
NOAA Technical Memorandum NWS HYDRO 37 

DERIVATIOX OF INITIAL SOIL MOISTURE ACCOUNTING 

PARAMETERS FROM SOIL PROPERTIES FOR THE 

NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM 

Office of Hydrology 
Silver Spring, Md. 
March 1978 
Reprinted November 1980 

U.S. DEPARTMENT OF I National Oceanic and / National Weather 
COMMERCE Atmospheric Administration Service 



! ;at ional  1;eathe; S e r v i c e ,  O f f i c e  of  l i y c ' r c i o g ~  S e r i e s  

The O f f i c e  of  F?ydrnlogy (11YDP.O) of  t h e  ! ;a t iona l  \ ; ea ther  S e r v i c e  (::::S) d z v e 1 c . p ~  p r o c e d u r e s  f o r  m a l : i n ~  
r i v e r  and u a t e r  s u p p l y  f o r e c a s t s ,  a n a l y z e s  h y d r o m e t e o r o l o ~ j c a l  d a t a  f o r  p l z n r i c p  and d e s i g n  c r i t e r i a  f o r  
o t h e r  a g e n c i e s ,  and c o n d u c t s  p e r t i n e n t  r e s e a r c h  and deve lopment .  

N O M  T e c h n i c a l  Piemorandurns i n  t h e  :%'S 1lYPRO s e r i e s  f a c i l i t a t e  p r c n p t  l i s t r i h u t i o n  of  s c i e n t i f i c  and 
- t e c h n i c a l  m a t e r i a l  by s t a f f  menhers ,  c o o p e r a t o r s ,  and c o n t r a c t o r s .  I n f o r r a t i o n  p r e s e n t e d  i n  t h i s  s e r i e s  

may be  p r e l i m i n a r y  i n  n a t u r e  and may b e  p u b l i s h e d  f c r m a l l y  e1se~;nere  a t  6 l a t e r  d a t e .  P u b l i c a t i o n  1 is 
i n  t h e  former  s e r i e s ,  \,!eather Bureau T e c h n i c a l  I ;otes (TS): p u b l i c a t i o n s  2 th rough 11 a r e  i n  t h e  former  
s e r i e s ,  ESSA T e c h n i c a l  ?lemorandums, Icea ther  Bureau T e c h n i c a l  !lerroranduns (\:'ST?'). Iuepinning w i t h  1 2 ,  
p u b l i c a t i o n s  a r e  now p a r t  of  t h e  s e r i e s ,  NOM T e c h n i c a l  ?lemoranduns, Llil'S. 

P u b l i c a t i o n s  l i s t e d  below a r e  a v a i l a b l e  from t h e  ) ? a t i o n a l  T e c h n i c a l  I n f o m , a t i o n  S e r v i c e ,  V.S. Depar t -  
ment of  Commerce, S i l l s  B l d g . ,  5285 P o r t  Royal  Road, S p r i n g f i e l d ,  Va. 22161. P r i c e s  on r e q u e s t .  Order  
by a c c e s s i o n  number ( g i v e n  i c  p a r e n t h e s e s ) .  Tnforrr,ation on memcrandums n o t  l i s t e d  below c a n  b e  o b t a i n e d  
f rom Envi ronmenta l  S c i e n c e  I n f o r m a t i o n  C e n t e r  ( ~ 8 2 2 ) .  S O U ,  6009 E x e c u t i v e  Boulevard ,  R o c k v i l l e ,  ??D 
20852. 

Weather Bureau T e c h n i c a l  ! iotes 

TN 44 HYDRO 1 I n f r a r e d  R a d i a t i o n  From A i r  t o  r n d e r l y i n g  S u r f a c e .  Vance A .  ! 'yers ,  Elay 1966,  35 pp .  
(PE170664) 

ESSA T e c h n i c a l  ?levoranduns 

WBTM HYDRO 2  Annotated B i b l i o g r a p h y  of ESSA P u b l i c a t i c n s  o f  H y d r ~ m e t e o r o l c p i c a l  I n t e r e s t .  J .  L. 8. 
P a u l h u s ,  F e b r u a r y  1967 ,  20 pp .  (Superseded  by 1,!ET!,! HYDRO 8 )  

WBTM HYDRO 3  The Role  o f  P e r s i s t e n c e ,  I n s t a b i l i t y ,  and P lo is ture  i n  t h e  I n t e n s e  R a i n s t o r m s  i n  E a s t e r n  
Colorado ,  J u n e  14-17, 1965.  F. K .  Schwarz,  F e b r u a r y  1967,  21 pp. ( ~ ~ 1 7 4 6 0 9 )  

WBTM HYDRO 4  Elements o f  R i v e r  F o r e c a s t i n g .  M a r s h a l l  ?I. F.ichards and Joseph  A .  S t r a h l ,  O c t o b e r  1967 ,  
61  pp. (Superseded  by FBTM HYDRO 9 )  

WBTM HYDRO 5  M e t e o r o l o g i c a l  E s t i m a t i o n  of  Extreme P r e c i p i t a t i o n  f o r  S p i l l u a y  Design F l o o d s .  Vance A. 
Myers, O c t o b e r  1 9 6 7 ,  29 pp. (PB177687) 

WBTM HYDRO 6  Annota ted  B i b l i o g r a p h y  of  ESS!. P u b l i c a t i o n s  of H y d r o m e t e c r o l o g i c a l  I n t e r e s t .  J .  L. H. 
P a u l h u s ,  November 1967 ,  27 pp .  (Superseded  by UBT" HYDRO 8 )  

WBTM HYDRO 7  Meteoro logy  of  Y a j o r  Storms i n  Western Colorado  and E a s t e r n  l ' t ah .  Rober t  L. Weaver, 
J a n u a r y  1 9 6 8 ,  75 pp.  (PB177491) 

WBTM HYDRO 8  Annota ted  B i b l i o g r a p h y  o f  ESSA P u b l i c a t i o n s  of  Hydrometeoro logica l  I n t e r e s t .  3. L.  H. 
P a u l h u s ,  August  1968 ,  25 pp. (Superseded  by h??S HYDRO 22) 

WBTM HYDRO 9  Elements o f  R i v e r  F o r e c a s t i n g  ( R e v i s e d ) .  M a r s h a l l  F l .  R i c h a r d s  and J o s e p h  A. S t r a h l ,  
March 1969,  57 pp. (PB185969) 

WBTM HYDRO 1 0  Flood Warning B e n e f i t  Eva lua t ion- -Susquehanna  R i v e r  Bas in  (Crban R e s i d e n c e s ) .  H a r o l d  
3. Day, March 1970,  42 pp. (PB190984) 

WBTM HYDRO 11 J o i n t  P r o b a b i l i t y  Method of T i d e  Frequency  A n a l y s i s  Appl ied  t o  A t l a n t i c  C i t y  and Long 
Beach I s l a n d ,  N . J .  !lance A.  Myers, A p r i l  1 9 7 0 ,  109 pp. (PB192745) 

NOAA T e c h n i c a l  Flemorandums 

NWS HYDRO 1 2  D i r e c t  S e a r c h  O p t i m i z a t i o n  i n  H a t h e n a t i c a l  Modeling and a  lqatershed Model A p p l i c a t i o n .  
John  C .  Monro, A p r i l  1971,  52 pp. (COM-71-00616) 

NWS HYDRO 1 3  Time D i s t r i b u t i o n  of  P r e c i p i t a t i o n  i n  4- t o  10-Day Storms--Ohio R i v e r  B a s i n .  J o h n  F. 
M i l l e r  and Ralph  H. F r e d e r i c k ,  J u l y  1 9 7 2 ,  41  pp .  (COY-72-11139) 

NWS HYDRO 1 4  R a t i o n a l  Weather  S e r v i c e  R i v e r  F o r e c a s t  System F o r e c a s t  ? r o c e ? u r e s .  S t a f f ,  H y d r o l o g i c  
Research  L a b o r a t o r y ,  December 1972,  7  c h a p t e r s  p l u s  a p p e n d i x e s  A t h r o u g h  I .  (CON-73- 
10517) 

(Cont inued  on i n s i d e  back c o v e r )  



NOAA Technical Memorandum NWS HYDRO 37 

DERIVATION OF INITIAL SOIL MOISTURE ACCOUNTING 
PARAMETERS FROM SOIL PROPERTIES FOR THE 
NATIONAL WEATHER -SERVICE RIVER FORECAST SYSTEM 

Bobby L. Armstrong 

Office of Hydrology 
Silver Spring, Md. 
March 1978 

UNITED STATES / NATIONAL OCEANIC AND / National Weather 
DEPARTMENT OF COMMERCE ATMOSPHERIC ADMINISTRATION / Service 
Juanita M, Kreps, Secretary . . Richard A. Frank, Administrator George P. Cressman. Director 



CONTENTS 

Abstract ........................................... ·.···· 

I. Introduction .................................... . 1 

A. Background .................................. . 

B. Objectives................................... 3 

II. Review of literature ............................ . 5 

III. Initial parameter derivation components ......... . 5 

A. Soil Conservation Service soil survey 
estimated engineering properties............. 5 

B. National Weather Service river forecast 
system soil moisture accounting parameters... 6 

IV. Derivation of equations to compute soil 
moisture parameters ................... ~ . . . . . . . . . . 8 

V. Basin application ................................ 13 

A. Council Creek verification program output .... 17 

VI. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

A. Recommendations for future work .............. 43 

Acknowledgments.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Reference~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Appendix I. Computer program listing of NWSRFS 
soil moisture accounting subroutine ........ 45 

TABLES 
1. Nomenc 1 ature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

2. SCS infiltration rates ........................... 6 

3. Specific yields.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

4. Coefficients of permeability.. . . . . . . . . . . . . . . . . . . . 11 

5. Percolation exponents.. . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

6. Renfrow estimated engineering soi 1 properties.... 14 

7. Zaneis estimated engineering soil properties ..... 15 

8. Vernon estimated engineering soil properties ..... 15 

FIGURES 

1. Flow diagram of NWSRFS catchment model .....•..... 4 

2. Daily percolation rate curve ................... .. 8 

3. Soil survey interpretation ...................... . 9 

4. Test basin map .................................. . 13 



DERIVATION OF INITIAL SOIL MOISTURE ACCOUNTING PARAMETERS 
FROM SOIL PROPERTIES FOR THE NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM 

Bobby L. Armstrong 
Tulsa Ri \'er Forecast Center, National Weather Service, NOAA, Tulsa, Okla. 

ABSTRACT. The method developed in this research will provide the 
initial soil moistur~ accounting parameters for the National 
Weather Service River Forecast System. The parameters will be 
physically consistent between basins and subareas of basins. In 
this study, each parameter used in the conceptual runoff model 
is investigated, and a computational procedure relating to soil 
properties is developed. Parameters are derived (for Council 
Creek near Stillwater, Okla.) and used in a computer verifica
tion program. 

This study demonstrates a practical and useful solution for ob
taining soil moisture accounting parameters from soil proper
ties. The effectiveness of this procedure can be increased by 
using it in conjunction with the parameters derived from basin 
hydrographs. Although the parameters derived from soil proper
ties produce an excellent initial simulation, the optimum param
eters may be found only by a trial and error approach that must 
be computerized because of the complexity of the model. By the 
use of this method, the number of trial and error attempts wi 11 
be greatly decreased, and a considerable savings of man-hours 
and computer time will result. 

I. INTRODUCTION 

A. Background 

The basic and probably the most important 
component of a river forecasting procedure 
is the rainfall-runoff relation that con
verts precipitation amounts to the volume of 
water observed in the stream channel. The 
maximum benefit derived from an accurate 
river forecast that predicts flooding occurs 
when the time between forecast issuance and 
flood is the greatest since this gives the 
maximum reaction time to take protective 
measures to save lives and property. A good 
rainfall-runoff relation will provide the 
maximum possible benefit since it will be 
possible to issue a forecast as soon as the 
rainfall is observed and reported. If it is 
necessary to adjust the forecast hydrograph 
by the use of observed river stages, there
action time can be greatly reduced. 

A number of methods have been developed to 
convert rainfall to runoff. The philosophy 
to use the simplest procedure that will give 
good results has often been followed espec
ially before the widespread use of compu
ters. Operational rainfall-runoff relations 
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ranged from a procedure that would give run
off as a percentage of rainfall to coaxial 
relationships which would include such input 
as week of the year, duration of rainfall, 
antecedent precipitation index, and amount 
of rainfall. 

Runoff values derived from soil moisture 
models that are conceptual in nature relate 
to actual processes in nature. They are de
signed to reproduce all components of flow 
and generate continuous hydrographs. Models 
of this type are complex since a consider
able number of parameters are used. The par
ameters can be approximated from hydrographs 
or from observed basin characteristics. By 
the use of soil moisture models, forecasts 
can be prepared for Kater quality, water 
supply, and soil moisture levels for agri
culture as well as for floods. Parameters to 
forecast a basin are usually developed by 
computer programs that analyze a given peri
od of record with a given set of soil mois
ture accounting parameters. The basis of the 
approach is that past responses of the river 
are keys to the future responses. It is very 
important that a full range of soi 1 moisture 
cotiditions be observed over the selected 
period of record which usually has a dura-



Table I.--Nomenclature*· 

AD 

AD fl'1C 

AD HlP 

AWC: 

BA 

CFS 

!) 

DI:FR 

ET 

KI 

Kp 

LZ 

LZFPC 

LZFSC 

LZFPM 

LZFSM 

LZP 

LZPK 

LZSK 

LZTWC 

LZTWI\1 

:.JWS 

Total area of "D" Classification 
soils (mj2) 

Additional impervious contents (mm) 

Additional impervious parameter (0
;;) 

Available water capacity (in./in.) 

Total basin area (mi2) 

Cubic feet per second 

Average distance from edge of basin 
to nearest stream (ft) 

Lower zone soil moisture deficiency 
(qo) 

Evapotranspiration (mm/day) 

Infiltration (in./hr) 

Coefficient for saturated area along 
stream 

Coefficient of permeab i 1 i ty (gpd/ ft 2) 

Lower zone 

Lower zone primary contents (mm) 

Lower zone supplemental contents(mm) 

Lower zone primary maximum (mm) 

Lower zone supplemental maximum (mm) 

Permeability 
(in./hr) 

Lower zone 
(%/day) 

of thickness 

primary drainage rate 

Lower zone supplemental -drainage 
rate ('!o/ day) 

Lower zone tension water contents 
(mm) 

Lower zone tension water maximum(mm) 

Average number of days interflmv 
observed 

National Weather Service 

NWSRFS National Weather Service River Fore
cast System 

p 

PBASE 

PCTI:.J 

PFREE 

RA 

REXP 

RSERV 

SA 

SARV,\ 

SAW 

scs 
SCST 

SIDE 

SSOUT 

TSPT 

UCST 

USDA 

UZF\\!C 

UZFWM 

UZK 

UZP 

UZT1\'C 

UZT\%1 

ZPERC 

Permeability (in./hr) 

Maximum flow lower free water zones 
produce (mm/day) 

Percent impervious (%) 

Percolation water percentage to low-
er free water zones (%) 

Area of riparian vegetation (mi 2
) 

Percolation exponent 

Lower free water reserved (%) 

Average surface area of stream (mi 2) 

Fraction of basin covered by water 
and riparian vegetation (%) 

Area of basin covered by strc~ms and 
lakes (mi2) 

Soil Conservation Service 

Supplemental computed soil thickness 
(in.) 

Ratio of unobserved to observed base 
flow (9,;) 

Flow lost from total channel flow 
(m 3 /s) 

Total soil profile thickness (in.) 

Upper computed soil thickness (in.) 

United States Department of Agricul-
ture 

Upper zone free \'iater contents (mm) 

Upper zone free water maximum (mm) 

Uppe~ zone drainage rate (%/day) 

Permeability of U:::F\\'01 thickness 
(in./hr) 

Upper zone tension water contents 
(mm) 

Upper :one tension water maximum(mm) 

Percolation factor (%) 

*Pertinent terms are included. The interested reader should contact the author for any 
term not listed above. 

tion of several years. After a simulated 
hydrograph set is produced from the initial
ly selected parameters, it is compared to 
the observed hydrograph set. Differences 
between the hydrograph sets are noted, and 
manual changes are made in the soil moisture 
accounting parameters to improve the correl
ation; then another computer run is made 
with revised parameters. This procedure is 
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complex; it must be repeated many times un
til an optimum fit between the observed and 
simulated hydrographs is obtained. Obvious
ly, the closer the initial parameters are to 
the optimum, the quicker the basin can be 
modeled. Hence, computer time and many man
hours are saved. Also, if all the initial 
parameters are realistic, there is a greater 
probability that all of the optimum parame-



ters will be conceptually correct. Modeling 
of a basin not only consists of changes in 
the soil moisture accounting parameters but 
also may include the histogram, routing, 
evapotranspiration, and precipitation. 

The U.S. National Weather Service (NWS) in 
1972 developed a river forecast system 
(NWSRFS) that will be used by their River 
Forecast Centers in making operational fore
casts. (See table 1.) The system (Staff, 
Hydrologic Research Laboratory, 1972) in
cludes a catchment model that uses a soil 
moisture accounting system. In 1974, the 
moisture accounting system used in the 
NWSRFS was changed to the catchment model 
developed at the NWS Sacramento, Calif., 
River Forecast Center by Burnash et al. 
(1973). The system has the proven capability 
of producing top quality forecasts. The 
Sacramento system shown in figure 1 defines 
two layers, upper and lower, with each layer 
consisting of free water and tension water 
storages. A percolation equation that moves 
water from the upper to lower zone is an im
portant component of the system. A total of 
17 soil moisture accounting parameters are 
used to simulate streamflow. Many of the 
parameters are interrelated. To produce a 
hydrograph, the model uses a histogram that 
can have areal zones assigned to specific 
histogram elements. It is, therefore, pos
sible to select a set of parameters for each 
areal zone that consists of different hydro
logic characteristics. Since the parameters 
have been developed to simulate high and low 
flows, the model should perform equally well 
on streamflows of all magnitudes. The oper
c:.tional use of the model is dependent on the 
availability of high speed computers since 
the numerous and time-consuming calculations 
that are performed for each basin cannot be 
done manually on a real-time basis with pro
cedures now available. 

Since the modeling of a basin is an ex
tremely time-consuming process and the area 
to be modeled is extensive, any method to 
decrease the time spent on each basin would 
be extremely valuable. One of the best ap
proaches is to obtain a set of initial par
ameters as conceptually valid as possible. 
The method (Peck 1976) to obtain beginning 
parameters from an observed hydrograph set 
over a period of record as long as 10 yr has 
been used with some success, but it has sev
eral drawbacks. The hydrograph method is de
pendent on the lower zones being totally 
saturated within the selected period of re
cord, which rarely occurs in some regions. 
Also, it is necessary to have streamflow re
cords available to even get started, and it 
is not really possible to deal with discon
tinuities across the basin. By the develop
ment and use of a physical characteristic 
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method, similar basins can be modeled with 
similar parameters. Consequently, the divis
ion of gaged basins to conform with definite 
discontinuities is possible as well as ob
taining parameters for basins that are to
tally ungaged. 

The most available source of measurements 
for a physical characteristic model is the 
estimated engineering soil properties de
rived by the U.S. Soil Conservation Service 
(SCS). Published soil surveys on a county 
basis are often available. Soil survey in
terpretations for specific soils are also 
available. The most apparent soil properties 
that are applicable to conceptual models are 
permeability, available water capacity, in
filtration, USDA texture, and shrink-swell 
potential. 

The soil property derivation method was 
developed and tested in Oklahoma and Kansas. 
There were no radical changes in climate, 
topography, or land use within the area of 
development. The developed method was not 
intended to replace or even supersede the 
derivation of parameters from a hydrograph 
set (Peck 1976). The separation of hydro
graph components is and always has been an 
important phase of hydrologic analysis. Re
member that there will be a parameter set 
available from the soil property computa
tions for the first calibration run (semi
log plot). The soil property parameter set 
can then be compared to the observed hydro
graphs, and such parameters as LZPK and LZSK 
can be calculated quickly for the second 
run. Hence, there is a place for the use of 
both methods if streamflow records are 
available. The two methods are the most ap
plicable to headwater basins. 

B. Objectives 

The objectives of this research are to re
late the soil moisture accounting parameters 
used in the NWSRFS to the engineering soil 
properties that are readily available in SCS 
soil surveys, to provide a numerical proce
dure to derive initial soil moisture param
eters for use in modeling a basin, and to 
apply a derived parameter set to an actual 
basin. The soil derivation method is the 
first attempt of this type; it points a di
rection rather than defining the ultimate 
solution. 

In sectior. II, the overall theory of the 
NWSRFS Catchment Model is supported by the 
hydrologic literature. The work previously 
done to obtain initial soil moisture ac
counting parameters is defined. In section 
III, the SCS soil properties used for the 
parameter derivations and the soil moistu;e 
accounting parameters are discussed. The 
equations that have been developed to com
pute the parameters in this research are 
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Figure 1.--Flow diagram of the NWSRFS catchment model (from Peck 1976) 



presented in section IV. In section V is a 
demonstration of the use of the derived 
equations and the application of the derived 
parameters on an actual basin. The computer 
listing of the NWSRFS Soil Moisture Account
ing Subroutine in appendix I contains the 
equations used in the computation of runoff 
increments and the contents of the model 
zones. Any question on a specific process 
can be ultimately answered after following 
it through the computer program. 

II. Review of Literature 

Methods of converting rainfall to runoff 
have changed from single event approaches 
described by Linsley et al. (1958) to the 
present conceptual models that became prac
tical with the advent of modern high-speed 
computers. The present soil moisture ac
counting system used by the National Weather 
Service in the NWSRFS was developed at the 
Sacramento River Forecast Center in Sacra
mento, Calif. 

In 1971, Burnash and Ferral were develop
ing a river forecast system that would rep
resent streamflow in a physically consist
ent manner. A hydrologic model by Burnash 
et al. (1973) was presented (giving simpli
fied approximations of natural processes) 
that was consistent with soil moisture pro
files determined by experimental studies 
(Hanks et al. 1969 and Green et al. 1970). 
The system was to correspond with observed 
characteristics of moisture movement through 
the soil mantle that included the formation 
and transmission of the wetting front. 

The NWSRFS is basically a two-level model. 
Todd (1959) described soil water zones that 
included the profile from the surface 
through the major root zone and an inter
mediate zone which was the profile from the 
lower edge of the soil water zone to the up
per limit of the capillary zone of the water 
table. Both zones include capillary, gravi
tational, and hygroscopic water. 

Evapotranspiration is limited to the depth 
that roots will penetrate. George et al. 
(1957) reported that, in an area of 22.5 in. 
of annual rainfall, 97.3% of the roots of 
all plants were growing in the upper 4 ft of 
soil. Richards and Richards (1957) reported 
that the roots of most plants would not 
enter wet saturated soils and high water 
tables limit root penetration and even kill 
roots which had penetrated below the current 
water table level before it experienced an 
upward movement. The removal of water from 
the tension water zones in the NWSRFS con
ceptual model is accomplished through evapo
transpiration. Hence, the zones should be 
limited to the depth of root penetration. 

Peck (1976) presented a procedure that ex
panded upon the previous method to derive 
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initial parameters from an observed hydro
graph set and then applied the parameters to 
a basin. Four parameters were said to be 
readily computed, six parameters were con
sidered more difficult to derive, one param
eter could be estimated from maps, two par
amaters would be substituted from a nearby 
basin, and nominal starting values were used 
for three. 

The conceptual model used by the NWSRFS 
should relate to the engineering soil prop
erties of a basin. The actual use of soil 
properties in deriving parameters for the 
mode 1 has not been described in the 
literature. 

II I. INITIAL PARAMETER DERIVATION COHPONENTS 

The Soil Conservation Service (SCS) esti
mated engineering properties of soils will 
be used to derive the initial NWSRFS soil 
moisture accounting parameters. All compon
ents must be defined and evaluated before a 
procedure to relate the components will be 
meaningful. 

A. Soil Conservation Service 
Soil Survey Estimated Engineering Properties 

Soil profiles are divided into layers that 
are significantly different for purposes of 
soil engineering. Engineering soil proper
ties are given for each layer. 

Soil texture is given in standard USDA 
terms. It relates to the relative percentage 
of sand, loam, and clay. 

Available water capacity (AWC) is defined 
as the ability of soils to hold water for 
use by most plants. The value of AWC is con
sidered to be the difference between the 
amount of water at field capacity and the 
amount at the wilting point of most crop 
plants. Units commonly used are inches of 
water per inch of soil. Hence, an AWC of 
0.17 would mean that 0.17 of an inch of 
water would wet the soil to a depth of 1 in. 
AWC values are given in many county soil 
surveys and soil survey interpretations. 

Shrink-swell potential is the extent to 
which the soil shrinks as it dries out and 
swells when it gets wet. A high shrink-swell 
potential will greatly reduce the downward 
movement of water if the layer is wet. 

Permeability is the quality of a soil that 
enables it to transmit water or air. Values 
do not take into account lateral seepage or 
such transient features as plowpans and sur
face crusts. Units commonly used are inches 
of soil that the water moves through per 
hour. 

Infiltration rate is defined as the mini
mum rate at which water penetrates the sur
face of the soil at any given instant, usu
ally expressed in inches per hour. Infiltra-



Table 2.--SCS infiltration rates 

Soil type Inches of water per hour 

A 0.45-0.30 

R .30- .15 

" .15- .OS \ __ 

D .05- .00 

t iOn rates arc ividely used by the SCS in es
t irnat ing runoff from rainfall for watershed 
planning. Table 2 relates soil type to in
filtration 1vith the lower limit being used 
for clays, the average value for loam, and 
the upper 1 imit for sand. Original SCS 
classifications were made from rainfall
runoff data obtained from small watersheds 
or infi ltrorncter plots. The majority of the 
soils classified arc compared to profiles 
already classified to determine the soil 
t::pc. The theory is that similar soils will 
produce the same amount of runoff during 
heavy rainfall. Assumptions made in the 
classification arc that the soil surfaces 
were hare, maximum swelling had taken place, 
:md rainfall rates exceeded surface intake 
rates. The SCS (1964) has given group clas
sifications to more than 4,000 soils in the 
United States and Puerto Rico. 

Soil type A is defined as soils (low run
off potential) having high infiltration 
rates even when thoroughly wetted and con
sisting chiefly of deep, well to excessively 
drained soils or gravels. The soils have a 
high rate of water transmission. Soil type B 
is defined as soils (moderately low runoff 
potential) having moderate infiltration 
rates when thoroughly wetted and consisting 
chiefly of moderately deep to deep, moder
ately well to well drained soils with moder
ately fine to moderately coarse texture. The 
soils have a moderate rate of water trans
mission. Soil type C is defined as soils 
(moderately high runoff potential) having 
slow infiltration rates when thoroughly wet
ted and consisting chiefly of soils with a 
layer that impedes the do..,nward movement of 
~ater, soils with moderately fine to fine 
texture, or soils with moderate water ta
bles. The soils are some1-;hat poorly drained. 
Soil type D is defined as soils (high runoff 
potential) having very slow infiltration 
rates when thoroughly wetted and consisting 
chiefly of clay soils with a high swelling 
potential, soils with a permanent high water 
t a b 1 e , so i 1 s with a c 1 a yp an or c 1 a y 1 aye r at 
or near the surface, and shallow soils over 
nearly impervious materials. 
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B. National Weather Service River Forecast 
System Soil Moisture Accounting Parameters 

Description 

Percent impervious (PCTIM) is the perma
nently impervious fraction of the basin con
tiguous to the stream channel. Manmade im
pervious areas such as paved parking lots 
with direct drainage to the stream, areas of 
impervious rock formation outcrops near the 
stream, and the actual surface area of the 
stream would be considered to be the basin 
area to be assigned to PCTIM. This component 
of runoff referred to as impervious runoff 
will be produced from a given rainfall re
gardless of the dryness of the soil and is 
computed as a percentage of the rainfall. A 
small rise in the stream following a pro
longed dry spell would be composed of PCTIM 
runoff. 

Additional impervious (ADIMP) is the frac
tion of the basin that becomes impervious as 
all tension water requirements are met. This 
parameter relates to an increase of impervi
ous area as the saturated area of the basin 
increases. A small stream rise after a very 
wet period and after the upper zones have 
dried enough to intake additional rainfall 
would be composed of ADIMP runoff. 

Upper zone tension water maximum (UZTWi'-1) 
is the depth of water that must be filled in 
the nonimpervious area before any water is 
available to other storages. Water re
tained as capillary water as well as surface 
detention would be included in this storage. 
Since this zone must be filled before there 
is any response by the stream, a specific 
~mount of rainfall could be computed from 
rainfall amounts that occurred and did not 
produce a stream response any greater than 
the impervious contribution. 

Upper zone free water maximum (UZFWM) is 
the depth of water that would be filled over 
the nonimpervious portion of the basin in 
excess of UZTh'M. The content of this :one is 
made available for interflow after percola
tion and evaporation requirements are ful-
filled. Any overflow of this zone is surface 
runoff. Derivation of the parameter from a 
hydrograph set is not feasible. It is usu
ally determined through trial and error. 

Drainage rate (U:::: K) is the upper :one 1 at
cral drainage rate that is expressed as the 
ratio of the daily withdrawal to the avai 1-
able contents of the upper zone free hater. 
The parameter value is related to the length 
of time that interflow occurs after a storm 
of considerable runoff. UZK cannot be di
rectly determined from a hydrograph analy
sis. It has been suggested that a rough es-



timate of UZK can be determined by 

0 .10= (1-UZK)N (1) 

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

Lower zone tension water maximum (LZTWM) 
is the maximum capacity of the lower zone 
tension water. This parameter is very dif
ficult to extract from the hydrograph set. 
LZTWM would be the capillary water retained 
in the lower zone that does not become 
streamflow but is removed through evapo
transpiration. It, therefore, represents the 
water that will be removed by existing 
plants during dry periods. 

Lower zone supplemental maximum (LZFSM) is 
the maximum capacity of the lower zone free 
water storage. The flow from this storage 
is the supplemental base flow and is the 
faster response component of the base flow. 
This parameter may be derived from the hy
drograph set if the zone is saturated during 
the period of record being modeled. 

Lower zone supplemental drainage rate 
(LZSK) is the lateral drainage rate of the 
lower zone supplemental free water expressed 
as a fraction of contents per day. LZSK may 
be derived from the hydrograph set. 

Lower zone primary maximum (LZFPM) is the 
maximum capacity of the lower zone primary 
free water storage. The flow from this stor
age is the primary base flow and is the 
slower response component of the base flow. 
This parameter may be derived from the hy
drograph set if the lower zone is saturated 
during the period of record being modeled. 

Lower zone primary drainage rate (LZPK) is 
the lateral drainage rate of the lower zone 
primary free water expressed as a fraction 
of contents per day. This parameter may be 
derived from the hydrograph set. Variations 
in daily evaporation during base-flow condi
tions, especially during days of high temp
eratures, will sometimes cause problems in 
deriving the rate from the observed base 
flow. 

PBASE is the maximum flow that the sub
surface zones are capable of producing as 
base flow. If the lower zones are saturated, 
PBASE would be the maximum percolation. 
PBASE, an important component of the perco
lation equation, is not an input parameter 
but is computed from 

PBASE= (LZFPM• LZPK+LZFSM• LZSK). (2) 

DEFR is the lower zone soil moisture defi
ciency. The number, used in the percolation 
equation, is not an input parameter but is 
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computed from 

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

(3) 

where LZTWC is the contents of the lower 
zone tension water; LZFPC, the contents of 
the lower zone primary water; and LZFSC, the 
contents of the lower zone supplemental 
water. 

Percolation factor (ZPERC) is a value used 
to define the proportional increase in per
colation from a saturated to a dry condi
tion. The initial value of ZPERC is usually 
estimated. 

Percolation exponent (REXP) determines the 
rate at which the percolation demand changes 
from the dry condition to the saturated con
dition. The initial value of REXP is usually 
estimated. 

Percolation water percentage (PFREE) is 
the percentage of percolation water that di
rectly enters the lower zone free water 
without a prior claim by lower zone tension 
water. If the hydrographs at a basin return 
quickly to the same base flow that was pre
sent before the rise, a small value of PFREE 
would be indicated. 

Lower free water reserved (RSERV) is the 
fraction of lower zone free water not avail
able for resupplying lower zone tension 
water. The initial value is estimated. 

SARVA is the fraction of the basin covered 
by water and riparian vegetation areas. 

SIDE is the ratio of unobserved to ob
served base flow. This parameter represents 
the ground water that does not appear at the 
river gage. The value is usually 0. 

SSOUT is a fixed rate of discharge lost 
from the total channel flow. The value is 
usually 0. 

Interrelation 

The interrelation of parameters in the 
model greatly increases the complexity of 
reaching the optimum parameters. A concept
ual model that truly relates to nature with 
the many interactions which take place must 
contain such an interrelationship. The heart 
of the conceptual model is the percolation 
equation, and a complete understanding of 
the equation is important to successfully 
model a basin. There are eight model param
eters that affect the percolation equation; 
and by changing any one of them, the percol
ation curve (fig. 2) will change. The equa
tion controls the movement of water in both 
the upper and lower zones and is influenced 
by the movement of water in all parts of the 
profile. The parameters directly invol\·ed 
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Figure 2.--Daily percolation rate curve 
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in the formula are LZFPM, LZPK, LZFSM, LZSK, 
::::PERC, LZTWrv1, REXP, and UZFW~1. The perco la
tion equation is 

daily percolation rate=PBASE 

x(l+ZPERC•DEFRREXP). (4) 

The shape of the percolation curve is de
termined by the REXP parameter that will in
fluence the percolation between 0 and 100 96 

deficiencies. The maximum percolation will 
occur at 100% deficiency and is defined by 

max. percolation rate= (1 +ZPERC) • PBASE. (5) 

The minimum percolation occurs at zero defi
ciency and is equal to PBASE. By determining 
the value of DEFR (eq 3) at the beginning of 
a storm and plotting the point in relation 
to the percolation curve (fig. 2), the per
colation to the lower zones may be increased 
or decreased to yield the desired amount of 
runoff necessary to produce the best fit 
h·ith the observed hydrograph. If the simu
lated hydrograph crest is too high, the per
colation should be increased; or if the hy
drograph crest is too low, the percolation 
should be decreased. By increasing or de
creasing percolation, the volume of water to 
he dealt with in the lower zones will also 
he changed. Each hydrograph rise throughout 
the entire simulation period should in turn 
he plotted in relation to the percolation 
curves so a decision can be made as to how 
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the parameters should be changed to produce 
the best fit with the percolation curve. l t 
is important that a full range of DEFR val
ues be found in the given simulation period 
since it would be difficult to adjust the 
curves with values at one extreme or the 
other. The derivation of the optimum param-
eters for a basin will depend heavily on the 
use of the percolation curve. 

IV. DERIVATION OF EQUATIONS 
TO COMPUTE SO 1 L iv!O I STURE PARAMETERS 

A priority need of the highest order is a 
method of determining parameter values so 
they will be physically consistent between 
basins and subareas of basins. The goal of 
a conceptual model is to relate to the phys
ical processes in nature. Hence, a source of 
physical soil properties nrust he found that 
1s available for most areas. The source 
used is the SCS engineering soil properties 
found in their county soil surveys or soil 
survey interpretations. Figure 3 is an ex
ample of the format of a typical soi 1 survey 
interpretation and shows the information 
usually presented. 

Equations to compute 12 of the 17 parame
ters required by the model were developed in 
this research. The equations and procedures 
are defined in this section. A 13th parame
ter is found by using table 5. The computed 
parameters, which are initial values, will 
not be the optimum because of the obvious 
variations in nature, the lack of available 
soil properties for the computational need 
of each parameter, and the probable inabil
ity of the model equations to exactly and 
realistically reproduce every possible flow 
component. The derivation procedure will 
attempt to use the measurements readily 
available in a realistic manner. Since past 
experiences in engineering are considered in 
making the estimates, recent SCS county soil 
surveys (Swafford 1967) rather than the SCS 
soil survey interpretations should be used 
whenever possible. Remember that the magni
tude of UZTWM, LZTWM, and the evapotranspir
ation curve could be strongly influenced if 
the rainfall input does not describe the 
true basin precipitation. All thicknesses 
must be converted to millimeters 
(25.4 mm/in.) for use in the available com
puter programs. 

UZTWM by definition is closely related to 
available water capacity. uznvrvt must be 
filled before any water is available for 
free water (gravity water), and the water is 
ultimately removed only through evapotrans
piration. Available water capacity is the 
maximum amount of water held in the soil 
after gravitational water has drained away 
and after the rate of downward movement of 
water has materially decreased. An obvious 
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problem must he resolved before a solution 
can he determined. The use of a standard 
thickness was considered, but a given zone 
would obviously not be thick enough for 
soils of high permeability and not thin 
enough for soils of very low permeability. 
Also, the soil profile changes with a subse
quent change in permeability so an approach 
to the problem is apparent. Since the drain
age rates used in the model are in daily in
crements, the permeability (in./hr) times 
24 hr is a logical approach. Exception would 
he a layer of moderate to high shrink-swell 
potential within the computed depth; thus 
the zone thickness is the calculated thick
ness or the depth to a moderate to high 
shrink-swell potential layer whichever is 
less. If the computed zone thickness exceeds 
the depth of the entire soil profile, then 
the soil profile thickness will be used. If 
the soil profile or areal coverage consists 
of soils of different characteristics, the 
computations must contain the correct per
centage of each to obtain an overall correct 
parameter. The computation equation is 

UZTWM=(25.4) (AWC) (UCST) (6) 

where UZTWH is the upper zone tension water 
maximum (mm); AWC, the available water ca
pacity (in./in.); and UCST, the upper com
puted soil thickness (in.). 

LZTWM is the capillary water retained in 
the lower zone that is not available to the 
free water of the lower zones. Water is re
moved only through evapotranspiration; con
sequently, the zone would be restricted to 
the depth of root penetration. The thickness 
of the zone is considered to be the soil 
profile below the upper zone tension water 
computed depth. If the zone includes a 
thick clay layer with a high shrink-swell 
potential, the computed value will tend to 
be much too high since the total thickness 
would not be saturated by percolated water. 
The computation equation is 

LZTWM=(25.4) (AWC) (TSPT-UCST) (7) 

where LZTWM is the lower zone tension water 
maximum (mm); AWC, the available water ca
pacity (in./in.); TSPT, the total soil pro
file thickness (in.); and UCST, the upper 
computed soil thickness (in.). 

UZFWM is related to the gravitational 
water in the soil that drains away after the 
available water capacity is full. The volume 
as used in the model must first fill the 
percolation requirements of the lower zones; 
and then the remaining volume is removed to 
satisfy the daily interflow requirement. If 
the water remaining exceeds the capacity of 
the zone, it is the computed surface runoff. 
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The same UCST as used in the UZTWM is used 
in the UZFWM equation. The equation to com
pute UZFWM uses a ratio of the infilitration 
rate of rainfall to the permeability. lf 
the ratio approaches a value of 1, a maxi
mum free water volume for the computed soil 
thickness would be indicated. A ratio of 1 
or greater would indicate a quick response 
of interflow, and the ratio volume must be 
set at 1 in the equation. As the ratio be
comes smaller and smaller, the free water in 
the soil would approach a minimum value. The 
computation equation is 

UZFWM= [25. 4] [( ~ )cucST)] (8) 

in which UZFWM is the upper zone free water 
maximum (mm) ; I, the infi 1 trat ion (in. of 
water/hr); P, the permeability (movement of 
water through in. of soil/hr); and UCST, the 
upper computed soil thickness (in.). A range 
of values are usually given for permeabil
ity. The smallest value is used for a high 
shrink-swell potential and the largest value 
for a low shrink-swell potential. 

UZK must be derived from parameters that 
indicate vertical flow rather than lateral 
flow so a relationship must be attempted. 
The daily volume of interflow will be equal 
to water present in the upper zone free 
water times UZK; accordingly, a value of UZK 
that is larger than the actual will tend to 
give a large component of interflow and de
crease surface runoff. The ratio of infil
tration to permeability was used since the 
larger the value, the larger the component 
of interflow. The value of UZK computed 
would tend to be the maximum to be expected. 

UZK should never be greater than 1. The 
computation equation is 

UZK infiltr~t~on 
permeab1l1ty 

(9) 

where UZK is the upper zone drainage rate 
(

0a/day). 
LZFSM should be computed with the same ap

proacl-, as that used for the UZFWM. The 
thickness (SCST) should be computed by mul
tiplying the permeability from the computed 
UCST downward by 24 hr or the thickness to 

·a higher shrink-swell potential layer which
ever is less. The computation equation is 

LZFS~·l= [25. 4] [(infi 1 tr~t~on:\ (SCST·,] 
permeab1l1ty) J 

(10) 

where LZFSM is the lower zone supplementa1 
maximum (mm) and SCST is the supplemental 
computed soil thickness (in.). 

LZSK is the daily lateral drainage rate 
from the lower zone supplemental free water 
storage that produces a component of base 

- •. ~'t 



flow in the stream. The flow has been de
fined as having a source of flow different 
from the primary flow and is observed on the 
hydrograph as the recession immediately fol
lowing the surface runoff and the interflow. 
The LZFSM flow could be visualized as the 
flow that would emerge through the surface 
zone as the upper zone volume was depleted. 
This would give the necessary lag to the 
flow and would be most logical if the sup
plemental zone were limited by a moderate to 
high shrink-swell zone. By definition, the 
upper zone is considered to be depleted when 
the capacity has decreased to 10% of the 
maximum, which is an estimate of hygroscopic 
water that cannot be removed naturally. 
Hence, a constant to relate to the upper 
zone depletion and the subsequent flow from 
the lower zone can be found. The computa
tion equation is 

UZK 
LZSK ----(~u=z=-=p~) 

1.9+(0.9) LZP 

(11) 

where LZSK is the lower zone supplemental 
drainage rate (%/day); UZP, the permeability 
of the UZFWM thickness (in./hr); and LZP, 
the permeability of the LZFSM thickness 
(in. /hr). · 

LZFPM is the storage that supplies the 
volume for base flow in the stream. Since 
the interrelationship of all the natural 
processes is very complex, a logical ap
proach to the maximum volume in the zone is 
needed. If a high water table level is to 
remain constant, there must be a balance 
between inflow and outflow of the aquifer. 
Specific yield is the ratio of water that 
will drain freely from the material to the 
total volume of the formation. The specific 
yield (Linsley et al. 1958) of clay is 3% 
and sand is 25%. Table 3 was developed by 
interpolating the values. An approach will 
be taken that the lower zone storage is 
equal to the specific yield of the lower 
zone thickness. The layer thickness for 
LZFPM is the total soil profile minus the 
upper zone and supplemental zone thickness-

Table 3.--Specific yields 

Soil classification Specific yield (%) 

Clay 3 

Silt loam 9 

Loam 14 

Sandy loam 20 

Sand 25 

11 

es. The computation equation is 

LZFPM=[25.4][(TSPT-UCST-SCST) 
x(specific yield) (12) 

where LZFPM is the lower zone primary maxi
mum (mm); TSPT, the total soil profile 
thickness (in.); UCST, the upper computed 
soil thickness (in.); and SCST, the supple
mental computed soil thickness (in.). 

LZPK is a parameter that through defini
tion will be computed with difficulty from 
the soil properties available. In areas of 
a relatively shallow soil profile, the lat
eral drainage rate is related to the coeffi
cient of permeability (Kp) that is defined 
in Linsley et al. (1958) as the discharge in 
gallons per day (gpd) through an area of 
1 ft 2 under a gradient of 1 ft/ft at 60°F. 
By considering the lower zone thickness, the 
lateral rate of flow may be determined. 
Table 4 was developed by interpolating the 
coefficients of permeability (Walton 1970) 
for clay and sand. 

LZPK is computed by determining the ratio 
of the coefficient of permeability to the 
average distance from the edge of the basin 
to the nearest tributary of the stream. The 
soil classification can be determined from 
the soil profile and the correct Kp value 
selected. It has been noted that the LZPK 
computed by the developed equation will tend 
to be the minimum limit. The computational 
equation is 

LZPK (Kp)(O.l34) 
D 

(13) 

where LZPK is the lower zone primary drain
age rate (%/day); D, the average distance 
from the edge of the basin to the nearest 
tributary (ft); and Kp, the coefficient of 
permeability (gpd/ft 2 ). 

ZPERC may be calculated from parameters 
already computed. Note that, if any of the 
five parameters used in the equation are un
realistic, the computed ZPERC value may be 
in error by a rather large amount. The max
imum percolation is believed to take place 
when the upper zones are full and the lower 

Table 4.--Coefficients of permeability 

Soil classification Kp (gpd/ ft2) 

Clay 2 

Silty loam 750 

Loam 1,500 

Sandy loam 2,250 

Sand 3,000 



zones are empty. It, therefore, will be as
sumed that the maximum daily percolation 
will be the maximum contents of the lower 
zones. By substitution into the maximum 
percolation rate equation and assuming lOO!lo 
deficiency in the lower zones, the computa
tion equation is 

~PERC LZTWM+LZFSM+LZFPM-PBASE 
L PBASE (14) 

where ZPERC is the percolation factor(%). 
REXP is the exponent determining the rate 

of change of percolation from a dry condi
tion to a saturated condition of the lower 
zones. The value of REXP may be related to 
the soil classification of the soil profile 
at the base of the upper zone. The m1n1mum 
permissible REXP value of 1.0 would indicate 
an almost constant decrease of percolation 
as the lower zone deficiencies decrease and 
would relate to a sand. A large REXP would 
indicate a rapid decrease of percolation as 
the zones become saturated such as is ex
pected in a clay. REXP values (table 5) 
have been estimated for each soil 
classification. 

PCTIM is the impervious area of the basin 
and would obviously consist of the surface 
area of the stream. Impervious areas of the 
basin adjacent to the stream such as paved 
parking lots and possibly urbanized areas 
should be added. A value of 0.001 is a good 
initial value for headwater basins without 
known impervious areas greater than the sur
face area of the stream. If the surface area 
of the stream is known, the computation 
equation is 

PCTIM=KI (~~) (15) 

where PCTIM is the percent impervious (%); 
KI, the coefficient for estimated additional 
area adjacent to the stream that is satur
ated at all times; SA, the average surface 
area of the stream (mi2 ); and BA, the total 
basin area (mi2 ). 

Table 5.--Percolation exponents 

Soil classification REXP 

Sand 1.0 

Sandy loam 1.5 

Loam 2.0 

Silty loam 3.0 

Clay, silt 4.0 

ADIMP is the additional area of the basin 
that becomes impervious as the tension water 
requirements are met. Peck (1976) suggested 
that remote sensing techniques using radia
tion measurements (infrared) could define 
the area of the basin to be assigned as 
ADIMP. Since measurements of this type are 
not readily available, another system has 
been devised. The soils of the basin with a 
hydrologic soil classification of D have a 
minimum saturation infiltration value of 0 
that would indicate an impervious area when 
saturated. An obvious approach would be to 
consider the area of D soils as the ADIMP 
area. Since clays have a minimal specific 
yield of 3%, a value of 0.03 is subtracted 
from the D soil percentage of the total 
area. Thus, 

ADIMP=(~~)-o. 03 (16) 

where ADIMP is the additional impervious 
parameter (%);AD, the total area of D soils 
(mi2 ); and BA, the total basin area (mi2 ). 

SARVA provides for the removal of water 
from the stream by evapotranspiration. If 
the riparian vegetation area of the basin is 
not known, an estimate could be made. Con
sequently, 

SARVA RA+SAW 
BA 

(17) 

in which SARVA is the fraction of the basin 
covered by water and riparian vegetation; 
RA, the area of riparian vegetation (mi 2 ); 

BA, the total basin area (mi2 ); and SAW, the 
area of the basin covered by streams and 
lakes (mi2) . 

PFREE is the percentage of water that by
passes the lower zone tension water require
ments and is placed directly in the lower 
zone free water. The component apparently is 
the water that follows paths through fis
sures, cracks, faults, or along an impervi
ous layer to escape the capillary demands of 
the soil. Since a logical manner of deriva
tion of PFREE is not apparent, a nominal 
value of 0.30 is assumed. 

RSERV is the fraction of the lower zone 
free water that is not available for re
supplying tension water. Since a logical 
manner of deriving RSERV is not apparent, a 
nominal value of 0.30 is assumed. 

SIDE and SSOUT are usually assumed to be 
zero as an initial value. If obvious chan
nel losses are evident, a value could be de

. termined from known volume losses. 

12 



V. BASIN APPLICATION 

A set of parameters will be derived from the developed equations for Council Creek near 
Stillwater, Okla. The parameters for a gaged basin are intended to be the initial soil mois
ture accounting parameters that will be used in a trial . and error computer program to de
velop the optimum parameters. If a basin is not gaged, the parameters should give adequate 
results. Optimum parameters developed for another basin with the same engineering soil prop
erties could be used successfully, but it is important that the original parameters be as 
conceptually correct as possible to avoid proliferating a number game. 

Council Creek is located in Payne County and is a tributary of the Cimarron River. The 
area is in the undulating to rolling prairie area of North-Central Oklahoma. The prevailing 
climate is of continental origin, but relatively temperate. Pronounced seasonal variations 
in both temperature and precipitation are characteristic of the area. Spring is the season 
of the heaviest rains with a ·secondary maximum in early fall. The area averages about 53 
thunderstorms per year. ·Average annual rainfall is 32.5 in. The basin is in the great grass
land area of the United States. Post and blackjack oaks are found on the ridgetops. Trees 
such as cottonwood, elm, and hackberry grow in narrow fringes along the creek. 

cJ Pawnee 

0 

Maramec 

Stillwater 

Cimarron River 

0 \;J Cushing 

Figure 4.--Test basin map 
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Table 6.--Renfrow estimated engineering soil properties 
(soil classification D) 

USDA 
texture 

Silt loam 

Clay 

Depth 
(in.) 

0-12 

12-42 

Permeability 
(in. /hr) 

<0. OS 

< .05 

Available water capacity 
(in. I in.) 

0.14 

.17 

Shrink
swell 

Low 

High 

The Counci 1 Creek basin (fig. 4) has a drai nagc area of 13 mP . 
recorder with a concrct c cant rol. Datum of the gage is 838. 2 8 ft. 
~hich is a flow of 2,200 CFS. On October 2, 1959, a crest of 

The gage is a water-stage 
Bankfull stage is 10 ft, 

25,000 CFS (18.9 ft) was 
ohscrvcd. 

The area is underlain by interbedded sandstone and clay beds. The soils are susceptible to 
erosion damage, and good range management is necessary to prevent damage. The soil associa
tion of the basin is the Renfrow-Zaneis-Vernon. The soils vary from C to D type. The per
meability ranges from a maximum of 0.50 to a minimum of less than 0.05 in./hr,and available 
water capacity from a minimum of 0.14 to a maximum 0.17 in. of water per inch of soil. The 
variations of the estimated engineering soil properties in the basin should test the effi
ciency of the derivations. The approximate percentages of soils are 58% Renfrow, 30% 
Zaneis, and 12% Vernon. Parameters will be derived in millimeters for the basin. 

The Renfrow series is extensively distributed through central Oklahoma, south-central 
Kansas, and north-central Texas. Table 6 is derived from SCS soil survey data. 

The soil parameter calculations for the Renfrow series are: 

upper zone depth=(0.03)(24)=0.72, 

UZFWM=(25.4) (~:~;)co. 72) =18.29, 

UZTWM=(25.4)(0.14)(0.72)=2.56, 

supplemental zone depth=(0.03)(24)=0.72, 

LZFSM= (25. 4) (~:~;)co. 72) =18. 29, 

LZFPM=[25A] [ (0.09) (10.6)+(0.03) (30) ]=47 .09, 

LZTWM= [ 2 5. 4 J [ (0. 14) (11. 3) + (0. 17) (30)] = 169. 72, 

(o. 03) 1 0 UZK=\·0.03 =. ' 

L7SK l.O 0 35-
~ (1.9)+(0.9) (1)- . I' 

L?PK- f('lo. 6) (750) + (30. 0) 0:~ [ 0.134 J =O. 008, and 
~ -t 40.6 40.6 J (0.6)(5280) 

REXP=3.0. 

The Zaneis soil is distributed extensively through south-central Kansas, central Oklahoma, 
and north-central Texas. Table 7 is derived from SCS soil survey data. 

The soil parameter calculations for the Zaneis series are: 

upper zone depth=(0.50)(24)=12 

(shrink-swell changes to moderate in the depth, upper zone=lO), 

UZFWM=(25.4)(~:;~)(10)=50.80, 
UZTWM=(25.4)(0.14)(10)=35.56, 

supplemental zone depth=(O.S0)(24)=12, 

LZFSM=(25.4)(~:~~)(12)=60.96, 
LZFPM=(25.4)(0.09) (25)=57.15, 
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Table 7.--Zaneis estimated engineering soil properties 
(soil classification C) 

USDA Depth 
texture (in.) 

Permeability 
(in./hr) 

Available wat~r capacity Shrink-
(in./in.) swell 

Loam 0-10 

Clay loam 10-47 

0.50 

.so 
0.14 Low 

.17 Moderate 

Table 8.--Vernon estimated engineering soil properties 
(soil classification D) 

USDA 
texture 

Depth 
(in.) 

Permeability 
(in. /hr) 

Available water capacity Shrink-
(in. /in.) swell 

Clay 0-10 <0.05 0.17 Moderate-

LZTWM=(25.4)(0.17)(37)=159.77, 

UZK=~:~~=0.20, 

LZSK l. 9+~0~~)(l) 0.071, 

LZPK (7SO)(O.l 34)=0 0317 and 
(0.6)(5280) . , 

REXP=2.5. 

high 

The Vernon soil is moderately distributed in west-central Texas~and western Oklahoma. 
Table 8 is derived from SCS soil survey data. 

The soil parameter calculations for the Vernon series are: 

upper zone depth=(0.03) (24)=0.72, 

( 0.03) UZFWM=(25.4) 0.03 (0.72)=18.29, 

UZTWM=(25.4)(0.17)(0.72)=3.11, 

supplemental zone depth=(0.03) (24)=0.72, 

LZFSM= (25. 4) (g: ~~) (O. 72) = 18.29, 

primary zone depth=l0-0.72-0.72=8.56, 

LZFPM=(25.4) (0.03) (8.6)=6.55, 

LZTWM=(25.4)(0.17)(9.3)=40.16, 

UZK=0 · 03=1 00 0. 03 . , 

LZSK l. 9+~0~~)(l) 0.357, 

(1) (0 .134) -
LZPK (0. 6)(S280)-0.00004, and 

REXP=4.0. 
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The basin soil moisture accounting parameters may now be calculated with the contribution 
of each soil type equal to its areal distribution. The basin soil parameters are: 

UZFWM=(0.58) (18.29)+(0.30) (50.80)+(0.12) (18.29)=28.04, 

UZTWM=(0.58)(2.56)+(0.30)(35.56)+(0.12)(3.11)=12.52, 

LZFSM=(0.58) (1~.29)+(0.30)(60.96)+(0.12)(18.29)=31.09, 

LZFPM=(0.58)(47.09)+(0.30)(57.15)+(0.12)(6.55)=45.24, 

LZTWM=(0.58)(169.72)+(0.30)(159.77)+(0.12)(40.16)=151.19, 

UZK=(0,58)(1.00)+(0.30)(0.20)+(0.12)(1.00)=0.760, 

LZSK=(0.58)(0.357)+(0.30)(0.071)+(0.12)(0.357)=0.271, 

LZPK=(0.58)(0.008)+(0.30)(0.0317)+(0.12)(0.00004)=0.015l, 

REXP=(0.58)(3.0)+(0.30)(2.5)+(0.12)(4.0)=2.97, 

'PERC 31.09+45.24+151.19-9.11 ~ 4 
~ 9.11 ~ ' 

PBASE=(31.09)(0.271)+(45.24)(0.0151)=9.11, and 

ADIMP=0.58+0.12-0.03=0.67. 

Nominal values are: 

PFREE=0.30, 

RSERV=0.30, 

SIDE-0.00, 

SSOUT=O.OO, 

SARVA=O. 001 , and 

PCTIM=O.OOl. 

The Verification Program Output for Council Creek that follows shows a comparison between 
the observed hydrographs represented by a "0" and the simulated hydrographs represented by 
an "*." The hydrograph sets are printed on the same- time base so that they can be compared 
easily. The simulated and observed flows in cubic feet per second as well as the rainfall 
in inches are printed on the right-hand side of the hydrograph pages for each day. The sta
tistics for the verification run are printed on the last page. 

The simulated hydrograph set produced by the derived parameters is an excellent initial 
run. The parameters derived could be used successfully for the basin if it were not gaged 
since none of the parameter derivations were dependent on rainfall or streamflow records. 
The number of trial and error computer runs required to obtain an optimum solution should be 
minimal. 
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A. Council Creek Verification Program Output 

COUNCIL CREEK NR STILLWATER OKLA 

COUNCIL CREEK NEAR STILLWATER OKLA 

FLOW-POINT PARAHCTERS 

~0. FLOW•POINT NAME AREA•SQ KH K SSOUT OBSER ~OHPAR SlXIN HISTOGRAMS 
1 COUNCIL CR 80,30 ·6,00 o.oo 1 1 0 TlHE•DELAY e931 o068 .001 

GAGE AREA 1 1 1 

. ~VlL•MOISTURE ACCOUNTING PARA~ETERS 

COUNCIL CREEK NEAR STILLWATER OKLA 

COUNCIL CREEK NR STILLWATER OKLA 

CONTENT AND CAPACITY VALUES ARE IN M~. 

~PPER ZONE AND IMPERVIOUS AREA PARAMETERS 

AREA NO. AREA 1.0. AREA NAME PX•ADJ PE•AOJ UZTWM UZFWM UZK PCTIH ADIMP. SARVA 
l HBP 1 COUNCIL CREEK 1.000 1.000 13. 28. .760 .oat .670 .oat 

AREA NO. 
1 

AREA NO. 

PBASE ZPERC 
9.1 2~.0 

PERCOLATION AND LOWER ZONE PARAMETERS 

REXP LZTWM LZFSM LZFPH 
2.97 151. 31. ~5. 

LZSK 
o2710 

LZPK PFREE RSERV 
.otst .3o .!o 

PE•ADJUSrMENT OR ET•DEMAND FOR THE 16TH OF EACH HONTH 

SIDE 
o.oo 

1 2 3 .. 5 6 7 8 9 10 11 12 
1 PE•AOJUSTMENT t.oo t.oo 1.oo t.oo t.oo t.oo t.oo t,oo t.oo t.oo t.oo t.oo 

ARI=.:A NOo 
1 

l~ITIAL STORAGE CONTENTS 

UZTWC UZFWC LZTWC LZFSC LZFPC AOlMC 
o. o. 10. o. o. 11. 

l,D, OF PE DATA 
STILLWATER 



11EAN OAIL Y FLO \.I PLOT COUNCIL CR WATER YEAR 1959 •==SIMULATED O:OESERVED UNITS·CFSD 

OCT-NOV 200.0 1+00,0 600.0 aoo.o 1000,0 1200,•1 11+00.0 1600,0 1800.0 2000.0 SIM. oos. RAllHh[L T 

1 • . . . . . . . . . . o.o o.o ,02 

2 • . . . . . . . . . . o.o o.o o.oo 
3 • . . . . . . . . . o.o o.o o.co 
It • . . . . . . . . I . o.o o.o o.oo 
5 • . . . . . . . . . . o.o o.o o.oo 
6 • . . . . . . . . . . o.o o.o o.oo 
7 • . . . . . . . . . . o.o o.o 0,00 

g 4 . . . . I . . . I . o.o o.o o.oo 
9 • . . . . . . . . . . o.o o.o o.co 

10 " . I . . . I . . . . o.o o.o 0,00 

11 " . . . . I . . . . . 0,0 o.o c.oo 
12 • . . . . . . . . . I 11 o.o ,28 

13 • . . . . . . . . . . • 0 o.o 0,00 

14 * . . . . . . . . . . 010 o.o .co 
15 ... . . . . I . . . . . ,2 o.o .26 

16 • . . . . . . . . . . .o o.o .oo 
17 " . . . . . . . . . . o.o o.o o.oo 
18 • . . . . . . . . . . o.o o.o o.oo 
1'3 .. . . . . . . . . . . o.o 0. 0 0,00 

20 • . . . . . . . . . . o.o o.o 0,00 

21 • . . . . . . . . . . 0,0 o.o o.oo 
22 • . . . . . . . . . . o.o o.o o.oo 
23 • 0 0 . . 0 . . . . . o.o o.o o.oo 
21+ * . . . . . . . . . . o.o o.o o.oo 
25 " . . . . . . • . . • o.o o.o o.oo 
26 • . . . . . . . . . . 010 o.o o.oo 
27 • . . . I . . . . I . o.o o.o .01 

28 * . . . . . . . . . . o.o o.o 0,00 

29 • . . . . . . . . . . o.o o.o o.oo 
(X) 30 • . . . . . . . . . . o.o o.o o.oo 

31 • 0 . . . . . . . . . o.o o.o o.oo 
1 • . . . . . . . . . . 0,0 o.o 0,00 

2 • . . . . . • . . . • 010 010 o.oo 
3 * . I . . . . . . . . o.o o.o o.oo 
.. * . . . . . . . . . . o.o o.o o.oo 
5 • . . . . . . . . . . o.o o.o 0,00 

6 • . . . . . . . . . . o.o o.o 0.00 

7 • . . . . . . . . . . o.o o.o o.oo 
a • . . . . . . . . . . o.o o.o o.oo 
·9 • . 0 . . . . . . . . o.o o.o 0,00 

10 • . . . . . . . . . . o.o o.o o.oo 
11 • . . . . . . . . . . o.o o.o o.oo 
l2 • . . . . . . . . . . o.o o.o o.oo 
13 * . . . . . . • . . . . .1 o.o ,13 

1'+ • . . . . . . . . . . .o o.o ,00 

15 • . . . . . . . . . . o.o o.o .co 
16 • . . . . . . . . . 0 .2 • 3 ,35 

17 • . . . . . . . . . . .a 1.5 .3~ 

1.8 • . . . . ~ . . . . . 1.8 .9 0,00 

19 • . . . . . . . . . . 1.'+ .1 0,00 

ao • . . . . . . . . . . 1.1 .1 o.oc 
21 • . . . . . . . . . . .a .1 o.oo 
22 • . . . . . . . . . . ,6 .1 o.oo 
23 * . . . . . . . . . . ... .1 o.oo 
21+ • . . . . . . • . . . ,3 .1 o.oo 
25 • . . . . . . • . . . .3 .1 o.oo 
26 • . . . . . . • • . . .2 .1 o.oo 
27 • . . . . . • • . • • .2 .1 ,09 

28 ... . . . . . . • . • . .2 .1 .oa 
29 ... . . . . . • • . • . .1 ol o.oo 
30 • - - A A . . . 0 . .1 .1 o,oo 



uE:C•JAN 200.0. '+00,0 600.0 aoo.o 1000,0 120lo0 11t00o0 1600.0 1800,0 2000,0 SIM, CBS, RAiri+MELT 
1 • . . . . . . . . . . .1 .1 ,03 
2 • . . . . . . . . . . .1 .1 o.oc 
3 • . . . . . . . . . . .1 ,1 0,00 
'+ • . . . . . . . . . . ,1 .2 o.oo 
5 • . . . . . . . . . . .1 .2 0,00 
6 • . . . . . . . . . . .1 .2 o.oo 
1 • . . . . . . . . . . .1 .2 o.oo 
8 • . . . . . . • . . • .1 .2 o.oo 
9 • . . . . . . . . • . .1 .2 o.oo 

10 • . . . . . . . . . . .1 .1 o.oo 
11 • . . . . . . . . . . .1 .2 o.oo 
12 • . . • . . . . . . . .2 .2 .~9 
13 • . . . . . . • . . . ,1 .1 .oo 
1'+ • . . . . . . . . . • .1 .1 o.oo 
15 • . . . . . • . .. • . .1 .1 o.oo 
16 • . . . . • • . . . . .a .1 o.oo 
17 • . . . . . . . . . . .o .2 o.oo 
u. . . . . . . . . . . .o .3 o.oo 
19 • . . . . . . . . . . .o .2 o.oo 
20 • . . . . . • . . . . .o .2 o.oo 
21 • . . . . . . . • . . .o .2 o.oo 
22 • . . . • . . • . .. • .o .2 o.oo 
23 • . . . • . . . . • . .a .2 o.oo 
2'+ • . . . . • • • . • . .a .2 o.no 
25 • . . . . . . . • . . .o .2 o.oo 
26 * . . . . . . • • . . .1 .2 .06 
27 • . . . . . • . • . . .1 .2 o.oo 
28 * . . . . . . • . . . .a .2 o.oo 
29 • . . . . . . • • . • ,1 .2 ,06 
~0 • . . . . . . • . • . .2 .3 .25 

-o 31 • . . . . . . • • . . ,2 .6 ,09 
1 • . . . . . ' • • • • .a .5 o.oo 
2 • . . . . . . • • • . .o .s o.oo 
3 • . . • . . . . . . . .o .2 o.oo 
'+ • . . . . . . . . . . .1 .1 .03 
5 • . . . . . . • . . • .o o.o o.oo 
6 * . . . . . . . . . • .o .1 o.oo 
7 • . . . . . ' . . . . .o .s o.oo 
8 • . . . . • . . . . • .o .6 o.oo 
9 • . . . . . ' . . • . eO ... o.oo 

10 * . . . . . . . . . . .o .2 o.oo 
11 • . . . . . . . . • . ,o .3 o.oc 
12 • . . . . . I . . • . .o .3 o.oo 
13 * . . . . . . . . . . .o ... o.oo 
1'• • . . . . . . . . . . ,o ... o.oo 

. :.s • . . . . . I . . . . .1 .3 .03 
16 * . . . . . . . . . . .o .3 o.oo 
17 * . . . . . I . . . . .a .2 o.oo 
18 • . . . . . I . . . . .o .2 o.oo 
19 * . . . . . I . • . . .o .3 o.oo 
20 • . . . . . . . • . . .1 ... .os 
21 • 0 . . . • .. . • • • .1 ... .o3 
22 • . 0 . . . . . . . .o .2 .oo 
23 * . . . . . . . . . .o .2 o.oo 
21+ * . . . . . . . . . . .o ... o.oo 
25 • . . . . . . . . . .o :.s o.oo 
26 * . . . . . . , . . . . .o .5 o.oo 
27 • . . . . . .. . . . . .o ... o.oo 
28 • . . . . . . . . . • ,o ... o.oo 
29 • . . . . . . • . . • .o .3 o.oo 
30 "' . . . . . ,, • • • . .o ... o.oo 
31 • . . . . . . . . • • .o .5 .o .. 



FEB•MAR 200.0 '+00,0 600.0 800,0 1000,0 :.200.0 1'+00o0 1600.0 1600,0 2000.0 SIM. oss. RAltJ+~EL T 

1 • . . . . . . . . . .o .~ o.oo 
2 • . . . . . . . . . .o ·'+ .oo 
3 • . . . . . . . . . . .1 .6 ,06 

~ • . . . . . . . . . • 0 .6 o.oo 
5 * . . . . . . . . . . .1 .s ,07 

6 * . . . . . . . . . . .o o'+ ,01 

7 • . . . . . . . . . . .o ... O,Ou 

a * . . . . . . . . . . • 0 .6 o.oo 
9 * . . . . . . . . . . .'+ loO ,62 

10 • . . . . . . . . . . 1.8 1.7 0,00 

11 * . . . . . . . . . . 1.8 .1 o.oo 
12 • . . . . . . I . . . 1.'+ .5 ,03 

13 • . . . . . . . . . . 1.0 .s o,ou 
1'+ * . . . . . . . . . . .a .s .co 
15 • . . . . . . • . . . ,6 .5 o.oo 
1& * . . . . . . . . . . .s .s o.oo 
17 * . . . . . • . . . . .'+ .s o.oo 
18 • . . . . . . I . I . ,3 .'+ o.oo 
19 • . . . . . . I I . . ,3 .'+ o.oo 
20 • . . . . . . I . . . ,2 .'+ o.oo 
Zl * . . . . . . ' . I . ,2 .'+ o.oo 
22 * . . I . . . . . . . .2 .s o.co 
23 • . . . . . I • . . . .1 .s o.oo 
24 * . . . . . . ' . . . .1 .s o.oo 
25 * . . . . . . . . . . .1 .s o.oo 
26 * . . . . . . . . . . ,1 ,6 o.oo 
27 * . ' . . . . . . . . ,3 .7 ,56 

28 * . . . . . . . . . . 1.2 1.'+ .01 

N 1 • . . . . . . . . . . 1.1 .7 .oo 
0 2 • . . . . . . . . . . ,8 .s o.oo 

3 * . . . . . . . . . . .6 .3 o.oo 
'+ • . I . . . . . . . . .5 .3 .11 

5 • . . . . . • . . . . .7 .9 .2ll 

6 * . . . . . . • ' . . ,3 1o0 o.oo 
7 * . . . . • . . . • . ,2 ,9 o.oo 
8 • . . . . . . . . . . .2 .6 O,ilO 

9 • . . . . . • . . . . .2 .5 o.oo 
10 • . . 0 . . . . . . . .2 o'+ o.oo 
11 • . . . . . . . . . . .1 .4 o.oo 
12 • . . . . . . . . . . .1 •'+ o.co 
13 • . . . . . . . . . . ,1 .I+ o.oc 
14 * . . . . . • . . . . '1 .'+ 0,00 

15 • . . . . . . . . . . ,1 .2 o.oo 
16 • . . . . . . . . . . .1 .3 o.oo 
17 • . . . . . . • . . . .1 .s o.oo 
18 * . . . . . ' . . . . .1 .5 o.oo 
19 • . . . . . . . . . . .1 .5 o.oo 
20 * . . . . . . . . . . 2.3 3.8 1.07 

21 • . . . . . . . . . . 6.1 6.2 ,02 

22 * . . . . . . . . . . ... 3 1o'+ o.oo 
23 • . . . . . . . . . . 3.2 ,9 o.oo 
21f • . . . . . . . . . . 2.5 .a o.oo 
25 •o . . . . . . • . . . 3,0 22.0 ,56 

26 •O . • . . . . . . . . 2.8 11.0 o.oo 
27 • . . . . . . . . . . 2.1 1.5 0,00 

28 * . • . . . . . . . . 1.7 leO ,03 

29 ,. . . . . . . . . . . 1.3 .9 ,03 

30 • . • . . . . . . . . 1,1 1o0 ,0'+ 

31 •O a . . . . . . ,9 12.0 ,06 



APR-MAY 200.0 1+00~0 600.0 aoo.o 1000.0 1200,0 11+00t0 uoo.o 1800.0 2000,0 SIM, OHS. RAiiHI'tt:L T 1 * . . . . . . . . . . .9 1+.8 .19 
2 * . . . . . . . . . . .6 2.1 o.oo 
3 * . . . . . . . . . I .6 1.1 o.oa .. * . . . . . .. . . . . .s 18 o.oo 5 • . . . . . . . . . . .5 .7 o.oo 6 • . . . . I . . . . . ... .a o.oo 7 • . . . . . . . . . . ... .8 o.oo 8 • . . . . . . . . . . !5.8 7.7 .sa 9 • . . . . . • . . . . 3.6 ... 3 o.oo 10 • . . . . . . . . . . 2.7 1.5 .02 

11 * . . . . . . . . . . 2.1 1.1 o.oo 12 • . . . . . . . . . . 1.6 .9 o.oo 
13 * . . . . . . . . . . 1.3 .7 o.oo 1 ... . . . . . . . . . . 1.1 .6 o.oo 15 • .. . . . . . • . . . . .9 .s o.oo 16 • . . . . • . . • . . .a .6 o.oo 17 • . . . . . . . . . . ·' 1.0 .28 18 • . . . . . . . . . . 6.3 ... 2 .,s 
19 ~·· . . . . . . . . . . 17 ... 30.0 .o1 
20 * . . . . . . . . . . 5.2 2.7 o.oo 
21 * . . . . . . . . . . 3.9 1.4 o.oo 22 • . . • . . . . . . . 3.0 1~0 . 0~~0 23 • . . . . . . . . . . 2.1+ .9 o.oo 21+ • . . . . . • . • . • 1,9 .a o.oo 25 • . . . . . . . . . . 1.6 .7 o.oo 
26 * . . . . • . . . . . 1.3 .7 o.oo 27 • . . . . . • . . . . 1.2 ·' o.oo 28 • . . . . . . . . . . 1.0 .!5 'o.oo 29 • . . . . . . . . . . .'3 ... o.oo "-> 30 • . . . . . • . • . . .8 ... o.oo 

1 * . . . . . • . . . . .8 ... o.oo 2 • . . . . . . . • . . .a .3 .os 3 • . . . . • • . . . . .7 .2 o.oo '+ • . . . . . . . . . . .7 .2 o.oo 
!5 * . . . . . • . . . . 3.7 1.3 .&8 6 •o . . . . . . . " . . 7 ... 12.0 o.oo 7 • . . . . • . . . . . 3.7 1.1 o.oo 8 • . . . . . • . . . . '3,7 .7 ·1. 03 9 . • 0 . . . . . . . . . . 8S.7 128.0 .73 10 .. . . . . . . . . . . 1~.9 23.0 .32 u •o . . . . . . . . . . 9.'+ 28.0 o.oo 12 • . . . . . . • . . . 7,0 3.5 o.oo 13 •. . . . . • . . . . . !5.'+ 2.0 o.oo 14 • . . . . . • . . . . 1+.3 1.1 o.oo 15 • . . . . . . . . . . 3,5 1.0 .oo 16 • . . . . . . . . . . 3.0 1.1 .11 17 • . . . . . . . . . . 2.5 1.3 .19 18 • . . . . . . • . . • 2.2 1.0 .o1 19 • . . . . . • . • . . 1.9 .7 o,oo 20 • . . . . . . . . . . 1.7 ... o.oo 21 • . 0 . . . . • • . • . 1.7 289.0 .30 22 •• 0 . . . . . . • • . . 28,0 115.0 ,6S 

23 •O . . . . . • . ~ . • 6.7 12.0 o.oo 2.. • . . . . . . • • . . '+.3 '+.2· ,02 25 • . . . . . . 0 : . . . 3.5 3.2 o.oo 26 . • • 0 . . . . . . . . . . 102,8 2'+5.0 1.1+2 27 .. . . . . . . . . . . 22.5 26.0 o.oo 28 • . . . . . . . • . . 8.1+ 6.0 o.oo 29 • . . . . . . • • . . 6.5 3.2 o.oo 30 • . . . . . • • • • . 5.2 2.1 o.oo 31 • . . . . A . ...2 lo8 .01 



JUN-JUL 200.0 '+00.0 600.0 aoo.o 1000.0 uoo.o 11+00.0 l600e0 1800.0 2000.0 SIM. 08S. RAII.+MELT 
1 .. . . 0 . . . . . . . . 29.7 q51.0 .72 
2 •o . . . . . . . . . . 6.1 16.0 o.oo 
3 • . . . . . . . . . . q.~ 6.0 o.oo 
It . • 0 . . . . . . . . . . '+2.'3 161.0 .e5 
5 .. . . . 0 . 0 . . . . 12.8 25.0 o.oo 
6 • . . . . . . . . . . 5.'+ 8.1 o.oo 
7 • . . . . . . . . . . '+.3 ~.2 o.oo 
8 • . . . . . . • . . . 3.6 2.9 o.oo 
9 • . . . . . . . . . . 3.1 2.9 o.cJ 

10 • . . . . . . . . . . 2.7 3.2 o.oo 
11 • . . . . . . . . . . 9.2 2.9 .66 
12 O• . . . . . . • . . . 21.8 10.0 ,03 

> 13 • . . . . . . . . . . '+.6 2.9 o.oo 
1'+ • . . . . . . . . . . 3.6 2.5 o.oo 
15 • . . . . . . . . . . 3.1 2.1 o.oo 
16 • . . . . . . . . . . 2.7 1.8 o.oo 
l7 • . . . . . . . . . . 2.1t 1.7 o.oo 
18 • . . . . . . . . . . 2.2 1.5 ,01 
19 • . . . . . . . . . . 2.1 1.'+ ,03 
20 • . . . . . . . . . . 1.9 1.3 o.oo 
21 • . . . . . . . . . . 1.8 1.1 .os 
22 • . . . . . . . . . . '+.'+ 1.1 .51 
23 • . . . . .. • . . . . 2.3 lo'+ ,03 
2'+ • . . . . . . • . . . 2.0 1.3 .1~ 
25 • . . . . . . . . . . 1.8 1.1 o.oo 
2G . • 0 . . . . . . . . . . 35.8 132.0 1. 22 
27 . • . 0 . . . . . . . . . 86.3 2'+9.0 o.oo 
28 • . . . . . . . . . . 9.5 7.0 o.oo 
29 • . . . . . . . . • . 6.5 3.5 o.co 

N 30 • . . . . . . . . . . 5.2 2 •. 3 .26 
N 1 • 8.o 2.7 .2'+ . . . . . . . . • . 

2 * . . . . . . . . . . '+.0 2.1 o.oo 
3 • . . . . . . . . . . 3.3 1.7 o.oo 
'+ • . . . . . . . . . . . 2.8 1.7 o.oo 
5 • . . . . . . . . . . 2.5 1.5 o.co 
6 • . . . . . . . . . . 2.3 1.~ o.oo 
7 • . . . . . . . . . . 2.1 1.3 o.oo 
8 • . . . . . . . . . . 5,9 1.0 ,65 
9 •• 0 . . . . . . . . . . . 29.5 81.0 .13 

10 • . . . . . . . . . . s.o 3.5 o.oo 
11. . . . . . . . . . . 3.7 1.8 o.oo 
12 • . . . . . . . . . . 3.1 1.3 .oo 
13 . • • 0 . . . . . . . . . 162.8 32'+.0 1.79 
1'+ . 0 • . . . . . . . . . . 98,9 '+0.0 .23 
15 . . . . • . . "0 . . . . . 711.8 1070.0 2.1+2 
lb . 0 * . . . . . . . . . . 159.~ 53.0 .01 
17 •• . . . . . . . . . . 2'+.0 17.0 ,28 
18 .o • . . . . . . . . . . 70.7 13.0 .21 
19 o• . . . . . . . . . . 17.1 8.1 .11 
20 o• . . . . . . . . . . 10,3 6.0 o.oo 
21 0 . * . . . . . . . . . 2'+5.2 8.9 1.28 
22 0 . .o * . . . . . . . 663,6 619.0 1.1f2 
23 . 0 • . . . . . . . . . . 125.8 1+7,0 .oo 
2'• .. . . . . . . . . . . 20,2 1~.0 o.oo 
25 o• . . . . . . . . . . 11.8 9.3 0,00 
26 . 0 . . ... .. . • • . . . . ~90.5 97.0 3,07 
27 . . . . . 0 . • • • . . . 1320.9 927.0 .2& 
28 . 0 • . . . . . • . . . . 70,0 35.0 o.oo 
29 •• . . . . . • . • . . 16 ... 15.0 o.oo 
30 o• . . . • . • • . . . 10.6 10.0 o.oo 
31 • . . • . . . • . . . 8.5 &.1 o.oo 



AUG•SEP 200.0 400.0 600.0 aoo.o 1000.0 120(.0 1'+00.0 1600.0 1800.0 2000.0 Sill, oas. RA IT.+I'lEL T 
1 • . . . . . . . .. . . 7.0 7.0 0,00 
2 • . . . . . . . . . . 6.0 6.0 o.co 
3 • . . . . . . . . . . 5,2 5.1 o.oo 
4 * . . . . . . . . . . 4,6 .... 7 o.oo 
5 • . . . . . ' . . . . '+.2 3.8 o.co 
6 . * . 0 . . . . . . . 84,9 400.0 1.36 
7 . . * . 0 . . . . . . . . 363.0 478.0 1,21 
8 .o . * . . . . . . . . 361.3 11.0 o.oo 
9 0 • . . . . . .. . . . . 32.8 8e1 o.oo 

10 O• . . . . . . . . . . 11.9 6.5 o.oo 
11 • . . . . . . • . . . 8.8 5.1 o.oo 
12 • . . . . . ' • . . . 7.3 ... 2 o.oo 
13 • . . . . . 4 . . . . 6.1 3.8 o.oo 
14 • . . . . . . . • . . 5.3 3.8 o.oo 
15 • . . . . . . . . . . 1+.1 3.5 o.oo 
16 • . . . . . . . •. . . 1+.2 3.5 o.oo 
17 • . . . . . . . . . . 3.9 3.2 o.oo 
18 • . . . . . . . . . . 3.8 2.9 .33 
19 • . . . . . • . . . . 3.5 2.9 o.oo 
20 • . . . . . . . • . . 3.2 2.5 0,00 
21 • . . . . . • • • • . 3.1 2.3 o.oo 
22 • . . . . . • • • . . 3 .• 0 2.1 o.oo 
23 • . . . . . . . . • . 2.9 1.8 o.oo 
24 • . . . . . • • . . . 2.8 1.8 o.oo 
25 * . . . . . • . . . . 2,8 1.7 o.oo 
26 • . . . • . • . . . . 2.7 1.7 o.oo 
27 • . . . . . . • • . . 2.7 1.5 .oa 
28 • . . . . • • . • . . 2.7 1. 5 .13 

1'-.J 
29 • . . . . . ' . • • . 2.6 1.5 o.oo 

w 30 • . . . • . • . • . . 2.5 1.4 o.oo 
31 • . . . . . . . • . . 2.5 1.4 o.oo 

1 o• . . . . . . . • . . 11+.0 2.1 ,81 
2 0 • . . . . . . . . . . 39.9 ... 5 o.oo 
3 0 • . . . . . • . . • . '+9.6 2.5 .54 
'+ o• . . . . . . • . . . 13.9 1.8 o.oo 
5 • . . . . . • • • . . 6.2 la4 c.oo 
6 • . . . . . . . . . . 5.1 1.3 o.oo 
7 • . . . . . . • . . . ...3 leO o.oo 
8 • . . . . . • • . . . 3.8 ·' o.oo 
9 • . . . . . . . . . . .. ... 3 ... .52 

10 • . . . . . • . . . . 5.9 3.9 o.oo 11 • . . . . . . . . . . 3.2 1.0 o.oo 
12 ... . . . . . . . . . . 2.9 .a o.oo 
13 • . . . . . . . . . . 2.7 .a o.oo 
1'+ • . . . . . • . . . . 2.5 .a o.oo 
15 • . . . . . • • . . . 2.4 1.0 o.oo 
16 • . . . . . • • . . . 2.3 leO o.oo 
17 • . . . . • • • . • . 2.2 .a .oo 
18 • . . . . . . . . ~ . 2.2 .a o.oo 
19 • . . . . . . . . . . 2o1 1.0 o.oo 
20 • . . . . . . . . . . 2.1 1.3 o.oo 
21 • . . . . . . . . . . 2.0 1.3 o.oo 
22 * . . . . . • . . . . 2.0 lo3 o.oo 
23 . • Oo . . . . . . . . . 99.5 174.0 2.59 
21t . . . . . • . . 0 . . . . alt8.0 13'+0.0 3o01 
25 0 . . . . •• . • o . . . 1027.a 1 .. 30o0 ,;94 
26 .a • 0 . . . . • . . . . 108.0 30o0 o.oo 
27 .. . . . . . • • . . . 29.2 12.0 o.oo 
28 o• . . . . . • . . . . 19 ... 8.1 o.oo 
29 o• . . . . . . . . . . 15.0 6oS .10 
30 . . 0 . • . . . . . . .. . 435.6 365.0 1.33 



~EAN DAILY FLOW PLOT COUNCIL CR WATER YEAR 196( *:SIMULATED O=OESERVED UNITS-CFSD 
CCT-NO'J 200.0 400,0 600.0 aoo.o 1000,0 12CO.O 1400.0 1600,0 1800.0 2000.0 SI'I. OBS. RAH;+rlEL T 

1 . 0 . • . . . . . . . . 399.0 143.0 1.26 
2 . . . . . . . . * 5788.0 11000.0 7.83 

3 0 . . . • . . . . . 1008.9 370,0 1,0'7 

4 . . . . . * c . . . 1031.2 1200,0 1,50 

5 . 0 •• . . . . . . . . . 188.5 140.0 .oo 
6 . .. . . . . . ·• - . . . . 37.0 .38.0 .oo 
7 .. . . . . . . . . . 18,0 24,C .21 
8 •* . . . . . . . . . . 1.3,0 17,0 ,06 

9 .. . . . . . . . . . . 10,3 15,0 0,00 

10 •O . . . . . . . . . . 8.6 13.0 o.oo 
11 •O . . . . . . . . . . 7.4 u.o ,02 

12 •o . . . . . . . . . 6,5 u.o o.oo 
13 . * o. . . . . . . . . . 133.2 176.0 .64 

H •* . . . . . . . . . . 27.4 2'+.0 0,00 

15 •O . . . . . . . .; . . 8,1 u. 0 o.oo 
16 * . . . . . . . . . . 5.6 9.3 o.oo 
17 • . . . . . • . . . . '+.9 8.1 0,00 

18 * . . . . . . . . . . , .. , 7.6 0,00 

19 • . . . . . . . . . . '+.3 7.0 o.oo 
20 • . . . . . . . . . . '+.1 6.5 0,00 

21 * . . . . . . . . . . 3.9 6.0 0,00 

22 .. . . . . . . . . . 3,8 6.0 0,00 

23 * . . . . . . . . . . 3.7 5.6 o.oo 
24 • . . . . . . • . . . 3.6 5.1 0,00 

25 • . . . . . . . . . . 3.5 s.l o.oo 
.26 • . . . . . • . . . . 3.'+ 6.0 o.oo 
27 • . . . . . . . . .. . 3.'+ !5.6 o.oo 
2& • . . . . . . . . . . 3.3 Sol o.co 

1'0 29 • . . . . . . . . . . 3.2 !Sol o.oo 
~ 30 o• . . . . . . . . . . 25.6 9.3 ,58 

.31 • . . . . . . . . . 9.0 8.1 o.co 
1 • . . . . . . . . . . 3.8 6.5 o.oo 
2 • . . . . . 0 . . . . 3.3 6.0 o.oo 
3 o .. . . . . . . . ~; . . 27.3 8.7 .~3 

'+ O• . . . . . • . . . . 20,0 9.3 o.oo 
5 • . . . . . . . . . . 4.7 5.6 o,uo 
6 • . . . . . . . . . . 3.5 Sol 0,00 
7 • . . . . . . . . . . 3.2 '+o7 o.oo 
8 * . . . . . . . . . . 3.1 !Sol 0,00 

9 • . . . . . . . . . . 3.0 5.1 o.oo 
10 * . . . . . . . . . . 2.9 Sol 0,00 

11 * . . . . . . . . . . 2.8 5.1 o.oo 
12 • . . . . . . . . . . 2.7 ~.1 o.oo 
13 • . . . . . . . . . . 2.7 5.1 o.oo 
14- • . . . . . . . . . . 2.6 4.7 0,00 

15 * . . . . • . • . . • 2.6 '+.1 o.oo 
16 • . . . . . . . . . 2.5 Sol o.oo 
17 • . . . . . . . . . . 2.5 '+.7 o.oo 
18 • . . . . . . . .~ . . 2.1+ '+.7 o.oo 
19 • . . . . . . . . . . 2.'+ 4.2 o.oo 
20 • . . . . . . . . . . 2.3 3.8 o.oo 
21 * . . . . . . . . . . 2,3 3.5 0,00 

22 • . . . . . . • . . . 2,3 3.2 o,oo 
23 • . . . . . . . . . • 2.2 3.2 o.oo 
2~ • . 0 . . . . . . . . 2.2 2.9 o.oo 
25 • . . . . . . . . . . 2.2 2.9 o.oo 
26 • . . . . . . • . . . 2,1 2.9 ,01 

27 • . . 0 . . . . . . . 2.1 2.7 o.oo 
28 • . . . . . . . . . • 2.1 2.7 o.oo 
29 • . . . . . • . . . . 2.0 2.7 o.oo 
.30 • - & a . . . . . e 2.0 3.2 o.oo 



DEC·JAN 200.0 ~oo.o 600.0 soo.o 1000.0 1200.0 1~oo.o 1600.0 1800.0 2000.0 SIM. OBS. RAI'•+MEL T 1 • . . . . . . . . . . 2.0 3.5 o.oo 2 • . . . . . . . . . . 1.9 3.2 o.oo 3 • . . . . . . . . . . 1.9 3.2 o.co .. . . . . . . . . . . . 1.9 3.8 c.oo 5 • . . . . . . . . . . 1.8 3.5 o.oo 6 • . . . . . . . . . . 1.8 3.S o.oo 7 • . . . . . . . . . . 1.8 3.5 o.oo 
8 * . . . . . . . . . . 1.8 3.5 o.oo 9 • . . . . . . . . . . 1.7 3.2 c.oo 10 * . . . . . . . . . • 1.8 3.5 .13 11 • . . . . . . . . . . 1.7 ~.2 o.oo 12 * . . . . . . . . . . 1.7 3.8 o.oo 

1.5 * . . . . . . . . . . 1.6 3.2 o.oo 14 • . . . . . . . . . . 1.6 3.2 o.oo 15 • . . . . . . . . . . 1.6 3.2 .o1 16 • . . . . . . . . . . 1.9 3.8 .41 17 . 0 *• . . . . . . . . . 178.0 137.0 1.20 18 . a• . . . . . . . . . . 77.3 52.0 o.oo 19 •O .. . . . . . • . . . 9.6 u.o o.oo 20 * . . . . . 0 . . . . 6.5 8.1 o.oo 21 • . . . . . . . . . . 5.2 6.5 o.oo 22 •· . . . . . . . . . . ~.3 6.5 .11 23 • . . . . . . . . . . 3.7 7.6 .03 24 • . . . . . . . . . . 3.1 6.5 o.oo 25 • . . . . . . . . . . 2.7 6.0 o.oo 26 • . . . . . . • . . . 2.5 6.5 .24 27 • . . . . . . . . . . 2.4 9.3 .oo 28 • . . . . . . . . . . 2.1 6.0 o.oo 29 • . . . . . . . . . . 2.0 ~.7 o.oo 
N 

30 • . . . . . . . . . . 1.9 4.2 o.oo 
t/"1 31 * . . . . . . . . . . 1.8 ~.2 .• 0 0 1 • . . . . . . . . . . 1.7 4.2 o.oo 2 • . . 0 . . . . . . . 1.7 4.2 o.oo 

3 * . . . . . • • . . • 1.6 3.8 o.oo 4 • . . . . . . . . . . 1.6 3.5 o.oo 
5 "' . . . . . . . . . . 1.7 4.2 .13 6 • . . . . . . . . . . 1.6 4.7 o.oo 
7 * . . . . . . . . . . 1.5 5.6 o.oo 
8 "' . . . . . . . . . . 1.5 5.6 o.oo 
9 "' . . . . . . . . . . 1.5 5.1 0.()0 

10 • . . . . . . . . . . 1.4 5.6 o.oo 
11 "' . . . . . . . . . . 1.4 5.1 o.oo 
12 * . . . . . . . . . . 1.6 6.5 .25 
13 * . . . . . ' . . . . . 1o4 t..o o.cu 1'+ .o • . . . . . . . . . . 63.3 11.0 .3'+ 
~-s o• . . . . . . . . . . 10.7 7.0 o.oo 16 .. . . . . . . . . . . 5.7 4.2 .Jo 
17 0 * . . . . . . . . . . 40.8 5.6 .13 
18 * . . . . . . . 0 . . 5.8 6oS o.oo 49 • . . . . . . . . . . 3.2 3.2 c.oo 
20 * . . . . . . . . . . 2.7 ,2.9 o.oo 
2l • . . . . • . . . • . 2.3 3.2 o.o~:. 
22 * . . . . . . . . . . 2.1 ~-2 . o.oo 
23 * " . . . . . . . . . 1.9 3.?. o.oo 
24 "' . . . . . . . . . . 1.7 3. -· o.o~ 25 • . . . . . . . . . . 1.(, ... 2 o.oo 
26 .. . . . . . . . . . . 1. 5 s.& o.oc ;.7 4 . . . . . . . . . . 1.4 6.0 o.oc 2·:, • . . . . . . . . . . 1.4 4.7 o.oc 
2'~ ,. . . . . . . . . . . 1.3 i+.C: o.o;:, 
-~0 "' . . . . . . . . . . 1.3 4.2 o.co 31 :« . . . . . . 1.3 4.7 .011 



F!::B-MAR 200.0 ~ton.o 600.0 son.o 1oon.o 1200.0 1~on.o 160flo0 1AOI1o0 2001lo0 S!rl. 083. RA lflt-i·ICL T 

1 "' . . . . . . . ··' lt.'7 . ~ l 
2 ~ . . . 1.2 4.7 (\. ~.: 

3 0 • . . . . . 37.0 7-5 . 7:. 
.. . . •o . . . . . . . . . 2'tJ.U 2s ... u .~ ... 
5 .. . . . 2!.5 2J.S ) . :: 
;., ~o . ~;. 9 12.c ~ . ..., ... 
7 4 . . . . . . . . . . 1f.'r 9.~ CJ.~v 

!') * . . . . . . 3.6 8.7 ~ .. ~ :· 
9 "" . . . . . . . . . 3.0 9.3 O,j:, 

10 "' . . . . . . . . . ?..f.. 7.6 c.:: 
ll "' . . . . . . . . . . "l • . ... , :..c. o.::. 
'~. .. ":_ . . . . . ?..C' ~-1 c. c ·:< 

:.3 ~· . . . . . . . . 1.6 ~.o ;.J • ..;-.J 

l .. "' . . 1.7 s.r., ~ ' ... . . . . . . .; . ., ... 

15 1< . . . . 7.7 u.:. .2.3 

16 "" . . . . . . . .. . . 2.7 u.l ~.~~ 

17 >< . . . . . 1.6 9.3 0. ·) ·J 
~5 r. . . . . . . 1.'+ 6-5 0 •• ) 

l :·, "' . - . . . . . 1.4 6.~ \..~,. ....... 

?..! ,( . ! * •• f.,. ( . :9 
::!1 $ . . . . . . . . l.~ ;.u u.~\1 

.~2 ~< . . . . . . . . . .., .-..t- ~.'.:' :1.: ·:· 

.!3 . . 1.:0: f. J .12 
2Lt • . . . . . . . . . l.~ ~<.7 0.:, ~~ 
?~ < . ! . 1 4 . ~ ·--
2b ( . . . . . . . :.1 lj- 7 "'•""""' 
:~7 u • . . . . . . 3':'. 1 :; . 7 . .. : 
28 0 • . . . . . ' . . . . 30.2 5.6 .o1 

N 29 * . . . . . I . . . . 3.'+ 5.6 .oo 
o- 1 * . . . . . I . . . . 2.2 5.6 .10 

2 0 * . . . . . . . . . . 50.2 6.0 .19 
3 0* . . . . . . . . . . 11.0 6.5 o.oo 
.. * . . . . . ' . . . . 2.8 6.0 o.oo 
5 * . . . . . . . . . . 2.2 5.6 o.oo 
6 • . . . . . . . . . . 1.9 5.£ o.oo 
7 • . . . . . . . . . . 1.6 6.5 o.oo 
6 •O . . . . . . . . . . 1.5 11+.0 .0'+ 
9 * 0 . . . . . . . . . . 1.'+ 121.0 o.oo 

10 .. 0 . . . . . . . . . 1.~ 5'+.0 . • 01 
11 •O . . . . . . . . . 1.2 -20.0 o.oo 
12 •o . . . . . . . . . . 1.1 12.0 o.oo 
13 * . . . . . . . . . . 1.1 10.0 o.oo 
1'+ * . . . . . . . . . . 1.1 10.0 .11 
15 •O . . . . . • . . . . 1.1 27.0 .1'+ 
16 •O . . . . . . • . . . 1.0 29.0 o.oo 
17 •O . . . . . . . . . . 1.0 11.0 o.oo 
18 * . . . . . . . . 0 . .9 10.0 o.oo 
19 • . . . . . . . . 0 . .9 5.7 o.oo 
2G * . . . . . . . . . . .9 7.6 o.oo 
21 • . . . . . . . . . . ,9 7.0 o.oo 
22 * . . . . . . . . . . .9 7.0 o.oo 
23 * . . . . . . . . . . .a 6.0 0,00 
2'+ * . . . . . . . . . . .a 6.0 .oo 
25 * . . . . . . . . . . ,a 6.0 o.oo 
26 * . . . 0 . . . . . . .a 6.0 o.oo 
27 * . . . . . . . . . . .a 6.0 o.oo 
28 • . . . . . . . . . . .a &.0 o.oo 
29 .. . . . . . . . . . . .a 5.6 .15 
30 * . . . . . . . . . . .a 5.6 0,00 
31 • . . . . . . . . . . .a 5.1 .25 



IIPR•MfiY 200.0 a.oo.o 600.0 eoo.o 1000.0 1200.0 1a.oo.o 1600.0 1800.0 2000,0 SIM. OBS. RAIII+MELT 
1 * . . . . . . . . . . .a Sol o,eo 
2 ... . . . . . . . . . . .6 1+.2 O,GO 
3 • . . . . . . . . . . .6 3.8 o.oo 
'+ • . . . . . . . . . 0 .6 3.8 a.cc 
5 • . . . . . . . . . .6 3.8 o.oo 
6 • . . . . . . . . . . .6 1+.2 o.co 
7 • . . . . . . . . . . ,6 1+.2 o.oo 
e • . . . . . . . . . . .6 1+.7 .12 
9 • . . . . . . . . . . .s Sol o.oo 

10 • . . . . . . . . . . .s 1+.7 o.oo 
1l • . . . . . . . . . . .5 4.7 o.oo 
12 • . . . . . . . . . . .5 Sol O,CG 
13 • . . . . . . • • . . .a 6o7 o'<b 
14 .o .. . . . . . . . . . . 32.2 16e0 .'t2 
15 • . . . . . • • . . . 6.3 7.~ ,30 
16 .. 0 . . . . . . • . . . 3,3 162.0 .15 
11 •o . . . . . . . . . . 1.9 18.0 o.oc 
18 • . . . . . . . . . • 1.5 8.7 o.oo 
19 • . . . . . . • . . . 1.2 7.6 o.oo 
;>0 • . . . . . . . . . . 1.0 7.0 o.oo 
21 • . . . . . . . . . . .9 7.0 o.oo 
22 • . . . . . . . . . . .e 6.5 o.oo 
23 • . . . . . . . . . . .• 7 6.0 o.oo 
2'+ • . . . . . . . . • . .6 5.6 o.oo 
25 • . . . . . . . . . . .6 Sol o.oo 
26 • . . . . . . . . . . .6 !:.1 o.oo 
27 • . . . . . . • . . . .7 1+.7 .25 
2.8 • . . . . . . . . . . .7 S.6 .23 
29 * . . . . • . . . . . s.s 6.5 .38 

1'0 30 • . . . . . . . . . . 2.8 6.5 o.oo 
'..J 1 • . . . . . • . . . . 1.3 5.& o.oo 

2 • . . . . . . . . . . 1.1 Sol o.oo 
3 • . . . . . • . . . . 2.1 Sol .'+7 
'+ o• . . . . . . . . . . 13.3 6.1 .'+7 
5 . • . . . . . 0 . . . . . 88.5 1060.0 1.13 
6 • . o. . . . . . . . . 111.1 376.0 .Ob 
7 .. . . . . . . . . . . 11.9 27.0 o.oo 
a •o . . . . . . . . . . 7.5 18.0 c.oo 
9 •O . . . . . . . . . . 5.8 1'+.0 o.oo 

10 •o . . . . . . . . . . 1+.5 11.0 .:l.OO 
11 • . . . • . . . . . . 3.6 9.3 o.oo 
12 • . . . . . . . . . . 2.9 8.1 O,Oi) 
13 • . . . . . . . . . . 2.'+ 7.6 o.oo 
1'+ • . . . . . . . . . . 2.1 7.6 o.oo 
15 • . . . . . 0 . . . . 1.8 7.6 o.oo 
1& • . . . . . . 0 . . . 1.6 7.0 .05 
17 • . . . . . . . . . . 6.4 6.0 ,, .. 
18 .o • . . . . . . . . . . 111.5 29.0 1.2'+ 
19 . 0 • . . . . . . • . . . 139.6 37.0 ... o 
20 . • . . . . . . • . . . 15'+.'+ 152.0 .3& 
21 .. . . . . . . . . . . 18.3 1S.O o.oo 
22 * . . . . . . • . • . 9.3 8.7 o.oo 
23 • . . . . . . . . . . 7.2 7.0 o.oo 
24 • . . . . . . . . . . 5.7 6.0 .17 
25 .. . . . . . . . . . . 10,3 18.0 .31 
~0 • . . . . . . . e . . 1+.3 E .. S o.oo 
21 o• . . . . . . . . . . 10.1 5.6 • 50 
28 0 • . . . . . . . . . . 89.6 9.3 1,04 
29 . o.• . . . . • . . . . 212.2 179.0 ,07 
30 •• . . . . . • • . . . 1E..3 12.0 o.oo 
31 • - . - . . . . . . . 7.6 6.1 .02 



JUN-JUL 200.0 '+00.0 600.0 aoo.o 1000.0 1.2011.0 1'+00.0 1600,0 1800.0 2000.0 SIM. OBS. RAHJ+KEL T 
1 •O . . . . . . . . . 6.2 u.o .23 
2 $ . . . . . . . . . . '+.9 7.6 ,r.3 
3 • . . . . . 0 . . '+.1 6o5 o.oo 
'+ • . . . . . 3.5 s.c. o.oo 
5 • . . . . . . 0 . 3.0 4.7 .os 
6 41 . . . . . . . 3.0 5.1 • G'l 
7 *0 . . . . . 0 . . 2,6 2:J,(J • l to 
8 • . . . . . . . . . . 2.3 8.1 .o1 
9 • . . . . . . . . 2.1 5. 1 .n 

10 • . . . . . . . . 2,0 3.'1 o.oa 
11 • . . . . . . . . . 1.9 3.2 ,0'+ 
12 • . . . . . . . . . 1.8 2.7 ,05 
13 • . . . . . . 1.9 2.9 ,19 

1'+ "' . . . . . . . . . 1.7 2.7 o.co 
15 • . . . . . . . . 1.6 2.7 0,00 
lb • . . . ~ . . . . . . 1.6 ~.3 .01 
17 "' . . . . . . . . . . 1.6 2.0 0,00 
18 • . . . . . . . . . . 1.5 1.8 0,00 
19 • . . . . . . . . . . 1.5 1.7 o.oo 
20 • . . . . . . . . . . 1.7 1.7 ,37 
21 • . . . . . . . . . . 1.5 2.1 o.oo 
22 • . . . 0 . . . . . . 1.'+ 1.8 o.oo 
23 • . . . . . . . . . . 1.'+ 1.7 o.oo 
2'+ • . . . . . . . . . . 1.5 1o'+ ,19 
25 • . . . . . . . . . 1.'+ 1.'+ ,01 
26 • . . . . . . . . . . 1.3 1.'+ .oo 
27 • . . . . . . . . . 1.3 1.'+ .oo 
2tl "' . . . . . . . . . . 1.3 1.4 o.oo 
2~ • . . . . . . . . . . 1.3 leO o.oo 

N 30 • . . . . . . . . . . 1.2 .9 o.oo 
CXl 1 • 1.2 .e o.oo . . . . . . . . . 

2 • . . . . I . . . . 1.2 • 7 0,00 
3 * . . . . . . . . . 2.1 .6 .59 
'+ . 0 . . . • . . . . . . . 65'+.9 102.0 2,79 
5 0 • . . . . . . . . . . 53.1 3.8 o.oo 
6 O• . . . . . . . . • . 15,9 2o1 ,09 
7 o• . . . . . . . . . . u.a 1.8 o.oo 
8 • . . . . . . . . . 9.2 1.7 .oo 
9 * . . . . . . . . . . 7.3 1.5 o.oo 

10 * . . . . . . . . . 5.9 1.3 .07 
11 "' . . . . . . . . . ~t.CJ 1.0 o.oo 
12 • . . . . . . . . 0 '+.1 .a • 01 
13 "' . . . . . . . . . . 3.5 .a .01 
1'+ 41 . . . . . . . . . . 3.1 .a .oo 
15 * . . . . . . . . . . 2.8 .a o.oo 
16 ... . . . . . . . . . 2.6 .7 o.oo 
17 0 • . . . . . . . . . . 85.1 .5 1.56 
l8 0 $ . . 0 . . . . . . 121.'+ .7 o.oo 
19 o• . . . . . . . . . . 12.3 .6 o.oo 
20 * . . . . . . . . . . 8,1 ·" o.oo 
21 • . . . . . . . . . 6.5 .2 ,08 
22 0 .... . . . . . . . . . 219.6 1.1 1.5'+ 
2.3 0 $ . . . . . . . . . . 6'+.3 2.0 .oe 
2'+ o• . . . . . . . .. . . 12.8 1.'+ .oo 
25 • . . . . . I . . . . a.1 1.0 o.oo 
26 • . . . . . . . . 0 . 7.0 .6 o.oo 
27 • 0 . . . . . . . . . 6.1 so.o .'+2 
28 • . . . . . • . 0 . . ... ? 2.1 .oa 
29 • 0 . . . . . . . . . '+.1+ 163.0 .36 
.30 "' 0 . . . . . . . . . 3.8 105.0 o.oo 
31 • . . . . . . . . • . 3.3 3.2 o.oo 



AUG-SEP 200,0 1+00,0 600,0 aoo.o 1000.0 1200,0 11+00.0 1600,0 1800,0 2000,0 SIM, OBS, RAtrJ+MEL T 1 • . . . . . . . . . . 3.0 1.7 o.oo 
2 • . . . . . . . . . . 2.8 1.3 o.oo 3 • . . . . . . . . . . 2.6 1.0 o.oo 
~ * . . . . . . . . . . 2.5 .1 o.oo 
5 * . . . . . . . . . 2.4 ol+ o.oJ 6 • . . . . . . . . . . 2.3 .2 c.oo 7 • . . . . . . . . . . 2.2 .1 o.oo 8 • . . . . . . . . . . 2.2 .1 ,02 9 • . . . . . . . . . . 2.1 .1 o.oo 10 • 0 . . . . . . . . . 2.1 .1 .01 11 • . . . . . . . . . . 2.0 o.o OoOO 

12 * . . . . . . . . . . 2.0 o.o o.oo 13 • . . . . . . . . . . 1.9 o.o o.oo 
1~ • . . . . . . . . . . 1.9 o.o 0,00 
15 • . . . . . . . . . . 1,9 o.o c.oo 16 • . . . . . . . . . . 1.8 o.o o.oo 17 • . . . . . . . . . • 1+.1 o.o .63 18 0 • . . . . . • . . . . .. ... 2 o.o .32 
1'3 * . . . . . . . . . . 6.9 .1 o.oo 
20 * . . . . . . . . . . 1+.6 .1 .oo 21 .. 0 . . . . . . . . . 3,8 OoO .o1 
~2 * . . . . . . . . . . 3o3 o.o o.oo 23 • . . . . . . . . . . 2.9 o.o o.oo 
21+ O• . . . . . . . . . . 18.6 o.o .77 
25 o• . . . . . . . . . . 10,2 o.o 0,00 26 0 0 • . . . . . . . . . 2'+6.3 55.0 1o6'+ 
27 O• . . . . . . . . . . 28o9 2.1 o.oo 
28 o• . . . . . . . . . • 11,9 .6 o.oo 29 • . . . . . . . . . . 9,2 .2 o.oo rv 30 * . . . . . . . . . . 7.3 .1 o.oo '() 

31 * . . . . . . . . . . 6.0 o.o o.oo 1 • . . . . . . . . . . s.o o.o o.oo 2 • . . . . . . . . . . 1+.2 o.o o.oo 3 • . . . . . . • . . . 3.7 o.o o.oo 
I+ • . . . . . . . . . . 3.3 o.o o.oo 
5 * . . . . . . . . . . 2.9 o.o o.oo 
6 * . . . . . • . . . . 2.7 o.o o.oo 7 • . . . . . . . . . . 2.5 o.o o.oo 
8 * . . . . . . . . . . 2.1+ o.o o.oo 9 • . . . . . . . . . . 2.3 o.o ,03 10 • . . . . . . . . . . 2.2 o.o o.oo 11 • . . . . . . . . . . 2.1 o.o o.oo 12 • . . . . . . . . . . 2.1 o.o o.oo 

13 * . . . . . . . . . . 2.0 o.o o.oo 11+ • . . . . . a . . . . 2.0 o.o o.oo 
15 * 0 . . . . . . . . • 1.9 o.o o.oo 
16 * . . . . . . . . . • 1.9 o.o o.oo 17 • . . . . . . . . . . 1.8 o.o o.oo 18 • . . . . . . . . . . 1.8 o.o o.oo 
19 * . . . . . . . . . . 1.8 o.o .oo 
20 * . . . . . . . . . . 1.8 o.o .07 21 • . . . . . . . . . . 1.8 o.o .09 22 • . . . . . • . • . . 1.7 o.o o.oo 23 • . . . . . . . . . . 1.8 .2 .30 
2'+ * . . . . . . • . . . 1.7 7o9 .ol 25 .. . . . . . . . • . . 1.6 .1 .oo 26 • . . . . . . . . . . 1.7 o.o .13 27 • . . . . . . . . . • 1,6 o.o o.oo 28 • . . . . . . . . . . 1.5 o.o o.oo 29 • . . . . . . . . . . 1.5 o.o o.oo 30 • . . . .. - A 1.5 o.o o.oo 



~EAN DAILY FLOW PLOT COUNCIL CR WATER YEAR 1961 •:::SIMULATED O:::OBSERVED UNITS•CFSD 
:lCT•NOV 200,0 1+00.0 600.0 800,0 1000.0 1200,0 11+00.0 1600.0 1800,0 2000.0 SIM, CBS. RAif\'tMELT 

1 * . . . . . . . . . . 1.5 o.o o.oo 
2 • . . . . . . . . . . 1.'+ o.o 0,00 
3 • . . . . . . . . 0 1.'+ o.o o.oo 
'+ • . . . . . . . . . . 1.'+ o.o C',CO 
5 $ . . . . . . . . . . 1.4 o.o 0,00 
6 • . . . . . . . . . . 1.'+ o.o 0,00 
7 • . . . 0 . . . . . . 1.3 0. 0 o.oo 
6 $ . . . . . . . . . . 1.3 o.o 0,00 
9 $ . . . . . . . . . . 1,3 o.o 0,00 

10 • . . . . . . . . . . 1.3 o.o 0,00 u $ . . . . . . . . . . 1.3 o.o o.oo 
12 * 0 . . . . . . . . 1.2 o.o o.oo 
13 • . . . . . . . . . 0 1.5 o.o .49 
14 • . . . . . . . . . . 1.3 G • 0 0,00 
15 • . . . . . 0 . . . . 1.2 o.o 0,00 
lEt $ . . . . . . . . . 1.2 o.o o.oc 
17 $ . . . . . . . . 0 1.2 1).0 .c3 
18 . 0 * . . . . . . . . . 201.7 83.0 2,59 
19 0 • . . . 0 . . . . . . 52.2 '+.3 ,01 
20 Q$ . . 0 . . . . . . . 15,2 .6 .oo 
21 O• . . . . . . . . . . 11.3 .3 o.oo 
22 • . . . . . . . . . . 8.8 .2 o.oo 
23 • . . . . . . . . . . 7,0 .1 o.co 
2'+ • . . . . . . . . . . 5,6 .1 o.oo 
25 • . . . . . . . . . . '+.9 ol .31 
26 * . . . . . . . . . . '+.0 .2 o.oo 
27 • . . . . . . . . . . 3.'+ •'+ .oo 
28 * . . . . . . . . . . 3,1 .'+ .1 0 

w 29 . . • . . . . . . . . . 256.5 252.0 2.22 
0 30 .o . • . . . . . . . . . 266.& 27.0 ,31 

31 0 * . . . . . . . . . . '+5.5 5.1 o.oo 
1 o• . . . . . . . . . . 1'+.2 2.5 o.oo 
2 O• . . . . . . . . . . 10,6 1.5 o.oo 
3 • . . . . . . . . . . 8.'+ 1.5 0. 0 0 
If • . . . . . . . . . . 6,8 loS o.oc 
5 • . . . . . . . . . . 5.7 1.5 0,00 
6 • . . . . . . . . . . 1+.& 1.7 o.co 
7 * . . . 0 . . . . . . '+o2 1.5 o.oo 
a • . . . . . . . . . . 3.7 1.7 o.oo 
9 • . . . . . . . . . . 3,3 1.7 0,00 

10 * . . . . . . . . . . 3,1 1.'+ 0,00 
l1 * . . . . . . . . . . 2.'J 1.5 0,00 
12 * . . . . . . . . . . 2.7 1.3 0,00 
13 • . . . . . . . . . . 2.6 .9 0,00 
1'+ * . . . . . . . . . . 2.5 1.0 .01 
15 $ . . . . . . . . . . 2.7 3.0 .36 
16 $ . . . . . . . . . . 2.'+ 4.8 o.oo 
17 • . . . . . . . . . . 2.3 1.8 o.oo 
18 $ . . . . . . . . . . 2.2 lo'+ o.oo 
l'J * . . . ,• . . . . . 2.2 1.3 0,00 
20 • . . . . . . . . . . 2.1 1.1 o.oo 
21 • . . . . . . . . . . 2.1 1.1 0,00 
22 • . . . . . 0 . . . . 2.1 1.1 o.oo 
23 • 0 . . . . e . . . . 2.0 1.3 o.oo 
21+ • . . . . . . . . G . 2.0 1.3 0,00 
25 • . . . . . . . . . . 2.0 1.1 o.oo 
26 • . . . . . " . . . 0 1.9 1.1 o.oo 
27 * . . . . . . . . . . 1.9 1.1 .16 
26 • 0 . . 0 . . 0 . . . 2.0 1.5 o.oo 
29 • . . . . . . . . . . 1.& 1.6 o.oo 
30 • e . . . . . - 1.8 lo3 o.oo 



JEC•JAN 200.0 1+0010 60010 800,0 1000,0 120010 uoolo 160010 1800.0 2000,0 SIM. OBS. RAI 1J+MEL T 1 • . . . . . I I . . . 1.8 1.0 0,00 2 • . . . . . I . . . 1.8 .6 o.or.; 3 • . . . . . . . . . . 1.7 .6 o.oJ ~ o• . . . 0 . . . . . . 18.7 10.0 .~b 5 .. . . . . . . . . . . 10.5 15.0 o.oo 6 • . . . . . . . . . • 3.1 1.7 o.ou 7 • . . . . . . • • . . 2.6 1.0 o.oo 8 • . . . . . . . . . . 2.1+ .a .01 9 • . . • . . . . . . . 2.2 o1 .o'+ 10 . 0 • . . . . . . . . . . 153.6 98.0 1.02 1l 0 • . . . . . . . . . . 90.3 59.0 .09 12 .. . . . . . . . . . . 10,9 18.0 o.oo 13 • . . . . . . . . . . 6.6 3.8 .co 1'+ • . . . . . . . . . • 5,3 2.9 .os 15 • 0 . . . . . . . . . 1+.1+ 2.7 o.oo 16 • . . . . . . . . . . 3.7 2.0 o.oo 17 • . . . . . . . . . . 3.2 1.7 o.oo 18 • . . . . . . . . . . 2.8 1.5 o.oo 1~ • . . . . . . . . . . 2.5 1.'+ o.oo 20 • . . . . . . . . . . 2.3 1.3 o.oo 21 • . . . . . . . . . . 2.1 1.1 o.oo 22 • . . . . . . . . . . 2.0 1.1 ,01 23 • . . . . . • . . . . 1.9 1.1 o.oo 21+ • . . . . . • . . . . 1,8 1.'+ o.oo 25 • . . . . . . . . . . 1,8 1.'+ o.oo 26 • . . . . . . . . . . 1.7 1.'+ o.oo 27 • . . . . . . . . . . 1.7 1.3 .os 28 • . . . . . . . . . . 1.7 1.3 .03 29 • . . . . . . . . . . 1.6 1.'+ .01 w 30 • . . . . . • • . . . 1.6 1o'+ o.oo 31 • I . . . . . . . . . 1.8 1.8 .28 1 • . . . . . . • . • . 1.5 2.0 o.co 2 • . . . . . . . . . . 1.5 1.5 o.oo 3 • . . . . . . • . . . 1.5 1.3 o.oo I+ • . . . . . . . . . . 1.'+ 1.3 o.oo 5 • . . . . . . . . . . 1.'+ 1.3 o.oo 6 • . . . . . . . . . • 1.'+ 1.'+ o.oo 7 • . . . . . . . . . . 1.'+ 1.'+ o.oo a • . . . . . . . . . . 1,3 1.3 o.oo 9 • . . . . . . . . . . 1.3 1.3 o.oo 10 • . . . . . . . . • • 1.3 1o'+ o.oo 11 • . . . . . . . . . . 1.3 1.'+ o.oo 12 • . . . . . . . . . . 1.! 1 ... o.oo 13 • . . . . . . . . . • 1.2 lo '+ o.oo 1'+ • . . . . . . . . . . 1.2 1.5 .01 15 • . . . . . . . . . . 1.2 1.5 o.oo 16 • . . . . . . . . . . 1.2 1.'+ o.oo 17 • . . . . . . . . . . 1.2 1.3 o.oo 18 • . . . . . . . . 0 . 1.1 1.3 o.co 19 • . . . . . . . . . . 1.1 lol o.oo 20 • . . . . . . • . . . 1,1 1.1 o.oo 21 • . . 0 . . . . . • . 1,1 .9 o.oo 22 • . . . . . . . . • . 1.1 loO o.oo 23 • . . . . . • . . . . 1.0 1.1 o.oo 2'+ • . . . . . . . . . . 1.0 1.1 o.oo 25 • . . . . . . . • • . 1.0 .9 o.oo 26 • . . . . . . . . . . 1,0 .9 o.oo 27 • . . . . . . • . . . 1.0 .9 o.oo 28 • . . . . . . . . • . 1.0 .9 o.oo 29 • . . . . . . . . . . 1,0 1.0 o.oo 30 • . . . . . . . . . . .9 1.1 o.oo 31 • . . . . . ·' 1.3 o.oo 



FEB• MAR 200.0 4-oo.o 600.0 aoo.o 1000.0 12)0.0 l'tOOoO 1600.0 1800.0 2000.0 SH1. OBS. R A 1 ! -+ ;·:[ I_ T 

1 * . . . . . . . . . .9 1. 5 G.~ 0 

2 • . . . . . . . . ,9 1.5 0. 0 c 
3 • . . . . . . . . . .9 1.4 o.oc 

'+ $ . . . . . . . . ,9 l. 3 , Ol 

5 "' . . . . . . . . . .9 1.1 ,Gj 

6 * . . . . . . . . . . .9 1.3 .11 

7 $ . . . . . . . . . . ,9 1.5 .oe 

8 "' . . . . . . . 0 . . .e 1.5 .oo 

9 $ . . . . . . . . . . .a 1.5 o.c.::. 
10 • . . . . . . 0 . . . .a 1.:; o.oo 

11 $ . . . . . 0 . . . .8 1.<+ o.co 
12 • . . . . . . • . . . .e 1.'+ o.oo 

13 • . . . . . . . . . . .a 1.'+ o.oo 

14 "' . . . . . 0 . . . .7 1.'+ o.oo 

15 * . . . . . . . . . . .7 1.3 0,00 

16 • . . 0 . . . .. . . .7 1.'+ o.oo 

17 0 • . 0 . . . . . 0 . . '+0.1 2.0 1.29 

18 0 $ . . . . . . . . . . 112.1 4.7 O,Cu 

19 • . . . . . . . . . 8,6 2.3 o.oo 

2C' • . . . . . . . . . . 5.3 1.7 .11 

21 o• . . . . . . . . . . 13,4 2.0 .13 

22 • . . . . . . . . . . '+.3 2.1 .oo 

23 • . . . . . . . . . . 3.1 2.1 o.oo 

2'+ • . . . . . . . . . . 2.5 1.8 .o1 

25 * . . . . . . . . . . 2.1 1.5 O,(JO 

26 • . . . . . . . . . . 1,8 1.7 c.oo 

27 • . . . . . . . . . 1.6 1.7 0,00 

28 • . . . . . . . . . 1.'+ 1.'+ O,OG 
w 

1 * . . 0 . ' . . . . . 1.3 1.'+ o.ou 
N 2 .. . . . . . . . . . 1.2 1.'+ ,,,0. 00 

3 • . . . . . . . . . . 1.1 1.5 o.oo 

'+ * . . . . . . . . . . 1.0 1.7 o,oo 

'5 * . . . . . . . . . . 1.0 1.8 .os 

6 •O . . . . . . . . . . 1,0 15.0 o.oo 

7 • . . . . . . . . . ,9 2.5 o.oo 

8 * . . . . . . . . . . ,9 1.8 o.oo 

9 .. . . . . . • . . . . ,9 1.'+ o.oo 

10 * . . . . • . . . . ~8 1.4 0,00 

11 * . . . . . . . . . . .a 1o'+ o.oo 

12 • . . . . . . . . . . .a 1.7 o.oo 

13 * . . . . . . . . . ,8 1.7 o.oo 

14 • . . . . ' . . . . . .a 1o'+ o.oo 

15 • . . . . . . . . . . ,8 1.'+ o.oo 

lo ... . . . . . . . . . . .a 1.5 ,04 

17 * . . . . . . . . . . 3,6 2.3 ,63 

18 * . . . . . . . . . . 8,7 6.5 .03 

19 • . . . . . . . . . . 1.9 2.9 .0:5 

20 • . . . . . . . . . . 1.6 2.5 .21 

21 • . . . . . • . . . . 1.3 3.5 O,ilO 

22 * . . . . • . • • . . 1.1 2.5 o.oo 

23 * . . . . . . . . . 1.0 2.0 o.oo 

24 • . . . . . . . . . . ,9 1.8 o.oo 

25 $ . . . . . . . . . . .9 1.8 .o~ 

2& • . . . . . . . . . . 1.5 2.0 .'+5 

27 * . . . . . . . . . . 2,1 2.3 o.oo 

28 * . . . . . . . . . . ,9 2.1 o.oo 

29 * . . . . . . . . . . 3.3 2.0 ,37 

.3v o• . . . . • . • . . . 13.2 5.lt ,'+i+ 

31 . • 0 . . . . . . ~ta,o 75.0 .26 



i1PR -MAY 2oo.u 400.0 600.0 aoo.o 1000,0 120tJ,O 1'+00.0 1600.0 1800,0 2000,0 SIM, OBS. RAI~:+MEL T 1 •o . . . . . " . . . . 6.2 1'+.0 .oo 2 • . . . . . . . . . . 4.1 5.6 .co 3 • . . . . . . . . . . 3.2 3.8 o.oo '+ • . . . . . . . . . 2.6 2.9 o.oo 5 • . . . . . . . . . 2.1 2.9 o.oo 6 • . . . . . . . . . . 1.8 2.7 o.oo 7 • . . . . . . . . . 1.5 2.5 o.oo a • . . . . . . . . . 1.5 2.9 ,25 9 • . . . . . . . . . . 1.2 4.2 o.oo 10 • . . . . . . . . . . 1,1 3.2 o.oo 11 •o . . . . . . . . . . 1.1 13.0 .21 12 •o . . -· . . . . . . . 1.0 27.0 o.oo 13 • . . . . . . . . . . .9 1+.2 o.oo 14 • . . . . . . . . . . .a 3.2 .01 15 * . . . . . . . . . . .a 2.5 .05 1c. • . . . . . . . . . . .a 2.1 o.oc 17 • . . . . . . . . . . .7 2.1 o.oo 18 • . . . . . . . . . . ,7 2.0 o.oc 19 • . . . . . . . . . . .7 2.0 o.oc 2() • . . . . . . . . . . .7 2.0 o.oo 21 • . . . . . . . . . . .7 2.0 o.oo 22 • . . . . . . . . . . .6 1.a o.oo 23 • . . . . . . . . . . .6 1.7 o.oo 2'+ .. . . . . . . . . . . .6 1.7 o.~o 25 • . . . . . . . . . . .6 1.7 o.oo 26 • . . . . . . . . . . .• 6 1.5 o.oo 2.1 • . . . . . . . . . . .6 1.5 o.oo 28 • . . . . . . . . . . .6 1.5 o.oo 29 • . . . . . . . . . 0 .s 1.'+ o.oo w 30 • . . . . . . . . . . .5 1.'+ o.oo w 1 • . . . . . . . . . . .5 1.5 o.oo 2 • . . . . . . . . . . .s 1.5 o.oo 3 • . . . . . . . . . . .6 loS .18 '+ ·•0 . . . . . . . . . . 10.8 32.0 1,10 5 . • 0 . . . . . . . . . . 32,3 76.0 ,01 6 • . . . . . . . . . . 6.2 5.6 .oo 7 • . . . . . . . . . . 4.7 2.9 .2'+ 8 . •o . . . . . . . . . . 84.2 91,0 1.10 9 .. . . . . . . . . . . 18,9 15,0 o.oo 10 * . . . . . . . . . . 7,7 1+.7 o.oo 11 • . . . . . . . . . . 5.9 2.7 o.oo 12 • . . . . . . . . . . '+.6 2.0 o.oo 13 • . . . . . . . . . . 3.7 1.7 o.oo 1'+ .. . . . . . . . . . . 3.0 1.'+ o.oo 15 • . . . . . . . . . . 2.5 1.0 o.oo 16 • . . . . . . . . . . 2.1 1.0 .10 17 • . . . . . . . . . . 1.9 1.3 ,02 18 • . . . . . . . . . . 1.6 lo'+ o.oo 19 • . . . . . . . . . . 1.5 lol .02 20 • . . . . . . • . . . 1.'+ .9 o.oo 21 . O• . . . . . . . . . . 132.3 127.0 2.13 22 . * . . . . . • . . . . aa.a 89.0 o.oo 23 o• . . . . . . . . . . 12.1+ 8o1 o.oo 2'+ • . . . . . . . . . . 8,7 '+.2 o.oo 25 • 0 . . . . . . . . . . 6.8 '+5.0 .01 26 • 0 . . . . . . . . . . 5,'+ '+0.0 o.oo 27 • . . . . . . . . . . '+o'+ ...2 o.oo 
28 * . . . . . . . . . . 3,6 2.7 o,oo 29 • . . . . . . . . . . 3,1 2.3 o.oo 30 • . . . . . . . . . . 2,7 1.8 o.oo 31 • . . . . . • . . . . 2 ... 1.5 o.oo 

~ 



JUN-JUL 200.0 1+00,0 600,0 aoo.o 1000,0 12CO,O 11+00.0 1600.0 18.00.0 2000.0 S I~;, OGS. R A I r. ~ :~ C L T 
1 • . . . . . . . . . 2.1 lo3 o.::v 
2 0 • . . . . . . . . . . 35.7 5.0 1. 42 
3 •a . . . . . . . . 123.2 137.0 .12 
q . . . * 0 . . . . . . t.38.1 705.0 2.45 
5 0 • . . . . . . . . 107.2 '+S.C .::~ 
6 .. . . . . . . . . 19,0 18.C .07 
7 .. 0 . . . . . . . 22,6 7<+.0 .3~ 
& .... 0 . . . . . . . . . 25,c3 66,0 ,24 
9 •O . . . . . . . . . . 9,7 13.0 c. 0 J 

10 • . . . . . . . . . . 7.2 7.6 0,00 
11 • . . . . . . . . . . 5,9 5.6 0,00 
12 * . . . . . . . . . . 5,0 1+.2 o.oo 
13 • . . . . . . . . . . '+.3 3.5 c.oo 
1'+ ... . . 0 . . . . . . 1+52.8 835.0 1. 90 
15 . • . . . . . . . . . . '+7.0 32.0 c.oo 
16 •* . . . . . . . . . . 11.7 15.0 G,iJO 
17 ... . . . . . . . . . 8.6 10,0 0. 0 0 
18 * . . . . . . . . 7.0 d,7 0' 0.; 
19 * . . . . . . . . . . 5.8 7,0 0,00 
20 * . . . . . . . . . . s.o 6.0 0,00 
21 * . . . . . . 0 . . . '+.3 5.1 o.oo 
22 * . . . . . . . . . . 3,8 '+.2 0,00 
23 • . . . . . . . . . . 3,5 3,5 o.oo 
2'+ • . . . . . . . . . . 3.2 2.9 c.oo 
25 * . . . . . . . . . . 3.0 2.9 • 0 l 
26 * . . . . . . . . . . 2.8 2.7 0' 0 0 
27 • . . . . . . . . . . 2.7 2.5 o.oo 
28 • . . 0 . . . . . . . 2.6 2.3 o.oo 
29 • . . . . . . . . . . 2.5 2.1 o.oc w 30 * 2.'+ 2.5 o.oo ~ . . . . . . . . . . 

1 • . . . . . . . . 2.3 2.0 c.oo 
2 • . . . . . . . 2.3 1.8 o.co 
J • . . . . . . . . . . 2.2 1.8 o.oo 
'+ * . . . . . . . . . . 2.2 1.7 a.oo 
5 * . .. . . . . . . . . 2.1 1.5 c. c a 
6 0 * . . . . . . . . . . 65,3 2.5 1,90 
7 0 * . . . . . . . . '+01,7 1'+9.0 ,7b 
8 0 • . . . . . . . . . . 35.1 6.0 0,00 
9 O• . . . . . . . . . . 14,2 2.7 o.oo 

10 o• . . . . . . . . 10.9 2.0 0,00 
11 • . . . . . . . . . 8,6 1.7 • 0 l 
12 0 • . . . . . . . . . . '+'+.5 5.7 .72 
13 * 0 . . . . . . . . 84.2 12.;.o 1. 23 
1'+ . . 0* . . . . . . . . . 306,6 272.0 ,5tt 
15 * .o . . . . . . . . . 69,0 215.0 .1 7 
16 .. . . . . . . . . . . 15,8 26.0 o.oo 
11 o• . . . . . . . . . 10,0 7.6 o.oo 
18 • . . . . . . . . . 8.1 '+.7 0,00 
19 • . . . . . . . . . 6.7 3.2 o.oo 
20 • . . . . . . . . . . 5,8 3.5 .2'+ 
?.1 0 * . . . . . . . . . . 84.9 38.0 • B'+ 
22 .o • . . . . . . . . . 58,5 28.0 ,46 
23 .. . . . . . . . . . . 2'+,7 19.0 o.oo 
2'+ * . . . . . . . . . . 7.2 6.0 o.oo 
25 * . . . . . . . . . . 5.7 3.5 o.oo 
26 • . . . . . . . . . . 4.9 2.7 o.oo 
27 • . . . . . . It . . . '+.3 2.1 o.oo 
2a ... . . . . . . . . . . 3.9 2.0 o.oo 
?.9 • . . . . . . . . . . 3.5 1.7 o.oo 
30 • . . . . . . . . . . 3.3 lo'+ o.oo 
31 * . . . . 6 . . . . 3.1 1.1 o.oo 



t\UG·SC::P 2ao.o '+00,0 600,0 aoo.o 1000,0 1:!00,0 11+00,0 1600.0 1800.0 2000,0 SJ~. oas. ~AI\+11EL T 
1 • . . . . . . . . . . 2.9 1.1 0,00 
2 • . . . . . . . . . . 2.8 .9 o.co 3 • . . . . . . . . . . 2.7 .9 .o'+ 
'+ • . . . . . . . . . . 2.6 1.0 o.oo 
5 • . . . . . . ~ . . . 2.6 1o1 ~05 
(, . . . . . . . $ . . . 2.5· 1.3 .01 7 • . . . . . . . . . . 2.1+ .7 o.oo 
8 • . . . . . . . . . . 2.1+ .6 o.oo 
9 * . . . . . . . . . . 2.3 .5 o.co 

13 • . . . . . . . . . . 2.3 ... o.oo 
11 • . . . . . . . . . . 2.3 .3 o.oo 12 • . . . . • . . . . . 2.3 .s .21 
13 o• . . . . . . . • . . 21.2 .a ,75 
1'+ 0 * . . . . . . . . . . 139,9 1o3 .85 
15 o• . . . . . . . . • . 25.0 1.3 .16 16 • . . . . . . . . . . 9.!5 1.1 o.oo 17 • . . . . . . . . . . 7.4 .9 o.oo 
18 * . . . . . . . . . . 6.1 .6 o.oo 19 • . . . . . . . . . . 5.1 o'+ o.oo 20 • . . . . . . . . . . '+.3 .If o.oc 21 • . . . . . . . . . . 3.8 .2 ,03 
22 * . . . . . . . . . . 3.6 ... .2'+ 23 • . . . . . . . . . . 3.1 ... o.oo 21+ • . . . . . . . . . • 2,8 ,3 0,00 25 • . . . . . . . . . . 2,6 .2 o.oo 
21£. * . . . . . . . . . . 2.5 .1 o.oo 
27 * . . . . . . . . • . 2.'+ .1 o.oo 
28 * . . . . . . . . . . 2.3 o.o o.oo 29 • . . . . . . . . . . 2.2 o.o o.oo w 30 * . . . . . . . . . . 2.2 o.o .11 01 31 • 2.1 o.o o.oo . . . . . . . . . . 

1 • . . . . . . . . . . 2.0 o.o o.oo 2 • . . . . . . . . . . 2.0 o.o o.oo 
3 0 • . . . . . . • . . . 33.7 o.o 1.1f1 
I+ 0 • . . . . . . . . . . 126.'+ ... 1 .18 s o• . . . . . . . . . . l3ol 1.0 o.oo 6 • . . . . . • . . . . 8,1 ... o.oo 
1 o• . . . . . . . . . 0 12.6 .9 .'+ 7 a * . . . . . • . . . . 8.6 2.4 o.oo 
9 * . . . . . . . . • . 5.1 .... o.oo 10 • . . . 0 . • . . • . 4.3 .1 o.oo 11 • . . . . . . . . . . 3.7 .1 .oo 12 .o *• . . . . . . . . • 170.7 20.0 2.33 13 . . . . . . ) . • . • . . 1766.7 1170.0 2.62 14 .o • . . . . . . . . . . 105,9 22.0 o.oo 

15 o• . . . . . . . . . . 21.2 8.7 o.oo 
16 o• . . . . . . • . . . 14.7 6.0 o.oo 
11 o• . . . . . . . . . . 11.5 5.1 o.oo 18 • . . . . . . . . . . 9.2 4.2 o.oo 
19 * . . . . . . . . . . 7.5 3.5 o.oo 20 0 • . . . . . . . . . . '+8.8 5.6 .73 21 o• . . . . . . . . . . 1'+.2 5.6 o.oo 22 • . . . . . . • . . . 6.0 3.2 o.oo 23 • . . . . . . . . . . 5.1 2.5 o.oo 
24 * . . . . . . . . . • 4.5 2.7 .22 
25 * . . . . . . . . . . 4.1 4,8 o.oo 
26 * . . . . . . . . . . 3.7 2.3 o.co 27 .o *• . . . . . . . . . 184.6 11.0 1,20 
28 0 • . . . . . • . . . 0 6'+.0 8.3 o.oo 
29 * 0 . . . . . . 0 . . 9.4 3.2 o.oo 30 . 0 * . . . • . • • . . " 98o4 43.0 .59 

~ 



·;E;\•J DAILY FLOW PLOT COUt\:CIL Ck WATER YEAR 1%2 •=SIMULATED O=CE!SERVED UNITS·CFSD 
ocr-r~ov 2Ja.o '+00.0 600,0 aoo.o 1000,0 12oc.o 1'+00.0 1600,0 1800,0 2000,0 SI"1. OBS. RA tr<+M[L T 

1 0* . . . . . . . . . 23,8 s.1 • G G 
2 * . . ' . . . 7.2 2.5 ,07 
3 * . . . . . . . . . . 5.7 2.1 0,08 
~ . . . . . . . . . . '+.9 2.0 C.GG 
5 * . . . . . . . . . . '+.3 1.8 o.oo 
6 * . . . . . . . . . 3.9 1.7 o.oo 
7 * . . . . . . . . . . 3.5 1.5 o.oo 
8 * . . . . . . . . . . 3,3 1.'+ o.oo 
9 * . . . . . . . . . 3,2 1.5 .'+8 

10 0 . * . . . . . . . . . 282,?. 16'+.0 1,12 
11 . o• . . . . . . . . . . 67.8 39.0 o.oo 
12 o• . . . . . . . . . . 10.'+ 7.6 o.co 
13 • . . . 0 . . . . . . 7.2 5.6 o.oo 
1'+ • . . . 0 0 . • . . . 6,0 'to2 o.oo 
15 • . . . . . . . . . 5.1 3.2 o.oo 
16 • . . . . . . . . . ~.'+ 2.7 o.oo 
17 * . . . . . . . . 0 . 3,9 2.7 0,00 
18 • . . . . . . . . . . 3,5 2.5 o.oo 
19 • . . . . . . . . 0 . 3,3 2.3 c.oo 
20 • . . . . . . . . . . 3.0 2.3 o.oo 
21 • . . . 0 . . . . . . 2,9 2.3 o.oo 
22 • . . . . . . . . . . 2.7 2.3 o.oo 
23 • . . . . . . . . . . 2.6 2.3 .oo 
2'+ • . . . . . . . . . . 2.6 2.3 o.oo 
25 • . . . . . . . . . . 2.5 2.5 .oo 
26 • . . . . . . . . . . 2.'+ 2.1 0,00 
27 • . . . . . . . . . . 2,1+ 2.0 O,CC 
28 • . . . . . . . . . . 2.3 2.3 o.oo 

w 29 • . . . . . . . . . . 2.3 2.5 ,03 o- 30 >II . . . . . . • . 2.~ 2.5 .29 
31 * . . . . . . . . . 2.'+ 2.5 .12 

1 0 • . . . . . . . . . . '+'+.1 2.7 ,BE. 
2 . . * . 0 . . . . . . . '+39.'+ Eo61.0 1,05 
3 • . . . . . . . . . '+'+.0 31.0 o.oo 
~ .. . . . . . . . . . 11.8 11.0 o.oo 
5 • . . . . . . . . . 8.8 8•1 o.oo 
6 • . . . . . . . . . . 7,1 7.0 O,Oil 
1 • . . . . . . . . . . 5,8 6.5 0,00 
8 • . . . . 0 . . . . '+.9 6.0 0,00 
9 • . . . . . . . . . . '+.2 6.0 o.oo 

10 • . . . . . . . . . 3.8 6.0 ,01+ 
11 • . . . . . . . . . . 3.'+ 6.0 o.oo 
12 • . . . . . . . . . . 3.1 5.6 0,00 
13 • . . . . . . . . . . 2.9 5.1 o.oo 
l'+ * . . . . . . . . . . 2.7 ... 7 .oo 
15 0 • . . 0 . . . . . 202.6 80.0 1.16 
16 .o. . . . . . . . . . . '+6.'+ 25.0 o.oo 
17 • . . . . . . • . . . 7.6 7.6 o.oo 
18 • . . . . . . . . . . 5.5 6.5 .07 
1') • . . . . . . . . . . ~.7 6.5 .01 
20 • . . . . . . . . . . '+.0 5.6 .oo 
21 .. 0 . . . . . . . . . 181.3 2'+1.0 ,8'+ 
22 . o• . . . . . . . . . . 70.7 61.0 ,01 
23 •o . . . . . . . . . . 9.0 18.0 o.oo 
2'+ • . . . . . . . . . . 5.7 10.0 0,00 
25 * . . . . . . . . . . 1+.8 8.7 o.oo 
26 • . . . 0 . . . . . . '+.1 e.1 o.oo 
27 * . . . . . • . . . . 3.6 7.6 o.oo 
28 • . . . . . • • . . . 3.2 7,0 o.oo 
29 • . . . . . . . . . . 3,0 f .. 5 o.oo 
30 • . . . . . . . . . . 2.8 6.5 o.oo 



'J(C•JAN 200.0 1+00,0 600,0 800,0 1000,0 120 loO 1aton.o 1600.0 1800.0 2000.0 SIM. oas. i\AI'J+:~rL T 1 • . . . . . . • • . . 2.6 6.5 o.oo 2 • . . . . . ' . . . . 2.5 6.5 o.oo 3 • . . . . . . . . . . 2.1+ 6.5 0,00 .. • . . . . . . . . . . 2.3 6.5 .07 5 • . . 0 . . \ . . . . . 2.2 6.0 o.oo 6 • . . . . . . . . . . 2.2 5.6 O,Oil 7 • . . . . . • . . . . 2.1 1+.7 o.co a .o. . . . . . . . . . . 45.1 21.0 .£.1+ 9 . • . . . . . • . . . . 73.1+ 83.0 ,03 10 •• . . . . . . . • • . 10.7 16.0 .os 11 o• . . • . . • . . • . 23 ... 8.1 .10 12 • . . . . . . . . . . 7.1 6o5 o.oo 13 • . . . . . . . . . . 3.3 5.1 o.oo let * . . . . . . . . . . 2.9 6.5 o.oo 15 • . . . . . .. . . . . 2.6 7.0 o.oo 16 . o• . . . . . . . . . . 152.9 137.0 .52 t7 ·*0 . . . . . • . . . . ?.6,9 32.0 .co 18 •o . . . . . • . . . . 5.2 16.0 o.oo 19 • . . . . . . . . . . 3.8 9.3 o.oo 20 • . . . . • . . . • . 3.3 7.6 o.oo 21 • . . . . . . . . . • 2.9 7.6 0,00 22 .. . . . . . . . . . . 2.6 1.0 o.oo ?.3 * . . . . . . . . . . 2.4 6.0 o.oo 24 * . . . . . . . . . . 2.2 5.6 o.oo 25 • . . . . . . . . . . .2.1 6.0 o.oo 26 • . . . . . . . . . . 2.0 6.5 o.oo 27 * . . . . . . . . . . 1.9 5.6 o.oo 28 • . . . . . . • . . . 1.9 ... 1 o.oo 29 * . . . . . . . • . • 1.8 lto2 o.oo w 30 ... . . . . . . • . . • 1.8 lto7 o.co 'J 31 • . . . . . . . . . . 1,7 1+.1 c.oo 1 • . . . . . . . . . . 1.7 1+.7 o.oo 2 • . . . . . . . . . . 1.6 l+o7 o.oo 
3 * . 0 . . . • • . • . 1.6 5.1 0,00 I+ • . . . . . . . . . . 1.6 6o0 .oo 5 • . . . . . . . . • . 1.7 8.1 ,25 6 • . . . . . . . . . . 1.5 5.6 o.oo 7 * . . . . . . . . . . 1.5 6.0 o.oo 8 • . . . . . . . . . . 1.5 5.6 .ol 9 • . . . . . . . . . . 1.5 14.2 .oo 10 * . . . . . . . . . . 1.1+ 2.9 o.oo 11 • . . . .. . . . . . . 1.~ 2.9 o.oo 12 * . . . . . . . . . . 1,4 3.2 o.oo 13 • . . . . .. . . . . . 1.14 1+.2 o.oo 14 • . . . . . . . . • . 1.3 6.0 ,01 15 • . . . . . . . . . . 1.3 Sol o.oo 16 • . . . . . . .. . . . 1.3 'to2 o.oo 17 • . . . . . . • • .. . 1.3 3.5 o.oo 18 • . . . . . . .. . . . 1.1+ 4.7 .21 19 • . . . . . . . . . . 1.3 ... 2 o.oo 20 • . . . . . . . . . . 1.2 3.5 G.oo 21 • . . . . . . . • • • 1.2 1+.2 o.oo 22 • . . . . . . . . . . 1.2 1+.2 o.co 23 • . . . . . • • 0 • • 1.1 3.2 o.oo 21+ • . . . . . • . . . . 1,1 5.1 o.oo 25 * . . . . • . . . • . 1.2 7•6 .13 26 •o . . . . . . . 0 • . 1.2 u.o o.oo 

27 * . 0 . . . . • . . . 1.1 8.1 o.oo 
28 * . . . . . . . . . . 1.1 5.6 O,Oi) 29 • . . . . . . . . . . 1.0 5.1 o.oo 30 * . . . 0 . . . • • . 1,0 5.1 o.oo 31 • . . .. .. - - 1,0 ... 7 o.oo 



FEB-MAR 200.0 '+00.0 600.0 eoo.o 1000.0 120( .o l'+OOoO 1600.0 1800.0 2000.0 SI~. OBS, f{,'\!;HI'~EL T 

1 * . . . . . . . . . . 1.0 4.7 0,00 

2 * . 0 . . . . . . . . 1,0 '+.2 o.oo 
3 * . . . . . . . . . . 1,0 4.2 o.oo 
'+ • . . . . . . . . . . .9 4.2 c.oo 
s • . . . . . . . . . . .9 3.8 Ci,OO 
6 • . . . . . . . . . .9 3.2 o.co 
7 .. . . . . . . . . . ,9 3.5 o.oo 
a • . . . . . . . . . 0 .9 3.8 o.oo 
9 • . . . . . . . . . ,9 1+.2 o.oo 

10 * . . . . . . . . . . .9 3.8 0,00 
11 * . . . . . . . . . .a 4.2 o.oo 
12 * . . . . . . . . . ,8 '+.2 o.oo 
13 * . . . . . . . . . .a '+.2 o.oo 
1'+ • . . . . . . . . . . .a 3.8 o.co 
15 • . . . . . 0 . . . . 1.1 6.0 ,33 
16 .. . . . . . " . . . . .a 5.1 o.oo 
17 .. . . . 0 . . . . . . .a '+.7 o.oo 
l6 * . . . . . . . . . . .7 3.8 o.oo 
19 * . . . . . . . . . . .7 :5.2 o.oo 
20 * . . . . . . . . . .7 2.9 ,01 
21 .. . . . . . . . . . ,7 :!1.8 o.oo 
22 • . . . . . . . . . ,7 3.2 o.oo 
23 * . . . . . . . . . . .7 3,5 ,06 
24 * . . . . . I . . . . ,7 3.2 o.oo 
25 • . . . . . . . . . . .7 2.9 .03 
26 • . . 0 . . . . . . . ,7 3.5 0,00 
2.7 * . . . . . . . . . . .a 2.9 .18 
28 • . . . 0 . ' . 0 . . .6 2.5 o.oo 

w 1 "' . 0 . . . ' . . . . .6 2.7 o.oo 
co 

2 * . . . .6 3.2 o.oo . . . . . . . 
3 * . . . . . . . . . . .6 4.2 o.oo 
'+ • . . . . . • . . . . ,6 4.2 o.oo 
5 * . . . . . . . . . . .5 2.9 o.oo 
6 • . . . . . . . . . . .5 2.7 o.oo 
7 * . . . . . . . . . . .5 3.2 o.oo 
8 * . . . . . . . . . . .s 3.5 o.oo 
9 • . . . . . . . . . . .5 3.2 o.oo 

10 • . . . . . . . . . . .5 2.9 o.oo 
11 * . . . . . . . . . . .s 2.9 o.oc 
12 * . . . . . . . . . . .5 2.5 o.oo 
13 .. . . . . . . . . . . .5 2.1 0,00 
l'+ * . . . . . . . . . . .4 2.1 0,00 
15 * . . . . . . . . . . .'+ 2.1 0,00 
1€. • . . . . . . . . . . .4 2.5 o.oo 
17 • . . . . . . . . . . .4 2.5 o.oo 
18 * . . . . . . . . . . .'+ 2.7 o.oo 
19 • . . . . . . . . . 0 ·'* 2.9 o.oo 
20 • . . . . . . . . . . 3.6 6.0 .59 
21 .. . . . . . . . . . . 1.0 6.0 o.oo 
22 * . . . . . . . . . 0 .7 3.5 o.oo 
23 * . . . . . . . . . . .6 3.2 o.oo 
2'+ ·*0 . . . . . . . . 0 0 23.0 '+5.0 .73 
25 . •O . . . . . . . 0 . . 43.'+ 61.0 .27 
26 •o . . . . . . . . . . 6.1 1'+. 0 o.oo 
27 ... . . . . . . o I . . . '+.0 7.6 o.oo 
28 • . . . . . . . . . . 3.1 6e0 o.oo 
29 * . . . . . . . . . . 2.'+ 5.1 o.oo 
30 • . . . . . . . . . . 1,9 4.2 o.oo 
31 • . . . . . .. . . A A 1.6 3.8 0,00 



fiPR-MJ\Y 200.6 ~oo.o 600,0 aoo.o 1000,0 120(,0 1~oo.o 1600,0 1800.0 2000.0 SIM, CBS. RAPJ+ME:L T 
1 $ . . . . . . . . . . 1.3 3.5 o.oo 2 $ . . . . . . . 0 . . 1.1 3.2 0,00 
3 • . . . . . . . . . . 1.0 3.2 o.co 
~ $ . . . . . . . . . . .9 3.5 .io 5 $ . . . . . . . . . . .9 ~.7 ,08 
6 * . . . . . . . . . . .a 5.1 .os 
7 * . . . . . . . . . . .7 4.7 o.oo a • . . . . 0 . . . 0 . .a 5.1 .17 9 • . . . . . . . 0 . . .6 ~.2 o.oo 

10 •* . . . . . . . . . . 15,9 2'+.0 ,65 
11 •O . . . . . . . . . . 3.9 15.0 .03 
12 * . . 0 . . . . . . 0 2.2 7.0 .co 13 • . . . . . . . . . . 1.7 5.6 c.oo 
1~ * . . . . . . . . . . 1.~ 5el 0,00 
15 * . . . . . . . . • . 1.2 5.1 o.oo 
16 • . . . . . . . . . . . 1.0 4.2 o.oo 
17 * . . . . . . . . . .9 3.8 o.oo 
18 * . . . . . . . . . . .a 3.5 o.oc 
19 $ . 0 0 . . . 0 . . . .1 3.5 o.oo 20 $ . . . . . . . . . . .a 3.2 ,10 
21 * . . . . . . . . . . .6 2.9 .oo 
22 • . . . . . . . . . . .7 2.9 ,10 
23 $ . . . 0 . . 0 ,• . . .6 2.9 o.oo 
2~ $ . . . . . . . . . . .6 2.9 o.oo 
25 * . . . . . . . 0 . . .5 3.2 o.oo 26 $ . . . . . . . . . . .s 2.9 ,04 
27 * . . . . . . . . . . .1 7.5 .27 
28 * 0 0 . . . . . . . . . .s 32.0 .03 
29 * . . . . . . . . 0 . .5 Sol o.oo w 30 $ . . . . . . 0 . . . ... 3.2 o.cG '{) 

1 • . . . . . •· . . . . ... 2.7 .c3 
2 * . . . . . . . . . . ... 2.3 o.oo 
3 .. . . . . . . . . . . ... 2 • .1 0,00 
~ * . . . . . . . . . . . .. 2.0 o.oo 
5 * . . . . . . . . . ... 1.8 o.oo 
6 * . . . . . . . . . .3 1.7 o.oo 
7 * . . . 0 . I. . . . . .3 1.8 o.oo 
8 $ . . . . . . . . . . .3 1.7 o.oo 
9 * . . 0 . . . . 0 . . ,3 1.5 c.oo 

10 $ . . . . . . . . 0 . .3 1.~ o.oo 
11 * 0 . . . . . . . . . .3 1.3 o.oc 
12 • . . . . . . . e . . .3 1.3 o.oo 
13 .. . . . . . . . . . . .3 1.1 o.oo 
14 • . . . . . . . . . .3 1.0 o.oo 
15 * . . . . . . 0 . 0 . • 3 .9 o.oo 
16 $ . . . . . . . . . ,3 .a o.co 
17 • . . . . . ~ . . . . .3 .a o.oo 
18 * . . . . . . . . . .3 .1 o.oo 
19 * . . . . . . . . .3 .6 o.oo 
20 .. . . . . . . . . . .3 .s o.oo 
21 * . . . . . . . . . .3 ... o.oo 
22 * . . . . . . . . . .3 .3 o.oo 
23 * . . . . . . . . . .2 .2 o.oo 
2~ • . . . . . ~ . . . . .2 .2 o.oo 
25 * . . . . . ., . . . . .3 .2 .32 
26 * . . . . . . . . . .It .~ .03 
27 11 . . . . . . ' . . . . .3 ... .05 
~s . ... o. . . . . .. . . . 0 51.5 186.0 2.'i2 
29 ... . . . . . . . . . 99.0 9~.0 .oo 
30 O• 0 . . 0 . ... . . . . 15,3 3.5 o.oo 
31 o• . . . . . .. - A - A 10,6 1.8 o.oo 



~U~J-,~JL 2QO.O 40il.O 600.0 soo.o 1000.0 
1 * 0 
2 * 0 
3 * 0 

" • * 
5 ·"' 
0 .. 
7 * 0 
8 * c . 
9 . 0 . * . l'J 0* 

1"' ,,..o 
.'.2 ... 
13 ... 
1<; * t:: "' 
.\; .. 
17 "" 
:!.6 *" 
19 * 
20 .. 
21 "' 
'":") ..... 
···"- v 

~· :~ ,oJ * 
~~ ~ 0 ~ 
__ • .i 

"" ?0 " 
?./ "' 
;:<:> * 
:; 5 * 

~ 
JU " 0 ::. 

·' 
._) " 
:.. ... 
5 .. 
D .,: 

7 .. 
!3 * 9 'J * 
J ~ ·"' C_.: 
2 :>t 
:: 
't i< 

5 * 
6 ., a .$: 

e, O• 
:, -..,. 

:J * i. * 
-
3 
~~ .o * 
5 0>1' 
5 * 
7 "' 
:"l :0: 

9 * 
J 

1 * 

12JO.O llfOG.O 1600.0 1800.0 2000.0 S I ~1. 
84,7 

1G4.a 
56.3 
l't,3 
lfl.b 

t\.2 
2C2. Lt 

~t t;. Cl J 

756,1 
76.'-+ 
17,9 
1~. 6 
9.9 
8.0 
6.5 
5,':' 
'f.; 
4,2 
~.7 

3,4 
3.3 
0. c. 

1 1+.6 
4.!., 

5.4 
4.6 
4,0 
.3.6 
3.3 
3.0 
2.:~ 

2.7 
2.5 
2.5 
2.~ 

2.3 
2.4 

123.4 
2:..7.2 

21.3 
11.0 
c.c. 
7.G 
5.8 
1+. 8 

15~'. 9 
17.1 
7.6 
o,..J 

::..3 
:; • 5 
3,') 

131,9 
27.7 
7.8 
6.2 
5.:? 
4 It 

3.9 
3,6 

[; " • R A I . I .. ~· [ L T 
0 0. 0 1. '• 5 
f3lca0 o:J~{ 

2. ;'J 0, C G 
2..1 0 •. ; c. 
1. 0 0. C C· 
t·. 5 ... 1 i 

2 ~,. 2. c l.;:. 7 
7u.;. .:5.~ 

53'5.0 2.:~ 

57.? • 01 
31.0 • 01 
11.0 o.co 

':l,3 0,00 
~ ' ~ ~ 'J w 
1.~.: :. ·~ j 

7 .. ~· (.. c ~ 
5. ~ :J. >j 

:....2 . ~::) 
2.':3 • v .6o 

2.5 u.oo 
2.3 .~.?: 

.:.5 .79 
23.0 .37 

2 ,. ~ Q. ;:-,;:.. 

~.::. c 0:::... 
2.3 ~. 0: 
2.5 • :Jl 
2.3 O,OJ 
2.1 .02 
2.1 Q~CO 

2.0 f..,, ..... v 

1.7 'J •. ~ J 
J.,'i 0. ·:;: 
1. l 0 • . : c 
~ f:; • c .... : 
l, G c • ..; J 
.7 c.ru 
.e: .2'-:) 

'1.7 t.:.9 
g,<j .~3 

1.5 0, 'J G 
;.,:) :-; .. c:) 

•'- \,.• ~ ' .... 

.5 c g::; 
l. c • 11 
'?.,9 • G 0 

12.:.. 0 1.13 
~.9 c. ,j 0 
l. 7 G. G G 
1 .. 1 ~ .. c 0 
1 • .; 0. J J 

• 7 c.~o 

.7 ~ l •""-"",,,·..., 
19.0 1. 23 

5.0 a.oJ 
1.1+ o.co 
1.0 ,0.3 
1.:. ,C9 
l.'T G, C ~ 
1.7 ~ :· 0 
2.7 .2; 



AUG•SEP 200.0 1+00.0 600.0 aoo.o 1000.0 12(0.0 1 .. oo.o 1600.0 1800.0 2000.0 SIMo OBS. RA!IHM[L T 

l .o. . . . . . . . . . . 1+6.0 20.0 .61 

2 * . . . . . . . . . . 7.0 4.0 o.oo 
3 • . . . . . . . 0 . . 4.6 2.0 o.co 
4 • . . . . . . . . . . '4. 0 1.8 o.oc 
5 * . . . . . . . . . . 3.5 1.7 o.c:; 
6 • . . . . . . . 0 . . 3.2 1.0 o.oa 
7 * . . . . . . . . . . 2.9 .9 o.oo 
a • . . . . . 0 . . . . 2.7 .9 o.oo 
9 * . . . . . . . . . . 2.6 .9 o.oc 

10 * . . . . . . . . 0 . 2.4 .a o.oo 
11 * . . . . . . . . 0 . 2.3 .6 o.oo 
12 ... . . . . . . . . . . 2.2 .5 o.co 
13 * . . . . . . . . . . 2.2 .4 o.oo 
1'+ * . . . . . . . . . . 2.1 .4 o.co 
15 * . . . . . . . . . . 2.1 o't o.oo 
16 • . . 0 . . . . .. . . 2.0 .3 o.oo 
17 * . . . . . . . . . . 2.0 .3 o.oo 
18 * . . . . . . . . . . 1.9 .2 o.oo 
19 * . . . . 0 g . . . . 1.9 .2 o.oo 
20 :11~: . . . . . . . . . . 1.9 .2 o.cc 
21 * . . . . . . . . . . 1.8 .2 o.oo 
22 * . . . . . . . . . . 1.8 .1 o.oo 
23 • . . . . . . . . . . 1.8 .1 c.oo 
24 .. . . . . . . . . . . 2.1 .1 .49 

25 .. . . . . . . . . . . 1.8 .1 o.oo 
26 * . . . . . . . . . . 1.7 .1 o.oo 
27 • . . . . . . . . . . 1.7 o.o o.oo 
28 * . . . . . . . . . . 1.7 o.o o.oo 
29 * . . . . . . . . . . 1.6 o.o o.oo 

.j:>. 30 • . . . . . . . . . . 1.6 o.o o.oo 
31 * . . . . . . . . . . 1.7 o.o .11+ 

1 • . . . . . . . . . . 1.6 o.o o.oo 
2 * . . . . . . . . . . 1.6 o.o .03 

3 . 0 . * . . . . . . . . . 309.2 11~.0 2.86 

4 0 • . . . . . . . " . . '+8.9 1+.1 .12 

s o• . . . . . . . . . . 16.7 .9 o.oo 
6 o• . . . . . . . . . . 12.6 ... .03 

7 0* . . . . . . . . . . 13.1 .6 .42 

8 0* . . . . . . . . . . 2<:>.0 1.0 .12 

9 o• . . . . . . . . . . 12.;; .a .12 

10 * . . . . . . . . . . 6.8 .7 o.oo 
11 * . . . . . . . . . . s.s .a o.oo 
12 • . . . . . . . . . . 4.6 .7 o.oo 
13 * . . . . . . . . . . 4.0 .5 o.oo 
14 * . . . . . . . . . . 3.6 .2 .03 

15 . . 0 . • . . . . . . . . 470.0 257.0 2.14 

16 0 * . . . . . . . . . . 43.0 5.1 .oo 
17 O• . . . . e . . . $ . 13.3 1.5 .01 

18 0* . . . . . . . . . . 10.1 .9 o.oo 
19 0 $ . . . . . . . . . . 43.2 .7 .76 

20 0 * . . . . . . . . . . 11'7.5 10.0 .05 

21 o• . . . . . . . . . . 12.5 1.8 .06 
22 .. . . . . . . . . . . 7.5 1.0 o.oo 
23 * . . . . . . . . . . 6.2 .9 o.oo 
24 $ . . . . . . . . . . 5.3 1.3 .11 

25 * . . . . . . . . . . 4.6 1.7 o.oo 
26 .. . . . " . . . . . . 'f.O 1.~ o.oo 
27 .. . . . . . . . . . . 3.6 1.1+ o.oo 
28 * . . . . . 0 . . . . 3.1+ 1.3 o.oo 
29 $ . . . . . . . . . . .3.1 1.1 o.oo 
30 $ A a A A . . . . . !.0 1.1 .11 



~ 
N 

MONTH 
SIMULATED 

MEAN 

MULTIYEAR ST 1\ TISTICAL Sll!"'MAR) 

FLO~POI~T = COUNCIL CR 

BIAS 
OBSERVEr ISlM MEAN PE~CENT 

MEA~ -OBS MEAN) AlAS 

WATER )[~RS 1959 TO 1962 

1ST MOMENi 
ISii'll-lST 
MO:"lENTIOBSl 

rAXIP'lUM 
ERROR 

STANDARD 
ERROR 

PERCF:NT 
STAJ\CARD 

ERROR 
CORREL. 

COEFF 

BEST FIT LINt: 
OBS : A + 8 •SIM 

A B 
oooooooeooooooooooooooeoo••••••••oooooeoooooooooooooeoooooooo•o•oooeooooeooeoooooooooeoooooeooe••••••••••••••••••••••ooo 

OCT08ER 2.322 3.18f> -.865 -27.132 1.816 -1'+7.51'>7 4.777 149.927 .985 -1.056 1. 527 

"JOVEMoER .327 .345 -.018 -5.337 .2133 -6.275 .569 164.'381 .949 -.077 l. 293 

JECE~RER .247 .237 .011 4.575 -.822 1.574 .135 57.009 ,975 ,050 .75"> 

JAfJUhRY .057 .082 -.025 -30.948 -.767 1.'+81 .065 78.9'+5 .382 .OH .142 

FEBRUARY .168 .158 .010 6.256 2.179 3.040 .317 200.702 .682 ,021 ,818 

-1ARCH • 077 .203 -.126 -61.950 1.257 -3.388 .378 186.320 .'+56 .133 .<;11 

APRIL .053 .171 -.118 -58.930 -.781 -4.493 .423 24e.o69 .206 .125 .8&4 

"·1AY .475 .ee6 -.411 -~6.412 4.531 ··27. 509 2.684 303.006 .490 .188 1.470 

JUNE .869 1. ?.t-7 -.398 -31.436 1.290 •·12.069 2.091 165.053 .831 .320 1.090 

JLLY 1.777 1. 148 .629 54.759 -1.135 15.65b 2.251 196.131 .832 -.112 .709 

AUGi.JST .412 .252 .160 €.3.332 4.985 9.920 1.269 503.07'3 .591 -.009 .634 

S£PTE~·1BER 1.608 1.218 .390 31.987 -3.015 16.897 2.462 202.103 .909 -.252 .91'+ 
•••••••••••••••••t~•••••••••ooooeoooooooooeeoeooooeeeooeooeooooo• oooooooeoooo•••••••••••••eoeeooeoooooeoooooo•••••••••••• 

.940 -.351 1.591 WATER YEAR .703 .767 -.06'+ -8.390 81.935 -~47.587 2.939 382.907 
.OOOOOD0000DD0000G000000000000DOD00000000GOGOOOOOOOOOOOOG0000G0f 000000GIOGI000000000000Gott0000000000000CIG000000008000000000 

••NOTE ••• SUM OF (Sl~-OBSl**2 = ~5809. • • • .. ROOT MEAfl OF SUM OF I SXM•OBS l U2 = 4.203 ••••• 

NUMBER PERCENT BEST FIT LINE 
FLOW OF CASES OBSERVED SIMULATEC PERCENT IIAXIMUM STANDARD STAJ\CAR::J CORREL, OBS : A + B •SIM 

IrJTERVAl.. OaSERVED MEAN MEAN BiAS BIAS ERROR ERROR ERROR COEFF A 8 
••••••••••e••••••••••<~~••••••oooooooooooooeooooeooooooooo•o•••••••••c.ooeoooo!lloooooooooooooooGeooooooooooo••••••••••••caooo 

0 - 1 1369 .10"5 .191 .086 82.640 9.920 .132 126.653 .330 .090 .074 

1 - 1 It 1,076 2.332 1.256 116.686 2.907 .015 1.361 -.682 1.106 -.013 

1 - l. 9 1./90 1.727 .~37 33.87'+ 2.230 o.ooo o.ooo 1,000 1. 279 ,006 

1 - 2 14 1.e11 2.215 .338 17.982 5.417 .:?.73 14.548 -.236 1.951 -.033 

2 - 4 22 3.238 4.357 1.119 34.550 15.656 .528 1&.309 -.180 3.336 -.C22 

~ - 7 15 5.195 4.417 -.778 -1'+.979 7.249 .938 18.059 -.215 5.459 -.060 

7 - ll 12 8.750 7.674 -1.076 -12,297 18.091 1.483 16.945 .201 8.436 .041 

11 - 19 6 15.758 11.414 -4 •. H4 -27.568 ·12. 069 1.924 12.211 .419 14.359 .123 

19 - 30 5 26.034 18.191 -7.843 -30.126 ·•27. 509 3.863 1!+.838 ... 163 27.055 -.05€-. 

ABOVE 30 5 91.407 59.249 •32.158 -35.181 -~47.587 20.332 22.244 .983 •29.333 2.038 
eooooooooooeoooo•Qoeco•ooooooooooooeooooeoo•oooaet:tooeooooooo•ooo toeoooooeoooooooeoeeoeooeoeoooeoeeooowoooGloeoeoooeooooooo 

1.709 ABOVE 4 43 20.109 14.280 -5.829 -28.988 -L47e587 14.598 72.597 .948 -4.300 
• o o o o 0 • e o o o o • o o e o & o e o o o • o o a • • o e e o e e o 1111 " • • • e o • e o e 4l • • o o o e e o • e e e e o • , • e o 'o • o e e o o o • • e o e o e o o e o e o e o e e o o • e o • o • e e e • o • e e o • • • e o o e o o o e 



VI. CONCLUSIONS 

The derivation of the initial NWSRFS soil 
moisture accounting parameters by the use of 
SCS estimated engineering soil properties is 
an effort to provide a practical and useful 
method. The SCS soil properties are readily 
available for many areas, and the NWSRFS 
verification computer program can quickly 
check the validity of the derived parameters. 
The derivation method will be readily adapt
able to a computer solution; hence, the to
tal parameter set could be computed easily. 
The computed zone parameters have a definite 
bias toward being larger than the optimum 
value; thus, all values should always be 
evaluated as to rationality. The derived 
parameters will be closely related to the 
physical characteristics of the basin, and 
the substitution of the parameters to basins 
with similar characteristics should be 
valid. The use of this procedure should re
sult in a considerable savings in man-hours 
and computer time. 

As operational rainfall measurements from 
radar, automated gages, and high density 
networks come into being, the need for pro
cedures to delineate changes in runoff
producing characteristics will be in demand, 
and SCS soil properties will be available 
for as small an areal distribution as is re
quired. The procedure for parameter deriva
tions presented in this study could be the 
answer. 

A. Recommendations for Future Work 

Since there are many possible combina
tions of soil characteristics within a soil 
profile as well as aerially across a basin, 
the derivation procedures should be tested 
on a large number of widely scattered ba
sins. An investigation of soil properties 
available from other sources should be pur
sued. The use of topography, climate, vege
tative cover, and other pertinent physical 
basin characteristics to compute or adjust 
the parameters should be considered. Adjust
ments and additional variations in the rules 
for the computation of parameters will most 
likely be needed. After the procedures are 
widely tested and finalized, a computer pro
gram to reference a data file of SCS proper
ties for all soils in a region will be a 
step toward greater efficiency. 
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APPENDIX I. COMPUTER PROGRAM LISTING 
OF A NWSRFS SOIL MOISTURE ACCOUNTING SUBROUTINE 

S ll ~ ~ I ll IT J N E L A f\J I) ( I 0 1 , I P 1 • I f) 2 • I P 2 , M U S f\.1 , I C ll U 1\J T , I KG ) 
c 
c 
(****•******~*•************•******~··~**~*******************************~ c 
c 
c f\1 '.J s R. F s s n I L M r1 I s T u K E A c c r ' L h\J T I N G P R. t t c E D u r<. t: 
C R A S E 11 (l ~J S 0 I L M U I S T U k E A(. C u l IN T I N I 7 I 1\1 T H E.- S A C K A f\1 E N T U 1v1 ( l D f. l 
c 
c 
(****************************************¥******************************* c 
c 
C LANO VAKIA~LFS 
c 

c 
c 

R~AL LZTWC.LZ~PC,LZFSC.LZT~Cl.LZ~~C1,LZ~SCl.LZTW~.LZ~~~.LZ~SM,LZPK 
l.LZSK 

niMENSinN MOSM(B,2),EPOIST(4l 

C GENERAL P~Dl,R.AM VAklARLFS 
c 

c 

c 

I N T E (; E R K r lilT F , S N I J W , S r·-J 0 W A , Y k I N , Y k 1 , S T ll ~ E , Y F A ...( .-P L T 6 H k , S t\ V E F w , C U tvi P A k. , 
1 P T t: S T, P l ( J T, C T F S T, S 1 X I 1\1, (J H S E r{ , S T I) t., , S T P 6, Y K 2, S T A f , ~ f: b 

I<FAL INFkO 

C n M M n N I G I ·"1 fl N T H , M 0 I N , l f\ S T , K U l J T t , N bAbE S , S NnW , S N f l ~ .. A ( 1 2 ) , Y k I N , i·J ~ E b S , 
1 Y ~ l , N P T S , S T 0 k E , K A S I 1\! ( 2 o l • Y ~ A k , S S F ( :; • 1 2 l , S r ' f ( 3 , 1 2 ) , P L 1 6 H k , S fl v E F w , 
? C f I M P A K ( 3 ) , P T £:: S T , P L U T ( 3 ) • l I N t ~ , I 1\1 ~ k U ( 2 0 ) • ..> ll l T M X ( 3 ) , C T t: S T , F S F I_ U ~~ ( 3 ) , 
3 P f. c; ( 5 ) , S T A T , Y k 2 , A R E A ( h ) , S I X I N ( 3 ) , ! l H S E K ( 3 l • S T fJ t, ( 2 , 1 U ) , S l P 6 ( 2 , l 0 ) , 
4 I Y F A R 1 ( ::S ) , I P T , ME T k I C ( 3 ) , i\J (,) 2 4 , f\: (.) 6 , N P T S l I P , I \.J 2 4 I N ( 3 ) , I lJ h I r\J ( 3 ) 

C SOIL i\1fliSTtlk.F ACCIJIINTING VAt<.IAt~L=s. 
c 
c C f)M Mr lN IS U I lIRA L ( 5) , H L ( ':>, l H) , \1 L ( ~,A ) , S L ( ~, 1 0 ) , E ( ? , 12, 3 l ) 

C TIM~ SFRIES IDEI\ITIFICATI Jf\JS AND DESCI<IPTJr)I\JS. c 

c 
C n M M r J 1\J I T S I 0 I A I D ( 5 , 3 ) , A "' A 11.1 E ( ? , S ) , 1-> t I D ( 3 , 3 ) , F ~ N A ,_, E ( 3 , ? ) , ~ P I ! l ( 3 , 3 ) , 

1 P? 4 In ( ':3 , ·1 ) , l.J b I D ( 3 , 3 ) , l I tJ F W I i) ( 3 , 3 ) 1 ~X I I l ( ~ , 3 ) 

C RASIC OATA A~RAYS 
c 

c 
CnMMON IRDI PX(5,4,3ll,TA(?,4,31),PE(3,31),r'.IJ(':J,4,3l).UFwb(3~4,3l) 

1 , SF W 6 ( 3, 4, 31 ) , t.J F W 6 ( 3, 4, 3 1 ) , I) F W 2 4 ( 3 , 3 l ) 

C SNOW ANn LAND COMMON ALOCK c 
COMMON IS L I C 0 V f R ( 5, 3 1 ) , E F C ( 5 ) , P X AD J ( ? ) , N l A r,. \JW fb 
OATA EPniSTI0.0.0.33,0.h7.0.0I 

c 
C*********************•************************¥***********~************* c 
c 

c 

c 

c 

c 

IPI<.INT=C 
I F ( ( M r l f\1 T H • E lJ • ~.., 0 S M ( I C u UN l , 1 J ) • AN L) • ( Y f A 1<. • E (l • M I IS tV\ { I C l J l J NT , 2 ) ) ) I P R. I NT = 1 
IF( I~RINT.'=Cj.Q) GO TU 200 

PR.INT 'iOO,MONTH,YEA~<., (t,NAME( IKG, I I. I=1.~:>) 
900 FOkMAT(lH1.33HSIX-HOlJR SlliL ~-1nJSTlJkE !HITPliT HlfJ,lK.I?.U~/,J4,2X,5A 

1 4 , 2 0 X , 3 Y H l J N I T S 0 F A L L (,l U A N T I T I E S A K F r-.1 I L L I ~-1 F T t t< S l 

PRINT 90? 
902 FOkMATflH .5X,1YHPERC IS PE:RCULATIUI'J,5X,31HKt.SfFW IS ·rHf: CHANNI:L C 

l 0 M P fl N F N T , 5 X , 6 7 H T 0 T A L - R. U I S C H A N N F: L I N F L lJ W M I "'l I S r: I ~ K t l "·t T H f: /:1. k 1-.: A 1 ) 
2EFINED KY SAkVA.) 

PRINT 901 
901 FOR.MAT(1H ,3HOAY,1X.2HP0.2X.5HUZTWC,2X,5HliZFWC,2X,5HLLTWC,2X,?rlLZF 

1 S C • ? X , '? H l l F PC • 2 X , 5 H A I) I M C , 4 X , 4 H P E k C , 1 X , 7 H I r•1 P V- k f 1 , 2 X , 6 H U I k E C T , 2. X , 6 H ~ 
21 J R- R 0, l X • 7 HI r,l T f !.( F vJ, 2 X, 6 H H t1 S E F W , l X , H H Tf lT A L- R n. 1 X , 7 HE 1-! ~ t .•\ lJ. 1 X , 6 HAC T 
3-E~.2X,YHkAIN+MFLTI 
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c .................................................................. " ............ .. 
c 

200 Sf{rJT=O .. O 
SIMPVT=O.O 
SRODT=O.O 
SROST=O.O 
SINTf-T=O.O 
SGI.JFT=O .0 
SRFCHT=O .. O 
SETT=O.O 
SPRT=O.O 
SPET=O .. O 

c 
C INTIAL VALUES OF '!ARIABLES 
c 

c 

c 
c 
c c 

c 

c 

c 

II Z T W C = V L ( I k c;" l ) 
ll Z F WC = V L ( I R. G.? ) 
LZTWC=VL( 1R<;.3) 
L z F P c = v t_ t I tn; • 5 ) 
LZFSC=VL( lf.U;.,4) 
A 0 I MC =VI_ ( I R. G. 6 ) 
IJZTWCl=IIZTWC 
IJZFWCl=IJlFWC 

LZTWCl=l_lTWC 
LZFJ.>Cl=LZFPC 
LZFSCl=L/FSC 

ADIMCl=AOIMC 

INITIAL VALUES !IF PARAMETERS 

P PAn J =PI_ ( I R. G • 1 } 
PEAO,J=PL( IRG.2) 
l I Z T W M = P I_ ( I R G • 3 ) 
lJ Z F W M = P L ( I R. f;. 4 } 
II Z K =PI_ ( I R (;, 5 l 
ZPERC=PL (I R.<;. 9 l 
REXP=PL( IkG,lOl 
PCTIM=PL~ IR(;,6) 
AOIMP=PL{ IKG.7l 
SA R VA = P L ( I R (~ • P. ) 
LZTWM=PL (I RG.ll) 
t '*'1 r I\&.•- I) I I T I) r l "). \ 
Ll-1 r ,,-r L, ... ,,v., ..L-, 

l Z F S M = r> L { I R G·, l 2 ) 
LZPK=PL( IK.<; .. l5) 
LZSK=IJL( IRG,l4l 
P FREE= P L ( I K l; • 16 l 
R S E R V = P I_ ( I P G • 1 7 l 
SIOE=PL( IRG.lRl 

WATSF=St.RVA 
SARRA=o.·o 

IF(Sl\RVA.t_E.PCTIMl Gll TO 201 
l.o.IATSF=PCT Ir-1 
SARRA=SARVA-PCTIM 

201 IGPE=PFf;( lf{{;) 
E F C T = E F C ( 1 ~ (;) 
SAVFO=RSERV*(LZFPM+LLFSM) 
PAREA=l.O-PCTIM-ADIMP 
IP6=IPl 
IDA=IDl 
GO TO 204 

c 
(********************************************************************** 
r 
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c 
C H F <; I N N I N G n F 6 HO UK AND I) A Y l U 0 ~ c 
(***************************************************************** c . 
, .. 2 0 5 IF ( I Ph. 1\q:. 1 l GO T 0 2 10 

204 IF( IG~E.GT.O) Gfl TO 206 c 
C N I) P E I "' P lJ T • T H l J S P E I S U d f A I N f R fl M M E A N S E A S UN A L C UK V E • c 

c 
E P = F. ( I R (; • M 0 NTH • I D A ) 
Gil TO 207 

C OAILY PE TIME SEKIES IS AVAILARLF c 

c 

c 

206 EP=PE(JGPt,JilA) 
EP=EP*El IKG,MONTH,JUA) 

?01 EP=FP*PFADJ 
SPF:T=SPFT+EP 

IF ( S t\1 0 W. E (J. 1 ) E P = E F C T * E P + ( 1 • 0- E F C T ) * ( 1 • 0-C U V E K ( I R G, I 0 A ) ) * E ~ 
2 1 0 I F ( ( S N 0 t\1 • F f) • 1 ) • AN 0 • ( S N 0 W A ( ,_, 0 1'.1 T H ) • E Q • 1 ) ) (; 0 T () 2 1 9 

PXh = ~X(IRG.U.>o,J[IA)*PPA.DJ 
GU Tfl 215 

C IF SI\JOW IS RF.ING CONSIDERED, PXADJ HAS ALREADY ~EtN APPLJEU c 

c 
219 PX6 = PX(IkG,JP6,IDA) 
21~ SPRT=SPKT+PX6 

C PX6 IS THE SIX HOUK RAINFALL l);{ SNOW COVEk OUTFLOW c . 
(********************************************************~~******** c 
c 
C FOMND IS SIX-HOUR EVAPORATION IJEMAND c 

FnMNn=EP*FPOIST(IPo) c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 

c 
F1=EDt-1NO*(lJZTWC/UZTWM) 
REO=EOMtt.ID-E1 

C REO IS RESIDUAL EVAP DEMAND c 

c 

liZ TWC=lJZ TWC-E 1 
E2=0.0 
I F ( U Z T 1-lC • G F • 0. ) GO T 0 2 2 0 

C E1 CAN t\IOT EXCEED UZTWC 
c 

c 

Fl=Fl+IJZTWC 
IJZTWC=O.O 
RED=EDMI\tD-El 
IF(lJZFWC.GE.RFDl GtJ TO 221 

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

c 

c 
r 

E2=lJZFW( 
tJZFWC=O.O 
Rf.I>=REI>-F? 
Gfl Tn 2;?5 

221 F2=1{ED 
lJZ F~JC=lJ ZFWC-E 2 
RFD=O.O 

220 IF( (UZT\..JC/UZTWM) .GE. (UZFt-.tC/lJZFWM)) GO TO 225 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C tJPPFr{ ZllNf. FK.f.E WATtk kATI!J f:XCtEDS Ui-'PER Z!JNE 
C .TENSION WATER RATIO, THUS TkANSfl-:k FKFE ~ATF.K. TO TENSIUN 
c 

c 

lJZRAT= ( liZTWC+liZFWC) I (UZTWf-1+lJZFWM) 
IIZTWC=IlZTWr-1*1JZKAT 
IJ l FWC =\J lFWM*d ZRAT 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C Cf1MPtJTE FT FKOM AOIM~ M<F.A.-1:5 
c 

22~ E5=f.l+(kEO+E2)*( (AOIMC-El-IJZTWCli<UlT\oiM+LZTWM)) 
c 
c • ••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••• 
c 
C COMPtJTF ET FkUM LZTWC (J:3l 
c 

c 

F 3 :: R F. D * ( l l T W C I ( II Z T I.J M + L Z T ~ M ) ) 
L Zl WC = L 7 T II!C- ~ 3 
IFtLZTWC.GF..O.Ol GO TO 226 

C E3 CAN "101 EXCEED LZTWC 
c 

c 
E3=E3+LZTWC 
LZTWC=O.O 

c ••••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••• 

c 
22f> 

c 
c c 
c 
c c 
c 

c 
c 
c 

c 

RATLZT=lLTWC/LZTWM 
KAT L l = ( L l "J WC+L l F ~C +L ZF SC-S AVE •)) I ( L l Tw~+L Z F ~M+L Z F S ~-SAVED l 
1 F ( K A T L l T • (; t • R A T L Z ) G U T iJ 2 3 0 

RESIJPj-)LY 1_{1\.jfR ZONF Tt:NSltlN WATER H~OM LUI~E~ 
ZONE FREE WATER IF fv\IJRF VJATER AVAlLAhLE THEKE. 

OEL=(RATLZ-~ATLZT>~LLTWM 

TRANSFER FI<OM LZFSC TO LZTWC. 

LZTWC=LZTWC+DEL 
LZFSC=LZFSC-Otl 
JF(LZFSC.GE.O.O) GO Til 230 

IF TRAI\JSFf:R EXCEEDS LZFSC THEN R.Er'-1Alf\.JDER C0~1ES FKUM LlFPC 

LZF~C=LZF~C+LZFSC 
LZFSC=O.O 

C • • a • • • • • e • • • o e a • • • • • o • e e • e • e e e • e e • • • e e e • • o a o e o o • e • e e • 0 • eo • • • • • • • 0 8 • • • 0 0 c . 
230 ROIMP=PX6*PCTIM 

c 
C ROI~P IS KlJNOFF FROM THE MINIMlJM IMPEKV!tHJS AI<E:A. 
c 

SIMPVT=SIMPVT+RIJIMP 
c 
C ADJtJST·ADIMC,AUOITIONAL lM~ERVItJtJS AREA STORAGE, FUR EVAPURATIUN. 
c 

c 
AOIMC=AI)IMC-E5 
JF(AOIMC.GE.O.O) GO TO 231 

c •••••••••••••••••••••••••••••••••••••••••••••••• ~ •••••••••••••••••••••• 
c 
C F5 CAN 1\JilT FXCEF.U ADIMC. 
c 

c 

F5=E~+ADIMC 
ADIMC=O.O 

231 F:5=E">*Af11MP 

C FS IS ET ri<OM THE AkFA ADIMP. 
c 

PAV= P Xh+U Z T WC-lJ Z TWr-l 
c 
C PAV IS THF PERIOD. AVAILARLE MOISTIIKE IN EXCESS 
C 0 F U l T W R F: tJ tJ I k E ~~ E N T S • 
r 
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IF(PAV.GE.O.O) GO TO 232 
c 
C ALL ~OISTURE HELD IN UZTW--NO fXCESS. 
c 

c 

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

C MOiSTURE AVAILABLE IN EXCESS OF UZTW STORAGE. 
c 

232 IIZTWC=UZTWM 
23~ AOIMC=AOIMC+PX6-PAV 

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

c 
c 

SRF=O.O 
SSlJR=O.O 
SIF=O.O 
S·PERC=O .o 
SDRn=o.o 

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

C NINC=NlJMREK OF TIME INCREMENTS THAT THE SIX 
C HOUR PERIOD IS DIVIDED INTO FOR FlJKTrlER 
C SOIL-MOISTURE ACCOIJ~TING. NU ONE PFKIOD 
C WILL fXCEFD 5.0 MILLlf-1FTERS Of- lJZFWC+!JAV 
c 

niNC=(l.O/NINC)*0.25 
c 
C DINC=LENGTH OF FACH INCREMFNT IN OAYS. 
c 

PINC=PAV/NINC 
c 
C P I N C = A~~ 0 lJ NT 0 F A V A I L A B L E M U I S T U R E F UK E A C H I t\J C R E: t--1 E N T • 
C COMIJUTf- FI<Ef WATEI< DEPLFTIUN FRACTIUNS FUR . 
C THE TIMF INTFKVAL ~jEJNb USfiJ-KASIC DFPLETIUNS 
C ARF FOR ONE DAY 
c 

c 
c 

DlJZ=l.O-( (1.0-lJZK)**DINC) 
DLZP=l.O-( ( 1.0-LZPK) )~*I)II\JC) 
DI_ZS=l.O-( ( 1.0-LZSK)**DINC) 

c •••••••••••••••••••• " ••••••••••••••••••••••••••••.•.• ' ••••••••• 
c 
c 
c 

c 

110 240 IC=l.NINC 

PAV=PINC 
ADSIJR=O .0 
RAT I 0= ( A 11 I r"1C -lJ Z T WC) I L Z T W M 
ADORO=PINC*(KATI0**2) 
SDRO=SI1RO+AODRO*A8IMP 

C ADORtl IS THE AMOUNT UF DIRECT RlJ\J!JFF FRUM 
C T HE A R F l\ A f) I tv\ P .- S D R 0 I S T H F S I X H lJ I J I< S I J M 1'-1 A T I ( 1 N 
C Cfl~tPUTE HASl::FLOW AND KFFP TKACK UF SlX-HUUK SUM. 
c 

c 
c 

c 

c 

BF=LZFfJC*DLZP 
LZFPC=LZFPC-BF 

IF (LZFPC.GT.O.OOOl) GJ TO 234 

BF=RF+LZFPC 
LZFPC=O.O 

234 S~F=SRF+BF 
HF=LZFSC*DLZS 
LZFSC=LZFSC-P,F 

IFILZt=SC.GT.O~OOOl) bO TO 235 
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c 
c 

AF=RF+LlFSC 
LZFSC=Q.O 

235 SI:3F=SRF+hF 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c c 
c 
c c 

c 
c 
c 
c 
c 
c 
c 

c 

251 

241 

CflMPUTF PERCOLATifiN-IF NCl WATEK J\VAILAMLE THE:N SKI!J 

JF((PINC+llZFWCl.GT.O.Oll Gil TO 2')1 

IJ7FWC=IJZFWC+P INC 
GO TO 24Y 

PERCM=LZFPM*OLZ~+LZFSM*OLZS 
PERC=PEk(tvP'.::( lJZFWC/UZFwt"1 l 
OFFR=l.O-( (LZTWC+LZFPC+LZFSCl/ILZTW~+LZf~M+LZFSM)) 

DFFR IS THE LflWER ZONE MniST~JRF DEFICIENCY KATIU 

PERC=IJERC*(l.O+ZPEKC*(DEFR*~REXP)) 

NOTF ••• IJERCOLATION OCCIJRS FRIJM UZFWC REF!JRE PAV IS AUUED. 

IFfPERC.LT.UZ~W(l Gfl Ttl 241 

IJF.RCULATION RATE EXCEEDS UZFWC. 

PERC=IJZFWC 
UZFWC=O.O 
GO TO 247 

PERCOLATION RATF IS tESS THAT lJZFWC. 

IJl F WC=IIZ FL.IC-PE KC 

C H F C K T n S E E I F P E R C 0 l AT I UN E XC E E US L I) W E K l UN E 0 E t= I C I E N C Y • 

CHFCK=LZTWC+LZFPC+LZFSC+PFKC-LZTWM-LZFPM-LZFSM 

IF(CHECK.LE.O.Ol GO TO 242 
PFRC=PFRC-CHFCK 
'IZFWC=ll7 F\-.1C+CHECK 

242 SPFRC=SPERC+PERC 

C SPERC IS THE SIX HOUR SlJ~MAT IDf\J UF PERC 
~ 
~-·····························~··································· c 
C CflMPtlTF. INTERFLI"IW Af\JI> KEEP TRACK OF SIX HIHJR SIP'). 
C NOTF ••• RAV HAS NOT YET KEEN AODEil. 
c 

c 

OEL =liZ Ft-lC*I)lJ Z 
SIF=SIF+OF.L 
tJZFWC'=UZFWC-DFL 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C 0 I S T ~ I R F P f R C 0 L A T E 0 ~~ A T r L<. I NT U T H F L1 l ~ E R l D N E S 
C TENSION WATER MUST ~E FILLED FIKST EXCEPT FUJ.< THE PFKF.t ARFA. 
c 

c 

c 

c 

247 VPERC=PFRC 
!JERC=PE~C*(l.O-~FREE) 

IF((PERC+LZTWCl.GT.LZTWM) c;o TO 243 
LZTWC=LZTWC+PtKC 
t-lERC=O.O 
Gil TO 244 

243 PFRC=PFR(+LZTWC-LZTWM 
l Z TWC=LZ TWI"t 

C OJSTRIRtJTE PERCOLATJilN IN EXCESS IJF TENSlUf'J 
f REOtJIRF.Mt:NTS AMONG lHE F-t<.FF: vvATf.K STOKAbtS. 
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c 

244 PERC=PFRC+VPERC*PFREE 
IFCPERC.FQ.0.0) to TO 245 
HPL=LZFPM/CLZPPM+LZFSM) 

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

c 
RATLP=LZFPC/LZFPM 
RATLS=LZFSC/LZFSM 

C RATLP AND RAlLS ARE CONTENT l(l CAPACITY RATIOS. OR 
C IN OTHER WURDS., THE RELATIVE FULLNESS OF EACH STORAGE c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

PERCP=PFRC*((HPL*2.0*Cl.O-RATLP))/(Cl.O-KATLP)+(l.O-KATLS))) 
PERCS=PERC-PERCP 

PERCP AND PERCS ARE THE AMUU!\IT -UF THE EXCESS 
PERCOLATION GOING TO PRIMARY AND SUPPLEMENTAL 

STORGFS.,RESPFCTIVELY. 

LZFSC=LZFSC+PERCS 

IFCLZFSC.LE.LZFSM) GO TO 246 
PERCS=PFRCS-LZFSC+LZFSM 
LZFSC=LZFSM 

246 LZFPC=L7FPC+(PERC-PFRCS) 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
c 
c OISTRIRUTE PAV BETWEEN lJZFWC AND SURFACE RUI\lOFF. 

245 IFCPAV.EQ.O.O) GO TO 24Q 
c 
C CHECK IF PAV EXCEEDS UZFWM c 
c 

IFC(PAV+UZFWCJ.GT.UZF~M) GO TO 24R 

C 1\10 SIIRFACE RUNOFF c 

c 
lJZFWC=UZFWC+PAV 
GO TO 249 

c ................................................................. . c 
C C 0 M P ll T F S lJ R F A C E R lJ N (} F F AN() K E E P T K A C K lJ F S I X HI H I R S U r_, 
c 

c 

24H PAV=PAV+UZFWC-tJZFWM 
IJ Z F W C = ll Z F W t-f 
SSUR= SSt lR +PA V*PARE A 
A 0 SUR= P A V * ( l • 0- A() DR 0 I !-' p,J C ) 

C AOSUR IS THE AMOUNT UF SURFACE RUNOFF WHICH CU~tES 
C F R fl M T H I\ T P 0 R T I 0 N U F A D I t-1 P W H I C H 1 S N Cl T 
C CURRENTLY Gt:I\JtRATING DIKECT RUNUFF. ADl>RU/fJINC 
C IS THE FRACTION OF AOIMP CURRENTLY G~~ERATING 
C OIRECT RUNOFF. 
c 

SSI.JR=SSIJR+ADSIIR*ADI MP 
249 ADIMC=ADIMC+PINC-AIH.lKO-t\DSlJK 

c 
240 CONTINIIF 

c 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C FNO OF INCREMENTAL 00 LOOP. ,c 
c 
(**************************************************************** c 
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c: 
c c 
c: 
c 
c 

COMPIJTF SliMS AND ADJUST ~lJNOFF AMOUNTS ~y THE A~EA OVER. 
WHICH THEY ARE GENF:R.ATED. 

FtJSFO=F:l +F.2+F"3 

EliSFO IS THE ET FRIJM ~AKEA WHICH IS 1.0-AOIMP-PCTIM 

SIF=SIF*PAREA 
c 
C SEPAR.ATE CHANNt:L COMP()NFNT flf f3ASEr-LUW 
C FROM THF NON-CHANNEL COMPUNtNT 
c 
c 
c 
c 
c 
c 
c 
c c 
c 

TRF=S~F*~AR~A 

TBF IS TOTAL RASEFLUW 

MFCC=TH~*Il .. O/Il.O+SIOE)) 

RFCC IS BASEFLOW, CHANNEL COM~ONENT 
HF.NCC= TK ~-r~ FCC 

RFNCC IS RASE~UlW.NON-CHANNtL COMPONENT 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,. ••••••••••• c . 
C ADO TO MONTHLY SUMS., 
c 

SINTFT=SINTFT+SIF 
S G W F T = S \; ~..J ~ T + H F. C C 
SRFCHT=SRFCHT+KFNCC 
SRilST=SRflST+SSUR 
SRnnT= S kOIH + SOf.Ul 

c 
c 
C COMPlJTE TOTAL CHANNEL INFLOW FOR THE SIX-HUUR tJEK.IOD. 
c 

T C I = R. 0 I M ~> + S IJ K r l+ S S U R + S I F + 1:3 F C C 
c 
C COMPIJTE E4-ET FK0f'.1 STREAM SURFACES AND RIPARIAN VEGETATIIIN. 
c 

E 4 = f f) tvl N n * v..' A T S F + ( E D M N D- E lJ S E D ) :o:t S ARK A 
c 
C SliHTRACT t4 fRIJM CHANNEL ·INFLU~ 
c 

c 
C COMPllTF TOTAL EVAPUTkANS~IKATION-TET 
(. 

(. 
c 

250 FtiSFn=FliSf-l)*fJAREA 
T f: T = f.i IS F.[)+ E CJ + f 4 
SFTT=SETT+TFT 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

R.O(JRG.IP6,I0.1\) = TCI 
c c ....................................................................... . 
c 

SRnT=SkflT+TC I 
c 
C PKii\JT SIX-HOUR ACCC!l.ti\ITING VAL:JES If kEtJUESTtD .. 
c 

c 

c 

I F ( I r R I "-' T • t: CJ • 1 ) f.> K. I ~'J T Y 0 :1 • I D A • I f.> 6 , U l T W C , lJ L F 1t1 C ., L l T w C , L Z F S C , I_ Z F 1-> C , A I l 
l I M C " S 1-' E k C , k 0 I 1\1 1-' .. S D K. l J ., S S ll K " S 1 F • M ~ C C • T C I " t I ) r-1 N I ) • T E T " ~ X h 

903 t=ORMAT(lH ·2I3.hF7.1.7FH.Z.3FR.ll 

IF( C IIJA.E(J.IIJ2).AND.l IP6.ECJ.l~2)) GOT() 270 
IP6=JPh+l 
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c 

c 

IF( IP6.LE.4) GO TO 205 

IP6=1 
IDA=IDA+l 
GO TO 205 

c 
(*********************************************************************** c . 
C END OF SIX HOUR AND DAY LOOP 
c 
(*********************************************************************** 
c 

270 JF(I~G.N~.NGAGES) GO TO 271 
IF( ( IPRINT.EQ.l).ANU.( ICUUNT.LT.H)) ICOUNl=ICUUNT+l 

271 IPRINT=O 
c c 
C COMPIJTE MONTHLY WATER BALANCE FOR AREAL SUIL MOISTURE ACCOUNTING •. 
c 

c 
c 

RAL(IRG)=(UZTWC+UZFWC+LZTWC+LZFPC+LZFSC-UZTWCl-lJZFWCl-LZTWCl-LZFPC 
11-LZFSCll*PARFA+(ADIMC-AOIMCll*AOI~P+SRUT+SRECHT+SETT-SPKT 

~·········································~····························· 

c c 
c 

Sl_ (I RG.l) =SRUT 
SL(IRG.2)=SIMPVT 
SL( IRG.3)=SRIIDT 
SL<IRG,4l=SROST 
$1_( IRG,5l=SINTFT 
SL(IRG,6)=SGWFT 
SL( IRG.7l=SRECHT 
SL(IRG,8)=SPRT 
S I_ ( I R G , 9 ) = S P F T 
SL(IRG.lOl=SETT 
Vl( IRG,l)=UZTWC 
VL(IRG.2)=UZFWC 
VL( IRG,3)=LZTWC 
Vl(IRG.~)=LZFPC 
VL( IRG.4)=LZFSC 
Vl(IRG,6)=ADIMC 

RETIIRN 

tNO 
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A Dynamic Model of Stage-Discharge R e l a t i o n s  Af fec t ed  by Changing Discharge.  D. L. 
Fread ,  November 1973 ( r e v i s e d ,  October 1976) ,  38 pp. p l u s  appendixes A and B. (COM-74- 
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Na t iona l  Weather S e r v i c e  River  Fo recas t  System--Snow Accumulation and Ab la t i on  Model. 
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Numerical P r o p e r t i e s  o f  I m p l i c i t  Four-Point  F i n i t e  D i f f e r ence  Equat ions  of Unsteady 
Flow. D. L. Fread,  March 1974, 38 pp. (COM-74-11691) 

Storm T ide  Frequency Ana lys i s  f o r  t h e  Coas t  of Georgia.  F ranc i s  P. Ho, Sep t e rLe r  1974, 
28 pp. (COM-74-11746/AS) 

Storm T i d e  Frequency Ana lys i s  f o r  t h e  Gulf Coast  of F l o r i d a  From Cape San Blas t o  S t .  
Pe t e r sbu rg  Beach. F r a n c i s  P. Ho and Robert  J .  Tracey,  A p r i l  1975, 34 pp. (COM-75-10901 
/AS) 

Storm T ide  Frequency Ana lys i s  f o r  t h e  Coas t  o f  North Ca ro l ina ,  South o f  Cape Lookout. 
F ranc i s  P. Ho and Robert  J .  Tracey,  May 1975, 44 pp. (COM-75-11000/AS) 
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M i l l e r ,  May 1975, 50 pp. (Superseded by NWS HYDRO 34)  

Storm T ide  Frequency Ana lys i s  f o r  t h e  Coast  o f  P u e r t o  Rico. F r a n c i s  P. Ho, May 1975, 
43  pp. (COM-I~OOI/AS) 

The Flood of A p r i l  1974 i n  Sou the rn  M i s s i s s i p p i  and Sou theas t e rn  Louis iana .  Edwin H. 
Chin, August 1975, 45 pp. (COM-75-11387/AS) 

The Use o f  a Mul t izone  Hydrologic  Model With D i s t r i b u t e d  R a i n f a l l  and D i s t r i b u t e d  Par-  
ameters  i n  t h e  Na t iona l  Weather Se rv i ce  River  Fo recas t  System. David G. Morr is ,  August 
1975, 15 pp. (COM-75-11361/AS) 

Mois ture  Source f o r  Three  Extreme Local  R a i n f a l l s  i n  the  Southern  In t e rmoun ta in  Region. 
E. Marshal l  Hansen, November 1975, 57 pp. (PB-248-433) 

Storm T ide  Frequency Ana lys i s  f o r  t h e  Coast  of  North Ca ro l ina ,  North o f  Cape Lookout. 
F ranc i s  P. Ho and Robert  J .  Tracey,  November 1975, 46  pp. (PB-247-900) 

Flood Damage Reduction P o t e n t i a l  of  River  Fo recas t  S e r v i c e s  i n  t h e  Connect icut  River  
Basin.  Harold J .  Day and Kwang K. Lee, February  1976, 52 pp. (PB-256-7581 

Water Ava i l ab l e  f o r  Runoff f o r  4 t o  15 Days Dura t i on  i n  t h e  Snake R ive r  Bas in  i n  Idaho. 
Ralph H. F r ede r i ck  and Robert  J. Tracey,  June 1976, 39 pp. (PB-258-4271 

Meteor B u r s t  Communication System--Alaska Winter F i e l d  T e s t  Program. Henry S. Sante- 
f o r d ,  March 1976, 51  pp. (PB-260-4491 

Catchment Modeling and I n i t i a l  Parameter  Es t ima t ion  f o r  t h e  Na t iona l  Weather S e r v i c e  
River  Fo recas t  System. Eugene L. Peck, June 1976, 9 pp. p lu s  appendixes  A through D. 
(PB-264-154) 

Storm Tide  Frequency Ana lys i s  f o r  t h e  Open Coast  of V i r g i n i a ,  Maryland, and Delaware. 
F r a n c i s  P. Ho, Robert  J. Tracey,  Vance A. Myers, and Normalee S. F o a t ,  August 1976, 
52 pp. (PB261969) 

G r e a t e s t  Known Area l  Storm R a i n f a l l  Depths f o r  t h e  Contiguous Uni ted  S t a t e s .  A lbe r t  P. 
Shipe  and John T. R iede l ,  December 1976, 174 pp. (PB-268-8711 

Annotated Bibl iography of  NOAA P u b l i c a t i o n s  of Hydrometeorologica l  I n t e r e s t .  John F. 
M i l l e r ,  A p r i l  1977, 65 pp. (PB-268-8461 

Five- t o  60-Minute P r e c i p i t a t i o n  Frequency f o r  t h e  E a s t e r n  and C e n t r a l  United S t a t e s .  
Ralph H. F r e d e r i c k ,  Vance A. Myers, and Eugene P. A u c i e l l o ,  June  1977, 36 pp. 

Determinat ion  of Flood F o r e c a s t  E f f e c t i v e n e s s  by t h e  Use of  Mean Fo recas t  Lead Time. 
Wal ter  T. S i t t n e r ,  August 1977, 22 pp. 
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