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The HMUST model was thought to be a suitable model and some work was done
by Geharda Tamminga, but through lack of data and time she did not finish
the project. This study is partly a continuation of her work, but as there
are more input data measurements available, the modelling of Yarnton Mead

should be nore correct.

The Hupselse Beek area is a hydrological test area in the Netherlands.
This arca has been (and still is) monitored for several years as a part of
tne IHD Leemingbeck. For some sites all the input data for the MUST model
are known and also some data which MUST should give as output (ie.
potential evapotranspiration) so this is an ideal area to investigate the

sensitivity of the model for various inputs.

In Chapter 2 a brief description of the Hupselse Beek area and of Yarnton
Mead is given. Chapter 3 deals with the theory of the MUST model and
Chapter 4 with Marshall's method for computing hydraulic conductivity. In
Chapter 5 the working method is explained and the results of this study

you will find in Chapter 6. The conclusions are given in Chapter 7.
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ABSTRACT

This report presents the results of some simulations with the MUST model.
MUST is a model for flow above a shallow water table. The runs have been
made for two test sites, one in England (Yarnton Mead} and one in the

Netherlands (Hupselse Beek area).

The sensitivity of the model for variations in various input data has been
researched. It has been found that the model is not very sensitive to a
change in the lenght of the timestep from 1 to 7 days and also not to a
change of the parameter PFA in the -evapotranspiration reduction
relationship. The nodel is somewhat more sensitive to a change in
hydraulic conductivity values and depending on the type of soil and
meteorological circumstances, can be very sensitive to a change in the

depth of the root zone.

Further i1s found that MUST does a very good computation of the potential
evapotranspiration, but that the computation of the actuat
evapotranspiration is less accurate. The computed actual

evapotranspiration seems to be too high.

The simulations done for the Hupselse Beek area show that the different
types of soil which can be found there have no great difference in

behaviour, that is response to the meteorological circumstances.

Runs that have been made for the Yarnton Mead profile indicate that at
least for wet years, the grounduater table can be lowered till 250 cm
below soil surface  Without having a great effect on the

evapotranspiration.




INTRODUCTION

MUST is @ model for unsaturated flow above a shallow water table.

The aim for this study of MUST is tuofold:

investigate the sensitivity of the model for various input data
run the model for two sites of special scientific interest ($85I), one
in England (Yarnton Mead}, and one in the Netherlands the (Hupselse

Beek area)

The sensitivity of the model to variations in the following input data has

been investigated:

the tirescale

the number of different layers in the subsoil

the hydraulic conductivity of the layers in the subsoil

the depth of the root zone

the parameter PFA in the evapotranspiration reduction relation (when

potential evapotranspiration is given).

The sites of specific interest for which MUST has been run are Yarnton

Mead and the Hupselse Beek area.

Yarnton Mead is an SSSI because of its vegetation and the possibility
exists of gravel extraction in the neighbourhood. It is expected that the
groundwater leve! will be lower, but shallow confined groundwater levels
may be of significance to the protection of the plant communities at
Yarnton Mead.

In 1983, the Institute of Hydrology, Wallingford, started a study in order
to find out how any gravel workings might proceed without detriment to the
S8SI's. It was the intention to predict the consequences of engineering
works in advance of any gravel extraction. During & hydrological program
in January/February 1984 it was illustrated that, when high groundwater
levels existed, the head control on the groundwater system was the River

Thames.

It was also shown that the volumes of groundwater flow were very small




relative to the surface water flow. There was reason to believe that
these conditions will prevail during low groundwater conditions (caused by
gravel extraction). These results allowed to conclude that during gravel
extraction it will be possible to control the groundwater levels in the

mead by using appropriate land drainage schenes.

Predictive studies either for water control during gravel working or for
establishing after use alternatives must involve modelling. Hodelling was
the only realistic way of investigating engineering solutions in advance
and thus reducing the risks of severe and. unexpected environmental change
(Institute of Hydrology, 1984).




2. BRIEF DESCRIPTION OF THE HUPSELSE BEEK AREA AND THE YARNTON TEST SITE

HUPSELSE BEEX AREA

The Hupselse Beek area is situated in the Province of Geldrerland in the
east of the - Netherlands, just to the north of the town of Groenlo (sce
Figure 1). The area covers 6.5 km’. The landscape is undulating: its
altitude varies between 24 and 33 meters above mean sea-level and use
is predominantly agricultural (72% grassiand, 14% arable land, 6%

woodland, 7% built up area and roads, and 1% water).
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FIG. 1  Situation of the Hupselse Beek catchment




2.1.1 Geology of the Hupselse Beek area

The most important geclogical formations which can be found at or near the
surface in this area are of Miocene, Middle Pleistocene and Late Glacial
age. The Hiocene series consist of fine sandy, mica- and pyrite

containing, bluish-black marine clays.

Only in the eastern part of the area is it found at or near the surface.
In a western direction it disappears below younger deposits. In the
Middle Pleistocene the Rhine-system deposited over a wide front a coarse
sandy, gravel-rich nmaterial. This material mixed with components of
eastern origin, is called the Formation of Sterksel-Enschede. The series
has been eroded very strongly so that the terrace is highly dissected. The
western boundary of this dissected terrace lies somewhere west of the
Groenlo-Eibergen road. The thickness of the terrace varies between some
metres and a maximum of about 8 metres; it lies on top of the Tertiary
subbottom. In the Saalian the inland ice penetrated the Hupsel area. So
the whole area, including the terrace and marine-Miocene was covered with
till. During the melting of the inland ice, but also during the
periglacial climate this material was exposed to strong erosion, so that

nowadays only remnants of it can be found.

West of dissected terrace-boundary the landscape lies clearly lower. The
presence of till in the sub-surface indicates that there was an ice-lobe
in this depression during the Saalian (near Ruurlo about 20 m below

sea level)}.

During the Weichselian the sands of the Kreftenheye Formation were
deposited by the Rhine-system.

In the Late Glacial period the eolian sedimentation dominated the
fluviatile so that over great parts of the area coversand was deposited.

The differences in thickness cause the undulating landscape.

For most of the area the presence of till (or till remnants} is of great
significance to the relatively small water-storage capacity of the profile
(the available groundwater level contour maps confirm this).  The till
deposit lies about 1 metre below the surface. It forms a kind of plaster

over the dissected terrace. As a result of erosion, however, there are




several leaks in the till-plaster.

Horizontal variation of permeability that causes an elevation of the
groundwater level occurs 1n the coversand area adjacent to the terrace.
The groundwater discharge in this area is demonstrated by soppy bottom
conditions. This feature is reinforced by the lower topographic position

of the coversand area.

The value of the hydraulic conductivity is strongly dependent on the level
of the water table and varies between ca. 20 m*/d in the eastern part of

the area till ca. 350 m?/d in the north-west (time-mean).

FFigure 2 shows a schematic geological cross section of the area and Table
1 gives the litho-stratigrafie,

2.1.2 Nature of the soils in the Hupselse Beek area

The main soils in the Hupselse Beek area are Typic Haplaquod and Typic
Haplaquepts (Wosten et al., 1985).

Typic Haplaquods are soils of which the upper layer is less than 30 cm
thick and consists of loam and poor loamy fine sand. This type of soil
makes up the largest part of the area (74%). Locally much gravel and
coarse sand can be found.

In the area three different Typic Haplaguepts can be found. The first
type has a humus upper layer less than 30 cm and no B-horizon. The upper
layer consists of light loamy fine sand on a little coloured underground.
The percentage of loam can be higher if clay is present at shallow depths.

This type of soil makes up : 24% of the area.

The second type is a sandy soil with a humus upperlayer thicker than 50 cnm
and has developed through century-long upbringing of moorland and dung.
The soil is dark coloured, a light loamy fine sand and the water
management is mostly good. It makes up 2% of the area.

The third type can only be found on some places in the area. The hunrus
holding rusty upper layer is thin and consists of light loamy respectively
loamy fine sand on a bleached grey subsoil. There is no B-horizon.




TABLE 1  Litho-stratigraphy for the Hupsel area

AGE|CHRONOD . |GLACIGE_|(RIVER LOC Ay 2MARINF
. LoGy ~NOU S
1000y DEPOSITS |DEPOSHIS (OFPOSITS|DEPOSITS
— 10 ¥
Weichse e Neeltenaneys [perigiacial b
tasm Aeriglacial 4
- 80 o A} — ]

o 9..,.' e \ 1
__-.,.-g_ ."_"”V..‘;.CJ_". *

Hornp n 4 |

valley_ 1.t 2

| tamngchong o

S s el _ ’
Cromeri an
o
”"’_W —— : ‘r,.,,h.]—' . e
a"m ran de -
F560 \\\\X\\' - j'_a'"

g Waalian 7
W
O EORINNNNNN
[®)] {auroni;n\
~
N\
W
-~
a Tigiran

SRS \

("\'i-\\\\

figrian
S FUUON ANNNNNN
> ST
« Tereinry b
A~
: _____
[+ o Tertiary a2
:_’ NN Glacials




FI1G.2

LEQL WD

E:::I cover send
E] high lerrace Sterkiel - termation
*
EE_ ke tarrdce Arotivhhepe - 18fmation
v
a
- et water depesit
-
-
@ *d arebls langd

Mintene
i{dars gray ity oy
with abungent Fels 1emipermesvie}

D ting greined sand

-‘\, coerie gruined sand
Ei."-_] grovet

E deyey Ll semiparmeais
B wpper r'un‘"c!-ﬂav-l

Schematic geological cross section through Hupsel area




2.2 THE YARNTON TEST SITE
2.2.1 Geoclogy

The Yarnton test site can be found near Oxford (see Figures 3 and 4}). The
test site and most of the region around it is dominated by the Thames
Valley with its Quarternary Alluvium and river terrace deposits overlying

mesozoic Oxford Clay {(see Figure 5).

The aliuvial aquifer which borders the Thames in this region, comnprises
First or Floodplain Terrace deposits with small areas of second or
Summertown-Radiey Terrace where these patches are in hydraulic continuity.
Generally speaking the aquifer can be considered as consisting of
relatively thin, fluvial sands and gravels sandwiched between bedrock clay

and overlying alluvial mud.

Most of the Thames floodplain is mapped as alluvial. Thicknesses of up to
4 metres occur. The alluvium is a soft nud, often with much shelly and

organic material with occasional discrete peat horizons towards the base.

Sand and gravel thickness approximates aquifer thickness because most of
the aquifer is confined Thicknesses of over 5 m are present in the mid
flood plain areas between alluvium filled channels. Generally the thicker

of the alluvium covering, the thinner the underlying gravel.

The sands and gravels are largely composed of fine to coarse, rounded to
subrounded limestone pebbles. Fines content decreases from valley sides
to the middle of the floodplain. The valley sides are dominated by
gravelly sand with silt, whereas clean gravelly sand and sandy gravel

occur in the central parts of the floodplain.

The gravel was deposited in a cold environment {Upper Pleistocene) by a

river regine (arctic proglacial analogue).

Table 2 gives the strata in the Oxford district.
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2.2.2 Geohydrology

Broadly the Thames between Magley Pool and Kings Lock divides the area
into two quite distinct zones. Downstream of Kings Lock groundwater
novement is approximately from north to south. North of the Thames at
Kings Lock groundwater flow is quite different and unexpected. The surface

of the groundwater body is saucer shaped with radial flow inward.

Across the area the groundwater level stands variously within either the
gravels, the alluviun or the soil layers. Generally uwe have to assume
that the alluviur is either of very low permeability or is impermeable and
therefore in places the aquifer is essentially confined. Yarnton Mead is
an area of confined aquifer. The shallowest depth to groundwater is less
than 0.5 .
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THE MUST MODEL

MUST is a sinulation model for unsaturated flow above a shallow water
table. HUST differs from many other models in that it does not simulate
unsaturated flow in great detail. The time steps are in the order of
magnitude of days and the exact soil moisture distribution is not
calculated. Therefore MUST 1s not appropriate for process study
purposes. This less detailed approach is in general acceptable in view of
the accuracy of available soil physical data and the horizontal
heterogeneity in the field. As a result, MUST uses very little computer

time and allows simple data management for its execution.

Theory

Richards (193%1) derived the following equation for unsaturated flow in

non-homogeneous, isotropic, porous media

88 _ 9K(p) 8 , 3(Kip} dpy, d(Kip) dpy; BKip) (1)
3t 3x pg Ix ay pg 8y dz pg dz 3z

where %, y and z are the co-ordinate directions (m)

= time (s)
= matric pressure {Pa)
hydraulic conductivity (m3s™?)

= acceleration due to gravity (m s~?)

— 0 W T o
[

= density of water (kg m~2)

[++]
]

fractional volumetric moisture content (kg kg™!)

As flow in the unsaturated 2zone 1is predominantly in the vertical
direction, It 1is in general sufficient to consider one dimensional
vertical flow, for which Eq. (1) is reduced to

a8 (_P_)§E)+§K_(.9_ (2)
8t 3z pg Oz

A further simplification of the general Eq. (1) 1is obtained when

considering steady flow conditions. For this situation, Eg. (2) reduces
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to Darcy's law for steady flow in the vertical direction. This pseudo
steady-state approach has been developed over the last 25 years. The
solution technique for unsaturated flow used by the simulation model MUST
is based on the pseudo steady-state approach. A comprehensive description
of the solution nethod is given by de Laat (1980); the principles are
outlined below.

3.1 PSEUDO STEADY-STATE APPROACH

The equation for steady vertical flow may be written as

ag=-kKip) (L 9P+ 1) (3)
pg dz

where the steady flux @ (m s™') is taken positive upwards.

Separating the variables and solving for z gives

p
2= 1 f° ki)

= d (4)
fols] q+Kp)p

where the reference level is chosen at the stationary phreatic surface at
which level z = 0 and p = 0. The relation between p and z for a
particular steady flux § is termed pressure profile z{p,g). Given the
relation between moisture content and matric pressure 8{(p}, known as soil
moisture characteristic or pF-curve (pF = log{-p)), pressure profiles are

easily transforred into moisture profiles z(6,q)}.

The scheratization of the flow system is shown in Figure 6.
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_ root
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FIGURE 6. Schematic presentation of the unsaturated flow system

The lower boundary of the unsaturated zone is chosen as a fixed level
below the lowest water table depth. The vertical co-ordinate direction
t[(m] equals zero at the lower boundary and is taken as positive in upward
direction. The upper layer in which most of the roots are present is
termed root zone and the remaining part of the unsaturated zone is called
subsoil. Though the simulation model may be used for situations where
different soil physical data apply to different layers, Figure 1 shows a
homogenecus soil profile for which the maximum soil moisture content or
porosity is n. The depth of the root zone is constant and equals D,[m]
vhile the interface between the root zone and the subsoil is at a height
;rs[m]. The flux across the interface between the root zone and the
subsoil is denoted by q,.¢ and the flux across the upper boundary and lower
boundary by qg and q,. respectively. All fluxes are taken to be positive

upwards [m s!]

For a steady flow situation the soi! moisture distribution in the subsoil
corresponds to the moisture profite z(8,q) for the appropriate steady flux
3. It should be noted that the level for z = 0 {the phreatic level)
changes with time, depending on the value for z, .[m] the distance between
the lower side of the root zone and the water table. Integration of the
pore space in the subscil not f{illed with water gives the saturation
deficit of the subsoil S,. Systemic integration of moisture profiles for
rany values of z,.. ylelds for each steady flow situation g a relation

between 5. and Zpg., Which relations together form the saturation deficit
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curves for the subsoil Sglz,¢,3d).

The depth of the water table below soil surface is w. At the phreatic

level p = 0 and at the helght (={,. the matric pressure is denoted by p...

It is assumed that the water extraction by the crop is such that the soil
molsture distribution in the root =zone approximates an equilibrium
situation at all times, so that dp - pgdz. For a given matric pressure at
the interface root zone - subsoil p,o. the soil moisture distribution in
the root 2zone 1is known, and the saturation deficit Sr is found by
integrating that pore space not filled with water. Systematic integration
for a number of p,.. values yields the saturation deficit curve for the

root zone S.(pyg}.

3.2 UPPER BOUNDARY SOLUTION

The saturation deficit curves for the subsoil Sc(z.g,q) may alternatively
be written as Sg{p,g.G). The saturation deficit of the entire unsaturated
zone 5, is also a function of p,g and § which follows from

Sulprs.q) = Spippg) + Sg{Prg.G) (5)
where 5, = saturation deficit of the entire unsaturated zone (m s!]
Sp = saturation deficit of the root zone [m s7)
S; = saturation deficit of the subsoil [ms™)

Prs¢ = matric pressure at the interface root zone-subsoil [Pa]

The computation of the steady-state situation at time n + ¥ for given
)

initial values S} and S[j, the boundary conditions qg+% and q3+é that apply

over the length of the time increment at, proceeds as follows. Calculate

s0*1 the water balance equation

STl o gh 4 at (¥4 - gDt¥) (6)

The relations S;(p.g. G) and S (p,o) may be combined to give 5,(5..3), so
that for S, = SO*! there exists a unique relation between s+l and gtl.

Another relation between SP*1 and gl s provided by the water balance
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equétion for the root zone.
) {
shtl ol ap(qtt - gNt%) (7)
1
assuming that dggé = 1. Both relations are used to solve s+l ang ghtl

by nunerical iteration. The water table depth is found from

z
rs
interpolation interpolation in S4{z.5.G) for § = g"*! and S, = si¥!
Sn+1

A

The solution is termed upper boundary solution because the soil moisture
distribution and the water table depth are determined by the flux across
the upper boundary of the subsoll. This flux is the difference between
rainfall reaching the soil surface and the upward flux resulting from
transpiration of vegetation and evaporation of bare soil. The maximum
upper boundary flux g% may be either specified for each time increment or
calculated from meteorological data. However, there may be two different
reasons which do not allow the flux qf actually to occur: (i) the root
zone is alnost saturated and the flux g% which is in downward direction is
too large for the incoming amount of water to be stored in the root zone;
(ii) the root zone is desiccated to wilting point and the upward flux qs
is larger than the capillary rise from the subsoil to the root zone. In

both cases the actual flux g§ wiil differ from the maximum flux q%.

{i) If the root zone becomes saturated, the remaining volume of water
which cannot be stored in the root zone is assumed to run off
overland. The programme can be changed such that water on the
surface will not run off, but remain for infiltration in the next
time step. A saturated root zone does not imply that the subsoil is
also saturated, because the ({(saturated} hydraulic conductivity may
not allow a rapid percolation of water from the root zone into the
subsoil. For this situation the model calculated a water table
which is below the root zone, while there is still water on the
surface. Hence, MUST may compute a perched water table, but only

With regard to the interface root zone - subsoil.

(i1) If the root =zone desiccates to wilting point the actual upper
boundary flux qg becomes equal to the capillary rise of soil
moisture from the subsoil to the root zone q.¢. For this sltuation

the actual upper boundary flux qg is less that q%. Hence the
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evapotranspiration which was either specified or computed by the
evaporation model is then reduced by an amount which is equal to the

difference between g} and qg.

For capillary rise (q.g4 > 0) in combination with downward flow
across the lower boundary (q, < 0}, the flow situation in the
subsoil cannot be approximated by a single-steady-state situvation.
For relatively large negative values of the flux across the lower
boundary the position of the water table is dominated by the shape
of the moisture profile in the lower part of the subsoil rather than
the profile for capillary rise. The pseudo steady-state approach

is, therefore, applied to both boundary flux conditions separately.

3.3 LOWER BOUNDARY SOLUTION

The model for the lower boundary solution does not consider flow in the
upper part of the subsoil. The initial wmoisture profile serves as the
upper boundary of the model.

Moisture profiles for g < 0 (steady percolation} show at the upper side a
vertical shape. This shape follows directly from Eq. (4), because at the
certain height above the water table, where K(p) becomes equal to -G, the
matric pressure, and thus the nmoisture content, approaches a constant
value. The moisture content of the vertical section of the percolatlion
profiles is, therefore, related to § and since § = -K, it follows that
g(e) = -K{8). Using the reiation g{8) as Its inverse 6(g), It follows
that the storage coefficient Bq = D - 8(q). For the most relevant values
for § occurring in the field (say -0.1 < § < ~0.01 cm.d™') the relation
between tq and g ray often be approxinated by

g = A+ B log{-g) (8)
With g =0 - B and § = -K it follows that

8 «n-A-B log(K) (9}

The relation between K and 6 is either directiy measured or derived from
the relations K(p) and 8(p). The coefficients A and B are obtained from a
linearized plot of log{K) against 8 for the section 0.01 < K < 0.1 cm.d™'.
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The saturation deficit Sp follows directly from the water balance equation

53+l - SD 4 at(ql* - q*4) {10)

p

where Sp saturation deficit Sp[m s7%)
qp = the flux across the upper boundary of the percolation profile,

the level in [m s

tp

During periods with capillary rise ap - 0 while 9%

prolonged percolation. The computation of 9p follows the same procedure

approaches d,g during

as described in Chapter 3.2 for the solution of Qrg. With the difference
that the water table depth is assumed at infinity. The value of kg
n+%

follows from Eq. (B) for g = qy so that the water table depth dp -

Sp/uq can be computed.

An exanple of the lower boundary solution is given in Appendix 1.

3.4 COMBINED SOLUTION

Transient unsaturated flow is approached by a sequence of steady-state
situations corresponding to the upper boundary fiux of the subsoil Qrs-
For capillary rise the assumption of steady flow is seriously violated If
the flux across the lower boundary is large in the downward direction so
that the actual soil moisture profile has a more elongated shape than the
assuned steady-state profile. Therefore, the drawdown of the water table
Is recalculated assuming steady flow in the lower part of the sub-soil
corresponding to the lower boundary flux gq,. If the lower boundary
solution ylelds a water table depth below the level found with the
steady-state solution for a“+1, a percolation profile develops. The upper
boundary of the percclation profile ¢p equals the phreatlic level at the
Lime it starts to develop and remains unchanged during the period the
percolation profile exists. The difference in the calculated phreatic
levels is an indication to what extent the steady-state profile for an+1
Is elongated. The percolation profile disappears when q, becomes positive
or when the phreatic level calculated with the lower boundary solution is

above the level found with the upper boundary solution.

Soil nmoisture characteristics 6(p) and hydraulic conductivity relations
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K{p) are subject to hysteresis. Though the effects may be considerable,
they can often be neglected when both relations are combined (eg. into a
K{8} relation}. When computing the saturation deficit curves for the
subsoil, both relations have indeed been used. Therefore, hysteresis
effects are only considered for the root zone. Since data on hysteresis
in the soil mnmoisture characteristic are wusuvally not available, a
‘hysteresis factor' is introduced, defined as the nunmber of logarithm
cycles over which the S {p..) curve for drying is shifted along the P,
axis to obtain the wetting curve. In the absence of data the hysteresis
factor must be calibrated.

NOTE: The unit used in MUST is [cm d™!'] rather than [m s™'].
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THE HYDRAULIC CONDUCTIVITY OF WATER IN SOIL AS COMPUTED BY MARSHALL'S
HETHOD

One of the ways to calculate the unsaturated hydraulic conductivity of a
soil for varying degrees of saturation is by the method developed by T J
Marshalt (Marshall, 1958). The basis of the calculation nethod is
Kozeny's equation for intrinsic permeability, adapted by Marshall to water

content versus suction, and nodified to produce hydraulic conductivity.

Kozeny's equation gives:

= ¢¥/s? k [cm? ] (11)

where

N

intrinsic permeability in [cm?)

n

porosity {cm¥/cm?)

)
|4

surface area of particles in {cm?/cm?®]

a constant

A_
n

This equation is modified to use pore size distribution instead of
particle properties as a basis. When applied to the flow of liquid
through unsaturated material the liquid filled pores are conducting and
the air filled pores are excluded from the calculation, so that porosity
in turn is replaced by volume concentration ¢ ({cc/cc), ie. moisture
content, and pore radius is replaced by suction h (cm). When applied to
the flow of water through soil, intrinsic permeability is converted to
hydraulic conductivity by multiplying the numerical constant by g/n

where g = acceleration due to gravity [m/s?)

n = dynamic viscosity {kg/ns)
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Fig.7 A cumulative curve of pore space plotted against 1/h?

For the cumulative curve of pore space plotted against 1/h? a series of
possibility classes (n) is set up. If n is sufficiently large, there is
negligible error in taking the suction h to correspond to the mean water
content ¢ in each class (ie. the mean suction in each class). The

equation finally becomes:

K = 2.7 % 102 * c? %X pd [_l PR - .+ 2n - ll][cm/s] {12)
2
hy hi hi hg

where k' = hydraulic conductivity (cm/s]

c = water content [cm®/cm?)
h = suction in (cm)
n = number of classes

NOTE: h, is corresponding to the largest pore, h

. is corresponding to the

n
smallest pore.

Equation (12) was found too high values for the hydraulic conductivity so
a matching factor was introduced.
The matching factor is K¢/Kge where K¢ is the observed and K. is the

calcuiated hydraulic conductivity at saturation.
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3.  WORKING METHOD

5.1 CHANGES IN THE INPUT AND OUTPUT OF THE MUST MODEL

While learning to understand the MUST program, it was found that the
necessity to give the input data in a fixed format was time consuming and
error prone, so a program was written to deal with this problem (see
Appendix 2). It takes into account the different options with which you
can run HUST (de Laat, 1985} and you can give the input data in a free

format. Because of this input program, the format of some input data for

the MUST program had to be changed! Appendix 3 gives an index of the

input data for MUST in the new format and Appendix 4 gives the input data
for the three examples given by de Laat, 1985 with this new format. If
you do not aake use of the input program, you will have to present the
data to HUST in thls format.

When you run MUST you get a lot of output data. A plot program was
written for a better and easier way of understanding these results. It
gives you plots of the rainfall, potential and actual evapotranspiration
(in the same figure), the saturation deficit of the root zone, the water
table depth below soil surface and the lower boundary flux, all plotted
against the time. MUST has been changed in order to give the index data

for this plot program.

5.2 COLLECTING OF THE INPUT DATA
The required input data for MUST can be distinguished in

general input data
soil physical input
neteorclogical input

hydrological input.

For the Hupselse Beek area all the necessary data were avallable. &
report of STIBOKA {Institute of Soil Survey) provided the soil input data
for 7 different soil profiles, representing 4 different soil types (Wosten
et al., 1983}, Appendices 7 and 8 show a survey of the measured K-h

relations and soil water characteristics (data points) with a drawn
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regression line. Figure 7 shows the situation of the profiles in the
area.

For the meteorological data the data of the meteorological station Assink
were used. This station is situated in the area. Data were available for
the period 25.2.1976 to 31.12.1984.

The water table depths were recorded for each profile on a 2-weekly basis

and, for the profile Assink test site, on a daily basis too.

For Yarnton Head of the soil physical Input data, alone the soil moisture
content had been measured, the soil hydraulic conductivity had to be
computed. This was done With Marshall's method, partly because Geharda
Tamminga had already some some work using this method and partly because a
computer program that used this method was available. A arbitrary
matching factor of 0.01 was used for fitting the computed hydraulic
conductivities to more reasonable values (no value for the saturated soil
hydraulic was known).

Three other sets of soil physical data are used. These sets were obtained
by comparing the different soil layers of the Yarnton Mead profile with
soil layers described in STIBOKA report (Wosten et al., 1986). This
report gives for different types of soll layers the soll moisture content
and the hydraulic conductivities for values of the matric pressure varying
from 0 to 1.107 cm.

The meteorological data for 1985 were obtained from the Weed Research
Station at Begbroke and for 1986 from the Radcliffe Observatorium at
Oxford. The Smithsonian Meteorological tables have been used to compute
the fractional! duration of sunshine, as alone the sun duration was

recorded.

Watertable depths were available on a weekly basis.
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RUNNING THE MODEL

5.3.1 Running MUST with Hupsel data

The sensing of HUST for the following factors has been researched with

Hupsel data:

ad a)

ad b)

ad c)

ad d)

{a)
(b}
{c)
{d)

the timestep

the conductivity of the layers in the subsoil

the depth of the root zone

the reduction factor for evapotranspiration, (PFA).

For the profile Assink test site, a typic Haplaguod soil, runs
have been made with a timestep of 1 day and 7 days.

HUST has been run for the profile Assink test site (timestep 1
day} with different sets of hydraulic conductivity data for the
layers in the subsoil, while keeping the rest of the input data
the same (of course). Runs have been made with the measured
soll hydraulic conductivity {s.h.c.} for each different layer as
input, with the measured s.h.c. values of the B-horizon used as
s.h.c. values for all the layers and with computed s.h.c. values
for each different layer as input. These last conductivities
were computed according to a relation given by Bloemen {Bloemen,
1980).

MUST does not allow a varying rooting depth, so this vatue is
constant throughout the simulation period. This approach is in
general acceptable as in the beginning of the growing season
soll moisture conditions hardly effect evapotranspiration;
should this be the case later in the season, the roots are
already fully developed. The land use of Assink test site is
grass. De Laat, 1985, gives 30 cm as a maximun rooting depth
for grass. MUST has been run with this working depth altered to
25 and 35 cm for the profile Assink test site, timestep 1 day.

When you give the potential evapotranspiration as input to the

program, PFA is the parameter in the evapotranspiration
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reduction relation which gives the point where actual
evapotranspiration becones less than the potential
evapotranspiration. De Laat, 1985, qives as value for PFA 2.7
{ratric pressure = 500 cm). Runs have been made for the profile
Assink iest site (timestep 1 day) with a value for PFA of 2.4,
2.7 and 3.0 ({matric pressure = 250, 500 cm and 1000 cm

respectively).

Also runs have been made for the profile Assink test site for the period
25.2.1976 to 30.12.1982 (timestep 1 day) and for the 7 different profiles
in the Hupselse Beek area for the periods 1.4.76 to 29.9.1976 and
1.4.1977 to 29.9.1977 with a timestep of 7 days. These 'sumner
half-years' have been chosen because nearly all the evapotranspiration
takes place in these periods. 1976 was a very dry year, 1977 an average

year. No measurements of a wet year were available.

One of the options of HUST Is that the model comprises the level of the
groundwater table when you give as input data a lower boundary flux

groundwater table level relationship and a start value for the water
level. It was the intention to run MUST with this option but a proper

flux-level relation could not be found, so this has not been done.

5.3.2 Running MUST with the data of Yarnton Mead
MUST has been run for Yarnton Mead for the perlod 2.4.1985 to 28.10.1985
and 2.4.1986 to 30.9.1986. The timestep was 7 days. This has been done

for five different sets of soil physical input data. These sets are:

The soil physical input data as given by Geharda Tamminga, 1986, but

with measured scil water characteristic data for the root zone.
Soil physical input data with measured soil moisture contents for the
different layers and soil water characteristic data values as

computed for the different layers with Marshall's method.

3/4/5. Three different sets of soil physical data obtained out of the
STIBOKA report (see Chapter 5.2).

Appendix 5 contains these 5 different sets of soil physical input data,
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and Appendix 6 gives a survey of the conductivities of the different

layers.

The sensitivity of MUST for the follewing factors has been research with
Yarnton Head data:

{a) The number of different layers in the subsoil
(b) The conductivity of the layers in the subsoil
{(c) The depth of the root zone

(d} The reduction factor for evapotranspiration, PFA.

Ada and The sensitivity of the MUST model for the number of layers and
b} the conductivities of those layers can be seen by comparing the
runs with the different STIBOKA input sets.

ad c} The sensitivity of MUST for the depth of the root zone is
researched by using the input data sets 2 and 3 and changing the
root zone to 20, 40 and 50 cm. The land use of Yarnton Mead is

grass and roots can still be found at those depths.

ad d) The influence of the reduction factor FPA on the computation of
the actual evapotranspiration (as you give the potential
evapotranspiration as an input data) has been researched with
sets 2 and 3 of the soil physical input data and values of 2.4,
2.7 and 3.0 for PFA.

As the intention was to investigate the effects of a lower groundwater
table on the plant communities of Yarnton Mead, runs have been made with
the grounduater table lowered to 80, 100, 120 and 140 cm below soil
surface for the whole period. For the sets 2 and 3 of the soil physical
input data the watertable was even lowered to 250 cm below soil surface.
This may be done because the level of the groundwater is dominated by the
Thanes and the Thames is a controlied river. The soi! physical input data

(sets 2, 3, 4, 5) and the meteorological data were kept the sanme.
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5. RESULTS
6.1 RESULTS OF THE SENSITIVITY INVESTIGATION

In order to assess the effects of changing the various input data mainly
the cumulative potential (EPOT) and actual (FACT)} evapotranspiration as
computed by the different model simulations were compared.

NOTE: EPOT and EACT are ETip and WT1 in the output of HUST.

Changing the timestep from 1 to 7 days had almost no effect on the

computed potential and actual evapotranspiration for the profile Assink
test site as can be seen in Table 3.

TABLE 3  Computed cumulative potential (EPOT}) and actual (EACT)
evapotranspiration in cm for the period 1.4/1.10 1976 and 1977
for the profile Assink test site. Timesteps 1 day and 7 days.

Timestep 1 day Timestep 7 days

EPOT EACT EPQOT EACT
1976 50.1 35.4 49.6 37.0
1977 36.8 36.8 36.8 36.8

The effect of changing the root zone depth depends on the type of soil and
the meteorological data as can be seen in Table 4. A change in the root
zone depth had no effect on the Assink test file profile in 1977, but a
change of 5 cm In the root zone depth for this same profile in 1976 gives
a difference of + 10% in actual evapotranspiration. For Yarnton Mead the
effect of a change in root zone depth is not so big. The water content of
the root zone is higher than the water content of the root zone for the
Assink profile and 1985 and 1986 were both wet years.
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TABLE 4a Effect of a change in root zone depth on the computed
cumulative actual evapotransporation {cm} for the profite

Assink test site.

Depth of 1.4/1,10 1976 1.4/1.10 1977
root zone EPOT EACT EPOT EACT
25 50.1 32.4 36.8 36.8
30 50.1 35.3 36.8 36.8
15 50.1 40.0 36.8 36.8

TABLE 4b Effect of change in root zone depth on the computed cumuiative

actual evapotranspiration (cm) for the proflle Yarnton Mead.

Depth of Set 2 soil physical data Set 3 soil physical data
root zone 2.4/28.10 1985 2.4/29.9 1986  1.4/28.10 1985 2.4/29.9 1986
EPOT EACT  EPOT EACT  EPOT EACT  EPOT EACT
20 37.3 37.3 44.3 44.3  37.3 35.9  44.3 35.2
30 37.3 37.3 44.3 44.3  37.3 37.3 44 .3 38.4
40 37.3 37.3 44.3 4.3  37.3 37.3  44.3 40.6
50 37.3 37.3  44.3 44.3  37.3 37.3

The influence of the hydraulic conductivity values on the computed actual
evapotranspiration is shown in Table 5. Table 5a shows the result of the
model simulations with different hydraulic conductivities for Assink test
site, while Table 5b shows the result of the model! simulations with the 5
different sets of soil physical input data for Yarnton Mead. See Appendix
5 for these soil physical input data.
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TABLE 5a Effect on the computed cumulative actual evapotranspiration
(cm} of a change in hydraulic conductivity values for Assink
test site.
Set 1 Set 2 Set 3
EPOT EACT EPOT EACT EPOT EACT
1.4/1.10 1976 50.1 35.3 50.1 31.2 50.1 26.1
1.4/1.10 1977 36.8 36.8 36.8 36.8 36.8 35.4
SET 1 : measured hydraulic conductivity values
SET 2 : values as neasured for the B-horizon taken as values for all
the layers
SeT 3 : hydraulic conductivity computed according to Bloemen.
TABLE 5b Effect on the computed cumulative actual evapotranspiration

{cm} of a change in hydraulic conductivity values for Yarnton
Head.

Set 1 Set 2 Set 3 Set ¢4 Set 5
EPOT EACT EPOT EACT EPOT EACT EPOT EACT EPOT EACT

2.4/28.10 1985 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3
2.4/29.9 1986 44.3 44.3 44.3 44.3 44.3 38.4 44.3 39.7 44.3 39.0

SET 1
SET 2

SET 3 .

SET 4
SET 5

- Stiboka data 2

: Geharda's data

: Heasqred soil water characterisatic data - conductivities

computed by HMarshall's method
Stiboka data 1

Stiboka data 3
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The model simulation for the profile Assink test site for 1976 shows that
if there is a reduction in evapotranspiration, this reduction will be
greater if the conductivity is less. The conductivity of Set 2 is less
than the conductivity of Set 1 and the conductivity of Set 3 is less than
the conductivity of the Sets 1 and 2. The simulation for the Yarnton Mead
profile shous the same results {(see also Chapter 6.3). For a wet year the
exact value of the hydraulic conductivity at a certain matric pressure is
not so important, as long as the order of magnitude is correct (at least

for the profile Assink test site and Yarnton Head).

Table 6 shows that the effect of a {small} change of the parameter PFA in
the evapotranspiration reduction relationship has a very small effect on
the computed cumulative actual evapotranspiration. The difference between
Lhe actual evapotranspiration is less than 5%. No indication was found of

a shift in evapotranspiration through the period.

TABLE 6 Effect of a change of the parameter PFA in  the
evapotranspiration reduction relationship on the computed
cumulative actual evapotranspiration (cm) for the profile Assink
test site and Yarnton Mead.

ASSINK TEST SITE YARNTON MEAD SET 2 YARNTON HEAD SET 3
1.4/1.10 1.4/1.10 2.4/20.10 2.4/29.9 2.4/20.10 2.7/29.9
1976 1977 1985 1986 1985 1986

PFA EPOT EACT EPOT EACT EPOT EACT EPOT EACT EPOT EACT EPQT EACT

2.4 50.4 34.1 36.3 36.3 50.7 50.7 55.5 55.5 50.7 49.1 55.5 46.0
2.7 50.4 34.7 36.3 36.3 50.7 50.7 55.5 55.5 50.7 50.2 55.5 46.3
3.0 50.4 35.3 36.3 3.3 50.7 50.7 55.5 55.5 50.7 S50.7 55.5 48.6

NOTE: The potential evaporation data given in Table 6 are not, as before,
computed by the model but given as input to the model! ('measured’
values). For Assink test site the difference between the potential
evapotranspirations as computed by the model and the measured
values is negligible. 1In 1976 computed EPOT 49.6, measured EPOT
50.4, in 1977 resp. 36.8 and 36.3 cm. For Yarnton Mead, however,
the difference is not negligible. In 1985 computed EPOT 37.3,
measured 50.7, in 1986 resp. 44.3 and 55.5 cm. Differences between
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the ‘'measured’' and HUST calcuiated potential evapotranspiration,
figures are to be expected for difference equations have been used
in their computation. However, the difference in both years for

Yarnton Mead in particularly large and is to be investigated.

6.2 RESULTS OF THE MODEL SIMULATIONS WITH HUPSEL DATA

Table 7 shows the potential and actual evapotranspiration for the 7
different Hupsel profiles as computed by the MUST model (with a timestep
of 7 days). The difference in potential evapotranspiration for different

profiles for the sane year is a consequence of the land use.

TABLE 7 Computed cunulative potential and actual evapotranspiration (cm)
for 7 different profiles in the Hupsel! area for 1976 and 1977.
Also shown are soil type; land use and range of the groundwater

table {(cm below soll surface).

Soil type Land Range 1.4/1.10 1.4/1.10
Use ground- 1976 1977
water

table EPOT EACT EPOT EACT

Brom Typic Haplaquod Maize 80-213 44.0 33.3 31.4 31.4
Assink test
site Typic Haplaquod Grass 50-179 49.6 37.0 36.8 36.8
Lensink Typic Haplaquept
2nd type Maize 167-280 44.0 30.5 31.4 31.2
Assink farm
land Typic Haplaquod Maize 84-228 44.0 29.8 31.4 31.4
Ten Barge Typic Haplaquod Grass  42-143 49.6 45.9 36.8 36.8
Schuurmans Typic Haplaquept
st type Grass 72-193 49.6 31.6 36.8 36.8
Faaks Typic Haptaguept
1st type Grass 82-193 49.6 29.2 39.8 36.2

All the profiles have a reduction in evapotranspiration in the dry year
1976 and, except profile Faaks, no reduction in the 'normal’ year 1977.

The reduction in evapotranspiration is greater for the profiles with land
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use maize than for the profiles with land use grass. There is no great
difference in behaviour between the different soil types. Ten Barge,
1976, has almost no reduction in evapotranspiration because it is situated

in a lower part of the area with a high groundwater table.

The results of the simulation for the profile Assink test site with a
timestep of 1 day, is shown in Table 8. The land use is grass. There is

almost no reduction in evapotranspiration in the average years 1977-1982.

TABLE 8 Computed cumulative potential and actua! evapotranspiration for
the profile Assink test site.

EPOT EACT

25.2/31.12 1976 57.1 42.4
1.1/31.12 1977 47.9 47.8

1.1/31.12 1978 48.8 48.7

1.1/31.12 1979 50.0 50.0

1.1/31.12 1980 B4.6 53.0

1.1/31.12 1981 51.9 51.9

1.1/30.12 1982 55.7 48.9

The measured actual evapotranspiration for the profile Assink test site is
33.1 cm for 1976 (Commissie voor hydrologisch Onderzoek TNO, 1985). MUST
computes values of 35.3 (timestep 1 day, computed EPOT), 34.7 (timestep 1
day, EPOT given, PFA = 2.7} or 37.0 (timestep 7 days, computed EPOT).
These values are all too high.

6.3  RESULTS OF THE MODEL SIMULATION WITH YARNTON MEAD DATA

Table 9 shows the results of the runs made with MUST for the Yarnton Mead
profile with 4 different sets of soil physical input data and the water
table lowered till a certain depth below soil surface for the whole
period.
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TABLE 9 Computed cumulative potential and actual evapotranspiration (cm}
for the Yarnton Mead profile. Period of simulation : 2.4/28.10

1885.
Depth of uater Set 2 Set 3 Set 4 Set 5
table below

soil surface (cr) EPOT EACT EACT EACT EACT
80 37.3 37.3 36.5 37.0 36.3
100 37.3 37.3 3j6.1 36.6 35.8
120 37.3 37.3 35.8 36.2 35.3
140 37.3 37.3 35.4 36.1 35.0
160 37.3 37.3 35.3
180 37.3 37.3 35.1
200 37.3 37.3 35.0
250 37.3 37.3 34.6

SET 2 Measured soil moisture content - conductivities computed by
Marshall's method.

SET 3 . Stiboka data 1

SET 4 Stiboka data 2

SET 5 : Stiboka data 3.

Lowering of the watertable has only a very small effect on the
evapotranspiration for Yarnton Mead.

The differences in actual evapotranspiration between the simulations with
Stiboka data 1 and Stiboka data 2 show the influence of the less
conductive layer (012} in Stiboka data 1. The calculated EACT for the
simulations with Stiboka data 1 are lower than those calculated with
Stiboka data 2.

The differences in EACT between the simulatlons with Stiboka data 2 and
Stiboka data 3 show the effect of the lower layer. Soil moisture content
and hydraulic conductivity of the lower layer in Stiboka data 3 are lower
than soll noisture content and hydraulic conductivity of the lower layer
in Stiboka data 2. As a consequence the actual evapotranspliration is

less.
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CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

The following conclusions can be drawn from this study:

- changing the timestep from 1 to 7 days has only a small effect on the

computed actual evapotranspiration. The difference found was less than

5%.

The effect of a change in root zone depth as small as 5 cm can be
considerable, but depends on the type of soil and the meteorological
circumstances. This conclusion is only valid when the land use is

grass, because no simulations have been made with another tand use.

It seems that values given for the hydraulic conductivity of a subsoil
layer do not have to be very exact, as long as the order of magnitude is
correct. There is little to be gained from using many different subsoil
layers when there are only small differences in hydraulic conductivity

and soil moisture content values between them.

The effect of a change of the parameter PFA In the evapotranspiration
reduction relationship. Simulations with the model, with values for PFA
of 2.4, 2.7 and 3.0, shoWw that the computed cumulative actual
evapotranspiration values differ less than 5%, while there is no shift

in the evapotranspiration reduction through the period.

Potential evapotranspiration values computed by HUST show a very good
resemblance with measured potenital evapotranspiration values for the
Assink test site profile. The great difference between ‘'measured' and
MUST calculated potential evapotranspiration values for Yarnton Mead is
to be investigated.

The actual evapotranspiration values computed by MUST seem to be too
high (as far as this is allowed to be concluded from one simulation,
Assink test site 1976).

Runs that have been made with the MUST model for the Hupsel profiles
show that there is no great difference in behaviour for the different

soil types. These solls are Typic Haplaquod and Typic Haplaquept.
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- Simulations done for the Yarnton MHead profile show that lowering the

groundwater table to 250 cm below soil surface causes almost no
reduction in evapotranspiration. These simulations have been done for
the wet years 1985 and 1986. It should be investigated whether this

conclusion is still valid for a dry year.

In theory vou carn give any of the following 3 types of lower boundary

conditions as input data for the MUST nodel:

.. iphe lower boundary flux is @ function of the water table depth.
2. The lower boundary flux is given.

3. The water table depth is given.

In practice one can run MUST with lower boundary condition 3 because of
the difficulties in measuring the lower boundary flux and in finding a
suitable flux-level relationship. This means that MUST cannot be used

for predictions of the groundwater table.

RECOMMENDATIONS:

In this study the focus has been, for the soil physical input data, on
the importance of the hydraulic conductivity values for the results. It

may be worth having a looking at the soil water characteristic data too.

MUST contains sets of standard data. In one of them crop lengths are
given in relation to the number of the day in the year. The length
given for grass is 0.05/0.10 m, but the length of the grass in Yarnton
Mead is 30 to 40 cm. It will be good to see if a change in the standard
sel of data to a more realistic value of the grass length for Yarnton
Mead will make a great difference.

The effect of a change in root zone depth has only been researched with

land use grass. Some simulations should be done with another land use.

- AL the moment the height of wind measurement is a value in a standard

set of data for MUST. I think this value should be given as an input
datum in order to prevent running MUST with a wrong height of wind

measurement.
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APPENDIX 1t

An exanple of the lower boundary solution.

The nodel for the lower boundary does not consider flow in the upper part
of the subsoil. Consider, for example, the initial moisture profile and
corresponding water table at a depth of 85 cm below the upper boundary of
the subsoil in Figure 2a (broken line}. The situation is followed by a
time increment 4t = 5 d during which q,; = -1.0 cn.d™!. Superposition of
the nmoisture profile for § = -1.0 cn.d™' on the inital curve yields the
soil moisture distribution as shown in Fig. Al.

0 O.Iq .20 0.30 5Lotem)
1 - 1 0 140

hY

q,__=0x
A - 20 L 120
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- 100

- 80
T
l —
4 k- 9 | 60
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]
/
d S A
P P
- 20
! | 0
- {cm} -
a=-1.0 (ema™H  Frs' " o =-1.0(cm.a” ")
W
Fig.4l Moisture profile g=-1.0 cm.d™! Fig.A2 Schematization of

superimposed on the initial the percolation

equilibrium soil moisture dis- profile used for
tribution {broken line), where the lover boundary
the shaded area equals the solution
saturation deficit 5, of the

percolation profile ?Sp = 5cm)

The shaded area in Fig.Al is the saturation deficit of the percolation

profile S5, which for the above exanple equals -at.q, = -5 x (-i.0} = 5.0

p:
cm. The shape of the percolation profiie allows the saturation deficit to

be schematized into a rectangle (Fig.A2) with a width Bq and height dy =

Sp/uq.
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PROGRAM INTRO - TO S€1 IN®UT DATA FIR MUST IN THZ RIGHT FORMAT
O THE QIGHY 2LAace
INTER¥QACC TZR¥INAL , MUST [92JdT a3 Musl saroafr
DATE s JUNE 1874 19n7
AUTHUR DOARTJAN NASHS

INTEGER _COUNT

CHARACTER T1TEL*80, TEXT#3D, ANSWER*)

DIMENSION LTYP(9),y LDEPTHI?)y w¥YSI25)s NSS{25), LULZ25), WN(25)
DIMENSION ETI(25)y ETIPUZ2S5),y GWNEZ250, QRSON(Z5), QUWREL{3+25)
DIMENSION Cl1Y,4140, TH{11,14)

WRITE (54101
10 FORMAT (°*GIVE THE TITEL')
READ (54'{n801*} TITEL
WRITE (7,200 TITEL
20 FORMAT(ABO)
30 WRITE (5+40)
40 FORMATY (*THERE ARE A FEW POSSISILITIES FOR THE NEXT INPUT LINE,!/

+'IF IUPP = 1 AND YOU GIVE VALUES FOR IRRIGATION THEN TYPE 17/
+¢*IF JUPP = 1 AND YOU GIVE NO VALUES FOR IRRIGATION THEN TYPE 2%/
+4IF IYPP = 2 AND YOU GIVE A VALUE FOR PFA THEN TYPE 3 ¢/

+Y1IF IUPP = 2 AND YOU GIVE NO VALUE FOR PFA THEN TYPE 4°)

I =0

READ (S5¢+) 1
IF {I1.EQ.1) THEN
WRIYE (5450)
S0 FORMAT (*GIVE VALUES FOR IUPP+LLOWsK19DToNTOT +NDTOTeNSTART e
+ *IYEAR* /" GIRRsCOTIRRYCOFIRR,CPFIRR®!}
READ (5¢#%) IUPPyILOWIKI +DT+NTOT yNDTOTsNSTART+IYEARIGIRR Y
CDTIRRyCOFIRRICPFIRR
WRITE (7+60) TUPP;ILOW¢KI+DToNTOTyNDTUGT¢NSTART+IYEARIGIRR
+ CDTIRR+CDFIRR+CPFIRR
60 FORMAT {316¢F6+42441646X914F06.2)
ELSE IF {(I+.EQ.2) THEN
WRITE (5,70)
70 FURMAT (*GIVE VALUES FOR [UPP«ILOWeKLl,0TsRTOT «NUTOT+NSTART 4"
+ tIYEARY)
READ {S5e%) TUPP, ILOWKI+DT 4 NTOT . NOTOTNSTART+IYEAR
WRITE (7+40) IUPPyILDWeK1l«OT+NTOTsHITDOT+NSTARTy IVEAR
8¢ FORMAT (3164F6.2,416)
ELSE IF (T.ECG3Y THEN
WRITE (5¢991
90 FORMAT (*GI1VE THL VALUES FOR IUPP+ILUW+K14DToNTUTWNDTQTPFA*)
READ (Sy4+) I[UPP,ILOWeK]l sUTyNTUTNDYO1+PFA
WRITE (74100) IUPP+ICLOW+KLsDT yNTOTiDTOT,PFA
100 FORMAT (3I164F6.24216412%¢F6.21
ELSE IF (1.£0.4) THEN
WRITE (95+1100 )
110 FORMAT (*GIVE THE VALUES FOR (UPP,ILOW+K1 DT +NTOI ({NODTQT*)




—-41-

Appendix 2 (Contd.)

READ (3,4) LUPP,y TILOWeXN Y #DT o NIUTeNDTOT
WEITE 17242200 JUPP,ILUT X1 eDToNIOT,mdTaT

120 FURMAT (516¢Fh 292 LA}
ELSE
WALTE (54110)
ij0 FAPKMAT (*YOU TVeLD A NG UML)
Gu T2 50

tND IF

WRITE (52140)
140 FORMAT (*NOW THE DATA FOR THE SURSOIL. MUST BE GIVEN.'/.
+*THLS HAS TO BE REPEATED FOR EACH DIFFERENT SURSOIL.* /.,
+'TYPE FIRST THE HUMBER OF OQIFFERENT SUBSOILS. THE MAXIMUM = 10°%)
4 =0
READ (S4¢1 J
IF {(J.GT.10) THEN
WRITE (5,150}

150 FORMAT (*THE NUMBER YOU TYPED IS GREATER THEN 10. TRY AGAINT')
READ (S5,%} U
END IF

WRITE (5+160)
160 FORMAT (TIFf YOU WANT THE SATURATION DEFICIT CURVES TOQ BE ',
"COMPUTED SEPERATELY,*/*YOU MUST GIVE A VALUE FOR NSUBS.'/
‘IF THIS IS THE CASE AND THE NUMBER OF SUBSOILS IS *.
*GREATER THEN 1'/'EACH NEW VALUE FOR NSUBS HAS TO BE 1 ',
*GREATER THEN ITS PRECESSUR'/)

DO 430y NCOUNT = 1.4

WRITE (S49165)

165 FORMAT (*THERE ARE A FEW POSSIBILITIES FOR THE NEXT INPUT LINE.'/
+9Y0U DON''T HAVE TO GIVE A VALUE FUOR HNSUBS+ASILKs1) AND ABLKe2)a.*/
+'IF YOU WANT T GIVE A VALUE FOR THESE PARAMETERS TYPE 1t/
+*IF YOU WANT TO GIVE A VALUE FOR NSU3S BUT HOT FOR ABI(K)} TYPE 2+,
+TIF YOU DON**T MWANY TOD GIVE VALDES FOR THESE PARAMETERS TYPE 3')

K = 0

READ [(S4#%) K

IF (K.EQ.1) THEN
WRITE (5¢170)

170 FORHAT ('I[F YOU WANT THE SATURATION DEFICIT CURVES TO BE %,

*COMPUTED SEPERATELYs*/*'YOU MUST GIVE A POSITIVE *,
*VALUE FOR NSU3SY'/'If THE NUMBER OF SUBSOILS IS ',
*GREATER THEMN 1 caCH NEW VALUE FOUOR NSUSS HAS TO BE 1
'GREATER'/*THEN ITS PRECESSOR'/
*GIVE THE VALUES FOR NSU3S9ABIK1),aB(Ke2) ")

READ (Sex) NSUUYS »AR1¢A32

WRITE (5,180)

180 FORMAT (*TYPE THE NAME OF THE SUBSOIL"Y

READ (S'0A561%) TEXT
WILTE (7+120) NSUBS,A%1,a82,TEXT
190 FAORMAT (1692F8.3+2K44056)
ELSE IF (K.EQ.2) THEN
WRITE (5,200])
200 FORMAT (*GIVE THE VALUE FOR NSUBS ')
READ [Se+) NSUUS
WRITE (5,210)
210 FORMAY {*TYPE THE NAME OF THE SUBSOIL')

+ o+ + o+

[ S I
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READ (9+*LASKY Y 19X
WIITI (742290 ASUS5, [6XT

220 FIIR¥AT (15+412X+a54)
fLsSc
WRITS (54,250
230 FORMAL L('TYPE THE %AMI OF FHE SuasDIL")

RZAD (5+"'0AS56) ") TEXT
WRITE (74240) T1eXT
240 FORMAT t24X+056)
£80 If

THE NEXT NINE LINES ARE FOR A SATURATION DEFICLTE DATA FLLE
AaLL DATA WRITTEN TO FILE DEVICE E IS FOR THIS SATDEF DATA FILE

IF {(NSUBS5.GT.0) .AND. (NCOUNT.£EQ.1)) THEN
WRITE (8420) TITEL
WRITE (B84%¢113)*} 2

END IF

IF {(NSUBS.GT«0) JAND. {K.EQ.1l)) THEN
WRITE (84190} NSUBS.ABL+AB2yTEXT

ELSE IF ({N5UB8S.GT.0}) .AND. (K.GT.11} THEN

' WRITE (B4220) HSURS, TEXT

END IF
ILe = 1
L =090
250 L = L ¢+ 1
If (LJGT.11) THEN
WRITE (5,260)
260 FORMAT (*YOU HAVE DEFINED THE MAXIMUM NUMBER OF LAYERS (1119
GO TD 430
END 1€

IF (ILL.EQ.Q) GO 10O 320
270 WRITE (54280}
280 FORMAT ({*GIVE THE SOIL HYDRAULIC CONDUCTIVITY VALUES FOR THE *
+ *SUBSOILTY)
READ (5S¢4l (CULsIY I = 2,414)
DO 290 I = 3,14
[fF (COL,I).5%.CIL,I-1)} GO TO 380
290 CONTINUE
IF (CULy14YLTL1L,E=60) GO TH 33D
WRITE {74300 (CUL LYy = 2,:%8)

IF (NSUBS.GT49) WRITE (33001 {CLL,LVyI = 2,8}
300 FORMAT 17G10.3)

WRITE (7,310) (ClLel)yT = 9,14}

IF (NSUBS.GT.D) WRITE (2+310) (CULyIYsI = 94141

310 FORMAT (6G1D.5)
J20 WRITE (5,330

330 FORMAT (*GIVE THE SOLL MOISTURE CONTENT VALUES FQR THE SUBSUIL®YS
READ [S5¢*) (THILsLY, 1 = 2414)
00 349 1 = 3,14

IF (THILL)GELTHIL,I-1)) GO TO 400
340 CONTINUE
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WRITE (7+550) (1HMULellel = 2414)
I8 (H3URS.5T.0) YRITE (3,¢350) (THlL+1)by1 2e14)
350 FOIMAT L13IF4.3)
WRITE (5,341
360 FORMAT (*SIVE THE JALUES FUR LAYER AMD [LL.'/
+ TL)IK JUTT LAYER LS THE DIPTH FCLO0W THE THP JF THe SuUsSOIL')
RYAD {S5e«) LAYER, L.
WRITE (253700 LAYEZ,ILL
IF [NSUSS.GT.O) WaITE (%$,370) LAYIReILL
370 FORMAT (2141
IF (LAYERLEQ.O) 50 TJ 429
GU 10 250
330 WRITE(S+393)
390 FORMAT (/*SRRUR INPUT LINE WITH SOIL HYDRAULIC COHODUCTINITY DATA',
+ * SUISOIL*/*TRY AGAIN')
GO TQ 270
400 WRITE (S+410)
410 FORMAT (/*ERROR INPUT LIME WITH SOIL MOLSTURE CONTENT DATA ',
+ tSUBSOIL' /T TRY AGAIN')
GG T0 320
420 CONTINUE
450 CONTINUE
WRITE (74440)
IfF (NSUBS.GT.0). MRITE {(84440)
440 FORMAT (+999G991r)

I =0
L =0
450 L = L +1

WRITE (544607
460 FORMAT (*HOW THE DATA FOR THE ROOT ZOHE MUST BE GIVEN')
470 WRITE (5+480)
480 FORMAT (*GIVE THE SDIL MOISTURE CONMTENT VALUES FUR THE ROOTY IZONET]
' READ (S, x) {(THIL,1Y,1 = 2414)
DO 490 I = 2413
IF (TH{LsI}eLT.TH(L,I+1)) GO TO 550
490 CONTINUE
WRITE (7550001 (TH(L,I),401 = 24141
S00 FORMAT (13fF6.3)
WRITE 15,51
510 FORMAT [(*GIVE THE HAME OF THE LAYER?'}
READ (S, *{A28B)) TEXT
WRITE (7,520) TEXY
520 FORNMAT (A23)
WRITE (5+530)

530 FORMAT {'IFf THERE ARE SOIL MOISTURE CONTENT VALUES FOR AN OTHER °*
+ *ROOT ZONE*/'TYPE YES E£L5E TYPE NOY)
READ (S4*(A)*) ANSWER
IF (ANSWER<EQ.*Y') THEN
GO TO 470
ELSE
WRITE (7,540)
540 FORMAT (19999991
GO TO 570
END IFf

L]
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550 WRLTE (54960)

560 FORMAY {/'ERRQAR INPUT LIND WITH SUOIL MDISTURG CONTENT DATA KOOI
t TIONCY/PTRY AGAIN')
GO Ty 477

570 CONTI=UE

NSUHES = Nsyns — (J-11
DO 63D, HD = 1eNDTUT
I = 0

BO 9505 = 149
LTYPILY = Q
S80 LOFPIH(IY = O
IF tILOW.ERLLD THEN
MRITE (545901
590 FORMAT (*GIVE THE VALUES FOR LTYP(1)+LOEPTHI1I 4HYSINDY, ",
+ PHSSLHDY LU ND) o MN(NOS ,ETIENDY ¥/

+ TQAWNINDY ¢ QURELI14NDIQURELIZHNOI+QWRELSS,ND} Y
IF (J.GTel) THEN

WRITE (546001 N5UBS

600 FORMAY ('THE NUMBER OF THE S5USBS0IL FOR WHICH THESE DATA ¢
+ 'MUST BE GIVEN IS ®t,12)
N5UsS = NSUBs + 1
END IF

READ (5% LTYPL{1)4LODEPTH(1)sHYSUIND) ¢NSSIND) ¢LUCND]I +WNIND] o
EYIL(ND)} yGWN{ND) 4 (QURELITI4ND),I=1+3])
WRITE (746101 LTYP(1)4LDEPTHILIY yHYSIND} JNSSIND) »LUIND} +WNINDI,
+ ETLUND)+QWNIND) » {QWREL{ I ¢NDB1¢1=143)
610 FORMAT (2X64F64242169F6.145F8.31
ELSE If {ILOW.GT7.13 THEN
WRITE (546201

620 FORMAY (*'GIVE THE VALUES FOR LTYP{1),LDEPTHI{ 1) sHYSIND) ",

t FNSSIND) yLUIND) yWH{HND )y ETI{ND) ¢ */*QWNIND) ")
IF tJ.GT.11 THEN

WRITE (54630} NSUBS

630 FORMAT (*THE NUMBER OfF THE SUBSUIL FOR WHICH THESE DATA *,
+ *MUST BE GIVEN IS *,12!
NSUBS = NSUBS + 1
£END 1T

READ (Sy*) LTYP{1) L DEPTHEY} +HYSUIND} sNSSIND)sLUCND) sWNIND) »
ETIIND) yGUNLND}

WRITE {74640) LTYP(IlfLDEPTH(ll'HYS[NquNSS(HDlvLU(ND}'NNiND)
ETIUND }yQWNIND) -

640 FORMAT (2163F6.2¢2164F6.142F3.3)

END IF

+

IF (LTYP(1).EQ.D) THERN
WRITE (546501}

650 FORMAY (*THE ROOT ZONE IS HETEROGENUQUS.'/*YOU HAVE TO *.
+ TSPECIFY THE LAYERS AND DEPTH OF THE LAYERS OF THE ROOT IDNEC,
+ YGIVE fIRST THE TOTAL NUMBER GOF LAYERS. THE MAXIMUM = 91*)
Mm=20
READ (Set) ¥
WRITE (54660
660

FORMATU'GIVE THE VALUES FOR LTYPII1) AND LDEPTH(II®)
READ (S59%) (LTYPCI)4LDEPTHIL},y I = 1+M4)
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670

4

IF tH.LE.46)1 THEN

WRITE (2,670) (LTYP(I)sLOEPTHII), I 1+M)
ELSF
WELTE (72,4700 (LYYP(IYZLUEPTHLIY, I = 1,461 '
SRITE (794700 {LTYP (LI 4LDEPTHOLY, 1 7eM)
iMp I
FORMAT L1215)
END IF

680 CURNTINUE

685 FURMAT [*'SOMETIMES THE NMETEOROLOGICAL DATA ARE READ FROM AN 7

690

200

710

720

730

140

750

760

770

WRITE 1546451

r

+ *OTHER FILEY/TL1F THIS IS THE CASE TYPE YESe ELSE TYYPE NOTY

+ 4+ 4+

READ (5,1 AIT) ANSWER
I (ANSUER.EQ.*Y') GO TO 805

IF (IUPP.EQ.]1) THEN
WRITE (5,4690)

FORMAT ('A VALUE FOR RNET IS NOT REQULREDy BUY IfF GIVEN'/
YTHIS VALUE IS USED FOR THE CALCULATION OF YHE */
"EVAPOTRANPIRATION,BUT NOT FOR THE CALCULATION OF EPENa'/
*THE LATTER MAY BE ACCOMPLYISHED GY ENTERING A NEGATIVE ¢
TYALUE INTO FRSUNG'/

*If YOU GIVE A VALUE FOR RNET TYPE YES, ELSE TYPE NOY)
READ (5 (A)*) ANSWER
END IF

COUNTY = O
D0 BQO+ COUNY = 19NTOT
IF (TUPPLEG.1Y THEN
IF {ANSWER.EQa'Y '} THEN
WRITE {5,700)
FORMAT (*GIVE THE VALUES FOR U FRSUN+RHsTEMPyRAIN+RNET*)
READ (Ss%) UsFRSUNSRHITEMPRAINYRNET
MRITE (7,770) UsFRSUNeyRHyTEMPsRAINSRNET
FORMAT (FO142Fbe3sF6el oyFOal2¢F6.1)
ELSE
WRITE (547201
FORMAYT (*GIVE THE VALUES FOR UFRSUNJRHsTEMP,RATNY)
READ (S¢+*} UsFRSUNWRH+TEMPRAIN
WRITE (7+730) UyFRSUN+RHsTEMPRAIN
FORMAY (FOL192Fba39FGalyeFb.2)
ENO IF
ELSE IF (ILUPP.EQ.2) THEWN
WRITE {5+740)
FORMAT (*GIVE THE VALUES FOR RAIN AKL ETIPy WDYOYT TIME®)
READ (5%} RQIN:(ETIP‘ND’{ ND = 14NDTQT)
WRITE {7+750) RAINJ(ETIPINDY, ND = 1,NDTOT)
FORMAY (13F6.3)
END IF
[f {ILOWLEG.2) THEN
WRITE (5,760)
FORMAT(TGIVE THE VALUE FOR QWN{ND}s NOYOY TIME®)
READ (5,%) (GQWN(NDY, ND = 1,NDTOTI
WRITE (7¢7270) (QUWNIND)y, ND = 1¢NDTOT!
FORMAY (13F6.31

L}




~46-
Appendix 2 {Contd.}

FLSE IF (ILOWL.EQ.3) THEIN
WRITE (5,780
730 FORMAT (*GIVE THES VALUES FOR WHIND) s NUTOT TIHE®)
READ (S.*) LURSNIND), ND = 1,NDVOTI
WRITE (747901 {(QHSHEND): ND = 1,H0TO0T)
790 FORMAT (14F6 .11
FHl oGS

5§00 COKTINUE
805 MRITE (5,:310)
810 FORMAT (/f/YEND OF DATA [HPUT FOR THE PROGRAM MUST*//)

WRITE (5,820}
820 FORMAT(*NUST GIVES THE CUMULATIVE VALUES OF THE RAIN, IRRIGATION®/

TEVAPOTRANSPIRATION AND INTCRCEPTION AFTER EACH TIMESTEPY/

*IF YOU WANT TO START COMPUTING THESE CUMULATIVE VALUES %,
AT A CERTAIN TIMESTEPe*/*YOU MUST TYPE —1 IN THE FIRST *.
*POSEITIONS OF THE INPUT LINE BEFORE THIS TIMESTEP'/

*YOU MUST DU THIS IN THE QUTPUY FILE OF THIS PROGRAMY)
WRITE (5,830}

B30 FORMAY (//° WARNING v/
"CHECKX [F THE HEIGHT OF WIND MEASUREMENT IN THE *,
TPROGRAM MUST FORTRAN'/'1S SET TO THE CORRECT VvaLUE*)

+ 4+ r e

*

+
END
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The iaaut date for the LYree cxamples wilven Dy e Laat,e 1935,
Yul now 1n the 'new' foramat.,
IXAMPLE D,
)| 1 1 10.02 i0 1 @1 1971 2.0% 20.09 3
O ~0.01) -0.,060  METIUM FINE SAHNY
0.0 P I 12,3 5.02 1.00 0.140--21 0.1:0:5-9
D.6206=03 G,1508-03 0.4408-04 0.1705-06 0.6306-05 00,3308 -55
0,525 9,352 Ca337 04323 2297 0.203 2.114 0.094 0.053 0.0537 D.950 6,345 5
0 fi
00330 D520 20400 00304 020296 3.28% 0,151 01197 Q0180 Booan D.0?9% 0 B
7(__‘!)(}.).‘)
Q.500 0027 A0 D320 00558 0,284 0,204 0.1648 201510 9,090 Doads Ddoast
2y a0
OGN
N 33 G070 i i 119.0 -0.100 -0.100 -¢.-240 2in,0)
I I L T KA %e1 2.07
o Doaih 202N 2.3 3.9?
ded DLalS Q0n7Y 3¢9 0,22
2.4 D.533 0L5D5 12.3 0.02
2ol 0GR27 DLTA2 ThALY O 0440
ey D 31 DL72R 13.6 .14
2.8 DAY D.T722 17.2 0.00
2.5 04149 0.855 12.2 0.68
2.7 0,230 0.304 13.9 0.38
1.7 0.709% D723 18.3- 0.03
SXAMPLE ND. 2
2 2 0 10.00 10 1 4.20
0 -0.010 -0.060 MEDIUM FINE SAND
O0«420E-03 0.160E-03 0.,440E-04 0,170E-04 0.630€e-05 0,.330c-05
04393 0,352 04337 0,328 0,297 0,208 0,114 0.094 0.068 0.037 0.030 $,.026 0.574
SO C
04330 04320 04313 0,306 0296 04255 0151 0,119 04100 0. 0846 0.075 0064 L0150
Q C
199999
O0e500 04427 04410 0392 D354 046284 04206 04168 04131 0.05¢ 04074 G062 0405
>0D104L
7999979
l 50 0-50 110- -Oc 100 "‘0‘100
0.0C00 0.110
-¢.101
0.02C6 0.190
-0.08¢%
0.22C (.240
-0,072
0.220 0.300
-0.063
0.6400 0.300
'0.056
0.360 G.25¢G
'00052
J.000 0.200
-0-0‘;?
D.880 C.159
04113
0.387 (C.249
-0.114
24236 G372
-0.093
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0.1640£~02

0.032 0.025%

0.200€£-02
0.286 0.265

0.140€-02

Input data for the computation of the saturation deficit curves for the
third exaample :
gEXaMPLE KO.
S NI CLAY LOAM
110. 48.5 21 .2 3.60 1.80 Q.500E-01
0.550FE-03 Q.2100-C3 D.9305-04 0.220E-04 0.330F-09 0.430E-05
o350 U325 00515 0.20% 2.260 2.165% 0.3727 0.061 0.0%0 C.045%
0 C
6 CLAy LOAM BETWEEN O AND 10 CH
1.00 Ja. 750 0.609 Oe H04 0.239 0.8402-01
C0.28CE-0% Q0.11Q06-~03 0.300C-04 0, 1108-04 0,6208-0% 0.220C0-05
Ou865 044029 0,424 0,421 0.415 0,411 0,339 0.386 0.344 0,542
V() i
i10. 48.5 21.7 8.60 1.830 0.300E-01
0.550F-05 0.210F-3% 0.580C-04 0.220E-04 0.830FE-05 0.4306-05

0.350 0.32% 0,316 0.305 0.2460 0155 0.077 0.061 0.050 0.043
0 0
7 CLAY LOAM BETWEEN 30 AND 40 CHM
110. 48.3 21.2 8.60 1.80 0.300€-01

0.550€6-03 0.210£~03 0.5836-04
0.350 0.32% 04316 0.305 0.260
30 1
1.00 0.780 0.609
0.280£-03 0.1106-03 0.300€-04
0+445 04429 04624 0.421.04415
40 i
110. 48.3 21.2
0.550€-03 0.210€-035 0.580E-04
0.350 04325 Q.316 0.305 0.260

0.220E-04 0.B30E-05 0.430e-05
0.155 0.077 0.061 0.050 0,043

04464 0.289 0.840€E-01
0.110E-04 0L420E-05 0.220€-05
.61 0.385 0.366 0.344 0,342

0.220£-04 0.830E-05 0.430€E-05
0.15% 0.077 0.061 0.050 0.043

0 0
3 CLAY LOAM BETWEEN 60 AND 70 CM
110. 4B8.3 21.2 8 .60 1.80 0.300E-01

0.550€-03 0.210€-03 0.580£~-04
06350 04325 0.316 0.305 04260
60 1
l.00 0.780 0.609
0.280€E-03 0.1106~03 C.300E-04
0e645 0.429 0.424 04421 04415
70 1
110. 48.3 2l.2
0.5506-03 0.2106-03 0.5B0E-04
0.350 0.325 0.316 04305 0.260
0 0
999999

0.220E-04 0.830€E-05 0.430e-05
0.195 0.077 0.061 0.050Q 0.043

0. 464 0.289 0.840€-01
0.110E-04 0.420E-05 0.220€E-05
Ou411 0.385 04366 0,344 04342

8 .60 1.80 0.300€-01
0.220E-06 0.830E~-05 0+430€-05
0.155 0.077 0.061 0.050 0.043

0.032 0.025

0.140€£-02
0.032 0.025
0.200€-02
0.286 0.265
0.140€-02

0.032 0.025

0.140£-02
0.032 0.025
0.200€e-02
0.286 0.265
0.140€-02

0.032 0.025

0.02

0.255

0.023

0.023

04255

0.000

0.00¢0

04259

0.000
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tXAMPLE ND. 3
1 3 0 30.00 9 4 so1971
5 ND CLAY LOAR
110, ¢8.3 21.2 8.60 1.80 0.3500€-01

0.5500-93 0.210€-0% 0.580£-04
0.550 0.32% 0.316 0.305 0.260

0.220€-04 0.830€-05 0.430L-06
0.15% 0.077 0.061 0,050 0.043

0 ¢
6 CLAY LOAM BETWEEN O AkD 10 CH
1.00 0.780 0.509 0.464 0.289 0.840E-01

0.28C€E-03 0.110L-03 0.300£-04
Q.54% 0,429 0,424 0.42) 0.415
10 1
110. £8.3 21.2
0.550:~-03% 0.210r-03 D.5B0E-04
0.350 0.352% 0.31%6 0.305 0.260
C C

0.110E-04 0.420e-0% 0.220€-0%
0.411 0.385 0.366 0.344 0.3¢2

8.60 1.80 0.300£-01
0.220€-04 O.830E-05 0.430£-09
0.155 0.077 0,061 0.050 0.043

7 cLAY LOANM BETWEEN 30 AND 40 CNM

11¢C. LR 21.2
0.55%0€-035 0.210L-03 0.580&6-04%
0.350 C.325 C¢.316 0.30% 0.260

3o 1

1.00 G.780 0.609
0.280E-03 C.110€-03 0.300£-04
0.445 0.429 0.424 0.421 0.415

40 E

110. ¥ 1.2
0.55CE-03 0.210£-03 0.580€-04
0.3%0 0.325 0.3516 0.305 0.2640

B.60 1.80 0.300¢F-01
0.220E-04 O0.830€-0% 0.430£-09
0.15% 0.077 0.061 0.050 0.043

0. 464 0.289 0.840€£-01
0.110£-04 0.420E-05 0.220£-0%
0.411 0.385 0.366 0.344 0,302

3.60 1.80 0.3006-01
0.220€~04 0.8306-05 0.430£-05

0.155 0.077 0.061 0G.0S0 0.043

G G
8 CLAY LOAM BETWEEN 60 AND 70 CM
110. 4B.3 21.2 ' 8 .60 1.80 0.300€-01

0.550€-03 €.210t-03 G.5B0E-0%
0.350 0.325 0.316 0.30% 0.260
60 1
1.00 0.780 0.609
0.2B0E-03 0.1106-03 0.300£-04
0.445 04429 0.424 04421 04415
70 1
110. 48.3 21.2
0.5506~03 0.210€E-03 0.580E-04
0.350 0.325 0.316 0.305 0.260
0 0
9299999
0.350 0.325 0.316 0.30% 0.260
MEDIUM FINE SAND
0,445 04429 0.424 04421 0415
CLAY LAaM

999999
0 0 0.%0 1 4
2 10 1 30
1 30 0.50 2 4
1 30 0.50 3 4
1 30 0.50 4 4
3.4 0.105 0.933 1.2 0.17
110.0 110.0 110.0 110.0
5.6 0.179 0.873 3.5 0.12
110.0 110.0 110.0 110.0
33 0.231 0.837 2.7 0.08
170.0 110.0 1!9.0 110,0
-1
3.0 0.340 4,779 7.1 0.04
110.0 110.0 119.0 110.0
27 0,412 0.709 12.9 0.14
110.0 110.0 110.9 110.0
2.8 0.328 0.793 13.6 0.29
110.0 110.0 110,0 110.0
246 0,488 0.753 16.8 0.1t
1100 110.¢ 110.0 110.0
2.8 0,404 0.792 17.0 0.19
110.0 110.C 110,08 110.0
224 0.454 0.790 13.6  D.14
110-0 11C6.0 110.0 110.0

0.220E-04 0.B30E-05 0.430£-05
0.155 0.077 0.061 0.050 0.043

0. 464 0.289 0.840€-01
0.110E-04 04420E-05 0.220E-0%
0.411 04385 0.366 0.344 0.342

8 .60 1.80 0.300E-01
0.220-04 0.8306-05 0.430€E-05
0.155 0.077 0.061 0.050 0.043
0.153% 0.077 0.061 D.050 0.043

0.411 0.385 0.366 04344 00342

110.0 0.000 ¢.000
110.0 6.000 0.000
110.0 0.000 0. 000
110.0 0.000 0.040

0.140€E-02

0.037 0.025

0.2006E-02
0.286 0.265
0.1640€-02

0.032 0.025

0.140F-02
0.03%2 0.025
0.200E-02
0.286 0.265
0.140£-02

0.032 0.025

0.140E-02
0.032 0.025
0.200€-02
0.286 0.265
0.140€-02

0.032 0.025

0.032 0.025

0.286 0.2565%

0.023

0.255

0.023

0.023

0.299%

0.000

0.000

0.255

0.000

0.000

0.255




APPENDIX 5

The soil physical input

The first sety Geharda'™s data
YARNTON TEST SITE: PX-11 10153}
1 b 1 7.00 30
1
999. 345, 147.
0.400 0130 0.110t-01
0.621 0.585 0.577 0.569 0.561
13 1
0.490C+404 281, 107,
0.110 0.5406-01 0.720€E-02
0.522 0.502 0.495% 0.487 0.477
66 1
0.900E+04 Q.1105+C4 101.
0.110 0.380£-01 0.400E-02
0.465 0.362 0.299 0.276 0.254%
0 0
999999

0.875 0,785 0.757 0.738 0.714%
0-10 CM

0.760 0G.727 0.710 0.694 0.673
10-20 CH '

0.621 0.585 0.577
20-30 CHN
999999

0 0
1 10 2

0.569 0.561

1.00 1 1

20 3

-5]-

data lfor Yarnton Mcad

92 1985
55.0 18.0 8.00

0.2706-02 0.7506-03 0.2806-03

0.553 0.548 0.522 0.493 0.442

35.0 2.00 5.00
0.160F-02 0.680E-03 0.320e~03
0472 0.661 0.447 0.437 0.404

36.0 11.0 3.20
0.190¢6-02 0.1506-02 0.210€~03
0.233 0.211 0.184 0.168 0.134

0.670 0.585 0.4720 0.303 0.265

0.634 0.560 0,448 0.297 0.280

0.553 0.5648 04522 0.493 0.442

£3.5 0.000 0.000

30

4.00
0.408
0.800
0.384
0.560

0.1138

0.252
0.246

0.408

0.378

G.360

0.110

0.2456

0.238

0.378

0.352

0.345

0.105%

0.243

0.234

0.352

The second sety scasured soil moisture content and coamputed conductivities

YARNTON TEST SITE

1 3 1 7.00 30
2
0.100E+04 90.9 3.00

0.2006-01 0.700€-03 0.220€E-03
0.850 0.730 0.714 0.702 0.685
13 1
-0.100E+04 19.0 9.00
0.530€E-02 0.460€E-03 0.900E-04
0.568 0.538 02527 0.518 0.506

69 1
0.900€404 0.110€+04 101.
0.110 0.3806-01 G.400€-02
0.465 0.362 0.299 0.274 0.254
0 0
999999 *

0875 0.785 0757 0.738 0.714
0-10 CH

0.760 0.727 0.710 0.694% 04673
1020 cn

0.621 0.585 0577 0.569 0.561

20-30 CM

999999
0 ¢ 1.00 1 1
1 10 2 20 3

PX-11 (01531

1 92 1985

1.30 0.600 0.250
0.150€-03 0.110E-03 0.950€-04
0e 656 04572 0.375 0.246 0.216

S «60 3.00 1.10
0.280€-04 0.850E-05 0.360E-05
0480 0,419 0.346 0.263 0.227

36,0  11.0 3.20
0. 190€-02 0.1506-02 0.2106-03
0.233 0.211 0.184% 0.168 0.134%
0.670 0.585 0.470 0.303 0.265
0.634 0.560 0.448 0.297 0.280

0553 04548 0.522 0.493 0.442

43.5 0.000

30

0.000

0.90Ce-01

0.211

0.260

0.21%

0.560

0.118

0.208

0.208

0.110

0.246

0.238

0.378

0.207

0.205

0.105

0.2643
0.234

0.352
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The third set, Stiboka data 1

YARNTON TEST SITE px-11 (0153)
1 3 1 7.00 30
3
63.6 0.357 0.121

0.9566-03 0.4536-03 0.2 16£-03
0.517 0.473 0.465 D.459 0.452

13 1
10.8 0.232 0.134
0.143£-02 0.5326-03 0.173E-03
0.492 0.480 0.475 0.470 0.666
49 1
6.0 0.733 0.384

0.281£-02 0.101£~02 0.235€6-03
0.419 0.400 0.393 0.388 0.381
70 1
63.9 16.5 8.40
0.3706-03 0.523€6~04 0.855E-05
0.381 0.355 0.340 0.327 0.303
0 0 '
999999
0448 0.409 0.401 0.396 0.389
B10 — LIGHT cLAY
0e517 0.473 0.465 0,459 0.452
B11 ~ MEDIUM HEAVY CLAY
999999
0 0 1.00 1 1
1 20 2 30

The fourth sety Stiboka data 2

YARNTON TEST SITE PX-11 {0153)

1 3 1 7.00 30
3
63.6 0.357 0.121

0.956E-03 0.453E-03 0.216E-03
06517 0.473 04465 04459 0.452
13 1
61,0 0.733 0.384
0.281€-02 0.101€-02 0.235E-03
0.419 0.400 0.393 0.388 0.331
70 1
63.9 16.5 B.40
0.370E-03 0.523€-04 0.855€-05
0.381 0.355 0.340 0.327 0.303
0 0
999999
B10 - LIGHT cLAY
04517 0.473 0.465 0.459 04452

Bil - MEDIUM HEAVY cCLAY
999999
0 0 1.00 1
1 20 2 30

-52~

i STINOKA DATAI
1 92 1985

0.450€E-01 0.220E~-01 0.590£~02
0.841E-04 Q.492E~04 0.311€-04
0.436 0.394 0.344 0.298 0.248

0.440E-01 0.300£-01 0.110¢-01
0.725C-04 0.308E-04 0.1846E-04
0.452 0.411 0.366 0.315 0.262

0.104 0.8906-01 0.3506-01
0.7354E-04 0.1526-04 0.480E-0S
0.365 0.331 0.314 0.261 0.221

5 .02 2.70
0.160E-05 0.540E-06

0.959
0.100E-06

.Q.198”0.100 0.073 0.058 D.047

0.377 0.350 0.320 0.263 0.217

0e 436 0.394 0.344 0.298 0,248

43.5 0.000 0.000

i STIBOKA DATAZ2
1 92 1985

O« 4S0E~-01 0.220E-01 0.590€£-02
0.841€-04 0.492E-04 0.311€E~04
04436 0,394 0.344 0.298 0.248

0.104 0.890e-01 0.350E-01
0.754E-04 0.152E-04 0.480E-05
0.365 0.331 0.314 0.261 0,221

S .02 2.70 0.959
0.160E-05 0.5406-06 0.100€~06
0.198 0.100 0.073 0.0S8 0.047
0.377 0.350 0.320 0.263 0.217

04436 0.394 0.344 0.298 0.2438

£43.5 0.000 0.000

0.1876-02
0.218 0.188
0.3280-02
0.231 0.202
0.820E-02
0.192 0.165
0.270E-02

0.039 0.034

0.187 0.159

0.218 0.188

0.187E-02
0.218 0.188
0.B20E-02
0.192 0.165
0.270E-02

0.039 0.034

0,187 0.159

0.218 0.188

0.17,

O.18¢

0.1590

0.030

0.143

0.173%

0.173

0.150

0.030

0.143

0.173
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The fifth set, Stiboka data 3 :

YARNTON TEST SITVE PX-11 (0153) ; STIBOKA DATA3

1 3 1 7.00 30 1 92 1985
3
65.6 0.357 0.121 0.450E-01 0.2206-01 0.590¢-02 0.187€-02

CeF56E-03 0.453E-03 D.216E-03 0.R416-04 0.492E-04 0.311E-04
0317 0,473 0.465 0,459 0,452 04436 0.394 0,344 04298 0.248 0.218 0.188 0.173
13 1
61.0 0.735 0.534 0. 104 0.890E-01 0.3%0E-01 (0.820€-02
0.281E-02 0.101E-Q2 0.235E-03 0. 7%4€-04 0.152E-06 0.4B0€-05
D.419 0.400 0.393 0.388 0.381 04365 0.331 0.314 0.261 0.221 0.192 0.165 §.150
70 1
223, 58.4 ba %4 1.09 1.03 C.205%E-072 0.110E-03
0.506£-04 0.987E-05 0.100£-0% 0.783€E-06 0.1006-05 0.130E-07
0.332 0303 04255 0.1920 0.115 0.076 0.043 0.037? 0.029 0.020 0.018 0.014 0.010
0 0
II9IVI9

0.448 0.409 0.401 04396 04389 0.377- 0.350 0,320 0.263 0.217 0,187 0.159 0.143
B10 — LIGHY ClLAY

0,517 0,673 0,465 0459 0.452 0,436 0.394 0.344 0,298 0.2483 0.218 0.188 0.173
Bl1 — MEDILUM 'HEAVY CLAY

999999
0 0 1.00 1 £3.9 0.000 0.000
1 20 2 30




M
W
4
W
o
"
o
o
-
¥ o
8«
w ¥
_“.H
un H
w0 ..Ur.
s i
nr il
~ b .
3 w....
S ”
owt +
Vo
o
TS
3
t <7
< € 2
'l ~
1 =2
73
PR
W
v F
L ._I.. -
i 3 z
Y o w g
s © EE Al
© Q5 <t
-1 e .
Ay 2 8
> .W- s
o i
> 5
Fel
w0
>
-
a
=
73]
a
o,
=<
e
L3
K
x §




—-55-

APPENDIX 7
Conm [u;\'-.nt-_uxwrv’ cv Tt MEfAyeewo K- L
e N TIOM (f)f\”\po'd'n) Weooev AR

DAl L GRENY 0O M LM Fon Tu b

VOL V20 o+f T ux “lup\\'-_ ! provt

L~
B A A P e LT

o 1'!1&:*‘:1?.:??‘7&- Ty
pai g S ey

=11
LA 9% Swrh e |
A D d A AN T
F:T Hre s - ST
A Kalakd LI Tal AERLI A ITKD .; TelaTIEIsEiE ST -l apn ey
: T ] T 31T 1 heT:
SHETARERIGN . - Eﬂ\ Wil |
= o= B = e ]
Ty = n _“_'ﬁ:‘!E—l,,_‘ 13T T: T "';":i]:L' !
rHT T eyt e Pa LA S ANE R, JALANS | L T 3 H—+H - 1T
oIS 1S 12 LS EAeR )£ s o S b CO e 11 oot sa= 02 e k2 s2aTas N e G e e e et it
(9% y TRAY FLB 4 LLL § B 19 MELATENAVE DA RITN AN | T i r TR T .
1} n!m- Hreint npﬂ A eI il 6 oy et 1tHIHHH u TR RGN | s
Fic _— T Tl I s T E__—"gﬂ-z," ﬂ=|__ = p s ey e ]
T ot & i o — a L ¥ T
BT T i a e v T ¥
TINS5 A LS raeee $TUR LI 8 1A b P8 L4 Wm0 09 i JT H Y .
1 3 E‘“v[;;- H { 3 PHH - L!_ oy TT+ .]4. T [’{ =] y
=& ity RHEH TR R G - HA11 1
w ~t"'=...'. ‘lg ;._.i.é.g_ {[_!tl' Lt rr ey St e wrt e JJE‘*._:EL_-,{— )
BS T i  na e S A S a SR St I
-\ﬂmrllh 3 H‘-I- RV LT 65 CE 0 ) ARtz :111
AFVTLAM)] e H T CHE
s BHHRPEEHHHR N =t PR o RIEHH R
Tttt -t + w0 Em ¥
‘] L ] M [ 5 I3 -] L

-] 1 2 N .

Pl zaahd cILAbafT oA S e =1 =3

e PULATALA RTRE VAL B R GR ER LA AS & KRS B i Y b o S

- e T TR A — 1 ---—‘-lo-[c e b=
. - r . Iy 0 T .
wot CtE AT g blilae s 12 HIL.
ey = ._.‘_ == e by —_— = 1

1T st 3 10 00 SEwO 1T T
LIRS 2 T RO G e e

3 e, =
o I DR At T e




~56-

Appendix 7 (Contd.)

\,‘|s
ﬁcz
L 1
o s LAy ER e — lHll 1 -
_%H‘ttﬁ‘.‘..‘h‘,_'.li- - o 74 Tt T - .
To TTEARER v ot T HMTHIFH v bR \
At = = =T "
= — .ot
T ALY iR BTN A0 )
Ty AR R
] T T T
ki i) T o
y® |o°§‘—§!_—, ELAENNS L L 10
) = = T i T = -
= = ’E"T’ﬂpm 0T b ) AR S H‘Il ke e
B T T iy | NN B VLS SRS £ B8 e Ot r .
Kleafary) - etk teasay) b b R TS e ey
o T T i A EBINIT AV LY TITOT T T TLTOTGTY
e ARERRTRI - SR EHATHERFTEET |
10-1. 1 h = E_.__‘:. 0 _11;—_ —=
e D AR R
e e AL T e
T B -2 HTHHHH
1 H R f‘;{_ st et Ll o
s ‘ 7 ) o asesry Htit
A SAEE: R LRt
;}_ﬁrlr‘ TR HATT ;’; 0 1““—- 111‘
Pnet T T L 107 r.a‘:%e.&!sé o
- d—{: 3 = Jn',w l':Il ;i; +4
T .?“le*f.{r\-tliu'j _,;':JJ L] {r .
3 A alicsziis I . =6 LTIy i
i duliods L ot 107 et DL L LT
= fafors ey IIv ¥
- _:‘r_ ~- - =rr T " T n
TS Nk F' Rl n LBk A3t Hs
(A1811I N : : - r
IR ,1]-.Tm’, w5 It deludlsfinlti !
e o - 1 4
A s 3




[
.........................O..O.....

-57-

APPENDIX 8 Coemoprivemwsiomw ¢o

SCicwaant emfens verastiey (o AP~y )

DN Ny M GRRSS o LT o yan n“,f?,‘l.-

Crr wmogtoes FOR The Di-nwmn
Th e MEASwE Y D Cu RYY S Grvin o,

il

Iif:

]El:

IR\

Wit w

, €11 A~eo

MENSw e

AR T

D2 -mda 1o ARY

[y -y

[

+ T
[
A i e T P ar

-t
v

b a e am [aay

e s

EL gty
.

prasetireeidly

s
Pl nedetgus-an

freaversresay

Cy » leod

i
40 0 (14
womt T

—
jaagad,
T
——]
i
3

e iy
|

%
prasas
goo=-i

| sma-a-

o
I3 s |

e

=
< pai=y o vms b v s o as]
[ e e ey e y————

oo

¥t
t Hit
+H
et
:
1

g
S baaat gy

i
i
|

T
3 it
rirepea .4-.-._{”
re yud
I
y s
1
T

FREPAE PSSt pupey
oy
s
8t Itttd & At Aty L2 fan
e §
.
35
~—a o
)
s §
.1
-
R S e PR ]
ey aes] b e
TITT
i
2

ooy
=31 T

{3t
et

Lyndsever W,

'y
juedadenesahosidng
T 1
t

R e
] 4
$
T
T

i EE

I
b

il

HEERI L il
i [y
i[:?‘ 1 2 _ﬁ'r:gg&
't il } [h1
Nl !
iji; i "R
e
TR e i
.0 38 80 o e
P T R

il

e
s ﬁ':ﬂ

DT

!
:

HIHLID)
i
:

-
-

e

2 A

: :
ive

frefed H
siglbegqn

H It

(R R L

| l

| !

4 1

) .

‘ |

H H

1 i

a

CEE






