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Preface 

The enclosed papers were prepared for the International 
Symposium and Workshop on the Application of Mathematical 
Models in Hydrology and Water Resources Systems held in 
Bratislava, Czechoslovakia, on 8-13 September 1975. 

The papers are being published in this format because 
the distribution of the original reports was extremely 
limited. There is a need for this information to be 
available to potential users of the catchment model of 
the National Weather Service River Forecast System. This 
system comprises a number of hydrologic models which are 
being incorporated into an operational river forecasting 
program. The system is being implemented by the Hydrologic 
Services Division and the Hydrologic Research Laboratory 
of the Office of Hydrology. 

Robert A. Clark 
Associate Director 
National Weather Service (Hydrology) 
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CATCHMENT MODELING WITH THE UNITED STATES NATIONAL WEATHER SERVICE 
RIVER FORECAST SYSTEM 

Eugene L. Peck 
Director, HY,drologic Research Laboratory 

National Weather Service, NOAA, Silver Spring, Md., U.S.A. 

ABSTRACT. The system (NWSRFS) of conceptual hydrologic 
models and other procedures, used in the operational 
river forecasting program of the United States National 
Weather Service, is briefly described. Complete 
information on the system as it existed in 1972 was 
published. However, since then the operational system 
has been expanded and revised frequently. Information 
on new procedures will be published in the technical 
literature. 

A major revision has been made in the soil moisture 
accounting for the catchment model. The components 
for soil moisture accounting of the Sacramento Model 
have replaced those of the modified Stanford Model 
as used in the original system. The conceptual 
features and characteristics of the Sacramento Model 
are discussed. The demonstration in the workshop of 
this symposium will be limited to the catchment model. 
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INTRODUCTION 

In 1971, the United States National Weather Service decided to develop 
and publish the National Weather Service River Forecast System (NWSRFS) (NOAA, 
1972). This system is a comprehensive collection of the latest hydrologic 
techniques and includ~s the basic hydrologic techniques needed by the NWS 
River Forecast Centers to perform their operational functions. Each technique 
has been developed and/or evaluated by the Hydrologic Research Laboratory of 
the National Weather Service. These hydrologic techniques include, but are 
not necessarily limited to, the following: 

1. A catchment model which, through the use of soil moisture accounting formu
lations and the mathematical modeling of flow through and above the soil 
mantle and within the channel, convert moisture input (rainfall or snow
melt) to a hydrograph of channel discharge at the outlet of the catchment. 

2. A mathematical model of the accumulation and ablation of snow. 

3. Channel routing models which model the translation and attenuation of a 
flood wave as it moves between two points in a channel. 

4. Techniques for modeling the areal distribution of precipitation, to be 
used for computing the moisture input to a catchment on the basis of 
point values measured at rain gauges. 

In addition to the hydrologic techniques, the system includes three 
other categories of material. 

A - Procedures for archiving, retrieving and processing the types of data 
needed to apply the system. 

B - Methods needed to calibrate the various hydrologic techniques, that 
is, to evaluate the parameters to apply a hydrologic or hydraulic 
model to a specific location. 

C - Computer programs necessary to execute the hydrologic techniques and 
support procedures described above, in both the development and 
operational modes. 

The system was begun in 1971, along the lines described above and pub
lished as NOAA Technical Memorandum NWS HYDR0-14, National Weather Service 
River Forecast System Forecast Procedures. As originally published, the 
system included a modification of the Stanford Watershed Model IV, based on 
the work of Crawford and Linsley (1966). 

The nature and concept of the system are such that it may be expected to 
be constantly changing. New hydrologic techniques become available from . 
time to time and, if they are judged to be superior to those in the system, 
substitutions are made. Changes and increases in the needs of forecast users 
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may present a need for new hydrologic products and the techniques needed to 
produce them. Advances in computing equipment and/or changes in the eqti~p
ment available to the service also require revisions to the computer programs. 

NWSRFS MODIFICATIONS 

Additional procedures are being included in the NWSRFS to expand the 
flexibility of the system. A major change has been made in the basic soil 
moisture accountingo The soil moisture accounting system of the catchment 
model developed in the NWS Sacramento, California River Forecast Center by 
Burnash, et al. (1973), is now included in the system. The method employed 
includes a minor modification of the temporal distribution function from that 
described in the original Sacramento model. 

SOIL MOISTURE MODEL 

The soil moisture models that have been used in NWSRFS'have been concep
tual in design. This resulted from a firm belief that a number of benefits 
accrue from a strong physical base. Some of these are: 

1. The performance of the model in simulating the past is the only 
available objective measure of the model's ability to predict 
the future. It is, however, an indirect and imperfect measure. 
Where accurate simulation of the past has been attained, a high 
degree of conceptuality enhances the probability of adequately 
predicting future events. This is especially true in the case of 
extreme events involving values of variables not experienced in 
historical data, or, experienced values of the variables but in 
unexperienced combinations. 

2. Models of this type are necessarily complex and involve a large 
number of parameters. The evaluation of parameter values for a 
specific catchment is a very serious problem, always involving 
a number of successive approximations. The chances of obtaining 
something close to the true values of the parameters are 
increased if the first approximation is reasonable. If the 
parameters have real physical meaning, good first approxima
tions of their values may be inferred from streamflow records 
and various observable basin characteristics. 

3. Parameters based on conceptual considerations can sometimes be 
subjectively altered to reflect changes made or tn be made to 
the physical characteristics of the catchment thereby mitigating 
the need to wait for a new data base to be developed. 

4. A conceptual model can be applied to problems other than dis
charge prediction. Some examples are, movement of pollutants 
through the soil mantle, water temperature prediction and 
determination,and prediction of soil moisture levels for 
agricultural purposes. 
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5. A model that is conceptually based provides a more effective 
structure for future modification and research. 

The demonstration in the workshop associated with this symposium will be 
limited to the portions of the syste~ pertaining to a single catchment area. 
There would not be adequate time to demonstrate all of the flexibility of 
NWSRFS. Therefore, only the significant hydrologic concepts of the catchment 
(Sacramento) model and minor modifications as made for its adoption in NWSRFS 
are discussed. 

Model Classification. The Sacramento soil moisture model is of the deter
ministic, lumped input, lumped parameter type. The originators, while fully 
cognizant of the variability of physical characteristics and hence parameters 
within a catchment, did not feel that any existing method of modeling this 
variation, or any they could devise at that time, was adequate or realistic. 
They therefore opted to design their model as a lumped parameter technique. 
They did, however, include a "variable impervious area" and an incrementation 
of lower zone free water when tension water is not completely satisfied. 
These two features give the model some of the characteristics of a probability 
distributed parameter model. 

Model Structure. Two zones, upper and lower, are defined. The upper zone 
represents the upp~r soil layer and interception storage while the lower zone 
represents the bulk of the soil moisture and longer groundwater storage. 

Moisture Storage. Each zone is thought of as storing moisture in two forms, 
"tension water" and "free water." Tension water is that which is closely 
bound to the soil particles in contrast to the water that is free to move. 
For any zone, the maximum amounts of tension water and of free water which 
the zone can hold are specified as model parameters. The amount of water in 
each of these storages at any time is a model variable. The basic storage 
mechanics are that moisture entering a zone. is stored as tension water until 
the tension capacity is filled. In the lower zone, however, a portion of the 
water entering that zone may be diverted to free water storage before tension 
water is filled. Once tension water capacities are fille~ then additional 
water will be stored as free water. Depletion of free water occurs vertically 
as percolation, horizontally as channel inflow and non-channel groundwater 
outflow or as evapotranspiration. Tension water is depleted only as 
evapotranspiration. 

Channel Flow from Groundwater. In order for a continuous model to accurately 
simulate extended periods of fair weather flow, it must have a rather 
complex groundwater flow withdrawal function. In this model, this is accom
plished by defining two lower zone free water storages: primary, which is 
slow draining and longer lasting, and supplementary, which is faster draining. 
The outflow from each of these is, in each computational time period, the 
product of the contents and a constant withdrawal parameter. The two param
eters (primary and supplementary) are not equal to each other. While the 
depletion functions are simple, the total groundwater outflow is governed by 
these functions acting in combination with some rather involved mechanics 
which apportion inflow to the lower zone between the two free water storages, 
and balance tension and free water storages. The originators of the model 
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believe the concept of two separate groundwater components to have some basis 
in fact and have had a degree of success in identifying them from observed 
streamflow records. 

Percolation. The flow of water from the upper zone to the lower zone is 
expressed by a formula considered to be the "heart" of the model. In this 
formula, a percolation rate "PEASE" is defined as the maximum lower zone flow
through rate. This is numerically equal to the outflow from the lower zone 
under saturated conditions. 

Under conditions of unlimited moisture availability in the upper zone, 
the actual percolation rate may vary between "PEASE" when the lower zone is 
full, and a maximum value which would occur if the lower zone were empty. 
This maximum rate is defined by a percolation parameter, "ZPERC," such that 
the maximum rate is equal to the product of "PEASE" and "l+ZPERC." 

The variation of percolation rate between the minimum and maximum values 
thus defined occurs as a function of the lower zone deficiency ratio. This 
ratio (DEFR) is simply the difference between lower zone contents and capacity 
divided by the capacity. The ratio may vary from zero (lower zone full) to 
unity (lower zone empty). In its computation, both tension and free water 
are considered. In order to permit the effect of the deficiency ratio to be 
non-linear and to vary among catchments, a parameter "REXP," which is 
dependent upon soil type, is applied to the ratio as an exponent. Thus, the 
actual percolation rate under conditions of unlimited moisture availability 
in the upper zone is given ·by: 

RATE PEASE (1 + ZPERC * DEFRREXP) 

where: 

RATE is the percolation rate as defined above. 
DEFR is the lower zone deficiency ratio. 

The true percolation rate is equal to the product of "RATE" and the 
"upper zone driving force," which is the ratio of upper zone free water 
contents to upper zone free water capacity. Thus, the percolation will be 
zero if upper zone free water is empty and equal to "RATE" if the upper zone 
is full. 

The formula involves eight model parameters. Two of them, ZPERC and 
REXP, appear ·only in this formula. The remaining six serve their primary 
purpose in other parts of the model. Four model variables, related to stor
ages in both zones, also appear. The formula interacts with other model 
components in such a way that it controls the movement of water in all parts 
of the soil profile, both above and below the percolation interface and is, 
in turn, controlled by the movement in all parts of the profile. 

Variable Impervious Area. A portion of the water entering the basin is 
assumed to be deposited on impervious areas directly connected or adjacent to 
the channel system and thus becomes channel flow. This portion is defined by 
two parameters representing its minimum and maximum values. The actual area 
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used in the computation varies between these limits as a function of the 
amount of water in storage. 

Flow Components. The model recognizes and generates five components of flow: 

1. Direct runoff, resulting from moisture input being applied to 
the variable impervious area. 

2. Surface runoff. When moisture input is supplied at a rate 
faster than it can enter the upper zone, the excess appears 
as surface runoff. 

3. Interflow, lateral drainage from upper zone free water. 

4. Supplementary base flow, lateral drainage from lower zone 
supplementary free water. 

5. Primary base flow, lateral drainage from lower zone primary 
free water. 

Evapotranspiration. Evapotranspiration rates in the Sacramento model may be 
estimated from meteorological variables or from pan observations. Either day
by-day or long-term values may be used to derive the demand curve. The 
catchment evapotranspiration - demand curve is a product of the computed 
evaporation index and a seasonal adjustment curve. The seasonal adjustment 
curve reflects the state of the vegetation. The moisture accounting within 
the model applies the evapotranspiration loss, directly or indirectly, to the 
various storages and/or to the channel. The amount taken from each loca
tion in the model is determined by a hierarchy of priorities and is 
limited by the availability of the moisture as well as by the computed demand. 

Computational Technique. The movement of moisture through the soil mantle is 
a continuous process. The rate of flow at various points varies with the rate 

·of moisture supply and with the contents of various storages. This process 
is modeled by a quasi-linear, open form computation. A single time step 
computation ot the drainage and percolation loop involves the implicit 
assumption that the movement of moisture during the time step is defined by 
the conditions at the beginning of the time step. Since this assumption is 
not valid, the resultant approximation can be made acceptable only by the use 
of a short time s.tep. In the model, the length of the step is volume 
dependent. That is, it is selected in such a way that no more than 5 mm of 
water may be involved in any single execution of the computational loop. The 
5 mm limit is arbitrary. It was selected by the originators as being small 
enough to logically fulfill its function, and not so small as to cause 
excessively long execution times on the computer (IBM 1130) which was used to 
develop the model. Sensitivity tests to determine the optimal size of this 
limit should have a dependency upon soil type. The current limit represents 
a compromise to eliminate the need for an additional parameter. 

Parameters. The soil moisture accounting portion of the Sacramento model, 
exclusive of the evapotranspiration demand curve, involves seventeen param
eters. The demand curve can be defined by a series of ordinates, twelve in 
number, or by a formula involving five parameters. The temporal distribution 
function, which converts runoff volumes to a discharge hydrograph, involves 
a unit hydrograph, and, in some applications, a channel routing function. 
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The original Sacramento model appliedtheunit hydrograph to only the 
upper three components of flow. The two lower zone components were added to 
the channel flow in the· time period in which they were released from the 
lower zone. In the NWSRFS version, the unit hydrograph is applied to the sum 
of all five components. 

The application of the model in the NWSRFS involves moisture input in 
6-hour time periods, and computed 6-hour runoff volumes. The short, repeti
tive computational time step described above is a subdivision of the 6-hour 
period and has mathematfcal significance only. The computations are acctnnu
lated over a 6-hour period and applied to a unit hydrograph function 
representing a 6-hour duration event. 

Calibration. A very difficult problem which always accompanies the use of a 
hydrologic model is that of calibration or "parameter optimization." A model 
is obviously useless if its parameters cannot be evaluated. Yet, the deter
mination of the optimal values of fifteen to twenty interrelated parameters 
is a formidable task. The National Weather Service has used.a combination of 
manual and automatic optimization techniques. The term "manual" refers here 
to. a procedure in which subjective adjustments to various parameters are made 
on the basis of specific characteristics of the output of previous computer 
runs. Automatic techniques are those in which the c9mputer itself adjusts 
parameters in a semi-random manner, based on changes in the value of a single 
numerical error function. The method used is an application of the "Pattern 
Search" technique described by Monro (197l)o 

There is no doubt that a good set of parameters can be obtained using 
only manual methods. However, the procedure is time consuming in terms of 
man-hours and requires a degree of interplay with the computer often not 
available from larger systems. In addition, the hydrologist performing the 
optimization must possess a considerable degree of skill acquired through 
experience with the model. Automatic methods, on the other hand, are fast 
and simple to use. Besides being expensive from a computer usage standpoint, 
they have some inherent disadvantages. Some of these are: complete 
dependency on one error function, failure to attain an optimal solution due 
to non-convexity of the response surface in the vicinity of the starting 
point, and failure to recognize the effect of perturbing a group of param
eters simultaneously. At its worst, such a procedure can degenerate into pure 
curve fitting and produce a set of parameters which fit the calibration data 
reasonably well, but which are hydrologically unrealistic. 

Experience in fitting the model to a large number of catchments under 
operational conditions indicates that the procedure should be one involving 
both manual and automatic fitting where the strong points of" each compensate 
the weak points of the other. Generally, much more is achieved by fitting 
manually first, then using the automatic optimizer after a reasonable fit 
has be~n obtained. 

Data requirements for .the model are somewhat greater than for simpler 
"event" type models, since the model utilizes a continuous record rather than 
a fragmentary one covering selected periods. 
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The length of the data base required for adequate calibration depends on 
a number of factors including the hydro-ciimatic characteristics of the catch
ment and the amount of hydrologic activity during the period in question. 
Typically, however, it runs 8 to 10 years. 

COMPLETE NWSRFS 

The National Weather Service River Forecast System is continually being 
updated and expanded. It contains many models and procedures including the 
catchment model. Routing and data handling and processing procedures re
quired to adapt the system to a particular river basin are also included in 
the complete NWSRFS system. 

The modular form of the NWSRFS permits the incorporation of additions 
and improvements with a minimum of programming effort. A snow accumulation 
and ablation mo.ci.~l (Anderson 1973) has been added to the original system. 
Dynamic (implicit) routing techniques for use on major rivers where serious 
backwater problems are encountered due to interconnected river systems or 
tidal effects (Fread 1973) are being incorporated into the system. 

It is not planned to publish the entire revised NWSRFS since it is an 
operational system and subject to frequent modifications. The complete 
system will be available only on the NOAA's central computer system for use 
by the NWS River Forecast Centers. However, information on new and revised 
techniques will continue to be published in the literature. 
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CALIBRATION OF NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM: 
INITIALIZING PARAMETERS FOR THE CATCHMENT MODEL 

Eugene L. Peck 
Director, Hydrologic Research Laboratory 

National Weather Service, NOM, Silver Spring, Md,, U.S.A. 

ABSTRACT. Use of the catchment model in the National 
Weather Service .River Forecast System (NWSRFS) requires 
the determination of 16 model parameters. The calibration 
process is greatly enhanced if rational initial estimates 
of model parameters can be found. Techniques are developed 
to derive initial parameter estimates directly from the 
hydrometeorological data base of a catchment. The 
techniques utilize catchment maps, precipitation records, 
and streamflow records to estimate the magnitudes of 
soil moisture storage components and appropriate drainage 
coefficients. Step by step demonstrations of the 
estimation procedure are included. As an example, 
parameter estimates are obtained for simulation of the 
South Yamhill River near Whiteson, Oregon. 
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INTRODUCTION 

The soil moisture accounting program of the catchment model 

developed in the National Weather Service (NWS) Sacramento, California, 

River Forecast Center by Burnash, et al. (1973), is presently used in 

the National Weather Service River Forecast System (NWSRFS) (NOAA 1972). 

A general description of the model is given in the companion paper 

prepared for this workshop (Peck 1975)o Figure 1 is a flow diagram 

illustrating the various paths water takes in the model. A listing 

of the NWSRFS subroutine for this model appears in appendix D. 

Calibration of the catchment model requires determination of 

values for 16 parameters associated with soil moisture accounting. 

This section describes methods for determining initial parameter 

values. All the parameters are depicted in figure 1. 

REQUIREMENTS FOR HYDROGRAPH SIMULATION 

Simulation required to test the validity of the soil moisture 

parameters involves three other elements. These are: 

1. Mean Areal Precipitation (MAP). This includes all the 

techniques and procedures necessary to arrive at basinwide estimates 

of mean areal precipitation for use by the soil moisture accounting 

portion of NWSRFS. Included are methods for estimating missing 

precipitation amounts, distributing estimated or accumulated 

precipitation, and adjusting precipitation data for orographic and/or 

other effects. In basins in which snow occurs, input to the 

catchment program consists of the liquid water reaching the soil 

mantle from a combination of rainfall and snowmelt . The snowmelt 

may be either estimated or computed from the NWSRFS snow . 

accumulation and ablation model (Anderson 1973). 
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2. Estimates of potential evapotranspiration for the basin. These values 

can be estimated from meteorolpgical variables or from pan evaporation 

observations. They can be either day-by-day or long-term averages. 

3. Channel routing function. This may be developed using standard unit 

hydrograph (UHG) techniques. The UHG ca~ be used to determine a time-delay 

histogram which provides additional options for varying the shape of the 

routing function if required. 

SOIL MOISTURE PARAMETERS 

The parameters for the catchment model dealing with various phases of 

the soil moisture accounting are: 

Direct runoff 

PCTIM Fraction of impervious basin contiguous with stream channels. 

ADIMP That fraction of the basin which becomes impervious as all 

tension water requirements are met. 

SARVA Fraction of basin covered by streams, lakes and riparian 

vegetation. 

Upper soil moisture zone 

UZTWM Maximum capacity upper zone tension water in mm. 

USFWM Maximum capacity of upper zone free water in mrn. 

UZK Lateral drainage rate of upper zone free water expressed as a 

fraction of contents per day. 

Percolation 

ZPERC A factor used to define the proportional increase in percolation 

from saturated to dry lower zone soil moisture conditions. This 

parameter indicates, when used with other parameters, the maximum 

percolation rate possible when upper zone storages are full and 

the lower zone soil moisture is 100% deficient. 

REXP An exponent determining the rate of change of the percolation 

rate as the lower zone deficiency ratio varies from 1 to 0 

(1 = completely dry; 0 = lower zone storage completely full). 



Lower zone 

LZTWM Maximum capacity of lower zone tension water in mm. 

LZFSM Maximum capacity of lower zone supplemental free water 

storage in mm. 

LZSK Lateral drainage rate of lower zone supplemental free water 

expressed as a fraction of contents per day. 
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LZFPM Maximum capacity of lower zone primary free water storage in mm. 

LZPK Lateral drainage rate of lower zone primary free water 

expressed as a fraction of contents per day. 

PFREE The percentage of percolation water which directly enters 

the lower zone free water without a prior claim by lower 

zone tension water. 

RSERV Fraction of lower zone free water not available for 

transpiration purposes (incapable of resupplying lower 

zone tension water). 

SIDE The ratio of unobserved to observed baseflow. 

SSOUT A fixed rate of discharge lost from the total channel flow. 

PARAMETER GROUPINGS 

If the conceptual model is realistic for the basin, such that parameters 

have physical meaning, good first approximations for some of the parameters 

may be inferred from streamflow records, precipitation records, ~nd other 

basin characteristics. The chances of obtaining the most representative set 

of parameters are increased with successive approximations if the first 

approximations are reasonable. 

The soil moisture model parameters may be grouped according to the 

methods for obtaining first approximations. The parameters and .their 

associated classifications are: 

1. Parameters readily computed from observed hydrograph and precipitation 

LZFPM 

LZPK 

LZFSM 

LZSK 

PC TIM 
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2. Parameters more difficult to estimate from observed hydrograph 

LZTWH 

UZTWM 

UZK 

*Relative size only. 

SSOUT 

UZFWM* 

PFREE* 

3. Parameters estimated from maps of water area 

SARVA 

4. Relative values could possibly be estimated for the following 

parameters from soil percolation characteristics, However, the best 

first estimate is to use values from similar n~arby basins that have 

been previously simulated. 

ZPERC 

REXP 

5. Nominal starting values used 

SIDE 

AD IMP 

RSERV 

INITIAL PARAMETER DETERMINATION 

The South Yamhill River near Whiteson, Oregon, U.S.A., has been selected 

for use as an example for this workshop. Appendix A contains semilogarithmic 

plots of the observed hydrograph for this river for the water years 1963 

(Oct. 1962 to Sept. 1963) and 1965 (Oct. 1964 to Sept. 1965). These plots 

contain sufficient variations in observed flows for computing those initial 

soil moisture values determined from observed hydrographs. 

Hypothetical examples are discussed in this section to guide the work

shop participant in selecting initial parameters for. the South Yamhill Basin. 

For comparison purposes, actual examples of determination of initial param

eter values for the South Yamhill Basin will be demonstrated in appendix B. 

The South Yamhill Basin was selected for an example since it has a large 

variation in hydrologic flow condition~ which makes it ideal for demonstrating 

determination of initial parameters. 

Semilogarithmic hydrograph plots have commonly been used to separate 

hydrographs into principal flow components of surface runoff, interflow, and 

groundwater recession as shown in figure 2 (Linsley, Kohler, and Paulhus 
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1975). The characteristics of the hydrograph recession may be used to obtain 

initial values for the maximum capacities and depletion coefficients for the 

lower zone free water storages (LZFPM, LZFSM, LZPK, and LZSK). 

If a groundwater recession continues for some time, the recession is 

characterized by two distinct slopes, with a much flatter recession occurring 

after a prolonged dry period. The developers of the soil moisture model 

believe the base flow can be modeled with two slopes representing two separate 

sources of base flow with separate exponential decaying functions. For the 

model being used, these are the supplemental and primary free water storages 

of the lower zone. Analyses of the recession provide methods for estimating 

the depletion rates and storages for the two zones. This is accomplished for 

each free water storage as follows: 

Primary (LZPK and LZFPM) 

Select a period when the recession is the flattest (least decay with 

time) with a minimum of precipitation and calculate a slope during this 

period. 
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Example: 

Primary flow on August 1: 0.42 mm (QP
2

) 

Primary flow on June 1: 0.50 mm (QP
1

) 

Primary daily recession rate (KP) (QP
2

/QP
1
)l/t 

where: t is time in days 

K = (0.42/0.5)1/ 61 
1 

LZPK = 1 - K = 0.003 

0.997 

A value for the maximum free primary water storage may be obtained by 

dividing the maximum discharge under only primary flow conditions by the 

daily depletion rate (LZPK). This calculation should be based on the largest 

value of primary flow which can be observed or estimated from the hydrograph 
trace. 

LZFPM = QP1 /LZPK 

Supplemental (LZSK and LZFSM) 

0.42/0.003 140 nun 

Computations similar to those used for the primary storage values are 

used for the supplemental values. In this case, estimates of the primary 

baseflow contribution to the observed flow must be subtracted before the 

slope representing the supplemental baseflow is computed. 

Example: 

Period selected: March 1 to April 9 

Discharge 

Observed 

Estimated primary 

Estimated supplemental 

Supplemental daily recession rate 

LZSK 

and 

1 - K = 1 -
s 

LZFSM = 8.00/0.040 

Percent Impervious (PCTIM) 

March 1 

8.10 mm 

April 9 

1.68 mm 

0.10 mm 0.08 mm 

8.00 mm 1.60 mm 

(K ) = (1.60/8.00) 1/ 40= 0.960 s 
0.960 = 0.040 

200 mm 

A small rise on the hydrograph during an extended dry period may be 

used to compute a value for PCTIM. This is c.alculated as shown in figure 3. 
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Figure 3.-- Calculation of PCTIM 

Lower Zone Tension Water Maximum (LZTWM) 

17 

Select a period following an extended dry period, as indicated on 

figure 4, where the discharges Q1 and Q2 represent only baseflow. A time t 1 
should be selected immed~ately prior to the occurrence of direct and/or 

surface runoff and time t 2 immediately following a period of interflow. 
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Figure 4.-- Hydrograph for determination of LZTWM 

The discharges Q1 at t 1 and Q2 at t 2 can be separated into the supple

mental and primary baseflow components by projecting primary baseflow 

backwards from later periods. 

Primary and supplemental free water storages (LZFPC and LZFSC) for each 

of the two times are computed by dividing the storages by the appropriate 

drainage rates. 

LZFPC 

LZFSC 

QP/LZPK 

QS/LZSK 

Assuming that UZTW is full and UZFWC is empty at times t
1 

and t
2

, the water 

balance for the period may be expressed as: 

Px - R0 - PE - LlLZFSC - LlLZFPC - LlLZTWC 0 

where: Px is precipitation during the storm in mm. 

R0 is the total runoff in mm .. 
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PE is the evaporation from the basin in nnn (for most wet 

periods, this would be small and can be neglected). 

~LZTWC is the change in the lower zone tension water. 

All values except ~LZTWC are measured or estimated. The ~LZTWC repre

sents the increase in the LZTW during the time interval and not necessarily 

LZTW being completely filled. This is an indication of the lower limit of 

LZTWM~ Since the LZTW would probably not have been entirely empty prior to 

the storm, a small percentage (10% to 20%) should be added to ~LZTWC for 

small storages of LZTW, to arrive at an estimate for LZTWM. For large lower 

zone tension storage the percentage to be added should be larger (10-40%). 

For cases where these ideal conditions following an extended dry period can 

not be found then a water balance for a larger period of 3 to 4 months can be . 
used to compute LZTWM. 

Upper Zone Tension Water Maximum (UZTWM) 

An estimate of UZTWM from the hydrograph is feasible. All periods of 

rain following a dry period should be checked to determine the amount of 

precipitation the p~rvious area can hold without surface runoff occurring. 

Where the precipitation is ?Ssociated with only the one period, the entire 

amount can be used in making the estimate. If precipitation occurred over 

several days, it is more difficult to calculate the value since evaporation 

losses during the period must also be considered. 

For the Yamhill River near Whiteson, the following were observed to have 

occurred. 

Approximate date 

17 Oct. 1958 

4 Sept. 1959 

23 Oct. 1960 

23 Aug. 1963 

13 Sept. 1973 

Remarks 

3-day storm of 76 mrn with surface runoff. 

Low UZTW prior to storm. 

3-day storm of 42 mm overflowed UZTW. 

Condition of UZTW at start of storm not certain. 

6-day storm of 76 mrn. Produced some overflow 

of UZTW. 

3-day storm of 23 mm and a 5-day storm of 31 mm. 

Produced no overflow of UZTW. 

4-day storm of 35 mm with no overflow of UZTW. 



20 

Upper Zone Free Water Maximum (UZFWM) apd Drainage Rate (UZK) 

The UZFWM cannot be obtained directly from the interflow recession as 

can be done for the lower zone storages since it does not produce a straight 

line on semi-log hydrographs. The upper zone free water storage must satisfy 

percolation and evaporation demand requirements before any water is discharged 

to the channel. Thus, it is not a simple depletion as for the lower zone 

free water storages. 

Although UZK cannot be obtained directly from analysis of the hydro

graph, it is roughly related to the amount of time that interflow occurs 

following a period with major direct and surface runoff. The longer the 

period of interflow, the smaller the value of UZK. If we assume that inter

flow becomes insignificant when its contribution reduces to about 10% of what 

it is at maximum rate, then the following simple relation can be used to 

compute a value for UZK: 

(1 - UZK)N = 0.10 

where: N is the average number of days that interflow is observed. 

A value of UZFWM can be determined using the UZK computed above and the 

discharge, corrected for supplemental and primary baseflow, at the time of 

the highest interflow with ur surface water contribution. It must be recog

nized that this is a rather rough estimate. The general range for UZFWM has 

been found to be from 6 to 85 mm with an average of about 25 mm. 

Percolation Water Percentage (PFREE) 

Anestimate of the relative importance of PFREE can be determined from 

investigating storms following long dry spells that do produce runoff (UZTW 

completely filled). If the hydrograph returns to approximately the same 

baseflow as before (indicating little or no addition to the lower zone free 

water storages), then PFREE is of little significance and has a very small 

value ranging from 0 to 0.2. If there is a significant increase in baseflow 

following this type of storm, then PFREE can have a value as high as 0.5. 

The nominal value for PFREE is 0.3. 

Sub-surface Outflow Along Stream Channel (SSOUT) 

It is recommended that the value of zero be used. A value for SSOUT 

other than zero can be applied only if the Q log plot requires a constant 
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additionto the baseflow in order to achieve a valid recession characteristic. 

Fraction of Basin Covered by Streams, Etc._ (SARVA) 

This factor is determined directly from maps showing water and riparian 

vegetation areas. SARVA can also be inferred from changes in baseflow asso

ciated with changes in ET. 

Percolation Parameters (ZPERC and REXP) 

An understanding of the important role played by the percolation parameters 

is essential to understanding the model and gaining an ability to properly 

fit the model. Figure 5 demonstrates the part .Played by the parameters in 

determining the maximum rate of percolation in relation to the lower zone 

soil moisture deficiency (DEFR). This curve represents the rate if the upper 

zone free water is full. 

If the lower zone free water storages are full (and the upper zone free 

water is also at its maximum), then the rate of percolation is equal to PEASE, 

which is defined by: 

PEASE = (LZFPM * LZPK + LZFSM * LZSK) 

This is the maximum outflow that can occur from the lower zones and under 

steady conditions would represent the percolation to replace the amount 

removed from the lower zone free water storages as baseflow. As the lower 

zone soil moisture becomes deficient, the percolation rate increases. When 

the lower free water storages are completely dry (100% deficient), the perco

lation rate (assuming UZFW full) occurs at its maximum rate. This is equal 

to: 

Maximum percolation rate = (1 + ZPERC) * PEASE 

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

as shown in figure 5. 

Initial values of ZPERC must be estimated using as a guideline some 

evaluation of the possible maximum percolation rate that would be expected 

for the basin when the upper zone free water storage is full. The ability to 

estimate this value would increase as additional basins in an area are fitted. 

With no other means of estimating REXP, a nominal starting value of 1.80 is 

suggested. 

Once an initial simulation is made, the four parameters controlling the 
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percolation curve are very important for improving the simulation fit. For 

example, if following an extended dry period the simulated runoff is· much less 

than observed, the percolation curve may be too high for large deficiencies 

in lowe~ zone storages. Similar analyses of simulated versus observed runoff 

for periods when the lower zone moisture deficiency would be small will indi

cate if the curve should be raised or lowered for these conditions. The 

raising and lowering of the curve can be accomplished by changing ZPERC and/or 

the value of PEASE. PEASE is related to the maximum values for the lower 

zone free water storages (LZFSM and LZFPM). The relative values of the 

supplemental and primary storages are important for the division of the free 

water contribution to the recession. However, the total valu~ of the storagffi 

is primarily important in positioning the percolation curve and may be changed 

for this purpose. Thus, you should not change the value of ZPERC without 

considering the necessity to also alter the total capacities of the lower 

zone free water. The value of REXP allows flexibility in the change in slope 

over the different values of the lower zone soil moisture deficiency. The 

fitting of the percolation curve to insure proper initiation of runoff under 

various lower soil moisture conditions is generally the most important fitting 

requirement after the first simulation if the volume of runoff is reasonable. 

Parameters Requiring Nominal Starting Values (SIDE, ADIMP, and RSERV) 

Initial value for SIDE is zero. Where it is known from geological or 

hydrological studies that considerable groundwater bypassed the surface 

channel, a value other than zero should be used. 

The initial value for RSERV is 0.30 and this parameter is generally not 

optimized. 

The additional area of the basin which becomes impervious as all tension 

water requirements are m.et (ADIMP) is generally given a nominal starting 

value of 0.01. Recent investigations suggest that remote sensing techniques 

using radiation measurements (infrared) can define areas as are indicated by 

ADIMP. ,Such measurements may be a ·means of providing future input for this 

parameter. 

SIMULATION FOR SOUTH YAMHILL RIVER 

Copies of the worksheets for determination of initial parameters for the 

South Yamhill River near Whiteson, Oregon, are shown in appendix B. These 
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may be used to compare with those obtained in the workshop. 

Appendix C contains the copies of the following printouts of the 

initial simulation. 

1. Input parameters and other initializing entries. 

2. Summation sheet of the statistical summary for the 5-year 

simulation (Oct. 1962-Sept. 1967). 

3. Sample of yearly summary showing soil moisture accounting volumes 

for each month and listing of soil moisture variables at the end 

of each month. 

4. Semilogarithmic hydrographs for all 5 years of observed and 

simulated discharges with daily numerical values of the observed 

discharges, simulated discharges, and liquid water reaching the 

soil mantle from a combination of rainfall and/or snowmelt (rain 

+melt). 
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22 * . . . . ... . . . . . o.ooo o3f..3 .c; 
23 * . . . . . + . . . . .• o.ooo .414 ~3 
24 * . . . . ... . . . . • o.ooo .358 6.1 
25 * . . . . ... . . . . . o.ooo .31'11 o.o 
26 * . . . . ... . . . . . o.ooo .3o:;6 o.o 
27 * . . . . .. . . . . . o.ooo .3i6 2,.5 
28 * . . . . + . . . . . o.ooo o31l9 1.3 
29 * . . . . + . . . . • o.ooo .3?4 2.0 
30 * . . . . ... . . . . . o.ooo .344 2.R 
1 * . . . . . + . . . . . o.ooo o3A0 o.o 
2 * . . . . ... . . . . . o.ooo .317 0~0 
3 * . . . . + . . . . • o.ooo .305 6.9 
4 * . . . . + . . . . . 0.090 .1t13 3.A 
5 * . . . . + . . . . . o.opo .3?9 o.o 
6 * . . . . ... . . . . • o.ooo o2P.4 1.5 
7 * . . . . ... . . . . . o.ooo .271 3 0 8 
8 * . . . . ... . . . . . o.ooo o?P8 7.9 
9 * . . . . ... . . . . . o.ooo .344 1~0 

1{1 * . . . . ... . . . . . 0.0()0 .3~1 2.0 
11 * . . . •. + . . . . . o.ooo .3?6 o.o 
12. * . . . . ... . . . . . o.ooo .?QS o.o 
13 * . . . . ... . . . . •· o.ooo .?,..,9 o.o 
14 * . . . . + . . . . . . o.ooo .247 0~0 
15 * . . . . + . . . . . . o.ooo .?.:11 o.o 
16 * . . . . + . . . . . • o.ooo .~:?2 0!'0 
17 * . . . . + . . . . . • o.ooo o?lS 0!'0 
18 * . . . . + . . . . . . o.ooo .?07 o.o 
19 * . . . . + . . . . . . o.ooo ol09 0~0 
20 * . . . . + . . . . . . o.ooo olP.4 o.o 
21 * . . . . + . . . . . • o.ooo .iP.8 5.3 
22 * . . . . ~ . . . . . . O.OQO .l.R6 ?..o 
23 * . . . . + . . . . . • o.ooo .?iS 0~0 
24 * . .. . . + . . . . . ~ o.ooo .2~3 o.o 
25 * . . . . .. . . . . . . o.ooo .lP.l 0~0 
26 * . . . . + . . . . . . o.ooo .173 o.o 
27 * . . . . + . . . . . . o.ooo .11'.6 o.o 
28 * . 0 . . + . . . . . ~ o.ooo .iC;4 o.o 
29 * . . . . + . . . . . . o.ooo .Jc;2 o.o 
30 * . . . . + . . . .. . . o.ooo ol43 o.o 
31 * . . . . + . . . . . . o.ooo .141 o.o 

--------.- . ·----··· -·----- --··--- - ..... --------------- - ----- ----------- --····-------

AUG-SEP .010 .100 1.000 10.000 1·oo. 0oo SIM. OBS. RATN+MFLT 
1 * . . . . + . . . . . . o.ooo .i41 o.o 
2 * . . . . + . . . .. . . o.ooo .136 0~0 
3 * . . . . .. . . . . . . o.ooo .t12 o.o 
4 * . . . . + . . . . . . 0.0()0 ~l10 o.o 
5 * . . . . .. . . . . . ~ 

o.ooo .i16 o.o 
6 * . . . . .. . . . . . • o.ooo .i?6 o.o 
7 * . . . ... . . . . . o.ooo .113 o.o • 8 * . . . ... . . . . . . o.ooo .in7 0~0 
9 * . . . ... . . . . . • o.ooo -ii:t o.o 

10 * . . . ... . . . . . o.ooo .109 o.o • 1 l * . . . ... . . . . . . o.ooo olf"\9 .5 
12 * . . . ... . . . . . . o.ooo .1'11 o.o 
13 * . . . .. . . . . . o.ooo .iiio o.o • 14 * . . . + . . . . . • o.ooo .Joe:; o.o 
15 * . . . + . . . .. . • o.oo.o .I no o.o 
16 * . . . .. . . . . . . o.ooo .oo8 o.o 
17 * . . . ... . . . . . . o.ooo .o·o2 o.o 
18 * . . . + . . . . . . o.ooo .oq6 2.3 
19 * . . . + . . . . . . o.ooo .u)o .s 20 * . . . + . . . . . . o.ooo .1(14 4.8 
21 * . . . ... . . . . . . o.ooo .1'17 1 ~ 3 
22 * . . . . + . . . . . . o.ooo .tu.S 2~0 
23 * . . . . .. . . . . . . o.ooo o}10 .. 7.6 24 * . . . . .. . . . . . . o.ooo • 145 15.5 25 * . . . . + . . . . . . o.ooo .?.?4 .s 
26 * . . . . ... . . . . . o.ooo .?P.8 0~0 
27 * . . . . + . . . . . o.ooo olP.6 o.o • 28 * . . . . .. . . . . . . o.ooo .}c;I o.o 29 * . . . . + . . . . . . o.ooo .}19 o.o 
30 * . . . . + . . . . . O.OQO ol?6 o.o ~ 31 * . . . . + . . . . . o.ooo .i?O o.o . 

1 * . . . . + . . . . . o.ooo .i?6 .8 • 2 * . . . . + . . . . . . o.ooo .h2 o.o 
3 * . . . . + . . . . . o.ooo ollO o.o • 4 * . . . . + . . . . . o.ooo ol?O 0~0 . 
5 * . . . ... . . . . . . o.ooo .i:o7 0~0 
6 * . . . + . . . . . o.ooo .104 o.o • 7 * . . . + . . . . . o.ooo .096 o.o • 8 * . . . + . . . . . o.ooo .ino ~~0 • 9 * . . . ... . . . . . . o.oo.o .oq4 1.8 

10 * . . . ... . . . . . o.ooo .oo2 1.1 • 11 * . . . ... . . . . . . o.ooo .ooz o.o 12 * . . . + . . . . . o.ooo .096 l.R • 13 * . . . + . . . . . . o.ooo ·tii2 B.n 
14 * . . . . .. . . . . . o.ooo .114 __ 6.6 . . 15 * . . . . .. . . . . . o.ooo .IQ2 18.3 • 16 * . . . . ... . . . . . o.ooo .?F-.7 3.F, 
17 * . . . . ... . . . . . o.ooo .346 i.o 
18 * . . . . + . . . . . . o.ooo ..<11 o.o 
19 * . . . • .. . . . . . o.ooo ol/'.6 o.o . 
20 * . . . . .. . . . . . o·.ooo ol49 o.o . 
21 * . . . . + . . . . . o.ooo .116 o.o . 22 * . . . . + . . . . . O.OQO .}?B 13.0 . 23 * . . . . .. . . . . . o.ooo .119 0~0 • ?4 * . . . . + . . . . . o.ooo .?,01 o.o ~ ?.5 * . . . . + . . . . . o.ooo olf.6 o.o . 26 * . . . . .. . . . . . . O.OQO • i41 o.o 27 * . . . . .. . . . • . o.ooo .}16 o.o • ?.8 * . . . . .. . . . . . . o.ooo .}19 o.o )> 
i?9 * + o.ooo .:ho o.o . . . . . . . . . . I 3i) * . . . . + . . . . . o.ooo el?O o.o w 



SEMI-LOG MEAN DATLY FLOW PLOT(MMl SOUTH YAMHILL NR loJHI WATfR YJ:AR l9f>c:; *=<:;J"l!ILAtFO +=OBc:;ERVEO 
OCT-NOV .oto .1oo I.ooo 10.000 10o.i)oo SIM. os< RATN+MF.LT 
1 * . . . .. . . . . . ~ o.ooo . i 1·s .5 2 * . . . . + . . . . . . o.ooo .?18 I. 1 3 * . .. . . + . . . . . . o.ooo .fq o.o 
4 * . . . . + . . . . . . o.ooo .116 o.o 
5 * . . . ,+ . . . . . .. o.ooo .117 o.o 
6 * . . . + . . . . . 

~ o.ooo .. 098 o.o 7 * . . . .. . . . . . . o.ooo .. ooo 6.f> 
8 * . . . .. . . . . . . o.ooo .Qq4 4.3 
9 * . . . . + . . . . . ~ o.ooo ol?2 2.R 10 * . . . . + . . . . . . o.ooo 0 }49 ~3 11 * . . . . + . . . . . 

~ o.ooo ol~8 o.o 12 * . . . . + . . . . . . o.ooo .1~9 o.o 13 * . . . . + . . . . . 
~ o.ooo .1?2 .r::; 14 * . . . .. . . . . . . o.ooo 0 Jj7 3.3 

15 * . . . . + . . . . . 
~ o.ooo el?4 S.l> 

16 * . . . . + . . . . . • o.ooo .iA9 3.3 17 * . . . . + . . . . . . o.ooo .i7l o.o 18 * . . . . + . . . . . • o.ooo o173 o.o 19 * . . . . + . . . . . . o.ooo .Jc::8 o.o 20 * . . . . + . . . . . . o.ooo • h7 o,o 21 * . . . . + . . . . . . o.ooo .ho o.o 22 * . . . . + . . . . . . o.ooo .1?2 o.o 23 * . . . .. . . . . . . o.ooo .117 o.o 24 * . . . .. . . . . . o.o·oo .i13· o.o ~ 25 * . . . .. . . . . . . o.ooo .i11 o.o 26 * . . . ,+ . . . . . . o.ooo .i]l o_. o 27 * . . . .. . . . . . . o.ooo ,}fl9 7 ,I 28 * . . . .. . . . . . . o.ooo .1]7 o.o 29 * . . . . + . . . . . . o.ooo .119 6.1 30 * . . . . + . . . . . • o.ooo .)4 7 2.0 31 * . . . . + . . . . . . o.ooo ,iP3 .3 
1 * . . . . + . . . . . . o.ooo .??6 i4.7 2 * . . . . + . . . . . . o.ooo .209 ?.c; 3 * . . . . . + . . . . . o.ooo .378 2o.3 
4 * . . . . . + . . . . . o.ooo .640 l3.5 5 * . . . . . + . . . . • o.ooo ,R;)8 o.o 6 * . . . . . + . . . . . o.ooo ,C)R7 0~0 7 * . . . . . + . . . . • o.ooo .415 •R 8 * . . . . ,+ . . . . . o.ooo .3fil 2.0 9 * . . . . + . . . . . o.ooo .3?4 2.R 

10 * . . . . + . . . . . o.ooo .3iil ii.7 
11 * . . . . ,+ . . . . . o.ooo .344 6.1 12 * . . . . . + . . . . . o.ooo .4(,9 n.? 
13 * . . . . . + . . . . . o.ooo ,Rn2 4~R 
14 * . . . . . + . . . . • o.ooo .794 o.o 
IS * . . . . . + . . . . . o.ooo .nio .1 16 * . . . . .. + . . . . . o.ooo .401 o.o 
l7 * . . . . $ + . . . . o.ooo .419 0~0 ~ 18 * . . . . .. + . . . . . o.ooo .307 o.o 19 * . . . . o+ . . . . ~ o.ooo .3A3 o.o 20 * . . . . o+ . . . . . o.ooo .319 o.o 21 * . . . . ~ . . . . . o.ooo .3?2 .3 22 * . . . . + . . . . . o.ooo .316 l6.3 23 * . . . . .. + . . . . . o.ooo .798 11.7 24 * . . . . . . . + . . • o.ooo 4.7ns 39.1 
25 * . . . . . . . + . . o.ooo l0.3l3 ?.6.7 26 * . . . . . . . + .. . . o.ooo 8.,}R7 ?3~4 27 * . . . . . . . + . . . o.ooo 7.679 l5~2 28 * . . . . . . . + . . . o.ooo 5.947 io,.7 29 * . •· . . . . . + . . . o.ooo 5.740 1 3. 2 30 * . . . . . a a + - o.ooo 7.sio 46.7 

--------- -- -- ---------------------------- ·--------- ---- ---
DEC-JAN .010 .100 1e000 10.000 ioo.ooo SIM. OBS~ RATN+MflT 

1 * . . . . . . . . + . . o.ooo 13.?A8 i9~3 
2 * . . . . . . . . + . . o.ooo 17.446 4.8 3 * . . . . . . . . + . • o.ooo ts.;??s .s 
4 * . . . . . . . + . . o.ooo 9.673 8.9 
5 * . . . . . . . + . . . o.ooo 6.??9 o.o 
6 * . . . . . . . + . . . o.ooo 4.6A7 1.0 
7 * . . . . . . .. . . o.ooo 3.745 6.1 • 8 * . . . . . . . .. . . . 0 • O.QO 3 • 3P8 · 6.3 
9 * . . . . . . .. . . . o.ooo 3.3P8 _7~9 

10 * . . . . . . .. . . . o.ooo 3.612 10.7 
11 * . . . . . . . + . . o.ooo 4.140 6.6 ,. 12 * . . . . . . . + . . . o.ooo 4.?91 5.1 13 * . . . . . . . + . . • o.ooo 4.i97 _ 1• 3 14 * . . . . . . . + . . • o.ooo 4.272 1.9.3 
15 * . . . . . . .. + . . . o.ooo 6.775 6,9 
16 * . . . . . . . + . . o.ooo 6.418 o.o • 17 * . . . . . . . + . . . o.ooo 4.893 o.o 18 * . . . . . . . + . . ,. o.ooo 3.764 3.6 19 * . . . . . . .. . . . o.ooo 3.576 ?7,.7 
20 * . . . . . . .. . . • o.ooo 3.576 ?.4.6 21 * . . . . . . . + . . • o.ooo s.o17 97.3 22 * . . . . . . . . . + . o.ooo 46.673 93.2 23 * . . . . . . . .. . + o.ooo 82.996 46~0 . 24 * . . . . . . . . . + o.ooo 56.272 ?.6.?. • 2S * . . . . . . . . . + . o.ooo 4l.9F.8 13.2 26 * . . . . . . . . + o.ooo 32.370 31.0 . 
27 * . . . . . . . . + 

!' o.ooo 30.]12 i7.3 28 * . . . . . . . . + . . o.ooo 24.842 l6,.5 29 * . . . . . . . . + . . o.ooo 19.573 lA.O 
30 * . . . . . . . . + . . o.ooo 14.9!:l1 il.4 31 * . . . . . . . .. . ,. o.ooo 10.6C::2 2.8 

1 * . . . . . . . + . . . o.ooo 7.6CI7 7.9 
2 * . . . . . . . .. . . o.ooo 9,.}?8 26~9 
3 * . . . . . . . . + . . o.ooo i3.7nl 9.1 4 * . . . . . . . . + . . 0~000 i2.346 s.6 
5 * . . . . . . . + . ~ o.ooo 9.9c;6 ?1.8 6 * . . . . . . . . + . . o.ooo 12.0R2 11~7 7 * . . . . . . . . + . • o.ooo i2.9l0 3.3 8 * . . . . . . . + . • o.ooo 10.0F~9 4,8 
9 * . . . . . . . + . . • o.ooo s.o.j 1 6.3 

10 * . . . . . . . + . . . o.ooo 7.l>41 i3,.7 
11 * . . . . . . . + . . o.ooo 9.448 ,.3 12 * . . . . . . . •.. . . o.ooo s.6nl .3 13 * . . . . . . . + . . . o.ooo 7.??7 ~3 14 * . . . . . . . + . . • o.ooo 6.098 o.o 15 * . . . . . . . + . .. . o.ooo 5.608 o.o 16 * . . . . . . . + . . o.ooo 5.495 o.o ~ 17 * . . . . . . . + . . . o.ooo s.i7s o.o 18 * . . . . . . . + . . . o.ooo 4.7?4 o. o· 19 * . . . . . . . + . . o.ooo 4.441 ,.A • 2i) * . . . . . . . + . . . o.ooo 4.366 3.6 21 * . . . . . . . t: . . . o.ooo 4.6R6 5,8 22 * . . . . . . . + . . o.ooo 5.1J9 4.1 !' 23 * . . . . . . . + . . . o.ooo 6.794 69.6 24 * . . . . . . . . + . o.ooo i7.446 lA!'3 • 25 * . . . . . . . . + . o.ooo 21.s:n ?.0.6 • 26 * . . . .. . . . . + . • 0 000 21.078 l7.0 
27 * . . . . . . . . + . . .n.~n 2lo4C.5 75.9 28 * . . . . . . . . . + 

~ .OQO 49.406 s1~1 ,. 
29 * . . . . . . . . . + . 1.000 52.3]9 is~o I 
30 * . . . . . . . . .. J.OQO 35,3A} 6~3 ..... • 31 * . . .. . . . . a + . o.ooo 25.7R3 o.o 



'1F~1 I -LO'o vr:: 1\.N DAILY FL ;!tJ PLOT(~'~'"l SOUTH YMilHILL, NR WHI \vATER YEAR 1965 *=SI~ULATED +=OBSERVED 

FEB-MAR .010 .100 1.000 10.000 100.000 SIM. . 08<;., RAIN .. MELT 
1 * . . . . . . . . + . • o.ooo 19.573 ~ 3 . 
2 * . . . . . . . . + . . O.OQO 13.4l9 o.o 
3 * . . . . . . . .. . . o.ooo 8.714 1~0 
4 * . . . . . . . + . . o.ooo 6o3n1 .3 ~ 

5 * . . . . . . . + . . . 0.01)0 5.571 . 32~5 
6 * . . . . . . . + . - . • o.ooo 7.7"73 1 ~ ~ 
7 * . . . . . . . + . . o.ooo 6.3o9 - ~3 ~ 

8 * . . . . . . . + . . • o.ooo 5.665- 12.2 
9 * . . . . . . . + . . . o .ooo- 6.4':!6 0~0 

10 * . . . . . . . + . . . o.ooo 5.646 1. 3 
11 * . . . . . . . + . . ~ 0.090 5.0?5 .3 
12 * . . . . . . . + . . . o.ooo 4o4n0 .~ 

13 * . . . . . . . + . . • o.ooo 4.046 3.0 
14 * . . . . . . . + . . • o.opo 3.Bii2 8~6 
15 * . . . . . . . + . . . o.ooo 3.819 I • 5 
16 * . . . . . . .. . . • o.ooo 3.501 o.o 
17 * . . . . . . + . -. 

~ 
o.ooo 3.1~1 o.o 

18 * . . . . . . .. . . . o.ooo 2.9i:;5 o.o 
19 * . . . . . . .. . . • o.ooo 2.7(.,7 o.o 
20 * . . . . . . + . . . • o.ooo 2.578 o.o 
21 * . . ' . . . . + . . . . o.ooo 2.447 7 ~ 1 
22 * . . . . . . + . . . • o.ooo 2.t<.~5 _7 .9 
23 * . . . . . . .. . . . o.ooo 2.Bii4 1. r:; 
?4 * . . . . . . + . . . . o.ooo 2.503 o,o 
25 * . . . . . . + . . . . o.ooo 2.?o6 o.o 
26 * . . . . . . + . . . • o.ooo 2.lR3 ?9 8 0 
27 * . . . . . . . + . . . o.ooo 4.0,:,5 ?3.4 
28 * . . . . . . . + . . . o.ooo 6.493 .8 

1 * . . . . . . . + . . . o.ooo 5.7c;9 ~3 
2 * . . . . . . . + . . • O.OQO 4.7?4 0~0 
3 * . . . . . . . + . . . o.ooo 3.9t:;2 0!'0 
4 * . . . . . . .. . . !" o.ooo 3.406 o.o 
5 * . . . . . . + . . . o.ooo 2.oo2 o.o 
6 * . . . . . . -+. . . . o.ooo 2.6o1 0~0 
7 * . . . . . . + . . . . o.opo 2.4F.5 o.o 
8 * . . . . . . + . . . • o.ooo 2.?t::8 o.o 
9 * . . . . . . + . . . . o.ooo 2o0A9 o.o 

10 * . . . . . . + . . . • o.ooo 1.Qc;7 o.o 
11 * . . . . . . + . . . . o.o()o 1.816 o.o 
12 * . . . . . . + . . . . o.ooo 1.701 o.o 
13 * . . . . . . + . . . . o.ooo l.SAB o.o 
14 * . . . . . . + . . . . o.ooo 1.c;ii9 0~0 
15 * . . . . . . + . . . . O.OQO 1.418 o.o 
16 * . . . . . . + . . . . 0.0()0 1.3f.3 1~0 
17 * . . . . . . + . . . . O.OQO 1.3iO o.o 
18 * . . . . . . + . ·• . !" o.ooo 1.?42 o.o 
19 * . . . . . .. . . . . o.ooo 1.176 o.o 
20 * . . . . . .. . . . . o.ooo 1.i?9 o.o 
21 * . . . . . .. . . . . o.ooo 1.oo7 o.o 
22 * . . . . . .. . . . o.ooo 1.01'-.5 .3 • 23 * . . . . . + . . e o.ooo 1.013 o.o • 24 * . . . . . + . . . . o.ooo .999 o.o 
25 * . . . . . + . . . . o.ooo o9R2 iq~3 
26 * . . . . . . + . . . . o.ooo 1.468 io.7 
27 * . . . . . . + . . . 0.0!)0 1.741 o.o ~ 

28 * . . . . . . + . . . . O.OQO 1.~16 3.6 
?9 * . . . . . .. . . . ~ o.ooo 1.1~8 o.o 
30 * . . . . . .. . . . o.ooo 1.114 o.o ~ 

31 * A . . . . .. . . . . o.ooo 1.01'>5 ?..5 

APR-MAY .010 .100 1.000 10.000 100.000 SIM. os< RATN+MFLT 
1 * . . . . . .. . . . o.ooo 1.0f.O ~R . 
2 * . . . . . + . . . . o.ooo .996 o.o 
3 * . . . • . . .. . . . • O.OQO .941 o.o 
4 * . . . . . .. . . . o.ooo .941 o.o 

~ 

5 * . . . . . .. . . . ~ o.ooo .903 .3 
6 * . . . . . + • . . . . o.ooo .81,6 1.0 
7 * . . . . e .. . . . o.ooo o8A6 . ~ c; ~ 

8 * . . . . . .. . . . . o.ooo .Bf.6 1~5 
9 * . . . . . + . . . . o.ooo .A?8 ?.3 • 10 * . . . . . + . . . . . o.ooo .R?8 2.8 

11 * . . . . . + . . . . o.ooo o7S3 o.o ~ 

12 * . . . . . + . . . . . o.ooo • 1i-s o.o 
13 * . . . . . + . . . . . o.ooo o6A9 5.R 
14 * . . . . . + . . . . . o.ooo .7]1 o.o 
15 * . . . . . + . . . . . 0.0()0 .&P-9 1. 5 
16 * . . . . . + . . . . . o.ooo .672 4 8 R 
17 * . . . . . + . . . . . O.OQO .7?8 1. 3 
18 * . . . . . + . . . . o.ooo .715 15.5 . 
19 * . . . . . . + . . . O.OQO 1.3?3 33.3 ~ 

20 * . . . . . . . + . . . o.ooo 4.441 ll~9 
21 * . . . . . . . + . . . 0.01)0 4.009 o.o 
22 * . . . . . . +o . . • o.ooo 2.6Q} o,o 
23 * . . . . . . + . . . . o.ooo 2oOR9 1. 3 
24 * . . . . . . + . . . o.ooo 1.7Q5 .s • 25 * . . . . . . + . . . . o.ooo 1.6n2 o.o 
26 * . . . . . . • + . . . . o.ooo 1.4?8 o.o 
27 * . . . . . . + . . . . o.ooo 1.?Q5 o.o 
28 * . . . . . .. . . . • o.ooo 1. i RR .3 
29 * . . . . . .. . . . .. o.ooo l.OoS o.o 
3Q * . . . . . + . . . . o.ooo 1.o:n s.6 

1 * . . . . . .. . . . . o.ooo 1. o.c;J 8.4 
2 * . . . . . .. . . . ~ o.ooo l.i42 1.3 
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APPENDIX B 

INITIAL VALUES OF SOIL MOISTURE PARAMETERS 

FOR 

SOUTH YAMHILL RIVER NEAR WHITESON, OREGON, U.S.A. 

Parameters 

Primary Parameters 

Supplemental Parameters 

Percent Impervious 

Lower Zone Tension Water Maximum 

Upper Zone Tension Water Maximum 
Upper Zone Free Water Drainage Rate 
Upper Zone Free Water Maximum 
Percentage Division of Percolation 
Percentage of Basin Covered by 

Streams, Etc. 
Loss Along Stream Channel 
Parameters with Nominal 

Initial Values 

Percolation Parameters 

Percolation Representation 

LZPK 
LZFPM 

LZSK 
LZFSM 

PCTIM 

LZTWM 

UZTWM 
UZK 
UZFWM 
PFREE 

SARVA 
SSOUT 

SIDE 
AD IMP 
RSERV 

ZPERC 
REXP 

B-1 

Initial 
values 

0.003 
33 mm 

0.054 
180 mm 

0.01 

140 mm 

35 mm 
0.3 
25 mm 
0.3 

0.01 
0.00 

0.0 
0.01 
0.30 

8 
1.80 



_Si~!..=.\:~~MFAN DAILY FLOW PLOT(M~1) SOUTH YAMHILL NR WHI WATER YEAR 1965 *=SIMULATED -----·-----·-- --
"JUL .010 .100 

30 .. • • 0 
31 .. • • ~---:--......, 

AUG-SEP 
1 .. 
2 .. 
J .. 
It .. 
5 .. 
6 .. 
7 .. 
8 .. 
9 .. 

"' 

• 010 

U>' 
5• 
-o• 
rn. 

.. 
+ 

+ 

.. 

.. 
+ 

+ .. 

.100 

10 .. 
11 .. 
12 .. 
13 .. 
14 .. 
15 .. 
16 .. 
'17 .. 
18 .. 
19 .. 
20 .. 
21. .. 
22 .. 
23 .. 
24 .. 
25 .. 
2& .. 
2l .. 
28 .. 
29 .. 
30 .. 
31 .. 

~: ' ... "' + -.o' + 

t-' 
N 
t"%j 

~ 

1 .. 
2 .. 
3 .. 
4 .. 
s .. 
6 .. 
1 .. 
6 .. 
9 .. 

10 .. 
11 .. 
12 .• 
13 .. 
a• 
15 .. 
16 .. 
17 .. 
16 .. 
19 .. 
20 .. 
21 .. 
22 .. 
23 .. 
24 .. 
25 .. 
26-• 
27 •• 
26 .. 
29 .. 
30 .. 

....... 

• • 
+ 

+ 
• + 
• + . .. 

... 

• .. .. 
+ 

+ 

0 
p.~ 

. ~~~ 01-' 
•oo .wo 

. ~I~ 

w 
w 

~ 

t-' 
N 
t"%j 

~ 

~ 
:>4 
I-'• 

! 

1-h ..... 
~ 

1.000 10.000 

1.000 

. . 

O'd 1-h t"%j 
• liOti 

6 s· li ~ 
Ollll-' 

li 1.0 Ill 
~'-<~::I 

0'" I-'• 
0 Ill ::I 
::I Cll I-'• < 

(!) rt (!) 
1-'1-h Cll 

1-'lllrt 
c.... 0 'd 1-'· 
lll~'d()Q 

::I ~ ~ ~ 
..... Ill li 1-'• 
I.OCilCilO 
0'\ . ::I 
Vllllrt 

'd ::r 0 
'd Ill 1-h 
li rt 

t-3 0 rt 
::rl>4rt::r c: 1-'• ::r (!) 
Cll s (!) 
•• Ill . ::r 

~ ~ 'ii 
l-'l>4ti 

'-< I-'• 0 
SOQ c: li s Ill 

'd 
::r 

IE 
~ 

10.000 

t-' ~ 
N 'd 
t-tl 
~ 

..... 
I 

'd~ 

..... 

0 

1.0 
1.0 
-.....! 

0 

0 
0 
w 

'?,.,1~ 
00 
+:-- +:--
1.01-' 

~--~ ..... 
.......... 
0'\ ..... 

II 

0 

1.0 
1.0 
-.....! 

'd~ 

B 
t-tl 

rt 
.......... 
.0 
t-tl 

0 
'-" ..... 

.......... 
rt 

w ..... 
c.... c: ..... 
I-' t-tl 

...--.1.0(1) 
0'\0'\li 
I-' VI 1-'• 

0 
P.rtP. 
Ill 0 
'-< c: 
Cll NCil 
'-"1.0(1) 

tf.l 
(!) 
'd 

..... 
1.0 
0'\ 
VI 

p. 

+=OBSERVED 
1DO.DDD SIH. 

100.000 

I~ 

o.ooo 
o.ooo 

SIM, 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0. 0 00 
o.ooo 
O.DilO 

t-tl o.ooo 
1:0 o.ooo 
~ o.ooo 
:;J> o.ooo 
~ o.ooo 

o.ooo 
~ o.ooo 

i 
o.ooo 
o.ooo 
IJ,OOO 

t-3 0. 0 00 
~ o.ooo 
tf.l 0, 0 DO 

· 0 • 0 DO 
o.ooo 
o.ooo 
o.ooo 
o.ooa 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0. 0 uo 
o.ooo 
(). 0 00 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.oao 
0. 0 u 0 
0. 0 0 0 
0. 0 00 
O,Oilil 
0. 0 i) J 
a.ooo 
o.aao 
0, 0 ilO 
o.ooo 
o.ouo 

OBS, RAI.NH1EL T 
• 06-o a·. o 
.049 o.o 

OBS. RAINtt1EL T 
• 049 .3 
.ass .3 
• 051 • 3 
.056 o.o 
.060 o.o 
.056 o.o 
o049 o3 
.047 1.5 
.049 o.o 
• 043 .3 
.045 .... 3 
.os3 s.t 
.056 o.o 
.o7o il.o 
.062 o.o 
.u6o o.o 
.053 o.o 
.045 o.o 
.045 9.9 
• 055 .s 
,1)73 o.o 
.065 o.o 
.081 .3 
.066 o.o 
oil66 0,0 
.C56 O,O 
.056 o.o 
.049 o.o 
.049 o.o 
.049 o.o 
.049 o.o 
o041 0,0 
.038 o.o 
.041 o.o 
o040 Q,Q 
o045 0,0 
·.045 o.o 
o045 OoO 
.o .. o o.o 
.036 o.o 
.o .. o o.o 
.040 o.o 
.0<+1 o.o 
o0'+7 1o8 
oi.J47 o8 
• 0'+5 • 5 
o0'+7 0,0 
.049 o.o 
,1)53 o.o 
.049 o.o 
oil'+"' O,Q 
.J47 o.o 
.J47 o.u 
.J<+7 o.o 
.043 o.o 
<040 o.o 
.il41 o.o 
.040 o.o 
o0'+3 O,Q 
oU'+1 0,0 
oU'+3 0,0 

tx:l 
I 

N 



SEHI-LOG ~EAN DAILY FLOH PLOJ(HH) SOUTH YAHHILL NR HHI HATn YEAR 1965 •=SIHULATEU +=OBSE~IIEO 

jAN .010 .100 1~000 10.000 100.000 SIH. OBSo RAIN+MELT 

1 .. . . + 0. 0 Oil 7.697 7.9 
2 • . . 

I§ 
'" 

. ... . o.oao 9.128 26.9 
3 • . ,0 + a. o oo 1Jo701 9.1 

t/) 
It • . t"' ~ ~ + N i-..:> . • + o.ooo 12.346 8.6 
5 • . N rn rn ,0 ,0 .0 \0 \0 . + o.ooo ':lo956 21< 8 

t/) tr.li"UI"U t/) 
6 • . :;::: II II c..... c..... q . • + . . o.ooo 12.082 11.7 
7 • II II II Ill Ill 1-U . • + . o.ooo 12.910 .5.3 
6 • . II ,..., 

:0 ::I l:l 1-U + o.ooo 10.069 ...a 
\0 N ...... t""! . 

9 • ...... t/) \000 ...... ...... ~ 
. • 0. 0 00 8.017 6,3 

10 • . I \0 N rt \0 \01-U . + . o.ooa 7.6'+1 13.7 
11 • 

:;::: 01-' - \0 0 0 0\ ,-.,0\(1) t:<:l • o.ooo .::. ..... 8 .3 , rn 00 0 ,0 0\00 l..n Nl..nti ~ 12 • . t/) OONO "'-.1 1-'• ... o. o o a Oo601 • 3 
13 • . II 1 § 0 rt 0 ~ + o.ooo 7.227 .-3 

'-" P...OP... 
14 • ...... '-" ....... Ill .. . o.o.Jo t. 0 98 o.o 
15 • . I ...... - ~ N r:: 1-U + 0. 0 00 S.o08 o.o 
16 • 0 - rt ,0 rn 1..n rn 

~ • O.OOil s ... 95 o.o 
~ 

N t/) N '-" (1) . 
17 • "'-.1 

~li~ 
V1 1-:.:JP... + o.ooo :; .175 o.o 

16 • . .!::'- (1) •• . + o.ooo ... 72'+ o.o 
0\ II tr.li"UI"U t-:l:j o' t:<:l 

19 • . ~ t-3 . + . . o.ooo ~ ... '+1 • 8 

20 • . II 0 II II II ...... t:<:l . + o.ooo ... 366 3.6 
~ 

\0 !;d 
21 • 0 NO~ ...... 0\ t/) .. o· O.OtlO ... 686 5.8 
22 • .!::'- \0 l..n + 0. 0 0 0 5.119 ... 1 

0 0\ NON 0\ 
(/)• 

23 • . l..n 1-'00\0 l..n • . + +• o.oou c.794 6':l.6 
24 • . .!::'- 00\0\ 0• + . o.ooa 17 ... '+6 1d.3 
25 • . . . !: • o.ooo 21.1331 20,6 

26 • 
~ I~ 

. • 0 .o 00 21.078 17.0 ' 

27 • 0 . . g. + . O.tlOO 21.0..55 75.9 

ze " . :>4 -u . .. o.oao ltY ... 96 51.1 
1-'• 

29 • . s II .. • o.ooo 52 d19 15.0 

30 • . § 0 . . . .. 0. 0 t) ll .E ,jiH 6,3 
b 

31 • -o . + o.ooo 2S,783 0. 0 
t"' t"' rn N 

FEB~MA'R N N rt 100 1.ooo 100.000 SII'I. CBS. RA,IN+MELT 
t-:l:j t-:l:j 0 

1 -. t/) t/) ti . . + . . o.ooo 19.573 .3 . . 
2 • ~ ::s: Ill . + 0. 0 00 1Jo-t19 0. 0 

()Q o.ooo 8.714 1.0 
-··· 3 • . II II (1) . o.ooo 6 •. 3&1 .3 

4 • . . . . . 
5 • . 'T' g: Ill . . . . . o.ooo 5 .57,1 32.5 

rn 0 .o 00 7. 773 1.8 
6 • . 0\0 :>4 rn . . . 
7 • VlO I-'• § . • o.ooo 6.399 .3 

.1::'-00 § . . 0. 0 00 5.665 12.2 
8 • . (1) . . . . 
g ! . II p... 

' . . . (), 0 00. 6.<+36 0. 0 
o.ooo 5ob'+6 1.3 

10 • . ...... rn 0 . 
11 • 00 r:: ::I . . . o.ooo 5.025 .3 

12 • w t"' . . o.ooo ...... 60 .8 . N N . . . 
13 • . § tr.ll-' \0 . . . . O.OOil 4.046 3.0 

14 • . ~~ . . o.ooo 3.802 8.6 
c..... o.ooo 3.839 1.5 

15 • . (1) Ill . 
16 • . ::I ::I . . . . o.ooo ~.501 o.o 

17 • 
rt . O.OOil 3.181 o.o . Ill t-' . . . 

o.ouo 2.'355 0. 0 
18 • . ...... \0 . . . 
19 • . 0\ . . . o.ooo 2.7&7 o.o 

H-a V1 2·.578 o.o 
20 • . ...... 0 . . o.ooo 

21 • ~ -u . . . o.ooo 2oit47 7.1 . II o.ooo 2.635 7.'3 
22 • . . . 0 . . . . . 
23 • . . 0 . . . o.ooo 2.80-t 1.5 

00 o.ooo <:.503 o.o 
24 • . . . "' . . . 

o.ooo 2.296 o.o 
25 • . . . 
26 • . . . . .. o.oao 2.183 29.0 

t::lj 
I 
VI 



SEMI-LUG MEAN DAILY FLOW PLOTCMMl 
WATER YEAR 1963 ·*=S-IMULATED 

AUG-SEP 

r·-;-:· 
~ 

.010 
SOUTH YAMHILL NR WHI 

o100 1.000 10, DO 1J 

-~: ---····---- ·'"-··-

i ~ -;- .• 
r- • 

'-~ L ~---F- -L . 

I--ll • 
1ft .

~-12__!_ 
16 .. 

_ _iZ • 

f 
18 ·.• 19 .. 

' 20 ~ 

.. 
• 

··-- .. __________ _.__. _______ . .1.. .. 
---. . . 

... .. <. 
___L ______ .J..!_ ______ -~--.. 

! ·.. 
• • 

~. 

• 
t 

J ~~: --L... ________ .._ ________ __._ ____ ....L!__ ____ --.I.-

f-23. !... 
24 .. 
25 .. 

; 26 • 
1---.ZL• 28 •. 

29 .. 
30 • 
31 .. 

1 .. 
··-- Z. . .. 

3 ·-· It .. 
5 .. 
6 .. 
7 .. 

-~ .. 9-··· 
10 .. 
11 .. 
12 • 
13 .. 
11t ... 
15 • 
16 .. 
17 .. 
18 .. 
19 .. 
zo .. 
21 .. 
22 .. 
23 .. 
Zit • 

!, ____ _ 

• 
t. 

• 
_________ _.. ________ _.._ ___ .:!:. 

.. 
. .. t .. • 

• 

_L__ ____ _!__! ------ -.. 
~ ~ .. 
• • 

.. 
-'----

0 
aJ en rn 
~ 
~ 
0 
en 
() 

~ rn 

'"tl 
() 
~ 

~ 

M 
t::l 

M,~. 
);!:lCD 
(ll (') 
..... rt 
J:j 

);1::1 

0 

W/0 \.0 • 
• w 
\.0 \.0 

00 

II 

0 

0 
1-' 
0 

1-' 1-' 1-' 1-' 1-' 1-'.1-' 1-' 
\.000-..JO'\VI~WN 

1-' 
001-'W000'\001-' ...... 

00'\W0'\0'\00 

0 ...... 
1-'NWNJ-11-'1-'0 
"' 1-' ~ "' 1.0 w ·o 1.0 
0'\1-'0'\-..JN~NO'\ 

0 . ...... . 
1-'I-'J-11-'J-II-'1-'0 
VIVI-....10'\~N0\.0 
OVIONVIONO'\ 

000 ...... 
OOJ-1000 
1-'Vl-..J\.0~1-' 
00'\0'\Vl-...J~ 

Cf.lt:;l 
CD Ill 

"0'<: 
rt 

-11b:l 
~ (ll (ll 

1-'• en 
'-" J:j ..... 

J:j 

0..0 
..... 0" 

-en en 
~ n CD ::r'l1 
'-"Ill< 

11 CD 
()Q 0.. 
CD 

O"tr::J 
Ill en 

-enrt 
~ CD 1-'· 

'-"~ ~ 
0 rt 
~ CD 

0.. 

0.. 
..... tr::J 
11 en 

-CDrt 

!g i' 
);drt 

CD 
00.. 

0 
J:j 
CD 
0 
1-h 

rt 
::r' 
CD 

"0 
CD 
11 ..... 
0 
0.. 

en 
CD 
1-' 
CD 
(') 
rt 
CD 
0.. .. 
1-' 
N 
I 

1-' 
\.0 

Cf.l 
CD 

"0 
rt 

1-' 
\.0 
0'\ 
w 

+=OBSE~y-~D-

100,000 SIH, 
0 .o 00 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
u.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 

'"tl 
tr::J 
);1::1 

o.ooo 
o.ooo 
o.ooo 

() 

tr::J z 
o.ooo 
o.ooo 

~ o.ooo 

ij 
tr::J 
~-
H 

g 

o.ooo 
o.ooo 
o.ooo 
o.ooo 
ii.ooo 
o.ooo 
o.ooo 

Cf.l o.ooo - 0 o.O DO 
'"tl 
() 
t-3 

o.ooo 
0~000 

~ 
'-" 

o.ooo 
o.ooo 
o.ooo 
o.ooo 
0, 0 DO 
o.ooo 
o.aoo 
o.ooo 
o.ooo 
o.aoo 
o.aoo 
a.ooo 
o.aoo 
o.ooo 
o.ooo 
o.ouo 
ll.ooo 
a.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
a.iloo 
o.ooo 
o.oou 
o.ooo 
O,OJO 

OBS_, RAINtMEL T 
.141 o.o 
.136 o.o 
.132 o.o 
.130 o.o 
.136 o.o 
.126 o.o 
t113 O,Q 
.107 o.o 
o111 o.o 
.109 o.o 
.109 .5 
.111 o.o 
.100 o.o 
.105 o.o 
.too o.o 
.o98 o.o 
.092 o.o 
.096 2.3 
.100 .5 
.104 '+o8 
.117 1.3 
.145 z.o 
.130 7.6 
.145 15.5 
o224 .5 
o288 o.o 
o186 o.o 
.151 ii.o 
.139 o.o 
·126 o.o 
o120 o.o 
.126 .a 
o132 o.o 
o130 o.o 
o120 o.o 
o107 o.o 
.104 o.o 
o096 o.a 
.too o.o 
.094 1.8 
.092 1.3 
.092 o.o 
.096 1.8 
.102 8.6 
.134 o.E: 
o192 1do3 
<267 Job 
.346 1.0 
.211 o.o 
o166 o.o 
.1 .. 9 o.o 
.136 o.o 
.128 13.0 
.139 o.o 
.201 o.o 

!::X:' 
I 

.+::>. 



SEMI-LOG MEAN DAILY FLOW PLOTtMH) SOUTH YAMHILL NR WHI 
.100 

WATE~ YEAR 19&3 •=SIHUlATEO 

OCT-H0\1 
1 • 

.010 1.000 10oDOD 

_ z !._ 
3 • 

... 
__ _L_ ------- ~ __!_ _ .. 

!l • . • • • •. • .. 
.5 • • • • • + • 
.D • • • • • ~ I 

7•----~----~---~----~---
_8 ! -"*. • 1 . .._ ·-·--· ___ _ .. ......L.--"-- .. __ o_ 
·9 • 

1.0 ! 
11 • 
12·• 
13 • 
1!.l ~ 
15 • 
11) • 
17 • 
18 • 
19 • 

_.Zil.. .!: . --. 

_f ___ ----

21 • N- • • • o • N 
22. --~--.-----r-----,---,...-....-----.-----
23 .• • • • • • + • 
Zit • • • • • • + 
25 .. . . . . . • • + 

_ .. 2.6 .. . 1-' 1-' Ul :;::: . _.· . --. ' + 
27 • b ~ ~· ~ ~ . . .. 
28 • 1..11 (') 1-' tr:l • • + 
29 • ~ .. C1l ~ I :;:1:1 o • 

30 • .• ~ t:"-1 • :;:1:1 td ' • + 
31 • ~ ~ N 'S. ~ • • t- t-
.1• P..~ I I :P- ' ~ 
2• z: • • + 
3• rt~ w t-d CJ ' ... 
It • .o ~ ~ tr:l t::x:l • • • 
s• ~» o 1 ,....,.. • • • 

& • §:"g ~ I [> ~ 
___ ·1 • 0 N t:"-1 Ul -~--

&• 1-'0" 1-3 0 N ~ 
9• ~~ :E! I ~ H 

10 • 1-' II Z: 
11• tj'< 1-' W I Ci1 
12 • ~ 1-' w ~ g 
13.! N 0 1.0 

14 "' ~ rt Oo 
15 • ~ (1) 

1& • ~ 
17• <:rt 
18 .. Ill '< 
1'1 • ~ 0 
20 • (1) ~ 
21 • 
22 .. 
23 • 
2ft • 

. Z5 • 
26 • 
27 • 
28 • 
29 • 
30 .. 

~ -....! 
Cll 
(1) 0 
p_.(') 

rt 

1-' 
1-' 

1-' 

II 

~ 
N 

~ 

N 
~ 
Ul 

~ 
N 

~ 

0 

N 
~ 
:E! 

~ 
a 
N 

~ 

0 
'-" 

+ 
+. . . .. 

,.... 
rt 

........... 

~ ~,~ 
N ON 
>2j 1.110 
en -"'"(X) 

.... 
1.11 

0 

I 

w 
:0 

II 

w 
\0 

> 
rt 

""' rt 
1-' N .... .._, 
;... 
u ~,~ 

0()) 
1.111-' 
-"'"1-' 

.. n 
.... 
1.11 

0 

en 
~ 

i 
-~ 

... 

... .. 

en 
~ 

~ 
t>:l 

• 
.. 

• 

~ 
...... 
rt 

........... 

F<' ~,? 
~ 
N 
0 

0 

.... 
(7\ 

-...: 

w 
w 

m 

• 

00 
01.11 
WO 

u 
.... 
(7\ 

-...: 

> 
rt 

rt 
N.._, 

?I~ 00 
00\ wo 

u 
N . 0 . . 

• 0 

... 
.. 

.. 
+ 

• 

'"d 
::0 

~ 
en 
t-3· 

§ 
!5 
t>:l 

.0 .0 .0 . en t-al-' ........ 
U II II 

010 0 
·NON 

01.111.11 
())0()) 

.0.0 .0 
en '"dN 
NN 

II II II 

~,?~ 
(X)O(X) 
I-'0\"-J 
1-'01-' 

+ 
• 

... 
.. 

t-=OBSERVEO 
100,00D SIM. 

l!; 
rt .... 

.0 .... 
II 

.0 
en .... 
+ 
·~ .... 

> 

en 
rt 
0 

~ 
'1:1 
{!) 
t1 
1-'-
0 
P: 
{/) 
{!) .... 
{!) 
n 
rt 
{!) 

'"" 

0 
n 
rt 

rt ,.... 
rt 

rt .... 
N '-' 

.0 
N 

.0 
en .... 
+ 
~ 

N 

rt 
0 

N 
N 

0 
n 
rt 

,.... 
rt 

N.._, 

.... 
\0 
(7\ 
N 

o.ooo 
o.ooo 
o.iloo 
o.ooo 
o.DOD 
o.ooo 
0. 0 o.o 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.oou 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
a.aaa 
o.ooo 

8 0 .ooo 
iii o.ooo 
::0 0 .ooo 

~ ~ :~~~ 
t>:l o.ooo 
;j 0 .DOD 
~ 0 .ooo 
~ o.ooo 
z o.ooo 
..: 0.0 DO 
;:; a. o oo 
~ 0 .ooo 

1
;:;:; a. a oo 
~ o.ooo 
~ 0. 0 00 
~ o.ooo 

o.ooo 
8 0 .ooo 

I
·~ o.ooo 
:3! 0 .ooo 
._, o.ooo 

o.ooo 
o.ooo 
o.ooo 
a.ooo 
a .ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0',000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0. 0 00 
o.ooo 
OoOilD 
a.ooo 

06So RAIN+I'IELT 
• 335 .5 
.250 &.9 
.228 5.6 
.335 .5 
.294 5.3 
.248 3.0 
.258 lt3.2 

1.600 15.0 
2.127 21.1 
3.181 8.4 
1. 81tlt 31.5 
Jo181 33o5 
... 667 7.6 
5.307 &.6 
3.388 2.3 
2o'+09 OoO 
1.82& o.o 

·1.496 o.o 
1.268 o.o 
1.097 o.o 

,979 a.o 
.871 o.o 
.783 a.o 
.719 o.o 
.6&8 o.o 
o627 1o3 
.598 o.o 
.574 o.o 
o:i31t OoO 
.508 o.o 
.482 o.o 
.463 o.o 
... 35 o.o 
.420 o.o 
o'+10 9o9 
.454 17.0 
.994 o.o 
.903 8.4 
.817 2.5 

1.076 7.6 
1o'+40 51o3 
7 ... 53 5.6 
8.055 12.4 
5.514 2.5 
..... &o ,8 
3o501 21o6 
lt~'+41 1.0 
3.877 10.7 
3.482 ,3 
3.049 28.4 
8o017 lt7o8 

21.643 1.5 
2C..514 1.0 
13o'+37 4o8 

7.1+15 50.& 
1Jo0&1 89o4 
-+~o35& 11o4 
29o735 '+o6 
22.019 .8 
15.:i45 11.~ 
11.518 27.4 ttl 

I 
tn 



B-6 

UPPER ZONE TENSION WATER MAXIMUM (UZTWM) 

From a review of small storms following dry periods (data listed in text of 
report), a value of 35 mm was selected as representing the lower limit of the 
maximum amount required by upper zone tension water before overflow occurs, 
from the upper zone. 

UPPER ZONE FREE WATER DRAINAGE RATE (UZK) 

Interflow for the South Yamhill appears to last about 7 days. 

Using N = 7 in the following equation: 

(1 - UZK)N = 0.10 

an approximate value of O.T is obtained for UZK. 

UPPER ZONE FREE WATER MAXIMUM (UZFWM) 

The unit hydrograph for the basin indicates a fair delay in water actually 
reaching the channel. Thus, a considerable portion of the water during the 
interflow period originally developed as direct and surface runoff. In 
reviewing the storm period of 22 Jan to 3 Feb 1965, the flow on 31 Jan was 
about 25 mm, of which about 10 mm would be baseflow and about half of the 
remainder delayed surface and direct runoff. (See page B-3.) With a UZK 
value of 0.3, we would obtain a value of about 25 mm for UZF~1 (8/0.3). 

PERCENTAGE DIVISION OF PERCOLATION (PFREE) 

Hydrographs of storms having surface runoff following long dry periods were 
analyzed. For these conditions, UZFW was completely filled and some water 
could have been available for percolation. For the South Yamhill, the base
flow after such storms appeared to be much higher than prior to the storm. 
Therefore, a rather large value (0.5) was assigned for PFREE as compared to 
the average value of 0.3. 

PERCENTAGE OF BASIN COVERED BY STREAMS, ETC. (SARVA) 

From maps, this was estimated to be 0.01 of the basin. 

LOSS ALONG STREAM CHANNEL (SSOUT) 

No evidence of loss from baseflow hydrograph. Use zero. 

SIDE, ADIMP, and RSERV 

Nominal starting values were used for these parameters: 

(SIDE = 0.0; ADIMP = 0.01; and RSERV = 0.30) 



PERCOLATION PARAMETERS (ZPERC and REXP) 

A daily maximum percolation rate curve (with upper zone storages UZTW and 
UZFW at maximum) was developed for the basin (fig. B-1). PBASE was computed 
as 9.819 mm from the equation: 

PBASE = LZFPM * ~ZPK + LZFSM * LZSK 

Calculations of parameters used in this equation were developed on pages 
B-2 and B-3. B~ed on.experience with other basins, a value of approximately 
90 was selected for the maximum percolation rate (for the conditions as stated). 

For completely dry lower zone conditions (lower zone 100% deficient), the 
maximum rate is defined as: 

Maximum rate (1 + ZPERC) * PBASE 

90 mm = (1 + ZPERC) * 9.819 

ZPERC = ..;....9..;_0 _-__:;_9 .:......;• 8;...;:;1;.;;_9 
9.819 8.17 

A value of eight was selected for ZPERC and the no~inal initial value of 
1.80 was used for REXP. 



100 

ZPERC = 8 
90 REXP 1.80 -

PBASE = (.003)(33)+ 

(.054)( 180) 
80 = 9~819 

RATE = PBASE[l+ZPER<UFR)~ 
[ 1.80] 

70 
= 9.8191+8(DEFR) 

~ 
~ WITH UPPER ZONE STORAGES 

z ( UZTW AND UZFW) 
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<( 
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0 50 
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LZ SOIL MOISTURE DEFICIENCY IN PERCENT (DEFR) 

Figure B-1,--Percolation representation for South Yamhill. 



SOUTH YAMHILL NEAR WHITESON•ORF.GON 

RUN REGINS OCT l062 RUN ENDS SEPT 1967 

SOIL-~OI~TURE ACCOUNTING PARAMETERS , SOUTH YAMHILL NEAR WH!TESON.ORE~ON 

U.S. NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM - MANUAL. CALIBRATION PROGRAM 

CONTENT AND CAPACITY v•LUES ARf IN MM. 

UPPER 70NE AND IMPERVIOUS AREA PARAMETrRS 

AREA NO. AREA J.D. AREA NAME 
1 · i41Q4000 YAMHILL NR MRP 

PX-ADJ PE-ADJ 
1.ooo 1.ooo 

UZTWM 
35. 

U7FWM 
25. 

UZK 
.100 

PCTIM 
.010 

AD IMP 
.o10 

AREA NO. 
1 

AREA NO. 

PBASf 
Q.'3 

ZPERC 
8.0 

1 F.T-DEMANn-MM/OAY 

AREA NO. 
1 

U7HIC 
::>5. 

UZFWC 
o. 

REXP 
leRO 

LZTWM 
140. 

PERCOLATION AND LOWFR ?ONF PARAMETERS 

LZFS"-1 
180. 

LZFPM 
33. 

L7SK 
.0540 
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.0030 

PFREF 
.so 

PE-ADJUSTMENT OR F.T-OEMANn FOR THE 16TH OF EACH MONTH 
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.s 
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1.0 

4 
1.8 

c:; 
2.5 

n 
2.8 

INITIAL STORAGE CONTENTS 

L?FPC 
o. 

ADIMC 
25. 

7 
3.0 

A 
3.0 

9 
?.8 

~OUTH YAMHILL NEAR WHITESONeORFGON 

U.S. NATIONAL WEATHER SERVICE RIVER FORECA~T SY~TEM - MANUAL CALIBRATION PROGRAM 

FLOW-POINT PARAMETERS 

NO. FLOW-POTNT NAME ARFA-SQ KM K SSOUT 08SFP COMPAR SIXIN HISTOGRAM<; 

RSFRV 
.30 

10 
::>.3 

SIDE 
o.oo 

11 
2.0 

1? 
1.o 

c:.ARVA 
.010 

I.D. OF PE DATA 

l SOIJTH VM~I-liLL NR \oiHI 1100.00 3.01 o.oo 0 1 0 TIME-DELAY .DOR .033 .08? .1~2 .181 .173 .lln .081 
.fl31 .023 .o1o .01-1 

GA(';f. ARFA 1 1 1 1 
1 1 1 1 
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z 
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>< 
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MUlTIYEAR STATISTICAL SUMMARY 

~LOWP~INT = SOUTH YAMHILL NR WHI WATER YEAR~ 19~1 TO i9~7 

BIAS 1ST MOMENT PERCENT BEST ~IT LTNE 
SIMULATED OASE.RVED CSIM MEAN PERCFNT CSJM)-lST MAXIMUM STANDARfl STANDARD CORREt • ORS = A + A *SIM 

MONTH MEAN MEA"! -085 MEAN) BIAS MOMF.:NTCOAS) fRROR ~RROP ERROR COEF"~ ft. R ...................................... ~ .......................................................... ~ ..................... 
OCTOBER 9~186 7.642 l.S44 ?0.?11 l.S3f> -14.~13 1.cnr:; 52.021 • 95l .OS5 _!'8?6 
NOVEMBER 5~~895 61.096 -4.~01 -6.P.76 -.794 -156.641 2R.A51 47.226 .94·1- -2.234 1.113 
DECEMBER 121~384 127.250 -c;.866 -4.f..10 .380 -?ll. 356 45.521 35.774 .96? .:.10.201 L13? 
JANUARY ~56~830 166.136 -9.S06 -5.71S -.67B 233.231 50.941 30.6?7 .947 -6.176 i~1oo 
FEBRUARY 87~163 78.126 9.037 ll. 568 1.20~ -155.589 26.791 34~293 .90? .:.46.835 i~434 
MARCH 8S.714 80.944 4. 771 5.P.94 -.249 -104.397 22.39R 27.670 .961) .:.13.896 l-106 
APRIL 47~436 42.682 4.754 11.139 .590 -110.329 14.407 33.7?S .929 -9.2(?~ },.09t:; 
MAY 19.681 19.187 .494 2.573 .12? -24.018 6.390 33.306 .961 -1.011 1!"026 
JUNE' 4~306 5.094 -.788 -1S.471 -1.039 7.979 1.232 ?4.189 .79? 3.26S .!'42c:; 
JULY 1~320 2.069 -.749 -36.183 .OM: -2.926 .740 35.753 !'77c:; .62< 1.09f.. 
AUGUST ~749 1.092 -.344 -31.44S .491 -2.890 .705 64.559 .557 -.241 l~78l 
SEPTEMBE~ .908 1.143 -.236 -20.597 1.093 1.951 .539 47.155 .68~ .466 !'74f 
···············•!'•··························································•!••···············•!'••!••••••!'••······~,.··· 
WATER YE~R 49.247 49.408 -.160 -.1?S ?.7.924 233.231 2S.180 50.964 • 96t~ -4.185 l!'OR~ .................................................................... ' ............................. ~ ...................... 

**NOTE •• ~SUM Of (5JM-08Sl**? = l?S7419 •••••• ROOT MEAN OF SUM nf CSIM-OR5)**2 26.?42. ··*·:t 

NUMBER PE~CENT BEST ~IT LTNE 
~LOW n~ CASES OBSERV~D SI4ULATED PERCENT MAXIMUM STANDARD STANDARD COPRFI • ORS = A + B *SIM 

INT~RVAL ORSERVED MEAN MEAN BIAS RTAS F.:RROP ERPOP ERROR COE~~ A B 

··~·····················-··················~·················································--·········· ····•··•·•··•• 
0 - 1 272 .740 .763 .n23 3.103 1.9Sl .100 40.SR3 .40Q .446 .3R5 
1 - 3 2A7 2.002 1.198 -.P.04 -40.170 -2.366 .44~ 22.371 e37R 1.653 ~29~ 
3 - 8 238 S.432 5.613 elAl 3~329 11.050 1.317 ?4.?53 ~48~ 4.564 ~}6c:; 
8 - 22 235 1S.045 1B.761 3.71S 24.69? 32.968 ?.931 19.481 ~63Q 9.3f6 ~3~~ 

22- SO 277 35.9S5 47.867 lle912 31.131 37.841 4.934 13.7?2 .77~ 13.537 ~46R 
so - 99 212 69.B35 eo.758 10.9?3 1S.64o 58.822 10.878 15.577 ~64! 31.933 ~469 
99- 179 133 110.~00 121.537 -8.463 -6.510 102.832 1R..555 14.273 .44? 94.7?9 .29n 

179- 304 60 ?2Sel23 18R.286 -16.837 -16.363 233.231 3~.966 16~4?0 ~230 198.646 ~l4l 
304- 489 33 371.122 30A.406 -64.71S -17.438 -211.356 45.433 12.242 .43:::> ?98.827 ~236 

AROVE 489 l9 663.954 570.085 -93.A70 -14.13R -188.418 67.861 10.?2l .910 1n4.R06 ~87f 
eoee•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ABOVE SO Sl7 144.400 13A.114 -8.?86 -S.73A 233.231 4S.273 31.353 .94~ -7.058 l~ilJ .. ., .................................................................................................................... . 

n 
I 

N 



AREAL WATER YEAR SUMMARY UNITS 'ARE MM. 

AREA NUMBER 1 YAMHILL NR MBP WATER YEAR 1963 

SOIL MOISTURE ACCOUNTING VOLUMES 

8ASFF"LOW 
MONTH TOTAL-PO IMPV-RO DIRECT-PO SUPF-RO INTfRFLOW CHANNEL NON-CHANNfL RAIN+MfLT POTFNTIAL-ET ACTUAt_-ET 
OCT 56.5 1.9 .4 o.o 16.1 3R.8 o.o 192.3 72.0 63"0 NOV 202.6 4.3 3.) 80.3 53.9 61.5 o.o 431.5 58.3 54.9 
DEC 138.1 1.2 .9 o.o ?.7.9 108.3 o.o 123.4 33.2 3?!"8 JAN 79.8 1.2 1.0 8.0 14.7 55.1 o.o 115.1 17.4 17.3 FEB 168.8 1.7 1.6 23.5 42.1 100.0 o.o 174.0 -15.4 15!"3 MAR 144.9 2.3 2.0 17.9 45.0 7B.l o.o 227.1 31.9 31.7 APR 175.1 1.7 1.?. o.o 39.8 13?.9 o.o 168.1 53.0 5?.4 MAY 104.7 1.0 .R o.o 20.8 8?.9 o.o 104.9 76.7 1Q.2 
JIJNE 19.1 .4 o.o o.o o.o 19.5 o.o 37.A 83.6 60.4 
JIILY 5.0 .3 o.o o.o o.o c;·. 6 o.o 34.0 93 •. 2 67!'? 
AUG 2.1 .4 o.o o.o o.o ?.1 o.o 35.1 93.3 47.3 
SEPT 3.2 .6 .o o.o .• ?. 3.2 o.o 56.6 82.9 57.6 

TOTAL 1099.9 '17 .o 10.9 129.7 260.5 68R.7 o.o 1700.0 710.9 570.2 

SOIL MOISTURE VARIABLFS AT END OF MONTH 

MONTH UZTWC UZFWC LZT\oJC LZFSC L7FPC 1_7DEFP ADIMC FlALANCF 
ncr 1?. o. R4. 17. 10. .69 115. -.oo 
NOV 35. IS. 140. 85. 26. .29 173. -.oo 
f'EC 34. 4. 140. 4(-,. ?8. .39 173. -.oo 
JAN 35. 25. 140. 4?.. 28. .40 )74. -.oo 
FEB 35. 3. 140. 5?. 30. .37 175. -.oo 
MAR 35. 9. 140. 95. 32. .24 174 .. -.oo 
APR 32. o. 138. 51. 31. • 38 169 • -.OQ 
MAY 8. o. 1?1. 21. 29. .51 l2A. -.oo 
JUNF 20. o. R7. 4. 27. .67 106. -.oo 
JULY 7. o. A7. l • ?4. .74 73. -.oo 
AUG 17. o. 45. o. 22. .8) 62. -.oo 
sEPT 19. o. 40. 1. 21. .83 61. -.0(1 n 

I 
l7DEFR IS THF LOWER 70NE SOIL MOTSTURE DEFICIENCY RATIO. <.N 





SEMI-LOG MEAN DAILY FLOW PLOT<MMl 
OCT-NOV .010 
I" 
2 • 
3 • 
4 • 
5 • 
6 
7 
8 • 
9 • 

10 • 
II. 
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14 • 
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17. 
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23 • 
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9 • 

10 • 
II. 
12 • 
13 • 
14 • 
15 • 
16 • 
17 • 
18 • 
19 • 
20 • 
21 • 
22 • 
23 • 
24 • 
25 • 
26 • 
27 • 
28 • 
29 • 
30 • 

DEC-JAN 
I 
2 
3 
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6 
7 
8 
9 

10 
11 
12 
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14 • 
15 • 
16 • 
17 • 
18 • 
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23 • 
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?9 • 
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26 • 
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28 • 
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30 • 
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27 • 
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23 • 
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27 
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•=OB~ERVED 
i'oii.9oo sr~~ OB'i: RAT i'I~MFL T 

o.ooo -~~5 ,5 
.oii2 .?r:;O 6,9 
.029 .2?s 5.6 
•0'!0 ~1~!? ~5 
.0}3 .?Q4 5,3 
•017 .z~8 _3.o 
.144 .?56. !!3,? 

!.887 1.~~0 .l~.o 
2.770 2.1::>7 ?1,1 
3.160 3.1~1 \!,4 
2.3'F l,e44 31,5 
3.510 3,1Al 33,5 
4. 776 4 0 6f.!7 7,6 
5.365 S.3c7 6.6 
3.955' 3o3A8 2,3 
2.921 2.4o9 o,o 
2.402 1,!>?6 o.o 
2.183 1.4<>6- Q.o 
2.050 1.?1,8 o,o 
1.938 1.0<>7 o,o 
1.834 .qj~ o.o 
1. 735 ol371 Q,Q 
1.642 •7E3 o.o 
1.554 .719 o,o 
1.470 .ftl'.8 Q,O 
1,393 ,6?7 1,3. 
1.324 o5'l8 o.o 
1o248 ·574 o~ci 
loJ7q .5<4 0·0 
lollS .i;o8 o,Q 
1.055 .4R2 Q,Q 

,999- ,41\3 o.o 
,945 .4<5 o,o 
,894 .4?0 o,o 
.852 .4lo - g,9 
,860 .4<;4 17.~ 
o8!l9 .994 o,o 
,7]8 .9r3 8,4 
.808 ~~)7 2.5 

i.o~;~o 1,QJ6 7~6 
1.230 1,440 51,3 
3, 722 7.4~3 _5,6 
5.150 8,oc;s \2.4 
3.61'\5 s,e;]·4 2~5 
2.905 4~t4fQ --~ 2.179 3o5QJ ?!.(> 
2. 768 4.44\ - ~ ,o 
3. is9 3.!)77 10,7 
2. 745 3.4~2 ,3 
2.5)3 3.o49 ?8,4 
5,066 8,o17 47,8 

l6.S:}4 21,1\43 !,!) 
10,JQ3 zo,c;i4 1,0 
5,100 13.417 . '!,8 
3,1Si -7 ·'!iS. so,l_! 

}3.684 13,nf1 ~2.4 
44.655 45.:156 II ,4 
;:>8,8<'8 29,'hs 4,1\ 
}3,457 22oOl9 ---~A 
6. 793 15.545 ! 1,9 
5.s22 ll.5l8 27.4 

1oii.~oo SIM, OBS: RATN:,:MF:LT 
Ao256 14.~~2 _7~9 
8, 783 !3.143 1 6,} 
a. 74o }2. 7]9 6, ~ 
8,579 llo~Q5 2,0 
7,245 9, Ir9 ';?~~ 
6,048 7.~-';3 o,o 
5.591 6.0FO ,8 
5,030 s.o?s ,3 
4,5r,3 4,~0\ ,;) 
4.220 3.7?6 o,o 
3.91\3 3.2cn o.o 
3. 742 2,916 -~~3 
3.ssq 2.7?9 11.4 
3.587 3eOA6 i 6~3 
5,098 4,4<>8 9~ 7 
6.!)6i 5!1'fl?7 ?,o 
6,031 4.W:t7 o,o 
4. 721 4.}n3 2,0 
3.940 3.708 3,<" 
3. 7!!0 3,~~2 O,Q 
3.586 3,1 ns o,o 
3o294 2,A?3 -'~ 
3,056 2.~78 o.o 
2.872 2.;J~2 o.o 
2. 7l5 2.1?7 q,o 
2.571 1.976 o.o 
2,4J() l,fl48 ..~s 
2.311 1.7f,9 .1.5 
2.202 \,7<;4 }2,4 
2.426 2. 1~3 14,0 
3.958 4.0?7 6,3 
4,592 4.6~7 - 7~9 
4,156 4.n2 1?.? 
4.655 S,l<>4 ~' Q 
4.622 s.ici7 Q,Q 
3. 752 4.44i Q,O 
3.112 3.!lii2 o,o 
2. 7132 3,3<;0 o,o 
2,595 z,gi;i; ,R 
2.457 2 .1'1 0 3,(> 
2,345 2,;iF0 o,o 
2o2l7 2.!~4 o,o. 
2.091 1. 7?s o.o 
i.9'f7 J,q76 ,·5 
1.877 1,7F.9 2,3 
l.. 799 1,1\00 _,s 
i. 762 1.6?2 ! ,3 
1.688 1.545 1,'3 
1.634 1,40\ .5 
1.609 1.i.o6 o~ii 
\.505 \.;,!<>7 Q,Q 
1.3'16 1.?'13 o,o 
1.3iO l.iP2 Q,O 
1.240 1.144 o,o 
1.176 \,O<l7 ,3 
l.!lA t.o .. 3 ,3 
1o<Ofl2 1.0?q o,o 
!,008 .Q~4 - _,3 

,966 .91'9 I o,? 
1.198 ,'l7i - o,o 
lof>llS .9~3 ?2,6 
3.3i8 1. 1?7 48,5 

1 oo.9oo 51"· 08S: RAT N :,:"ELT 
9,460 _6,~1\l )3~2 

1-2.206 llo14l ~2,3 
!8.507 22.?n7 16,Q 

. 23.159 33.4<>9 J5,Q 
!3.021 22.SR4 o,o 
s, 7?,5 }5.e"? 4.§ 
6.602 10,0~7 9,0 
5.5~4 6eQ45 ,;3 
4oBl9 s~ss~ O,Q 
4.~59 4oi'!JI O,Q 
4.0~5 3.!177 Q,O 
3.818 3,3<;9 1,A 
3.6~1 3.01\8 4,6 
3, 70J 2,R42 ::;,3 
3.681 2.615 ~.a 
3,8J.9 2.s'ia 1.5 
3.826 2~4,;9 j"q~6 
4o295 3,7,;4 8,4 
6.109 . 4,61\7 6,:) 
6.241 4.<~12 o,o. 
5.342 4~ 3(,6 -.~ 
4.268 3,1'\o? Q,O 
3.662 3.3~1 o,o 
3o342 2,974 _o,o 
3,l43 2.748 15,0 
3,579 3o9iS 3,1) 
4.';159 3~'l<3 o,o 
4,052 3,4,;3 4,6 
3.536 3~;>75 7,~ 
3. 7~6 3~i;19 '!. 7 
4o721l 3o'l<l0 o.o 
4.433 3 • .;1~ 0~0 
3,639 3,;n1 o.o 
3.1?5 3.9,0 Q,.() 
2.860 2.1?q Q,Q 
2,684 2~41\5 o~q 
2.536 2,?77 Q,Q 
2,402 2,0P9 1 ,o 
2.285 1.918 It·~ 
2o187 1.9<;7 o,o 
2.0!>0 1,7R4 ,a 
J,q84 1.'13!? -~·9 
2.3ii 1 -~;>Q 11,? 
2.948 2,0<;1 3,0 
3,4?.0 2~0A9 - .~ 
2,866 1,951: ! ,o 
2.~63 1ogf\1 ~.Q 
2.086 1,1\n3 o,o 
1o'l41 1,Tq1 3,0 
1,855 1. 7~1 _3,6 
1.959 1. ?~4 12.4 
2.641 2.070 .'5 
2o888 1 ~9'15 _6,1 
2.736 1;9;;7 1~,5 
3.:;!28 2o?,<l6 31,]' 
6o062 6,21\7 36,}. 

13.564 t3;l!P J7,1 n 
lBo982 20.Sl4 25,9 .;.. 18.125 24.:?78 7,1 



SEMI-LOG .~>AN DAILY FLOW PLOT(,~\) 
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JUN-JUL 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
!6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
?6 
27 
28 
29 
30 

1 
2 
3 
.4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

AUG-SEP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 • 
28 
29 
30 
·31 
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10 
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1.000 1 o.ooo 

+=ORSF.RVED 

]oo~iioo sn•~ 
. l2.6l6 

1oo.0oo 

1oo.ijoo 

·a. 758 
6.53i 
5.868 
5.793 
6.636 
8.187 
8.392 
8,544 
7.381 
6,070 
5,zin 
4.902 
4.985 
6,44i 
7.936 
8.658 
7.456 
6,503 
7.300 
7.044 
5.9?i 
5.cio8 
4.485 
4.i79 
3.9;>3 
3. 700 
3,496 
3.317 
3.i67 
3.031 
3.335 
4,0;>6 
3,8;>3 
3,8'l2 
7.3()1 
9,802 
8.534 
6.334 
4.9;'2 
4,240 
3,876 
3.624 
3,4J7 
3.233 
3.068 
;>.9oi 
2. 745 
2.599 
2,462 
2.3~2 
2.211 
2.097 
1.984 
1.879 
1. 780 
1.687 
1.599 
J.5l6 
1.417 
1.363 

SIM; 
1.292 
1.226 
1.1?2 
1.112 
!.06Fl 
i .oi3 

.948 

.894 

.8';;1 

.so a 
• 765 
• 7;>5 
.689 
.654 
.62;> 
.591 
.561 
.534 
.507 
.483 
,476 
.499 
.41',6 
.411 
.464 
.387 
,350 
,340 
.3~0 
.3!6 
.307 
.279 
.260 
.277 
.290 
.242 
.2?7 
.?.40 
.256 
.22<' 
.202 
.178 
.167 
.159 
.153 
.\47 
.141 
.136 
.130 
.i26 
.122 
.143 
.147 
• I l9 
.106 
.1 01 
,OQB 
.095 
.Q92 
,OR9 
.086 

SJM, 
.083 
.cisi 
~Q79 
.Q76 
.Q74 
.Q72 
,070 
.069 
.Qf>7 
.065 
.064 
.065 
.062 
.060 
.058 
.057 
,Q56 
.055 
.()66 
.069 
.Q84 
.069 
.no 
.110 
.162 
.104 
.062 
.048 
.047 
•046 
.046 
,045 
.048 
,047 
,045 
.Q44 
.043 
.Q43 
.043 
.042 
.051 
.058 
.046 
,058. 
.0~8 
.100 
.2ti 
.2!]2 
·~13 
.163 
.143 
.136 
.134 
,JR5 
.178 
.135 
• ll7 
•Ill 
.107 
• !03 
.099 

OBS~ RATN~MELT 
]9.'149 ci ~ii 
J3~66;) ,B 
8.9?1 9,4 
7~453 - .3 
6,6?5 }8,3 
7,942 12,4 
8.9:;8 15,Q 
8.958 8,1 
9.015 <',5 
7,69( . ,c;; 
6.3~1 o.o 
5~4?0 6,9 
4oR'I3 3.0 
4.9~1 22.4 
s;et;;! i&;o 
6.511 9,1, 
6,A~e -~.o 
6.)23 11.7 
6·'!'5'2 12,2 
:r.oo1 3,Q 
6.?~6 Q,Q 
5.477 o.o 
4;I?9 o;o 
4,??~ ~,A 
4.0?7 o.o 
3.~)'76 ;5 
3.1~2 o.o 
2.842 O,Q 
2.6]5 5,1 
2.t;?<' _4,R 
2.ft~4 13,5 
3~ 01+9 7.4 
3.2}7 _!;3 
2,~79 n. 1 
4,Q't6 '!'1.1 

_B,9z7 14,o 
10.916 4,6 

9!l917 ,A 
7.4~0 ;)," 
5.A1'! 1 ,A 
4.71'1 ,5 
3,'l<)O .~ 
3.<;19 o,o 
3,ge6 g.o 
2,?u8 },'? 
2.4?8 o.o 
2. l"'4 o; o 
1.<_lt;7 o,o 
1 •. 7<;8 o.o 
1 ,c;o2 o; ii 
1.4<;9 .3 
1,)<;5 . ,5 
1.~R7 Q,O 
1.1<>9 o,o 
1.1 '1. o, 0 
1,071 O,Q 

,9<?2 o,o 
•'~39 Q.O 
.R79 O. 0 
,R~4 _ ~~ 
,A19 0.0 

OB< RAIN+MELT 
!1'762 0~0 
.7?8 ?;0 
~ 7~3 '3 
,6A9 3,3 
.tJ4 i;~ 
,7(3 0"() 
.~74 o,o 
,<;~2 ,B 
,f.oO .) 
.szo o,o. 
,<;12 o.o 
,41'.3 0. 0 
,4c;O 0 11 Q 
o4"H 0,.0 
.4n8 o,Q 
.1q6 o.o 
,1"'i ci .ii 
.344 0~0 
,3le O~o 
.3~3 _z,s 
.:rl)9 11,4 
.153 ,5 
.414 ,:) 
,)c;~ 6,1 
.3"'1 o,o 
.3<:6 o,o 
,3!6 ?,5 
.109 1.3 
.3~4 2,0 
.344 2,8 
·1~0 O,Q 
.3J7 o,o 
.3n5 6,9 
,3;,3 3,(> 
,J?'l Q,O 
.?~~ 1,5 
,?71 3,A 
,?A8 7.9 
• 344 1; 0 
.Jq 2,0 
.3?6 Q,? 
,?q5 0.0 
~?,e..9 o.o 
.~4[ o,o 
.2)1 o.o 
•?22 0,? 
•?!5 O.Q 
·?f'7 Q,Q 
ol ()9 0. 0 
,1P.4 0,0 
,1AA 5 3 
. i ~6 . 2 0 
.?15 0 0 
.;:>i\3 0 0 
.iei 0 o 
.173 0 0 
.1n6 0 0 
.} <;4 0 0 
·l «2 0 9 
.143 0 0 
,J4l 0 0 

OBS: RA!N+MFLT 
,J4l o;o 
·l'6 o;o 
.112 O,Q 
.110 O,Q 
ol16 O,Q 
.p6 o,o 
·1!3 o.o 
!tl!!? p,o 
•!Jl Q,O 
·109 o,o 
,J09 .5 

·li! o,o 
.1 no o.o 
.1rys O,o 
,JoO O,Q 
,qqB Q1"~ 
,Q02 o,o 
.n:>6 ::>,3 
,J~O f't; 

·1n'> '!,A 
·1!7 1,3 
.145 2.0 
·l10 _7.6 
,1~'? 15,5 
·??4 •"' 
,?A8 0.0 
.1~6 o.o 
,}';1 o.o 
·119 0,0 
.p6 o.o 
.po o.o 
.1?6 .A 
·l12 0~0 
,pQ O,Q 
·1?0 Q,Q 
·107 Q,Q 
·l 04 o.o 
.n?6 o,o 
,1 no Q,o 
,.qo4 !,.8 
.oo2 1,3 
,ijq2 Q,o 
,Q?6 1,8 
,1n2 8,6 
.114 6,6 
.]92 ]8,3 
,;>,~7 ~-~ 
,:Ji.l1 ! ,Q 
.211 o,o 
•l~'>6 o.o 
·149 Q,Q 
•136 _O.Q 
·1?8 1~1'Q 
.1 ?9 o.o 
.~o1 q,o 
•1"f? 0•0 
•141 Q,O 
•116 O,Q 
·1'9 o.o n . 
·l~Q 9,-9 (,. 
.PO 0,0 



SEMI-LOG MEAN DAILY f'LOW I;'LOTIM!-Il 
OCT-NOV oOlO 
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28 
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31 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
l1 
18 
19 
?0 
21 
22 
23 
24 
25 
?6 
27 
28 
29 
30 

DEC-JAN 
I • 
2 ; 
3 • 
4 • 
5 
6 
7 
8 • 
9 • 

I 0 • 
II 
12 
13 
14 
IS • 
16 
17 
18 • 
19 • 
20 • 
21 
22 
23 
<'4 
25 
26 • 
27 • 
?B 
29 
30 
31 

1 
2 • 
3 • 
4 • 
5 • 
6 
7 
8 
9 • 

I~ • 
II, 
12 
13 
14 
15 
16 
17 
18 • 
19 • 
?..0 • 
21 • 
?2 
?3 
24 
25 • 
?.6 • 
27 • 
28 • 
29 
30 
31 

FEB-MAR 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21. 
22 
;>3 
24 
25 
26 
27 
28 
29 

I 
2 
3 
4 
5 • 
6 • 
7 • 
8 • 
9 • 

10 • 
11 • 
12 • 
13 • 
14 • 
15 • 
16 • 
n·. 
18 • 
19 • 
20 • 
21 • 
22 • 
23 • 
24 • 
25 • 
26 • 
27 • 
28 • 
29 • 
30 • 
31 • 

.010 

.010 

.• 

SOUTij VAMI-IILL NR WHI WATER YEAR 1'164 ~=SIMULATED 
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",::oa<:ERVEO 
i'oii.§oo SIM~ OBS: RA l +Mf'l T 

,096 ~E\1 ~<i 
.Q'l2 ,J.jl .~ 
.089 ,J.n9 ,Q 
,QB7 ·1!3 ,o 
,Q93 ·lP ,s 
.()98 .v~o .s 
.Q_92 ·!?6 ,Q 
.Qf.l;l ,!~0 ,Q 
.Q77 ·!24 ,o 
.078 •!!9 .3 
.078 .117 ~'5 
,O'lO ~ !?o .!i 
.QF32 ,);;6 ~.J 
,Q92 ·1':<7 1 ,o 
.ORO ·1~2 1,.~ 
,Q76 ·1"3 Q,Q 
.064 ·139 o.o 
.Qs9 •1?6 ... ~ 
.Q58 .1?4 o,o 
·0~3 ~f?a _7.4 
.101 _,,6 16.5 
.351 .7C;J 29~!i 

1.776 2.748 J.6,Q 
2.4?.4 2. ins 19,0 
2.447 J~oi' 1 3,1; 

2.145 2ol?7 i~3 
1.52'9 1.~~4 __ .s 
1o317 1o0?9 ll. 7 
1.576 1ot''<0 _},3 
lo476 1.046 1\,4' 
1.726 1.?~3 - Q,O 
-!.512 !'Q~7 15,S 
1,64'5 1,319 2,:,1 
2.063 1,1?,'! ~~.1 
2.339 2.??1 ll,2 
3.453 3, lf>? 8,1; 
3.0ti3 2.~~H . 9,1_ 
3,152 2,7] 0 <;3,! 
6.197 8,845 'l,l 
8,302 9.?.:::;9 - ,P. 
5.6()7 s.7.;9 14,0 
4, 700 5.01.3 ,A 
3.6'12 3,7o<,4 - ,!) 
2.939 1','1'>6 1'1,0 
3.J<;9 3.613 ?9,<; 
s. 7?.3 1 .oiii !3;<' 
7.164 8.1.~0 !f>,O 
6.5'16 8~3C:6 13,9 
6.704 9~~>-i7 _5/,1 
5.947 8.4•!! \1,9 
6o355 8,f-n1 3,3 
5.569 6.~AR _5.3 
4of!80 s~??8 ]3,<' 
5.093 6,0?2 17,3 
6,'5S5 7.Q4~ 1,6 
&.559 7.377 1, 0 
5,641 &~;>A6 9,'1 
Sol l3 5,7?l ,f\ 
5.024 5,on6 ~;o 
4.402 4.?72 o,o 
3,875 3.t.«l o.o 

ioo.~oo 51~. OBS~ RAIN~f:lF'LT 
3.515 3.1?4 0,9 
3.308 2.710 Q,O 
3.1U 2.3«2 1,3 
2.961 2.ii~9 3,3 
2.848 1~90;7 36.1 
4.2l9 3,71.4 6~ i 
6. 712 4,11.6 I ~R 
5.853 3.A77 lfl,S 
6.034 s.O.=.J .3 
5.631 4.sc;4 ,3 
4.so5 3.R«8 Q,o 
3. 757 3~?75 o,o 
3,3Al 2,R42 o.o 
3.155 2,<;,;2 ii;o 
2.976 2.?77 1' 0 
2.1122 2~nA9 .s 
2.675 1.976 ~e 
2.535 1,7~4 7;6 
2.546 J,qnJ ;>4,1 
J,9R5 4~ 1 ?2 2q,~ 

7.044 _8,'544 R,l 
8. 735 10.445 2.3 
6.948 B.oi'7 - i; 3 
5.104 5.'147 12,4 
4.555 5.4nt _2. 0 
5.404 5ol'l4 !5.? 
6.008 5o6A4 13,7 
6,409 6.~nS ,5 
6.544 6~l?3 ,c; 
5.408 5,102 _Q,O 
4.566 4,743 p,4 
4.'134 5,o,;3. :>!l,? 
6.884 9,3<:>1 1,0 
8.036 a.:-Q4 ~fiB 
6,,-,]4 6~7Q4 1,5 
'i,B;>6 S.Qt.r.7 ?7 ,q 
8.684 io~ \:'5 ?4.4 

i 6.277 i7.c;oJ ;s 
j 0.665 i5.1!2 _R,6 
7.372 11. 0?8 14,5 
7.633 lo.o:<Q 6.9 
8,1f,O 8.<>:>1 o. 0 
7.09;> 7.177 ·- ~ 3 
5.858 6~?~~ 16,« 
6,344 7,nnt _2 .. ~ 
6.937 6,;!~2 12,4, 
7.198 e.n17 ?4,'1 

!t.3if3 12~?,3 'f5,7 
lO. 778 ?0.70<! ?~,1 
?1.256 ?5,'171 ;?1,fl 
3},632 4t.4i14 !6,0 
?.2 .... 37 ?7,;>R9 JO,? 
l5.232 2o.c;i4 1?,? 
i 2.280 }6, ji.7 7,! 
J2,1R!l l 2 ~M5 c;A;?. 
;>7.363 ?8o9R3 43,4 
~9.201 43~0CJ8 1 ;o 
?2.41}1 'i'7.477 5,6 
)3.000 20. i <7 _6;5 
9. 757 f4.4';4 1?, 7 

i 0.333 ll."l<O 1.'5 
9. 77~ 9.ii7i JO~'l 

i'oo.0oo sm~ 
9.4<;7 

oR< RATN~MFLT 
e.h2 3~6 

9.090 7.<;o'l o~o 
7.938 6,?.F.7 Q,O 
6.8S2 5.4?0 1.5 
6.146 4,7n5 o, 0 
5.676 4.tti3 O,Q 
5,3?0 3 .... :12 o,o 
s.oi·7 3.?75 o,o 
... 743 2.Q"l6 - o,o 
4.504 2.11o 10.9 
4. 7l0 2~9<6 ,3 
5.078 2;6'>5 6,<j 
4.901 2,,,5 2,o 
5,056 2o'i41 5.1 
4.931 2.1!F.l t8,A 
6.309 4~(,;.,7 6.3 
6.918 4.r.49 j ~ ~ 
6.186 4.3 .. 6 o,o 
5.073 J.qc;:2 o,o, 
4.3?7 3,5"18 o,o 
3,905 3.1F.2 o,o 
3.63A 2.P.i.2 o,Q 
3.427 2 ..... 0 0,0 
3.241 2;3'<2 O,Q 
3.069 2~ i'4s o.o 
2.907 1.'1<>5 o.o 
2. 755 1,!lt,8 ~5 
2 .... 14 1.7?4 .. l.3 
2.496 t.n«6 ?4,6 
3.203 2,~:>3 12,4 
5.6'18 3.71'.4 B,n 
6.449 4,046 ~.6 
6.001 4,~?9 ~1 ,3 
6.593 8,074 IS.]' 
8.116 9.;>c;9 4,1 
7.735 7.942 ,s 
6,133 6,]'!2 - 9~9 
5,450 6, !<'5 !4.Q 
6.331 &,<J~I 1'i,O 
a.5io 9.711 33.A 

t3.93i t5~:~nf 2.9 
!?..126 14.9?4 1.0 

9.135 l1, Q?8 8,6 
7.31'4 9.<;;>3 2,R 
5,!163. 7~7'73 ,3 
6.027 6~211 3,3 
5,384 5,3~?. .t~ 
4.'1'55 4,1'.11 o,o 
4o561 4~ii46 7.6 
4.465 3,'1~:) ?,5 
4.69'1 3o651 1,8 
4.556 3,?75 7,~ 
4,3()6 3.nR6 o,o 
4.399 2.?~5 3,6 
4.Q68 2. 710 3,f> 
4.045 2. 7io 9,0 
3. 775 2 4i.4 o,o 
3.4ii 2 314 o.o n 
3, i33 2 ?4o o;9 0. 2,937 2 if.4 2.0. 



SEJI11-LOG MEAN DAILY FLOW PLOTtMMI SOUTH YAMHILL NR WHI v/ATER YEAR 1964 *=SI'-'ULATFD +=OBSERVED 

APR-MAY ~010 .100 1.ooo 10.000 1oo.poo SIM~ Oss: RATN:0:MELT 

I • . . "• . 2.785 2,)D8 4;3 
2 • . . "· ' 

2.663 2.0?0 3,, 
3 • . . " . ' 

2.s6i 1,<J'<7 O,Q 

4 • . . .. . 
' 

2.432 1.?R0 3,0 
5 • . . " ' 

2.304 1.?1\!? 2,3 
6 • . + " ' 

2.299 1.711 .? 
7 • + " ' 

2.i!'l2 1.i;q6 o,Q 
8 • .. + " ' 

2.011 1.i;ii9 _Q,o 
9 • . + " ' 1o!!89 1,~74 10,2 

10, . ... . 2.058 1.p4 2,5 

11. . + .. 
' 

2.157 1.1\52 7,6 
12 • + ". ' 

2.474 1,848 S~"? 
13 • . + ... 

' 
2.696 1.<1'<7 o,o 

14 • . . ... 
' 

2.484 1.Rc;6 O,Q 
IS , . . ... . ' 

2.099 1.746 4,1 
16 • ... . ' 

1.887 1.'r?o 3,3 

17 • . . ... 
' 

1.847 1;6~9 Q,p 

18 • . .. . ' 
1.78fl 1.513 o,{) 

19 • . . . .. . ' 
1.644 1.417 o,o 

20 • . ... . ' 
1.S26 1,j14 Q,O 

21 • . . .... . ' 
1.436 1.:i~4 _!,3 

22 • .... . ' 
1.379 1.314 lJ .• ? 

23 • ... . ., 1.440 t.s62 1 .o 
24 • • . +* . ' 

1.S?4 1.41.0 o,o 
2S • . .... . ' 

1.37S 1,}?S ,3 

26 • . . " . 
' 

1.229 1,?R4 4.3 

27 • •" + . ' 1.150 1;1'l!l Q ~ Q 
28 • . .... 

' 1.06fl 1.311 0.0 
29 • . " . . ' 1.005 1,?1\3 ;5 
30 • . " . ' 

,956 1.?.i"6 5·6 
1. . .. .. 

' 
.931 1,;>c;O l '1 

2 • . "· . ,888 1./!~7 1,:, 
3 • . " .. . ' 

.830 I,J.R2 o,o 
4 • . " .. ' 

.779 1.111 ,R 

s • . .. .. . ' 
.747 1,11o 7,€) 

6 • .. .. ' 
• 745 1·267 O'"Q 

7 • .. .. ' 
,685 1.144 3,Q 

8 • " • + ' .652 1.1 ;,;. o.o 

9 • . . " .. ' 
.605 1.iil\o .• 3 

10 • . .. . 
' 

,572 1.ii?4 1.5 

II • " . 
' 

,ssp 1.003 o,o 
12 • . .. + ' 

.5?1 .9~2 3,3 
13 • . " + ' 

.509 .QQ4 o.o 
14 • . .. . . ' 

.474 :913 Q,Q 

15 • . .. .. . ' 
,445 .879 o,o 

16 • . ... . . . ' 
.421 .ai3 .5 

17. . . .. + • ' 
.403 , 1?9 _,;:\ 

18 • . ... + • ' 
,386 .7r::.7 o,o 

19 • . •" + ' 
,365 :717 ,ll 

20 • . •" . . ' 
.358 .nq4 6,1'> 

21 • . •" + ' 
,369 .tt.5 l' 0 

22 • . . .. . . . ' 
.342 • 7«7 1.3 

23 • . " . 
' 

.3i6 .7~8 o:o 
24 • . "• + ' 

.291 .6f6 O,Q 

25 • ... + . ' 
.27S .6?3 o,o 

26 • . ... . 
' 

.262 ;-;7o o,p 

27 • . ". + . .250 ~~~4 o,o 
28 • ". . . ' 

.?.39 .S14 0 ~f) 

29 • . " . . ' 
.229 .si6 o,o 

30 • . " + . . .219 .4'>9 o,o 
31 • .. + . .209 .470 o. 0 

JUN-J\Jl .010 .100 1.000 10.000 1oo.ooo S!M, OB< R4TN~MF:LT 

I • . .. . ' .201 ;i.o;o ,1'1 

2 • . .. . ' 
.197 .4"7 ,!\ 

3 • " + . .191 ·f:t.?3 _l ,R 
4 • " • + ' 

.197 ,4?0 19.9 
5 • ... . .2'!-3 .5?7 l "'~ 
6 • . .. . 

' 
.2Q3 .474 8,1 

7 • " + . ' 
.21? .c;i9 ?,'l 

B • 
.. . 

' 
.!91 .c:;44 ;J 

9 • .. + ' 
• l61 .~n6 o, 0 

10 • . + ' 
.142 ;;;,j .~ 

II. . . .. . 
' 

.137 .4;:.5 J,O 
12 • .. . " • + ' 

.13'5 .416 .3 

13 • . ... . . . ' 
.127 .~o7 o.o 

14 • . ... • + . ' 
.1?4 ,3R0 ?.Q 

15 • . . " .. . ' .1?7 .31'-i o,o 
16 • . . .. . . , ,!17 ,Jc:::S 8,~ 

11. " • + ' .149 o3'l0 3,0 
!8 • .. + . ' 

,!54 ,446 2.0 
19 • . + .1:}5 ,-4'17 ,3 
20 • . ... • + ' 

.1 07 ..1Q9 o,o 
21 • . " .. .096 ,373 o,o 
22 • ... .. 

' 
.ocn .3'<0 o.o 

23 • *• .. , .ii~>~> .119 ii;ii 
24 • . *• . . ' 

.gAS ~3~Q Q,Q 

2S • . * • . 
' 

.0133 .'311 o.n 

26 • . ". . 
' 

.oRo ~ 1C' f :3 
27 • . .. . . . .(;7'1 f'?Cl2 . ~~ 
28 • .. . +. .078 .202 o.o 
?9 • " .. ' 

.Q7S ,.?.':12 Q"'O 
30 • . .. . . . . ' 

.Q72 ·?"3 O,Q 

1. . " + • ' 
.Q70 ·?"4 o,o 

2 • . " + • ' 
.Qiil'l ,('45 .• '? 

3 • . " + • . ' 
,069 ,?.;3 Q,Q 

4 • . " .. + • . ' 
,Q66 ,?,.5 o,o 

5 • . * + . , .Q63 .??6 .:3 
6 • . " . 

' 
.Qti3 o?Q7 Q ,.(I 

7 • . " . 
' 

.QnJ , .. ~07 0 ,o 
8 • . " + ' 

.061 .1 &~8 ?,~> 

9 • . .. + ' 
.Q73 ;173 Q,Q 

10 • . " + . ' 
.063 ,p7 o.n 

II • . " + ' 
.~';7 ·Y·? o;9 

12 • . " . . ' .Q'i3 ·11::;1 Q,Q 

!3 • " + ' 
,Q53 0 !43 1.n 

14 • . " . 
' 

.Q69 ·1 ,, i"3,? 

15 • .. + 
' 

.13S .1 Q4 3,R 

16 • . •* + • 
' 

.lOR ,;:tQ4 .3 

17. . " + ' .ij6~ .?16 9;9 
18 • " . . ' 

,Q'51 ,1~~ o.o 
19 • " . ' 

.048 .171 o,? 
20 • .. " + . ' 

.Q4fl ·l"'6 ?.0 
21 • . " . 

' 
.Q58 ·1"4 ;>,') 

22 • .. . + ' 
.061l ·1"''! Q,Q 

23 • . " + . ' 
;Q54 ·1?1 Q,Q 

24 • . " + , ·947 ·128 0 ,Q 
25 • " . 

' 
.Qt,'; ,1L.3 0 ,o 

26 • . " .. , .Q44 ·1.3? o.o 
?7 • . " • + ' .Qt,4 ,1::?. o.o 
28 • . .. . 

' 
,g43 ·1~5 Q ,o 

29 • . " + ' 
•043 .1 n4 0 .o 

30 • . " . 
' 

.Q43 • fiqs ; .. 
31 • . .. .. . .049 ,i\04 3.l'l 

AUG-SEP .010 .100 1.000 I 0.000 lO~.QOO 5!':1; OR5 ~ R~ TN~MFL T 

I • . " .. ' 
.070 !"!~2 6,3 

2 • . . "• . . ' 
,0<13 .?<l 3,~ 

3 • . * • + • ' :Q<lJ ;?<;6 },Q 

4 • . " + • ' 
.on .;>~3 o.o 

5 • .. .. + • ' 
,!):;i ;~~3 ij;q 

6 • ~ + : .Q4? ,!o9 Q,Q 

7 • . " . + ' 
.040 ~ !F-6 Q,.Q 

8 • ... . . ' 
.o4ii ,}65 o,o 

9 • . " . . ~Q3'1 :1~9 - ,.;J 
10 • . " . + ' 

.Q39 .1 •4 Q,Q 

11 • ... • + ' 
.03'l .!?{> 0 ,o 

12 • . " • + . .Q38 ,po _,. J 
13 • ... • + ' 

.038 .1??. Q,Q 

14 • ... • + ' 
.Q3A .!~Q Q,Q 

15 • . " .. : .Ql!l ·1~7 Q,Q 
16 • •" . 

' 
.037 ,rnz o.n 

17 • •" . : .Q37 .nor, - ~ 1 
18 • . .. . . ' 

.039 ;ooii 1 .~ 
19 • " .. ' .Q44 ;(iil7 0 ,Q 

20 • . " .. ' 
.Q39 •IJC!4 Q,Q 

21 • •" . , ,Q37 ,Qo6 Q,Q 

22 • ·" .. , .036 .oao Q,Q 
23 • ·" .. ' 

.036 ;(i;,~ Q,Q 

24 • ... .. ' 
;g36 ~Q~7 Q,Q 

25 • •" + . , .Q16 ·~?2 I ,o 
26 • . " + . ' 

.038 .~z" _,1 

27 • . " + . ' 
;q~o ~1)73 l ,5 

28 • . .. . . ' 
.Q46 .no3 2,5 

29 • . * .. . ' :954 .ii~'l _,') 

30 • .. .. . , ,Q!'_.} .!!7 1. ,o 
31 • . . " .. ' : ~I}~Q ,.!!~ 1.~ 

I • . * • + ' 
,Q5Q ·1!3 o,o 

2 • * . ' ,os?. o!05 ?,} 
3 • " + ' ,Q?? ·1~? Q,Q 

4 • . " .. ' 
,Q40 ,lQ? Q,Q 

5 • ·" + ' 
,Q36 .H~ Q,Q 

6 • .. +. ' 
,Q3t, .o<.>? o,Q 

7 • ... .. ' 
,Q34 .nco ,'j 

8 • ... .. . ,Q39 ~Q';4 },1 
9 • * + .. . 

' 
.054 :1~5 Q,Q 

10 • . " .. ' 
~ot.i ol!? ~.Q 

11 • ... + . ' 
;Q35 ·l no Q,Q 

12 • " .. ' 
.o:n .noo Q,O 

13 • . .. + • . . , ~Qi3 ,.ii~J o,o 
14 • •" +. . ' 

,Q34 .o•s _,.3 
15 • •" + • . , ,Q34 .o~1 9,Q 
16 • .. + • . ' 

.Q33 ,go3 4,3 
17, " .. ' 

,Qf13 ,.n~2 ~.6 
18 • .. 

' 
ol04 .n~!l 2,0 

)9 • " .. ' 
.056 •1!7 1,1) 

20 • " .. : ~Q~s ·!~? 1, Q 
21 • . " .. : ,Q43 .117 o,n 

22 • •" • + . ' 
.036 ~!§a _,} 

23 • . " .. . 
' 

:i/3;1 .1n Q,Q 
24 • . .. .. . ' 

,Q32 .H4 o,o 
25 • " + ' 

,Q32 .n<:>~ _,} 

26 • .. + . ' .03? 'l~S Q,Q 
27 • . * .. . , ,Q3? ,.('!~6 Q,Q 
28 • . .. .. . ' 

,Q32 ,QR~ o,g n 
2'! • * .. . , ,Q}3 ·9°5 _},Q .:... 
30 • * •.. . .056 .ooo 14.?. 
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\.000 10.000 

·.· 

·" 
" 

"· ... ... .... 

r.ooo 

1,000 

... 
" 

1 o.ooo 
"· + 

·" 
... .. .... ... .... .. " 

+ .. 

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

... .. 
. ... 

.. " 
+ • " 

+ ... ... .. 

.... 
" 

... . 

10.000 .. .... .. 
... 

" "· . ... 
••. * .... . . .. .. .. 
+ .. .. .... .... 

• •* . ·" .. . . . . . .. 
+ .. ... 

.... ... ... 

+ .. ... 

. "· 

.+ ""· 
+ .. 

. " 
• + " 
• + .. 
•• * .. .. .. .. .... . .. 
. " 
• + .. .. .... .... 

.. 
" 

+ " • .. 
.... 

··=OB<;ERVEO 
1oii.iioii SIM~ 

. • !?i 
.Q77 
.050 
.Q35 
.QJg 
.031 
.Q32 
.Q59 
,O!l7 

·06? 
.Q40 
.Q33 
.Q31 
.Q34 
•OSO 
·0?:1 
.068 
.Q43 
,033 
.030 
.030 
,QJO 
.030 
.QJO 
,030 
,QJO 
.036 
.()68 
,052 
.Q69 
,057 
.iiso 
.1 l7 
·2~3 

1.007 
1,357 
1.0!1 

.732 

.631 
,603 
.588 
.~94 

1.031 
2.057 
2.341 
1.612 
1o2?6 
1,Q90 
1.0?1! 
,975 
.924 
,876 
.845 
.932 

2.~30 
6•07?. 
5,992 
6,807 
6.372 
5.646 
5.712 

1on.~oo stM~ 
. 9.240 

i·o.8fi2 
R.4ill~ 
5.908 
4. 773 
4.521 
3.960 
3.657 
4.oi2 
4.313 
5.009 
5.434 
4.9?3 
4.507 
5.393 
6,231 
5.3(>8 
4.319 
3.890 
5.745 

J4.852 
so.si3 

... - 70.473 

ioii.~oo 

50.5?0 
31.931 
lB.323 
i7.560 
15.326 
14.143 
J3. 754 
!3.67" 
1?.376 
10.666 
11.956 
\2.773 
f2.2l8 
l''-6?2 
13.414 
i1.919 
io.1?9 
9.199 
9,8?4 
9.5~4 
8.1Q5 
6,944 
6.233 
5.772 
5.4J6 
5.110 
4,831 
4.<;77 
4.365 
4.4i4 
6. 750 
~2.155 
19.337 
i4.B02 
i4.750 
40.034 
S0.645-
?6.tii5 
l4~ 798 

SlM~ 
i 0,448 
S.4l6 
7.135 
6.396 
6.065 

· s.;oi;o 
9,953 
8.'502 
7,861 
7.429 
6.432 
5.657 
5.1~7 
5.019 
5.513 
5.550 
4,91\6 
4.408 
4.037 
3. 776 
3.565 
3.621 
4.4<'1 
4.-Z<I7 
3. 758 
3.321 
4.525 
8,342 
8.432 
6,32!1 
4.815 
4,0Q3 
3.7~i 
3.504 
3o307 
3.1?9 
2.964 
2.808 
2.660 
2.520 
2.388 
2.~63 
!'.145. 
2.033 
1.932 
1.830 
1. 733 
1,642 
1.557 
1.476 
i-402 
1.329 
1.265 
i.471 
2.449 
2.1~9 
1.612 
1.326 
1.204 

OB?~ RAJN~MF:LT 
•-!!5 _,5 
.~Hl ! .~ 
.1<;1 9,0 
.jj(, Q,~ 
.p7 o,Q 
·9Q8 o,o 
.!)oQ 6,6 
~Q?4 4,3. 
,)72 2,R 
;J:~9 ... ~ 
,.p~s Q ~9 
·1:!9 o,o 
.1?2 ,5 
,jj7 3,3 
·1:>4 5,6 
·1~'1 3,3 
•!!1 Q,Q 
.173 Q,Q 
,J:C;e o,Q 
·1 ~7 Q,Q 
.J ~0 Q,9 
-1~2 o,o 
·1!7 o,o 
·1!3 o,o 
,J 1l o.o 
.j1i 0~ 6 
,H9 7.1 
.117 o~ii 
~1~~ 6,! 
.147 2.0 
~ 1 ~3 - ~3 
.??6 14,7 
.?ftq 2,5 
.3?1:1 ?.0,3 
.,;t..Q n.? 
,A?8 9,0 
•5P7 o,o 
.4~!2 .() 
.1~1 ?,o 
,:1?~ _g,s 
• :1~ 1 11,7 
,344 6,1 
.4~9 ;>7,2 
-~r.2 4,~ 
.7Q4 o,o 
.~1Q .• J 
.40} o.o 
~4~9 o,Q 
.3<>7 o,q 
.3~3 o,o 
.1'19 o.o 
,1??. .. ;3 
~116 Hi,:) 
.7qB ·n,? 

4~7ns 19,1 
10.]l3 ?.6, 7 

8,1 A7 c3,4 
7,1.79 15,?. 
5.947 10.7 
5.740 13,?. 
7~Al0 46.7 

os< RATN+MFL r 
l3•?'='B J9~3 
17.446 4,!1 
is.n5 ,'i 

9,£,73 e,9 
6,;>;>9 Q.~ 
4,l,F.7 1,.1) 
3,745 6,1 
3;3o8 6,~ 

3~308 _7,9 
3.6~2 10,7 
4ol4Q 6,6 
4.?ol "j,l 

"· io1 1.1 
4~??2 l'l,3 
6;7~5 6,9 
6,41~ o.o 
4oR'>3 o, 0 
3,"rf4 3,1\ 
3.'i76 ~7. 7 
3,5?6 ?'+,6 
8.017 CJ7 ,1 

46.1<73 ~3.? 
B2~'lC>6 46,0 
'i6,?72 ?.1>,2 
41.9~8 13.2 
32.370 :11.0 
30, ~~2 j 7 ~ 3 
24.%2 16.5 
!9,«73 !~.o 
).4 0 'lA1 . 11,4 
10.!'.~2 2.fl 

7.f..Q7 7,9 
_9,J?f:} ?6,9 
l3,7e1 9,1 
i2.346 ~.6 
_9~C?t:;6 Rl,.~ 
12,0R2 11.7 
t2.'lili 3;3 
io .ii-~9 4,fl 
~.n17 _6,3 
7 ·"'"i 11,7 
9~~~6 .~ 
8,1<01 .1 
1,'n1 . .. ~ 
6.0'l8 Q,Q 
5.nnA o,~ 
5.4"5 Q,Q 
5,)?s o,o 
4o?2't. n,o 
4~441 ,A 
4.31<6 "3 .. 6 
4.~R6 5,1) 
s. i19 4.1 
6,7<>4 ~9,1i 

17,44(! ~~-3 
21.~~1 ;'0,1? 
?.1.~78 }7,0 
?1.4~5 75,~ 
4'1~4Q6 ~1.! 
<;2,3l~ 1';, 0 
:)5,3Al t'!,:} 
25,7A3 o.o 

OR._: RATN+MI'LT 
\9,~z3 . ~:J 
13.419 g,Q 
a.7"i4 1 ,o 
6.:}~l ,3 
5,5?1 1?,5 
7.773 1.11 
6.3r:l9 -. ~J 
5;.,;.5 1 ?,? 
6,.436 Q~O 
5.!'.46 1,3 
5,ry?s ,3 
4,ftli0 .e 
4.0.:.6 3,0 
3,si\2 !),1\ 
3.~}~ 1 ,'i 
),o;n1 ry,Q 
3, lPl o.o. 
2~9<:5 9~1) 
2~7,;7 o,Q 
2~C;7e o,o 
2.447 7,1 
2.6~5 ?,9 
2~H,;4 1,5 
2,"ii'>3 Q,.9 
2-~"6 . o,Q 
2,]o3 ?9,0 
4,[1-.5 ?3~4 
6•""3 ,f\ 
5,7<;9 ,;I 
4~ 7?4 ,Q 
3~~~2 ,o 
3,406 ,n 
2•9"::: ,o 
2.11<>1 .o 
2~41\5 ~Q 
z.~'-8 .o 
2,0P9 ,Q 
1;Q~7 ,o 
1,~!f? ,Q 
1.701 ,g 
l.«.e .o 
r.'jn9 ~Q 
1.4~8 ,Q 
I~ j,;3 .o 
1~3-i 0 .o 
1.?42 ,Q 
1.176 ,Q 
1.1?'l .o 
1.0<>7 ,o 
1,01\5 .~ 
1,0,3 ,Q 

.Qa9 . ,o 
o'lR2 1 ,3 

r;~~~ 1 .? 
1.741 ,o 
1,;J16 .6 
1,B8 .o n 
1,}14 ,o I 

1.n-.5 .s OCI 



SEMI-LOG MEAN DAILY FLOW PLDTIMJ.\1 SOUTH YAJ.IH ILL NR WH I WATER YEAR 1965 *=SIMULATED +=OBSERVED 

APR-MAY .010 .100 1.000 !0.000 ioii;~oo SIM~ 0\'1'); _Rii JN~MF"LT 
1 • . ... ·• ' 

1.137 r.o-.o ,!! 
2 • . ... . i .084 ~9Q~ Q,Q 

3 • . . . .. . . r.ii!a .'l!el q,Q 
4 • . ... . .9~2 ,941 o,o 

5 • . "· ' 
.913 ,9n3 _,3 

6 ·• 
... .868 .~~6 1,0 

7 • . ... ' 
.8?9 .A<,6 _,s 

8 • . . . .... 
' 

• 788 ·!'1"6 I.S 

9 • ... . 
' 

• 7!?5 ,g?8 ~~3 
10 • . . . *• • ' • 728 ,e?s ?.~ 

11 • . .... . 
' 

.693 .7t:>3 o.o 

12 • . ... . ' 
,6t,9 ~ 715 ii~ii 

13 • . .. . 
' 

.6}2 ,l\A9 ?.1! 
14 • . . ... -. 

' 
.608 .7il Q,O 

1S • . . ... . .568 ~~~9 ),5 

16 • . . . ... 
' 

.542 .l\7? t,,B 

17. . . ... . .s;p .7'>8 __ 1,3 

18 • . . . . .. . - .so3 .715 !S,5 

19 • . . .. ' 
1.204 r.n~ ;n,3 

20 • . . .. 
' 

4.S80 4.441 1J.9 
21 • . . .. . . So';i39 4.iiii9 o,o 
22 • . . + ... . 

' 
4.143 2,1\0l Q,O 

23 • . . + ... . 2.8l7 2~QR9 1,3 

i!4 • . + .. 
' 

2.229 !.7'l5 .<; 

25 • . . + .. . 1.9'l9 1 ~F-02 0~0 

26 • . . + .. 
' 

lo863 I ~4?A ti~ii 

27 • . . • + .. \. 759 !,cos o.ii 
28 • . .. " . lot\66 lo1A8 -.3 

29 • . . . .. " . l.S80 !.Q~5 o.o 

30 • . . . + .. . i ,504 l.Q~3 5,(> 

I • . . .... . . 1.459 J.n.;3 ~.4 

2 • . . . .... 
' 

1.407 t.1i2 1,3 

3 • . . + .. . f.306 1 ~iii>R ?,8 

4 • . + .. . 1.249 .C'It..9 9,'1 

5 • . . .. " . r.si6 r.oo2 A,'l 

6 • . . • + .. . 2.097 1.~~? o,o 
7 • . . . .. . 1.930· 1.171 o. Q 

8 • . • + .. . !.SJ6 r,!j?~ (l,(l 

9 • ... . i.?7!! 1,001 o, 9 

10 • . ... . )o\?1 ,'l~2 o.o 

II. .... 1_.103 .A,:,6 0~ 9 
12 • . + .. . 1.046 .~15 O,Q 

13 • . ... . ,992 • ?1';4 o,o 

14 • . "· ' 
,941 ,7?3 o,o 

IS • + *· . ,8'12 .t'>'l3 ?,5 

!6 • . + ... ' 
.864 ,-r;,e 5,A 

17 • . .. 
' 

.848 .Ft?l .3 

18 • .... . • 782 ~ 7,10 - ; 1 

19 • . .. . • 740 ,672 14,7 

20 • . .... ~ . • 771 .~t:::ti 3,3 

21 • . .... • 791 1,iio4 ,3 

22 • . " .. . • 710 .AQ.6 1,'0 

23 • . .. + • .639 ~ 7Q6 . ~ ~ 

24 • . .. + • . .588 • 7t::;l 9. 0 
25 • . .. + . .553 .F.o4 0, Q 
;?6 • ... . .5?4 .F-~8 Q, Q 

27 • . .. . ' 
,498 .~q7 O,Q 

28 • ... ' 
,473 ,e;ss o,o 

29 • ... 
' 

.450 ,c:;lA 9 ,Q 

30 • . ... .428 ~4Cf9 Q, Q 
31 • . . . " . . .4ii8 .401 0. 0 

JUN-JUL .010 .1 00 1.000 ro.ooo 1oo.Aoo SIM~ DB< RAJN~MFLT 

I • 
.... . ' 

,3B8 ~47o o;o 
2 • . ·" + 

, .370 .~~o o;o 
3 • . . . ... ' 

.352 .4n7 o,n 
4 • . ... .. ' 

.335 .:~O.o o.o 

5 • . ... 
' 

.no .11'-5 9 'Q 
6 • . ... , .3iis ~3~R o.o 

7 • . . .. .. . ' 
.?90 ,;;9 0 ,o 

8 • . ... 
' 

.277 .3~0 ,3 

9 • .. + . . .26l\ .3?0 o.o 

10 • . .. + 
' 

.253 .3?0 - ,1 
11 • . .. + . , .2&6 ~ J~! 16,.0 

12 • * + ' .326 ,4?0 ,R 

!3 • • .. .. • + ' 
.259 .376 3.0 

14 • . • + . ' .242 .3~0 1;'3 
1S • . " + . .2'36 • ~?0 Q,Q 

16 • . . .. + ' 
.203 .~;>Q O,Q 

17 • .. + ' 
• iB6 .1n1 o,o 

!8 • . .. .. . . . i 7~ ,?~3 ,] 

19 • . " .. ' 
.170 .:)~3 O,() 

20 • . .. . . , .163 ~?;.5 Q,O 

21 • . " + • . .156 ,?&s Q,Q 

22 • . .. + . ' ·149 .??6 O,.Q 

?3 • . .. + . .)43 ·?.Q7 Q ,() 

24 • . " + ' • !37 ,~o7 O,Q 

25 • ... . ' 
• !32 !"!PA O,Q 

26 • . ... + ' 
.1?.7 .1 08 o.o 

27 • . . .. + .. . • i~2 !tlQA o;;, 
28 • . ... + ' 

• tt7 ·1~8 o.o 
29 • . ... . ' 

. i i3 el7Q o,o 

30 • . ... . ' .!09 .t~~ _,'3 

I • . ... + ' 
• \~7 •l:Q o,Q 

2 • " + ' 
.104 •!G \ Q,~ 

3 • .. + ' 
.09!1 ·1~!. Q,Q 

4 • •.. + . , .Q'lt, ·1'·1 Q,Q 

5 • . ... + ' 
.ocn .1?2 Q,Q 

.6 • "• + ' 
.088 ·l22 o.o 

7 • . .... 
' 

.QI:'S •l 13 Q,Q 

8 • . " . ' 
.Q82 .Jn4 o.o 

9 • . .. + .QI)O ,)64 o.n 
10 • .. + 

' 
.078 .1 n4 1,0 

11 • ... 
' 

.ijsi .1o4 ,; 
12 • ... + ~ . .Q?f> ,jj3 Q, Q 

13 • " + ' 
.on • JnS o, Q 

14 • .... . .Q69 ,Qo4 o,q 
IS • .. .. o066 •Q':4 o.o 
16 • .. + • ' 

.064 ,n7S Q, Q 

17. .. + • ' 
.Q63 ,n?s o, Q 

!6 • " + • .Q61 .()is o.o 
19 • " + • .QS9 ·07~ 01"0 

20 • " + • ' 
.067 .07S 7.9 

21 • + .. ' 
.iiii .075 .5 

22 • .. .. 
' 

.078 .OA5 o.o 

23 • .. " . . ' .061 -~04 0~ 0 
24 • " .. ' 

,QS3 .(!o5 o,o 

2S • .. .. ' .Q5? .07S o.o 

26 • ... 
' 

.Q51 ,Oc::6 ;~ 
27 • * + . .051 ,.~~2 Q~Q 

28 • * + . . . ' 
.oso !'~~6 ?,Q 

29 • " + . ' 
.048 ,Oi>6 0,9 

30 • .. . . . ' 
.Q48 .Qf-o Q,O 

.31 • ... . ,047 .049 o.o 

AUG-SEP .oro .100 r.ooo I 0 • 000 1oo.(ioo SIM ~ OR< RATN:,:MELT 

1. ... . ' 
.046 • ~~9 ~ 3 

2 • .. . .647 ~IJ~~ ,3 

3 • " ' 
,048 .t)c:;t .3 

4 • .. . . 
' 

.Q47 .0'>6 Q,Q 

5 • .. . 
' 

.045 .o"o 9.9 
6 • .. + . .Qt,4 ~~58 o,o 
7 • ... 

' 
.Q43 .nt,..Q _,3 

8 • " .045 .Ol.7 1,5 

9 • * .o52 !'Q~9 o,o 

10 • .. 
' 

.046 .Q43 ,3 

11. .. 
' 

.043 ,Q'!S 4,} 

12 • + .. 
' 

.-&65 .n<;3 5,1 

13 • + *• . 
' 

.089 ~0"8 o.o 

14 • . .. + 

' 
.oss ~070 9;9 

!5 • .. + . , .Q43 e0M2 Q.O 

16 • ... + . . .Q39 ·2"0 o.o 
. }7 • ... + . ' 

.Q39 .oo;3 o,o 

18 • .... .Q3'l ~~!aS 0,0 

!9 • . .. : . . .Q53 .045 q,q 

20 • . 
' 

.Q96 ~~~5 .. ,.~ 

21 • ... . .Q62 ,Q73 o,o 
22 • " .. . .044 .OA5 o,o 
23 • . ... . . . . .0311 ~fip 1 . _,} 

24 • . ... + ' 
.037 ,.~~a Q.O 

25 • . . .. . .037 ,Ot'.6 o.o 
26 • •" . . . ,037 ~c)c;6 o;~ 
27 • •* + . .036 .iic;6 o.o 
28 • •* + .036 .Q~9 Q,O 
29 • . .. + . .036 .Q~9 Q,O 

30 • . .. + . .Q36 .Q~9 Q,o 
31 • .. + . . .016 .Qt.9 O,Q 

I • ... . ' .03S .Q4l O,Q 

2 • .... ' 
.Q3S ~()~f} o.o 

3 • . ... ' 
.035 .041 Q,Q 

4 • . . ... ' 
.035 .04o o.o 

5 • •* + . .035 ~iii.s Q;iJ 
6 • . •" . .. . o03S ~ii4s o,o 
7 • .... . . ,034 ~~~a:? o,Q 

8 • . .... . .Q34 ,Q40 O,Q 

9 • . •" ' 
.034 ,Q36 o,o 

10 • .... . ' 
.034 .~~0 O,Q 

II • . .... . . .Q34 .Q4Q Q,Q 

12 • . . ... .. . .034 041 Q,.O 

13 • . . ... . . .03/t o47 I ,11 

14 • . .... . . ,041 047 ,R 
IS • .. . . ,043 0~5 .? 
!6 • . . ... . . .039 047 ,Q 

!7. . •* + . ' 
.Q34 il49 • 0 

-18 • . .. +. . ' 
.033 0<;3 • Q 

19 • . .. + .. . ' 
.Q33 049 ,('! 

20 • . . .. + . . . .Q33 Q~9 ,o 
21 • . " + . . ,033 047 • Q 
22 • . " + . . . ,Q32 ii47 • 0 
23 • . .. . . . . ,032 Q~7 ,Q 

24 • .. . . . .Q32 Qi_+3 .~ 
25 • . " + . . 

' 
.032 040 ,o 

26 • . • + . .Q32 ii4r ,Q 

27 • . .. + 
' 

.032 o4o ,Q 
28 • . .. + . . . .Q32 §4~ .o (\ 

29 • . ... . . . .Q32 Ot.l .o .0 
30 - .. . . . .032 o43 .o 



SEP'I-LOG MEAN DAILY FLOW PLOT(MMl 
OCT-NOV .010 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1S 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 

I 
2 
3 
4 
s 
6 
7 ., 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

DEC-JAN 
1. 
2 • 
3 • 
4 • 
s • 
6 • 
7 • 
8 • 
9 • 

10 • 
11 
12 
13 • 
14 • 
IS , 
16 • 
l7 
18 
19 
20 
21 
22 • 
23 
24 
25 
26 
27 
28 
29 • 
30 • 
31 

I 
2 
3 
4 
s 
6 
7 

8 • 
9 • 

10 
11 
12 • 
13 • 
"14 ·• 
IS , 
16 • 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 

-31 • 

FEB-MAR 
I • 
2 • 
3 • 
4 • 
5 • 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 , 
19 ·• 
20 • 
21 
22 
23 
24 
;>S • 
26 
27 
28 
1. 
2 
3 
4 • 
s 
6 
7 
8 
9 

10 
11 
12 • 
13 • 
14 • 
IS·. 
16 • 
17 • 
18 .. 
19 • 
20 
21 
22 

·23 
24 • 
2S • 
26 • 
27 • 
28 • 
29 
30 
31 

.010 

.010 

" + 
•• ~~ + 

SOUTH YAMHILL NR IIHI 
.100 . 

.... 
.. 

+ • ... 

• + * 
• + " .. .. . 
+ .. 

+ " 

... + 

•*' 
•*• . 
·" . 

.100 

.100 

WATER YEAR 1966 *=SIMULATED 
1.000 10.000 
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.. 
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+ 

1n.ooo 
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.. + 
... + 
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•* . ... 
: : : ... 
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10.~00 

+ " 

... 

... 
" ... 

,· 
•. + * 
• + " .... .... 
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+ ·" + .. .. .. .. .. .. ... 
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+ .. 

... 

... 
• + 

" .. 
.. + .... 
·" ... ... 

"· .... .... ... ... 

... .. .. -

... ... ... 
*• .... .... 

.... .... 

~=Ofl~ERVEO 
_i"oo~~oo SIM~ 

,Q32 
.on 
.Q31 
.015 
ol?4 
• !43 
.072 
.Q39 
,QJ? 
.031 

io~.0oo 

' 
' 

' 
' 
' 
' 

i"oo;:ioo 

.Q3i 
,031 
.046 
,065 
.iss 
,2'l'l 
.24fl 
.2?3 
.2!9 
,}9!1 
.1!1) 
ol71 
o11\3 
.155 
.149 
• i42 
.lltS 
.?14 
.167 
.~~2 
,us 
,JQ9 
,109 
.227 

1. 77!1 
2,493 
i.sii7 
i.057 
lo2l1 
}.390 
1.250 
2olRB 
4,691 
9.9si 
9,81l4 
7.072 
4o39? 
3.270 
?,894 
3.34? 
5,180 
6,465 
S,!ll\5 
5.224 
4.237 
3.7!2 
3.274 
4. l65 
4,Ati 
3. 7S6 
2.972 

5!114~ 
2.6i2 
2.872 
3.25'5 
3,272 
4,4?4 
3.91!6 
4.205 
4. 7Q7 
4,258 
3.442 
2,962 
?.729 
<'o564 
2.558 
2.647 
2,434 
<'.222 
2.067 
1~9SO 
1o847 
1.772 
1o 701 
1o 7'52 

lo.c;c.a 
\6.703 

9,9!19 
l1oll72 
31.4~3 
34.'!10 
~3,R40 
T7.6<lS 
}5,?72 
;:>1\,925 
35,010 
40.1}33 
?9,061 
13.533 
;:>4,562 
1~>.423 
13.471 
Jl,l\72 
l Oo511l 
10.936 
T 0.11?1 
!i.I9'5 
t2.5]'3 
12.<'16 
9,9Q2 
!1,152 
7.07i 
6.434 
S.'l'IO 
5. 706 
5. 709 
6,6RB 

~:if~ 
5.897 
5.110 
5.p7o 
7.179 
8, 7l 0 

SIM; 
7,96J 
6,298 
S,207 
4,7<;5 
'5.070 
fi,76'Z 
7.71}2 
6,90'5 
6,099 
6.8lR 
7,2?8 
6o'l50 
7.32'i 
6.2?4 
5,411i 
4o9R2 
4o4R5 • 
4.i!4 
3,R';?6 
4.404 
6o03Q 
'5.430 
4.571 
4,430 
4.094 
3.654 
3,448 
3.871 
4.770 
6.0?0 
5,787 
4,857 
4.4i7 
5,329 
5,934 
11,196 

i-11.369 
J5o6Ji 
17.143 
8.588 
6.220 
7.237 
'l,840 

"jj o'l09 
11.052 

8,952 
7,848 
8,899 

j)."!~!l 
13oll0 
1o.oi4 

7.597 
6.348 
5,697 
S.278 
4,956 
4o677 
4.423 
4.192 

O!'!S: RAIN+~FLT 
.!)~9 o.o 
.0~7 Q,Q 
·945 _o,o 
!'Qr:>3 16,5 
·9~8 ~.4 
·11.3 t,<; 
·1~5. - .~ 
·1 09 Q,Q . 
,g9e Q,o 
,g,.7 o,Q 
•9?'i o,o 
•97.Q 3,!1 
,070 .3 
.o79 1a~o 
, 1~4 e. i 
,:}1~ o,o 
!'2]0 ~ .. ~ 
,!?3 1,0 
"1?3 . ,.:} 
·143 Q,Q 
·!~8 Q,Q 
·1~9 Q,Q 
olQ9 O,O 
·104 Q,Q 
·!~2 o.o 
.Q<">6 _o,Q 
.n96 14.7 
,1~7 0,.0 
ol'-9 -,3 
·152 Q,Q 
·1~4 o,o 
·l~Q ,3 
>1!1 -~•11 
• !?4 ~!,.1 

1,Q9Q 10,7 
1,;>P2 1 3 

.7~4 -~·" 
,5~2 11,? 
ol\12 3,0 
o61i6 _ ,o; 
,'iF-3 ?6,9 
,P1>6 )3,5 

2.Rt;J8 '36,.9' 
7,r:;f6 ?6,?. 
6,?48 ;>,8 
3 0 !1?0 O,O 
2,:}71 .~ 
lo'i"'IR .Sol 
h?<>2 ?1,1 
1~7115 -~,.9 
3,4?5 ?1.§ 
'5.:>70 _!),1 
4,<;<;4 11,9 
4,6"10 4,1\ 
3;'i"18 ;~;3 
2ol\'l8 .loA 
2,1:J4 ?1.3 

3,Bz7 •"' 
J.t\13 0,0 
2.?36 _,a 
2o4?8 1,3 

O~S~ ROI"'~MFL T 
2,!1'8 14,2 
3.1<>9 .3 
2,6.;4 11 ·" 2oR98 R,6 
3~'1711 ·- ,FI 
3,J<J9 n,? 
3; 7os 1!.? 
4.~:4 o,o 
3,5_!9 ,5 
2,917 ,? 
2,i;~3 2,'5 
2o31S .3 
2.070 1\,1 
1.9"'8 . ,3 
1,7,;3 o,o 
l.,;'l4 o.o 
1;4~5 o;o 
1; 178 o,ry 
1;?72 o,o 
1; 1~9 s,~ 
1.174 ?,0 
1.?4? I ,3 
1,1">3 'i9,? 

_6,Q:'i!i 15,7 
10.30:1 9,4 

7;R48. 1§;;, 
B,!\J'\3 7J,'l 

;>7,).~1 16,11 
3S,~ns 31,'5 
?5~4':'7 !6,R 
19,<;73 13,7 
\4, !"~ 5'1,fi 
13.~?4 40,1 
22.:>~7 <;{>,6 
J9;J:~5 7,9 
?7, 1~1 S6,9 
41o404 ).?,,4 
34.44o !Q,? 
24,f!0:4 10,7 
?O, )17 - ,3 
16.0<;3 14.7 
i2,h9 _{>;9 
10,<;;>0 12.?. 
11; ot. 1 l4;! 
\:2, 7?;; 19,0 
l5o?Il ,3 
15,018 ,3 
11.~43 ,1 
e. 110 -'~ 
&,OliO o, 0 
4.'112 o, ry 
4; ]~9 '5,1 
3.1.70 ._o,o 
3,112 17,~ 
4.:>14 6,! 
4;~;e o,o 
4,4?3 o,n 
3;A77 .e 
3;5~8 _9,4 
3,P19 lA, J 
6; 173 13.0 
7;4i;J ;c; 

os< PAT"'~MFL r 
6;4o3 ; 3 
5,~:>6 o;o 
4,4'!8 3,0 
4.046 -7,9 
4;0~5 ?O,Ii 
s.qng 5,6 
6,;,;1 1,3 
5.6R4 _7,6 
5.1•? 1(>,<; 
6;Al3 _o,o 
&.4~6 15,7 
6~o?6 2,3 
6,116 ,3 
5 0 1R2 4,6 
4.R74 Q,.Q 
4.~i6 Q,fl 
3~7?{l Q,(l 
3, -;~c;o _o,o. 
3,010 1':l,'i 
3,A;>0 4.~ 
4,4oe Q,Q 
)~Ro6 4,1 
3,oi76 ;),(\ 
3,1RFI o,o 
3.n1i .3 
2;7~5 s;J 
2,7?9 _6; 1 
3.1~2 13.0 

.3.4ry6 10,7 
3,4?S t,,IJ 
3.1q,8 _Q,O 
3. l!:2 10,4 
3,R77 _5,6 
4~7(\5 l~,R 
6,098 ll,7 
7,7s4 67,6 

?6, 3~6 15,13 
39,?! 0 o.o 
22.0)9 O,Q 
15.5:>6 -~d 
!o;74§ J!,4 
_9,)<?1 ~o,s 
12.?">3 19,3 
l3ofl?6 5,6 
l1.1)l? _;:!,8 

9 0 0QO !0,? 
1,0b,? ·)9,0 
8.544 ?9,? 
io;A5~ ~.Q 
10,1\7] Q,Q 
8,~,5'~ o, Q 
6.775 0·9 
5;j<i9 Q,Q 
5,]<;7 Qj>Q 
4 0!)A§ Q,Q 
4,;>Q1 Q,Q 
3,i\'l6 Q,Q 
3,!218 1.9 
3.;>93 o.o 

«;' 
0 







SEMI-LOG w.~AN DAILY FLOI~ PLOT!t-H'l SOUTH YAMHILL NR WH I WATER· YEAR 196 7' *=SIMULATED +=OBSERVED 

APR•MAY .oro .roo r.ooo 10.000 1oii~?oo S!M~ OBS: Rii TN-_:MELT 
1 .• . + .. . ' 

6.216 4.7?4 Q,Q 

2 • . • + " 5,235 4; lis o,o 

3 • . .. " . 4,514 3,ozo ,3 

4 • . . " ' 
4,097 3,112 :},6 

5 • . . " ' 
3.840 3;ii~!! 2,3 

6 • . .... . ' 
3.620 2,8~1 ,3 

7 • . • •* ' 
3.415 2,<;97 ,5 

8 • . . .. ' 
3.22fl 2;~?~ ,ll 

9 • . . . .. ' 
3.0&l 2.?40 3,3 

10 • . . ... 
' 

2.913 2.1~5 _,;) 

11 • . .. . ' 
2;746 ],976 _o,o 

12 • . .. . 
' 

2.597 r;i.?9 !'!,2 

13 • . . . ... 
' 

2.968 2;447 21.3 

14 • . . . " ' 
5.38l 3,A;;o 12;5 

15 • . .. .. 
' 

6,538 3.'l15 - ),3 

16 • . . . . " ' 
5.929 3.~13 ??.,4 

17 • .: . . .. . ' 
6o?33 4.61'.7 ,8 

18 • . . .. 6.024 4.;?~3 ?,.3 

19 • . .... 
' 

4. 782 4.oo9 2,3 

20 • . .... ' 
3.93l 3,::7!! _j03 

21 • . ... 
' 3.517 3.1c] 2,'3 

22 • . ... . 3.280 2.9"16 2,:} 

23 • . ... 
' 

3.085 2oR4<' O,Q 

24 • .... . 2.9iO 2,560 _o,o 

25 • . ... 2. 777 2.4?8 13,7 

26 • + " ' 
3. l06 2.616 3,3 

27 • . ·" . 3.'!6i 2;~P4 2,0 

28 • . .. 3.1?5 2.2"8 1.3 

29 • . .. . . 2,fl00 2,0c9 ),0 

30 • . ... ' 
2.5?4 ],995 1,3 

1. . . .. 
' 

2.337 r,R<'\7 o,o 
2 • • * . 2olB9 1.-1~,2 ,'i 

3 • 
+ .. 

' 
2.070 I ;,;~4 .3 

4 • . .. ' 
1.959 1.C;7o Q,Q 

5 • • * ' 
1.8'35 1;4A7 O,Q 

6 • • * . ' 
i. 757 1.4Io o,o 

7 • . .. ' 
ro665 lo149 o.o 

8 • .... ' 
1o5]8 1.?<>5 o;o 

9 • .... 1.500 r,?-'s 3~8 

10 • . .... ' 
1.442 1.;:,1 '!,) 

11. .... ' 
1.377 1. pr~ J. ,.Q 

12 • .... ' lo296 r.n75 o,Q 
13 • . .. ' 

!.21'3 r ;ii1B 9,. Q 

14 • ... 
' 

i .!47 ,'lz'2 Q,o 

15 • . . ... ' 
1.0R7 ,94] p ,o 

16 • . . ... . ' 
1.03r ,9)'2 Q,Q 

17. . ... 
' 

,978 ,R7\ Q, 2 

rs • . .... ' 
.92f' -~~Q Q,O 

19 • .... . ,81H .It:O O,Q 

20 • .... ' 
.fl36 .7] 0 Q,Q 

2r • . . ... . • 7'14 ,f\76 Q,Q 

22 • . . ... ' 
.7'24 .~~() Q, Q 

23 • ... .7r6 .<'>12 O,Q 

24 • . ... . .660 Jl~~s o,o 
25 • ... . ·~ ' 

.646 ,<;<;3 Q,Q 

26 • . . •* ' 
.6l4 ,<;<3 Q' Q 

27 • . . .. ' 
,'i84 !'~~6 0, 0 

28 • . . .. ' 
.'557 .c;1? 3,6 

29 • . +* ' 
.553 .c;:? R.9 

30 • . ... 
' 

.5<'>2 .f,1? f,;~ 

31 ... .544 .f..hO 0. 0 

JUN-JUL .010 .roo 1.000 rO.OOQ 1oii.iioo S!M~ OR< P~T.N:.:MI'LT 

1. ... 
' 

,4A4 ~<;~2 );} 
2 • ... ' 

,444 ~5n4 Q,Q 

3 • . .... ' 
~4l7 ·4~3 o,o 

4 • • *+ ' 
.393 .4?9 0 ,o 

5 • . . ... . . ' 
.374 ,4~:} Q,o 

6 • . . . .. ' 
,3<;6 ,171 ~ ,Q 

7 • . ·" ' 
.339 .1~8 Q,Q 

8 • . . .. . ,3?3 ~ ,e;q o.o 
9 • . ... . . ' 

.3ne ·"'52 0 ,o 
10. .... .294 .146 ~ ,.n 
11. . ... + . ' 

,2A1 .~48 I ,1 

r2 • .... ' 
.275 ·'~2 Q ,Q 

r3 • " . ' 
.21\0 ~ ~~~ Q ,Q 

r4 • ... ' 
.:>46 .~11 Q' ~ 

r5 • . " .. ' 
.234 ~?q6 0 ,Q 

r6 • .. .. ' 
.224 .?1'5 Q,Q 

17 • .. .. ' 
.2}4 ,?i.5 o,Q 

18 • . .. . ' 
.205 .?<1 Q,Q 

19 • . .. . ' 
.196 ;,;,;,. o.n 

20 • . .. . • iRA ,jqR o;o 
21 • .. .. . ' 

,H\0 ,}Q? - !"8 

22 • . .. . ' 
.193 .?~a H,'? 

23 • . .. .. ' 
.254 ,.?AO o,o 

24 • . " .. ' 
ol'l'! .?~s o, 0 

25 • .. . ' 
.lf\1 .;:>?Q O,Q 

26 • * . .147 •i'n l o.o 

?7 • . * • . .r4r ·l •'!: ~ 1 

?8 • . ... ' 
.r37 ·17r o,o 

29 • . . " . ' 
.r3r o!A~ n,Q 

30 • . .... . .126 .1~1 Q,Q 

I • . .... .r('l .1.,7 o,o 
2 • . .... ·116 .J:~Q o.o 
3 • . . ... oll2 'J?O Q,Q 

4 • . . .. ' 
.lOR !'~Q8 0. Q 

5 • . .. .. .1Q5 .nos o,o 
6 • ... . .}Or .OaJ Q,.{l 

7 • . . .. .. .Q9A .iiH Q,Q 

6 • ... ' 
.094 ,01>5 g,n 

9 • *• ' 
.Q9l .o~r Q,Q 

u. *• ' 
,ORA ·""7 Q,O 

~ r • ... ' 
.QAt. ~rjoz o,o 

r2 • .... . ,ORJ .nos O>Q 

13 • ... . . .ORO ,075 o,Q 
14 • .... ' 

.078 .67? o, 2 
r5 • .... ' 

.076 •Q"-8 Q,Q 

16 • . .. ,Q74 ,.o,..4 Q,n 

17. . ... ' 
.Q7? .0~2 o,Q 

1.8 • ... .070 .f)r-:6 o,o 
19 • . .. ' 

,Of.R .nc;3 . ) 
20 • ... . .0.67 ~flt:6 o,o 
2r • .. 

' .065' ,01'.6 o,o 

22 • " ' 
.063 .6n4 o,o 

23 • ... . ' 
.o6r .oc;:R o, 0 

24 • . " . . .Qt\0 .!):a Q, 0 
25 • ... 

' 
,g<;9 ,049 Q,O 

26 • ... . ' 
.QS7 ,.Q~1 1), Q 

27 • .. .. . ' 
.056 •fJt.&.O OttCJ 

26 • . .. * . ' 
.oss .n~R . Q,Q 

29 • .. .. . ' 
.p54 ,!)<6 Q,Q 

30 • . . .. . ' 
,Q53 .o,:? QpQ 

3r • .. .. . .o5:> o014 o.o 

.AUG-SEP .oro .100 1.000 1o.ooo 1oo.foci SlM~ OR< PATN;MFLT 

r. . . . " . ' 
.QS! ~ot.o ti~~ 

2 • . .. .. 
' 

.050 ;~,4 o;g 

3 • . . . .. . ' 
.QSO ·IJ~4 o,. 0 

4 • . + • .. . ' 
.Q49 ,Q?6 0. 0 

5 • . . .. . .Q48 .9?~ 0' Q 
6 • . . .. . •O'!R ,O?l 0. Q 

1 • . ... 
' 

.047 .ii!CJ Q, ~ 

8 • . + • " . .Q47 .ii~4 0. Q 

9 • . .. .. . ' 
.Q45 ~n~4 Q, 0 

ro • . .. .. . .Q46 ,()?4 o,o 

11. . .. 
' 

.045 !'·Q?6 0' Q 

12 • . .. ' 
.045 .Q:>} Q ,o 

r3 • . . " ' 
.Q44 ·9?1 0 ~ P. 

r4 • . " ' 
.044 .n~3 9' Q 

r5 • . . .. . .o43 .o?i Q. Q 

16 • . " ' .043 .iiie 0· 0 
r7 • . * 

,043 ·9!8 0. 0 

!8 • .. " .Q42 • (l!:} 0' 0 
19 • . . . .. . ' 

oQ42 •0!0 o, Q 

20 • . ... ' 
,04? ·9! Q 0. 0 

21 • . . • * ' 
.041 ·OP1 . 'J 

·22 • .. ... . ' 
.04i ,Qp o.o 

23 • .. . " . . o04r .Q(l'l Q;Q 
24 • . . " ' 

,Q40 ,Q£!1 O,Q 

25 • .. • * ' 
.040 .n11 o.n 

26 • .. . .. ' 
,040 • (iii o;o 

27 • .. . .. .. .040 ~oil o;o 

28 • . . " . .Q39 ·IJ!~ Q ,o 
29 • .. . " ' 

• Q3<l • ~.! 1 0 .o 

30 • . . .. . ' 
.Q39 ·9! Q 0 ,Q 

31 • . . ... ' 
.Q39 .n~t o,o 

1. .. .• * . ' 
.Q38 •9! I _.3 

2 • .. . " . ,040 ·OP r,Q 

3 • + .. ' 
.Q44 .on 0 ,Q 

4 • . ... . .040 .o:>1 0 .o 
5 • . . ... ' 

.Q38 .~?3 g ,p 
6 • . .. " ' .018 ;(i?4 1,0 
7 • . . " 

,Q42 .O?l 1.1 
B • . . " ' 

o044 .015 o,o 
9 • . . . .. ' 

.Q40 .e?~ .~ 

10 • .... . . ,Q44 ·(FJO A,! 
11. .. *• . ' 

.085 ,Q40 ?,Q 

12 • . . .. ' 
.Q59 ,Qf:O O.Q 

13 • " . .Q46 • !~2 o .. o 
14 • . .. . . ' 

.037 .Qp Q,Q 

15 • •* . 
' 

.Q36 .o,;6 o.o 
16 • . ... . ' 

.Q36 ,(it;7 o;ii 
17. . .. .. . ' 

.Q36 ·936 ,, 
18 , .... ' 

,Q39 .Q?8 .5 
19 • .... ' 

.037 ·9?'l o,g 
20 • . ... ' 

.Q36 .Q~Q o,o 
21 • .... ' 

.Q35 o040 Q,Q 

22 • •* ' 
o035 ,()<6 O·,Q 

23 • . .. ' 
.Q35 ,Q"12 Q,Q 

24 • •* ' 
.Q35 ,016 Q,Q 

25 • . .. ' 
.Q35 ;(i12 Q,Q 

26 • . . .. ' 
,Q35 ·032 Q,Q 

27 • . + ... ' 
.Q35 ,Q?4 Q,Q 

26 • • •* ' 
.Q34 •0?4 _Q,O 2 29 • + . .. : .Q'!3 .n?r 11,2 

30 • .. .102 .0?6 4,3 w 



D-1 

APPENDIX D 

LISTING OF THE NWSRFS SOIL MOISTURE ACCOUNTING SUBROUTINE 

c 
SUR RIll JT I N E LAND ( I 0 l , I P 1 , I D 2 , I P 2 , MUS ~1, I C U UN T, I R.G) 

c . 
C*************~*********************************************************~ c 
c 
C N\niSRFS SOIL MOISTURE ACCUUt\JTING PR.UCEDUkE 
C R A S E I) 0 N S 0 I L M 0 I S T U k E A C C U U f\1 T I N b I 1\J T H E S A C R A t-1 E N T 0 1"1 () D E L c 
c 
(****************************************~*******************************' c 
c 
C LANO VARIA~LES 
c 

c 
c 

REAL LZTWC.LZFPC,LZFSC,LZTWCl,LZFPCl,LZFSC1,LZTWM,Llf~~.LZFSM,LZPK 
l,LZSK 

DIMENSION MOSM(8,2),EPOIST(4) 

C GENERAL PRDGR.AM VARIABLES c 

c 

c 
c c 
c 

I N T E G FR R f l lJ T E , S N 0 W , S N 0 W A , Y k I N , Y k 1 , S T lJ R E , Y f. A K , P L T 6 HR. , S t\ V E F W , C U fVi P A K , 
1 P T E S T , P L 0 T , C T F. S T , S I X I 1\1 , rJ ~ S E R. , S T D A , S T P 6 , Y R 2 , S T A T , P E G 

REAL I 1\IFRD 

C 0 M M n 1\1 I G I ;\1 D N T H , M 0 I N , L t\ S T , k U lJ T E , N GAGE S , S N D v.r , S N U ~; A ( 1 2 ) , Y R. I N , r·~ P E (; S , 
lYRl,NPTS,STORE.~ASIN(20),YFAR,SSF(~,l2),S0F(3,12),PLT6HK,SAVEFw, 
2 C I. .l M P A R ( 3 ) , P T E S T , P L U T ( 3 ) , L I N E P , I f\1 F R.lJ ( 2 0 ) • !-> L I l T M X ( 3 ) , C T t S T , F S F I_ U \.-' ( 3 ) , 
3 P E (; ( 5 ) • S T A T , Y k 2 , A R E .~ ( 6 ) , S I X I N ( 3 ) , r l t~ S E R ( 3 ) , S T D t, ( 2 , 1 0 ) , S T P 6 ( 2 , l 0 ) , 
4 I Y FAR 1 ( 3 ) , I P T " METRIC ( 3 ) , i\1 (J 2 4 , f\J(.,) 6 , f\1 P T S l J P , HJ 2 4 I 1\!( 3 ) , I (,} 6 IN ( 3 ) 

SOIL iV!fliSTURF. ACCIJIJNTING VARIAt3L;:=s. 

COMMONISOILIBAL(5),P,L(5,18),\/L(~,6),SL(~,l0),E(:>,12,31) 

C TIMF SERIES IDENTIFICATIJNS AND DESCRIPTIONS. c 

c 
C n M M f) l\1 ITS I 0 I A I 0 ( 5 , 3 ) , AN A I~ E ( 5 , 5 ) , P E I D ( 3 , 3 ) , F P N A f'-1 E ( 3 , ~ ) , F P I U { 3 , 3 ) , 

1 Q 2 4 I D ( 3 , 3 ) , (J 6 I D ( 3 , 3 ) , I J P F W I D ( 3 , 3 ) : P X I I) ( ~ , 3 ) 

C RASIC DATA ARRAYS 
c 

c 
COMMON IRDI PX(5,4,31),TA{5,4,3t),PE(3,3l),R0{5,4,31).UFW6{3,4,3l) 

l,SFW6(3,4,31),UFW6(3,4,3l),QFW24(3,31) 

C SNOW AND LAND COMMON BLOCK 
c 

COMMONISLICOVER(5,31),EFC(5),PXADJ(5),NTAG.,NWEG 
DATA EPDISTI0.0,0.33,Q.67,0.0I 

c 
(************************************************************************ c 
c 

c 

c 

c 

c 

IPRINT=O 
I F ( ( M 0 N T H • E 0 • t-'1 0 S M ( I C 0 UN T , 1 ) ) • A N D • ( Y f. A R • E Q • M U S tvl ( I C U U N T , 2 ) ) ) I P R I N T = 1 
IF<IPRINT.EQ.O) GO TO 200 

P R I N T 9 0 0 , M 0 NT H , Y E A R , ( f1 N A M E ( I R G , I ) , I = l ,, 5 ) 
900 FORMAT(lH1,33HSIX-HOUR SOIL t"'OISTlJKE UlJTPIJT FOR,lX,I2,lHI,I4,2X,5A 

l4,20X,39HUNITS OF ALL QUANTITIES ARE MILLIMETERS) 

PRINT 902 
902 FOkMATflH ,5X,l9HPERC IS PERCOLATION,5X,31HHASEFW IS THE CHANNEL C 

1 0 M P fJ N EN T , 5 X , 6 7 H T 0 T A L- R 0 I S C HAN N E L I N F L 0 W fvl I NUS E T F K o.rvl THE A k 1: A I) 
2EFINED KY SARVA.) 

PRINT 901 
901 FORMAT(lH ,3HOAY,lX,2HP0,2X,5HUZTWC,2X,5HlJZFWC,2X,5HLZTWC,2X,5HLZF 

lSC.2X,5HLZFPC,2X,5HAOIMC,4X,4HPERC,lX,7HIMPV-R0,2X,6HOIRECT,2X,6HS 
21JR-RO,lX.7HlNTERFW.2X,6HHASEFW,1X,HHTOTAL-RO,lX,7HET-OEMO,lX,6HACT 
3-ET,2X,9HRAIN+MFLT) 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

c 

200 SR.OT=O.O 
SIMPVT=O.O 
SRODT=O.O 
SROST=O.O 
SINTFT=O.O 
SGI.JFT=O .0 
SRECHT=O.O 
SETT=O.O 
SPRT=O.O 
SPET=O.O 

t INTIAL VALUES OF VARIABLES 
c 

c 

c 
c 

UZTWC=VL(IRG,l) 
llZFWC=VL(IRG,2) 
LZTWC=VL( IRG,3) 
LZFPC=VL( IRG,5) 
LZFSC=VL(IRG,4) 
ADIMC=VL( IRG,6) 
IJZTWCl=UZTWC 
UZFWCl=UZFWC 

L Z T W C 1 =I_ l T W C 
LZFPCl=LZFPC 
LZFSCl=LZFSC 

ADIMCl=ADIMC 

C INITIAL VALUES OF PARAMETERS 
c 

c 

c 

c 

PPADJ=PL (I RG,l) 
PEAOJ=PL(IRG,2) 
UZTWM=PL<IRG,3) 
UZFWM=PL(IRG,4) 
IJZK=PI_ (I RG, 5) 
ZPERC=PL<IRG.9) 
REXP=PL ( IRG, 10) 
PCTIM=PL( IRG,6) 
ADIMP=PL<IR.G,7) 
SARVA=PL.<IRG,8) 
LZTWM=PL ( IRG, 11) 
LZFPM=PL(IRG,l3) 
LZFSM=PL(IRG,l2) 
LZPK=PL(IRG.15) 
LZSK=PL ( IRG,l4) 
PFREE=PL ( IR.G,l6) 
RSERV=PL(IRG,J.7) 
SIDE=PL ( IRG,l8) 

WATSF=SARVA 
SARRA=O.-o 

lF(SAkVA.LE.PCTIM) GU TO 201 
I.JATSF=PCTity1 
SARRA=SARVA-PCTIM 

201 IGPE=PEG( lRG) 
EFCT=EFC( 1KG) 
SAVED=kSERV*(LZFPM+LZFSM) 
PAREA=l.O-PCT IM-A..O IfVtP 
IP6=IP1 
IDA=IDl 
GO TO 204 

c 
C************************************************************************ r 



c 
C RFGINNING OF 6 HOUR. AND DAY LUOP 
c 
C***************************************************************** c 
,. 2 0 5 I F ( I P t,. 1\! E • 1 ) GO T 0 2 1 0 

204 IF( IGPE.GT.O) GO TO 206 
c 
C NO PE INPUT, THlJS PE IS OBTAIN FRUM MEAN SEASUNAL CUKVE. 
c 

c 
EP=EIIRG,MONTH,IDA) 
GU TO 207 

C DAILY PE TIME SERIES IS AVAILARLF 
c 

c 

c 

206 EP=PE(IGPE,IDA). 
EP=EP*E( IRG,fVIONTH,IDA) 

207 EP=FP*PEADJ 
SPET=SPFT+EP 

IFlSNOW.EQ.1) EP=EFCT*EP+(l.O-EFCT)*(1.0-COVEk(IRG,IDA))*EP 
210 IF((SNQ~,t.F.O.ll.AND.(SNUWA(III\01\JTH).E(.J.l)) GO TU 219 

PX6 = PX(IRG.IP6,JDA)*PPADJ 
GO TO 215 

C IF SNOW IS AFING CONSIDERED, PXADJ HAS ALREADY HEEN APPLIED 
c 

c 
219 PX6 = PX( IRG, IP6, IDA) 
21~ SPRT=SPRT+PX6 

C PX6 IS THE SIX HOUR RAINFALL UK SNOW COVEk OUTFLOW 
c 
(*********************************************************~******* c 
c 
C EDMND IS SIX-HOUR EVAPORATION DEMAND 
c 

FOMND=EP*EPDIST(IP6) 
c 
c ••••••••••••• ' ••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

c 
E1=EDMND*(lJZTWC/UZTWM) 
RED=EDMND-E1 

C RED IS RESIDUAL EVAP DEMAND 
c 

c 

UZTWC=UZTWC-El 
E2=0.0 
I F ( lJ Z T 1.-JC • G E • 0. ) GO T U 2 2 0 

C E1 CAN NOT EXCEED UZTWC 
c 

c 

El=F.1+l.JZTI~JC 
lJZTWC=O .0 
R E 0 = E D M I\ I D- E 1 
IF(UZFI.-JC.GE.RFD) GU TO 221 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C E2 IS FVAP FRIJM UZFWC. 
c 

c 

c 

E2=lJZFWC 
UZFI.-JC=O. 0 
RF.I>=RED-E?. 
GO TIJ 225 

221 E2=RED 
U Z F\1-JC=IJ ZFWC -E 2 
RED=O.O 

220 IF( (UZT\-JC/UZTWM) .GE. (UZFl•.IC/UZFWM) >. GO TO 225 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
C lJPPFR ZONE F~EE WATER RATIO EXCEEDS UPPER ZONE 
C TENSION WATER RATIO, THUS TRANSFER FREE \.-1/~TE~ TO TENSION 
c 

c 

U Z RAT = ( U ZT W C + U Z F W C ) I ( U Z T W tv1 + lJ Z F W M ) 
IJZ TWC=UZ TL~M*UZRA T 
U Z FI.~!C =\J Z.F WM*U ZR AT 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
C CfWtPUTE ET FROM AOIMP AREA.-E5 
c 
c 

225 E5=El+(RED+E2)l:t( (AOIMC-El-UZTWC)I(UZT~IM+LZTWM)) 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 .••••••••••••••• c 
C CflMPlJTF ET FROM LZTWC (f:3l 
c 

c 

f 3 = R E D * t L Z T W C I ( U Z T \.J M + L Z T W M ) ) 
L Z T IIIIC = L Z Tl.dC- E 3 
IFtLZTWC.GE.O.O) GO TO 226 

C E3 CAN NOT EXCEED LZTWC c 

c 
E3=E3+LZTWC 
LZ Tl.JC=O. 0 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -· •••••• c 
226 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

RATLZT=LZTWC/LZTWM 
RATLZ=(LZlWC+LZFPC+LZFSC-SAVEOli(LZTWM+LZFPM+LZFSM-SAVED) 
IF(RATLZT.GE.RATLZl GO TO 230 

RESUPj-)LY LO\tJE~ ZONE TENSION WATER r~OM LU\.JER 
ZONE FREE WATER IF MORE WATER AVAILABLE THERE. 

DEL=(RATLZ-RATLZT)¥LLTWM 

TRANSFER FROM LZFSC TU LZTWC. 

LZTWC=LZTWC+DEL 
LZFSC=LZFSC-DEL 
IFtLZFSC.GE.O.O) GO TO 230 

IF TRAf\!SFE:R EXCEEDS LZFSC THEN REr-1AINDER C0~1ES FRUf'/1 LZFPC 

LZFPC=LZFPC+LZFSC 
LZFSC=O.O 

( ...................................................................... . c . 
230 ROIMP=PX6*PCTIM c 

C ROIMP IS RUNOFF FROM THE MINIMlJM Il"lPERVlUUS AREA. c 
c SIMPVT=SIMPVT+ROIMP 

C ADJUST ADIMC,ADDITIUNAL IMPERVIOUS AREA STORAGE, FOR EVAPORATION. c 

c 
AD I MC=AD JivlC-E5 
IF(ADIMC.GE.O.O) GO TO 231 

c ••••••••••••••••••••••••• e ...................................... · •••.••••• c 
C E5 CAN NOT EXCEED ADIMC. 
c 

c 

F5=E5+ADitviC 
ADIMC=O.O 

231 E5=E5*ADJtvlP 

C F5 IS ET FROM THE AREA ADIMP. 
c 

PAV= P X6+U Z TWC-U Z TW tvl 
c 
C PAV IS THE PERIOD. AVAILARLE MOISTlJRE IN EXCESS 
C OF lJZTW RF.::C.)UIRfMEI\lTS. r 



c IF(PAV.GE.O.O) GO TO 232 

C ALL MOISTURE HELD IN UZTW--NO EXCESS. c 

c 

UZTWC=UZTWC+PX6 
PAV=O.O 
GO TO 233 

C MOiSTURE AVAILABLE IN EXCESS OF UZTW STOf<AGE. c 

c c 

232 UZTWC=UZTWM 
233 AOIMC=AOIMC+PX6-PAV 

C*********************************************************** c 

c 
c 

SRF=O.O 
SSUR=O.O 
SIF=O.O 
S·PERC=O .o 
SORO=O.O 

N INC= 1 • 0 + 0. 2 * ( U Z F WC + P A V ) -

C NINC=NUMBER OF TIME INCREMENTS THAT THE SIX 
C HOUR PERIOIJ IS DIVIDED INTO FUf< FURTrlER 
C SOIL-MOISTURE ACCOUNTING. NU ONE PEK.IOD 
C WILL EXCEED 5.0 MILLifvlETERS OF UZFWC+PAV c 
c 

OINC=(l.O/NINC)*0.25 

C DINC=LENGTH OF EACH INCREMENT IN DAYS. c 
c 

PINC=PA\1/NINC 

C PINC=AMOUNT OF AVAILABLE MOISTURE FOK EACH INCREMENT. 
C COMPUTF FREE WATEf< DEPLf.TION Ff<ACTIUNS FOR . 
C THE TIMF INTERVAL BEING USED-HASIC DEPLETIONS 
C ARE FOR ONE DAY 
c 

c 
c 

DlJZ=1.0-((1.0-UZK)**D1NC) 
DLZP=1.0-((1.0-LZPK)**DINC) 
DLZS=1.0-( (1.0-LZSK)**DINC) 

c ••••••••••••••••••••••• : •••••••••••••••• '• ••••••••••••••••••• c 
c 
c 

c 

DO 240 IC=1,NINC 

PAV=PINC 
ADSUR=O.O 
RAT I 0= (A 0 I 1"1C -U Z T WC ) I L Z TW M 
ADDRO=PINC*(RATI0**2) 
SDRO=SDRO+AODRO*ADIMP 

C ADDRO IS THE AMOUNT UF DIRECT RU\HJFF FROM 
C THE ARFt.\ ADifYlP-SDRO IS THE SIX HOUR SlJi"lf'-·IATION 
C COf'ltPUTE BAScFLOW AND KEEP TRACK OF SIX-HOUR SUM. c 

c 
c 

c 

c 

BF=LZFPC*DLZP 
LZFPC=LZFPC-BF 

IF (LZFPC.GT.0.0001) GO TO 234 

BF=RF+LZFPC 
LZFPC=O.O 

234 SBF=SBF+BF 
BF=LZFSC*DLZS 
LZFSC=LZFSC-BF 

IF(LZFSC.GT.0.0001) GO TD 235 
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c 
c 

BF=BF+LZFSC 
LZFSC=Q.O 

235 SBF=SBF+BF 

c •••••••••••.••••••••••••••••••••••••••••••••••••••••••••• -••••••••••• 
c 
C COMPUTE PERCOLATION-IF NO WATEK AVAILARLE THEN SKIP 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c c 

c 
c 
c 
c 
c 
c 
c 

c 

251 

241 

IF((PINC+lJZFWC).GT.O.Ol) GO TO 251 

IJZFWC=lJZFWC+PINC 
GO TO 249 

PERCM=LZFPM*DLZP+LZFSM*DLZS 
PERC=PERCM:t,q lJZFWC/UZFWI"1) 
DEFR=l.O-( (LZTWC+LZFPC+LZFSC)/(LZTWM+LZF~M+LZFSM)) 

DEFR IS THE LOWER ZONE MOISTURf. DEFICIENCY RATIU 

PERC=PERC*(l.O+ZPERC*(DEFR**REXP)) 

NOTE ••• PERCOLATION OCCURS FROM UZFWC REFORE PAV IS AUDED. 

IF(PERC.LT.UZFWC) GO TO 241 

PERCOLATION RATE EXCEEDS UZF\oJC. 

PERC=lJZFWC 
UZFWC=O.O 
GO TO 247 

PERCOLATION RATE IS LESS THAT UZFWC. 

I J l F WC=IIZ FI~C-PE RC 

CHECK TO SEE IF PERCOLATION EXCEEUS LOWER ZONE DEFICIENCY. 

CHECK=LZTWC+LZFPC+LZFSC+PERC-LZTWM-LZFPM-LZFSM 

IF(CHECK.LE.O.O) GO TO 242 
PERC=PF.RC-CHF.CK 
I.JZ F WC=UZ FWC+CHEC K 

242 SPFRC=SPERC+PERC 

C SPERC IS THE SIX HOUR SUMMATION DF PERC 
c c •••••••••••••••••••••••••••••••••••••••••••.••••.•.••••••••••• ·• ••• 
c 
C COMPUTE INTERFLOW ANU KEEP TRACK OF SIX HUlJR SlJ!'-'1. 
C NOTE ••• PAV HAS NOT YET KEEN ADDEO. 
c 

c 

0 E L = l J Z F \ftl C * IJ U Z 
SIF=SIF+DEL 
I.J Z F WC'=UZ FWC-DF L 

C • o • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • o· • e • • • .o c 
C DISTRIRF PERCOLATED l-JATER INTO THf LOt.-iER ZONES 
C TENSION WATER MUST t:3E FILLED FIRST eXCEPT FO!-< THE PFKEE ARF.A. 
c 

c 

c 

c 

247 VPERC=PFRC 
PERC=PERC*(l.O-PFREE) 

IF((PERC+LZTWC).GT.LZTWIV\) GO TO 243 
LZTWC=LZTWC+PERC 
PERC=O.O 
GO TO 244 

243 PERC=PfRC+LZTWC-LZTWM . 
LZTWC=LZT~t./1'11 

C OISTR!RlJT.E PERCOLATION IN EXCESS OF TcNSIUN 
C REQlJIRH'-1f.NTS A'"10NG THE FK.FE WATER STORAGES. 



c 

244 PERC=PERC+VPERC*PFREE 
IF(PERC.EQ.O.O) to TO 245 
HPL=LZFPM/(LZFPM+LZFSM) 

C HRL IS THE RELATIVE SIZE OF THE PRIMARY STORAGE 
C AS COMPARED WITH TOTAL LOWER ZONE FREE WATER STORAGE. c 

c 
RATLP=LZFPC/LZFPM 
RATLS=LZFSC/LZFSM 

C RATLP AND RATLS ARE CONTENT TO CAPACITY RATIOS. OR 
C IN OTHER WORDS, THE RELATIVE FULLNESS OF EACH STORAGE c 
c 

PERCP=PF.RC*((HPL*2.0*(1.0-RATLP))/( (1.0-RATLP)+(l.O-RATLS))) 
PERCS=PERC-PERCP . 

c 
C PERCP AND PERCS ARE THE AMOUNT UF THE EXCESS 
C PERCOLATION GOING TO PRIMARY AND SUPPLEMENTAL 
C STORGES,RESPF.CTIVELY. 
c 
c 

c 
c 

LZFSC=LZFSC+PERCS 

IF(LZFSC.LE.LZFSM) GO TO 246 
PERCS=PERCS-LZFSC+LZFSM 
LZFSC=LZFSM 

246 LZFPC=LZFPC+(PERC-PERCS) 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
c 
c D I S T R I R lJT E P A V BETWEEN lJ Z F W C AND S U k FACE R U !\I 0 F F • 

245 IF(PAV.EQ.O.O) GO TO 249 
c 
C CHECK lF PAV EXCEEDS UZFWM c 
c 

IF((PAV+UZFWC).GT.UZF~M) GO TO 248 

C NO SIJRFACE RUNOFF c 

c 
UZFWC=UZFWC+PAV 
GO TO 249 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••• -. •· ••••••••• c 
C COMPUTE SlJRFACE RlJNOFF AND KEEP TRACK OF SIX HOlJR SUrv1 c 

c 

248 PAV=PAV+lJZFWC-lJZFWM 
tJZ F WC=UZ F\.\lfv1. 
S SUR= S SlJR +PAV*PAR E A 
ADSUR=PAV*(l.O-ADDRO/PINC) 

C ADSUR IS THE AMOUNT UF SURFACE RUI\JOFF WHICH CCfVIES 
C FROM THAT PORTION UF ADIMP WHICH IS NOT 
C CURRENTLY GtNERATING DIRECT RUI\JUFF. ADDRU/PINC 
C IS THE FRACTION OF AOIMP CURRENTLY GE~EgATING 
C DIRECT RUNOF~. c 

SSt.JR=SSlJR+ADSIJR*ADI MP 
24 9 AD I MC =An I MC+ PI NC-A I)DRO-t\DS Uk 

c 
240 CONTINUE 

c 
c •••••• •· ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
C END OF INCREMENTAL GO LOOP. 
c 
c 
C*****************************~********************************** c 
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c 
c 
c 
c 
c 
c 
c 

CflMPIJTE SUIII\S AND ADJUST RUNOFF AMOUNTS RY THE AREA OVER 
WHICH THEY A~E GENERATED. 

EUSF.O=F:l+E2+f.3 

EUSEO IS THE ET FROM PAK.EA WHICH IS 1.0-ADIMP-PCTIM 

SIF=SIF*PAREA 

C SEPARATE CHANNEL COMPONENT OF BASEFLUW 
C FROM THE NON-CHANNEL COMPONENT 
c 
c c 
c 
c 
c 
c 
c 
c 
c 

TRF=SRF*PARt:A 

TBF IS TOTAL BASEFLUW 

HFCC=TRF*(l.O/(l.O+SIDE)) 

RFCC IS BASEFLOW, CHANNEL COMPONENT 
R F N C C = T K f- f) FCC 

RFNCC IS BASEFLOW.NON-CHANNEL COMPONENT 

c ••••••••••••••••••••••••••••••••• e••··············· .~ ................ . c . . 
C ADD TO MONTHLY SUMS. 
c 

c 
c 

SINTFT=SINTFT+SIF 
SGWFT=SGWFT+(jfCC 
SRFCHT=SRECHT+KFNCC 
SRIJST=SROST+SSUR 
SROOT=SRODT+SORU 

C COMPlJTE TOTAL CHANNEL INFLOW FOR THE SIX-HOUR PERIOD. 
c 

TCI=ROIMP+SDRU+SSUR+SIF+13FCC 
c 
C COMPUTE E4-ET FROt-1 STREAM SURFACES AND RIPARIAN VEGETATIUN. 
c 

E4= E IJtvlND* WA T SF+ ( E OMND-E lJ SED)* SARRA 
c 
C "SURTRACT E4 FROM CHANNEL INFLOw 
c 

c 

TCI=TCI-F4 
IF(TCI.GE.O.O) GO TO 250 
E4= E4+ TC I 
TCI=O.O 

C COMPUTF TOTAL EVAPUTRANSPIRATION-TET 
c 

c c 

250 FtJSFD=EtJSf::D*PAREA 
TF.T=EUSED+E'J+F.4 
SFTT=SETT+TFT 

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

RO(IRG,IP6,IDt\l = TCI 
c 
c ••••••••••••• ·'· •••••••••••••••••••••••••••••••••••••••••••• · •••••••••••• c 

SRnT=SRrlT+TC I 
c 
C PRII\IT SIX~Hf1lJR ACCOUNTING VALlJES It= KEtJUESTED. 
c 

c 

c 

IF( IPRII\IT.EC.J.l) PRI~~T 903, IDA, IP6,UZTWC,UZFWC,LZTWC,LZFSC,tZFPC,AI) 
1 I M C , S P E k C , K 0 I t-~ P • S 0 R 0 , S S l J K , S I F , B F C C , T C I , E U M N D • T E T , P X 6 

903 t=ORMAT{lH ,2I3,hF7.1,7FH.2,3FR.l) 

IF<<IDA.E<J.ID2).AND.(IP6.EQ.IP2)) GO TO 270 
IP6=IP6+1 



c 

c 

IF( IP6.LE.4) GO TO 205 

IP6=1 
IOA=IDA+l 
GO TO 205 
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c 
C**************~******************************************************** c 
C END OF SIX HOUR AND DAY LOOP 
c 
C*********************************************************************** c . . 

270 IFIIRG.NE.NGAGES) GO TO 271 
JF((JPRINT.EQ.l).AND.(ICUUNT.LT.H)) ICOUNT=ICUUNT+l 

271 IPRINT=O 
c c 
C COMPUTE MONTHLY WATER BALANCE FOR AREAL SUIL MOISTURE ACCOUNTING. -
c 

c 
c 

BAL(IRG)=(UZTWC+UZFWC+LZTWC+LZFPC+LZFSC-UZTWC1-lJZFWC1-LZTWCl-LZFPC 
11-LZFSCl)*PAREA+(AOIMC-AOIMCl)*ADIMP+SROT+S~ECHT+SETT-SPRT 

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

c 
c 

SLIIRG.l)=SROT 
SL(IRG,2)=SIMPVT 
Sl( IRG,3)=SRLIDT 
SL(IRG,4)=SROST 
SL( IRG,5)=SINTFT 
SL( IRG,6)=SG\tiiFT 
SL( IRG.7)=SRECHT 
SLIIRG,8)=SPRT 
S t_ ( I R G • 9 ) = S P E T 
SL(IRG.lO)=SETT 
VL(IRG,l)=UZTWC 
VL(IRG,2)=UZFWC 
Vl( IRG,3)=LZTWC 
VL ( IRG. ~;) =LZFPC 
VL( IRG,4)=LZFSC 
VL(IRG,6)=ADIMC 

RETURN 
c 

ENO 
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********************************************************************** 
********************************************************************** 

DICTIONARY FO~ SUBROUTINE LAND ••• NWS.HRL. VERSION 9/11/75 

*****************************************~**************************** 
********************************************************************** 
----------------------------------------------------------------------
SYMBOL ••• EX~LAINATION 

----------------------------------------------------------------------
F 
I 

RF 
FP 
El 
F2 
F3 
E4 
F5 
IC 
PF 
PL 
PX 
RO 
SL 
TA 
VL 

AID 
RAL 
DEL 
DUZ 
EFC 
HPL 
IDA 
IDl 
ID2 
IPT 
IPl 
IP2 
IP6 
I RG 
NQ6 
PAV 
PEG 
PX6 
RED 
SHF 
SIF 
snF 
SSF 
TBF 
TCI 
TET 
lJZK 
YR 1 
YR2 

... 

... ... 
••• ... ... ... ... ... 
••• ... ... ... ... 
... ... 
... ... 
... ... ... ... ... ... .... ... ... ... ... ... 
••• ... ... ... ... ... ... ... ... 

MEAN SEASONAL PUT-FVAP CURVE ARKAY 
INDEX 

BASE FUJ~I 
DAILY EVAPORATION 
E V A P F R 0 ~1 UP P E R Z 0 f\J E T ENS I 0 N l'l/ AT E R 
EVAP FROM UPPER ZUNE FREE WATER 
EVAP FROfv1 LOWER ZUNF. TENSION ~·.lATER 
EVAP FROM STREAM SUKFACES AND RIPARIAN VEGETATl,.JN 
EVAP FROM ADDITIONAL IMPERVIOUS ARFA 
INDEX 
POTENTIAL EVAPORATION ARR~Y 
INITIAL PARAMETER VALlJE ARRAY 
PRECIPITATION ARRAY 
RUNOFF ARRAY 
ARRAY CONTAINING MONTHLY TOTALS UF VARIOUS CCJI"lPUNF.NTS 
VARIABLE IN COMMON 
ARRAY CONTAINING SUIL MOISTURE STOK1~GE VOLUI.V\ES 

ARFA IDENTIFICA~ION 
WATF.R BALANCE 
If\JCRFIVIENTAL VOUJME UF WATER 
UPPER ZONE FREE WATER DEPLETIUI\J COEFFIC.IEI'JT 
E VA P A D JUS Tr-1 EN T F A C T 0 R 
RATIO LZFPM/(LZFPM + Ll~SM) 
DAY INDEX 
FIRST DAY 
LAST DAY 
VARIABLE IN CliMMON BLOCK ONLY 
FIRST PERIOD OF FIRST DAY 
LAST PERIOD OF LAST DAY 
SIX HOUR PERIOD INDEX 
INDEX 
VARIABLE IN COMMON ~LOCK ONLY 
MOISTURE IN EXCESS DF lJZTW REOU1REIVJENTS 
POTENTIAL EVAPORATION OPTION VARIAHLE 
SIX-HIJUR PRECIPITATION 
RESIDUAL EVAPORATION DEMAND 
SUPPL~MENTAL ~ASE FLOW 
INTt=RFLOW 
VARIABLE IN CI)MMON ONLY 
VARIABLE IN COMMON ONLY 
TOTAL IH\SE FLOI.J 
TOTAL CHANNEL INFLOW 
TOTAL EVAPOTRANSPIR.AT Ifli'.J 
l J P P E R l 0 N E DR A I N AGE P AkA~~ E T E R 
FIRST YEAR . 
LAST YEAR 



AREA . •·• .BF.CC 
DEFR ... 
DINC ... 
DLZP ... 
DLZS ... 
EFCT ... 
FPID 
IGPE ... 
LAND ... 
LAST 
LZPK 
LZSK ••• MOIN ... 
MOSM ••• 
NINC ••• 
NPTS . . . 
NQ~4 
NTAG 
NWEG ... 
OFW6 ... 
PEID ••• PERC ... 
PINC 
PLOT ... 
PXID ••• (.,)6I 0 ... 
REXP .... 
SORO 
SETT ... 
SFW6 ... 
SIDE .... 
SNOW ... 
SPFT ... 
SPRT ... 
SROT 
SSUR 
STAT ... 
STDA ... 
STP6 ... 
lJFW6 
YEAR ••• YRIN 

AREA NAME 
BASE flOW CHANNEL COMPONENT 
L 0 \-1 E R Z 0 N E f--1 0 I S T U R E 0 E F I C I EN C Y K AT ICJ 
LENGTH OF SOIL MOISTURE ACCOUNTING TIME INTERVAL IN DAYS 
L(lt..JER ZONE--PRIMARY STORAGE DEPLE.Tirl!\l COEFFICIENT . 
LOWER ZONE SUPPLEMENTAL STORAGE DEPLETION COEFFICIENT 
EVAPORATION ADJUSTMENT FACTIJR 
VARIABLE IN COMMON BLOCK --- FLOW ~OINT I.L>. 
POTENTIAL EVAP DATA OPTION VARIARLE 
SUBROUTINE NAfAE 
VA R I A B L E I N C 0 ~\ M 0 N B L U C K UN L Y 
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LOWER ZONE PRIMARY STORAGE DRAINAGE PARAMETER 
LOI.-IER ZONE SUPPLE t-IE NT AL S TOR AGE DRAIN At;E PARAMETER 
VAR.IABLE IN COMMON UNLY 
Mllf\ITHS FOR WHICH A DETAILED. SUIL M!liSTlJRE UUTPUT IS REQUESTED 
NUMBER OF INTERVALS IN ONE 6-HR PERIOD USED FUR SOIL MUISTUKE 
ACCOUNTING 
VARIABLE IN COMMON ONLY . 
V A R I A B L E I N C 11 ~~ M 0 N 0 N L Y ..: -- N lJ fv1 B E R U F D A I L Y r LlJ W T I M E S E R I E S 
VARIABLE IN COMMON ONLY-NUMBER OF AIR TEMPERATURE TIME SERIES 
VARIABLE IN COMMON ONLY --NUt"IBER OF WATER EQUIV. TIME SERIES 
VARIABLE IN COMMON O~.ILY 
VARIABLE IN CIJfviMON ONLY 
PERCOLATION RATE 
AM flU 1\1 T 0 F A V A I L A R L E M 0 I S T lJ R E FUR E A C H I N C R E M EN T 
VARIABLE IN COMMON ONLY 
VARIABLE IN CU~1MUN ONLY 
VARIABLE IN CUMMON ONLY 
E X PUN EN T I N P E R C 0 L AT I lJ N F. CJ U AT I 0 N 
6-HR SUMMATION OF DIRECT Rt.H'JOFF 
M 0 NT H L Y S U t~ M A T I UN 0 F EVA P 0 T R AN S P I R AT I 0 N 
VARIABLE 11\1 COMMON Df\ILY 
PARAMETER SEPARAT 11\lG CHANNEL AND NON-CHANI\JEL INFLIJW 
SNOW OPTION VARIASLE 
MfJI'.tTHLY SlWI OF POTENTIAL EVAPUR.ATIUN 
MONTHLY SUM OF PRECI~ITATION 
M (ll\l T H L Y S U IV\ 0 F R lJ N 0 F F 0 R T 0 T A L C HAN N E L I f\j F L () ~~ 
MONTHLY SUM OF SURFACE RUNOFF 
VA R I A 8 L E I N C f l M i'-1 0 N Cl N L Y 
VARIABLE IN COMMON IJNLY 
VARIABLE IN COMMON ONLY 
V A R I A R L E I N C U r.-H--1 UN () N L Y 
CURRENT YEAR 
VARIABlE IN Cflfv!MOI\l ONLY 
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AD ORO 
AOMIC 
AD IMP 
ADSlJR 
A NAME 
BASIN 
RFNCC 
CHECK 
COVER 
CTEST 
EDMND 
EUSEO 
II\IFRO 
1(.)6 IN 
LINEP 
LZFPC 
LZFPM 
LZFSC 
LZFS~~ 
LZTWC 
LZTWM 
MONTH 
NPEGS 
ORSER 
OFW24 
PAREA 
PCTH1 
PFAD,J 
PERCM 
PERCP 
PERCS 
PFREF. 
PPADJ 
PTEST 
PXADJ 
(.)2410 
RATIO 
RATI_P 
RATLS 
RATLZ 
ROIMP 
ROUTE 
RSERV 
SARRA 
SARVA 
SAVED 
SGWFT 
SIXIN 
SNOW A 
SPERC 
SRO.DT 
SROST 
STORE 
liZFWC 
UZFWr-1 
UZRAT 
lJZTWC 
UZTWivl 
VPERC 
l•IATSF 
ZPERC 

. . . ... 

... 

... 

... 

... ... ... 

... ... 

... 

DIRECT RUNOFF FROM AREA AOIMP 
ADDITIONAL IMPERVIOUS AREA STORAGE 
ADDITIONAL IMPERVIOliS AREA 
SlJKFACE RUNOFF FRUf'.i PORTION OF ADif"1P NOT PRODtjCING ADIJRl) . 
AREA i'IA~iE . 
VAR IAMLE IN COf\1fV10N ONLY 
BASE FLOW~NONCHANNEL. COMPONENT 
A PERCOLATION RATE CHECK· 
SI\IOI•J COVER 
VARIABLE IN COMMON ONLY 
EVAPORATION DEMAND FOR SIX HOURS 
EVAPOTRANSPIRATION FROM PAREA=l.O-AOIMP-PCTIM· 
VARIABLE IN COMMON ONLY 
VARIABLE IN COMMON ONLY 
V A R I A B L E I N C 0 ~1 M f.H~ 0 N L Y 
LOl•IER ZONE PRIMARY FREE WATER STORAGE CONTENTS 
L 0 1.o.l E R Z 0 N E P R I M A R Y F R E E W AT E k S T 0 R AGE t"l t.\ X I M U fvi 
Lll\f.IER ZONE SlJPPLEiVJFNTAL FREE WATER STORAGE CONTENTS 
LOWER ZONE SUPPLEMENTAL FREE WATER STORAGE MAXIMUM 
LOWER ZONE TENSION WATER STORAGE CONTEN.TS 
LOWER ZONE TENSION WATER STORAGE MAXIMUM 
CURRENT MONTH 
VARIABLE IN CCIIVIMON ONLY 
VARIABLE IN COMMON ONLY 
VARIABLE IN COMMON ONLY 
PAREA=l.O-ADIMP-PCTIMP 
PERCENT OF AREA THAT IS H~PERVIOlJS 
POTENTIAL EVAPORATION ADJUSTMENT FACTOR 
DISCHARGE FROM LOWER ZONE 
AMOUNT OF PERCOLATED WATER TO LU~ER ZONE PRIM~RY SfORAGE 
AMfJLJf\tT OF PERCOLATED \.-tATER TO L0~1ER ZONE SUPPLE'-1ENTAL STORAGE 
PERCENTAGE OF PE RCOL AT ED WATER TO LO\.-' ER ZONE FRE c WATER STORAGE 
PREC.IPITATION AIJJUSTMENT FAClCJK . 
VARIAHLE IN COMMON ONLY 
VARIABLE IN CCifvifviON ONLY 
VARIABLE IN COMMON ONLY 
RATIO (ADIMC-UZTWC)/LZTWM 
LOWER ZONE PRIMARY CONTENTS TO CAPACITY RATIO 
L 0 t.J E R Z 0 N F S lJ P P L E t"l E 1\J T A L C 0 NT EN T S T 0 C A P A C I T Y R. AT I U 
TOTAL LOWER ZONE STORAGE CONTENTS TO CAPACITY RATIU 
K U f\t 0 F F F R n 1111 H·l P E R V !Ill J S ARE A 
V.fJ.RIABLE IN CDMMOi\J ONLY 
L 0 I'll E R Z 0 N E F R E F ~~ A T F R T H A T I N ll N A V A I L T 0 ivt E E T L Z T vJ k E Q U I R. E M E N T S 
SARRA=SARVA-PCTIM 
PERCENT OF AREA IN STREAM AND RIPARION VEGETATION 
V 0 L U ME 0 F L 0 1~1 E R Z 0 N E F R E E W AT E: R NUT AVA I LA 8 L E F 0 R L Z Tt<\i 
MONTHLY SUIV1 OF fiASE FUJ\-.1 KEACHH.JG THE: CHANNEL 
VARIABLE I'N COMMUN ONLY 
ARRAY CONTAINING INDICATORS FOR VALID AIR-TEMP UATA FUR EACH MONTH 
6-HR SUMMATION OF PERC 
S lJ lv1 MAT I 0 N fl F 0 I R E C T RUN l) F F 
S i J f\1 M A T I 0 N 0 F SUR F A C E RUN 0 F F 
VAKIABLE IN CllMfAON UNLY 
UPPER ZO~E FREE WATER CONTENTS 
UP P f R Z 0 1\1 E F R E F W AT E R MAX I 1"1 U t-1 
UPPER ZONE CONTENTS TO CAPACITY RATIO 
UPPER ZONE TENSION WATER CONTENTS 
UPPER ZlJ[\JE TE\ISION WATER MAXH1U.M 
T E fll) P 0 R A R Y S T 0 R A G E V A R I A H L F F DR P E R C 
WATER SURFACE AREA 
PERCOLATION PARAMETER 



AOIMCl 
COM PAR 
EPDIST 
FPNAME 
FSFLOW 
I COUNT 
I PRINT 
IW24IN 
IYEARl 
LZFPCl 
LZFSCl 
LZTWCl 
METRIC 
NGAGF:S 
NPTSIJP 
PLOTI"1X 
PLT6HR 
RATLZT 
SAVEF-=W 
SIMPVT 
SINTFT 
SRECHT 
lJPFWID 
UZFl~Cl 
lJZTWCl 

... .... 
••• ... ... 
... 
... 
... 

... ... ... 

... ... 
••• 

INITIAL CONTENTS OF ADIMC 
VARIABLE If\1 COMMON ONLY 
DISTRIHUTION OF DAILY POTENTIAL EVAP 
VA R I A R L E I N C () tvl f\iO N 0 N L Y 
VARIABLE IN COMMON ONLY 
I 1\J 11E X 
PRINT OPTION VARIABLE 
V A R I A f3 L E I \J C U MMD 1\J 0 N L Y 
VA~IARLE IN COMMON ONLY 
INITIAL VALUE OF LZFPC 
INITIAL VALIJE UF LZFSC 
INITIAL VALUE OF LZTVIiC 
VARIABLE 'IN CUMMON IJNLY 
NUI...,BER OF. RAIN GAGES 
VARIABLE IN COMMON ONLY 
VARIARLE IN CllMiV10N Of\ILY 
VARIABLE lN COMMON ONLY 
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Ult..IER ZONE TENSION WATER STORAGE CONTENTS TO CAPA.CITY kATIU 
VARIABLE IN COMMON ONLY 
SUI11!MAT ION OF IMPERV IDUS AREA kUNOFF 
MONTHLY SUMMATION OF INTERFUlW 
M 0 f\1 T H L Y S I Jtv1 M A T I 0 f\1 ll F C H A N 1\J E L C 0 M PUN EN l U F 1-3 A S E F L 0\.-.1 
VARIABLE IN COMMON ONLY 
INITIAL VALUE OF UZFV.IC 
INITIAL VALUE OF UZT~\JC 
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