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CHAPTER I 

INTRODUCTION 

Background 

The most basic and probably the most important component of a 

river forecasting procedure is the rainfall-runoff relation which con

verts precipitation amounts to the volume of water observed in the 

stream channel. The maximum benefits derived from an accurate river 

forecast that predicts flooding is when the time between forecast 

issuance and flood is the greatest since this gives the maximum reac

tion time to take protective measures to save lives and property. A 

good rainfall-runoff relation will provide the maximum possible benefit 

since it will be possible to issue a forecast as soon as the rainfall 

is observed and reported. If it is necessary to adjust the forecast 

hydrograph by the use of observed river stages, the reaction time can 

be greatly reduced. 

A number of methods have been developed to convert rainfall to 

runoff. The philosophy to use the simplest procedure that would give 

good results has often been followed especially before the widespread 

use of computers. Operational rainfall-runoff relations ranged from a 

procedure that would give runoff as a percentage of rainfall to coaxial 

relationships which would include such input as week of the year, dura

tion of rainfall, antecedent precipitation index and amount of rainfall. 

Runoff values derived from soil moisture models which are 
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conceptual in nature relate to actual processes in nature. They are 

designed to reproduce all components of flow and generate continuous 

hydrographs. Models of this type are complex and use a considerable 

number of parameters. The parameters can be approximated from hydro

graphs or from observed basin characteristics. By the use of soil 

moisture models, forecasts not only for floods can be prepared, but 

also water quality, water supply and soil moisture levels for agricul

ture to name a few. Parameters to forecast a basin are usually devel

oped by computer programs that analyze a given past period of record 

with a given set of soil moisture accounting parameters. The basis of 

the approach is that the past responses of the river is a key to future 

responses. It is very important that a full range of soil moisture 

conditions be observed over the selected period of past record which 

usually has a duration of several years. After a simulated hydrograph 

set is produced from the initially selected parameters, it is compared 

to the observed hydrograph set. Differences between the hydrograph 

sets are noted and manual changes are made in the soil moisture account

ing parameters to improve the correlation and then another computer run 

is made with revised parameters. This procedure is complex and must be 

repeated many times until an optimum fit between the observed and 

simulated hydrographs is obtained. Obviously, the closer that the 

initial parameters are to the optimum, the quicker the basin can be 

modeled. Hence, computer time and many man-hours are saved. Also, if 

all the initial parameters are realistic, there is a greater proba

bility that all of the optimum parameters will be conceptually correct. 

Modeling of a basin not only consists of changes in the soil moisture 

accounting parameters, but also may include the histogram, routing, 



3 

evapotranspiration and precipitation. 

The United States National Weather Service (NWS) in 1972 developed 

a river forecast system (NWSRFS) which will be used by their River 

Forecast Centers in making operational forecasts. The system includes 

a catchment model which uses a soil moisture accounting system. The 

original system (7) used a modification of the Stanford Watershed 

Model IV based on the work of Crawford and Linsley (1966). In 1974 

the moisture accounting system used in the NWSRFS was changed to the 

catchment model developed in the NWS Sacramento, California River 

Forecast Center by Burnash and Ferral (1973). The system has the 

proven capability of producing top quality forecasts. The Sacramento 

system shown in Figure 1 defines two layers, upper and lower, with 

each layer consisting of free water and tension water storages. A 

percolation equation which moves water from the upper to lower zone 

is an important component of the system. A total of 17 soil moisture 

accounting parameters are used to simulate stream-flow. Many of the 

parameters are interrelated. To produce a hydrograph the model uses 

a histogram which can have areal zones assigned to specific histogram 

elements. Hence, it is possible to select a set of parameters for 

each areal zone that consists of different hydrologic characteristics. 

Since the parameters have been developed to simulate high and low 

flows, the model should perform equally well on streamflows of all 

magnitudes. The operational use of the model is dependent on the 

availability of high speed computers since the numerous and time con

suming calculations that are performed for each basin could never be 

done manually on a real-time basis. 

Since the modeling of a basin is an extremely time consuming 
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process and the area to be modeled is extensive, any method to decrease 

the time spent on each basin would be extremely valuable. One of the 

best approaches is to obtain a set of initial parameters as conceptually 

valid as possible. The method to obtain beginning parameters from an 

observed hydrograph set over a period of record as long as ten years 

has been used with some success but it has several drawbacks. The 

hydrograph method is dependent on the lower zones being totally satu

rated within the selected period of record which rarely occurs in some 

regions. Also, it is necessary to have streamflow records available 

to even get started and it is not really possible to deal with dis

continuities across the basin. By the development and use of a physical 

characteristic m~thod, similar basins can be modeled with similar 

parameters. Hence, the division of gaged basins to conform with 

definite discontinuities is possible as well as obtaining parameters 

for basins that are totally ungaged. 

The most available source of measurements for a physical character

istic model is the estimated engineering soil properties derived by 

the United States Soil Conservation Service (SCS). Published soil 

surveys on a county basis are often available. Soil survey interpre

tations for specific soils are also available. The most apparent 

soil properties that are applicable to conceptual models are permea

bility, available water capacity, infiltration, USDA texture and shrink

swell potential. 

Objectives 

The objectives of this research is to relate the soil moisture 

accounting parameters used in the National Weather Service River 



Forecast System (NWSRFS) to the engineering soil properties that are 

readily available in Soil Conservation Service (SCS) soil surveys, to 

provide a numerical procedure to derive initial soil moisture param

eters for use in modeling a basin and to apply a derived parameter set 

to an actual basin. 

6 

In Chapter II the overall theory of the NWSRFS Catchment Model is 

supported by the hydrologic literature. The work previously done to 

obtain initial soil moisture accounting parameters is defined. Chapter 

III defines the SCS soil properties used in the parameter derivations 

and a description of the soil moisture accounting parameters. Chapter 

IV presents the equations that have been developed in this research to 

compute the parameters. Chapter V demonstrates the use of the derived 

equations and the application of the derived parameters on an actual 

basin. The computer listing of the NWSRFS Soil Moisture Accounting 

Subroutine in the Appendix contains the equations used in the computa

tion of runoff increments and the contents of the model zones. Any 

question on a specific process can be ultimately answered after follow

ing it through the computer program. The method described in this 

thesis should be applicable to any headwater basin. 



CHAPTER II 

REVIEW OF LITERATURE 

Methods of converting rainfall to runoff have changed from single 

event approaches described by Linsley, Kohler and Paulhus (6) to the 

present conceptual models that became practical with the advent of 

modern, high-speed computers. The present soil moisture accounting 

system used by the National Weather Service in the National Weather 

Service River Forecast System (NWSRFS) was developed at the Sacramento 

River Forecast Center in Sacramento, California. 

Burnash and Ferral reported on a river forecast system in 1971 

which would be developed to represent streamflow in a physically con

sistent manner. In 1973 Burnash, Ferral and McGuire (1) presented a 

hydrologic model that gave simplified approximations of natural 

processes that was consistent with soil moisture profiles determined 

by experimental studies (3)(4). The system was to correspond with 

observed characteristics of moisture movement through the soil mantle 

which included the formation and transmission of the wetting front. 

The NWSRFS is basically a two-level model. Todd (11) described 

soil water zones which included the profile from the surface through 

the major root zone and an intermediate zone that was the profile from 

the 1 ower edge of the soil water zone to the upper 1 imi t of the capi 1-

lary zone of the water table. Both zones include capillary, gravita

tional and hygroscopic water. 

7 
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Evapotranspiration is limited to the depth that roots will pene

trate. George, Read, Johnson and Ferber (2) reported that it had been 

found in an area of 22.5 inches of annual rainfall that 97.3 percent of 

the roots of all plants were growing in the upper four feet of soil. 

Richards and Richards (9) reported that the roots of most plants would 

not enter wet, saturated soils and that high water tables limit root 

penetration and even kill roots that had penetrated below the current 

water table level before it experienced an upward movement. The 

removal of water from the tension water zones in the NWSRFS conceptual 

model is accomplished through evapotranspiration. Hence, the zones 

should be limited to the depth of root penetration. 

In 1976 Peck (8) presented a procedure that expanded on the 

previous method to derive initial parameters from an observed hydro

graph set and then applied the parameters to a basin. Four parameters 

were said to be readily computed, six parameters were considered more 

difficult to derive, one parameter could be estimated from maps, two 

parameters would be substituted from a nearby basin and nominal starting 

values were used for three. 

The conceptual model used by the NWSRFS should relate to the 

engineering soil properties of a basin. The actual use of soil 

properties in deriving parameters for the model has not been described 

in the literature. 



CHAPTER III 

INITIAL PARAMETER DERIVATION COMPONENTS 

The Soil Conservation Service (SCS) estimated engineering prop

erties of soils. will be used to derive the initial National Weather 

Service River Forecast System (NWSRFS) soil moisture accounting 

parameters. All components must be defined and evaluated before a 

procedure to relate the components will be meaningful. 

SCS Soil Survey Estimated Engineering Properties 

Soil profiles are divided into layers that are significantly 

different for purposes of soil engineering. Engineering soil proper

ties are given for each layer. 

Soil Texture is given in standard USDA terms. It relates to the 

relative percentage of sand, loam and clay. 

Available Water Capacity (AWC) is defined as the ability of soils 

to hold water for use by most plants. The value of AWC is considered 

to be the difference between the amount of water at field capacity and 

the amount at the wilting point of most crop plants. Units commonly 

used are inches of water per inch of soil. Hence, a AWC of .17 would 

mean that .17 of an inch of water would wet the soil to a depth of one 

inch. AWC values are given in many county soil surveys and soil survey 

interpretations. 

Shrink-Swell Potential is the extent to which the soil shrinks as 

9 
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it dries out and swells when it gets wet. A high shrink-swell potential 

would greatly reduce the downward movement of water. 

Permeability is the quality of a soil that enables it to transmit 

water or air. Values do not take into account lateral seepage or such 

transient features as plowpans and surface crusts. Units commonly used 

are inches of soil that the water moves through per hour. 

Infiltration rate is defined as the minimum rate at which water 

penetrates the surface of the soil at any given instant, usually 

expressed in inches per hour. Infiltration rates are widely used by 

the SCS in estimating runoff from rainfall for watershed planning. 

Table I relates soil type to infiltration with the lower limit being 

used for clays, the average value for loam and the upper limit for sand. 

Soil Type 

A 

B 

c 

D 

TABLE I 

SCS INFILTRATION RATES 

Inches of Water per Hour 

.45-.30 

.30-.15 

.15-.05 

.05-.00 

Original SCS classifications were made from rainfall-runoff data 

obtained from small watersheds or infiltrometer plots. The majority 
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of the soils classified are compared to profiles already classified to 

determine the soil type. The theory is that similar soils will produce 

the same amount of runoff during heavy rainfall. Assumptions made in 

the classification are that the soil surfaces were bare, maximum swell

ing had taken place and rainfall rates exceeded surface intake rates. 

The SCS has given group-classification to more than 4000 soils in the 

United States and Puerto Rico. 

Soil type A is defined as soils (low runoff potential) having high 

infiltration rates even when thoroughly wetted and consisting chiefly 

of deep, well to excessively drained soils or gravels. The soils have 

a high rate of water transmission. Soil type B is defined as soils 

(moderately low runoff potential) having moderate infiltration rates 

when thoroughly wetted and consisting chiefly of moderately deep to 

deep, moderately well to well drained soils with moderately fine to 

moderately coarse texture. The soils have a moderate rate of water 

transmission. Soil type C is defined as soils (moderately high run

off potential) having slow infiltration rates when thoroughly wetted 

and consisting chiefly of soils with a layer that impedes the down

ward movement of water, soils with moderately fine to fine texture or 

soils with moderate water tables. The soils are somewhat poorly 

drained. Soil type Dis defined as soils (high runoff potential) 

having very slow infiltration rates when thoroughly wetted and con

sisting chiefly of clay soils with a high swelling potential, soils 

with a permanent high water table, soils with a claypan or clay layer 

at or near the surface and shallow soils over nearly impervious 

materials. 
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NWSRFS Soil Moisture Accounting Parameters 

Description 

Percent impervious (PCTIM) is the permanently impervious fraction 

of the basin contiguous to the stream channel. Man-made impervious 

areas such as paved parking lots with direct drainage to the stream, 

areas of impervious rock formation outcrops near the stream and the 

actual surface area of the stream would be considered to be the basin 

area to be assigned to PCTIM. This component of runoff referred to as 

impervious runoff will be produced from a given rainfall regardless of 

the dryness of the soil and is computed as a percentage of the rainfall. 

A small rise in the stream following a prolonged dry spell would be 

composed of PCTIM runoff. 

Additional impervious (ADIMP) is the fraction of the basin which 

becomes impervious as all tensi·on water requirements are met. This 

parameter relates to an increase of impervious area as the saturated 

area of the basin increases. A small stream rise after a very wet 

period and after the upper zones have dried enough to intake additional 

rainfall would be composed of ADIMP runoff. 

Upper zone tension water maximum (UZTWM) is the depth of water 

that must be filled in the non-impervious area before any water is 

available to other storages. Water retained as capillary water as 

well as surface detention would be included in this storage. Since 

this zone must be filled before there is any response by the stream, a 

specific amount of rainfall could be computed from rainfall amounts 

that occurred and did not produce a stream response any 

greater than the impervious contribution. 
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Upper zone free water maximum (UZFWM) is the depth of water which 

would be filled over the nonimpervious portion of the basin in excess 

of UZTWM. The contents of this zone is made available for interflow 

after percolation and evaporation requirements are fulfilled. Any 

overflow of this zone is surface runoff. 

from a hydrograph set is not feasible. 

trial and error. 

Derivation of the parameter 

It is usually determined through 

Drainage rate (UZK) is the upper zone lateral drainage rate that 

is expressed as the ratio of the daily withdrawal to the available 

contents of the upper zone free water. The parameter value is related 

to the length of time after a storm of considerable runoff that inter

flow occurs. UZK cannot be directly determined from a hydrograph 

analysis. It has been suggested that a rough estimate of UZK can be 

determined by the formula: 

0.10=(1-UZK)N (3.1) 

N=average number of days that 

interflow is observed 

Lower zone tension water maximum (LZT\tJM) is the maximum capacity 

of the lower zone tension water. 

extract from the hydrograph set. 

This parameter is very difficult to 

LZTWM would be the capillary water 

retained in the lower zone that.does not become streamflow but is 

removed through evapotranspiration. Hence, it represents the water 

that will be removed by existing plants during dry periods. 

Lower zone supplemental maximum (LZFSM) is the maximum capacity 

of the lower zone free water storage. The flow from the LZFSM zone 

is the supplemental baseflow and is the faster response component of 

the baseflow. This parameter may be derived from the hydrograph set 
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if the zone is saturated during the period of record being modeled. 

Lower zone supplemental drainage rate (LZSK) is the lateral drain-

age rate of the lower zone supplemental free water expressed as a 

fraction of contents per day. LZSK may be derived from the hydrograph 

set. 

Lower zone primary maximum (LZFPM) is the maximum capacity of the 

lower zone primary free water storage. The flow from the LZFPM zone 

is the primary baseflow and is the slower response component of the 

baseflow. This parameter may be derived from the hydrograph set if 

the lower zone is saturated during the period of record being modeled. 

Lower zone primary drainage rate (LZPK) is the lateral drainage 

rate of the lower zone primary free water expressed as a fraction of 

contents per day. This parameter may be derived from the hydrograph 

set. Variations in daily evaporation during baseflow conditions, 

especially during days of high temperatures, will sometimes cause 

problems in deriving the rate from the observed baseflow. 

PBASE is the maximum flow which the subsurface zones are capable 

of producing as baseflow. If the lower zones are saturated, PBASE 

would be the maximum percolation. PBASE, an important component of 

the percolation equation, is not an input parameter, but is computed 

from the equation: 

PBASE= ( LZFPM · LZPK + LZFSM · LZSK) ( 3. 2) 

DEFR is the lower zone soil moisture deficiency. The number, used 

in the percolation equation, is not an input parameter but is computed 

from the equation: 

DEFR LZTWC + LZFPC + LZFSC 
= l-(LZTWM + LZFPM + LZFSM ) (3.3) 



LZTWC = contents of lower zone tension water 

LZFPC = contents of lower zone primary water 

LZFSC = contents of lower zone supplemental water 

Percolation factor (ZPERC) is a value used to define the propor

tional increase in percolation from a saturated to a dry condition. 

The initial value of ZPERC is usually estimated. 

Percolation exponent (REXP) determines the rate at which the 

percolation demand changes from the dry condition to the saturated 

condition. The initial value of REXP is usually estimated. 

15 

Percolation water percentage (PFREE) is the percentage of percola

tion water which directly enters the lower zrine free water without a 

prior claim by lower zone tension water. If the hydrographs of a basin 

return quickly to the same baseflow that was present before the rise, a 

small value of PFREE would be indicated. 

Lower free water reserved (RSERV) is the fraction of lower zone 

free water not available for resupplying lower zone tension water. 

Initial value is estimated. 

SARVA is the fraction of the basin covered by water and riparian 

vegetation areas. 

SIDE is the ratio of unobserved to observed baseflow. Parameter 

represents the groundwater that does not appear at the river gage. 

The value is usually zero. 

SSOUT is a fixed rate of discharge lost from the total channel 

flow. The value is usually zero. 

Interrelation 

The interrelation of parameters in the model greatly increases 
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the complexity of reaching the optimum parameters. A conceptual model 

that truely relates to nature with the many interactions that take place 

must contain such an interrelationship. The heart of the conceptual 

model is the percolation equation and a complete understanding of the 

equation is important to successfully model a basin. There are eight 

model parameters that affect the percolation equation and by changing 

any one of them, the percolation curve (Figure 2) will change. The 

equation controls the movement of water in both the upper and lower 

zones and is influenced by the movement of water in all parts of the 

profile. The parameters directly involved in the formula are LZFPM, 

LZPK, LZFSM, LZSK, ZPERC, LZTWM, REXP, and UZFWM. The percolation 

equation is: 

Daily Percolation Rate = PBASE(l+ZPERC·DEFRREXP) (3.4) 

The shape of the percolation curve is determined by the REXP param

eter which will influence the percolation between zero and 100 percent 

deficiencies. The maximum percolation will occur at 100 percent defi

ciency and is defined by the equation: 

Maximum Percolation Rate= (l+ZPERC)·PBASE (3.5) 

The minimum percolation occurs at zero deficiency and is equal to 

PBASE. By determining the value of DEFR (Equation (3.3)) at the 

beginning of a storm and plotting the point in relation to the perco

lation curve (Figµre 2), the percolation to the Tower zones may be 

•increased or decreased to yield the desired amount of runoff necessary 

to produce the best fit with the observed hydrograph. If the simulated 

hydrograph crest is too high, the percolation should be increased or 

if the hydrograph crest is too low, the percolation should be decreased. 

By increasing or decreasing percolation, the volume of water to be 
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dealt with in the lower zones will also be changed. Each hydrograph 

rise throughout the entire simulation period should in turn be plotted 

in relation to the percolation curves so a decision can be made as to 

how the parameters should be changed to produce the best fit with the 

percolation curve. It is important that a full range of DEFR values 

be found in the given simulation period since it would be difficult to 

adjust the curve with values at one extreme or the other. The deriva

tion of the optimum parameters for a basin will depend heavily on the 

use of the percolation curve. 



CHAPTER IV 

DERIVATION OF EQUATIONS TO COMPUTE 

SOIL MOISTURE PARAMETERS 

A priority need of the highest order is a method of determining 

parameter values so that they wi 11 be physically consistent between 

basins and subareas of basins. The goal of a conceptual model is to 

relate to the physical processes in nature. Hence, a source of physical 

soil properties must be found that is available for most areas. The 

source used is the Soil Conservation Service (SCS) engineering soil 

properties found in their county soil surveys or soil survey interpre

tations. Figure 3 is an example of the format of a typical soil survey 

interpretation and shows the information usually presented. 

Equations to compute twelve of the seventeen parameters required 

by the model were developed in this research. The equations and pro

cedures are defined in this chapter. A thirteenth parameter is found 

by using Table IV. The computed parameters, which are initial values, 

will not be the optimum because of the obvious variations in nature, 

the lack of available soil properties for the computational need of 

each parameter and the probable inability of the model equations to 

exactly and realistically reproduce every possible flow component. The 

derivation procedure will attempt to use the measurements readily avail

able in a realistic manner. Since past experiences in engineering are 

considered in making the estimates, recent SCS county soil surveys 
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rather than the SGS soil survey interpretations should be used whenever 

possible. All thicknesses must be converted to millimeters (25.4 mm/in) 

for use in the available computer programs. 

UZTWM by definition is closely related to available water capacity. 

UZTWM must be filled before any water is available for free water 

(gravity water) and the water is ultimately removed only through evapo

transpiration. Available water capacity is the maximum amount of water 

held in the soil after gravitational water has drained away and after 

the rate of downward movement of water has materially decreased. An 

obvious problem must be resolved before a solution can be determined. 

The use of a standard thickness was considered but a given zone would 

obviously not be thick enough for soils of high permeability and not 

thin enough for soils of very low permeability. Also, the soil profile 

changes with a subsequent change in permeability so an approach to the 

problem is apparent. Since the drainage rates used in the model are in 

daily increments, the permeability (inches per hour) times 24 hours is 

a logical approach. Exception would be a layer of moderate to high 

shrink-swell potential within the computed depth. Hence, the zone 

thickness is the calculated thickness or the depth to a moderate to 

high shrink-swell potential layer whichever is less. If the computed 

zone thickness exceeds the depth of the entire soil profile, then the 

soil profile thickness will be used. If the soil profile or areal 

coverage consists of soils of different characteristics, the computa

tions must contain the correct percentage of each to obtain an overall 

correct parameter. The computation equation is: 

UZTWM = (25.4)(AWC)(UCST) (4.1) 

UZTWM = upper zone tension water maximum (mm) 



AWC = available water capacity (in/in) 

UCST = upper computed soil thickness (in) 

LZTWM is the capillary water retained in the lower zone that is 

not available to the free water of the lower zones. Water is removed 
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only through evapotranspiration, hence the zone would be restricted to 

the depth of root penetration. The thickness of the zone is considered 

to be the soil profile below the upper zone tension water computed 

depth. If the zone includes a thick clay layer with a high shrink-

swell potential, the computed value will tend to be much too high since 

the total thickness would not be saturated by percolated water. The 

computation equation is: 

LZTWM = (25.4)(AWC)(LTCST) 

LZTWM = lower zone tension water maximum (rnn) 

AWC = available water capacity (in/in) 

LTCST = TSPT-UCST 

TSPT = total soil profile thickness (in) 

UCST = upper computed soil thickness (in) 

UZFWM is related to the gravitational water in the soil that 

(4.2) 

drains away after the available water capacity is full. The volume as 

used in the model must first fill the percolation requirements of the 

lower zones and than the remaining volume is removed to satisfy the 

daily interflow requirement. If the water remaining exceeds the capac

ity of the zone, it is the computed surface runoff. The same UCST as 

used in the UZTWM is used in the UZFWM equation. The equation to 

compute UZFWM uses a ratio of the infiltration rate of rainfall to the 
' ' 

permeability. If the ratio approaches a value of one, a maximum free 

water volume for the computed soil thickness would be indicated. A 
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ratio of one or greater would indicate a quick response of interflow 

and the ratio volume must be set at one in the equation. As the ratio 

becomes smaller and smaller, the free water in the soil would approach 

a minimum value. The computation equation is: 

UZFWM = [25.4][(~)(UCST)] 

UZFWM = upper zone free water maximum (mm) 

I = infiltration (inches of water/hour) 

P = permeability (movement of water through 

inches of soil/hour) 

UCST = upper computed soil thickness (in) 

(4.3) 

A range of values are usually given for per

meability. The smallest value is used for a 

high shrink-swell potential and the largest 

value for a low shrink-swell potential. 

UZK must be derived from parameters that indicate vertical flow 

rather than lateral flow so a relationship must be attempted. The daily 

daily volume of interflow will be equal to water present in the upper 

zone free water times UZK. Hence, a value of UZK that is larger than 

the actual will tend to give a large component of interflow and decrease 

surface runoff. The ratio of infiltration to permeability was used 

since the larger the value, the larger the component of interflow. The 

value of UZK computed would tend to be the maximum to be expected, so 

the value should never be greater than one. The computation equation 

is: 
infiltration UZK = permeability 

UZK = upper zone drainage rate (%) 

(4.4) 

LZFSM in a number of basins has had a value similar or equal to 



UZFWM and the same approach should be used. The thickness (SCST) 

should be computed by multiplying the permeability from the computed 

UCST downward by 24 hours or the thickness to a higher shrink-swell 

potential layer whichever is less. The computation equation is: 
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LZFSM = [25.4][(infiltr~t~on)(SCST)] 
permeab1l1ty (4.5) 

LZFSM = lower zone supplemental maximum (mm) 

SCST = supplemental computed soil thickness (in) 

LZSK is the daily lateral drainage rate from the LZFSM zone that 

produces a component of baseflow in the stream. The flow has been 

defined as having a source of flow different from the primary flow and 

is observed on the hydrograph as the recession immediately following 

the surface runoff and the interflow. The LZFSM flow could be visual-

ized as the flow that would emerge through the surface zone as the 

upper zone volume was depleted. This would give the necessary lag to 

the flow and would be most logical if the supplemental zone was limited 

by a moderate to high shrink-swell zone. By definition the upper zone 

is considered to be depleted when the capacity has decreased to ten per-

cent of the maximum. Hence, a constant to relate to the upper zone 

depletion and the subsequent flow from the lower zone can be found. 

The computation equation is: 

LZSK = UZK 
UZP 

1.9 + ( .9)(LZP) 

LZSK = lower zone supplemental drainage rate (%) 

UZP = permeability of UZFWM zone (in/hr) 

LZP = permeability of LZFSM zone (in/hr) 

(4.6) 

LZFPM is the zone that supplies the volume for baseflow in the 

stream. Since the interrelationship of all the natural processes is 
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very complex, a logical approach to the maximum volume in the zone is 

needed. If a high water table level is to remain constant there must 

be a balance between inflow and outflow of the aquifer. Specific yield 

is the ratio of water which will drain freely from the material to the 

total volume of the formation. The specific yield (6) of clay is 3% 

and sand is 25%. Table II was developed by interpolating the values. 

An approach will be taken that the lower zone storage is equal to the 

specific yield of the lower zone thickness. The layer thickness for 

LZFPM is the total soil profile minus the upper zone and supplemental 

zone thicknesses. The computation equation is: 

Soil 

LZFPM = [25.4][(LZT){specific yield)] 

LZFPM = lower zone primary maximum (mm) 

LZT = TSPT - UCST - SCST 

LZT = lower zone primary thickness (in) 

TSPT = total soil profile thickness (in) 

UCST = upper computed soil thickness (in) 

SCST = supplemental computed soil thickness (in) 

TABLE II 

SPECIFIC YIELDS 

Classification Specific yield 

Clay 3 
Silt loam 9 

Loam 14 
Sandy loam 20 
Sand 25 

(4.7) 

(%) 
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LZPK is a parameter that through definition will be computed with 

difficulty from the soil properties available. In areas of a relative

ly shallow soil profile the lateral drainage rate is related to the co

efficient of permeability (Kp) which is defined (6) as the discharge in 

gallons per day through an area of one square foot under a gradient of 

one foot per foot at 60°F. By considering LZT the aquifer thickness, 

the lateral rate of flow may be determined. Table III was developed by 

interpolating the coefficients of permeability (12) for clay and sand. 

Soil Classification 

Clay 

Silty loam 
Loam 
Sandy loam 
Sand 

TABLE III 

COEFFICIENTS OF PERMEABILITY 

Kp (gpd/sq.ft.) 

2 

750 

1500 

2250 

3000 

LZPK is computed by determining the ratio of the coefficient of 

permeability to the average distance from the edge of the basin to the 

nearest tributary of the stream. The soil classification can be deter-

mined from the soil profile and the correct Kp value selected. It has 

been noted that the LZPK computed by the developed equation will tend 

to be the minimum limit. The computational equation is: 



LZPK = 
(Kp)(.134) 

D 

LZPK = lower zone primary drainage rate (%) 

D = average distance from the edge of the basin 

to the nearest tributary (ft) 

Kp = coefficient of permeability {gpd/ft2) 

ZPERC may be calculated from parameters already computed. It 
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(4.8) 

should be noted that if any of the five parameters that are used in 

the equation are unrealistic; the computed ZPERC value may be in error 

by a rather large amount. The maximum percolation is believed to take 

place when the upper zones are full and the lower zones are empty. 

Hence, it will be assumed that the maximum daily percolation will be 

the maximum contents of the lower zones. By substitution into the 

maximum percolation rate equation and assuming 100% deficiency in the 

lower zones, the computation equation is: 

ZPERC = LZTWM + LZFSM + LZFPM - PBASE 
PBASE 

ZPERC = percolation factor (%) 

(4.9) 

REXP is the exponent determining the rate of change of percolation 

from a dry condition to a saturated condition of the lower zones. The 

value of REXP may be related to the soil classification of the soil 

profile at the base of the upper zone. The minimum permissible REXP 

value of 1.0 would indicate an almost constant decrease of percolation 

as the lower zone deficiencies decrease and would relate to a sand. A 

large REXP would indicate a rapid decrease of percolation as the zones 

become saturated such as is expected in a clay. REXP values (Table IV) 

have been developed for each soil classification. 



Soil Classification 

Sand 
Sandy loam 
Loam 
Silty loam 
Clay, silt 

TABLE IV 

PERCOLATION EXPONENTS 

REXP 

1.0 

1.5 

2.0 

3.0 

4.0 
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PCTIM is the impervious area of the basin and would obviously con

sist of the surface area of the stream. Impervious areas of the basin 

adjacent to the stream such as paved parking lots and possibly urban

ized areas should be added. A value of .001 is a good initial value 

for headwater basins without known impervious areas greater than the 

surface area of the stream. If the surface area of the stream is 

known, the computation equation is: 

PCTIM = KI(~~) (4.10) 

PCTIM = percent impervious (%) 

KI = 1.10 = coefficient for estimated additional 

area adjacent to the stream that is saturated 

at all times 

SA = average total surface area of the stream (mi 2) 

BA = total basin area (mi 2) 

ADlMP is the additional area of the basin that becomes impervious 

as the tension water requirements are met. It has been suggested (8) 
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that remote sensing techniques using radiation measurements (infrared) 

could define the area of the basin to be assigned as ADIMP. Since 

measurements of this type are not readily available, another system has 

been devised. The soils of the basin with a hydrologic soil classifi

cation of 11 D11 have a minimum saturation infiltration value of zero 

which would indicate an impervious area when saturated. An obvious 

approach would be to consider the area of 11 D11 soils as the ADIMP area. 

Since clays have a minimal specific yield of 3%, a value of .03 is sub-

tracted from the 11 D11 soil percentage of the total area. 

ADIMP = 
AD 

(BA) - . 03 

ADIMP = additional impervious parameter (%) 

AD = total area of 11 D11 soils (mi 2) 

BA = total basin area (mi 2) 

(4.ll) 

SARVA provides for the removal of water from the stream by evapo

transpiration. If the riparian vegetation area of the basin is not 

known, an estimate could be made. 

SARVA = 

PCTIM 

RA 

BA 

IA 

RA 
PCTIM + (BA- IA) 

= percent impervious (%) 

= area of riparian vegetation 

= total basin area (mi 2) 

= impervious area (mi 2) 

(4. 12) 

(mi 2) 

PFREE is the percentage of water that bypasses the lower zone 

tension water requirements and is placed directly in the lower zone 

free water. The component apparently is the water that follows paths 

through fissures, cracks, faults or along an impervious layer to 

escape the capillary demands of the soil. Since a logical manner of 
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derivation of PFREE is not apparent, a nominal value of .30 is assumed. 

RSERV is the fraction of the lower zone free water that is not 

available for resupplying tension water. Since a logical manner of 

deriving RSERV is not apparent, a nominal value of .30 is assumed. 

SIDE and SSOUT are usually assumed to be zero. If obvious channel 

losses are evident, a value could be determined from known volume 

losses. 



CHAPTER V 

BASIN APPLICATION 

A set of parameters will be derived from the developed equations 

for Council Creek near Stillwater. The parameters for a gaged basin 

are intended to be the initial soil moisture accounting parameters 

that will be used in a trial and error computer program to develop the 

optimum parameters. If a basin is not gaged, the parameters should 

give adequate results. Optimum parameters developed for another basin 

with the same engineering soil properties could be used successfully, 

but it is important that the original parameters be as conceptually 

correct as possible to avoid proliferating a number game. 

Council Creek near Stillwater, Oklahoma, is located in Payne 

County and is a tributary of the Cimarron River. The area is in the 

undulating to rolling prairie area of North-Central Oklahoma. The 

prevailing climate is of continental origin, but relatively temperate. 

Pronounced seasonal variations in both temperature and precipitation 

is characteristic of the area. Spring is the season of the heaviest 

rains with a secondary maximum in early fall. The area averages about 

53 thunderstorms per year. Average annual rainfall is 32.5 inches. 

The basin is in the great grassland area of the United States. Post 

and blackjack oaks are found on the ridgetops. Trees such as cotton

wood, elm and hackberry grown in narrow fringes along the creek. 

The Council Creek basin (Figure 4) has a drainage area of 31 square 
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Figure 4. Test Basin Map 
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miles. The gage is a water-stage recorder with a concrete control. 

Datum of the gage is 838.28 feet. Bankfull stage is 10 feet, which is 

a flow of 2200 CFS. On October 2, 1959, a crest of 25000 CFS 

(18.9 ft.) was observed. 

The area is underlain by interbedded sandstone and clay beds. The 

soils are susceptible to erosion damage and good range management is 

necessary to prevent damage. The soil association of the basin is the 

Renfrow-Zaneis-Vernon (RZV). The RZV soils vary from 11 C11 to 11 011 type, 

the permeability ranges from a maximum of .50 to a minimum of less than 

.05 inches per hour, and available water capacity from a minimum of .14 

to a maximum .17 inch of water per inch of soil. The variations of the 

estimated engineering soil properties in the basin should test the 

efficiency of the derivations. The approximate percentages of soils is 

58% Renfrow, 30% Zaneis and 12% Vernon. Parameters will be derived in 

millimeters for the basin. 

The Renfrow series is extensively distributed through central 

Oklahoma, south central Kansas and north central Texas. Table V is 

derived from scs soil survey data. 

TABLE V 

RENFROW ESTIMATED ENGINEERING SOIL PROPERTIES 

Soil Classification D 

USDA Depth Permeability Available Water Capacity Shrink-
Texture (in. ) (in./hr.) in./in. Swel 1 

Si 1t loam 0-12 < .05 . 14 Low 
Clay 12-42 < • 05 . 17 High 



The soil parameter calculations for the Renfrow series are: 

upper zone depth= (.03)(24) = .72 
. 03 UZFWM = (25.4)(_ 03 )(.72) = 18.29 

UZTWM = (25.4)(.14)(.72) = 2.56 

supplemental zone depth= (.03)(24) = .72 

LZFSM = (25.4)(:~~)(.72) = 18.29 

LZFPM = [25.4][(.09)(10.6) + (.03)(30)] = 47.09 

LZTWM = [25.4][(. 14)(11.3) + (.17)(30)] = 169.72 

UZK = (:~~) = 1.0 

LZSK = (l.9)li0(.9)(1) = .357 

LZPK = [(10.6)(750) + (30.0)(1)][ .134 ] = .008 
- 40. 6 40. 6 ( . 6) ( 5280) 

REXP = 3.0 
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The Zaneis soil is distributed extensively through south-central 

Kansas, central Oklahoma and north central Texas. Table VI is derived 

from SCS soil survey data. 

TABLE VI 

ZANEIS ESTIMATED ENGINEERING SOIL PROPERTIES 

Soil Classification C 

USDA Depth Permeability Available Water Capacity Shrink-
Texture {in. } {in./hr.) in./in. Swell 

Loam 0-10 .50 . 14 Low 

Clay loam 10-47 .50 . 17 Moderate 



The soil parameter calculations for the Zaneis series are: 

upper zone depth= (.50)(24) = 12 since the shrink-swell 

changes to moderate in the 

depth, upper zone = 10 

UZFWM = (25.4)(:~~)(10) = 50.80 

UZTWM = (25.4)(.14)(10) = 35.56 

supplemental zone depth= (.50)(24) = 12 

LZFSM = (25.4)(:~~)(12) = 60.96 

LZFPM = (25.4)(.09)(25) = 57.15 

LZTWM = (25.4)(.17)(37) = 159.77 

UZK 

LZSK 

LZPK 

= :~~ = .20 

.20 = -,_-9-+-(~. 9~)~( l~) 

= (750) .134 = 
.6 5280 

REXP = 2.5 

= .071 

.0317 

The Vernon soil is moderately distributed in west central Texas . 
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and western Oklahoma. Table VII is derived from SCS soil survey data. 

USDA 
Texture 

Clay 

TABLE VII 

VERNON ESTIMATED ENGINEERING SOIL PROPERTIES 

Depth 
(in. ) 

0-10 

Soil Classification D 

Permeability 
(in./hr.) 

< .05 

Available Water Capacity Shrink-
(in./in.) Swell 

.17 Moderate-
High 



The soil parameter calculations for the Vernon series are: 

upper zone depth= (.03)(24) = .72 

UZFWM = (25.4)(:~~)(.72) = 18.29 

UZTWM = (25.4)(.17)(.72) = 3.11 

supplemental zone depth= (.03)(24) = .72 

LZFSM = (25.4)( :~~)(. 72) = 18.29 

primary zone depth = 10-.72-.72 = 8.56 

LZFPM = (25.4){.03)(8.6) = 6.55 

LZTWM = (25.4)(.17)(9.3) = 40.16 

UZK = :~~ = 1.00 

LZSK = l. 9 !·~~9 )(l) = .357 

- ( 1 )( . 134) -LZPK - (. 6)( 5280 ) - .00004 

REXP = 4.0 

36 

The basin soil moisture accounting parameters may now be calculated 

with the contribution of each soil type equal to its areal distribution. 

The basin soil parameters are: 

UZFWM = (.58)(18.29) + (.30)(50.80) + (.12)(18.29) = 28.04 

UZTWM = (.58)(2.56) + (.30)(35.56) + (. 12)( 3. 11) = 12.52 

LZFSM = (.58)(18.29) + (.30)(60.96) + (.12)(18.29) = 31.09 

LZFPM = (.58)(47.09) + (.30)(57. 15) + (.12)( 6.55) = 45.24 

LZTWM = (.58)(169.72)+ (.30)(159.77)+ (. 12)(40.16) = 151.19 

UZK = (.58)(1.00) + (.30)(.20) + (.12)(1.00) = .760 

LZSK = (.58)(.357) + (.30)(.071) + (.12)(357) = .271 

LZPK = (.58)(.008) + (.30)(.0317) + (.12)(.00004) = .0151 

REXP = (.58)(3.0) + (.30)(2.5) + (.12)(4.0) = 2.97 

ZPERC = 31.09 + 45.24 + 151.19 - 9.11 = 24 
9. 11 
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PBASE = (31.09)(.271) + (45.24)(.0151) = 9 .11 

AD IMP = .58 + . 1 2 - . 03 = . 6 7 

NOMINAL VALUES 

PFREE = .30 

RS ERV = .30 

SIDE = .oo 
SSOUT = .00 

SARVA = . 001 

PCTIM = .001 

The Verification Program Output for Council Creek shows a compar-

ison between the observed hydrographs represented by a 11 011 and the 

simulated hydrographs represented by a 11 * 11 • The hydrograph sets are 

printed on the same time base so that they may be easily compared. 

The simulated and observed flows in cubic feet per second as well as 

the rainfall in inches is printed on the right hand side of the hydro

graph pages for each day. The statistics for the verification run are 

printed on the last page. 

The simulated hydrograph set produced by the derived parameters 

is an excellent initial run. The parameters derived could be used 

successfully for the basin if it was not gaged since none of the 

parameter derivations were dependent on the streamflow records. The 

number of trial and error computer runs required to obtain an optimum 

solutiori should be minimal. 



Council Creek Verification Program Output 

COUNCl~ CR((K NR STlLLWAl(R OKLA 

COUNCIL CRCCK NCAR STILLWATER OKLA 

·10. FLOW•POINT NArlC AREA-~Q KM K ssour OSSER COMPAR SlXIN HISTOGRAMS 
1 COUNCIL CR 60.30 ~.oo o,oo 1 1 0 TIM(·OCLAY ,931 .o6a ,001 

(;AGC: AREA 1' 1 1 

w 
co 



SOIL·~OISTU~( ACCOUNTING PAµA~EICR5 

COUllCIL CRCCK llUR STH.LwUrfl OKLA 

ccu11:1L CR~(K N~ SllLLWAl[R OKLA 

CO"ITCllT ANO CAPACITY V~LUCS ARC i" "~, 

A~CA ND, ARCA 1,0, ARCA Nft~[ PX 0 AOJ J'(•AOJ lllTWM lllfW'I 
!IBP 1 COUNCIL c~rcK 1.000 1.000 13. ~8. 

PERCJLATION AHO LOWE~ ZONE PARAM[TCRS 

UZK 
,760 

PCTI" 
,001 

ARCA "10. 
l 

PBAS( ZPERC 
9.1 2-.0 

flOP LZTWll 
2.97 151. 

LZFSll LZFPll LZSll 
.2710 

LlPK 
.ou1 

Pfll[( RSE~V 

H. ~s. • 30 .! 0 

P[•ADJUSTll(~T OR £T•0£11AND FOR THC 1'TH OF EACH llONTH 

AOlllP SARVA 

SID£ 
o.oo 

,670 .001 

AR(& llOo 1 2 3 ~ 5 6 T 6 9 10 11 12 loDo OF PE DATA 
STILLWATER l PE•AOJUST"CNT 1.00 1.oo i.oo i.oo 1.00 1,oo i.oo 1.00 1.oo 1.,o 1000 i.oo 

11110 NOo 
l 

l~JTIAL STORA&( CONTENTS 

UZTWC UZFWC LZTWC LZFSC .LZFPC 
o. o. io. o. o. 

llDlllC 
u. 

w 
\.0 



"(4•1 llULT FLOW PLOT COUNCIL CR WATER YEAR l'i1~9 HSl"Ul.llT£0 o=oescRvco UNITS•C'SO· 
~cr-~ov 200,1 ttoo,o 'oo.o aoo,o 1000.0 1200.0 11too.o 1'00,Q uoo,o 2000.0 St~. oes. ~Al'i+MCLT 

1 . o.o o.o ,u2 
2 . o.o o.o o.oo 
l • o.o o.o o.oo .. • 0,0 o.o o.oo 
5 . o.o o.o o.oo 

' . 0,0 o.o o,co 
7 • o.o o.o 0. c 0 
a . o.o 0. 0 o.oo 
'J . ,. o.o o.o O,QU 

10 • o.o o.o o.co 
11 . o.o o.o o,oo 
12 .t o.o ,28 
u .o o.o o.oo 
lit . o,o o.o .oo 
15 • ,2 o,o 

·, "' 16 • .o o.o ,00 
11 . o.o o.o o.co 
l~ • o.o o.o o,co 
\ 'J • o.o o.o c.oo 
20 • o.o o,o 0,00 
H • o.o o.o o.oo 
22 • o.o o.o o.oo 
n . o.o o.o c.co 
l" . o.o c.o 0. co 
25 • o.o o.o o.oo 
26 • o.o o.o o.oo 
l7 . o.o o.o ,01 
28 • o.o 0. 0 o.oo 
n . o.o 0. 0 o.oo 
30 0. 0 o, n o.oo 
31 . o.o o.o o.oo 

1 . o,n 0. 0 o.oo 
2 • o.o o.o 0. ,jQ 

J . o.o o.o 0. r: 0 .. • o.o o.o o.co 
5 • 0. 0 . o.o o.oo 

' . o.o o.o Q,(0 
7 . o.o o.o 0. v..:. 
8 . o.o 0. 0 o.oo 

" • o,o o.o o.co 
10 • o.o o.o o.co 
11 . o.o o.~ O,CJ 
!Z . o.o o,o 0. c:) 
H . .1 o.o .1J , .. • • 0 o.o .oo 
IS . o.o o.o • 0 0 
16 . .2 .l ,35 
17 . .& 1.s .n 
18 . 1.0 ·' o.co 
l'J . 1 ... • t 0,00 
2J . . . 1.1 .I c.oc 
21 . ,8 .1 0,00 
n . ,(, .1 a.co 
13 • ... .1 0,00 
21t . ,3 .1 0:, VO 
?5 . ,3 .1 0. 0 0 
llo • .2 .1 o.oo 
21 • .2 .1 ,09 
21 • .. .2 .1 ,oa 
29 • .1 .1 o.oo 
30 • ol .1 o.oo 

+:> 
0 



OCC•.IAll zoo.t 1100.0 Hu.o eoo.o 1000.0 1200.1 11100.1 i.oo,o 1100 •• aeoo.1 ""· oes. RUll•llCLT 
l • ,l .1 ,Ol 
2 . ,l ol o.ou 
l • .1 .1 o.oo· 
• . .1 .2 o.co 
5 . .1 .2 • 0. G 0 
6 . , l .2 o.ou 
1 . .1 .z J,00 
8 • .1 .2 o.oo 
9 • .1 .2 o.ou 

10 . .1 • I o.cJ 
11 • .1 .2 o.oo 
12 . .2 .2 .n 
13 • .1 .1 .oo 
1' . .1 .1 o.oo 
15 • .1 .1 o.oo 
u. • ,o .1 o.oo 
17 • ,o .2 o.oo 
18 • .o . ,3 o.oo 
l'J . .o .2 o.oo 
20 . .o .2 o.oo 
21 . .o .2 o.co 
22 • ,o .2 o.oo 
23 • .o .2 o.oo 
2• • . . ,o .2 o.oo 
?5 • .o .2 o.oo 
26 . . .1 .2 ,06 
27 . .1 .2 o.oo 
2& . .o .2 o.oo 
2'1 . .1 .2 .r6 
10 • .2 ,3 .2~ 
31 • .2 ·' ,09 

l • ,o ,5 o.oo 
2 • .o .5 o.oo 
3 • .o .2 o.oo 
• . .1 .1 .Ol 
5 . .o o.o 0. c 0 
b . • 0 .1 o.oo 
1 • .o ,5 o.oo 
9 . . .o 0. 01' 
'J • .o .. o.ro 

10 . .o .2 o.oo 
11 • .o .l o. o·o 
12 . .o .l 0.00 
13 . . • o .. o.oo 
1• . . . • o •• c.oo 
15 . .1 • 3 .Cl 
16 . .o • 3 o.oo 
11 . ,o .2 o.oo 
18 . ,o .2 o.oo 
J'J . • 0 ·' o.oo 
20 . • 1 .. .05 
n . • I .. • 0 j 

22 . .o .2 • Q 0 
1J . . ,o • 2 O.OG 
2• • .o .. o.oo 
25 • ,o ,5 o.oo 
u •• .o ,5 o.oo 
n . • 0 .. o.oo 
28 . ,o •• o.oo 
29 • ,o , 3 a.oo 
30 • • o ... o.oo 
n • •• .s . .... 

~ 



Hc>-~AR 200.0 1100.0 600.0 eoo.o 1000.0 1200 .o 1'100. 0 1600.0 1eoo.o 2000.0 SJ~. OBS, RAJ'.+~(LT 
1 • .o .. o.oo 
2 • • 0 •• ,oo 
3 . .1 ·' .06 
• . .o .6 o.oo 
5 . .1 ,5 • 01 

' . ·'• • 0 •• .01 
7 . ,o .. o.oo 
8 . .o ,6 o.oo 
9 . .. 1.0 .•2 

10 . 1.6 1.7 o.co 
11 • 1.6 ,7 o.oo 
12 . 1.• .5 ,o3 
13 . l,O .5 o,oo 
1• • .e ,5 .oo 
15 • ,& .5 o.oo 
1' • ,5 .5 O,OQ 
17 • •• .5 o.oo 
15 . .3 •• O,CQ 
19 . ,3 .. 0,00 
20 • .2 .. c.co 
21 . .2 •• 0,0Q 
22 . .2 .5 o,co 
2! . .1 .5 o.co 
2• . .1 ,5 o.oo 
25 . .1 -5 o.oo 
26 . ,1 .6 o.oo 
Z1 • ,3 .1 .sa 
28 • 1.2 1·• .01 

1 . l.1 ,7 .oo 
2 • .a ,5 o.cJ 
3 . .& • 3 0. C,0 
• . ,5 .3 .11 
5 . .1 .9 .20· 
6 . .3 i.o o.~o 
7 • ,2 ,9 o. ·co 
a . • 2 ... o.co 
9 . ,2 .5 0. (10 

IQ . .2 .. 0.0:1 
11 . .1 .. o.oo 
12 . .1 .. 0. 0 i) 
D . .1 .. 0, C•C 
I• . • 1 . . o.co 
15 . ,l .2 v.co 
1' . .1 .3 0. c i) 
17 . • 1 .5 0. 00 
I 0 . .1 .~ 0. (I J 
19 . .1 ,5 o.oo 
?0 . 2.3 3 .• 8 I. u T 
?I . {,. l 6.2 .o~ 
?2 . •.3 1.• o.oo 
23 . 3.2 .9 0. C.0 
2• . 2.5 .a o.oo 
25 •O 3,0 22.0 .~{, 

2b •0 2.& 11.0 o.oo 
21 . 2.1 1.5 Q,00 
28 • 1.7 1.0 ,03 2, • . 1.3 .9 ,03 
30 . 1.1 1.0 ,o• 
31 •0 ·" 12.0 .o• 

..i:::. 
N 



APA-p,,,y 200.1 ltOOoO 60000 eoo.o looo.o uoo.o 1'100 •. 0 1600.0 1100.0 2000.0 .Strt. OBS, ~Alfl+llCl.T 
l . .., ... e .1'1 
2 . .6 2.1 o.oo 
3 . .6 lol 0,0J 
• . .5 .a o.oa 
5 . .5 .7 o.oo 
~ . .. • 8 c. (' 0 
7 . • 4 . ~ 0. l•ll 
e . S.8 7,7 • t.,d 
9 . 3.6 ... 3 o.ro 

10 • 2.7 1.s .u 
11 2 .1 1.1 0,00 
12 1.6 .9 o.oo 
13 • 1.3 ,7 o.oo 
n • 1,1 .r. o.oo 
15 . . ,9 .5 o.oo 
16 • .8 ,6 o.oo 
17 . ··-· .9 1. Q ,2& 
18 . 6.3 ... 2 .95 
19 .. l 7, .. 30.0 .01 
20 . s.2 2. 7 o.uo 
21 • 3,') l ... C,CO 
22 • 3,0 1.0 0,00 
2' . 2.11 .~ o.oo ,. . 1. 9 .~ o.oo 
25 . l.6 .1 a.co 
26 . 1.3 .1 o. r.o 
27 . 1.2 ... o.oo 
28 • 1.0 .s o.oo 
2'1 • ,9 ... o.oo 
30 • .e ... o.oo 

1 . ,e .. o.o~ 
2 . .~ • 3 ,Q5 
3 . • 7 .z o.oo .. . • 7 • 2 o.co 
5 . l,7 1.3 .6~ 

& •O 1 ... 12.0 o.oo 
7 . 3,7 I. I o.oo 
a . 9, 7 'T I. Ol ., • 0 8!"1. 7 !lo .o .n 

10 .. .. 1~.1 2 J. 0 ,!,}. 
11 •O 9,• 2e.o o.oo 
12 . 7. 0 ~.5 o.oo 
ll . 5.• 2.0 o.oo 
1• . •.3 1 .1 o.oo 
15 . 3. 5 I. 0 .ro 
IG . l. 0 1.1 .11 
17 . 2.5 I, 3 ,1'1 
1e . 2.2 1.0 .01 
19 . 1. 9 .7 o.ro 
20 • 1.1 ... o.oo 
ll . 0 I. 7 2BQ.O ,30 
22 .. 0 28.0 11~. 0 .. ~ 
2 3 •O 6.7 1<. o o.oc 
2• . . •.3 •.2 .02 
25 . 3.5 3.2 0. C· 0 
26 • . 0 ioz.a 2 .. ~.o 1.•Z 
21 .. 22.~ 26.0 o,oo 
28 • e.• 6.0 o.co 
2') • 6.5 3,z o,oo 
so • s.2 2.1 0,00 
n • "·" lol .01 

+::> 
w 



JU'l•JUL 200.0 1100.0 •oo.o eoo.o 1000,0 uoo.o 11100.0 1'00.0 1100.0 2000.e SI~. oes. RAl•;+~CLT 
l .. 0 29.7 11s1.o ,72 
2 •O 6:1 16.0 O,CO 
l • . ••• b•D a.oo • . • o· • 112.'9 161.0 .&~ 
s .. 12.8 25.0 o.qo 
6 • s.• &.1 c.oo 
7 . •.3 ..2 O,CO 
8 . 3.6 / 2.9 O,CO 
9 • 3,1 l.9 0. c ;J 

10 . 2,7 3.2 0,00 
11 . 9,2 2.9 •• a 
l2 O• 21.11 10.0 ,OJ 
13 . •. s 2 ,9 0,00 
1" • 3,6 2.s o.oo 
15 • 3.1 2 .1 o.oo 
l& • 2,7 l .& o,oo 
11 • . 2.• 1.1 o.oo 
I! • 2,2· 1.5 ,01 
l '9 . 2, l 1.• ,03 
20 . 1,9 1.3 0,00 
21 • 1,8 1.1 .o~ 
22 • ••• 1.1 ,51 
23 • 2.3 1.• ,03 
2• . 2.0 1.3 .1• 
25 . 1.6 1.1 0,00 
2& . · . 0 35.& 132.0 1.22 
27 • . 0 6b., 209.D o.oo 
i8 . 9,S 1.0 o.ou 
29 . &.5 3,5 o.oo 
30 • s.2 2.3 .26 

1 • . e.o 2.1 .2• 
2 • ..o 2 .1 o.co 
5 . 3,3 1. 7 o.oo • . . 2.0 1. 7 o.oo 
5 . 2.5 1.s 0,£0 
6 . 2.3 1.• o.oo 
1 . 2, 1 1. 3 o.oo 
II • 5.9 1.0 ,65 
9 .. 0 29.5 81.0 ,13 

10 . s. 0 . 3.5 o.oo 
11 . 3.7 1,6 O,DO 
12 . 3.1 1.3 .co 
ll • 0, . lb2.8 ~24,Q I. 79 
1• 0 • 90.9 •O.O .23 

. 15 . • 0 711. 0 1070.0 2,42 
a 0 • l!>Q ... ~~.o .rl 
11 .. 2•.0 11.0 .26 
18 • o • 70. 7 . 13. 0 .n 
19 O• 17, 1 s.1 .11 
20 O• 10,3 6.0 O,GO 
21 0 . • 2~5.2 ~.9 1,(6 
22 .o • ~f..3.b 61°.D I.. 2 
23 0 • 12':>.6 • 7. 0 • (i 0 •• .. 20. 2" 1~.o a.co 
25 O• 11.11 9,3. 0,00 
26 . 0 • 090,5 '1·0 3,07 
27 . 0 • 1320,9 92~. 0 .2& 
211 . 0. 70,0 35,0 o,oo 
29 .. u •••. 1s.o 0,00 
30 0• 10 •• 10.0 o.oo 
.u • .. , •·1 o,oo 

..j:::. 

..j:::. 



AUG•SEP 200.0 1too.o 6C>llo0 aoo,o 1000,0 1200,0 noo.o 1600.0 1eoo.o 2000.0 s rr·. ODS, RAl'•+r.ELT 
1 • 1.0 7,0 O,CO 
2 • &,0 600 o.oo 
3 . 5.2 5.1 0. 0 0 .. • .. ..6 •.7 o.oo 
5 . •.2 3.~ o,co 
6 • 0 81.t .9 •OO, 0 l.~b 
7 . 0 363.0 •1s.o l. 21 
6 • o • .. 361.3 11.J (1 I\/\} 
9 0 • 32.6 6.1 a.co 

10 O• 11.9 6.!i c.oo 
11 . e.6 5 .1 o,oo 
12 . 7,3 •• 2 o.oo 
13 • 6 .1 3.6 o.oo 
l • . 5.3 3.6 o.co 
l~ . •• 1 3.5 o.oo 
16 . •.2 3.5 0, Ou 
11 . 3.9 3.2 o.ou 
l6 . 3.6 2.9 .33 
19 • 3.5 2.9 o.oo 
20 . 3,2 2.5 0,00 
21 . 3.1 2.3 o.oo 
22 . 3.0 2.1 o.oo 
23 • 2.9 1.6 o. a J 
2• • 2.6 1. 6 0,00 
25 • 2.8 1.7 o.oo 
26 . 2,7 1.7 o.co 
27 . ·2. 7 1. 5 .oe 
2! . 2,7 I. 5 .13 
29 . 2.6 1.5 o.oo 
50 . 2.5 1.• o.oo 
51 . 2.5 1.• 0.00 
1 O• 1•,D 2 .1 ,81 
2 0 • 39,9 •• s o.oo 
3 0 • •9.6 2.5 • 5• • O• 13,9 l.a a.co 
5 . 6.2 1.• c.oo 
6 • 5 .1 1. 3 o.oo 
7 . "·' 1.0 o.oo 
II • 3.~ ,9 0, 0 0 

' . ... 3.• .52 
io • 5.9 3,9 0. 00 
11 . 3.2 1.0 0. L· 3 
12 . 2,9 ·' O,OJ 
13 . 2.7 ,A . c. c 0 
I• . 2.5 • 6 0,00 
15 . 2.• 1. 0 o.co 
16 • 2.3 1.0 o.oo 
17 . 2.2 . ~ . • 00 
16 . 2.2 .. o.co 
19 . 2 .1 1.0 c. 0 J 
;o • 2.1 1. 3 o.co 
.11 . 2.0 1.J o.oo 
22 • 2.0 1.3 o.oo 
23 • o. 99,5 17•.o 2.5) 

~· . • . 0 e•n.o 13•0•0 3,0l 
25 .. .o 1027.~ 1•3o.o ·" 26 .o. • 100.0 30.0 o.oo 
27 .. 29.2 12.0 o.oo 
26 O• l'I.• 6ol o.oo 
29'0• .. 15.0 '·' .10 
JO . 0 • • .. .35 •• 365.0 i.n 

+:> 
c.n 



~r Ml DAILY FLOW PLOT COUNCIL CK WAT[R YCAR 1'11.0 HSlllUl..ATtO o:zOBSCAVtO UNlTS•CFSD 
OCl•llOV 200.0 ltOO,O iOU,O aoo,o 1000,0 1200.0 11too.o· u.oo,o 1100.0 2000,0- !'11'1. C'll'S. RAl'""[LT 

l 0 • . 399.0 1•3.0 1.2b 
2 • !)786,0 uooo.o 7,83 
3 0 • 100S.'f • 370,0 l, CT9 

- • 0 1031.2 1200.0 1.so 
5 0 .. 1Bn.5 1•0.c .oo 
6 37 .o Jn,o .oo 
1 .. 1n.J ;• •• 0 .n 

' .. lJ,0 11.0 .o& 
'1 .. lU,J 1'.J.0 0,00 

)0 •O 8.6 u. 0 o.r.i 
1l •O 7.• u.o ,02 
12 •O 6.5 11.0 o.oo 
lJ • o. 133.2 176.0 .6• 
1• .. 27.- 2•.o o.oo 
15 •O 8,1 11. 0 o.oo 
16 . 5,6 ?.3 o.oo 
17 • "·' 8.1 o.oo 
IA • . ·" 7, 6 o.oo 
l'f . •• l 1,0 o.uu 
20 . • .1 6.5 0,00 
21 . 3.9 6.0 o.uo 
22 • 3.8 f,,O o.oo 
~3 • 3.7 5.6 o.oo 
2• . 3.6 5.1 o.o~ 
2~ . 3.5 s.l o.oo 
.!!. . J.• 

"' 0 
J.CJ 

27 . J.• 5.6 o.oo 
2~ . J,3 5.1 0,00 
2'f . J.2 5 .1 o.oo 
30 O• 25.6 9.J .se 
H . 9.0 e .1 o.oo 

I . 3.~ 6.5 o.oo 
2 • . . 3.3 6.0 0. 0 0 
3 0• 27.3 e.1 .•3 
• Cl• 20.0 ?.J 0,00 
5 . •• 1 5.6 0,00 
... . 3.5 5 .1 o.oo 
1 . 3,2 •.7 o.cJ 
e . J, l s.1 O,QO 
'1 . 3.0 ~ .1 o.oo 

10 ' 2.'1 S.! ~.~o 

11 . 2.8 5.1 O,GQ 
1; . 2. 7 5.1 o.oo 

" . 2.7 5.1 O. (rO 

l • • 2.b • .1 J,U.J 
I 'J o 2.& ... 1 0. Qii 
l (, . 2.s s.1 o.oo 
J1 . 2.~ .. , o.no 
lR . 2 ... ..1 O,CC 
19 . 2.• •• 2 c. c.;, 
20 ' 2.3 3.R o.oa 
~I . 2.l 3.S n,oo 
22 . 2,3 J.2 O,Clll 
2' . 2., ~.2 O.CJ 
2• . '2.2 l.? (". ~\) ,., . 2.2 2.9 o.oo 
26 . 2 .1 2."I ,Cl 
n . 2.1 2.7 o.o~ 
28 . . . 2.1 2.1 o.oo 
29 • 2,0 z,7 o,oo 
30 • 2.0 3,2 o,oo 

+::> 
O"I 



OEC•JAM 200.0 1100.0 iOO.O eoo.o iooo.o uoo.o l'IOOoO liOO,O 1100.0 aooo.o SIM, oos. llAI•l•HCLT 
l • 2.0 ~.s o.~o 
2 • lo') l.2 0,00 
3 • 1. ') 3.2 o.oo 
• . 1,9 3.e 0,00 
5 . 1.8 l,S o.ou 
~ . 1.8 ~.s o.ro 
1 • 1.6 3.S 0,CJ 
A . l .A 3.S o.oo 
9 . 1. 7 ~.2 C,CO 

10 . 1.6 3.5 • ll 
11 • 1. 7 ... 2 o.uo 
12 . 1.7 3.e o.oo 
13 . 1.' 3.2 o.oo 
1• . 1.& 3.2 o.oo 
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2 0 • 35,7· 5,0 1.•l 

' . •O 12., ·'- 1n.o .12 

• • 0 636.l 1os.o 2.•5 
5 0 • 107.2 • ~. 0 .o• 
(, .. 19,0 18.0 .01 
7 .. 0 l;> ,.; 7~. (.l .~!t 
& .. 0 2~.6 tr6,0 • 2. 
9 •O 9,7 ·U,O D. 0 :J 

10 . 7.;> 7.~ r.: J 
11 . 5.'J ~.6 o.no 
12 . 5,0 •·'- o.oo 
13 • •• 3 ~.s c.oo 
1• • . 0 1152.6 635.0 l.'JO 
15 • 117,0 32.0 o.oo 
16 .. 11.7 15.0 o.oo 
17 . 8,6 . 10. 0 o.oo 
1~ . 7,0 8.7 o.co 
1'J • 5.~ 7,0 0,00 
~o . 5,0 (,. 0 0,00 
21 . .. ' 5. l o.co 
22 • 3,8 •.2 0,00 
~~ . •. 3.5 3.~ o.oo 
2• . 3.2 2.? o.oo 
25 . 3,0 2.9 .01 
26 •. 2.a 2.1 o.oo 
27 . 2.1 2.5 0. c J .. ~ . . 2.6 2.3 o.oo ,., . 2.5 2.1 o.oo 
JD . 2 •• 2.s o.co 

1 2.3 2.0 c.co 
2 2.3 1. a o.oo 
3 . 2.2 l. 8 o.oo 
• . 2.l 1.1 o.no 
5 . 2 .1 l. 5 a.co 
~ 0 • i· .. 3 2.~ 1. 01) 
7 0 • 110 I, 7 1•~.o ,7b 
8 0 • 35,l 6.0 O,eJ 
1 O• 1•.2 2.1 0. 0 0 

10 O• 10. '1 ;.o o.oo 
11 . B.6 I, 7 .01 
12 0 • ~It. 5 !i, 7 ,72 
I 3 • 0 a~ •. 2 1~1;. a l.23 
\• o• 30~.6 27'.0 .s• 
15 • .o 69,0 21~.~ , I 7 
l~ .. 15,A 2~.o o.oo 
t1 O• 10.0 1.~ o.oo 
18 . e, I •• 7 0. c 0 
19 . 6.7 3.2 0,00 
?0 . ~.A 3,5 .2• 
>l 0 • 8' .9 3n,o .".' .. 
22 .o • . 58.S 2~.o .•& 
73 .. 2~.7 1'1.0 o.oo 
2• . 7,2 6.0 0,00 
l5 . 5,7 3,5 0. 0 u 
'-" . ~.') 2.1 o.oo 
27 . ... 3 2 .1 0,00 
211 . . . 3.9 2.0 o,oo 
29 . 3.!t 1.1 o.oo 
30 • 3.3 1 ... o.oo 
31 • 3.1 1.1 o.oo 

01 

°' 



A•IG-S[P 200.0 '100,0 'ou.o eoo.o 1000,0 1200.0 l'IOO.O i'oo.o 1600,0 2000.0 SI'', ORS, liAI'·•"!:LT 
1 . ·2,9 1.1 o.oo 
2 . 2.8 ·' o.oo 
3 . 2.7 ·' .o• • . 2.6 1.0 o.ca 
5 • 2.6 1.1 .o5 
~ . 2.s l.~ • 01 
7 . 2.• .7 o.oo 
R . ~.i.. "' o. r o 

' . 7,3 .~ o.cJ 
I 0 . 7,3 .. 0,00 
11 . ~.3 .3 o,ro 
12 • Z.3 ,5 .ll 
D O• 21.2 .e ,75 
1• 0 • 139,9 1.3 .~5 
15 O• 25.0 1.3 .1& 
I~ . q.~ 1.1 o,oo 
17 . 7.• ·' o.oo 
I~ • 6.1 ·" o.oo 
11 . ~.I .. o. ~o 
20 . •• 3 .. o.c~ 
21 . 3,A .2 ,03 
'2 . 3.~ .. . ,. 
73 . 3.1 .. o.oo , . . '·" • 3 o.ro 
2~ . :'.h ·' 0. c 0 
26 • 2.5 •I n.oo 
27 . 2.• .1 o.co 
za . z.3 o.n c.: J 
29 . 2.2 o.a o.oo 
30 . ?.2 o.o .11 
JI • ;>,1 o.n n. o o 

1 . ?.. 0 o.o o.ou 
2 • <.O o.o o.oo 
3 • 33,7 o.o l. ""\ 
• \) • 12.,. '+ •• 1 .1 ~ 
5 O• 1" 1 1.0 0. 00 
6 . 8.1 .. 0 ·' 0 7 O• 12.6 .9 • 14 7 
e . 8,6 2.• o.oo 
9 . 5 .1 .. 0. c \i 

ID . 4,3 .1 0. co 
11 . 5.1 .1 ,JO 
12 .o .. 170,7 20.0 2. !.! 
13 0 . • . 17,,,,, 7 1170.0 2.•2 
I• .o • 105.9 22.0 o.oo 
15 O• 21. 2 6.7 o.co ., .. O• 11+ .1 600 o.c~ 
17 O• 11. 5 5.1 o.oo 
t• . ~.z •.z o. ('I) 
\9 . 7,5 ~.5 0,00 
20 0 • •n.a 5.~ ,B 
21 Q• h.2 5.~ 0, f•O 
~2 . 

"· 0 
3.2 o.oo 

J) . ~. l 2.s ~.oo 

z• • •.5 2.1 .22 
25 . . •.1 •• 11 o.co 
l& . 3,7 Z,3 0,GG 
n ~o .. 18••' 11.0 1.20 
2& 0 • h.O ft.3 o,oo 
2' • '·" ll.2 o.oo 
30 . 0 • , .... •3.0 ,59 

(J1 
"'-.I 



·1EMI · DAll.l FLOW PLOT COUNCIL CR WATER TEAR 1962 uSJllULATCD O:Qe5£11VED UHITS•CFSD 
'JCT·llOV 200.1 ltOO.O •ou.o 100.0 1000.0 1200,0 1~00.0 uoo.o 1&oo.o 2000.0 Si~. OllS, IUl•l•l<ELT 

1 O• 23,& 5.1 .oo 
2 • 1.2 2.5 • 0·7 
3 . !>. 7 2 .1 o.oo 

" • •.9 2.0 o.oo 
5 . • • 3 1.s o.oa 
;, . 3 ..... 1.1 O,GJ 
7 . 3.~ 1. ~ 0. 0 i) 
e . 3.3 l •• c.co 
... . 3,2 I,~ .•s 

10 0 . • 282.2 16•.o 1. 12 
11 0• 67.e 39.0 o.oo 
12 O• 10.• 7.6 a.ca 
u • 7.2 5.6 o.oo 
10 . r.,a •• 2 a.oo 
15 • 5.1 3.2 a.oo 
16 • ••• 2.1 o.oo 
17 . 3.'.I 2.1 a. c J 
11 • 3,5 2 .'S a.ca 
19 . 3. 3 2.3 a,ryi) 
20 • 3.a 2.3 o.aa 
21 . 2.9 2.3 a.co 
?2 . 2,7 Z.3 o.oo 
'l . ?.& ;'. ~ .co 
2• . 2.6 ~.~ o.oa 
;5 . 2.5 2.s • co 
2~ . : ... 2. \ 0. c 0 
27 . 2.• 2.0 O,QO 
21 . 2.3 2.3 o.co 
29 • 2.3 2.s .o3 

.-50 • 2.• 2.5 .n 
51 . 2.• 2.5 • ll 

I 0 • . ..... \ ?.1 . .... 
2 . • 0 1159.• ,,1.n 1,05 
3 ••.o 31.0 o.oa 
• .. 11. 8 11.' o.ro 
5 • A•"- e.1 o. ryu 
6 . 7,1 7,0 o.oo 
7 . 5,A 6.5 o.ao 
I . ..... r..o O,CJ 
9 . •.2 6.0 o.oo 

I 0 . 3.6 6.0 ·'=" II . 3." 6.0 0, Oil 
12 . 3.1 5.6 o.ca 
13 . 2.9 5.1 o.oo 
I• . 2,7 "·' • c \) 
15 0 2a2.6 60.0 l. J b 
16 .O• ltf..'J 25.0 a,oo 
17 . 7,6 7,6 0. c i) 
I~ . ~.5 6.S .or 
19 • •.7 &.5 • 01 
20 . •• 0 5.6 • co 
?I .. 0 181.3 2•1.a ... 
22 O• 70.7 61. 0 • 0 I 
n •O 9.0 lb,O a.co ,. . 5,7 10.0 0. 0 i) 
~5 . •.I &.7 o.co 
26 • •• 1 e.1 a.oo 
27 . 3,6 7.6 o,oo 
21 • 3,2 1.a o.oo 
29 • 3,0 6.5 o.oo 
!O • ' . 2.1 '·' o.oo 

c..n 
co 



IJCC ·J•N 200.·o "-OO.O •oo.o eoo.o 1000.0 1200.0 lltOOoO 1'00.0 1600,0 2000.0 SJ~. OBS, RAl"•"CL.T 
1 • 2.6 6. 5 o.oo 
2 . 2.5 6.5 o.oo 
3 . 2 ... 6.5 o.oo 
• . 2.3 6.S .07 
5 . 2.:l' 6.0 o.cu 
~ . ?.? ~.{, o.nc 
7 . 2.1 •• 7 o.co 
~ .o• ct~ .1 21.0 • E-• 
9 • B.lt 6~. fl • G 3 

10 .. 1n.7 J ~,. J 
·' 5 II o• 23.• ~.I . 10 

12 . 7.1 6.5 o.oo 
I J . 3. 3 ., .1 o.oo 
1• . 2.9 6.5 o.oo 
15 . 2.6 1.0 o.oo 
16 O• . 152.9 137.0 .52 
17 ·•O 2f.. q 3?.0, .oo 
18 •O 5.2 H.O o.co 
~9 . 3.8 9.3 o.oc 
20 . 3.3 7 ... o.co 
21 . 2.9 7.b c.oo 
'2 . 2.(, 7.0 o.oo 
'3 . 2.• (..0 o.oo 
2• . 2.2 S.6 c.o 
25 . 2.1 6.0 o.oo 
n . ?.O ... s n. l1U 
27 . 1. 9 5.l. o.oo 
211 . . 1.9 .. , o.oo 
29 . 1.8 •.2 o.oo 
30 . 1.8 "·' 0 .. c 0 
31 . 1. 7 ..1 o.oo 

1 . 1.7 .. , o.oo 
2 . 1.G .. , c.co 
3 . 1.6 5.1 o.co 
• . I• f. {,,0 .ell 
5 . 1.7 8.l .;s ., . 1. !> 5.f> o.oo 
7 . 1.5 6.0 o.cu 
d • L~ 5.l. .03 

" . 1. ~ 4.' • oa 
la . 1. • 2.~ o.oo 
JI . 1.• 2." c.r~ 
12 . 1.• 3.2 0. ~~ 
n • l. '• •• 2 a.no 
I• . 1. 3 n.o .01 
1~ . 1. 3 5.1 o.:o 
16 . 1.3 •• 2 o.co 
!1 . 1. 3 3 • ., c.oo 
I! . 1.• 4. 7 .ZI 
1J . 1. 3 4. '- 0. co 
?0 . 1.2 3,5 c.oo 
21 . 1.2 •.2 o.oo 
n . 1.2 "·' a.no 
~3 . 1. 1 3.2 o.oo ,. . . 1.1 s.1 o.co ,.., • 1.2 7.6 .13 
~6 •) . 1.2 13.0 o.oo 
27 . l,l 11.1 0. 01'.i 
2& . 1.1 5.6 o.co 
29 • 1,0 5,1 o.oo 
so • 1.0 ~.1 o.oo 
n . 1,0 ... 1 o.oo 

U1 

'° 



Hil•IHR 200.0 \00,0 ' f.PO oO eoo.o 1000,0 uoo.o l•oo.o 1600,Q 1100.0 2000.0 SIM, ORS. ~ftl':>MELT 
1 . 1.0 q,7 o.oo 
2 . 1.0 ... 2 0,00 
3 . 1.0 ... 2 o.oo 
• . ,9 •• 2 c.co 
5 . ,9 3.8 o.co 
6 • .9 - 3. 2 0,00 
1 ,9 ~. !J C. Cn.i 
e . ,9 3.~ c.co 
? . ,9 •• 2 t,00 

10 . ,9 3.~ o.co 
II . ,8 ... 2 0,00 
12 . .a •.2 o.oo 
13 . .8 ... 2 o.oo 
1• . ,8 3.8 o.oo 
l ~ • 1.1 6.0 '!.3 
a• .e 5.1 o.oo 
17 . .a •• 1 o.oo 
:s . .1 3.8 C,CO 
1q . .1 3.2 o.co 
20 . .1 2,9 • 0 l 
21 . .1 3.8 o.oo 
22 . .7 3,2 o.co 
23 • ,7 ~.s ,Ob 
2• • ,7 3.2 o.o~ 
25 . .7 2.9 ,03 

'' . .7 ~. !5 0. 0 0 
• 1 . . ,8 2,q • Id ,8 . ·" ;,5 0. 00 

l . ..-. 2.1 c. c 0 
2 . ob 3.2 ". c •j 
3 • ·" "·' O,GO 
• . ·" •.z o.o~ 

5 . .~ 2.':' o.oo 
6 . .5 2.7 o.oo 
7 . .5 3.2 o.co 
8 . .s 3.~ o.co 
1 . .5 3.2 o.oo 

10 . .5 2.9 o.oo 
11 . • 5 ' .. r. o o 
12 . . .5 2.~ o.oo 
13 . • 5 2.1 o.oo 
l• . .. 2.1 c.oo 
15 • .. 2.1 o.oo 
I~ . .. 2.~ o.oo 
17 . .. ~. ') o.oo 
I A . . . £. 7 o.ou 
19 . . . 2.9 o.r~ 

20 . 3.6 6.0 .~9 

21 . l. 0 &,O o.oo 
?2 . .1 3.5 c.oo 
23 . ,f, 3.2 o.oo 
2• ·•O 23.0 •5.o • 73 
15 . •O qJ.• 61,0 • ;>7 
2~ •O 6 .1 1•.0 o.oo 
27 . •• o 7.6 o.co 
28 . 3,1 6.0 o.oo 

'' • . 2.• !lo I o.oo 
lO • 1.9 •·2 o.oo 
.u • 1,6 1.e o.oo 



~PH·"AY 200.0 otoo.o 'oo.o aoo.o 1000.0 1200 .o noo.o i'oo,o 1600,0 2000.0 s111. Oils. 11&1•1+11£1.T 
1 . 1.3 3,5 o.oo 
2 • 1.1 3.2 0,00 
3 . 1.0 3,2 o.oo 

-. .9 3.5 .10 
5 . ·' •.7 ,08 
6 . .8 5.1 • j 5 
7 . .1 •.7 0. (' J 
8 . . ~ 5 .1 • I 7 

' . • 6 •• 2 o.oo 
10 .. 15,'J 2•.o .65 
II •0 3,9 15.0 ,03 
12 . . 2.2 1.0 .oo 
13 . 1.7 5.6 o.oo 
I• . l.• 5.1 o.oo 
15 • 1.2 5,1 o.oo 
1<, . 1.0 •·2 o.co 
1T . .9 3.e 0. t 0 
18 . .e 3,5 0,00 
1 '1 . ,7 3.-; 0. 0 J 
20 . .e 3,2 .10 
ll . ,6 2., .oo 
22 . ,7 2.'J .10 
23 . ·" 2.'f o.oo 
<• . ,6 Z.9 o.oJ 
25 . .s 3.2 O.OJ 
26 . .s 2.9 • o• 
27 . • 7 7.5 .~7 
2e . 0 .s 32.~ ,03 
Z'J . .5 s.1 o.oo 
30 . •• 3.2 o.ou 

1 . . . 2.1 • : 3 
2 . .. z,3 o.oo 
3 • • • 2. I o.oo 
• . .. ~.n 0. 110 
5 . .. 1.A r. no 
• . .3 1.7 c.oc 
7 . • 3 1.~ o.no 
ft . • 3 1.1 o.~o 
9 . .3 1.5 o.oo 

10 . ,3 I,• o.oo 
11 . ,3 1.3 c.ro 
12 . • 3 1.3 r.oo 
15 . . ,J I ,I c.oo 
~· 
. • 3 1.0 o.co 

15 . • 3 ... n.oo 
l" . .3 .~ n.oo 
17 . . .3 .& o.oo 
18 . " .1 c. (')J 
l .. . • J .6 c.oo 
20 . . , ,5 o.oo 
21 . .3 .. o.ro 
n . • 3 .J o.oo 
~3 . .2 .2 0. 0 0 ,. . ,2 .2 0. 0 :'I 
75 • ,3 .2 ,32 
?f. . .. .. .03 
21 . ,3 .. .os 
78 . • o • 51.5 186.0 2.•2 
29 . • 99,0 ••• 0 .oo 
JO 0• 15,J 3,5 o.oo 
u O• 10 •• a. ••. o.oo 

O'l __, 



JU!1•JUL 200·.1 1100.1 600ol 100.e iooo.o uoo.o noo .• o uoo.o 1100.0 2000.0 
s '""· 

ons. RU•1•"(Lf 
1 • 0 e•.1 300.0 1. •'> 
2 • 0 16•. e ~91.0 ,87 
3 . • 0 %.3 132.0 o.oo .. .. n.s 22.0 o.oo 
'5 .. 10. (, 11. 0 0. 00 
6 . 5,2 f .. '5 .oo 
7 • 0 207.• 2C.7.0 l .;'7 
~ • 0 I.fr..~ 1•·· 0 .~h 
9 0 750.l 5Y?. o 2.1 s 

I l O• 7~ •• 57. 0 • 0 I 
11 ·•O 17,9 31.0 ,H 
12 .. 12.6 11.0 O,GO 
13 . 9,9 9,3 0,00 
I" . 8,0 e.1 o.oo 
15 . f,,5 8,7 o.oo 
IL . ~.5 7.6 0~00 
17 • •.7 5,6 D,00 
I !I • ... 2 ...2 ,05 

" . 3.7 ~.') .01 
20 . 3.• 2.~ o.oo 
21 • ~.l 2.5 .Z2 
22 O.• 30,f, 3, 5 ,79 
;: 1 .o • 1•4.G 23.0 .37 
l• O• 14.4 2.9 o.oo 
ZS • 6.6 2.s o.oo 
26 . 5.• 2.3 o.:o 
21 . •.6 2.5 .01 
28 . •• o 2.3 0. 0 0 
~9 . 3.6 2.1 .02 
50 . 3.5 2.J o.oo 

1 . 3,0 2.0 0. ::i u 
2 . 2,A 1. 7 o.oo 
3 . 2.1 1.• 0. Di.I .. . 2,5 I .J o.~o 

5 . 2.5 I, 3 .02 
& . 2.• 1.0 o.oo 
1 . 2.3 .1 o.oo 
e • 2,• .6 .~9 
q 0 • . 1n.• s. 7 l .•• 'I 

la' 0 .. 217.2 9,9 •• 5 
11 O• 21.5 1. 5 o.oo 
11 O• 11. 0 1.0 o.oo 
13 . 6.6 .e O. "U 
1• • 1.0 .5 o.oo 
:5 . s.e 1.0 • 11 
16 . •.e 9.9 .oo 
J7 0 • . 159.9 128.0 !. 13 
1• O• 17.1 '·~ o.oo 
I '1 . 7.8 1. 7 o.oo 
.. j . 6.3 1.1 0. rj,Q 

21 . 5.3 1.0 0. 0 0 
~z . •.5 ,7 o.oo 
~' . '·"' • 7 O.cO 
;• • o • 131. 9 1?.0 1.2& 
n O• 21. r 5.0 o.oo 
26 • 7,8 1,4 o.oo 
27 . "·'- 1.0 ,Ol 
2e . . 5,2 1.1 ,o'J 
29 .. ..... lolt o.oo 
)0 • .. :S.9 1.7 ,06 
31 • 3,6 2.7 ,23 

O'l 
N 



AUG-SCI' aoo.t '100,0 'oo,o eoo.o 1000,0 1200,0 lliOo.o uoo.o uoo.o aooo.1 SI~,, oos. AAllHM(Lf 
1 .oo ...... o 20.0 ... 1 
2 • 1·.o ... o 0,00 
3 • ",f, 2.0 o.oo 
• • •• 0 1.6 o.oa 
5 . 3.~ 1.1 c.co 
6 . 3.2 1.0 ~.oo 
1 . 2.9 ·"' o.~v 
8 . 2. 7 • Q o. er. 
? . 2,6 .o C.PO 

10 . 2.• • e o.n 
11 . 2.3 ,(, o.oo 
12 . 2.2 ,5 o.oo 
13 . 2.2 •• O,QQ 
l• . 2 .1 .. o.oo 
15 . 2.1 .. a.co 
16 . 2.0 ,3 o.~o 
17 . 2.0 .l o.o~ 
u . 1.9 .2 o.oo ,, • 1.9 .2 r.co 
20 . 1.9 .2 o.~o 

21 • 1.8 .2 o.oo 
n . l.11 .1 0. c 0 
23 . 1.e .1 o.oo 
2• • 2.1 .1 ·""' l5 • 1.~ .1 o.oa 
.?6 . 1.7 ,1 o.oo 
7.7 • . l. 7 o.o o.oo 
,6 . 1. 1 o.o o.oo 
2"1 . . 1.1. o.o a.co 
•o . l.C. o.o o,co 
H . 1. 7 o.o .1 • 

l . l.~ o.o o.no 
2 . 1.6 o.o .cl 
3 0 • 3oq,2 11•.0 2.~6 

• 0 . •A,'! •.1 ,12 
5 O• 14,. 7 ·" o.o~ 

6 O• 12.6 .. .03 
1 O• U.l . " .•2 
e O• 2'/, 0 l. 0 .12 
'! o• 12.6 ,e .12 

10 . ,,,,A ,1 o.oo 
11 . 5.5 .a 0. c Ii 
12 • •.6 ,7 0,00 
u . •• 0 .5 o.oo 
t• • 3.6 .2 • r' 3 
15 0 • "70. 0 257.0 2, I• 
I& 0 • 43.0 5,\ .co 
17 -0• 13. 3 1. 5 .Cl 
18 O• H.1 .9 ri. DO 
I'! 0 • •3. 2 • 7 ,7b 
20 0 • 117.S 10.0 ,o; 
21 O• 12.s 1.e ,(6 
22 . 1,5 1,0 o.oo 
l3 . 6.2 ,9 o.oo 
2• . 5.3 1.3 .11 
n . 

··~ 
lo7 o.o~ 

u . . •• o 1.• 0,00 
l7 . 3,(, 1.• o,oo 
2& • 3,• 1.3 o.o~ 
29 • 3.1 1.1 o.oo 
50 • 5,0 1.1 .11 

0) 

w 
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OIA~ lST MnMfNT PIPCr~T 

SUIULATEO OBS(f!V(r ISJH t'i.•'·' Pr.•rrrir lSIMl•l''f M'Xl•·U~ SfAl'fflMIP Slnt.rnHO 
M(Mi MF:M. ..ous ·1r A:n 1:1n-: i'10Mtrn1n11s1 [,.1·,1q (IHlnH tnnnit 

!"I( f')i1[£t 2.'2;> 3. 1 ,.,. -.I\(,') .. ;'7.L\~ 1." I h -1"'7. '•I\ 7 If. 111 1 '•". q.-,1 
·ir1V[ M11CI\ .J27 .~i.~ ... 01 !) - ., • ,\ -~ 7 •='•I.) -t .. ~7~ .!"'if,q lflf. '1;11 
JEC(~~Efl • 2• 1 .231 •Oil q. ~75 -.8:>2 l.574 .n~ 57.009 
.JC~lUl\R:Y .057 .o~~ -.o~s •) 0 • ''Hiil -. 7f>7 t. llnl • Of,'5 76.'145 
F'[•tklJAHY .16" ,l!J" .010 h.7'16 2, 119 3.0.0 .ll7 :>00.102 
•ARCH .077 .~03 -.1~6 •Sl.9'JO l.257 •3.3d8 .376 le6.320 
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,JUfl( .6b9 1.,f7 -.39~ •31.431. 1.~~o -12.01.? 2 • O'll 1r.~.o~,:l 

JulY 1. 777 1.1 .. ,. .1.29 5 .. -. 7~1? -1.us 1 ~. f.:.,t.. 2.2~1 1%.lJl 
au:;usr .~12 ,252 ,160 SJ,ll2 't,'j65 9.no 1.269 503.079 
S(PTC~BCR 1.E.011 1.2111 e3'JO 51.9117 •3.015 16.097 .2.~62 202.103 
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•I. o·,i; 1. ,1'1,"1 
-.o 11 1.293 
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CHAPTER VI 

CONCLUSION 

The derivation of the initial NWSRFS soil moisture accounting 

parameters by the use of SCS estimated engineering soil properties is 

a practical and useful solution. The SCS soil properties are readily 

available and the NWSRFS Verification computer program can quickly 

check the validity of the derived parameters. The derivation method 

will be readily adaptable to a computer solution, hence the total 

parameter set could easily be computed. It has been found that the 

computed zone parameters have a definite bias toward being larger 

than the optimum value, hence all values should always be evaluated 

as to rationality. The derived parameters will be closely related to 

the physical characteristics of the basin and the substitution of the 

parameters to basins with similar characteristics should be valid. 

The use of this procedure should result in a considerable savings in 

man-hours and computer time. 

As operational rainfall measurements from radar, automated gages 

and high density networks come into being, the need for procedures to 

delineate changes in runoff producing characteristics will be in 

demand and SCS soil properties will be available for as small an areal 

distribution as is required. The procedure for parameter der~vations 

presented in this thesis could be the aniwer. 
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Recommendations for Future Work 

Since there are many possible combinations of soil characteristics 

within a soil profile as well as aerally across a basin, the derivation 

procedures should be tested on a large number of widely scattered 

basins. Adjustments and additional variations in the rules for the 

computation of parameters will most likely be needed. An investigation 

of soil properties available from other sources should be pursued. 

After the procedures are widely tested and finalized, a computer pro

gram to reference a data file of Soil Conservation Service soil 

properties for all soils in a region will be a step toward greater 

efficiency. 
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lOMl'llNF~!T ,.,X,h7HTUT:•L-RU l S CHAW-n:L IriFLJW ~l~ill~ I: I f-:Kll~I Trlf-: i\KicA •l 
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PRINT 901 
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c 
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c 
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c 
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200 SH!IT=O. (I 
SIM!>VT=O.O 
SHn!H=O.O 
SHOST=O.O 
SJNlFT=O.O 
SGtff T = 0. 0 
SRFCIH=O .O 
SETT=O.O 
SPRT=::l.C'l 
SPEl=o.o 

INT)AL VALIJES OF VAKIA'flLES 

llZTWC=VL ( Jt<(;.1 I 
llZFWC=VL ( l .-'.G. ;>) 
LZTwC=V.L I I.-:r;, 3 l 
llFl-'C=v1_1 jH.;,:.1 
LZ~SC=VLI I,_,1,,<.l 
AD!MC=VI_( l><G•'.ll 
IJZTIJCl=llZTHC 
IJZf'WCl=lJlF\..C 

lllWCl=t_ZTwC 
LZFl>Cl=LZF>'C 
LZFSCl=LlFSC 

ADIMCl=AlJJt-'.( 

!NIT IAL VALlJ>=S llF PARAMETEf<S 

PI-' A I l J =PI_ ( I Kr; , l I 
Pf'Af)J=PL( !i<1;,,? l 
II Z l W ,.., = PI_ ( I k G , 3 l 
llZFWM=PL( JK1;.4l 
llZK=PI_ (I R1;. 5 l 
ll'FRC=PL I J><1;. 'JI 
R.EXf'=PL I JkfJ, [,;I 
PCT IM= I' L I I><(,, " l 
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LlFSM=c'L ! l ><C .. ! 2 I 
LZPK=Pl! !Hhd-;J 
LZSK=>'LI IKG.l·~l 
PFREE=PU !><(;, i::d 
RS F' RV= PI_ ( ! Ii G , i 7 l 
SIDf=l'll!KG.l.~l 

WATSF=SARVA 
SARRA=O.O 
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c 
(****************************************•******************************* 
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c 
C ROl..,1--' IS KlJN!lFF F~OM THF. MIN!MlJM !Ml-'F.KVJillJS AKEA. 
c 

SJMPVT:oS JMl-'VT+>{ll!MP 
c 
C AOJIJST Af)JMC,Al:lJITIUNAL JMl--'tKV!lllJS AK.El\ STURAGF. FUK EVAPlH{AT!IJN. 
c 

Alll~"C=Atl JMt,-r,5 
JF(AO!l<'C.t>E.O.OJ GO TlJ 231 

c . c ........................................................................ . 
c 
C F5 CAl\J l\/IJT EXCF.FIJ l\l)JMC. 
c 

c 

F':>=F.'i+t.rll~"C 
AflJMC=n.o 

231 F:5=F.'»"Al\lfVll-' 

C F5 IS ET FKllM THE AKE'A AIJ!MP. 
c: 

PAV= fl Xl>+l llT l.JC- ll Z TWM 
c 
C PAV IS lHf: 1--'F:KJOD. llVAJLAHlf '-lll!STilKf IN EXCtSS 
~ OF ll/TW KF.IJlJlid;•1F.NT<; •. 
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IFIPAV.GE.O.Ol GO TO 232 c 
C ALL "'IOISTURE HELO IN UZTW--N() tXCESS. 
c 

c 

llZ TWC=l I/ TWC+P X 6 
PAV=O.O 
Gfl TO 233 

C MOISTllt<E AVAILMllf IN EXCESS Of UZTW STllKAGE. 
c 

c 
c 
c c 
c c c 
c 
c 
c 
c c 
c c 
c c 

c 
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SRF=O.O 
SStJR=O. 0 
SIF=0.0 
S·PFRC =O. fl 
SOfUl=O. n 

"'IN c = l • o + ,) • 2 * ( lJ z F we+ p Av ) 
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W I l L f' X C E H l ') • 0 M I L L I I·\ f T l' R S I l i- 1 J L F w C .,. ;.- c. v 

O!NC=ll.O/Nl~Cl•0.?5 
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PINC=PAV/N!NC 
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([lMf'llTI- Fi<Ef" WI:. TFK (.f'iJLF f llifi FRI'.( T l•J"JS FiJ>\ 

THE T I MF I NT Ff< 'JAL RF. I ,·, c, l IS t- IJ - fl,\ S I C. 1 J f f' l E T I U ci S 
ARF FrJf( fl:\IE D~Y 

DllZ=l.0-1 ( 1.0-il?Kl"'"'fllNCl 
fllZP=l .0-( ( 1.0-LLPi<. I "*"!'JC l 
01_ l S= 1. 0- ( ( 1. 0-1_ l SK J "'*IJ ! NC l 

c •• ·- ••••••..•.•.••••••••••••••••••••••••..•...••.••.....••... 
c c 
c 

c 

DO 240 IC=l .N!NC 

PAV=PINC 
AOSllR=O.C1 
RAT 111= 11\0l ~C-llZ HJC l /l_ZT'.iM 
ADORO=P!NC*(kATJO••?l 
Sf)RO= s nK (I+ AllOK u" A I) I Mf-' 

C ADflRf) l S THE AMOl!NT •JF I) I "EC T RIJ'iiJFF FiWM 
C T Hf' AR F /\ hf J l l<i I-' - S lJ K ( J I S T rl F S I X H 111 I K S lJ ,'1 f·I A T HI \I 
C CO"'PtJTE HASt:l'LOw ANO KEFP TKACK llt' S!X-HUUK SUM. 
c 

c 

BF=LZl'i->C'l<OL ZP 
LZFPC=LZFPC-RF 

IF CLZFl-'C.GT.0.0001> <;d TO 234 

BF=RFtLZFPC 
LZFPC:cO,O 

234 SfH'=SAF+RF 
HF=LZFSC.;.1)LlS 
LZFSC=LUSC-!11' 

c 
IFILZFSC.GT.O.OOIJll GO TO 235 
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c 
c 

BF::RF+LlFSC 
LZFSC=Q .o 

235 StlF=S~F+fiF 

c ••••••••••••••••••••••••••••.••••••••••••.•.•.••••••••.••..•••••••• 
c c cn~PUTF PERCOLATION-IF NO WATEK AVAILAHLE THEN SKIP 
c 
c 

c 

c 
c c 
c 
c c 
c 
c c 

c 
c 
c 
c 
c 
c 
c 

c 

2., l 

241 

lFllPINC+llZFWC:l.GT.O.Oll Gil TO 2':ll 

llZFWC=IJZFWC+f' !iJC: 
GO TrJ 249 

PER CM= l 1Ff'M:I)1: l f' + l US M'I< f!L l S 
PE k C = f.'.f RC M '' { I ; l r OJ C I U l F V. I• ) 
[) F F R = l • 0 - ( { L lT " ( + L ZF f' C + I. l F SC I I I L Z.T W ~-i+ L l F r' r I+ L Z F S M l l 

OFFR IS THE Lfl<IFK ZllNE "~nIST'.JkF rJU:!CJE'~IC:Y KATIU 

PERC=f'EKC•ll.O+ZPERC•IDEFR*~KEXPll 

NnTF ••• 1-'ERCOLAT lfJN OCClJRS FRilM UZFWC HEFflRE PAV IS AIJUED. 

IFIPF.RC.LT.lJlf-,.Jr:I Gil TU 241 

1-'FRCULATJIJN Rt.TE EXCEEtJS lllf'WC. 

PERC=IJZH~( 
IJZFWC=O .o 
GO HJ 247 

PF.RC 0 l II T I I l N RA Tf I S I_ E SS THAT I J l F WC • 

I JI. F vlC =II l F '-'IC - f' E -: C 

CHFCK TO SEE IF PERCOLAT!IJN EXCEEIJS t_IJ\.ifk llJ"lE OEl'JCIE,'JCY. 

CHFCK=LlTwC:+LZFf'C+Lz~sc+µFKC-LZTwM-LZFl-'M-LZFS~ 

IF I CH f C '< • L E • 0. ') I GO TU 2 4 2 
PFRC=PF><C-C>-.i'C< 
Ill FWC = lJ/ F '.-'C+C ~t=C K 

242 SPFRC=Sf'EkC+f':~C 

C SPERC l·S Tf-'E SIX Hf)UK Sll"MAT I flN IJF f'ERC 
c c ••....••••••..•..••••••.••••..••..•..••••.......••••........•....•. 
c 
C CllMPllTF JNTE~FLllW Al\Jll KE~P Tl<ACK ilF SIX HlllJ~ SlU-1. 
C. · NDH· • •• PAV HAS rJOT YET ~EEN A[1f,i=11. 
c 

c 

OEL =ll Z F 1.-1C • 1JIJ l 
SIF=SJF+nFL 
11 Z F WC= lJ l F w C - D FL 

c ••••.••.••••••••••••••••••••••••••••••••••••••.•••••••.••...•••... 
c 
~ 
c 

c 

c 

c 

OIST~IRF f'Fh(UJLAHIJ \oll\TI-'\ INTtl Tf-<F Lfll'F.~ ZIJNES 
TENSIOl\J WATEK 'HJST -lt FILLEll FlkST !::XCEPT FLJ'<. THE f'FKF.I:: AKFA. 

247 VPERC=PFKC 
PERC=l-'FKC~ll.0-PFREEI 

[F((PEl<C+LZT\.JCJ.t.T.LZTW''l Gil TO 243 
l ZTWC=L lHIC+P!-:KC 
~ERC=O.tl 
Gil TO 244 

243 PFKC=f'F~(+LZTWC-LZTWM 
LZTWC=LZT\<M 

C 0 I ST I< I~ If 1 F f' FI<. C () L l\ T I 1 l l\J I ~I E X Ci' SS IJ F Tl:: N '> l IH~ f RF.QIJIRf:-Mf:l\:T~ h·~UNG lHt: hl.H· ;..Alt'K SHJl<Al,f:S. 
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I 

24~ PFRC=PFMC+VPEkC•PFKEE 
IFCPF.KC.F<J.0.'ll Gfl T11 245 
HPl=LZFPM/ILZFPM+LLFSMl c . 

C HML IS THE RELATIVE SIZf OF THF PK!MARY STOkAGF 
C AS CllMPAKF.D WITH TOTi\L LOWt:K ZIJNE f'Kf::E WATEK STOKAGE. 
c 

c c 
£ 
c 

c 
c 
c c 
c 
c 

c 

RATLP=LZFPC/LZFf'M 
RATLS=LZFSC/LZFSM 

RATLP AND RATLS ARE CONTENT Tll CAf'llCITY KATl'IS. OR 
IN OTHEK WURDS, THE RELATIVE FlJLLNESS IJF EACH STOKAGE 

PE RC P= PF RC• ( ( HPL •?.. O• ( 1 ~ 0-R A TL Pl l I ( ( 1. 0-M A TL Pl+ ( 1. U-M ll TL S I l l 
PERCS=PEKC-PF.KCf' · 

PF.RCP Al\l[J f'Ei-1.CS ARE fHE AMUIJ:\JT IJF T'"iE EXCESS 
PEKCOLt,TIOl'I GOING HJ f'K!•"IARY A~IO SUPPLE1·1!::c;fAL 

STOKGFS,1-1.ESPFCTIVELY. 

LZFSC=LZFSC+PF.RCS 

IFILZFSC.1.E.LZFS,_.I Gfl TO 246 
PERCS=Pf'KCS-Llf'SC+LlFSM 
LZFSC=Ll FSl-1 

246 LZFPC=LlFPC+IPERC-PF.RCSl 
c . c ••••••••••••.••••••••••••••••••••••••••.....••.•..••.••......•.. ti 

c 
C 0 I ST K I f\ lJ TF f' AV 8 ET WE EN l I Z F WC f. ND S lJ !'.FACE KU ~10 FF • 
c 
c 
c 
c 
c 
c c 

c 

245 IFIPAV.F0.0.01 GO TO 24Q 

CHECK IF f'AV F~CEEOS UlFWM 

IFllPAV+UZFWCl.GT.UZFl-•Ml GO TU 248 

lllfl SllRFA_CF klJNOFF 

lJZFWC=UZFWC+PAV 
GO TO 24'-I 

(. ............................................................ · .... . 
c 
C COMPllTF SllkFACE KllNlJFF ANll KcEP TkACt<. llf' SIX Hf1ltR SI"-\ 
c 

c 

~ c c c 

c 

248 PAV=PAV+llZFWC-llZFWM 
llZFWC=lll F\.IM 
SSIJR= SS t 1R+ f'A If *PARE A 
A 0 S lJ R = fl A V * ( l • 0 - i\ I l !J K U I f' p,; C ) 
AOSlll{ IS THE /IMOllNT iJF $1JKfACE RIJNtlFF lo/HICH Cf!"'•ES 
FRflM lH/\T f'CJRT!IJ,'1 I.IF ll1lJ~'P '.HH!CH IS r-JOT 
CURRENTLY Gt"it:'KATl~JG Dl.<.tCT KIJ-.iUFt=. AllllMU/f'l'IC 
IS THE f'RACTJ(IN OF AlllMP CL'KKE~JTLY (.t:l\iEkAT lNl· 
r>IRFCl RUNOFF. 

SStJR= SSlfk+A OSI II-I.* AO I Ml' 
7.49 AD IMC=Af>l MC+f' I NC-AIJIJKO-flUSUK 

240 CnNT JNltF 
c . . . 

. c •••••••••..••••.•••••••••••••••••..••••......•...•••••...••.•••. 
c 
C FNO OF INCREMENTAL po LllOP. 
c c 
C*******"'*************"'"'***************************************** c 
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c 
c 
c: 
c: c 
c: 

CllMPIJTF SIH·IS ANIJ Al)JIJST KIJNfJFF AMIJl!NTS HY THE AKEA OV[K 
WHICH THEY M;.E <;HJF:Kl\TEfJ. 

F:llSFO=F.I +F.2+F1 

EtlSEf> IS THE ET FRtJM. PArH;A WHICH IS 1.0-AO!MP-PCTP~ 

SIF=SIF*t'AREA 

·c 
C T8F IS TOTAL 8AStFLU:.J 
c 
c 
c 

HFCC=TKr*Cl.O/Ll.O+SI~Ell 

f\FCC IS BASEFUIW, CHANNEL C!lMP(J~•ENT 
.HF NCC= TM'-.1FCC 

c . 
c RFNCC IS p.r.sEFltl\o/,NiJN-CHMiNt:L CIJMf'IPH:'H 
c 
c c ••••...••••••••• It ..................................................... . c . 
C AOO Tn M[) 1·1THL Y SIJMS. 
c 

c 
c 
c c 
c 
c c 
c 
c 
c 

c c 
c 

"2':>0 

c c 

S!NTFT=SJ~TFT+SIF 
SGWFT=S -~f'T+t>f'CC 
SR F C tl T = S ><: F C rH + h F ·'<CC 
SKllST=S-<fiS T+SSI!~ 
sf( on T = s '< [l: J T ... s ~) K f I 

COMl'tJTf.c TOTAL (...:AN'JEL lNFLUW FIJK THE SJX-Hll'JK f'Er{!Oi), 

TC I= KO I" f'+ S rlr{ i l + S 5Ur{ + <; I F +':IF CC 

C!l"IP•JTE E4-ET F•WM ST~EAM SIJKFflCES A'IO Rl>'A'<IAri VEGElATI11N. 

E 4 = f l)~lhli* ~ :i TS F + I E IJM '~I l-E ll SF. D I "'SA ;{KA 

SllBTf~ACT t:.c. 1-'Kll'·I CHA'\l'JEL fl\lFLU\.i 

TCl~TCI-F4 
I F I T C I • H' • 0 , 0 l GO T 11 L' ~ r: 
f4=f:-'•+TG I 
TCl=O.O 

COMPllTF' TOTAL EVAPllTKANS~IK•\T ION-TET 

Fl IS F ll = F 115 1-!H• i> t.i< F. A 
Tf:l =f11c;1-1l•t'>+f'4 
SFTT=SfTT+TFT 

c: ....................................................................... . c . 
KOi IKG.!f'6.JDAl = TC! 

c 
( .. ~·~·········································, ......................... . c 

SfHlT=SK;tl+TC I 
c 
C f'l{!NT Sli<-HOllR ACCOUNTING VAl.!JES Ii' KEWUF.STF:ll. 
c 

c 

c 

IFI IPKl'll,f'.f).l) P~l'IT ':IO'i,Jf1A,J>'t,,IJllw(,IJLF~,c.L7TwC.LlFSC,l_Zf'JJC,All 
1 IMC • S fJ F= "· C , K fl I "'I' , S 0-: 11 • ') S lJ K • ) l f' • r\ ~CC , T C l , t: II MrJ I) , T t l , PX iJ 

90~ FORMAl(!H .?f3,hF7.l,7FH.2,3FH.ll 

IFlllllA,EtJ.ll>?.J,ANCi.llP0.ECJ.!f.'2ll f;u Tll 270 
lf.'l>=ll't>+l 
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c 

c c 

IFI ll'b.LE.4l GD TO 20~ 

11'6=1 
lllA= IDA+l 
Gll Tll 20 5 

C COMf'llTEo MONTHLY WATER f\ALANeE FIJR AREAL Sll!L MIJJSTURE AeeUIJNTING. 
c 

c 
c . 

F\A L I IR r, l = ( LI z T we+ u z F we+ L z T.,., e + L z Fr' c + L z F s.e -11 z T w c 1 -ll z F we 1 - L z T we l - Lu I-' e 
11 - l l F SC l l 'I'- I-' AK f- A+ ( Al) l Me - A IJ I MC 1 l *AU l I" I-'+ S 1{11 T + S k Ee HT+ SE T I - SI-''< T 

c ••••••••••••••..•••••••••••.•••••••••••....•.••••••.••.•.•............. 
c 

~ 
c 

SU I RG.1 l =SRIJT 
SL 11 RG,? l =S Jr•l-'VT 
Stl JRc;,3)=Sf<llflT 
SLI IRG,4l=SkflST 
SL! JRG.~il=S !~JTFT 
S l I l R G, b l = S G ~~ F T 
SL (I RG. 7 l SKEeHT 
SlllkG.Hl Sf'KT 
SU JRr;,y) SJJFT 
Sll 1 R G, l 0 =SF TT 
VLIIRG.ll UZTwe 
VLI IRG,2) 11zFwe 
VLIJRGdl LZTWC 
VLl!t<G.'>l ui=,;[ 
Vl<IRG,4) LZFSe 
VL( !RG,h.l AD!MC 

RETtll{N 

ENO 
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