE<2,29) )SLEW 
8760 lf(J,EQ,6,0R,l,EQ.12> WRITE(3,29) JSLEW 
8170 Ir<l•LT.6,0R.J.GT.6) GO TO 663 
8780 WRITE<2,27>.JSINUM 
8790 Ir<MEAOU1.EQ.l>WRITE<2,35) 
8800 1F<HEAOU1,EQ,l)WRITE<2,37) 
8810 IF(HEAOU1,EQ.2> WRITEC2,36) 
8820 IF(MEAOu1.EQ.2) wRITE(2,33) 
8830 WAITE<2,3u) 
8840 WRITEcJ,27) JSINuM 
8850 IF(MEAOU1,EO,l>WRITEc3,35> 
8860 lr<HEAOU1,EQ,1) WRITEC3.38) 
887U lr<HEAOU1.EQ,2) WRITE<3,36J 
8880 IF<HEAOu1.EQ,2) WRITE(l,34) 
8890 WRITEC3,3C) 
8900 663 1F<HEAOU2,E0,2> GO TO 654 
8910 IF<HEAOU1,E0,2> GO TO 664 
8920 00 665 J•J8,JEND 
8930 SJORMC<l•J>•STORHC<l,J>•100,/(8D<1)•6,) 
8940 665 STORMDCl,J>•STORMDCl,J>•1o0,/(8DC2)•6,>
8950 Go TO 654 
8960 664 CONTINUE 
8970 DO 666 J•JB,JEND 
8980 STORMC(l,J):STORHCCl,J)•100,/(8D<1>•15.24> 
8990 666 STORMD(l,J)•STDRMD(l,J>•100.,,e0,2,.1s.24, 
9000 654 CONTINUE 
9010 CALL SAVSCT<2,SECT1> 
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Table B3 (concluded) 

Listing of Subroutine FILlDA 

9020 lr<JYR.EQ.l8v.oR.NEwrIL.E0.1)GO TO 667

9030 CALL CLOSEF<2> 
9040 GO TO 668 
9050 667 CALL CLOSEF<2,DHCLA1) 
9060 668 CALL SAVSCTC3,SECT2> 
9070 IF<JYR.EQ.JSy.OR.NEwFIL.EO.l)GO TO 669 

9080 CALL CLOSEF<3> 
9090 Go TO 670 
91UU 669 CALL CLOSEF<3,0HCLA2>
9110 070 NY1SEQ=NY1SEQ+l 
9115C•••••NEED FOR NEW CONTINUATION OUTPUT FILE•••••••••••••••••••••••••••

9120 Ir<HODCNY1SEQ,18>.EQ.O) ISEQ•ISEQ+l 
9130 IF<HODCNY1SEQ,18).EQ,O)NHCLA1<2>=NUMB•ISEQ/10•256+HOD<JSE0,10)

9140 NMCLA2C2):NHCLA1(2) 
91�0 NEWFIL :0 
9160 IFCH00(NY1SEQ,18),EQ.0)NEWF1L=1 
9170 RETURN 
9180 END 
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1000a SUBROUTINE FIL2DA 
10010C••••••••••••••••• 

Table B4 

Listi.pg of Subroutine FIL2DA 

10015C•••••WRITE PERCENT MOISTURE FILES•••••••••••••••••••••••••••••••••••• 
10016C•••••FORHAT STATEMENTS•••••••••••••••••••••••••••••••••••••••••••••• 
1ooio 27 fORHAT(20X,23HIDENTIFJCATION NUMBER: ,4A3) 
100JO 28 fORHATC19X,24HPERCENT MOISTURE CONTENT) 
10040 29 fORHAT(3A3> 
10050 30 fORHAT(4(1H ,/)) 
10060 31 fORHAT(2X,3HOAY,24X,3A3,A1,X,2H19,l2) 
10010 32 fORHAT(1X,l2,1H•,l2,4x,7r7.2) 
10080 33 fORHAT<24X,15HO - 15 CM LAYER,/) 
10090 34 fORHAT(23X,16H15 •30 CM LAYER,/) 
10100 37 fORHAT<24X,14HO - 6 lN LAYER,/) 
10t1u 38 fOAHAT(24X,15H6 • 12 IN LAYER,/) 
10115Ce••••TEST OUTPUT CHECKS AND OPEN FILES•••••••••••••••••••••••••••• 
10120 lf(lYR,EQ.JBY,OR.NEwFlL.EQ.1>GO TO 700 
10130 CALL OPENft2,DPHLA1> 
10140 CALL SETSCT(2,SECTJ> 
10145C•••••WRITE HEADINGS•••••••••••••••••••••••••••••••••••••••••••••••• 
10150 700 WRJTE<2,27l,JSINUH 
10160 wRITE<2,28> 
10110 Jf(MEAOUt,EQ,1> WRITE(2,37) 
10180 Jf(HEAOU1,E0,2> WRITE<2,33> 
101YQ WRITE<2,30) 
10100 lf(IYR,EQ,18Y,0R,NEWFIL,EQ,1) GO TO 701 
10210 CALL OPENF<3,0PHLA2> 
102lO CALL SETSCT(J,SECT◄> 
102Jo 701 WRJTE<3,27>,ISINUH 
10i4o wRJTE(3,28) 
102,0 Jr(HEAOUl,EQ,1> WR1TE(3,38) 
10260 JF(HEAOU1,EQ.2> WRJTE<3,34) 
10270 WRITE<3,J0> 
102ao oo 702 l•K,LK 
10290 J8•1 
10300 lf<IBD.GT,1,AND,1,EQ,lBH,ANO.lYR.E0,lBY>JB•ISD 
10310 JDAB•1 
10320 JDAE:7 
103JO wRJTE(2,31> <IHOA<ll,J>, Jl:1,4),JYR 
10J40 wRJTE<3•31> <IHOA<ll,l>,11•1,4>,JYR 
10350 00 703 Nw•l,5 
10360 Jf(IYR,GT,18Y>GO TO 704 
1037u tNK•O 
10J80 Jf<AJBN,GE.NW,AND,l,EQ,l8H) GO TO 705 
10390 Jf(JB,E0,1.0R,J8N,LT,(NW•1))G0 TO 704 
103Y5C•••••WRITE OUTPUT WHEN BEGINNING WEEK IS ONLY PARTIALLY FILLED••••• 
1040U DO 706 NK•IDAB,IOAE 
10410 JNK•INK•l 
1042U tF<STORMC<l,NKJ,EQ,O,O>GO TO 706 
104JO tND•60+lNK-1 
1044U JNK•NK 
104)U JNJ•I
10460 CALL WRIBWK
10470 GO TO 705
10480 706 CONTINUE
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104Y,, GO TO 705 

Table 84 · (concluded) 

Listing of Subroutine FIL2DA 

1o�ou 704 (Fcl.E0.2.AND,Nw.EQ.4) NW•NW+l 
10�1J &F(Nw.EQ,5> IDAEaMAXD(I> 
10520 Jl'hJEN0/7 
105JO 1rc1.ea.NHAXD(1),AND,JN,EQ,NW)IOAE•JENO 
105J5Co••••WR1TE DATA ON FILES•••••••••••••••••••••••••••••••••••••••••••• 
10540 wRJTEC2,32) IDAB,IDAE,<STORHC(l,JJ>, JJalOAB,IDAE) 
105�� wRITE(J,32) IDAB,IDAE,<STOR�DCl,JJ>, JJ•IDAB,IDAE) 
1056U (f(l,EQ,NHAXD<1>,ANO.JN.EO.NW)GO TO 707 
105/1> 705 IDAB:IDAB•7 
1058� 703 IDAE:IDAE•7 
1o�Yv 707 IFcl.�Q.6,0R,l,EQ.12) WRITE(2,29) lSLEw 
1060� 1rc1.e0.6,0R,I.E0.12)WRITE<3,29) JSLEW 
1061� JF<I.LT,6,0R.l.GT,6> GO TO 702 
10620 WRITE(2,27>,ISINUH 
106Ju wRJTE(2,28> 
1064u tF<HEAOUl,EQ,1>WRITE<2,37) 
1on�u JF(MEAOU1,EQ,2)WRITE(2,33) 
10660 WRJTE<2,3U> 
10610 wRJTE(3,27>JSINUH 
1068U wR(lECJ,28> 
10690 IF<MEAOU1,EQ.1)WRITE<3,38> 
10700 JF<HEAOU1 ■E0,2>WRITE<3,34> 
10716 wRITE<J,3�> 
10120 702 CONTINUE 
10/Ju CALL SAVSCTc2,SECT3) 
1074ij JF(IYR.EO,l8Y.OR.NEWFlL ■ E0,1> GO TO 708 
107)u CALL CL0S�F(2)
1076;; GO TO 709
107/v 708 CALL CLoser,2,DPMLAl)
1018u 709 CALL SAVSCT<3,SECT4)
10�9v JF(IYR.EQ,IBY,OR.NEwFIL.EG ■l)GO TO 710
1oaon CALL CL0S�F(3)
1081l• GO TO 711
1082u 710 CALL CLOSEF(3,DPHLA2)
108l5Co••••TEST NEED FOR NEW CONTINUATION FILE••••••••••••••••••••••••••••
108Ju 711 NPMLA1(2)=NHCLA1(2) 
108411 NPHLA2(2 > =NHCLA1(2 J 
101:!'>u NEwf[L:0 
10860 IF(MOD<NY1SE0•18>,E0,0> NEWFIL=l 
1oe10 RETURN 
10A8t• END 
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12000 sUBNOUTINE FRODEP 
12001C••••••••••••••••• 

Table BS 

Listing of Subroutine PRODEP

12002C•••••WRITE AIR TEMPERATURE AND SNOW FILES•••••••••••••••••••••••••••• 
121103Ce••••FORHAT STATEMENTS•••••••••••••••••••••••••••••••••••••••••••••• 
1201u 21 fORHAT(18X,24HIDENTIFtCATION NUMBER: ,4A3>
1202J 29 tQAHAT(3A3) 
120J� 31 FORHAT<28X,3A3,A1,X,2H19,12) 
1204u 32 toRHAT(2A3) 
12��u 3J fORHAT(6X,?.5HDENSITYl 0-15 CH LAYER, ,r5.2,23Hr./CHI 15•30 
12Q6n, CH LAYER, ,r5,2,4HG/CH) 
120,� 34 fORHAT<11X,49HFROZEN DEPTH or SOIL<CRREL-1968) nATA INPUT 
12080& f"ILE,n 
12090 3� fOAHAT(lH ,/) 
12100 36 f"OAHAT<26X,19HHEASURED SNOW DEPTH,//) 
12110 37 FORHAT(11X,4HSNOW,3X,7HPAECIP•,3X,3HAIR,6X,13HSnlL HOISTURE,6X, 
1212u&1JHSOIL MOISTURE> 
121Jo 38 foRHAT<6x,12,3<2x,r6.2>,8x,r1.2,11x,r1.2, 
12140 39 FOAHAT<6X,3HDAY,2X,5HDEPTH,2X,7HITATION,3X,4HTEHP,4X,15H0·15 
121�0& CH LAYER,X,3X,17H 15•30 CH LAYEA,X)
1216U lf"(IYR,GT,IBY> GO TO 850 
12165C•••••ADD(TIONAL INPUT CONTROL••••••••••••••••••••••••••••••••••••••• 

121/u pRINT,"ENTER NAMES or SNOW,FROZEN SOIL DEPTH HODEL INPUT FILE" 
12180 PAINT," EXAMPLE: FR0001" 
1219u READ 32,NFRDEP 
121Y5C•••••TEST OUTPUT CHECK AND OPEN FILES•••••••••••••••••••••••••••••••
12200 8�0 trclvR.EO,IBY,OR.NEWFIL.EQ,1) GO TO 851 
12d oJ CALL OPENf" < 4, DFRDEP > 
12220 CALL SETSCT(4,SECT9> 
12JJJ 8�1 CONTINUE 
122J5C•••••WRITE HEADINGS••••••••••••••••••••••••••••••••••••••••••••••••• 
12240 oO 852 J:K,LK 
12?�0 WRITE(4,27>,ISINUH 
12260 wRJTEt4,34> 
122/u (f"(KIND(l),EQ,O) GO TO 853 
12281; wAJTEt4,36> 
1229v 853 WR(TE(4,31> <IHOA(ll,1),11=1,4),IYR 
12JOu wRJTE(4,33>,BD<1>,B0(2> 
12310 wRJTEt4,35> 
1232u wAITE(4,37) 
123Jo wR(TEt4,39) 
12340 JB:IBD 
12,�o JEND=HAXD<I> 
12360 (f"(l,EO,NHAXD<1>>JEND•NHAXD<2> 
12365C•••••WRITE DATA ON f"ILES•••••••••••••••••••••••••••••••••••••••••••• 
12370 oO 154 J:JB,JEND 
12380 8�4 WRITE<4,38>J,SNO<l,J>,PRECIP(l•J>,TEHPER<l,J>,sTORHC<J,J>, 
1239n&sTORHD(l,J) 
12400 852kRITEt4,31> ISLEW 
12410 CAL·L SAVSCT<4,SECT9> 
12420 lf"(lYR.EQ.IBY,OR.NEwrtL.EQ,1) GO TO 855 
124JO CALL CLOSEFt4> 
12440 GO TO 856 
124�0 855 CALL CLOSEF<4,Df"RDEP> 
12460 8�6 NY2SE0:NY2SE0•1 
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Table BS (concluded) 
. 

. 

Listing of Subroutine FRODEP 

12410 Jf<MOD<NY2SE0,3>,EO.O>ISEO=ISE0+1 
12480 Jf<MOD<NY2SE0,3>,EQ.0)NfRDEP<2>=NUH8•tSE0/10•256•MoD<ISEQ,1Q) 
12465C•••••TEST NEED FOR NEW CONTINUATION FILE••••••••••••••••••••••••• 
12490 NEWflL:0 
12?00 lf<MOD<NY2SE0,3),EQ,O> NEWfIL•1 
12510 RETURN 
12520 END 
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15000 SUBROUTINE srrAsP 
1501�C•••••••••••••••••• 

Table 86 

Liatlpa of Subroutine STPRSP 

15015C•••••COMPUTE STERNGTH EQUATION CONSTANTS FROM SOIL PROPERTIES••••••••• 
.15o2u 34 fORMAT(5X,21HINCORRECT c1 MOD CODE> 
t5uJu C0N1<1,1>•ALOGC200.) 
t5o4u CON1(1,2>=ALOGC1QO.) 
1,u,� C0N1<2,1>•ALOGC300•> 
15060 C0N112,2>•ALOC<200.) 
1,n1u CALL SAVSCT(1,SECT10) 
15odu CALL CLOSEF(1) 
1,u85C••·••SEARCH roA STRENGTH EQUATION CQNSTANTS••························ 
15oYu CALL OPENFc1,"DFSTEQ•) 
15100 DO 800 11•1,NCI 
1511� READ Cl,> C IMODCJ,l),J•1,12> 
15120 Do 800 J•1•2 
t51Jo READ <1,> <Bct,J,1),1•1•12) 
15140 800 CONTINUE 
1,1,0 12:7•1l•NRCI 
15160 Do 801 11=1•12 
15t1Q READ <1,> ClMOD<l,2>,1•1,12> 
15180 DO 801 J:1,2 
15190 READ Cl,> <8<1,J,2>,1•1,12> 
15200 801 CONTINUE 
1,21u CALL CLOSEFC1> 
1,22u CALL OPENFC1,SAH> 
1,2Jo CALL SETSCTC1,SECT1G> 
15232C•••N INDICATES LAYER,L1 IS CONE tNDEX,L2 IS RATING CONE•••••••••••
1,240 00 802 N:1,2 
15;,50 00803L:1,2 
1,26u O<L>•8<1,1,L>-Bcl,2,L> 
1,210 E<L>•8<1,1,L> 
15760 00803(:2,12 
1,2vo JTEHP•[HOD(J•1•L> 
15300 TEMP=Cl(J,N> 
15310 JfCJTEMP>804,803,80S 
15320 805CONTINUE 
15330 Jf<JTEMP-1)804,806,807 
15340 81'.17CONTINUE 
1!>3,u JF(JTEHP-2>804,808,809 
15360 808CONTINUE 
15J65C••·••COMPUTE LN or VARJA8LE••·······································

15JIO TEHP=ALOGCTEMP> 
1!>380 G0T0806 
1!>390 809 Jr<JTEHP-3>804,810,804 
15�95C••·••COHPUTE LNLN or VARJA8LE••···································· 

1!>400 81U TEMP•ALOG(ALOG<TEMP)) 
1541ll G0T0806 
154211 81'.14 PRINT 34 
1�43J 806 DCL>•D<L>+<8<1•1•L>•8Cl,2,L>>•TEMP 
15440 E<L)=E<L>•8cl,1,L)•TEMP 
15450 803CONTINUE 
15460 NN•N 
15465C••·••COMPUTE A AND B or STRENGTH EOUATION••·························

154 IIJ o0802L:1,2 
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Table 86 (concluded) 

Listing of Subroutine STPRSP 

1'4ijO ABAR<L,N>=CON1<1,L>•<CON1<2,L>•CON1(1,L>>•E<L)/0(L> 
1,490 88AR<L,N>=<CON1C1,L>-CON1(2,L)>ID(L) 
1550u PRINT,"LAYER : ",N 
15501 tr<L,E0,2>GO TO 820 
1�502 PRINT," CONE INDEX EQ, A• ",ABAR<L,N) 
1,sa4 PRINT," 8• ",BBAR(L,N) 
15505 GO TO 830 
15�06 82u PRINT," RATING CONE EQ, A• ",AIAR(L,N) 
15508 PRINT," 8• ",BBARCL,N) 
15510 &Ja STCON (1,NN):ABAR<L•N> 
1'520 STCON<2,NN>•88AR<L,N> 
1,530 NN:NN•2 
15540 802 CONTINUE 
1,�5� RETURN 
15560 ENO 
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1Joou SU8MOUTINE CALSST 
13ntoC••••••••••••••••• 

Table B7 

Listing of Subroutine CALSST 

1Jn15Ce••••COHPUTE CONE INDEX AND RATING CONE INDEX••••••••••••••••••••••••· 
1J.116C•••••FORMAT STATEMENTS•••••••••••••••••••••••••••••••••••••••••••••• 
tJu?,1 27 fOAMATl20X,23H10ENTtrlCATl0N NUMBER: ,◄AJ> 
1JuJu 29 FORHAT(3A3) 
13n4� JO FORHAT(4(1H ,I)> 
tJdl� 31 FORMAT(2X,3HDAY,24X,3A3,At,X,2H19,!2> 
t3o6u 32 FOkMATl1X,12,1H•,12,4X,7F7,0) 
tJut� 33 fORHAT(24X,15HO - 15 CH LAYER,/) 
tJueu J4 FoRHAT(23x,16H15 • 30 CH LAYER,/) 
tJuYu 37 FORH.Tl24X,14MO - 6 IN LAYER,/) 
t3JO� 38 FORM•T<24X,15H6 - 12 IN LAYER,/) 
1J11� J9 fORHAT(26X,1�HCONE INDEX> 
1J12 1, 4U FORMAT<2�X,17MR•TING CONE INDEX> 
1J1Ju 41 fORMAT(2A3,1X,2AJ,1X,2A3,1X•2A3> 
1J14u 1F<IYR.GT,(8Y)GO TO 750 
13J45C••••••DDJ1JONAL CONTROL INPUT TO DETERMINE SOIL STRENGTH REQUEST•• 
1J15u PRINT,"DO YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER?" 
1Jt61J PRINT,"RCI FOR FIRST LAYER? SECOND L•YER? SEP•RATE ANSWERS" 
1J1/u PRINT,"WITH COHH•S· EXAHPLE:roR RCI ONLY roR BOTH 1AYERSl2,2,1,1" 
1J18u READ,(NSTEO<l),J:1,4) 
1J19u PRINT,"ENTER NAMES or SOIL STRENGTH FILES TO BE USFD,ENTER• 
1J2uu PRINT," NOOATA tr A FILE IS NOT TO BE useo.•
tJ,lo PRINT,"EXAHPLE:FoR RCI FOR BOTH LAYERSJNODATA,NOOATA,XX1001,XX2001• 
1J;,,c1, READ 41, NCJLA1,NCILA2,NRCLA1,NRCLA2 
13iJO 7�0 CONTINUE 
13?J�C•••••TEST OUTPUT CHECKS AND OPEN FILES••••••••••••••••••••••••••••• 
1J:.:,,4,, oo '/73 1:1, 4 
tJ?)0 !F<NSTEO<l>,E0.2> GO TO 773 
1J��P JF(IYR.EO.IBY,OR,NEwFIL.EQ,1> GO TO 752 
132/u fF(l,EO ■lJCALL OPENf(2,DCILA1) 
13/tl'• ff(l.E0,1> CALL SETSCT<2,SECT5> 
137Yv 1r11.e0.2>CALL OPENF(3,DCILA2) 
1J3U� JF<l,EQ,2) CALL SETSCT<3,SECT6> 
tJJln JFll,E0,3> CALL OPENr<2,DRCLA1) 
t3Jlv Jf (l,EO,J> CALL SETSCT<2,SECT7> 
133JJ JF<l,EQ,4) CALL OPENr(J,0RCLA2> 
1JJ4u tFcl,E0,4> CALL SETSCT<3,SECT8> 
133,o 7�2 XLJH1:STRLl11,I> 
1JJ6u XLJH2:STRLl<2•1> 
13J7u D0 753 J:K,LK 
13JSu JB:1 
13J9u JF<J,EQ,18H,AND.IYR.EQ,IBY>JB•IBD 
1J4U� JF<J,EQ,NHAXD<1>> JEN0=NH•XOC2> 
13410 JF(J,EQ,NHAXD<l>> GO TO 754 
1J4lO JEND:MAXD(J) 
134JO 7)4 CONTINUE 
tJ14ti D0 753 L:JB,JEND 
1J4)� 1F(l,EQ,2,0R,l,EQ.4JGO TO 755 
1346i, 1r (STORt4C(J,L > .eo. Cl. )STO(J,L)•O. 
134/0 lf<STORHCCJ,LJ,E0,0,) GO TO 753
1348v STO(J,L>=EXPCSTCON(1,t>•STCONC2,t)•ALOG<STORHC<J,L>)> 
1349u Jf<STO<J,L>.GT.XLIH1)STO(J,L>•XLIH1 
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Table B7 (continued) 

Listing of Subroutine CAI.SST 

13�00 Jr(STO<J,L>.LT•XLlH2)STO(J,L>•XLJH2 
1J!Hn GO To 753 
1J52� 755 lf<STORHD<J,L) ■EQ.O,>STO<J,L>=O, 
1J,Ju 1r,s10RHD(J,L),EQ.O,)GO TO 753 
1J54:1 sTO(J,L>=EXPCSTCON<l•l>+STCON<2,J>•ALOG<STORHD<J,L>>> 
13550 JfCSTO<J,LJ.GT,XLIMt>STO<J•L>•XLIH1 
1356U lf(STO<J,L>.LT.XLIH2>STO<J•L>•XLJH2 
1J5/v 753 CONTINUE 
tJ56v lf<HOD<l,2>.EO,O> N0•3 
1J5Yv Jf(HOD<l,2>,EO,O>GO TO 756 
1360U N0:2 
1l605Co••••WRITE HEADINGS•••••••••••••••••••••••••••••••••••••••••••••••• 
ll�lU 756 WRITE<N0,27> lSINUH 
tJ62u ff(I.E0,3,0R,l,EQ,4> GO TO 757 
13630 wRITE(N0,39) 
13640 1rc1.eo,1>Go TO 758 
1J65� Jf(HEAOU1.EQ,1lWRlTECN0,31l 
136611 JF"(HEAOU1,E0,?.1WRITE(NQ,34) 
136/u GD To 759 
1l66U 757 WRITE<N0,40> 
1369u Jf<l,EO ■ J>GO TO 758 
ll70u Jf<HEAOU1,EQ,1lWRITECNO•38) 
1J71� Jf<HEAOU1,EQ,2>WRITE<N0,34) 
1Jnn GO To 759 
13730 758 If<HEAOU!,EO,ll WRITE(NO,37) 
t374u Jf(HEAOU1,EQ,2)WRITECN0,33> 
1375u 759 WRJTECN0,30> 
1J76� 00 76� LOUT:K,LK 
137/l• JB:1 
1J16u (fcl�D.GT,1,AND,LOUT,EO,lBH,AND.IYR,EQ,IBY)JB•IBD 
1J791J I DAl:.1:1 
13801J JDAE:7 
138111 WRJTECN0,31)( JHOAC I I ,LOUT>, I 1=1,4), JYR 
1Je2u DO 761 Nw=l,5 
1JHJL Jf(IYR.GT,IBY>GO TO 762 
138411 JNK•v 
1J8�t, JFCAJ8N,GE,NW,AND,LOUT,E0,18H)GO TO 763 
1386u JF(J8,EQ,1,0R,J8N,LT,(NW•1>>GO TO 762 
13865C•••••WR1TE OUTPUT WHEN BEGINNING WEEK JS ONLY PARTIALLY FILLED•••••• 
138711 DO 764 NK=IDAB,IDAE 
l,Hl811 JNK•INK+l 
13�9u Jf(STO<LOUT,NK>.eo.r,O>GO To 764 
1J90o1 tND•60+)NK•1 
1391•J JNK•NK 
1392� JNl•LOUT 
1J9J,1 sTDN=1. 
1394� CALL WRIBWK
1J95:J STDN=O. 
1J96u GO·lo 763 
1391� 764 CONTINUE 
1J980 GO To 763 
139Yu 762 lfCLOUT,EQ,2,ANO,NW,EQ,4>NW=NW•1 
14000 tf(NW,EQ,5) IDAEaHAXD(LOUT) 
14010 JN=JEN0/7 
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Table B7 (continued) 

Listing of Subroutine CALSST 

1402u Jf(LOUTtEO.NMAXO(l),AND.JN.eo.Nw>lDAE:JEND 
14025C•••••WRITc DATA ON FILES•••••••••••••••••••••••••••••••••••••••••••• 
14UJo wRITE(N0,32> IDAB,IOAE,<STO<LOUT,JJ>•JJ•IDAB,JDAE) 
1404u tf<LOUT,EO.NHAXD<l),ANO,JN ■EO,NW>GO TO 765 
141l�II 763 IOAB:10A8•7 
140611 761 IDAEalDAE+7 
14n/o 765 IFcLOUT.EQ,6,0R,LOUT,EQ,12> WRITE(N0,29>1SLEW 
14060 tf<LOUT,LT ■ 6,0R,LOUT ■GT.6) GO TO 760 
14oVu lf(l,E0,3 ■0R.1,E0.4) GO TO 766
140V5C•••••WRITE HID-YEAR HEADINGS•••••••••••••••••••••••••••••••••••••••• 
14tOu WRJTECN0,27>1SINUH 
1411v wRITE(N0,39) 
14120 Jf<I.E0,1 ■AND,MEAOU1,E0,1)WRITE<N0,37) 
14tJO Jf(l,EO,l,AND,HEAOU1.E0,2)WRITE<N0,33> 
1414ij Jf(J.eo,2,AND,HEAOU1,E0,1)WRITE<N0•38) 
141�0 Jf<I.E0,2,AN0,HEA0Ul.E0,2)WRITE<N0,34> 
141'>1.1 GO TO 767 
1417u 766 WRITE<N0,27>JSINUH 
1418U wRITE<N0,40> 
141YU Jf<l,EQ,3,ANO,HEAOUl,EO,l)WRITE<N0,37> 
14200 Jf<l,EQ,3,AND,HEA0Ul ■E0,2)WRITE<N0•33) 
14211l tf<I.E0,4,ANO.HEAOU1,EO,l)WRITE<N0,38) 
1422� tf<l,E0,4,ANO,MEAOU1,E0,2)WRITE<N0,34) 
14230 767 WRITE<N0,30) 
14£40 76u CONTINUE 
14250 tF<NEWFIL.E0.1> GO TO 768 
14260 Jf<IYR.GT.f8Y>GO TO 769 
142/u 768 IF<l-2> 770,771,772 
1428u 770 CALL SAVSCT<2,SECT5> 
1429u CALL CLOSEf(2,DCILA1) 
143011 GO TO 773 
1431U 771 CALL SAVSCT<3,SECT6) 
1432u CALL CL0SEF<3,DCILA2> 
143JO GO TO 173 
14J4n 712 lfcl.GT.3) GO TO 774 
143�u CALL SAVSCT(2,SECT7> 
14360 CALL CL0SEf(2,0RCLA1> 
14�/u GO To 773 
14J8u 774 CALL SAVSCT<3,SECT8) 
1439t CALL CL0SEfc3,0RCLA2) 
1440lt GO To 773 
144lu 769 IFcl-2)775,776,777 
1442� 715 CALL SAVSCT<2,SECT5> 
144JO CALL CL0SEF<2> 
1444v GO To 773 
144�0 776 CALL SAVSCT<3,SECT6> 
1446u CALL CLOSEf<3> 
1441t, GO TO 773 
1448� 777 lf(l,GT,31CO TO 778 
14490 CALL SAVSCT<2,SECT7> 
14�00 CALL CL0SEf<2> 
14510 GO TO 773 
145211 778 CALL SAvSCT(3,SECT8) 
145Jn CALL CL0SEf<3> 
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Table 87 (concluded) 

Listing of Subroutine CAI.SST 

1454� 713 CONltNUE 
145,� NCILA1<2>•NMCLA1<2> 
14560 NCILA2C2):NMCLA1(2) 
145/0 NRCLA1<2>•NMCLA1<2> 
1458u NRCLA2<2>•NMCLA1<2) 
145Yi.• NEWFtL:0 
145Y5C•••••TEST NEED FOR NEW CONTINUATION FILE••••••••••••••••••••••••••••

14600 1r<MOO<NY1SE0•18>,EQ,0>NEWFIL •1 
14610 RETURN 
14620 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 Ill of the main report). Figure Cl 

shows the texture code for soils of the U. S. Department of Agriculture 

textural classification Jystem that is entered on type l 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-Cl9 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 "t." indicates a 

space that must be left in the column. 

Cl 
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Fig. Cl. Texture �ode foT soils of USDA aoil textural classification



Precipitation 

Snow Depth 

r 915 451 

r
98451S 

Air Tempera­
ture 

9 8 451T 

Precipita- 9 8 451 
tion 

Required sequence 
of cards if air 
teaiperature and snow 
depth cards are present. ·· 
-------···---

ONE 01'' 

THESE i 
IS 

'---· 

REQUIRED 

R 1 

. CONTROL DATA AND 
AREA IDENTIFICATION 

NOTE: R - REQUIRED IN PROGRAM 
0 - O"IONAL IN fRQqRAM 

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



} 9 
8 451

1 

82 13 4 51 

"'(--. 
-

"'Ill - � 

. /  

I -_ �-�

Oct-

WEATHER 

DATA 13 April 1951 is first day 1 
, ot data. It is 1D the

/

' 
spring season (2) 

I 
I 

qq 
$ 

1 

CONTROL DATA AND 
AREA IDENTIFICATION 

NOTE: These data can be entered by computer operator or by user through 
the teletype (keyboard or punched paper tap£!). One card 
corresponds to one line. An example using this setup is 
presented in Appendix E, ,EKample 1. 

Fig. C3. Card deck setup using specific data 

........... 



NOTE: 

R(5) 7 

0 3 

R - REQUIRED IN PROGRAM 
0 - OPTIONAL IN PROGRAM 

7-

WEATHER 
DATA 

SUPPLEMENTARY 
TO SURFACE 
COMPOSITION 
GROUP CONTROL 
DATA SELECTED 
FRc:M FILE 
"DSURGR" 

An example using this setup is presented in Appendix E, Bxample 2. 

Fig. C4. Card deck setup using surface 
composition group data 



8 

OME OF 

'1HESE IS-f 
REQUIRED ..._ __

R 1 

NOTE: 
R-REQUIRED IN PROGRAM 
0-0PTIONAL IN PROGRAM 

WEA'l"HER 
DATA 

CONTROL DATA AND 
AREA IDENTIFICATION 

An example using this setup is presented in A�pendix•t, EXample 3.

. Fig. C5. Card deck setup using estimated 
(tentative average) data 



LAYER 1 SOIL TEXTURE 

r.A'Rn TYPE 
LAYER 2 SOIL TEXTURE 

20 6( 10. 30 40 .50 

IDENTIFICATION I LAYER 1 LAYER 2 

DENSITY DENSITY 
I I I I I . .. I 

l 1 1 1 1 r 1 1 xix11: JI A AX A AX I I IXI .Ix ix I I IXI.IJili 

This card is required in the program. It precedes all associated cards for a given site. 

COLUMN CONTENTS 

1 

3-14

17 

l 

Alphanumeric identification. Last four characters must be numeric. 

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). F.nter to two deciul places. 

Fig. C6. Type 1 Card - Site Identification, Soil Texture and Soil Density 

70 



l'.Alm TYPE 

�ARn ,..,,�. n 

-N1MUM
1
' 

§tp\lff._t- ,.. c:1�;.

21' t.Xl,I XXlll IL IX • I »Xll! t.

- CONE INDEX RATING CONE INDEX ---
l.'T'O<:'Y' l A. Vl:''O <:IU'CINn l AVl.'R _FIRST l.AVF.R <:ECOND LAYER 
�. :;:,v, "t\, � ov. 70 

JJ 
I I .. t.Jx �I� � �L 

I I I 
.... klN ' 

........ - MIN .... .. ... ... MAX-...... 

I -, . .
Xlldl. IXI Xlll • IXIX X XIXI' • IXl:X l:l! • lxll X • lxlY11 • lxlx 11 .• 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 Cl 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 

1 

3 

5-9

11-15

17-22

23-28

29-34

35-40

41-46

47-52

53-58

59-64

2 

1 

CONTENTS 

Minimum storm (in. or cm). Enter with three decimal places, 

ClCOF, Accretion value at which accretion-precipitation relation changes to 
one-to-one relation. 

Layer 1 maximum Cl 

Layer 1 minimum CI 

Layer 2 ma:r.imum CI 

Layer 2 minimum Cl 

Layer l maximum RCl 

Layer 1 minimum RCI 

Layer 2 maximum RCl 

Layer 2 minimum RCl 

Fig, C7. Type 2-1 Card - Minimum Precipitation and Limits of Cone Index and Rating Cone Index 



CARD TYPE 

CARD SUBTYPE 
SEASON 

- LAYER

--
I\. � 

,,. ,2 
, '

2 t:, ; I ) IX • l ll > X l ll XX • X l I) Ir 11 XllllX

NEW COEFFICIENT& 
-'\. 4 

' 
L• 

JI 

.. [) IYI� I" Ii ! \ I'll ll I> > 

� 
I" 

1>1!11 1111\ 

--!/J-· 
.. ·-·ea ...... _. 

70 

5 6 
I 

''ll '11 .111 IY I\ I, Ii. l"lv I\ IV 1'111'11 

This card is optional, If this card 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 apace 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. 

� 

1 

3 

5 

6 

7-16

17-26

27-36

37-46

47-56

57-66

2 

2 

Code for season 

1 for suaier 

CONTENTS 

2 for transition (spring or fall) 
3 for winter 

Soil layer (1 or 2) 

Coefficient of X

Coefficient of x2

Coefficient of x
3 

Coefficient of x4

Coefficient of·x5

Coefficient of x6

term 

term 

term 

term 

term 

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. CS. Type 2-2 Card - Depletion Equation Coefficients 



CARD TYPE 

CARD SUBTYPE 

.SUMMER TRANSITION - -WINTER 
IC 

-
2C �a 

-
40 .50 60 70 

J. " ' J 1-' J " 

2 ta X • � X ! } • XIJI X • Xl } . }I [JI Ill • illX X • lllC

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). 

� 

1 

3 

11-15

16-20

21-2s

26-30

31-35

36-40

CONTENTS 

2 

3 

Summer layer 1 moisture range for relation on card 2-2 

Summer layer 2 moisture range for relation on card 2-2 

Transition layer 1 moisture range for relation on card 

Transition layer 2 moisture range for relation on card 

Winter layer 1 moisture range for relation on card 2-2 

Winter layer 2 moisture range for relation on card 2-2 

Fig. C9. Type·2-3 Card - Range of Soil Moisture Contents 

2-2

2-2



CARD TYPE 

CARD SUBTYPE 

_FIRST LAYER Cl SECOND LAYER Cl 
le: .ill .:,v 

I 
t! 

I 
a a 

1.:: All I • 1 1 ]I I l'VIVIY I IV 'II V 

FIRST LAYER RCT -
4Ci 

lb' 
I I 

'&' 
• 
a
, I I . 

I Iii 111 I'll I I I'll V V I I 

;:11, 

IY" Y 

----··- I A••lo'D Rl'T 

UC 

I 
a 

I , .'II 'II 

70 

b 

I 1vlvl11 

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 

l 

3 

4-11

12-19

20-27

28-35

36-43

44-51

52-59

60-67

CONTENTS 

2 

4 

Tena a in layer l Cl equation 

Term b in layer l Cl equation 

Term a in layer 2 Cl equation 

Term b in layer 2 Cl equation 

Term a in layer l RCl equation 

Term b in layer l RCI equation 

Term a in layer 2 RCI equation 

Term b in layer 2 RCI equation 

' Fig. ClO. Type 2-4 Card - Strength Equation Constants



CARD TYPE 

CARD SUBTYPE 

CODE FOR CI EgUATION SET 

I
CODE FOR RCI �• .--N qJ.'T 

IQ 20 30 40 .50 60 

ffl I 

I• /j, t,. X6 

This card is required if strength equation constants are to be calculated. One of six equation sets is 
required to calculate a and b of CI equations and one of six sets is required to calculate a and b 

70 

of RCI equations. The equation sets relate various combinations of soil properties to soil strength (see 
paragraphs 53-56 of main text and fig. Cl6-a). A listing of these equation sets is given in table D2. 

COLUMN CONTENTS 

1 2 

3 5 

5 Code (1-6) of equation set computing CI constants 

7 Code (1-6) of equation set computing RCI constants 

Fig. Cll. Type 2-5 Card - Codes for Equations used in Calculating Strength Equation Constants 



CARD TYPE 

SECOND LAYER 
. - . . -� -- ..• � . 

70 

This card is optional. If it is used it must be filled completely as indicated. The equation form must be 

Y • bX + a. 

COLUMN 

1 

3 

6-12

13-19

20-26

27-33

39-45

46-52

53-59

60-66

2 

6 

CONTENTS 

Coefficient of variable for Class 1. layer 1 equation 

Coefficient of variable for Class 11, layer 1 equation 

COefficient of variable for Class I, layer 2 equation 

coefficient of variable for Class II, layer 2 equation 

Constant term of variable for Class I, layer l equation 

Constant term of variable for Class II, layer l equation 

Constant term of variable for Class I, layer 2 equation 

constant term of variable for Class II, layer 2 equation 

Fig. Cl2. Type 2-6 Card - New Accretion Equation Constants 



CARD TYPE 

IQ 20 30 40 so 60 70 
FIRST SECOND 
LAYER LAYER 

. 

,. 1x1.1x IJIIJI I 1x1.1i xx 

This card is optional. If this card is not present, the maxilllum moisture content is used as the beginning 
moisture content. 

COLUMN 

l 

2-10

11-20

CONTENTS 

3 

Layer 1 beginning soil moisture content (in. or ai) 

Layer 2 beginning soil moisture content (in. or cm) 

Fig. Cl3. Type 3 Card - Beginning Soil Moisture Content 
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CARD TYPE 

MAYIM11M MnT�TIIRE 

"'"O FIRST
... LA.1�R.

I I IXI .IJI 

IQ 

l � 

SECOND 
LA.YER 

l IXI .ll

M N 

2C 

JI ) 

Mlll:"111. IJ:IKP_ . 

30 4C .50 60 70 

FIRST SECOND 
LAYER LA'.f�� 

114 .IX .JI l I llt.lJ I) I) 

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 maxilDUll 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. C14. Type 4 Card - Maximum and Minimum Soil Moisture Contents in Measurement Unit 



CARD TYPE 

MAXIMUM MOISTURE CONTENT MIN IMUM MOISTURE CONTENT 

10 2C 30 40 so 60 70 
..... FIRST SECONL FIRS1 SECOND 
-- LAYER LAYER 1:AY�=-- LA�E!(,

I! I JGXI. xln I lxlxl . X XI> ixl.lx KX lxlxl .Ix IX 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 5 

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. Cl5. Type 5 Card - Maximum and Minimum Soil Moisture Contents in Percent 
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SYSTEM 
CODE ,,., 1.0. - PERCENI

F1 
.... , - SANU 

20 
I 
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.. DRY 
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20 HAlTER 

·di 
.. 11 -.:• 
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{O)NTINUATION CARD) 

.PERCEN'I;. 
- ·Si.Li: -

30 
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11lvl I 

30 
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EERCENT ... ...PERCENT 
-CLAY , -nNEs
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-

J J .2 

lit IV ,VIV • 
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.. '1.lMIT .. 

.50 
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,. I I 

� A 
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60 . 70 

,[ J I
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60 70 

rb. I 
- I 

I I 

This type card is required if maximum and minimulll moisture contents or strength equation constants 
(a and b of an intercept, elope 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 shown. 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 

1 of 2 sheets 



COLUMN 
(Firsteard) 

1 

CONTtllT 

6 

2-3 Number of the last variable entered as prescribed by 
the order on the layout above 

4

5 

10-16
17-23
24:30 

}
--------

-
59�5

JContinuation Card) 

Code for soil classification system
1. uses

2. USDA
Soil layer 

1. Layer 1
2. Layer 2

1.0 
Percent sand 

Value of appropriate soil property 

1-7 Percent organic matter 
8-14 Dry density, lb/cu ft 

15-21 Wetness index 
22-:.28 }---------- Values of other appropriate soil properties in the

49_56 
equation required by user 

Fig. Cl6a. (concluded) 

2 of 2 sheets 



, '.lRfl TYPE 

NO. OF LAST VATJIE r.,. 
YSTRM 

CODE 

I.All& ,.,-.. 

COEFFICIENTS OF TERMS AS IDENTIFIED BY CARD 6a .... 

20, 30 40 so 60 70 

6 IJIXX(.i,Hll llllll.:XXX lX.�IJIJI �XJ.�llX O!I.LIXIXX :Jltx.!XXll Kl .XJX.XXIXIXIU: XX. l 1� 

- COEFFICIENTS OF TERMS AS IDENTIFIED ON CONTINTUTTmJ l'A1>n nl' &.ft ....
..... ., 

10, 20 30 40 so 60 70 

,� !bi 
I 

n rm· -n li21 :JI 
I I 

.Aili • XIX X JUCI. IX X lC xx • X XK XIXl,IX IXX IX X .11 IY X ll y Jy IYIY XIX • X xx ll X .IXIX ,x

(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 <:oeffici_ent for �-e .wit_h the __ clay t_e� fo t_he. e�u�t��n _is i� the f�urth position on type 6b cards.

Also, similar to instructions for type 6a cards; 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. Cl6b. Type 6b Card - Maximum and Minimum Moisture Equation Coefficients
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COLUMN 
(First Card) 

1 
2-3

4 

10-16

17-23

24-30

3l
t

7 
l_________ _ 

59.!65J 

(Continuation Card)
1-7 
8-14 

15-21
22

t
s l __________ 

49.56/ 

CONTENTS 

6 

Number of the last coefficient entered as prescribed by the
order on the layout above. 

Code for sail classification system 
1. uses 
2. USDA

Code for maximum or minimum equation
L Maximum for layer. l 
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. Cl6b. (concluded) 



CARD TYPE 

10 20 30 

7 T 'l,l 11 � iT I<, A 

'i/)
<t

HEADING

' , _  
.. ,_ 

40 

In 111 11 

.50 60 70 

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. Cl7. Type 7 Card - Heading Inforiaation 



CARD TYPE 
SEASON CODE 

= IC\ .,............,__,......,e=20
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This card is requfred. 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, c�rrying 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 
---

1 

2 

4-5

7-8

10-11

8 

Season code 

1 summer 

2 transition 

3 winter 

OONTENTS 

Day of month (1-31) that season begins 

Month of year (1-12) that season begins 

Last two digits of year of record 

Fig. Cl8. Type 8 Card - Season Beginning Date 



60 70 

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 listing, 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. 

� 

l 
2-3

4-5
6-7

8

Contents 

9 
Day of the month (1, 8, 15, 22, 29) indicating the beginning 
of a week (right justified) 

Month of the year (1-12, right justified) 
Last two digits of the year 
Code for subtype 
A (blank) - precipitation 
T - air temperature 
S - snow depth on the ground 

9-14 Precipitation, air temoeratu.-e, or snow d ep'th on day l 

1sf20 l __________ 
45-50 J

Same type data as 9-14 for clays 2 through 7 

Pig. Cl9. 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 

r.trength relations, respectively. Ta>le Dl, file 0DSURGR", 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 

number. 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 nunber, 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 liquid 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 ln 1n form for 

liquid limit and a 1 in the sixth slot indicates the natural form for 

Dl 



plastic limit. Zeros for the other variables indicate that they are not 

used in the equation. 'nle 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: 

MC (of a soil with an RCI of 100) • 0.783718 + 1.498687 (lnlnLL) + 0.026353(PL) 

D2 



501 1 
502 2 1 
503 2 2
504 2 2 
505 2 2 
506 2 2

' 507 2 2
508 2 2 

509 2 3 
510 2 4 

511 4 
601 1 
602 2 1 
603 2 2

604 2 2

605 2 2 

606 2 2 
607 2 2 
608 2 2 
609 2 3 
610 2 4 
611 4 

626 1 
627 2 1 
628 2 2 

629 2 2
63::, 2 2 
631 2 2 
632 2 2
633 2 2
634 2 3 
635 2 4 
637 4 

•l
11 
12
21
22
31
32

Table Dl 

FILE 
- DSllRGR 

0505 C C 1 .,o 1,50 
0,07 200. 75. o. 0. o. 

o.1107o7-o.o231sa9 -0.105756 0. 141049
0.100238 0,0238269 -0,3633i!3 o ,36:H48

0,0501935 0,212765 -0.707042 0.618552 
0,0969tJ7 -0,253245 0.367966 0,0206268 

0 .152531 -0,859015 3,01405 -2 ,66872
0,062264J 0,817522 -3.81712 6,40615 

• <>9 ,99 ,80 ,68 .43 ,35 
3,987 0,815 o, o. o. o, 

1,04 1.08 0,05 0,09

0606 C C 1,55 1,6s 
• 1 0.01 750. o • 750, 0. 300,
11 0,146609 -0,14967S 0,0626695-.00911799 
12 0,137576 -0,217303 0,141294 -0,03234
21 0,09387-0,0846743 O,Ct983b10,00216961 
22 0,0949594 -o -196022 0,181008 -0,061218 
31 0,164312 -0.417828 0,429489 -0,154277 
32 0,1185?.4 -0,376b05 0,525502 -0.271716 

1. 92 1, 72 1,68 1.16 1,09 ,60

o, o. 

0•0 
0,0 
o,o 

O,O 

o.o

0•0 

o. 

o, 300, 
o.o
o,o
o,o
0,0 
o.o
0,0 

15.a64 -3. 759 10,237 -1,889 15.864 -3,759 10,237
2.42 2,26 0.50 0154 

oho c c 1,55 1.29 
• 1 0,07 750, o. 750. o. 300, 0. 300,

11 .146609 -.149675 ,062b695•,00911799 o,o
12 , 151167 -, 161474 ,0633498-,00672157 0•0 
21 ,09387 -.0846743 .0198381 ,00216961 o,o
22 .099932 -.150325 ,0819444-.0106633 0,0 
31 ,164312 -,417828 ,429469 -,154277 Q,0 
341 • (1436099 ,527!93 -2,32341 2,4te55 o,o 

1,92 1,68 l • 68 l • 11 1 • 09 ,53
15.8b4 -3,759 13.641 -2,417 1�.864 -3,759 13.641

2,42 :s .• oa 0,50 1 , 4 () 

o, 

0,0 
o.o
0,0
0,0
0,0
0,0 

o. 

o. 

0,0 
0,0 
0,0 
0,0 
o.o
o.o

-1,889

0, 
o.o 

0,0 
0,0 
o.o 

0,0 
0,0 

-2,417
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?0 l 1 
?02 2 1 
?03 2 2 
704 2 2 
705 2 2 
706 2 2 
70? 2 2 
708 2 2 
?09 2 3 
710 2 4 
711 4 
726 1 
728 2 1 
no 2 2 
?32 2 2 
734 2 2 
736 2 2 
738 2 2 
?40 2 2 
742 2 3 
744 2 4 
146 1 
801 1 
802 2 1 
803 2 2 
804 2 2 
805 2 2 
806 2 2 
807 2 2 
80e 2 2 
809 2 3 
810 2 4 
811 4 

Table Dl (continued) 

FIIE - DSURlR 

0707 C C 1,55 1,65 
• 1 0.01 150, o. 1;0, o. 

1� o.120,02-o.052◄11e-.00284J54
1� Q.0903�6 0,0509247 -0.358181
21 0,0309516 0,176284 -0,320559 
22 0,0999868 -0,312412 0,541498 
31 0,147569 •0,392467 0,832866 
32 0,033461 0,95145 -2.92207

300, o •
0,0259163 

0,32?398 
0,172292 

-o. 174273
-0,532128

3,30366 

300. 
o,o 

o,o 

o,o 

o,o 

0,0 
0,0 

l,45 1,0:S 1,21 0,?4 0,62 0,36 
15,864 -3,759 10,23? -1,889 15.864 •3,759 10,237 

1,9s 1.s1 o,so o.,4
0711 C C 1,55 1,46 

• 1 0,07 750. o. ?50, o. 

11 o.120,02-o.os2◄11a-,0028435◄
12 ,0363t9? ,418133 -,731?65 
21 0,0309516 0,1?6284 -0,320559 
22-0.0171618 0,448802 •0,752844
31 0,147569 -0,392467 0,832868 
32 0,0616587 0,51296 -2.24252

300, o, 

0,0259163 
.35784 
0,172292 
0,381092 

-0,532128
2,69611

300 
0, 

0,0 
0,0 
o,o 
o, 
o,o 

1,45 1,28 1.21 1,10 0,62 0,54 
15,864 -3,?59 15,008 -3,193 15,864 -3,759 14,958

i,2s 2.2a o.5o 1,00 
0808 C C 1,34 1,41 

.1 0.01 1so. o. 1,0. o. Joo. o, Joo. 
11 
12 
21 
22 
31 
32 

,124665 -,0915969 -0233589 -,0011482 o,o
,1108?8 -,10916 ,043561t-,00601796 o,o 

.0764369 -,0803309 ,0347412-,00512833 o,o 
,077366 -,120503 ,07?917l -,0177912 O•O 
.197605 -.78094 1,26458 -,718446 0,0 
,109453 -,457144 ,763806 -.441?66 o,o 

2,25 2,10 1,64 1,28 ,70 ,7l 
13,074 •2,534 13,585 -2,534 12,843 -2,614 12,821

2,90 2,80 o,65 o,70 

o. 

o.o

o.o

0,0 
o.o

o.o

o.o

-1,889

o. 

0, 
o.o

0,0 
0,0 
o.o

0,0 
0,0 

o. 
0,0 
o,o 

0,0 
0, 

o.o

•2,546
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I 

901 1 
902 2 1 
903 2 2

904 2 2 
905 2 2 
906 2 2

907 2 2
908 2 2
909 2 3 
910 2 4 
911 4 

926 1 
927 2 
928 2 
929 2 
930 2 
931 2 

•93z 2
933 2
934 2
935 2
9�7. 4
1001 1
1002 t!. 

10()3 t!.

1004 2
1005 2
1006 2

1007 2
1008 2

1009 2

1010 2

1011 4 

1 

2 

2 
2 
2 

2 

2 

3 
4 

Table Dl (continued) 

FILE - DSUOOR 

0909 : (' t.34 1. 4J 

• l 0.01 750. o. 750. o. 300. o. 300. o. 

11 .129208 -.0116793 -.0589193 • 0260\:i17 O•O 0,0 
12 ,0536875 .116592 -.t8451£ ,0701473 o,o o.o

21 ,0415562 .0830014 -,175168 ,0904789 0•0 o.o
22 ,142549 -,314464 ,29825 -, 0911122 o,o 0,0 
31 .110865 ,759634 -4.7S675 6,77918 O,O o.o
32 .121556 -,673037 3,40772 -5. 42114 O,O o.o
z.o 1,70 1, 39 1.15 .45 ,31 

13,074 -2,534 13,585 -2,534 12,843 -2,614 12,821 -2,546
2,65 i,4g !2165 g,70 

0911 C C 1,34 1.46 
• 1 0,07 750. o. 750, o. 300, o. 300, o .

11 .129208 -,0116793 -,0589193 ,0260517 0,0 o.o
12 ,0363197 ,418133 -711765 ,35784 0•0 0,0 
21 .0415562 .0830014 -.175168 ,0904789 0,0 o.o
., ,. ··" -.0171616 ,448802 -.752844 ,381092 O•O 0,0 
31 • 110865 .759634 -4,75675 6, 77918 o,o o.o
32 ,0616587 ,51296 -2.24252 2 ,t,9611 0,0 o.o

2.00 1,28 !,39 1-10 • 4!, • �41

13,074 -2,534 15,008 -3,193 12,843 -2,614 14,956 •3,254 
2,65 2,28 0,65 1.00 

1010 C C 1,26 1,29 
l • 1 0.07 750, 0. 750, 0, 300 O, 300, o. 
c 11 0,184265 -0,165133 0,0458207-.00083453 o.o 0,0 
I! 12 0.151167 -0,161474 0,0633498-,00672157 o.o 0,0 
2 21 o.o7&4167-o,o366b54-o,0132775o,oos9275o o,o o.o
2 22 0,099932 -0.150325 0,0819444-0,0106633 o,o 0,0 
2 31 0,116053 -o,173597 0,104796-0,0218575 0,0 0,0 
2 32 0.0436099 0.527193 -2,32341 2,41855 o,o o.o
3 1,95 1,68 1,71 1,Jl 1,40 0,53 
4 13.130 -2,417 13,641 -2,•H 7 13,1.S(I •2,417 13,6•1 -2,417

J.1a 3,08 1, 15 1,40 
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1101 1 
1102 2 1 
1103 2 2 
1104 2 2 
uos 2 2 
110() 2 2 
1107 2 2 
1108 2 2 
J,109 2 3 
111U l 4 
1111 4 
1301 1 
1,302 2 1 
1303 2 2 
1304 2 2 
1305 2 2 
1306 2 2 
1,307 2 2 
1Joe 2 2 
1309 2 3 
1310 2 4 
1,311 4 

Table Dl (concluded) 

FILE - MUJliR 

1111 C C 1,38 1,46 
.1 0,07 7So. O, 750. 0, 300, O• 

11 0,0985818 0,121609 -0,15411 0,0521654
12 0,0363197 0,418133 -0,731765 0,35784 
21 0.139897 -0,233305 o.2es204-o,o97978e
22-0,0171618 0,448802 -0.7528<4 0,381092
31 0,0742744 0,0324442 -0.129626 0,105992
32 0,0616587 0,51296 -2,24252 2,69611 

1.6◄ 1,2a 1,◄4 1,10 1.03 o,5◄ 

300, 
o,o 
o.o
0,0 
o.o
o,o

o,o

14,024 -2,903 15,008 -3,193 13,517 •2.823 14,958
2,44 2.28 o.so 1.00

.1 
11 
12 
21 
22 
31 
32 

1313 C C 0,80 0,80 
0,07 750, o. 750, o. 300, o, 300, 

,0914088 -,127858 ,097528 -.0258745 o.o 
.0920011 -.133981 .0889643 -.0208478 o,o 
,0910546 -,164201 ,126329 -,0330897 o,o 
,0735553 -,154462 ,139078 -,0429461 o,o 
,0997909 -.310384 ,412761 -,188311 o,o
,083431 -,406992 .8�6876 -,618321 o.o

1,80 1,80 1,34 1,20 0.92 0,60 
16,478 -2.870 16,478 -2.870 1�.255 •2,870 16,2'5 

•.32 4.32 2.s2 2.52 

0, 

o. 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

•2,870

o.o
o.o
o.o
o.o
0,0 
o,o 

4 of 4 sheets 



Description of Line 

Table D2 
File DFSTEQ 

.. __ fiJ.e.J>�t{l�,,.,_-lk2....._________ ___ _ __ . File Dat�-VARI:_ABLE HOD._ �D!:�'1100 1,2,2,0,0,o.o.o,o,O.o,o 
ci 200 00110 4,0�8688,-.015583,-,1,32oe,-.oo,A68,o,o,o,o,o,o,o,o 

... J. 300 . .QWJ) 3,4U8689,-,018647,-,087059, ,0677•,0,0,0,0,0,0,0,0 

1 CI 200 001•0 1•2�9572,0,0,0,,008378,•0.093638,2,073866,,009393,D,O,D,O r
_v AR_I_AB_L_E--'"'MO __ • D_.�co"'"D=""'E .0 mo o , o , o , 1 , 3 , J , 1 , o , o , o , o , o .. 

I 2 30 0 1.!U.!D ,649613,0,0,0,.012876,•0,727161:1,673019,,009355,0,0,D,D 
' VARIABLE HOD, CODE �.0 0, 0, 0, 0, 3, 3, 1, 0, 0, 0, 0 1 0 ! Cl 20 0 OWO l•OU2382,0,0,0,0,•,171477,1,9757?0,,006373,0,0,0,0 
--l ________ 3Q(L.OP_U0 ,208219,0,0,0,0 ,690143,1,52217c., ,004713,0,0,0,0 

VARIABLE HOD. CODE 00190 1,0,0,o,o,3,0,1,0,0,0,0 
Cl 200 00200 ,865592,•,006905,0,0,0,0,2,20881•,0,•0,052790,0,0,0,0 

i--4__,�==-=-==-�::--�30=0
=-=- ilill . s20054,-,011654,o,o,o,o,2,1s•s1�.o.-o.0•1230,o,o,o 

VARIABLE HOD. CODE O 2 0, 0, 0, 1 t 3, J t 1 , 1, 0, 0, 0, 0 
c1 200 002Jo .211604,o,o,o,.oo6ss1,-,22J20•,2.2&967&,,oo••94,•,oss121,o,o,o 

,_�s-+------3�0�0_002•0 -.a•6112,o,o,o,,010153,.62oe,,,1:911se9,,002012,-,oe1351,o,o,o 
VARIABLE MOD. CODE J.!llli o,o,o,o,3,3,1,1,0,0,0,0 

CI 200 00260 -,321422,0,0,0,0,0,739068, 2,322191, 0,000577,•0,076648,0,0,0 
!==6 ==t::=im;;:;:;;:;;;=i;r"liiffl'"'==iJO•o

F-· �o��-,.,�o .. ,.:,! !. ,!f>.Js!�.1..Q to , .D.t.O.!.Lll.2 21', 1 • 94191 a , • o , qg 49,a, • P.¼ �11� o •A!.O . 
! � 1,2,1,0,0,o,o,o,o,o,o,o 
RCI l

...;.:===-=
::.:..�10�0

::o=--00290 3,024829,-0,001245,0,014260,0,011616,0,0,0,0,0,0,010 
1 200 00300 4;739997,•Q,010870,-0,358211,0.001490,0,0,0,0,0,0,0,0 

l
--'

"--+-,V�AR-=-IAB ___ LE ____ M_O_D_.-CO�_�D�E-..0
-=-::,

83iO 0•0•0•1•3•1•1•0,0,0,0,0 
IRCI 100 0 320 -0,100719,0,0,0,-0,001300,2,3988�9,0,023212,•0,004657,0,0,0,0
_2 __ -t-:�::-:-::�":".':'=:--�2�00

=-
0033� O,OOJ995,0,0,0,0,002488,1,764239:o.o30534,0,003866,0,0,0,0 

DE ooJ•Q o,o,o,0,3,1,1,0.o,o,o,o 
RCI J-,,1.1ilolMI.Qill....__u,1.1��l0�0,11o..�0�0�35°0 -0,154484,0,0,0,0,2,343072,0,023J54,•0,004483,0,0,0,0 

3 20 0 00360 o,10,,o,,o,o,o,o,1.e1101a,o,0Jo2•J•-0,00◄197,o,o,o,o 
1----7--��������:r:.'1�0�:ico�D�E[Dgfa9 o,o,0,0,3,1,o,o,o,o,o,o 
RCI 100 0 0 0,783718,0,0,0,0,1,498687,0,0263•3,Q,0,0,0,0 

..... 1-+=�:-:-::�����00390 o;985254,o,o,o,o,1,oeos60,o.033010,o,o,o,o,o 
VARIABLE MOD CODE_ 00400 o,o,o,1,3,1,1,0,1,0,o,o 

RCI 100{•00410 -o.�433&5,o,o,o,-o.002109,2.••112J,o,0Jo6J23,-o,oo5◄42,o, 
·00415 0,003141,0,0 

2oos-00420 -o,685705,o,o,o,o,001221,1,8300217,0,042095,•0,005089,
i---t-

�����::?:.
-....--,.,,.,.,.,"Lo04Z5 0,005829,0,0 

• -00430 o,o,o,o,3,1,1,0,1,o,o,o 

! 5

RCI 

6 
1-------

1
-0-0-

-c
·
.
00446 -o.�83421,o,o,o,o,2.349903,o,o3o11a,.o,ooso,,,o,
00445 0,003370,0,0 

200 _,;.00450 -o, 662423! o, o, 0., o ,1 ,883330, o, 04U9', •O, 005292, o, 0 • 006045, 0, O ----------
*Variable Modification Code: 1 • (refers to code numbers opposite line numbers 00100, 001 30, 00160 , 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 11 Run Using Specific Data 

3. Assume that daily prediction of soil moisture content in inches and

percent and Cl 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. Phxsical soil proP!rties

% Organic Dry 
% Sand % Silt % Clal Matter DensitX• slcc 

Layer l 5 78 17 1.71 1.35 

Layer 2 4 78 18 1.24 1.53 

El 



StlDlller 

Layer 1 

Layer 2 

b. The site is located on the levee of a bottomland, which is

classified as wetness index 4 (table 5, main text).

c. The soil is a Collins silt loam.

d. The following relations have been determined from measured

data:

(1) Accretion relations

Class I 

Class II 

Layer 1 

0.7X-0.04 

0.96Z-0.06 

Layer 2 

0 .44X-0 .10 

0.76Z-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 x
2 

x
3 

0.112577 0.892538 -2.41564

0.0875938 0.148577 -0.303785

x
4 

2.34487 

0.127866

X
S 

x
6 

-1.01126 0.163761

0 0

Transition 

Layer 1 0.233207 

Layer 2 0.404195 

Winter 

Layer 1 0.198281 

Layer 2 1.01464 

-0.454052

-2.2826 

-1.61755

-24.9913

0.359594 -0.0938728 

5 .68009 -6 .27261 

7 .46858 -10.673 

255.935 -1102.69 

E2 

0 0 

2.52196 0 

0 0 

1693.1 0 



(3) Strength relations

Cl·· RCI 

Layer 2 lnCI • 10.72 lnMC-1.64 lnRCI • 23.864 lnMC-5.815 

e. Limits of soil moisture content

Maximum Minimum 
Bl Seasons 

Summer Transition Winter 

Layer 1 2.52 in. 

Layer 2 2.43 in. 

0.66 

0.90 

in. 1.02 

in. 1.53 

in. 2.13 in. 

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.

.&· Beginning of season dates

S2ring Summer Fall Winter 

10 Mar 10 May 21 Sept 24 Oct 

h. 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 El) 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-E5. 

Example 2
1 

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 Dl, 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 c. 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 ES-El0. 

Example 3
1 

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. CS, Appendix C, for the deck sft�o.) 

The teletype input and response during run time is shown in table El2. 



Tables El3-El5 show partial outputs of soil moisture content in inches 

and percent and CI predictions. 

Example 4
1 

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 El6. The weather data setup is shown in 

fi2s. C2 and CJ, Appendix r.. The teletype input and response for the 

Freeze-Thaw model are presented in table El7. Table El8 is a listing 

of the required soil moisture content and weather data output by the 

program. 

ES 



ooc,01 
000112 
00003 
00!104 
oouos 
00006 
00007 
00008 
00009 
00010 
0 0 I) J l 
00012 
00013 
00014 
00ll15 
OO•J 16 
OO•J 17 
00018 
001119 
0Citll•) 
00021 
00012 
O(lul.3 
00C<14 
00025 
00026 
ooo;n 
00028 
00029 
ooo.so 
0011J1 
oou.s2 
OOtlJJ 
oou.s◄ 
OOOJ5 
000.S6 
00i,J7 
oo,1.S8 
001l.S9 
oou4o 
001141 
00042 
0004.S 
00044 

l 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
J 
4 

Table El 

Example 11 Data File Printout 

RlF'LI: TS0002 M M 
1 0.10;.1 0.100 

1.35 1.53 

2 11 .11?571 
2 12 • l:875938
2 21 • 233207
2 22 . 404195 
2 31 ,198281 

7!:-0, o. 750.
.892538 -2.41564
,146577 -.303785 

- • 454052 • 359594
-2,2826 5,68009 

-1.61755 7,46858 
2 32 1.01464 •24.9913 255.935 

1,53 1.so o.9o o.39 
0,0 10.12 -1.64

o.960 o.◄◄o o.760

3 1,86 
4 •J • 0
b 0,700 

0. 30 0.
2,34487
,127866

-,0938728 
-6,27261

-10,673
-1102,69

0,24 
0,0 
-0,04

2.12 
2. 52

2,26
2,43 o.66 o.9o 

SPEClF'JC RELATIONS 

o. 300,
•1•01126

o. 
o. 

2•52196 
O, 

1693.1 

o.o

-0,06

7 
7 
7 
7 

LOCATION - RlrLE RANGE• VICKSBURG, MISS, 
SOIL - COLLINS SILT LOAH 

VEGETATION - HERBACEOUS 
7 RECORD - 13 APR 1951•31 OFC 1952 
fl2 13 4 51 
9 8 45l. 77.77 77.77 77.77 77.77 
915 45i 
922 45.i. 
929 45l 
9. 1 S!.>t
IU 1 1; !:J 51
9 8 551
91 ', �!;-.t
922 ':>51 

929 551 
9 1 651 
9 8 651 
915 65.i. 
922 l:>51 
929 651 
9 1 751 
9 8 751 
91? 751 
9,'2 751 
9"9 751 
9 1 851 
9 8 8!:>1 
915 8!>1 
922 851 
9.!9 R5l 

.02 

• 41'1
.81

,28 

• 4 1 

• 4, 

.24 
• 72

.os 

,22 

.06 

77.77 
,63 

,02 
,13 

.01 

.03 

,02 
2,69 

,64 

,88 

2.66 

1,61 

o. 

.163761 
o. 

o. 
o. 
0. 
o. 

-5.815
-0.02



Table E2 

Exaaple 1
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. 

JS INPUT RAINFALL IN CM, 
INPUT10lS60 

? 2 

IF YOU WANT OUTPUT MOISTURE CONTENT JN: 
INCHES ENTER A lJ CM ENTER A 2 

1NPUT&OlS90 
, l 

NAME LAYERS I AND 2 SOIL MOISTURE CONTENT FILES• 
EXAMPLE•xx1001.xx2001 

INPUT101620 
'> AM100l,AM2001 

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT, 
1NPUTS016la0 

, 1 

NAME LAYERS l AND 2 PERCENT MOISTURE FILES• 
EXAMPLE&XX100t.XX2001 

INPUT101680 
, AP100l ,AP200l 

IF YOU HAVE AIR TEMPERATURE• ENTER A TJ IF NOT A 9 
INPUT IOI 710 

, 9 

IF YOU HAVE SNOW DEPTH<M>,ENTER AN SNJ IF NOT A 9 
INPUTl0l740 

, 9 

WHAT IS YOUR INPUT SOURCE, 
ENTER* 1 FOR SURFACE COMPLEX GROUPS. OTHERWISE A 2 
INPUT101780 

, 2 

l of 2 sheets



Table £2 (concluded) 

EN1"ER THE NAME OF YOUR INPUT FILE 

INPUT:01810 

'> DARJFH 

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE 

INPUT DATA FILE'> 

JNPUTt01R40 

? 2 

SITE RIFLE 

TEXTURE 
DENSITY 

BEG MC 

MAX-MIN MC 

TS0002 

M 
1-35
2. 12

M 

a.53
2•26

2•520 2.430 0•660 

. SPECIFIC RELATIONS 

LOCATION • RIFLE RANGE1 VICKSBURG1 MISS• 
SOIL - COLLINS SILT LOAM 

VEGETATION - HERBACEOUS 
RECORD - IS APR 19S1-31 DEC 1952 

0•900 

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 LAYERSJ2121l1l 

INPUT: l 31 RO 

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED1ENTER 
NODATA IF A FILE IS NOT TO BE USED• 

EXAMPLE:FOR RCI FOR BOTH LAYERSJNODATA1NODATA1XXlOOl1XX2001 

INPUT: l 3220 
'> AClOOl1AC200l1ARlOOl1AR200l 

STOP 

RUNNING TIME: 78•1 SECS 1/0 TIME 42•6 SECS 

2 of 2 sheets 



Table E3 

Example 11 Predicted Soil Moisture Content in Inches 

SPEC1r1c RELATIONS 
LOCATION - RJrLE RANGE, VICKSBURG, HISS, 

SOIL - COLLINS SILT LOAM 
VEGETATION - HERBACEOUS 

REC�RD - 13 APR 195t-31 DEC 1952 
SOIL MOISTURE IN/6 IN 

6 - 12 JN LAYER

r;Ay APRIL 1951 
a-14 2.23 2,20 

1s-21 2.17 2,14 2.11 2,08 2,25 2.22 2,36 
n-2b 2,J3 2,31 2,28 2,25 2.2� 2,19 2,16 
2Q•31f 2.12 2,09 

CAY MAY 1951 
1- I 2. l-6 2,03 2,01 1,9t 1,95 1,93 1•90 
8·14 1.88 1.98 1,99 1, 9;,>. 1-87 1.81 1•75 

15-21 1.f9 1,63 1,57 1,53 1,45 1,40 1,34 
n-2t1 1,30 1.26 1,22 l,H. 1,15 1,13 1-10
29-31 1. r 8 1.06 J • 04 

CAY JUNE 1951 
] - I 1. 1. 3 1.02 1.00 C,,99 o.9e 0,98 0•97 
a-14 l. 96 1.05 1,74 1,68 l, 62 1,55 1•74 

1':>·21 1.67 1.78 1,72 1,79 1,80 1, 74 1•68 
2?·2tl 1,62 1.56 1.50 1,44 1,39 1,34 1•63 
29-30 1. 10 1,71 



DAY 
1- I

e-14 
15•21 
22-2a 
29·31 

DAY 

1- I

8•14 
15-21 
22•2ij 

DAY 

1- I

a-14
15-21 
2z-28 
29-31 

['AV 

1- I

a-1• 
1s-21 
2r2t1 
29•3(1 

DAY 
l - I

6•14 
1s-21 
n-26 
29-31 

DAY 
1- I

a-14
15-21 
22-26 
29-30 

Table E4 

Exwle 11 Predicted Soil Moisture Content in Percent 

24 .18 
24,78 
23.94 
24,30 
25. 11

25,85 
24,66 
25.94 
26. i 16 

25,42 
24.78 
24,33 
25.82 
23.60 

22.59 
21,96 
23.20 
21.42 
23,'16 

22,40 
22.87 
20.!J3 
24,11 
26. ,,4

23.61 
19. :,3
1◄.61
11.97
1!J,82

lOENTJFICATJON NUMBEk: RIFLE TS0002 
PERCENT MOISTURE CONTc�T 

6 • 12 IN LAYE:R 

JANUARY 1952 
24.0� 23.91 25.64 25.35 25.12 24.94 
24. 8(1 24,66 24.52 24.36 24,22 24•01 
23.87 23.86 23.66 23.86 24.59 2◄,45 
24,14 24,00 23,89 23,86 25,63 25•34 
24.93 24,78 

rEBRUARY 1952 
25.54 25,27 25.38 25,14 24,95 2-1,80 
24.52 2-1,38 24.22 25, 71 25.42 25,17 
26.27 25,96 25,65 25,3b 25.99 25,68 
25.76 25.46 26,01 26,3'1 26.0?. 25, 71 

MARCH 19!>2 
25,17 25,94 25.63 25,35 25,12 24,93 
24,80 25,87 25,58 25,28 24.97 24•66 
24.00 23,66 25,5A 25,28 24,97 24,66 
25,52 25,22 24,91 24,60 24,27 23•94 
23.26 22,92 

APRIL 1952 
22.21 21,96 23,26 22,93 22,60 22,27 
21,66 21· 77 21-47 24•22 23,88 23•54
22.87 22.54 22.22 21,91 22.02 21•71 
25.04 24,73 24,41 24,08 23.74 23•40 
22.73 

MAY 1952 
24,86 24,54 2◄.21 23.88 23,54 23•20 
22.54 23.27 22,61 21.97 21.33 20,68 
19.36 18,69 23,78 25,61 24.75 24•01 
25,69 26,06 25,13 24,34 23.63 25•57 
25.10 24.32 

JUNE 1952 
22,95 22,30 21.66 21,01 20.36 19,70 
18, 36 17.68 11.01 16,37 15.74 1'• 16 
1◄.10 13,64 13,23 12.86 12,53 12•24 
11. 74 11,54 11,36 11.20 11.06 10,93 
10.72 



DAY 

J - i 244. 
t1-14 2J4, 

15-21 i:!48, 
12•28 24�. 
29·31 2 -Sv. 

('AY 
1- 7 219. 
a-14 2.S6. 

15-21 2U. 
2;;-28 216. 

t;AY 
:- I V5. 

a-14 ;,L�5. 
15-21 242, 
22-20 219,
�9-31 2�4. 

CAY 
\- I 27.S. 
a-14 266, 

l'>-2t 261. 
2?·26 298. 
29-30 264, 

DAY 

1- I 277. 
s-14 268, 

15-21 332. 
22-28 24�. 
29-Jl 216. 

CAY
1- l 254, 
e-14 361. 

15-21 557. 
22-28 750, 
2Q•30 75u. 

Table ES 

Example 11 Predicted Cone Index 

l�ENTltlCATION NUMBER: Rl,LE TS0002
CONE INDEX 

6 - 12 IN LAYER 

JANUARY 1952 
247. 249. 222. 226. ?.29. 
234. 236. 239, 241. 243.
249, 250. 250. 251). 238, 
245. 247. 249. 2so. 222. 
2.s2. 235,

rEBRUARY 1952
223, 227, 226. 229, 232, 
239. 241- 243. 221. 225. 
213, 217, 222. ?26, 217. 
220. 224. 217. 212. ?17. 

MARCH 1952
229, 218. 222. 226. 229.
233, 219. 223. 221. 232.
247, 253, 223. 227, 232,
224, 228. 233. 237. ;!43,
260, 266,

APRIL 1952 
279. 286. 260. ;.>66, 273, 
292, 290. 297, 244. 249,

267, 274, 280. 287. 285.
231, 235, 240. 246, 252,
270, 

HAY 1952
233, 238, 244. 249. 255, 
274. 260, 272. 286, 300, 
351, 372. 251. 222. ?35.
221, 216, 229, 242, 254.
2Jo. 242, 

JUNE 1952 
266, 279, 292, 307. 323.
383, 408. 434. 463, 493. 
590, 623. 656. 687. 717.
750, 750. 750. 750, 750.
750, 

232. 
246, 
2◄0. 
226. 

234. 
229. 
221. 
221. 

2J2, 
236, 
236. 
248, 

279, 
255. 
291. 
2�8. 

261, 
315, 
247. 
223. 

J4t, 
525. 
745, 
750, 



Table E6 

Example 2
1 

Data File Printout 

00012 3 2,12 2,26 
00014 1 SURFACE COHPOSITiON GROUP 0808

00015 1 LOCATION - RIFLE RANGE, VICKSBURG, MISS,
00016 7 SILT, FINE GRAINED, ORGANIC MATTER 0-7 PERCENT 
00017 7 INTERNAL DRAIN•GE-CLASS 1 
00018 7 RECORD • 13 APR 19�1-31 DEC 1952 
00019 82 13 4 St
00020 9 8 451 77, 77 77,77 77,77 77,77 11.n .02 
00021 915 451 ,63 2,69 
oou22 922 451 
00023 929 451 .02 
00024 9 1 551 .03 
00025 81 10 5 51 
00026 9 8 551 ,47 .22
00027 915 551 .01

00028 922 551 
00029 929 551 
ooo.so 9 1 651 
00031 9 8 651 ,43 1,79 .02 ,64 

000J2 915 651 ,47 ,40 .13 

00033 922 651 ,88 

000$4 929 651 ,40 ,24 
000.55 9 1 751 ,81 ,72 
00036 9 8 751 
00037 915 751 
ooo.se 922 751 ,28 ,05 ,06 ,01 2,66 

OOOJ9 929 751 
00040 9 1 851 
00041 9 8 851 
00042 915 851 ,06 1,61 
00043 922 851 
00044 929 851 
00045 9 1 951 ,58 ,03 
00046 9 8 951 ,71 ,07 2,14

00047 82 21 ' 51
00048 915 951 ,03 
00049 922 951 ,89 3,82 
00050 929 951 
000!,1 9 11051 ,04 

OOQ!,2 9 81051 
000�3 9151051 
00054 83 24 10 51
000!>5 9221051 ,84 

000,6 9291051 .01 .33 



Table E7 

Example 2. Teletype Input 

FOR JNFORMATJON ON RUNNING THJS MODEL SEE USER'S MANUAL• 

WHEN ANSWERING YES OR NO QUESTIONS1 
USE 1 FOR YES AND 2 FOR NO• 

JS JNPUT RAINFALL JN CM? 
lNPUT:01560 

? 2 

JF YOU WANT OUTPUT MOISTURE CONTENT lNt 
INCHES ENTER A IJ CM ENTER A 2 

INPUT:01590 
? 1 

NAME LAYERS 1 AND 2 SOIL MOISTURE CONTENT FILES• 
EXAMPLEtXXl08l1XXll8l 

INPUTt0l628 
? MC 10011MC2011 

DO YOU NEED OUTPUT MOISTURE CONTENT lN PERCENT? 
lNPUT:01641/J 
? 1 

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES• 
EXAMPLE:XX10011XX211l 

lNPUT:01680 
? PM10811PM2001 

lF YOU HAVE AIR TEMPERATURE1 ENTER A TJ IF NOT A 9 
lNPUT:01710 
? 9 

IF YOU HAVE SNOW DEPTH(M>1ENTER AN SNJ IF NOT A 9
lNPUT:01740 

? 9 

WHAT IS YOUR INPUT SOURCE? 
INTER: l FOR SURFACE COMPOSITION GROUP1 OTHERWISE A 2 
lNPUT:01780 

? I 

1 of 2 sheets 



Table E7 (concluded) 

ENTER THE NUMBER OF YOUR SURFACE GROUP 
INPUTi01890 

? 0808 

SITE 
TEXTURE 
DENSITY 
MAX-MIN MC 

ENTER NAME OF 
INPUT:02770 
-- · - . 

1 DA0808 

8808 
C C 

1 .34 1 ·"' 
2.990 

RAINFALL FU,.E 

BEG MC 2.12 2.26 

2.s00

SURFACE COMPOSITION GROUP 0808 
LOCATION - RIFLE RANGE., VICKSBURG., MISS• 

SILT, FINE GRAINED., ORGANIC MATTER 0•7 PERCENT 
INTERNAL DRAINAGE-CLASS l 

RECORD - 11 APR 1951-31 DEC 1952 
00 YOU WANT CONE INDEX FOR FIRST SOIL LAYER? SECOND LAYER? 
RCI FOR FIRST LAYER7 SECOND LAYER7 SEPARATE ANSWERS 
WITH COMMAS• EXAMPLE:FOR RCI ONLY FOR BOTH LAYERSi2,2,l,l 
INPUT:13180 

, 1,1 .. 1.,1 

ENTER NAMES OF SOIL STRENGTH FILES TO BE USED1ENTER 
NODATA IF A FILE IS NOT TO BE USED• 

EXAMPLE:FOR RCI FOR BOTH LAYERSJNODATA.,NODATA,XXIOOJ.,XX2001 
INPUT: 13220 

? AC1001.,AC200l.,ARIG01.,AR2001 

STOP 

RUNNING TIME: 81•5 SECS 1/0 TIME 

2 of 2 sheets 



Table ES 

Exaaple 2
1 

Predicted Soil Moisture Content in Inches 

suR,ACE COMPOSITION GROUP 0808 
LOCATION - RtrLE RANGE, VICKSBURG, HlSS. 

SILT, r1NE GRAINED, ORGANIC HATTER 0•7 PERCENT 
INTERNAL DRAINAGE•CLASS 1 

RECORD - 13 APR 1951•31 DEC 1952 
SOIL MOISTURE lN/6 IN 

6 • 12 lN LAYER 

CAY APRIL 1951 
6·1 4 2,24 2,22 

1 •,-21 2.21 2.19 2.11 2,15 2,28 2,27 2·'7 
2 - •2d 2.55 2.53 2,52 2.50 2,48 2,46 2,45 
c!<J•J,\ 2.43 2.41 

CAY HAY 1951 
1 - I 2,40 2.38 2,36 2,34 2,33 2,31 2,29 
s-14 2.27 2,37 2,41 2,37 2,33 2.30 2,26 

1Ci•21 2.22 2.18 2.15 2,11 2,07 2,03 2,00 
v-2t:1 1,96 1,92 1.88 1,84 1,80 1,76 t,73 
29-31 1.69 1,65 1,61 

r•v JUNE 1951 
1- I 1.57 1.53 1.49 1,45 1,41 1.38 1•34 
t1-14 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 
2::i-2t1 1.78 1,74 1,70 1,66 t.62 1,58 1•77 
29-3 1.I 1,84 1.89 



CAY 
I• ,. 

a-1 •;
15-21
22-21:1
29•31

DAY 
,- I 

a-14
1s-2.1. 
22-2i,

f.AY 
-, I 

f:!•t4 

15-21
2?-28
29-31

r,Ay
, - I 

E•t4 
1�·21 
2;•-2H 
21,,-31.1 

t'AY 
I - 7 

a-1 4

15-21
22-21:S
29•3.l 

CAY 
j - I 

'!•14 
11;;•21 
2?•26 
29-J(:

Table E9 

Example 2, Predicted Soil Moisture Content in Percent 

32.JJ
32.1.'5
31,90
32, IJO
32.115

.S2.36 
32.10 
32,48 

33.10 

32,80 
32,54 
32,07 
32,30 
30.89 

30.29 
30,27 
31,18 
J0,20 
30.50 

30.10 
30,46 
28,95 
31,30 
32.46 

31,13 
28.08 
25,(12 
21,86 
18,62 

lDENTirtCATION NUMBER: 0808 
PERCENT MOISTURE CONTENT 

6 - 12 IN LAYER 

JANUARY 1952 
32.22 32.11 32,47 32,36 32,26 u,1, 
32,53 32,42 32.32 32,21 32 ,11 32,00 
31,79 31,69 31,58 31,48 32,21 32,11 
31,90 31,79 31,69 31,59 32,26 32•15 
31,94 31,84 

reBRUARY 1952 
32,25 32,15 32,52 32,42 32.31 32,21 
32,00 31,89 31,79 32,34 32,23 32,13 
32.83 32,73 32,63 32,52 32,88 32,78 
33,00 32.90 33,10 33,10 33,00 32,90 

MARCH 1952 
32,69 33,05 32,95 32,85 32,74 32•64 
32,73 33,08 32,88 32,68 32,47 32•27 
31.87 31,67 32,29 32,09 31,89 31,68 
32,09 31,89 ll ,69 31,49 31,29 31,09 
30.69 30,49 

APRIL 1952 
30,09 29,89 31,07 30,87 30,67 30,47 
30,07 30,60 30,40 31,78 31.58 31,38 
30,98 30,78 30,58 30,38 30,60 30,40 
31.7:'J 31,50 31,30 31,10 30,90 30,70 
30,30 

HAY 1952 
31.66 31.46 31.26 31,06 30.86 30,66 
30,26 31.13 30,69 30.25 29,82 29,38 
28.51 28,08 30,85 31,96 31,52 31,08 
32,14 32,50 · 32, 05 31.61 31,17 32•09 
32,01 31,57 

JUNE 1952 
30,69 30,26 29,82 29,39 28,95 28,52 
27.65 21.21 26,78 26,34 25,90 25•46 
24,57 24,12 23,68 23,22 22, 77 22•32 
21,40 20,94 20,47 20,01 19.55 19•08 
18,16 



DAY 
1- I 119. 
8•1<1 122. 

1s-21 123. 
22-21:S 122. 
29•31 122. 

DAY 
,_ I 119, 
8•14 121, 

15•21 ue. 
2J-2tl 112, 

r.Ay 

J• I 115, 
P.•14 117, 

15•21 122. 
22•2tl 120. 
29-Jl 134. 

DAY 

l. I 141. 
a-1-. 141, 

15-21 131. 
22-2t1 142, 
29-Jll 138, 

CAY
] .. I 143. 
a-14 139, 

15-21 158, 
22-21:1 129, 
29•31 118. 

DAY 

1- I 131, 
e-1-1 17U, 

15-21 228. 
2;,�21; 321. 
29-30 481. 

Table ElO 

Example 2
1 

Predicted Cone Index 

lDENTlflCATJON NUMBER: 

CONE INDEX 
6 - 12 JN LAYER 

JANUARY 1952 
120, 121. 118, 119. 
111. 118. 119. 120.
12◄• 125, 126, 128.
123. 124, 125. 126.
123. 12◄•

FEBRUARY 1952
120, 121, 117, 118, 
122. 123. 124, 119, 
115, 116, 116. 117.
113. 114, 112. 112.

MARCH 1952
116, 113, 114. 115,
116, 112. 114. 116,
124, 126. 120. 122.
121. 123. 125. 127.
136. 138.

APRIL 1952
143. 145. 132. 13◄,
143, 137, 139, 124. 
133, 135. 137. 140, 
125, 127, 129. 132,
140, 

HAY 1952
126, 128. 130. 1J2. 
141, 131, 136, 1◄1. 
164, 110. 134, 123. 
121. 118. 122. 126,
122. 121.

JUNE 1952
136. 141, 146. 152.
171, 184, 192. 200.
238, 250. 262. 275.
338, 358. 378. 401.
'13,

0808 

120. 121.
121. 122. 
120, 121. 
120. 121.

119. 120.
120. 121.
114. 115.
113, 114. 

115. 116,
118. 120.
123. 125.
129, 132, 

136. 139.
127. 129.
137. 139,
134, 136, 

134, 136, 
146. 152.
127. 132,
131, 121. 

158, 164, 
209. 218.
289. 304.
425. 452.



Table Ill 

baaple 31 Data File Printout

0001 1 RIFLE TS0002 M M 

1. 
o. 

1. 

o. 4.

l •35

D002 2 5 1 I 

0003 61121 
0004 1.11 

0005 61122 

0006 1•24 

0014 7 

0015 7 

0016 7 

0017 7 

0018 7 

TENTATIVE AVERAGE PREDICTION RELATIONS 

LOCATION • RIFLE RANGE, VICKSBURG, MISS• 

SOIL • COLLINS SILT LOAM 

VEGETATION • HERBACEOUS 

RECORD • 1a APR 1951-31 DEC 1952 
0019 82 13 4 51 

0020 9 8 451 77.77 77.77 11.11 77.77 77.77 

0021 915 451 .63 
0022 922 451 
0023 929 451 

0024 9 1 551 
0025 81 10 S 51 

!)026 9 8 551 

)027 915 551 

0028 922 5S1 

0029 929 551 

3030 9 1 651 

!>031 9 8 651 
3032 915 651 

3033 922 651 

)034 929 651 

0035 9 1 751 
)036 9 8 751 

)037 915 751 

)038 922 751 

)039 929 751 

)040 9 1 851 

)041 9 8 8S1 

)042 915 851 

)043 922 851 

)044 929 851 

)045 9 l 951 
)046 9 8 951 

)047 82 21 9 SI 

)048 915 951 

)049 922 9S1 

)050 929 951 

.22 

•28 •05

.ss 

.01 

•03

.02 

2e69 

•64

.03 

o. 

o. 

o.



Table El2 

Example 31 
Teleqpe 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• 

1S INPUT RAINFALL IN CM? 

lNPUT:01560 

? 2 

IF YOU WANT OUTPUT MOISTURE CONTENT lN: 

INCHES ENTER A lJ CM ENTER A 2 

WPUT:01590 

? l 

NA.MI:: LAYE:lS 1 AND 2 SOIL MOISTURE CONTENT FILES. 

EXAMPLE1XX1001,XX2001 

INPUT:01620 

? MCl001.,MC2001 

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT? 

INPUT:01640 

? I 

NAME LAYERS l AND 2 PERCENT MOISTURE FILES• 

EXAMPLE:XX1001,XX2801 

lNPUT:01680 

? PM1001.,PM2001 

lF YOU HAVE AIR TEMPERATURE, ENTER A TJ IF NOT A 9 

INPUT: 0 I 7 10 

? 9 

lF YOU HAVE SNOW DEPTHCM>.,ENTER AN SNJ IF NOT A 9 

INPUT:01740 

? 9 

'.fflAT 1S YOUR INPUT SOURCE? 

D�TER: 1 FOR SURFACE COMPOSITION GROUP., OTHERWISE A 2 

lNPUT:01780 

? 2 

ENTER THE NAME OF YOUR INPUT FILE 

INPUT:01810 

? DTARIF 

1 of 2 sheets 



Table El2 (concluded) 

ARE MAX AND MIN SOIL MOISTURE EQUATIONS INCLUDED IN THE 
INPUT DATA FILE? 
INPUTs01840 
? 2 
-

SITE RIFLE TS0002 
TEXTURE M M 
DENSITY 1.35 
SOIL PROPERTIES 

0.001 0.0e0 
SOIL PROPERTIES 

1 .53 
1 .12100 

0.000 
1.000 

s.000 78.000 17 .000 

4.01110 
18.800 

0.000 0.000 0.000 le240 0.000 4e000 
MAX-MIN ·Mc 2.927 .. 2.954 .. 0.778 0.880 ..

TENTATIVE AVERAGE PREDICTION RELATIONS 
LOCATION - RIFLE RANGE, VICKSBURG .. MISS• 

SOIL - COLLINS SILT LOAM 
..

VEGETATION - HERBACEOUS 
RECORD - 13 APR 1951-31 DEC 1952 

LAYER • 1 
CONE INDEX EQ. A• l•322739227E+01 

B• -2�405180618£+00
LAYEH • 1 

RATING CONE EQ. A• 
B= 

LAYE;-t • 2 
CONE INDEX EQ. A• 

B• 
LAYEH • 2 

2.237862116£+01 
-S.421705970£+00

t.362313798£+01
-2�513599087£+00

RATING CONE EQ. A• 2.237669960£+01 
B• -5�400542561£+00 

DO YOU WANT CONE INOE>CFOR FIRST SOIL LAYER? SECOND LAYEltt 
RCI FOR FIRST LAYER? SECOND LAYERt SEPARATE AN.SWERS 
WITH COMMAS. EXAMPLE:FOR RCI ONLY FOR BOTH LAYERSJ2121l1l
INPUTS 13180.. 

. . 

? 1 .. 1 .. 1,1 

ENTER NAMES OF SOIL STRENGTH FILES TO BE USEO .. ENTER 
NODATA IF A FILE IS NOT TO BE USED• 

EXAMPLEsFOR RCl FOR BOTH LAYERSJNOMTA,NODATA.,XX1081,XX2911
INPUT: 13228 

. . 

? IC10011IC28811HR10811MR288l 

STOP 

RUNNING TIME: cSS.6 SECS I/0 TIME : 39.7 SECS 

2 of 2 sheets 



Table El3 

Exaple 31 Predictecl Soil Moieture Content in Inches 

TENTATIVE AVERAGE PREDICTION RELATIONS 
LOCATION - RlrLE 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 

['AV APRIL 1951 
8-14 2,80 2,68 

1�-21 2,59 2.50 2,42 2,35 2,48 2.40 2,71 
2e>•2s 2,61 2,52 2,44 2,37 2,29 2,22 2•15 
29·3u 2, (•9 2,02 

DAV HAY 1951 
:- / 1,96 1,90 1,84 1,79 1,74 1,69 1•65 
e-14 1.61 1.71 1. 74 1,66 1,57 1.50 1•43 

15-21 1,37 1,31 1,26 1,21 1,11 1,13 1•10 
22-2t1 1. i!7 1,05 1.02 1.00 0,99 0,91 0,96 
29-31 0,95 0,94 0,93

CAY JUNE 1951 
1- 7 ('I, 92 0,92 0,91 0,91 0,90 0,90 0,90 
8-14 0,90 0,98 1.36 1,31 1,26 1.21 1,34 

15-21 1.28 1.38 1,32 1,40 t.42 1,35 1•30 
22-28 1,25 1.20 1.16 1,13 1,09 1.07 1•25 
29-JO 1,33 1,37 



Table El4 

Example 31 Predicted Soil Moisture Content in Percent 

1 DENT In C"A'Tl ON NUM8ER: wmr TSff02 
PERCENT MOISTURE COhTENT 

6. • ft IN LAYER

CAY JANUARY 1952 
1-· r·-· ---n:-6"3"' 29.S(i 2f.31 !o.84 36.6! 30.41 J0,23
d•14 3D,t6 30.50 30.31 30.13 29,96 29.81 29,66 

1r;-21 ,9.52 �t�·39 2v.26-·2J�14·-2·9.cf3�:e3-·w.w 
22•2ij 29,54 29,41 29,28 29.16 29,0� 30,71 30•50 

�y-31· 30�31 30 .. 13 �-96 . - . . - ..
DAV FfBRUARY 19�2 

-···1--1 ·-317;;9 ,o,a3 30.61 30.06 3o.'2 Jo.51 30•32
a-14 30.14 29,97 29.8? ?9.67 30,69 30.48 30.29 

-ys-21· .. 31.21 . l"LST -n.21·· 3f.oo· ""'Jo·. ?6- 3r.·39·-31-;-i1 .. ·---
22-2a 31.53 31,23 30.97 31.◄6 31.19 31.45 31,16

DAV 
· · · ·- -· 

iORCH 
.. ·- -·ns2 --- -· ···- -- .

1- 1 30,91 30,68 31,36 31,08 30,84 30.62 30,41 ··-11.y,r·· 29.95 30.13 31.14 30.6i 30--:-P 29,69·-.... 29-..... 2"""6 ___ _ 
15-21 28.84 28.43 28,03 ?9,76 29,33 28,91 28•50 
22-2e ·· ·-3-i:1 ;·49 -:rn-�-nr��,a-· 2ir.r, 2e.,4-·2s;33·· 27·."'"9r ------·
29-31 27.53 27,13 26,74 

tAV ···· ··--·-· - -· 
.lPlUL . - 1952. -·- ... -- - ··--- ----·· 

1- I 26,34 25,95 25,57 26,66 26,27 25,88 25,◄9 . --s•t4 2,.11 24. 73 25,22 ;>4.8◄ 26,64 26,25 25,86
15-21 25.48 25.09 24,71 24,34 23,97 24,17 23,81 
22 ·28 --·2�:,14 ··25·. 83'-�s:.n· ---��-06 '"'24 :6T-2'"4. '31 -·23-;ir,r· -·· ---·· 
29-30 23,57 23.22 

DAY -·-fiAY-
-- . 

1952
·-. - .. -- . -·· ... -·---·

1- I 22,8 7 24.53 24,16 23,79 23,43. 23.08 22,73 --u--14 21.98 21.24 22,D4 21,30 20,57 19,86 19,16 
15-21 18,48 17.83 11.20 20,18 21.08 20,36 19,65 

·· ·22-2s · 19.85 n.4r-2r.n-·-2·3;-rir· ·c2�35 21;o·o-··2"3736 __ _
29-31 24,52 23,74 22,97 ·oAY ...•. - -- . .. JONE .. ----- 1�2 -- --- ---- - ·-· -·· -··-·

-,r-14 
15•21 
"22•"21:J- -
29-30

22.21 21,47 20,74 20.02 19,32 18,64 17,98 
11.34 16.14 16.16 !5,6! 15,10 14,62 14•18
13.76 13,38 13,03 12,71 12,42 12,15 11•91 

·u:'"69 · 11;4'1 ir�n· -11-:1--.r 10.99 -Hr.s-6 10,13 --·
10,62 10,52 



Table Bl5 

Example 3
1 

Predicted Cone Index 

· IDENTJrrcATTIJN N1JH�'ERT RIF'Li ISOlf02 .. .. - ---·
CONE INDEX - ... 6 -

. f2 IN 
.
LmA·

-
-

-
-· - ·-·. ····-. - -

-·-
---

•·• ····-----

CAY JANUARY .. 1"· --r·--··10,. 161, i69, 150;-
8•14 16C, 154, 156. 159.

15•21 .167� ·--·u,r.--1,1-:-. 112·�
22•28 167. 168. 110. 172.
29-31 1s6. --f!r.-·nr:- ·· 

1952 
152 , 155, 191 • 

DAY F'ESRUARY 1952 
1 - 7 14 1. 150. 152. 148. -..-,15""'1:-,---,-,15..-4,....,--i..-5.,.6""".----
� • 14 158. 161, 163, 165, 151, 154, 156, 

1i,-21 
-

ur. ··1,n.·-. -1.◄s-;- ·-··10·�· ... rs-1. · 1-•r.- 1•,. · · 
22-28 141, 145. 148, 142. 139. 142. __ 146, ________ _

DAY -··-•··-•-71AR·cH 
.
. ·162·. 

J* , 149. 1s2. 143. 141. 150. 152. 1s,. 
--11-;;r"· -·--161. 1,9. t46. 1,2. ··- 159. 165, 171, 

15•21 177. 183, 190. 164. 170, 176, 182, 
22·28 ·- 15-r. 10·0-:--··10r.-172� -p-v-; ... f8'5:. .. tV2 • -·
29·31 199, 206, 214, 

DAY -· APRTL-- ·- ff52 ___ -------
1- 7 222. 230, 239, 216. 224, 232, 241.
8•f'f- 251. 260, 241. 257, 216, 224, 233,

15-21 241. 251, 261, 271. 2&1. 275, 286, 
22 -2 a 2·<> r.-· ·-n 3 • 2 4-2 :-·--2s � ·:· · ·--ro :- · ··2r2:·--2T2-. --
29-3 o 293, 305, 

DAY --·-------•-· 
MAY 

-
-rm--·-----·-·-·-·· .. 

1- I 311, 266, 276, 287, 298, 310, 322.
- --s-�1r· 35(1. 381. 347. 379. 413, ◄51. 494.

15-21 540. 591. 647, 433. 388. 424, 463. 
22-2·s ·· 452: 332. 284. ""3�-.-··-,n-. -J6S:-,-O·o-.----·
29-31 266. 288, 313 •
.. OAY -- ·- .. • 

JUiie-- -· ----n5"Z-
l* I 341, 371, 405■ 442, 483. 529. 579.

-- ·-r-14 634. 693. 750. 750. 750. 750, 150.
1!:-•21 75ri, 750. 750, 750. 7SO. 750, 750. 
2�2a · 1sir;·· ··150. 750. 7511:---·15"'cf.-·,;l>-,-·-,so;:--.--
29-30 75':, 750, 



Table £16 

Example 4. Data File Printout with Air Temperature and Snow Depth 

1� 3 6.15 5.74 
30 7 SENSOR STUDY 
40 ., WEST GERMANY WURZBURG AREA 18 
50 1 SURFACE COMPOSITION COMPLEX GROUP 0606 
60 7 SAND WITH FINES.t POORLY DRAINED 
·10 7

fH) 83 1 58 
90 9 l 158 .01 • 13 • 31 1•96
100 9 1 158T 4.9 1·6 •3•6 -4•3 ?. • 7 607 3.7
110 9 8 158 • 14 .30 1•33 .o 1 •03 ·66 •46
120 9 8 158T 1•6 2•6 2•8 5•0 2.3 2•5 2.0 
130 915 158 ·02 .02 ·10 •64 .09 

140 915 158T l•O 0·8 1 • 3 2.1 2.0 -2.3 -1.9
150 915 I 58S •04 •04
160 9H2 I 58 .01 •40 •01
no 922 1581' -0•6 -3•4 -3•8 -3.0 -3. 1 -1.2 •4•0
mo 9?.2 158S •04 .02 .02 .09 •06 .os •OS

190 929 158 
200 929 158T -6•9 -s.o -1•4
?.10 929 158S .04 .04 •04
220 9 1 258 .04 •38 1•18 •64
�30 9 1 256T -3•2 -1 •6 1 •2 -1.3 3.0 o.o -2•8
�40 9 1 258S .04 •04 •04 .01 .02 .07 
?.50 9 8 258 •40 •60 •14 l 008 • 10 • 12

260 9 8 258T 3.0 7•2 7.4 608 10•6 9.0 14• 7 
270 9 8 2585 •09

280 915 258 •24 .07 • 53 .97 
290 915 258T 13•3 9.9 2. 1 -1.6 -1 .2 1•7 3.3 
300 915 258S •01 .01 

310 9P.2 258 lo54 .01 1•74 1.00 .03. .37 
320 922 258T -0·6 0.9 4•0 8·2 -0•6 .3.4 -1 • 7
330 922 2585 •01 .03 
340 9 1 358 004 .59 
350 9 l 358T -1 .9 1•9 2o0 2·6 406 2o0 -0.2
360 9 8 358 006 • 17 1•44 .09 .02 ·61
:no 9 8 358T •Oo4 •2•2 •4o2 •6•0 •4o2 -3•2 -2.3
3�0 9 8 3585 .01 .02 • 12 o 12 oOS .os •14

390 'J 1 S 358 •07
400 915 358T -3•6 -2o7 -2.3 -2.3 •Oo6 •2ol -3•7
410 915 358S .os .06 .04 
,,20 922 358 •01 .43 
430 922 358T -4•6 -3.3 -o. 1 3.4 5.4 9o4 9•6 
440 929 358 •55
450 929 358T 10•6 6•6 l•O 

460 9 1 458 .45 .03 .27 
470 9 1 458T l•O 2.1 5.4 10.7 600 6•5 2•4 
41SO 82 10 4 58 



Table El7 

Example 4
1 

Teletype Input 

FOR INFORMATION ON RUNNING THIS MODEL SEE USER'S MANUAL• 

T.JHEN ANSWERING YES OR NO QUESTIONS .. 

USE l FOR YES AND 2 FOR NO• 

IS INPUT RAINFALL IN CH? 

INPUTHH 560 

? 1 

IF YOU WANT OUTPUT MOISTURE CONTENT IN: 

INCHES ENTER A 1J CH ENTER A 2 

INPUTH'll 591!1 

? 1 

NAME LAYERS l AND 2 SOIL MOISTURE CONTENT FILES• 

EXAMPLE:XX11i101 .. XX2881 

INPUT:1!11620 

? CH1001,.CM2001 

DO YOU NEED OUTPUT MOISTURE CONTENT IN PERCENT? 

INPUT:01640 

? l 

NAME LAYERS 1 AND 2 PERCENT MOISTURE FILES. 

EXAMPLE:xx1001 .. xx2e01 

INPUTt01680 

? MP100l 1MP2001 

IF YOU HAVE AIR TEMPERATURE .. ENTER A TJ IF NOT A 9 

INPUT:01710 

? T 

IF YOU HAVE SNOW DEPTH<M>1ENTER AN SNJ IF NOT A 9 

INPUT:01740 

? SN 

WHAT IS YOUR INPUT SOURCE? 

ENTER: I FOR SURFACE COMPOSITION GROUP .. OTHERWISE A 2 

1NPUTt01780 

? I 

l of 2 sheets



Table El7 (concluded) 

Example 4
1 

Teletype Input 

ENTER THE NUMBER OF YOUR SURFACE GROUP 
lNPUT:01890 

? 0606 

SITE 
TEXTURE 
DENSITY 
MAX-MIN MC 

ENTER NAME OF 
INPUT:02770 

? DT2�1F 

0606 
C C 

I• 55 1.65 
2.420 

RAINFALL FILE 

SENSOR STUDY 

0.500 

WEST GERMANY WURZBURG AREA 18 
SURFACE COMPOSITION COMPLEX GROUP 0606 

SAND WITH FINES.- POORLY DRAINED 

0.540 

ENTER NAMES OF SNOW.-FROZEN SOIL DEPTH MODEL INPUT FILE 
EXAMPLE: FRD001 

lNPUT:12190 
? FR100DELETED 
? FR0001 

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 LAYERSJ2.-21l1l 
INPUT: 13180 

? 1..1 .. 1 .. 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 LAYERSJNODATA1NODATA1XX1001.-XX2001 
lNPUT:13228 
? IC100l.-IC20011CRl8011CR2001 

STOP 

RUNNING TIME: 175•1 SECS 1/0 TIME : 51.s SECS

2 of 2 sheets 



Table El8 

Example 4
1 

Input Data for Freeze-Thaw Model 

111ENtl rt c� fl 0� NUHllE R: , " 05"06 . - --·· .

F'ROZEN .!JEPTH OF' SOJ.L�CR�E-�".'1968> DATA INPUT F'l�E..!._ __ 

___ MEASURED SNOW DEPTH ____ ---------·----··--

- JlNUARY - 1958
DE:NSJTY: 0•15 CM L_AYER, _.!,55G/CMI 15-30 CH L�Y�R, 1,65G/CH

·s1ow· --P'R'E'CTP;;- -'lTR- .. ---so tc· 'lllff�---·· SO IL MUt�· -
DAY DEP'l'H,M ITATJCN,CM TEHP, C 0-15 CH LAYER,X 1'1-30 CH LAYER,X 

1 ._1.· ., u.·on - 4,90 . 2'5,79' .... ·- . ·2i.6t .. . 
2 .•• , u.01• .L,60 25,56 22,55 
3 ,. (1,01 -3;6()' 25,33 22,41 
4 -· •' 0.011 -4,30 25,10 22,27 !> ··).--r;--: ------ir;r3"--�--- 2◄.87. 22.1 ... 3---
6 ·'"' 0.31 6,70 25.10 22,30 
7 It_,,.• 1. 96 3: 70 .. 2'5 t (3 ·-·-2"2 • 61 · , ...
6 ,., ,l 0,14 1,60 25,19 22,47 
9 ·, f' 

r O, 3() - 2;'61) �5 • 52 ·-• -22 • ?7"
11• ,,:_1 1,3:t 2,8:J 25,84 22,83 
11 � •• ;::-:-- --7"7Ul-· "'5"':lJT-

-----z5,61 22,69 
12 _."' o.o� 2.30 25.Ja 22,55 
1J -.. : t a-. 66 .. �-; 51J --n·.-70 22, 83 
14 n'. 0,4t- l,00 26,02 22,83 
1., •;,._;:- - o.o, - r;oo··-- - · -75;79 ·-··22,6cf"···-·
10 , • ; o.on 1.1,80 25,56 _____ 22,55 
17 · : , ;r--1r.1Jt""-··---r;31r---· -z5'';-J3 --2"2--, .... ◄'""1-·---
lij • _,, o.o;:, 2.10 25.10 22,21 
19 :• _.. 0.111 2;,,n ·-z,.�s1

· -z2"',i.3 .. 
2(l . • :4 0,64 -i,31) 25.20 22•44
21 ,.-::4 0.09 - -1.90 ··74;9·6' ""'2'2�30 -
22 ;,:, 4 o.oo -.6(1 24,73 22.16 
2J . T, :;2·--· ·--rr:irr-·=-:r:,sr-- 24. 50 --..-2 ... 2-. 0..,2 _____ _
24 :•,-2 o.ori -3.8fl 24,26 21,88 
2!:> ),-,9 0,4'1 -3,01) --24.88 ··--·2"2'",f!·- ....
26 . , ,6 o.or, -J.10 24,65 21,99 
21 .. ,, 5 o.or, ·· -1.20 ·- 24,42 -zr.e;-- ·· 

28 'Jt.'� C,,01 -4,00 24,18 21-71
29 ··t;.".7f--·-u·.o:----�r.-9�-- -n-.-1), 21,51
3,1 ,t,4 0.l)" -5,00 23,73 21,43
31 ,,J4 •Lon -1.40 23.50 - '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 Fl. 

To run these programs, the user 1111st check the system, prograa compati­

bility, and the system library subroutines called by the program. A 

run-time input by teletype is shown in table F2. Figs. Fl-F6 are graphs 

of predicted soil moisture content and Cl 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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Table Fl 

Program Listing for Graphic Display of kesults 

1Uo$Ll8,AXISJ3,,,••• 
tl1SLl8,LATIC,,,oo• 
120SLIB,PLOTT,,,••• 
13 1 OlHENSION X(365),YCJ6�>,LAB1<16),LA82(16),LAB3<6> 
14:t DIMENSION MAX0<12 >, ICOH{2), IDLS<2>, IDYR(2> 
1,,, CuHMON IDUHMYC41lO>,DUH(20)
16·, DATA JX/iH ♦/ 

1/· 1 DATA HAXO/Jl,26,3t,30,31,30,3t,31,30,31,J0,31/ 
18•J LiJEV:3 
19" PriJNT,"ENTt:=R XMAX ANO XMIN" 
20H PHJNT, 11 EXAMPLE: 400., 0 . .. 

21P Rl:AO,XMAX•XMIN 
22 1

1 sex= ( XMAX•XMIN) /8. 
2J� SCALEX:8.0/(XMAX-XHIN> 
240 PnJNT•••ENTER YHAX AND YMIN'' 
2�� PHJNT," EXAMPLE: 48., O," 
261 REA0,YMAX,YMIN 
2'1 1 i sCv =<YHAX-YMIN)/6. 
28,1 St.;ALEY:6.0/(YHAX•YMIN> 
2Yn N=t 
301o CALL PLOTScLDEV> 
31" PRJNT,"TYP� IN DATA FILE NAME." 
32n RtAO 14,tlLNAM 
J3o 14 FQkMAT(A6) 
34 ,, Pk I NT, "ENTER NUMBER OF YEARS TO BE PLOTTED." 
3,f' Rl:AD,NPL 
36� PrlJNT,"DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH?" 
3/J PMJNT•" TYPE 1 rnR YES; 2 roR NO" 
38u Ri::AD,NOP 
39� CALL OPENF<l,FILNAM) 
40� PRtNT,"ENTER FIRST LINE OF HEADING CENTERED IN 48 SPACES," 
41U R�AD 1�2,LAB1 
42' PRJNT,t,"ENTER SECOND LINE OF HEADING IN THE SAHE HANNER," 
430 PHfNT,"SPACE AT THE END OF FIRST HEADING LINE IS RESERVED" 
44� PRtNT,"8Y THE PROGRAM FOR THE YEAR." 
45� RLAD102,LAB2 
46n 1J2 FORHATC16A3) 
4711 pHJNT,"ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES," 
48u R�AD 1 ,4,LA03 
◄Y� 1�4 FORMATC6A3>
50Q DO 2u0 K:1,NPL
51 11 L=l
521• Nl:1
53r, Mt;:O 

54L PRJNT,"ENTER BEGINNING DAY AND MONTH ANO ENDING DAY AND MONTH" 
5�P PRtNT,"FOR THIS YEAR. E�AHPLE:BEGlN 13 APR, ANO END 28 DEC." 
560 PHJNT•" ENTER: 13,4,28,12" 
57t. RLAD, lBEG, JHB, lEND, IHE 
581 1 JOA= 7 
59•, no tu� 1 J=1, 5 
600 P <l8f:G.LE.JDA>t8EG=<IJ-1)•7+t 
61� t►clBf:G,LE.JDA> Go TO 106 
62� 1 1 5 JDA:JDA•7 
630 1�6 PRJNT,"ENTER YEAR AS FOLLOW" 

l of 3 sheets



Table Fl (continued) 

Program Listing for Graphic Display of Results 

64J PRJNT,"2oLANKS,4NUHBER" 
6� RfAD 15,10YR<l>,JOYR<2> 
66,, p FORHAT(2AJ) 
67,, 1)0 195 H:1,2 
68 1 Rt::AO(l,1.-> (OUH(NN),NN:1,9) 
6Y1.1 l · FORHAT(A.S) 
70� DO 19� J:1,6 
71·• JI" (H.EO.l,AND,J,LT, IHB>ME•HE•HAXDCL> 
72; P(H,EO.l,ANO.J,LT.JHB>GO TO 188 
73:J J� (L.GT.JME>GO TO 190 
740 RLA0<1,1�)0UH(l) 
7�•i if(L,EQ,IHE>t-1E=IEND•HE 
76,, P <L.l:a. IME> GO TO 107 
77: Hl::HE•MAJCD<L> 
786 JF (H,EQ,1,AND,J,EQ,IHB>NBEG=NJ=Nl+lBEG•l 
7CJ,, 1 1 ·7 Rl:AO(l,2>,<Y(l>,l:Nl,HE> 
80u 2 F0RMAT(luX,7F7.0> 
81u JF(H.�Q.l,ANO,J,EQ.IHB>NI=Nl•HAXOCL>•JBEG•l 
82'1 If (M.�Q.!,ANO.J.EQ, IHB> GO TO 189 
8J1; 1i)8 Nl=Nl•HAXO<L> 
84•, ld9 L=L+l 
8�• 1 lilO CONTINUE
86G Rl:ADC1,11)DUH(l) 
870 1�5 CONTJNU� 
88:.J Ji cNOP.Ea,1.AND,N.GE,2) GO TO 45 
89: 1 P (N-1)16,16,18 
90J lh CALL PLOl<0.,·30,,-3> 
91:• GIJ TO 8fJ 
92 · 1<' IF<MODCN,2).EQ.O>GO TO 70 
93,, CALL PLOT<t5.,-12,,-3> 
94il GO TO 80 
95n 7c CALL PLOT(o.,12.,•3) 
96u GO To 82 
97,_, 8 1' CALL PLOT<2. ,J, ,-3) 
98·,; 8, CONTINUE 
99,, CALL AXIS13(0,,0,,1?HTJHE IN OAYS,•12,.14,8,,•1,0,XHIN,SCX,1.,1,0>

10110 CALL AXJS13(0.,0,,LAB3,18,0,J4,6.,•1,1,YH1N,SCY,1,,1,0)

1010 CALL SYMBOL<0,71,-0.90,0,14,LABl,0.,48) 

10�0 �ALL SYHBOL<7,10,-0.90,0,14,JDYR,0,,6)

10�0 CALL SYHBOL(0,71,-l ,18,0,14,LA82,0.,48)
1040 CALL LATIC(0,,9.,6.2,8,,1,1) 

10�0 45 CONTINUE 
1060 CALL PLOT(�,,0.,3> 
1080 UQ 40 I=NBEG,HE 
1090 X( I >•I 
llUO X(J)=(X(l>-XHIN>•SCALEX 
11JO Y(l)•(Y<l>-YHIN>•SCALEY 
11?0 I PEN•3 
11�0 40 CONTINUE 
11r,o UO 50 I=NBEG,HE 
116u IFCYCJ),LE,0> GO TO 65 
1170 lf'(Y(J).LE,6,0> GO TO 60 
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Table Fl (concluded) 

Program Listing for Graphic Display of Results 

1180 CALL PLOl<X<J),Y(Jl,JP&N) 
1190 IPEN=3 
121.!J -.;o TO 5, 
121l' 05 tPEN:3 
12co c;o TO 5 .• 
12�n �o CALL PLOT(X(l),Y(l),JPEN> 
1240 IPEN•2 
12�u �u CONTINU� 
1260 lr<N,EQ,NPL> GO TO 9: 
1270 !\l:N•l 
12ffU �OU CONTINUE 
1290 �1 CALL PLOT(o.,o.,3) 
13�0 �ALL PLOT(�.,0.,999> 
1:SlU �TOP 
1..S2(1 t:ND 
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table F2 

Example of Telet7pe·tnput for Graphic Diaplar of Results 
. -·. ' . . ' 

ENTER XMAX AND XMIN 
EXAMPLE: 401., I• 

lNPUT:00210 

? 400.,0. 

ENTER YMAX AND YHIN 
EXAMPLE: 48., 0. 

INPUT:00260 

? 60.,0. 

****FROM PLOTTER - PLEASE INPUT A PLOT FILE NAHE 
INPUT:0014S 

? AMSP0l 

TYPE IN DATA FILE NAME• 
INPUT:00320 
? PM21/J0l 

ENTER NUMBER OF YEARS TO BE PLOTTED• 
INPUT:00350 

? 2 

DO YOU WANT ALL THE YEARS PLOTTED ON ONE GRAPH? 
TYPE l FOR YES; 2 FOR NO 

lNPUT: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 SAHE MANNER• 
SPACE AT THE END OF FIRST HEADING LINE IS ·RESERVED 
'ill THE PROGRAM FOR THE YEAR• 
INPUTa00450 

.. 

? PERCENT SOIL MOISTURE - SECOND LAYER 

ENTER VERTICAL AXIS TITLE CENTERED IN 18 SPACES• 
INPUT&lll0480 

? PERCENT MOISTURE 
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Table F2 (concluded) 

Exaaple of TeletYJ>! Input for Graphic D1spla7 of Reeults 
. • ' ., • • ¥ • - . • • ' 

ENTER BEGINNING DAY AND MONTH AND ENDING DAY AND MONTH 
FOR THIS YEAR• EXAMPLEaSEGlN 13 APR• AND END 28 DEC. 

ENTER: 13,4128,12 
..

lNPUT: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• EXAMPLEaBEGIN 13 APR• AND END 28 DEC•

ENTER: 13.,4.,28, 12 .. 

lNPUT:00570 
? 1 .. 1.,31 .. 12 

ENTER YEAR AS FOLLOW 
2BLANKS,4NUMBER 
INPUT:00650 

? 1952 

STOP 

RUNNING TIME: 21.7 SECS 1/0 TIME : 12•6 SECS 
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APPENDIX G; PROCEDURES POll CONVBR.TING MOISTURE CONTENT AND 
CONE INDEX TO TERMS REQUIRED FOR TIE 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 Cl 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 n early 

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 Cl 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 Cl class values derived 

from the above equation, that are equivalent to CBR classes used in the 

ACE model: 

Subgrade CBR 

3-9 

10-20 

Gl 

Equivalent Subgrade CI 

150-<500 

500-1000



It should be noted that a Cl less tho 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 plasticmaterialit,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 

<PL 

>PL

Soil Moisture Condition 

Dry 

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 content (15- to 30-cm layer), as in� 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 

Silt 23 

Clay 22 

Arid Sand 16 

Silt 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. 
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