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EVAI;L[HI'ICN AND SELECTTON OF GROUNDWATER CATCHMENTS
FOR A DETAILFD RECHARGE INVESTIGATION

1 INTROCUCTICN

Historically the study of rainfall recharge to groundwater in
southern Africa has been neglected due to the lack of human and
technical resources. Low estimates (less than 10 per cent) of
recharge by rainfall have been generally used. However, recent work
using numerical computer models has shown that recharge from rain-
fall in some areas may be as high as 30 per cent. In view of the
increasing dependence on groundwater in many areas of South Africa,
the consequences become very important and it may be possible to
significantly upgrade the potential groundwater resource in certain

areas.

In January 1983, Steffen Robertson and Kirsten (Civil) Inc (SRK),
submitted to the Water Research émrnission (WRC) a research
proposal, Report C1.3346/1, entitled “An investigation into rainfall
infiltration and recharge to groundwater"”. The study was to use
several different approaches to examine potential recharge in areas
which were hydrogeologically dissimilar and oontained a nutber of
different but commonly-found surface soil-types. The objective was
to identify the best cost-effective method of estimating aguifer
recharge with greater confidence.
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At a meeting on 17 March 1983, the proposal was accepted in prin-
ciple with a nuber of suggested modifications. However, the Chief
Gechydrologist, Department of Enviromment Affairs, indicated that
there were a number of hydrogeological catchments that might be more
suitable for the research study than those given in the proposal.

- Consequently, Steffen Robertson and Kirsten (Civil) Inc were

requested to submit a proposal, Report CI.3760/1, for the evaluation
and selection of groundwater catchments for the recharge study.
This proposal was submitted and accepted in June 1983.

This report describes the evaluation of the sixteen suggested catch-
ments using a sani-quantitative rating developed for the study, and
their reduction ‘down to seven possible sites (Fig 1.1). Further
filtering, together with field visits to four of the gites, led to

the final selection of three catchments recamended for the recharge
study.
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2 TERMS OF REFERENCE

The research proposal, Report CI.3760/1, entitled "Feasibility study
on the selection of groundwater catchments for a detailed recharge
investigation”, was submitted in June 1983. This proposal was
. accepted in a letter dated 23 June 1983, by the Water Research
Commission.

The resulting Consulting Agreement (Ref K 18/63/1) between the WRC
and SRK formed the terms of reference for the feasibility study.
The pertinent conditions were:

1 The study should concentrate on the twelve potential
research catchments as identified by the Division of
Gechydrology of the Department of Environment Affairs,
and the three additional sites proposed by SRK. ALl
arrangements in connection with access to the data on
the proposed areas should be made in collaboration with
the Head of the Division of Gechydrology.

2 1In addition to those areas mentioned in (1), a mumber
of those surface water catchments forming part of other
investigations funded by the Connission may also be
included in this study. Selection of and visits to
these catchments should take place in collaboration
with Dr Roberts of our staff.

3 The investigation should be executed in the three
phases proposed in paragraph 4 of your sulmission. The
final phase, ie the report on the study, should give an
evaluation of the various sites investigated and should
make recommendations on the most suitable sites for the
recharge study envisaged in the proposal entitled “An
investigation into rainfall infiltration and recharge
to groundwater.



3 METHOD OF APPROACH

3.1 Introduction

The feasibility study was divided into three phases:

Phase I - Desk study

A review of all the available information on the catchments

was carried out and the data scored according to evaluation
matrices, which are discussed in more detail below.

The objectivity of the matrix approach was considered to he
important in the assessment of each catchment and the forma-
tion of a short-list of potential sites.

Phase I1 - Site visit

A ground visit was then nade to four potential catchments by
personnel fraw the Division of Gechydrology and SRK.  The
objective was to confirm, if possible, the suitability of
each site asg defined by the Phase I study.

Phase III - Report

On completion of the first two phases, a report was to be
generated. It would include the evaluation of the v;xrious
sites and detail our recommendations of one or more areas
for the recharge research.

3.2 Literature search and initial caktchment evaluation

In the desk study most of the available literature and un-
published data on the proposed catchments were derived fram the
records of the Division of Gechydrology, the Pretoria Munici-

pality and SRK files. The information for each site was



3.3

evaluated and recorded using particular parameters (Table 3.1)
identified as important criteria {Appendix A) for the recharge
study and assigned to reflect the quality of this infonmation.

The information and evaluation for each site was discussed with
Mr J R Vegter, Head of the Gechydrology Division and, if
possible, with the relevant authors. This ensured that all the
available pertinent documentation had been examined and any
additional factors or shortcomings were highlighted.

The Initial Catchment Evaluation Matrix {ICEM) was compleked
for each site using these criteria and scores. Total scores
were determined and compared, allowing a short-list of the
most-pramising catchments to be prepared.

Short-list catchment evaluation

Having identified the most-pramising catchments, more specific
criteria (Appendix B) were used with differential weighting to
more accurately compare the merits of each site. A Short-list
Catchment Evaluation Matrix (SLCEM, Table 3.2) was drawn up
allowing:

. a comparison of the amount of relevant hydrological and
hydrogeological information for each site

. estimation of the additional work required to attain an
adequate confidence level for the above

. comparison of the potential benefits of a recharge study for
the catchment .

Description of parameters

The first set of parameters, RlL, was used to determine how well
the surface hydrology of each catchment had been defined. The
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score for existing instrumentation, because of its importance,
accounts for 40% of the total Rl score.

The second set of parameters, R2, was used to see how well the
hydrogeclogy had been defined, The relative significance of
each aspect is shown by its maximum score. It can be seen that
the inportance of historical data, required for the calibration
of mumerical recharge models, is emphasized more in R2 than in
Rl.

The third set of parameters, R3, gives a semi-guantitative
assessment of the relative suitability of each site for a
detailed recharge study. This included assessments of staffing
requirements, site location and order-of-magnitude of capital
cost, as well as assessments of the degree of definition and
uniformity of the hydrological and hydrogeological regimes.

The last set of parameters, R4, gives an alssessment of the
potential benefits to be gained by studying a particular catch-
ment. The sectors which stand to benefit fran the proposed
research are identified.

Two extra factors, not addressed in the initial ICEM, have been
added to the R4 section:

. Areal influence: this reflects the proportion of South
Africa covered by that geological sequence

. General applicability: this is the areal influence score
nmltipliéd by a score reflecting the value of additional
water to the major users



4 CATCHMENT EVALUATION

4.1 Initial catchment evaluation

The amunt and nature of information available varied consi~
derably fram site to site. The ocompleted Initial Catchment
Evaluation Matrix (Table 4.1) shows several sites, such as
Steenkoppies, for which very good springflow records exist for
Maloney's Eye but hydrogeological records are lacking, and
others such as Atlantis, where considerable effort has already
gone into hydrogeological modelling.

Total scores ranged from 54 (Upper Eye, Mool Rivier) to 210
(Atlantis).

The selection of study areas for more detailed consideration
was based partly on the total scores and partly on the scores
for the long-term wonitoring records. This is because any
recharge model will have to be calibrated against long-term
rainfall, springflow, and water level records. Therefore, the
quality of these records is critical to the success of the
recharge project. Catchments without such records were
excluded fram further study due to the excessive pokential cost
and delay associated with accuwlating these records.  The
catchments excluded were: '

. Steenkoppies/Maloney’s Eye {no groundwater level records)

. Upper Eye, Mool River (no springflow or groundwater level
records). _

. Skoonspruit E_\;Ie (no abstraction records)

. bblopo Compartment (no continuous groundwater level records)

. Dendron (no adequate definition of groundwater catchment)

. Rietvalley Nature Reserve {no springflow, water level or
adquate abstraction records) '

. Rietondale Research Station (no springflow or abstraction

records)
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In addition, the Phoenix and Hartebeesfontein study areas were
excluded because, although there were some records of spring-
flow, groundwater levels and abstraction, these were still

inadequate for calibration of any numerical recharge models.

Short-1list catchment evaluation

The Short-list Catchment Evaluation Matrix (SLCEM) (Table 4.2)
shows the strengths and weaknesses of each of the short-listed
study area in terms of suitability for the broposed recharge
investigation.

For example, Grootfontein catchment scored low as regards
hydrology due to the relatively low level of data, in parti-
cular baseflow and infiltration and soil moisture characteris-
tics, even though considerable instrumentation has recently
been installed, The rather higher standing for hydrogeclogy
reflects the effort put in by the Gechydrology Division over
the years. The catchment score for suitability for study was
the lowest due in part to the lack of uniformity of hydro-
logical regimes and soil cover, but also due to such factors as
the lack of easy access fram the participating institutions,
which whould tend to increase operating costs on the recharge
study. In terms of potential benefit, Grootfontein achieved
the modal score, suggesting that as much or more overall
benefit could be derived if the study were performed on most
other sites. C

A synopsis of the characteristics of any of the other sites can
similarly be made by inspection of the SLCEM.

A list of the reports available for each of the short-listed
catchments is given in Appendix C.
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4.3 Progress meeting

On 15 Auqust 1983, a progress meeting was Theld between
Dr P Roberts of the WRC, Mr J R Vegter and Drs M P Mulder and
D B Bredenkamp of The Division of Gechydrology and Messrs
A S Harley, J P Davis and Dr A D Ward of SRK.

At this meeting the results of the Phase I study were presented
and considered in light of other factors, beyond the scope of
the desk study, to decide which catchments were the most suit-
able for the proposed recharge study.

The concensus on each short-listed catchment is given below:

.  Grootfontein

The Division of Gechydrology has numercus internal reports
on the area, most recently by Drs Mulder, Bredenkamp and
Cogho. A camputer model is available. The heterogeneity of
soil cover was identified as a complicating factor for the
recharge study.

It was suggested that a study area combining both the Groot-
fontein and Molopo dolomite compartments might be simpler to
analyse in terms of the hydrogeology.

A visit to the area by Drs Mulder and Ward and Mr Harley
was proposed to further evaluate the catchments.

. Rietvleidam

The Municipality of Pretoria has commissioned several
studies on the area and its hydrolegy is well documented.

The hydrogeclogical information has been summarised in an
internal report by Dr B N Temperley of The Division of
Gechydrolgy. ‘'That report identified that a considerable



amount. of further work would be required to define the
hydrogeology of the dolomitic catchment.

This site was therefore assigned a low priority in temms of
the proposed recharge study.

.  Mothibistadt

This dolomite catchment is in Bophuthatswana and is outside
the jurisdiction of the Division of Gechydrology. SRK per-
formed a groundwater resource investigation on the area in
1982. This included an overview of the surface hydrology,
an assessment of potential recharge, two hydrocensuses,
drilling and aguifer testing. The report identified a lack
of long-term monitoring of most of the parameters needed for
calibration of the recharge model, although springflows and
the water level in one borehole had been nonitored for over
10 years.

Due to access and jurisdiction prdblems, this site was given

a low priority for the proposed recharge study.

. Zuurbekon/Gemsbok fontein

These dolomite catchments have been examine_d in detail by
the Division of Gechydrology and SRK as a result of
dewatering activities by the mines in the area. The surface
hydrology has been studied in moderate detail and streamn
flows have been monitored for years. The gqeology and hydro-
geology have been well defined and considerable groundwater

monitoring data have been accumulated.

Concern was expressed by Dr Bredenkamp over the possible
camplications due to inflows across dykes anﬁ to dewatering
activities in the Gemsbokfontein Compartment. Certainly the
consultants felt that Zuurbekom should be studied in pre-
ference to Gemsbokfontein because of the possibility of the
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mine dewatering in the Gemsbokfontein Compartient, which
could wipe out all groundwater observation of recharge
events and the fack that Gemsbokfontein is not as well
instrumented as Zuurbekom.

The area was selected for detailed consideration and a site

visit was proposed.

. Middelburg, Cape

Since 1945 the Division of GQGechydrology has supported
much investigation in the area, most recently by
M A C van Dooleaghe. The hydrology of the Middelburg area
has not been studied in detail, however. As a result, it

has the lowest Rl (hydrology} score of the short-listed
catchments.

In terms of hydrogeology the area is complex and the inter-
action of the Beaufort sediments, weathered material and
alluviuam is not well understood. Groundwater level records
fran 1951 are available for three stations in the area and

abstraction and water quality are monitored intermittently.

The Grootfontein Agricultural College is nearby and some
technical support might be available for the study but, as
Middelburg is not close to any of the participating
institutions, access will generally be difficult.

Due to poor.access and lack of long-term hydrological noni-
toring, this area was assigned a low '[._:riori.ty for the

proposed recharge study.
. Atlantis

Considerable industrial development is planned for this

area and a large water supply must be implemented. The



Division of Gedhydrology has supported considerable rescarch
on the area and the hydrogeclogy and hydrology are well
understood and documented by Van Dooleaghe, Bertram, Breden—
kamp and others.

In view of the work already done, it was suggested that the
methodologies and techniques identified in the proposed
recharge study might be applied to the Atlantis area data
for further calibration.

De Hoek/Ntabanhlope hydrological research catchments

The WRC has supported a great deal of hydrological research
in this area under the direction of Professor R Schulze, at
the University of Natal, and further is already planned.

Surface water studies have been carried out on the catch-
ments since 1936 and so there is a wealth of hydrological
monitoring data; this is reflected in the very high Rl
score,

Groundwater studies by the Geological Survey [(van Wyk and
du Preez, 1968) included core drilling in 55 boreholes,
pumping tests, staged falling-head permeability tests,
chemical sampling, springflow analysis and tracer tests.
Water-level monitoring has been carried out sporadically
since 1958. The Division of Gechydrology has given little
attention to the area recently, but recognises the merit of
further hydrogeological investigation.

More work is required before the hydrogeoclogy of the site
can be well defined. The short-list matrix suggests that
the area is suitable for a recharge study and that the
benefits would be significant since rocks of the Group cover
a large part of the country.



A visit to the area by Mr Harley of BSRK, Mr Vegter and
Dr Bredenkamp of the Division of Gedhydrology and Professor
Schulze of the University of Natal was proposed.

4.4 Site visit and final evaluation

2 schedule of site visits is presented in Appendix D.

The following ocbservations and conclusions were made or con-

firmed on the site visits.

4,4.1 Grootfontein Compartment

4.4.2

Due to pinnacle formmation in the dolomites in the Groot-
fontein Compartment, the soil cover varies tremendously.
Hence the soil moisture and recharge characteristics are
likely to be ocomplex and there is a strong possibility
that the results of a recharge investigation here may be
indeterminate. As a result a recharge investigation at
Grootfontein is not recamuended at this stage.

Molopo Camartment

Like the Grootfontein Conpartment, this relatively £lat
area is also underlain by dolcnnité but with a non-
existent to thin soil cover (Fig 4.1). It is bounded by
dolerite dykes on all four sides to form a groundwater
campartment of some 169 k2 (Fig 4.2).

The Molopo area is covered by a few large fanms, which
primarily utilise the land for grazing.. Hence there are
few boreholes and no irrigation. The only area of
habitation is the holiday village at Molopo Eye.

Surface runoff is negligible, the rainfall is either

evapotranspired or goes to recharge.

R 5 e N s



OVERVIEW OF
MOLOPO DOLOMITE
COMPARTMENT.
LOOKING SE

ACROSS AREA

PARSHALL FLUME
MONITORING RIGHT-
HAND CANAL{EAST)
OF DISCHARGE
FROM MOLOPQ EYE
{£0,7 m3/5)

{Dr. MP Mulder)
{Dr. AD Ward)

MOLOPO EYE

AT N-W EDGE
OF MOLOPO

COMPARTMENT

JOoB N?

'_—\\/=‘ CI3760

RECHARGE STUDY

FEASIBILITY INVESTIGATION .

FIG NT

4.1




092¢ID

AN ROT

AllI8ISv3d

NOLLVOLLSIANI

AQNLS 394UVHOIY

2y
aN Did

K +h.
-— DR i S

. oo ,i‘:ulh\:-u v

L
nunup_‘.;";:{{

. W 3 . .
\.- "f EETU NN ETL LY u‘ ’
RPN T : Trw— i - . - -
E& S SN Y2
N - et & . .o

———

O - RO )

- - \
TONIAEFLRANY yreE o e
s L \

-

____f’(m ‘ MOLOPO EYE

MOLOPO COMPARTMENT

a 0B85, BOREHOLE POSITION
—— COMPARTMENT BOUNDARY

SCALE

T




The groundwater Fflows in a northwesterly direction
across the catchment to surface at the Molopo Eye
(Fig 4.1) against the northwest boundary dyke. Whilst
it is accepted that the dolerite dykes form the comwpart-
ment boundaries, it is recognised that there may be some
leakage through them, especially aiong the southerm

- boundary. Since the hydraulic gradieﬁt is very flat and
water levels have only fallen 1,5 m in the last & years,
it is thought that the most significant part of the
groundwater budget 1is discharge fran the Molopo Eye.
(Fig 4.1). The six observation boreholes shown on the
locality plan (Fig 4.2) have been monitored on a nonthly
basis for the last seven or eight years by the Division
of Gechydrology. ;

Although originally eliminated by our initial catchment
evaluation, the general area is inportant with respect
to present and future groundwater supplies, and the
Departinent of Enviromwent Affairs are interested in
furtﬁer: work with regard to recharge estimates to the
dolamite. It is therefore recannended that this catch-
ment be included in the recharge study. However, due to
its distance fron Johannesburg and the fact of the thin
or absent soil cover, this would be mainly a groundwater
monitoring exercise, and hence a relatively low-key
involvement.

4.4.3 Zuurbekom Campartment

The Zuurbekon Compartment is a dolanite aquifer with a
relatively deep (5 m) soil cover, and is bounded on
three sides by dolerite/syenite dykes with the fourth
northern boundary formed by the dolonite wedging out
onto the underlying relatively inpermeable Black Reef
Formation (Fig 4.3). The camartinent covers an area of
150 km2. The ground slopes gently to the south in the
general dip direction of the bedrock.
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Two water courses cross the area fran north to south,
the Wonderfontein Spruit in the west vwhich feeds into
Donaldson Dam, and the Klip River, which flows along the

. eastern boundary. The groundwater flows from the north

and then bifurcates, to flow southwest to the area of
the Donaldson Dam and to the southeast to the Rand Water
Board Pumping Station. It appears. that the southern
boundary Panvlakte Dyke is a significant groundwater

barrier,

Much of the land is owned by the mining conpany Rand-
fontein Estates, and the general land use is that of
both arable and pasture farming, with sone irrigation
in the vicinity of the Wonderfontein Spruit. Same
eucalyptus plantations also occur in. the southeastern
part of the area.

Although the compartment is camplex in terms of deriving
a groundwater budget, it felt that the problem is not
insurmountable as the Department of Environment Affairs
have carried out a lot of work in the area (Fleisher,
1991} and Steffen, Robertson and Kirsten have recently

corpleted a Thydrogeological study for Randfontein
Estates (Steffen, Robertson and Kirsten, 1983),

Furthermore, Steffen, Robertson and Kirsten are current-
ly investigating the water budget of the slimes and
return water dams, and have just been comiissioned to
carry out Phase I of a surface and groundwater pollution

rinvestigation for JCI,

Fram the monitoring point of view there are 23 boreholes
equipped with autographic water level recorders located
in the compartment. A further 13 boreholes are dipped
on a monthly basis. These will provide a good data bank
and it is felt that no further boreholes or instrumenta-
tion will be required.
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4.4.4

There are river gauging stations {(Fig 4.4) on the
Wonderfontein Spruit near the northern and :southern
campartment boundaries. Two stations are also suitably
located on the Klip River, but are currently closed and
will have to be reactivated.

The proximity of the compartiment to Johannesburg is a
significant advantage frou the aspects of nonitoring and
the infiltration studies. It will therefore be easy to
observe the infiltration of sudden storm events as they

occur and hence increase our confidence level in this

part of the investigation.

Ntabanhlope Catchment 14

Catchment 14 {including sub-catchment 14A) is one of a
nuber ©f Hydrolegical Research Catclments in  the
De Hoek/Ntabarhlope area that have been studied over the
last few decades (Fig 4.5). A oconsiderable amount of
time and money has been spent on résea.rch on these
catchments, which included gechydrological investiga-
tions carried out between 1958 and 1960 and groundwater-—
level monitoring on a nunber of boreholes in the 1960°s.

From the unpublished work of the Geological Survey it
appears that the area is underlain by sandstone and
mdstone ©of the Beaufort Group, which are intruded
by a number of dolerite dykes and sills (van Wyk and
du Preez, 1968). Primary penweability of the sgedi-
ments is very low and secondary permeability, which is
also low, depends on the development of erratically
distributed joints and fissures. The only zones of
significant permeability are associated with the dykes
and their contact margins. b

Although the Survey's work indicates that groundwater

recharge is in the order of one per cent of the mean
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annual rainfall, it is recommended that further rechiarge
investigations should be carried out for the following

reasons:

. A vast amount of historical hydrological and hydro-
geological information is available as a data base

+ On-going hydrological work is being furxled by the
Water Research Comnission, sanre of which can he
integrated into the recliarge study

. The sediments of the Beaufort Group constitute an
important groundwater source, since they cover a
signiFicant portion of Scuth Africa

. If the true quantity of recharge is as low as
present results suggest, this type of aguifer
requires a very accurate data base in order to

realistically determine the recharge

Ntabarhlope Catchment 14 has been identified as the
best site for the investigation, since it is one of the
least conplicated hydrogeological catchments {as it does
not -appear to be cross-cut by major dykes) and Pro-
fessor Schulze is carrying on work in the catclment

under the auspices of the Water Research Comdission.

The catchment (Fig 4.6} lies on top of the De tloek
escarpuent  southeast of the anphithentre. It is
1,5 km? in area and forws the wajor part of a rela-
tively-gentle north-sloping valley, which is underlain
by both midstone and sandstone and has a remmant
dolerite sill cropping out at the hottan of the caktch-
ment. The main part of the catchment is under pasture,
but at the lower end is a black watktle plantation, which
is of  Tthydrological and thydrogeological interest
{Fig 4.6}.
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From the hydrological aspeck of the recharge study the
catchinent is aninently suitable. There is an operating
gauging station at l4a; 14 has a weir which is closed
currently, and will need cleaning up and instrumenta-
tion. There iz a rainfall station at the southern end
of the catcdhment and a full weather station at the
Ntawbaihlope Research Station. Professor Schulze ig
also keen to model the energy process as part of this
stuwly. The site loogks suitable for the infilkralion
studies and we are satisfied that close conkrol can be
maintained on this aspect.
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5 CONCLUSIONS

Evaluation matrices were constructed in an attenpt to cowpare
objectively the groundwater catchments. In these matrices data

were scored according to a nunber of parameters and then totalled
for each catchment.

Sixteen different catchments throughout the counkry were
researched and assessed using the ICEM matrix.

Fron this evaluation a short-list of seven catchinenks was con-
piled.

The short-list was further evaluated using a SLCEM matrix and

then discussed at a progress meeting.

Three catchient areas were identified as potential sites and

visits to them were arranged. They were:
- Grootfontein/Molopo Compartments (dolomite)
- Zuurbekon Conpartinent {dolomite)

- De Hoek/Ntabarhlope Catchments (sandstone-mudstone)

Final conclusions were:

- Grootfontein Compartment

A oonsiderable amount of work has been done by the Division of
Geohydrology in this coupartment. Conseguently, the hydrology
is relatively well understood, the system has been ncdelled,
and there is a good groundwater wonitoring network in posi-
ticn.

Hlowever, the soil cover is very heterogenecus and it was felt
that infiltration studies, oonsidered to be an inportant part

of the recharge project, would be meaningless in a conpartment



of this size and diversity in soil types and thickness.
Furthermore, its distance from Johannesburg would be a real
practical problem in the nonitoring of individual sLorm witer
events for the infiltration study.

Molopc Canpartment

Although adjacent to the Grootfontein Compartment, its hydro-
geology is not as well known. However, there are four bore-
holes and no irrigation in the conpartment and the only known
groundwater outflow is at the Eye, which is being nonlitored.
In addition, some six downstream boreholes have been monitored

by the Division of Gechydrology for about eight years.

The soil'cover is thin to absent so no infiltration studies
could be carried ocut. However, because the general area is
potentially inportant on a groundwater resource, a limited but
useful recharge study c¢ould be carried out based mainly on
groundwater nonikoring.

Zuurbekan Canmpartment

The hydrology and hydrogeology of the area are well understood
in general, although inflows across compurbient bourklaries way
camplicate recharge calculations, especially those based on a
groundwater balance.

Good records of rainfall, stremsflow sl gromdwater levels
have beon collected bty the Division of Gedbyilcology il by the
mines concerned. These should be suitable for calibration
purposes and will provide a good data bank,

The area is easily accessible fram Johannesburg, which nmakes
the monitoring of individual storm events a practical propo-
sition.
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Ntabamhlope, Catchiment 14

The hydrology of the catclwent has been studied in detail for
many years. Good historical data are available, and the
density of stations to nmonitor streanmflow and climatic
parameters is good. However, a better hydrogeological under-
standing of the catchment is required.

The existing WRC research projects in the area and the pro-
posed recharge investigation will serve to couplemnent each
other and produce a greater confidence in the results.

Since the area is under active investigation, good control
will be maintained by technical persoinel from the Department
of BRgricultural Engineering, University of Natal.



6 RECOMMENDATIONS

It is recomrended that the following three cabchinenkt areas bhe used

in the proposed investigation into rainfall recharge to groundwater,
for the following reasons:

. Molopo Conpartment

This is situated in an area which has considerable potential for
groundwater supply and hence recharge is significant parameter.

. Zuurbekan Campartment

Owing to the extensive nonitoring systen in the area data control
is thought to be very good. This is extremely iwportant in the
developwment, calibration and verification of any recharge nodel.

In addition the Compartient has been identified as a potential
groundwater supply area for the PW and a resource study has bheen

initiated as an immediate priority by the Govermsent.

. Ntabamhlope, Catchment 14

The Ntabamhlope Catchments are gechydrologically representative
of the aquifer system that covers much of South Africa and is
therefore important.

Excellent historical hydrological data have been collected in the
area and the WRC are currently funding several research projects.
It is considered that the recharge investigation will conplement
this other work both academically and practically.

It is also recommended that the Atlantis Catchment, which is now
well understood through investigations leading to nunerical aguifer
modelling, is used as a verification test once the best methodology
for recharge determination has been selected.

J P DAVIS A S MIARLEY Sci Nat
Geotechnical Engineer Senior Hydrogeologist
Steffen Robertson & Kirsten (Civil) Inc
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INTTTAT, CATCHMENT EVAITTATTON MATRTX CRITERTA
FOR ASSTNGNTNG SCORES




APPEMOIX A : CRITERIA FOR ASSIGNING SCORES IM THE INITIAL CATCHMENT EVALUATION MATRIX
Paramater Criterlia for assiqning scores in the Initial catchment evaluatlon maiTix
Score 0 1 2 3 4 5

Topographical maps None 1:250 000 + 12125 000 + 1:50 000 + 1:10 000 + §:10 0CO -

Geological maps Mans . 1:250 000 + 1:125 000 + 1:50 000 + 1:50 000 with Extansive datmiled
some detalied maps mapping

Geophyslcal maps None 1:50 000 Aeromag Some detailed maps | Extensive defailed

maps
Other maps None relevant Per lpheral 0f minor relevance Relevant to Pertinent Glves good defini-
{eqg Hydrogeology) to recharge fo recharge recharge tlon of recharge

Accessibility (Jhb
or other ceatre with
research facility}

Long=term
monitoring : records
Gauging stations

Piezometers

ClImatic stations

All other
paramaters®

No recards

Non-existent

400 km + (Jhb)
or 200 km + (other)

Single survey

I Weir

Poor

200 km + {(Jhb}
100 km + {other]

Two surveys

2 Wairs or

| weir + 1 AR

20 - 50
No AR

2Ror 1 R
+E+T

Fair

100 km + (lhb)
50 km + (other)

Annual monitoring
or 10 + records

4 Weirs or
2 weirs + 2 AR

50 - 100
or1 -5 AR

3-4Roor
2R+E+T
or bureau nearby

Good

50 km + {Jhb}
S0 km + {other)

Monthly manitoring
or 100 + records

6 Walrs or
4 walrs + 4 AR

\00 - 200
or 5 - 15 AR

Ist Order on site
or5-10R
or3-8R+E+T

Yery good

Within 50 km
from Johannesburg

Dajly monitoring
or 1 Q00 + records

12 Weirs or
B weirs + B AR

200 +
or 15 + AR

1st Ordser on
sife or 10+ R
or 3 +R+E+T

Excel lent

* The adjectives spply 4o the level of records, or quality of data as required far the recharge study

AR = Autographlic recorder

R = rain gauge

E = evaporation pan T = max and min thermometers

‘d:, e

SRR
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SHORT-TIST CATCHMENT EVATITATTON MATRTXN
FORMUTAF USED FOR SOORTNG
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FORMIOLAE FOR SOORING IN THE SHORT-LIST CATCHMENT EVALUATION MATRIX

GENERAL

Grand Total (400) = K7 {Hydrology, max L00) + R2 (Hydrology, max 100)
+ R3 (Suitability, max 100) + R4 {Benefit, max 100)

The maximm score for each component is given in parentheses.

The assignation of scores is largely based on that shown in the Appendix A
table. )

R.1 : Hydrology

Topography, soils, Topographic naps  (5)/2

~ vegetation and : + Soils maps {5)/2
land-use data (10) + Vegetation maps (5)/2

+ Land use maps (5)/2

Climatic data (10) = wind (5)/2 + Rainfall {5)/2
+ Bvaporation (5)/2 + Evapotranspiration (5)/2

Rainfall and runoff = Rainfall (5)x2 + Runoff data (5)x2
data (20)

Interflow and
baseflow data (10}

Interflow (5) + Baseflow (5)

S50il moisture
characteristics (10)

]

So0il hydraulic characteristics {5}x2

Climatic stations (10) Climatic stations (5)x2

[l

Rainfall and runoff Gauging stations (5)x2
instrumnentation {20} + Climatic stations {5)x2

Baseflow and interflow
instrimentation (10)

il

Gauging stations (5)x2

TOTAL Rl {100)



R.2 : Hydrogeology

Geological maps (10)

Geogphysical maps (5}

Acuifer boundaries (10)

Piezometric surface (].5 H

Hydraulic parameters (5)

Groundwater balance (15}

Aquifer computer
model (5)

Environmental
isotopes (5)

Water quality (5)
Piezometers (1{))

Water level
recorders (10)

Flow meters (5)

TOTAL R2 {100}

I

Stratigraphy (5)/2 + Lithology {(5)/2
+ Structure (5)/2 + Secondary features (5)/2

Aerial geophys {5)/3 + Surface geophys (5)/3
+ Borehole geophs (5)/3

Aquifer boundaries (5)x2

Groundwater levels (5)
+ Pieganetric surface (5)x2

Hydraulic parameters (5)

Inflows (5)x% + Outflows {5)x%

+ Abstraction (5}x%

+ Change in storage (groundwater levels

+ hydraulic pararneters) (5+5)x3/8

Aquifer computer model (5)
Environmental isctopes (5)

Water cquality (5}
Piezaneters {5)x2

Water level recorders {5)x2

if 20% of abstraction points metered
if 50% of abstraction points metered
if 80% of abstraction points metered
if 90% of abstraction points metered
if 95% of abstraction points metered

[5 I  T B S I
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R.3 : Suitability for study

Distance fram Jhb (5) = Accessibility (5)

Access from participating

institution (5) . = 1 for distance = 200 + km
2 " " = 100 - 200 ln
3 " " = 50 - 100 km
4 u = 25 - 50 km
5 " = 0 - 25kn

Availability of = 0 (none available)

staff (10) to 10 (on-site permanently)

]

On—going projects (5) 0 (none) to 5 (similar project in progress)

‘Bbstraction, artificial = O (no ocontrol) to 5 {complete control)
recharge control (5)

Definition of catchment:

I

Surface and ground- Catchment area (5) + aquifer definition (5)

water {10) .
Uniformity of hydro- = 5 for 1 - 5 hydrological zones*
logy (5) 4 " 6-10 “ "

3 " 11 -15 " "

2 " 16 - 20 " "

1 " 21 -25 " "

* Nunber of hydrological = Estimated nurber of permutations
zones of soil cover—type and land-use



Uniformity of = 0 (very cowplex) to 5 (single aquifer)
hydrogeology (5)

Uniformity of soil =
types (5)

for gingle soil cover type
for 2 soil types

for 3 soil types

for 4 or more soil types

H N W

Uniformity of ‘ =
land—use {5)

for no land-user
for single user
for 2 users
for 3 users

H N Wb Un

for 4 or more users
Size (10) = for 200 + km2

for 100 - 200 km?
for 50 - 100 km2
for 25 - 50 km?
10 for less than 25 km?

(o e TN e T S

Absence of =

n

if totally natural .
interference (5) 4 if donestic or stock borelicles only
3 if irrigation fromn boreholes, or recycled
mine drainage, but net abstraction or
artificial recharge to compartment is
negligible
2 if net abstraction or artificial recharge
to compartinent is significant but metered
1l if not metered

Capital cost (25) = 25 for cost* 0 - R 5 000
: ' 20 " " R 5000 - R 10 000
5 " " R 10 000 -~ R 50 000
10 " " R 50 00C -~ ®RLO00 COQ
5 " " R100 000 +
TOTAL R3 {100)

* Based on rough estimate of capital cost of construction and instumenta-
tion only



R4 1 Benefit

Mining (10)
Industrial (10)
Agricultural (10)
Municipal (10)
Government (10}
Research (10)

areal influence {10)

General applicability (30)

TOTAL R.4

(100)

Mining (5) x 2

Industrial (5} x 2

Agricultural (5) x 2

Municipal (5) x 2

Goveriinent {5) x 2

Research (5) x 2

1/3 x % area of SA covered by geological
(lithological) formation

Areal influence {(10)

x value of additional waler Lo

major users (1 = low, 3 = very high)
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BIELIOQCRAPHY FOR THE SHORT-LISTED CATCHRMENTS
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ROBERTSON, A McG, SHEPHERD, T A and VAN Z¥L, D J A (1980): "Uranium
tailings impoundent site selection”.  Synposium on Uranium Mill
Tailings Management, Fort Collins, 0D, USA.

. Selected reports pertinent to Grootfontein and Molopo Campartments

BREDENKAMP, D B {1964): '"Verslag van hidrologiese opname van die
Bo-Molopo ondergrondse waterbeheergebied". Div Geohydrol Int
Rep Gh 1283,

BREDENKAMP, D B and SGHUTTE, J M: "A study of the Grootfontein
Compartment with 14C and Tritium". Div Gechydrol.

COGHO, V E (1982): “"Die ontginbare grondwaterpotensiaal van die
Grootfonteinkampartemnent"”. Div of Gechydrol Int Rep Gh 3342.

COGHO, V E and BREDENKAMP, D B (1982): "Grondwaterpotensiaal van die
Grootfonteinkompartement volgens 'n wiskundige model”. Div Geo-
hydrol, Appendix to Int Rep GH 3220.

ENSLIN, J F and KRIEL, J P (1967): "The assessment and possible
future use of the dolomitic groundwater resources of the Far West
Rand, Transvaal, South Africa". water for Peace Conference,
Washington, Vol 2, p 908.

GOMBAR, © (1974): "Pomptoets op 'n boorgat in die Grootfontein-
kompartement, Mafeking Distrik”. Div Gechydrol Int Rep Gh 1882,
1974.

HELY-HUTCHINSON, J R (1972): "Initial simulation of the Grootfontein
aquifer". CSIR Special Report ELEX 19.



HELY-HUTCHISON (1973): ‘“"Second simulation of the Grootfontein
aquifer". HNEERL, Autamtion Division, Int Rep EA-22.

MULDER, M P (1982): “Opsanning van die resultate verkry vir 'n
voorlopige raming van die grondwaterpotensiaal van die Grootfontein-
‘staatswerke". Div Gechydrol Int Report Gh 3220.

VAN WYK, W and MULDER, M P: “Aanbevelings vir 'n beleid van grond-

watertoekenning in die Bo-Molopo Ondergrondse Waterbeheergebied.
Div Gechydrol.

VESTER, J R (1960}, "Verslag cor grondwaterondersoek Lichtenburg".
Div Gechydrol Int Rep Gh 1116.

DIVISION OF GBOHYDROLOGY: Various other internal reports, plans and
files.

DIVISION OF CEOHYDROLOGY: Personal commmnication, Mr Vegter and
Drs Mulder and Bredenkamp.

Rietvleidam

CHUMNETT, FOURIE en VEMNOTE (1983): ’Pretoria-sentraal wateraanvul-
lingskem". Unpublished Rep to the Municipality of Pretoria.

SOIL AND IRRIGATION INSTITUTE: Soils Maps 2528 CC, 2528 M ard
2527 DD.

TEMPERLEY, B N (1978): "Groundwater in the Pretoria and surrounding
areas"., Div Gechydrol Int Rep Gh 3013.

Mothibistadt

DZIEMBOWSKI, Z M and WENIZEL, L (1978): “Laer Kurumangebied geo—
hidrologiese opname". Div Gechydrol Int Rep GH 3065.
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Thlaping-Tlharo District”. Prelim Rep W/l {Unpubl).

R P LOXTON, HUNTING and ASSOCIATES (198L): ‘“Interiin report on
hydrogeological investigations in the Thlaping-Tlharo-Ganyesa
District of Bophuthatswana". Unpubl Rep G28/00, p 37.

R F LOXTON, VENN and ASSOCIATES (1982): “Finpal report on geo—
hydrological investigations in the Tlhaping-Tlharo Districts of
Bophuthatswana"”. Unpubl Rep G28/80.

sMIT, P J (1970}: "Geohidrologie in dolomietgebied suid-cos van
Kurnuman met spesiale verwysing na aanvulling”. Div Gedhydrol Int
Rep Gh 1537.

SMIT, PJ (1971): “Grondwater vir Thuishoudelike gebruik,
Mothibistadt, Distrik Kuruman". Div Gechydrol Int Rep Gh 1578.

SMIT, P J (1978): "Groundwater recharge in the dolomite of the

Ghaap Plateau near Kuruman in the Northern Cape, RSA, Water SA".
Vol 4, No 2, p B1-92,

STEFFEN ROBBRTSON AND KIRSTEN (1982): “Report on a dolomite
investigation and a soils engineering map of ' the Mothibistadt—
Seodin area of Bophuthatswana, near Kuruman". Rep CI.2713/2
{(Unpubl). ' '

STEFFEN ROBERTSON AND KIRSTEN (1982): ‘"Feasibility study on
groundwater supplies and site stability, Mothibistadt, Bophuthat-
swana". Summary Rep CI.2713/3 {(Unpubl).

STEFFEN ROBERTSON AND KIRSTEN (1982}: ‘"Feasibility study on
groundwater supplies, Mothibistadt-Seodin, Bophuthatswana”.
Technical Rep CI.2713/4 and Appendix Rep CI.2713/5 (Unpubl).

TOENS, P D (1966): ‘“Precambrian dolomite and limestone of the
Northern Cape Province". Geol Surv Memoir No 57, lldp.



DIVISION OF GEOHYDROLOGY: Other internal reports on peripheral
study areas, as well as file documentation.

Zuurbekom/Gemsbok fontein

BEUKES and KLEYWEGT: “Gravity survey 1:10 000 scale reduced fram
map 100 m grid". B5SA Geological Survey.

FLEISCHER, J N E (1980): "The gechydrology of the dolanite
aquifer of the Malmani Subgroup in the southwestern Transvaal®.

Div Gechydrol Int Rep Gh 3169.

RANDFONTEIN ESTATES GOLD MINE: Water levels, pump and artificial
recharde boreholes, borehole logs and structural information.

RAND WNTER BORRD: Annual reports.

STEFFEN ROBERTSON AND KIRSTEN (1983): "Randfonktein Estate
Gold Mine, Cocke Sections water inflow review". Rep MI.3491
{Unpubl).

STEFFEN ROBERTSON AND KIRSTEN (19R3): “Invesktigation of the
effects of the possible dewatering of the Gemsbokfontein Conpart-
ment upon the structures at Cooke 3 Shaft”. Rep MI.3654
(Unpubl) . |

WESTERN AREAS GOLD MINE: Water Llevels, pum and artificial
recharge boreholes, borehole logs and structural information.

WITHERS, A (1983): "Landsat and thermal infrared investigation
of the Far West Rand”. Spectral Africa, Unpubl Rep.

DEPARTMENT FNVIRONMENT AFFAIRS, PREIDRIA: Flood records, water
levels, automatic recorders, documentation.

Middelburg {Cape)

DE BRUIN, C G and WOOLIAT, R T B {1971): "Geofisiese opname te
Grootfontein Landboukollege, Middelburg, Kaap". Div Geohydrol
Int Rep GH 1722 (with addendum in English, 1972).
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MILDER, M P: Pers Conn, Div Gechydrol.
VAN DOOLAEGHE, M A C: Pers Comn, Div Geohydrol.

DEPARTMENT OF WATER AFFAIRS: Geophysical notebooks U-675 and
ugas.

Atlantis

BREDENKAMP, D B {1982): ‘“Evaluering van die waterpotensiaal van
die kussande by Atlantis wvolgens 'n wiskundige model van die
grondwaterstelsel en beramings van die interferensie tussen
boorgate”. Div Gechydrol Int Rep Gh 3233.

VAN DER MERWE, A J (1980)}: ‘'"Eksplorasie ontginning en evaluasie
van grondwater van die sandafgetting in die Atlantis-gebied vir
watervoorsiening aan die Atlantis-ontwikkelingsgebied". Piv
Geohydrol). Int Rep Gh 3187.

VAN DOOLADGHE and BERTRAM, W K (1982): “Atlantis-grondwater-
sisteem herevaluasie van versekerde lewering". Div Gechydrol Int
Rep Gh 3222.

DIV GBEOHYDROL:, other internal reports and file docuuentation.

De Hoek/Ntabanhlope Catchments

SCHULZE, R E (1983): "“The De Hoek/Ntabamhlope and Cathedral Peak
hydrological research catchments”. Agricultural Catchients
Research Unit Rep 18,

VAN WYK, WL and DU PREEZ, J W (196B): "Groundwater studies at
De Hoek and Ntabamhlope, Estcourt, Natal"”.  Div Gechydrol Int
Rep Gh 1435,
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SCHEDULE OF EITE VISITS

g g

Date Catchment Personnel
22 - 23.8.83 Molopo Dr Mulder (Div Gechydrol)
Groot fontein Dr Ward, Mr Harley (SRK}
5.9.83 Zuurbekam Dr Ward, Mr Harley, Mr Rosewarne (SRK)
Gemsbokfontein
12.9,93 De Hoek, Mr Vegter, Dr Brederkamp {Div Gechydrol}
Ntabarmhlope Professor Schulze (University Natal)

Mr Harley (SRK)
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EVALUATION, SELECTION, PRICING AND ORDERING OF INSTRUMENTS

B.1l Introduction

Bl2

While planning the project it was recognised that the ordering
of instruments was of high priority in the Eirst three months
of the investigation. Delivery of certain of the instruments
might take as long as six months, and that to avoid hold ups the
placing of orders should be done as soon as passible.

As both Dr Ward and Mr Harley had done their work in soil moisture
and recharge overseas and some time ago it was thought necessary
to Eirst review the existing technigques and systems in use and
available in South Africa.

Identification of available instruments

SRK interviewed as many people as pessible who were involved or
had been involved in similar studies, thus collecting a comprehensive
list of the instrumentation available, their short-comings or
advantages and the possible improvements that could be made.
A list of the persons contacted is given in Table B.l. Results
of the discussions are summarised in Table B.2, and the relevant

information carried over to each section.

Those items regarded as useful for the project were some price
comparisons to be made. A list of the instruments discussed and
those finally selected are presented in Tables B.3 and B.4 respectively
giving some idea of the range of equipment and prices available

in South Africa, although the prices are subject to significant
change.

From the experiences of the Department of Agriculture at Cedara
and the Soil and Irrigation Research Institute at Roodeplaat Dam,
it was decided not to construct lysimeters for this project,



TABLE B.1

LIST OF PERSONS, INSTITUTIONS AND ORGANISATION VISITED

Person Institution Topic of Discussion

Prof R Schulze ) Univ of Natal . Project assistance in De Hoek
} Pietermaritzburg | . Neutron probe

Prof Meiring } Pressure cookers, temple cells,

Dr A Lass ) tensionmeter, hygrometer, water

retention curves, precision
scales, ovens, vacuum filter,
s0il classification.

Dr J Mellett Cedara, Agric Moisture probes, tensionmeters,
R Mottram training college pressure-membrane apparatus,
pressure cooker, infilremeter,
evapotranspiration, lysimeters,
soil contents

Bill Reynolds Instrument Wind speed, direction, sun,
Station, Cedara evaporation, rel humidity,
barometric readings, evapotrans-
piration soil temp.

Mr C James Univ of Wits Instrumentation

br von Vuuren, NIWR Instrumentation

Dr Gerber

Waterlitc CSIE Literature search

bDr P Berliner Soil and Irri- Discussion on soil conductivity
gation Research and evapotranspiration and

Instikute instrumentation




B.3
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It was agreed that the expense and difficulties involved in their

use were not worth the low standard of results obtained.

Criteria in the Selection of Instruments

General criteria for the selection of instruments to be ordered

was agreed on from the experience of A 8 Harley and A D Ward and

the various external persons visited, as listed in Table B.1l.

Briefly :

it was decided that each instrument should be a separate unit
capable of giving data independently of other instruments.
We accepted that instruments in general do misfunction, and
that the temporary loss of one system should not atfect other
systems. Thus central data storage systems were avoided.

data logging systems were avoided as it was Felt that time
and effort would have to be spent in the calibration and initial
"running-in" period. Although it is generally accepted that
data logging systems are likely to replace mechanical recording
systems in the future, South African suppliers do not have
proven long term systems presently in operation, not could

they guarantee acceptable replacement/repairtimes.

instruments were ordered which are compatible with systems
presently in use wherever possible. For example A. Ott Water
Level Recorders were ordered, despite their higher price, as
the Division of Geohydrology has standardised on this make.
Thus in the Molopo compartment their technician will be able
to chénge charts and service the instruments without additional
problems. It is also expected that some of the instruments
will remain in use after the completion of the project and
will be handed over to other organisations.

These criteria for selection were agreed to by the Steering
Committee.



8.4

B.5

Instrnmments crdered

A complete list of the instruments ordered is given in Table 7.1.

Instruments are arranged as follows:

. Meteorological
. Laboratory

» S0il Moisture
. Hydrological

. Ground water monitoring

The allocation of the instruments to the three catchments is discussed
in the individual sections for each catchment.

Filing and distribution of instrumentation information collected

At the Steering Committee Meeting in Septembeer 1984, SRK were
requested to circulate the information collected on the various
instruments to interested parties.

A full index and referencing system was adopted and circulated
to interested parties and internally (SRK). The indexes and listed
references are given in Table B.5. The information collected
on the various instruments is in the SRK library for reference

by any interested peson.



TABLE B.2

SUMMARY OF USEFUL DISCUSSIONS



VISIT: UNIVERSITY OF NATAL, DEFARTMENT OF AGRICULTURAL ENGIN-

EERING, PIETERMARITZBURG

CONTACT: ' PROF. R SCHULTZE
SRK REPRESENTATIVE: A D WARD, A 5 HARLEY, M J RCBINSON

DATE:

13.02.84 and 14.02.84

Involvement by University

Technician to be appointed by University
Control and administration of project technician (R Schultze).
Professional and logistical assistance as required

additional work (budget available} by external personrel {i.e. Uhiversity

Students)
technician to be appointed by University

Benefits to University:

technician available to Department in slack periods (during winter
dry period for e.g.} (equals out time spent by R Schultze)
publications

{Requested to note that recognition should be given to Department
of Aqricultural Engireering, Natal University and not only to individual)

Logistics of Financing:

technician to be.employed by University of Natal, under their standard
conditions, and paid for by SRK

Capital expenditure borne by SRK, although some intrumentation (ad-
ditional weather station) budgeted for by University of Natal
additional work at cost

Transport:

Need for scrambler bike queried by Prof Mairing



. (After discussion) transport of technician to be paid for as follows:

- normal UN tfip (weekly) : no charge

- special/additional trips at UN rates of hire (estimated as 20
trips x 250 km x 50 ¢/km = R2 500/annum) '

- accepted lst year will be over budget

-  accepted as adequate compensation to the Department of Agriculture

Steering Committee — WRC
- UN reqguested to delegate a nominee
- noted that R Schultze can always be asked to attend meetings
anyway. Therefore suggest that Prof, Meiring be nominee,

DEPARTMENT OF SOTI. SCIENCE: Prof A Cass

- Noted size of catchments - from soils aspect spatial variability
' in soils must be accommodated
- has had extensive use of tensiometers

. mercury manometers preferable, but reguire daily maintenance
and readings

. automated systems not as successful to date, althouch new literature
available on "plug-on" gas pressure semi automated systems
(Ref: McRinger, Univeréity of Arizona)

. Thought that problem would be the modification of the soil near
to the tensiometer cup by the necessary priming (or pre wetting)
required (either by wetting soil, or causing the boundary to
separate from the cup) '

- noted methods to eliminate tensicmeters

. Ref: Don Labardy, University of California
Prepared -infiltration rings equipped with neutron prcbes
Monitored soil moisture changes as soil was wetted up
Assumed hydraulic gradient = 1
Performed 100 tests in situ without maintenance



suggested examine Geostatistical methods

. modelling of soil characteristics
. Campells methods - simple
. Maulin might be hetter - review

Neutron Gama probes

. Department has used 3 different types (single probes) to & 5m
depths

' Campells have not yet had problems

. Roy Motram (Cedara} not successful with Swedish model

. beware of chloride rich soils or salinity

. use standard 1-1/2" irrigation tubes

. recomrended steel pipes driven into grourd (or aluminitm)
. problem of calibration

- either sand tanks
- or in situ - problem destroy area

»  sensitive to organic matter ~ thermalizes readings
. Jeff Bamber at Sugar Research has used dual probes

Department of Soil Science has truck auger, capable of drilling to
3 m depth (would be made available for our use)

queried whether we would do grammetrical sampling and testing
Referred us to Pedro Belino, Soil and Irrigation Research Institute
(soil physicist with experience in soil moisture) Tel: (021) 28-4048
recommended contact with Chris Roper, Anglo American, who has done
work on water movement in spoils (to be done tactfully)

recommended references:

. Hillel, Krentos & Stylianon, procedure and test of an internal
drainage method for measuring soil hydraulic characteristics
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in situ, 1972, Soil Science Soc Ame J

(The Hebrew University, Faculty of Agriculture, Rehovot, Israel

and Agriculi-:ural Research Institute, Athalassa, Nicosia, Cyprus)
. Libardi, P L, Richardt T C, Nidian D R, Biggas J W,

Simple Field Methods for Estimating Soil Hydraulic Conductivity ‘

Soil Science Soc &me J 44 : 3 = 7 (1980)

- ADW to serd copy of thesis plus two or three papers of interest
LAB VISIT: Dr A Cass
- Pressure Cookers

- .ﬂ 30 cn, measurements at 2,5,7,10 bars
- recommends high flow plates

Temple Cells (Ceramic)

=  larger than off shelf, self made to specifications

- permeability, leeching and swvelling tests

- refer to thesis by Dane, Colorado State University. .
‘also paper by Dane, Kloof : Soil Sci. Soc. &m. J, V41 pl043 to pl049

Switches for tensiometer

- refer to Maringer, Soil Science Soc Am J - solid state transducers
(self made)

Hygrometer and Digital multimeter

- measure soil moisture
- good results so far (-5 bar to -~ 45 har)
- for mmall disturbed samples — sample charger
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Water retention curves (Wilting point and field capacity)

-  possibility of UN carrying out tests

. for 3 to 4 points on curve + R75
. recommend that for batch of samples, a student be paid at cost
- (& R30/day)
. involve WRC technician, although noted that special skills are
required, or constant supervision '

.- excess costs to be covered by dorations to Department of Agricultural
" Engineering

Precision Scales

- Satarius (Optical Instruments & Co)

. to 4 decimals, fairly accurate
. R3000 ~> R4000

- dual range electronic reading balance preferred

. Shimadzu, Libror Ael 160 (Supplied by Ilsa (Pty) Ltd)
. 2 balance for + R3000

5 recommended by U N — after 1 years use calibration was exact
supply top loading balances with 2 ranges

- Mettler top loading balances

. supplied .by Protea Lab Holdings
. expensive

Ovens

- recommend microwave oven
. no setting required



. time x 50 watts
. uses much less energy
. refer to papers

1 Miller RJ, Smith R B, Biggas T W, Soil Water
Content: Microwave Oven Method ~ Soil Science Society
 Amer. Proc., Vol 38, 1974

2 Hankin L, Sawhney Brij L, Note on Soil Moisture Detemination
using microwave radiation. Soll Science, Vol 126 No 5,
1878 (Connecticut Agricultural Experiment Station, Box
1106, New Harei, Connecticut 06504

3 Gee G W, Dodson M E, Scil Water Content by microwave drying: A
routine Procedure Soil Science Society Am. J45 : 1234-1237

Vacuum Filter (Batch test or Saturation Extract)

-

- Kartell Apparatus (Made in Italy)
. screw into funnel
. container holds soil
. apply vacuum on bottem of container

- S50il Moisture Equipment Company

. better equipment
. more expensive

. Shaker/Mixer

- self made

- Talber & Corsar

S0il Classification of De Hoek

- suggest that use UN students prac as cost effective means of classifying
De Hoek



- For

compared to Tutuka Power Station, cost R9000

(10 Km2, intensive 100 m grid survey, soil depths, 40 well documented
profiles, 10 sets of chemical analyses, 3 students for 15->20
days (field) + 1 student for 15 days {lab) )

pay only student wages

estimate for De Hoek R1500

students usually available in July although Dec possible

previous work refer to :

Martin Fey : Pathologist
John De Villiers t Soil Scientist

Pioneering book in 1969 on classification System

as part of Tugela basin, catchment 14 has been classified before
(copy with R Schultze)

check to see how much work to be done

-  estimated work '

possibly to be done on grid hasis
estimated depth 1 m, a few down to maximum 3 m
2 transects

recommended Geostatistical Models - creeding facilities on UN
camputer (?) ‘

Aerial Photographs
- recommended use

Department of Surveying, Natal University, Durban, Prof. Scoggins
{non~profit, use students) '
for 10 Xm2 + R600 {1966 prices)
go through Department of Agricultural Engineering, Pietemaritzburg
=~ cheaper
produce . 1 : 4000

. 1 : 10000 ‘

+ 2 m Contour maps



- Govermment Survey Office

. 1 : 36000 then blown up
. Bad resolution

- check original survey (+ 1962}
- also possible to use

. infra-red (different colouration for soil moisture regimes)
- microwave photography

Survey Point

- 6verlooking De Hoek Catchment 14 + 1 Kin away
- full meterological station at Agricultural Research



VISIT 70 CEDARA, BGRICUITURAL TRAINING COLIFGE: Dr John Mallet, Roy Mottram

- Moisture measurement probes

. Campell moisture probe

- correlation problems especially for actual results
- for differences in moisture good results
- service good

R Nea (Dermark)
- badly affected by temperature

»  for sandy soils results OK, for heavier soils not so good
' Tensiometers

- require daily servicing

- not liked

- only in wet soils - when dry soil breaks up around cup
creating some sort of artificial compaction or change to
soil

- queried whether representative results could be obtained

- dual moisture/density apparatus thought more dangerous

- Refer to So0il and Irrigation Institute in Pretoria
Pedro Belino (or Tony Proffit (?))

’ has done excellent work in soil moisture
. leaving in October after 10 year period
’ secarded to WRC

-  Pressure Membrane Apparatus

. not used, prefer ceramic plates (set up but not in use)
. sampliﬁg problem



refer to : John Hudson (Soils Research) difference of 300% between

disturbed and vndisturbed samples

- 1-1/2" "ting"

- obtain suction curves

- equipment (small) is available for undisturbed samples

- no testing on commercial basis - either A Cass or Sugar -
Asssociation

Pressure Cocker Apparatus

- used for disturbed cores, 2" or 3"
- 15 bar ~> 0,05 bar
- make: Soil Moisture Equipment

Infiltrometers

- refer to studies by Dave Turner on ring infiltrometers
- scattered results
- rainfall simulator not good

Vegeta;:ion effects

- -le_af area index (week to 10 days)

- Dave Bramsley (overseas ?) has done work

- require discrete sunshine hour by hour + geametrical loading
to give some estimation of total radiation

- recommended method : wind, sunshine and radiation by
Priestley, Taylor and Richey

~ . measure leaf area (direct & visual measurements)

. destructive tests
. belt driven machine light meter register

Soil Constants
- for wilting points etc., John Hudson has done work for
RSA producing constants for soil, silt, clay



Lysimeter Work

gravimetric methods?
electrical resistance box?

Refer to Daan Opperman, Sugar Association

hydraulic lysimeters
batteries

“queried merit of work as:

disturb area by putting in lysimeter, create artificial
layers

weighing lysimeter (to measure moisture bearing soil)
= R20 000

suggest non weighing studies - sample water coming
out

~ seal all the way down
- pump water for soil suction

problem : is representative?
drying of soil and cracking a problem
require 3 m depth (at least below root depth)

Rooting Depths (Vegetation component)

= - information on nmatural vegetation very sparse
- for crops, should not be a problem to get rooting depths

Pasture Sciences — Dave Bramsley

- Peter Bartholemew

Botanical Research Institute
Sugar Research Institote
British Commorwealth Research Institute (Trouter) (1967}



Information not likely to be in published form
trees are large "users" of water in Winter at different levels
. refer to Douglas Fir experiment (tree lysimeter)

Forests do not produce groundwater — loock at turbulence, albedo,'
anticedant moisture conditions



DISCUSSION WITH BITLL REYNOLDS, Instrument Station

Wind, Speed and Direction
- recommends total wind run to separate speed and direction readirgs
{which are never analysed) '
. read at 08h00, 12h00, 18h00
- cost + R2000

Sun

- record daily changes
- prefer measurement of nett radiation

. costs R1800
. relate to salary of tech to analyse sunshine hours
. battery operated i.e. maintenance NB

- antomatic Weather Station at Cathedral Peak

. cost R5000 ~ R7000

. monitoring at 5 minui:e intervals

. remote station

’ run since November without problem
. Department of Forestry

. supplied by Cape Town Firm (?)

Evaporation

- use non autamatic A pan
- refer to : Water S A + October 83 Van Wyk
» Stellenbosch - continuous recording of evaporation from type
A pan
(Porest Research Station
Department of Envirormental Affairs
Private Bag X5011
Stellenbosch 7600)



Relative Humidity etc.

- uses thermohydrogragh
- sent in once per week, take off hichest and lowest daily measurements |

Barometric Information for Boreholes
-  not very important, not used
= water level recorders custom built and expensive
- of interest :
groundwater fluctuations with tides (?)
at De Hoek

Soil temperatures

- hand read twice daily
- in remote area's problem with thermometers being broken

Evapotranspiration

- Perman type equation; Thornthwaite doesn't work as well here
- refer paper by Limanacker (Australia)



VISIT:

CONTACT:

WITWATERSRAND UNIVERSITY CIVIL ENGINEERING DEPARTMENT
MR C JAMES (Lecturer/Researcher in Hydraulics Department)

SRK REPRESENTATIVE: M J ROBINSON

DATE:

05.02.84

WATER SYSTEMS RESEARCH UNTT : John Abbot (MSc Student)

TRANS

Hydrological Research Unit has disbanded and was replaced by
the WSRO,

Dr Pitman and assistant (?) now working at Stewart, Sviridov
and Oliver (783-5393)

Hydrological instrumentation not at Wits, Only data records
(mainly rainfall)

1 MSc Student employed full time punching in data
Raingauges &
. Cheaper Japanese (OSK 764} more reliable compared to German

(Lambrecht KG)
. S A Supplier : ECO Pretoria, Tel: (012) 46-9251

Y, 1+ Prof. (?) (Lecturer)
- Recording System to collect and store data Electromatic {Bty)
Limited, Pietermaritzburg Tel: (0331) 53339
- For remote areas (i,e. no electrical supply)
. batteries R5 000 p.a. (10 traffic counting instruments)
» ~ Consider solar cells if not in public access position (problem
of tampering) '
. tape recording system saves much time
. reguire interface with computer system
. beware dust and sun for tape system
ARTIFICIAL, RECHARGE TO DOLOMITES: MSc Student Mr Pahling

Dutch MSc Student
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- Project to examine the artificial recharge to the Dolomites

- Particularly interested in Water and Wastewater Treatment Plants
EFfluent

- No instrumentation as yet - uses results of plant and Rand Water

.Board
-  he is interested in our Dolomite Project

OTHER CQONTACTS

- Work on water and groundwater budgeting and on recharge to ground-
' water wasS done by Prof. W James of Mc Master University, Canada,
sabbatical while at Witwatersrand University (?)



VISIT: NUCLEAR FHYSICS RESEARCH UNIT
CONTACT: PROF. F BELLSCHOP (Bead NPRU)
SRK REPRESENTATIVE: M J ROBINSON
DATE: 09.02.84

I P ¢

- Not previously aware of project

- showed interest in project, especlally for work to be done by
Prof Verhagen

- NPRU has done a lot of work on groundwater age and movement
(not normally associated with Muclear Physics)

. promised a list ot topics and reprints
. Vanhagen should come back to us as soon-as possible

- Prof Sellschop was seeing Prof. Verhagen the next morning., To
be properly prepared he requested a copy of the recharge report,
which was reluctantly given.

'~ Equipwment for our "environmental® labs is fairly standard -
most is used by-the NPRU, Vanhagen to arrange visit for us.



VISIT : NATIONAL INSTTIUTE FOR WATER RESEARCH, C S I R.
QONTACT: DR VAN VDUREN, Dr Gerber

SRK REPRESENTATIVE: M J Robinson, D P Harpley

DATE: 15.02.84

DISQISSION WITH DR VAN VUUREN AND 4 MEMBFRS OF HIS STAFF

-  NIWR more involved in Water Quality Research, although some groundwater
work has been done.

- Recommend most strongly literature review
overseas :* 5 years ahead

- Thames Water Authority has some good autamated monitoring
equipment
- Dutch in encroachment of salt water tahle and ways of preventirg
-  Bmericans for instrumentation
- Israeli's ~ Irrigation
ref Idelowich {?)

work has been done in “unrélated fields"

- sand infiltration in 8 W A ~ Dr Harwich
~ Dr Hellwick
- Lysimeter studies in S WA
and Cape - Stellenbosch - Hannes Nel
— Windhoek - Dr Harvey

recommend contact:

- Department of Agricultural Technical Services

- Hydrological Research Institute

- Department of Geophysics

-  Universities Department of Agriculture, Soil Science, etc.



VISIT THROUGH LABRS
- not very relevant except for tumbler apparatus (self made)
VISIT TO WATER LIT

Suid Afrikaanse Inligtingsentrum vir Water
Poshus 395
PRETORIA Q001

Tel: 86-92)) Ext 3083 or 2048
bbntact: Mr Steyn

When one of documents required from this search, quote this
Search No : 840240
Cost : R2,00 handling charge

10c per page

Keywords for search:

Groundwater
Piezometers .

Soi) Water movement
Infiltration
Recharge



TELEPHONE CALL : ECO PRETORIA .
(Suppliers of Hydrological Equipment)

Tel : (012) 46-9254
Contact : Mr Evans (Sales Manager)
Date : 16.02.84

For an automatic recording system, recommended

Webb & Partners
Atmospheric Systems.

Automatic Digital Recording Systems have been used by
Dr Denis Hughes

Rhodes University
Bydrological Research Unit

System has been running for 11 months without problem
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TELEPHONE CALL TO: Electromatic (Pty) Limited, Pietermaritzburg
Tel: (0331) 5339

Contact : Mr Grahamn Liebetrau (Marketing Manager)
Date :  14.02.84 '

Not possible for them to supply digitising/data storage/recording systems,
but suggested:

H Le Roux & Associates Information Systems
Computer Business Systems

Le Roux House

Kelvin Drive

Morningside Manor

P O Box 742 Gallo Manor

Tel: 802-4251

[Telemetry Div.)



VISIT; SOIL AND IRRIGATION RESEARCH INSTITUTE, PRETORIA

CONTACT': DR PEDRO BERLINER
FROM SRK: A DWARD, M J ROBINSON

DATE: THURSDAY 23.02.84

NOTES ON DISCUSSION WITH PEDRO BERLINER

- MSe in Soil Physics and infiltration

Involved in Agro hydrology -~ soil/plant/atmosphere relations
Prefers "in depth" studies

~ Latest Study : Spatial variability in soil canductivity
— Sees recharge study as 2 separate problems

. micro aspect — recharge in homogeneous material
. integration of micro aspects to give macro aspect

- Most inportant factor expected to be the evaluation of evapotranspiration

. largest percentage loss of water

; dependant on soil cover — can thus change drastically in short time
periods

. most complicated to measure

. is usual to use formula's and "fudge" factor

- don't understand errors

- Penman equation (approximate energy balance equation developed
for S of England) not relevant to South Africa as assumes equal
surface and soil water temperatures

- estimate 20% error, up to 50% on cloudy days

- problem in measuring temperature as prediction - correlation
to energy regime difficult

- Other models better

. Priestly Taylor

. ‘Perman approximate formula (+ thatch factor)
EP/ measured
EP max actual found by Berliner
70%
PAN

. Overestimate by 50%



. problem using pans

depends also on evapotranspirational demand in the atmosphere
Rafer to paper @

"Morton {1983) Operational Estimates of Areal Evapotranspiration

and their significance to the science and practice of hydrology,
J. of Hydrology Vée P1'76"

. suspiciously good results

How to measure?
. Bowen ratio - radiation
- wet and dry bulbs
— synchrameters
. are sophisticated instruments, but station needs to be properly
situated (N B), and in each area (i.e. each crop/land use area)
can be highly different,

Roodeplaat Experimental Farm

. Lycosensor

. Temperature of soil

. Wind Speed

. Rainfall

. Data logger, 8 channels, RE000

. require instrument that measures representative radiation
- Gyranameters + R2000 )
- Lycosensaors

Data logger, B0 Dave Evans ({012/46 9251}
' not reliable supplier

Thamson, Capetown (021/53.7400)
direct importer and sells a local product

To measure changes in soil measure

. Neutron probe -~ long term changes

. in calibration, standard error + 1% water content
which could be 15 to 30 ml possible loss in 30 cm depth
(campare to 6 ml/day evapotranspiration)

. realistic measuring time 1 week.

or treat problem as black box

. 10 yrs ago in Israel, Hebrew University (Author ?)
. measure beneath roots

Moisture density calibration not easy

large errors '

15 am depth resolution

" 8 day intervals

Canpell used — cheapest

not possible to follow wetting front accurately - will get
results, but what is confidence? -

. need to wait at least 2 days after irrigation to be able to
campare with actual quantities of rain
. sharp differentials of water content not measured hecause of

integrating nature of instrnument counts



Tensianeters

. 3 to 4 days after wetting, results are very suspect
. mercury mancmeters better

. switching never works on pressure transducers

. problematic to operate

Infiltrameters

. used by Topp . same problems with use -~ see literature
. disturb surface area

Undisturbed core

. difficult to take

. requires large amount of time - lab organisation ete.

. e.g. 3 months, 2 graduates full time + Pedro 40% + technician
at Roodeplaat to do hydraulic conductivity tests.

. practical knowledge of lab technicians very N,B.

Data loggers vs Strip charts

. Have to digitize results anyway
. Problem not able to see results
. trade off in time vs expense/reliability

Step fram microsystem to macrosystem very large

. gromdwater table need not be the "absolute"

. is microsystem really necessary -~ is interesting but cannot
integrate micro without introducing a fudge factor!

. might be possible to arrive at model without going to such
detailed measurements

. Is it not preferable, because of spatial variability, to attempt
to simply take factor for clay, factor for sand etc.

His approach would be :

. attempt some approximate results in assumed model

. look for simplest method - what cames out, using assumptions

. identify important parameters and their sensitivity

. relate to recharge, does this parameter affect model

. if good answer, do you need better model?

. if no absolute datum, then are even cross checks valid?

. other ways much more time and wmoney, and at end don't know
'~ how to integrate micro (cf accuracy of calibration of Neutron

probe)
' for different areas, different problems

Agreed that would probably need:

. Hydraulic conductivity

Soil type

Evapotranspiration

Air temp

Precipitation

Run off estimate/erocdability



Refer to Namaqualand Study - movement of groundwater

. John Hudson (Cape)

. ? Hydroloegist O F 8
. Con Russel Soil Physicist

. using finite element methods

Evapotranspiration fram forests very difficult/impossible

. large disagreements

. + 50% accuracy

. Churchill, Ellyett & Holmes. A study of regional evapotrans-
piratim using remotely sensed and meterological data - contrasts
between forests and grasslands.
Department of National Development and Energy, Australia Water
Resources Council, Research project No. 77/93,94

lysimeters

refer to paper comparing lysimeters with other methods
won't miss much by leaving out

only gives you one point in graph

spatial variability large problem

expensive

existing lysimeter ) Monitored by Pedro for three years
developed one )

Journals

Publishers overseas only - Agronemy Journal and Journal of Hydrology
New publication in R S A cawming out - S A Journal of S0il and Plant
Science

- International referees

- George Green Editor

Agment data bare at SI R I

Johan Erasmis

Instrumentation - Hydrology Congress 1981

Rainfall simulator; Marin, Goldbert.

work on crusting

Mr Bob Gaynor

Leeds & Northrup (Pty) Limited
106 Harry Street

Robertsham 2091

Johannesburg



TABRTE B.3

IIST OF INSTRUMENTS DISCUSSED



Model

Unit Cost

Total Cast

-T2 CT1Y Delivacy |
Hake M. [ W [®PR [er—mr—] IR | nime | o | Pemamxa
1 Wipd 1 | 1 000,00 {Cexbined Wird
+ temperatire)
Corbined Hird spead
& direction irdicator { Casella W 1404 | 4 600,00 4 900,00 Wild + Laitz | 68 wka | W1
Electrical Chargs
Rerorder (additional) Casella WiT62/1
Mechanical Wird Re— ; . optical
corder {sontineouy) ) Lachrech 1482 2 663,00 1| 2 883,00 Inatrunents | Stack W2
Woelfle Type }
Electrical Wind (Diree-
ticny + Fun) Recorder Larbrecht 1464 B 085,00 1| B06s5,00 Tolsa S.A &~-B wkn w3
Wird s sensor Met One 014 416,00 ) 1 Link to
Wi directicn sensor | Met Cna 024 510,00 |) 1 {1 430,00 BCO Pty Lid | B wks W | envirolcoger
Recorder 500,00 |) }
Cup Counter Anerometer | Casella W1208/2 300,00 |) Cumilative
Cup Conkact Anemameter | Casella wi2s4/2 | 1 000,00 |1 1 ] I 354,00 Wild + Lalts | Stock ¥3 | Counters caly|
Hlrd Vane BMO Pateerm | Casella W10C0 50,00 |) (1982 prices)
2 Temperariorn [Insluded In
taddget for
Temperakure Probe Cargbell, | 101 511,00 ECD B wka qq [ Wird)
Sxiennetic]Thermitor
Stavensin Siresn +
Skard 210,00 |) H + 5 Timders
Thermmaters Wat + Hry 18,00 ) T 108,00 )} Rard Medical] 4 wks T2
Hax/Min 83,00 |} } Suppliers
Thecnograph Cagella TESS54 309,00 Wild + Leitz { 4 wks T
Therzri Lazbrecht | 252 va 625,00 Zeiss 12 wikn T4
Aoressariss - 135,00
d Presmuon Hot budget for
RAnerold Barecraph Lamhresht 250 750,00 Zaiss 8 wka | P1
Soall pattern baregragh| Casalla Wa450/1 650,00 HWild + Leitz | 12 wks P2
Bareqgragi Oganl Seiki| CSK7LI0 f2me) P3
4 Relative Bemidity
(Hygteeears)
Bumidity Senscr + |Bygromet rix|AHAMI0205] 490,00 ED Hl
Tnterface
5 Rainfal)
Katural syptes rainfail
recovdet Casells | W35396 |1 200,00 Wild + Laitz | 12 wka | A1
Recording Bellwarm Lazhrecht | . 1507 | 1 050,00 Zalse 63 wha | R2
Type Rain gauge
0,2 ro Tipping bucket Ogani 05K 764 400,00
Racorder Seiki 5K 54 440,00 940,00 ED 6 wha RY |Reconmendnd by
- Hatar Syytoms
Research Unit
Mpping bucket preci- | Letratek | TP 8206 | 1 518,00 Ritnic Stock R4 | Made {n RER.
pitation recorder Prices 1983
Lomg-temw recording Ogani Seiki| OSKTL79a| 2 947,00 ED 60-70 days
raihn gauge
6 BunfRadiation
Sunghine Aecorder - Larbrecht 1633 815,00 |° Zales E-Bwaa | sL
Campbell 5tokes Pattern
Solar Energy Measure- | Li-Cnr LI120058 420,00 B E wka 82
ment - PyTancuecer '
Sensor
7 Evagration )
Symons § Tank FHacla ta Specification] 900,00 SA Instru= 4 wekq El

menkak ion




B B."3 ';’2‘...,_......_....... [P SR

Medel Unit Onst Totzl Cogt Budget Delivery |Ref
take Ha. m P w SA sgplier | Trgpe” g | Bemazka
Lo iR}
METEIFOLOGICAL (Cent}
Metamalarical Stat
{“weather Stations")
Wind spesd senacr | Mat one Meadel 014 410,00 )
Wind directicn senscr | Mot Cne  |Medel 024 510,00 {
Temperature prcbe Camiel]l | 10L Ther 50,00 ]
Fumidity sensor ) Hygro-  [QMMI0205| 410,00 ; For individual
+ inkarface ] moteix 80,00 ) instrunents
Salar Energy Haasure- 3 see iﬂ!ﬂt:a-
ment, Pyrancmeter ) Ve,
Sensar Li-Car LI-20058 265,00 b} {mited addi-
+ Lavalling device 75,00 ! 5o 4 wks | €1 fricnal lnkar-
+ Artachment 8d,00 ] sation can
Tipping Kcket Raln | Coani  [cBK 764 | 400,00 ) alma he
o s » S
+ Dataloger 1 } blecks
Envirolocoger 2 250,00 ; - Edv:p:atim
ka
Enciosure + Radiation )
Shield 360,00 ; gﬂg:l:qulp
Cassette Rocorder + in Sept}
Te 110,00 }
Trigsd 350, 0G }
Wird erces arm 80,00 i
1[5 635,00 )
Meteorograph - Tem- Lambrecht | 2531 € 1 040,00 2aiss Lawka 2 | Honthly
peraturs, Pressure reading
Bumidicy
GRONDWRTER
1 vatet Level Hooomders
Vertical smter level [ A.DEE m& |1 920,00 ) 17ks | m
recorder }
(cprions + )
Digital dispisy . 480, 00 3 Zeisg
Tlting casing) ™ 228,00 )
Combined Watar Leval ACLE Made ko ]
fecorder + Barograph onder (15 100,00 H 12 wxa R1A
Water Level Senaing Jolnzen Sn-62-B | 1 100,00 Dzil-Chem Steck A2
Deviee Recorder MO 4 200,00
wWatar Level Recorders Alpina—- P10 3 187,00 Basic Mlneral| 4 mths %}
Werk e 12 1654,00 Engineering
2 Water Level Indicator 1 400,00
Water Level Indicater Made—up + 260,00 Gl 4 wka Bl
Electric Contact Gauge | R-Ott KE 50 330,00 i
Gauge with temperatura
{0°C to 20°¢) A.OtE mx 50 900,00 i Zaiss Stock B2
Gauge with temparature | A.Ott a )
(-5°C to 45°C).+ ko 50 ¢ 1 24 )
dlgital display )
Water Level Tester Jchnsons g;l?? = 400,00 Oril-Chem Stoack
Portable Lovel AMpina~ [Tapx = 671,00 Basie Mineral| Stock
Imdicaker ¥erk 200 o} Enginesring
" morenole Dipper ELE eesis- | E28,00 S0il Lab stock BS
\ 390/50 m Suppilles
3 WATER EAMPLFPS #O0T TO BE ORDERED YET
J 4 PIEZCMETRRS 1| L 500,00 Twin Piezo—
£ ma LD tubing Gt - 1 523, GI 4 wka G | meters
#* 15 © gach Twin -
Plezametars




Hexlel tnit Coat Tokal Cosk Burigat belivery |Ref
Haka No. I Rl BT | T SUERlier | Ting " [ | Remacke
BOIL MOISTURE EOUTPMENT
1 Vaciem Extraction
Equipment,
Fllter Funnel Stard ) No 1300 396,00 | 1 196,00
100 al Rishanis Rl |) W1 [ 24,60 | 6| 147,60
500 ml Richapds funnel |} .} Ha 1391 19,51 4 158,00 } f,:‘;e
2 Caranie Dlata ; 4 000,00 |d
Extractors j }
1 tractor Soil Mo1500 | 320000 ] & 00, 00
3 B ex }, Moistuze 3 200, Civirquip 12 vks Order placed
1 Bar Presmure Blate Ha 1290 222,00 2 444,00 29/03/84
Cells i
3 par Presmure Plate ] Ho 1690 271,03 2 542,00
Calle ]
3 Tenslcmeter m;-mz;} 12 000,00 |}
Cup Tube Kits 2" |} Ho 2325 31,50 | 12 450,00 ]
24" ; - a,60 [ 24] 908,00 ]
L B " 43,40 | 24 | 1 041,80
L ; . 47,50 | 24 | 1 140,00 i
&0~ |) - 52,00 | 12 624.00 ]
S0i) Moisture Meter } Mo §910-1} 725,00 | 1 725,00
Sail Moisture Glocks  |) No 5201. 22,00 } 50 | 1 10a,00
L 1,5
10 939,60
45T}  7ES,77
1% 705,37 16 000,00
LABCRATONGY EOLJLPHEHT
1 Ovenn
240} Bulk sampler cwen | Gallechaup| OT 160 1 500,00 1} 1 500,00 Gentlah Recelved
Micremave oven + Sanyo 2410 490,00 | L 499,00 Dions Stock Drdered
rotating base 080384
1 990,00 2 000,00
2 Balancen
Precision Scale to Shimadzu AEL 160 | 3 000,00 1] 3 00000 & wka
160 g acc 0,1 mg
Top loading balance Precisa 15184PR | 1 300,00 | 1 | 1 300,00 Ordered
0,0L - 200 g 08/03/84
4 300,00 4 000,00 | Gealab Received




Model | Unit cost Total Cost Budiet Delivecy [Ref
Hake Ho. ) Ha m] = SR Supplier Tima Mo | Remarks
* MMTERIALS AND 12 500,00 Hon rm:lng'
i_ IHSTALIATIOHN Expenasy
11 huger
To drill: 45 mm ¢ holw |) RO/ 300 | 3 000,00 ] Minimm charge
tamax 5o ) n } A500.  Prices
{60 halea) } Ecquipment to ba jom end 1 zonth ;::da?:i.ﬁ:
20 oo F toles i mxle up specially | RIO/D 220 | 2 200,00 ’I'.I..II'IB drillecs| natice Sampling faci-
oilse ) = ) Lity poseible
(148 trolen)
Hire of Ruger) RESO/onth | L 850,00 Gemlah 1 tepkh paditicnal
M Flights | 2 = R220/mnkh | 2 200,00 Rrights rep
1 Bparator ] 00 enly Specially nada R 16/day 20 320,00 Mot sure if
3 Larewrers ) R 6fday [ 20 360,00 auger will be
able ta do job
for 20 me ¢ hales
{3/4"} to he hard special flights reql|Estimated Gamlah
drilled
2 Aoceny Tubes -
4.5 mo.D, 1,62 m Extended Grade: RZ, 4%/  [300 744, 20 Hullett =4 vika Ta SIRI
thick & 0,591 ko/m pipe 5 o513 Al apeeificotion
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LIST OF INSTROMENTS PURCHASED



LIST OF DSTRIMENTATION

Inatrunent i Type of Instnoent Make Supplier Dolivery | Coskf | Mo Toral
R Chosen {S.African) Tioa Unik toy be Coat
. (R} (R) | magnz| (R)
Motemalngical
wWind 1 1 o0 | continuwm pechanical Lacbrecht | Cpkical Stock 2 885
wird recorder (Oiree- | 1482 Instoumenta
tion + Rinj .
Preamue/Teaperatirel} L -1 000 | Matearograph Ho. 253 Lambrecht | Wild + 68 wka | 1 G40
Relative unidity |) 253 Leitx
Sun (baily) Stockes Lambracht - - 815
i Battecn Ho. 1603
Rain Gawge 3 B 000 | Natural Syphon Recnrder| Cagella - 12 wks 1200
W 5488
Laboratory Prudpment
Crren ) 1 2 OO Tao be supplied by Gemlab Steck
MisTeamye Ouen ; Samys akd DicTowave Sanyo Dicna Stock 490
Precizim Ssalae 1L 2000 | 160 g to 0,1 og Shimadzy Llaa Pty £~12 wka | 3 00O
Tep loading talancs To be suplied by Gemlab
goil Moistire Poip
Pressure Ooakar 1 4 000 | Tempe Preaswze Calls sail Sail Ltab 12 wka +1 000
apparatus [+ exeraa) Moisture | Supplies
Preasure Plate “ = - 2 500
Extractor
Tenslrmaters &a 12 00O : tng
R
Density probes i 5000 |3 pq 501 B Scaler Camgbell | tuclmar 4-14 oye| ¥ 200
Moisture proebes 1 6 000 |) Inser £ B0
Bydmlogical A-Pan
Evaporation pan 1 1 500 | Made to specification | W.Bureau
Lysimetera & 15 o0D - 40T TO BE IHNSTALLED
Groord Water
¥Weker level recoeder 12 24 000
Water level Irdica- 1 400
tors -
In Situ Water 1 1 500 HOT TQ BE ORDERED
Samples
Plesrmatery 1 {twin)| 1 500 To BE INSTALLED 1I;!' GEHLII\B
. 1
TUTAL 85 000
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TNSTRUMENTATION INDEX AND OONIENTS



INSTRUMENTS

General INDEX

Information collected for Water Research Cammission projects has been collated
into various files which are stored in the library. Indexed words include:

INSTRIMENTS plus

METEOROLOGICAL, WEATHER, SOIL MOISTURE, INFTLTRATION, GROONDWATER, GEO-
TECHENICAL, IABORATORY.

SUPPLIFRS, TRADE CATAIOGUES, REFERFNCES, ISEFULL INFORMATION

There are eight files containing trade catalogues, prices (where obtained),
instrument suppliers, and relevant information (references, instruction
manuals, standard proceedures etc) for the various instruments. Generally

the informetion is seperated initially into sections and then under individual
instruments. Hence zll types of instruments for similar purposes should
be in the same section.

The sections are:

File 1 General information (addresses of suppliers, coardirating hodies,-
usefull contacts etc) '

File 2 Data loggers and information storage and retrieval systems
File 3 Meteorological instruments

File 4 S0il moisture and infiltration instruments

File 5 Groundwater measuring instrumentation

File 6 Hydrological instrumentation

File 7 Laboratory equipment

File 8 Miscellaneous geotechnical instruments

To keep the information up to date, please add copies of any additional
information received.

If you take out any information, please leave a record in the file for further
users reference,
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INSTRUMENTS
CONTENTS
FILE 1 GENERAL FILE

1.1 Correspondence

1.2 Address lists

1.3 Previous orders

1.4 General quotations

1.5 Notes on visits to relevant institutes

1.6 Informakion from various sources

1.7 Computer systems

1.8 Summaries of instruments supplied by each manufacturer
1.9 Summaries of who supplies instruments

FILE 2 DATA STORAGE AND RETRIEVAL SYSTEMS

2.1 Individual systems
2.2 Data loggers
2.3 Special requirements

FILE 3 METEQROLOGICAL

3.1 Correspondence specific to meteorological data
3.2 Combined instruments and systems

3.3 Wind speed and direction

3.4 Pressure

3.5 Air temperature

3.6  Atmospheric humidity

3.7 Precipitation (Rainfall)

3.8 Bvaporation

3.9 Radiation (Incoming solar = sunshine)

3,10 Soil temperature
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Cont.
CONTENTS

FILE 4 SOIL MOISTURE

4.1 General
4.2 Nuclear gauges
- moisture praobes
- gdensity probes
4.3 Microwave soil moisture determination
4.4 Tensionmekers
4.5 Lysimeters
4.0 Pressure cells
4.7 Gypsum soil moisture blocks
4.8 Soil moisture samplers
4.9 Augers/soil samplers
4.10 Plant water relationships

FILE 5 GROUND WATER

5.1 General

5.2 Borehole water level recorders

5.3 Piezometers & water level indicators (Dipmeters)
5.4 Borehole water quality indicators

5.5 Borehole deformaticon gauge

5.6 Pumps - see separate file
FILE 6 HYDROLOGICAL

6.1 Stream flow measurement
6.2 Water level recorders
6.3 Water quality

6.4 Pumps & pipelines



Cont.

FILE 7

FILE B

T 2 T e e st i Pt

CONTENTS

LABORATORY EQUIPMENT

7.1 Centrifuges

7.2 Water bathes & stirrers
7.3 ovens

7.4 Balances

GEQTECHNICAL AND MISCELLANEOUS

8.1 Seismographic
8.2 Settlement measurement
B.3 1nad cells

8.4 Stress strain gauges
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REFERENCES — INSTROMENTATION

CARRINGTON T.J., and WATSON D.A. 1981. Preliminary evaluation
of an alternate electrode array for use in shallow subsurface
electrical resistivity studies. GROUND WATER Vol 19 (1)

48 - 57,

CRAFT. D., 1978. Vacuum Filtration versus Centrifugation for
Sodium adsorption ratio determinations. Geotechnical Testing
Journal, Vol 1 (4) 237 - 238.

DANE, J., 1976. Soil hydraulic conductivity - salt relationships.
University microfilms, Ann Abor, Michigan., 19 - 31.

GEE, G.W. and DODSON, M.E., 1981. Soil water content by microwave
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USER GUIDELINES



INTRODUCTION

This appendix is presented as an aid to users who wish to run the ACRUWAT
model. Since ACRUWAT is essentially a combination of two models:

. ACRU (8chulze, 1984) and
. WATFIO (Hutson, 1983),

this document serves only to augment the descriptions of the authors
of these models in so far as the combination of these models is concerned

ACRUWAT is a conceptual-physical model which integrates the components
of the ACRU and WATFLO models into a one dimensional (vertical), deter-
ministic, site specific, multi~and two~layered, finite-difference and

moisture accounting Fortran program.

The model can be regarded as a modified version of ACRU which optionally
uses WATFLO as a subroutine For soil moisture redistribution. ACRU
uses two soil layers and daily time steps while the WATFLO component

uses multiple soil layers and smaller time steps for improved accuracy.

The main interactions between the two models are summarised in figure
1 and involve the transfer of:

. Actual transpiration from the A and B horizon,
. Bffective rainfall,

. Surface evaporation,

Erom ACRU to WATFLO in daily time steps, the use of these data in WATFLO

redistributions of soil moisture over finer time intervals and multiple

soil layers., BSoil moisture amounts for the A and B horizons are transferred
from WATFLO to ACRU at the end of each day.

ACRUWAT has been structured with as little changes to the ACRU program
as possible so that it can be easily incorporated into the ongoing
development of ACRU at the University of Natal. Current versions of
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ACRU
MODEL Trans:laira!iun

Etffective Rainfall
Evaparation

Soll Molsture

WATFLOW
MODEL

FIGURE G.1 TRANSFER OF VARIABLES BETWEEN ACRU AND
WATFLOW COMPONENTS OF ACRUWAT .
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ACRU contain greater sophistication and more facilities (eg interbasin
transfers than the version presented in this document, but these should
not preclude ACRUWAT-type modifications.

aCRU inputs

ACRU inputs and their formats are described inm detail in Schulze (1984).
The inputs consist of two main files containing:

. site data, parameters and menu,
. sequential daily data.

The contents of the first file include:-

**  Jocational input

*%  putput options

**  potential evaporation control variables

* mean maximum and minimum temperatures

* monthly day length factors for Thornthwaite potential evaporation
option

* monthly day length factors for Blaney - Criddle potential evaporation
options

**  goil information and control variables

**  gegetation information and control variables

**  monthly leaf area index

*  monthly A-horizon root fraction

**  monthly interception loss

**  runoff simulation control variables

*%  monthly coefficient of initial abstraction

* sediment yield data

* irrigation water demand/supply

* crop yield data

* reservoir modelling data
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When daily rainfall and pan evaporation data are available and the
model is being run for the prime purpose of recharge estimation under
dryland conditions, only data for those items marked ** above are required.

bata required in the second file Eor potential recharge estimates as

conducted in this project included:

. site identification,
. daily rainfall,
. daily A-pan evaporation

ACHI outputs

ACRU outputs include various options for daily or sumary reports described
in detail in Schulze (1984).

WATFLO inputs
WATFLO inputs consist of four groups of information :-

. general data
. s0il profile data
. daily input data
- effective rainfall
- surface evaporation
- potential evapotranspiration

. monthly rooting distribution

The first two are input at the beginning of the program while the last
two are provided by ACRU during the execution of the ACRUWAT program.

The input menu For general data is according to alphabetical codes
(& -~ G) and comprises:—

a minimum number of time intervals/day

B bottom boundary conditions

C minimum permissible soil matric potential (kPa)
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D*  depth of prolfiles (mm)
aumber of soil layers (max 18)

print format

o ==

maximum change in 0 per time interval {m/m)
Similarly the inputs For the snil prnfile data comprise:
H* depth to top of soil layer

I initial soil potential ({providing initial soil moisture) (mm}

J* root fraction

K Campbell's 'a' coefficient (mm)

L Campbell's 'b' coefficient

M saturated moisture content (m/m)

N saturated hydraulic conductivity (mn/day)

Items marked * are dependant upeon the ACRU input and are overwritten

by ACRU. A model input file is given in figure 2.

INPUT TO THE WATFLOW SUBROUTIME
{see helow. for details on Llpputs A to H)
A B [ D E F G
AN NN I LI I XYL I IFFFEFF.ITIIIILIITIFFF . FFFF.FFF

r 1 '
3 ] ]

L [ 1 t
15 2 =-1500. 14040 g 1.9 01D

SITE : DE ROEK, Hea. 18
H I J K L M 4
EFFFFEFFFFFF.FEF.FFFFEFFFFE.FFFFFT . FFFFF.EFFFFEFFFFEF
L) 1] [ 1 1 1 )
L) L) L] 1 i 1 1
oo0o. -14.0 0.0400 =373.90 4.47 0.443 1440. ORTHIC A
1208. -10.0 0.000 -373.00 4.47 0.4%3 1440,
256, -10.0 0.000 ~-543.00 $4.67 0.432 1420, APEDAL B
3gd. -10.0 0.GQ0 ~5¢3.00 4.687 0.432 14¢0.
512. -10.0 0.0Q00 -F43.d0 4.687T 0.432 1430.
640, -10.0 0.000 -543.00 4.87 - 0.432 124440,
768. ~10.0 0,000 -543.40 4.87 D.422 1240. APEDAL 8 (RED)
896. ~10.0 0.QQ0 -543.00 4.67 0.432 1440.
1024. ~10.0 0.000 -543.00 4.687 D0.832 1440,
1152. -19.0 0.000 -543.00 4.687 0.432 1440.
mrmsmamnann ingsert furihar =zoills data here If reguired ...ecienncnnenns

A: minitmum numbeé of time Intervalz/fday B: bottam boundry conditlops 2 =z free flow

Ct mimimum permissable tencion : approx depth of praflle, ammended by ACRLU.
E: number aof wvatflp =ail layers (20 max} F: print 1, ¥ or 1

G: tima intarval ([frcac of day) : approx depth, emmended by ACRU -

I: Initial potentital (kPa} Ji: root fraction, ammended monthly hy AGCRU.

H: Camble,= 'a' coefficliant [mm watec} : Camble,.=z 'b' ceoefficient

M: saturated molsture content (m/m) If: maturated hydralle canductiwvity H=. {ma/day]

FIGURE C.2 : A TYPICAL WATFLOW INPUT FILE



ACRIWAT program

The ACRUWAT modification of ACRU involved the addition of a common
block of transfer variables to the ACRU model and two subroutine calls
~ one to WATFL2, where WATFLO initialization occurs and the other
to WATFL3, which is the daily moisture redistribution subroutine.
This means that the WATFLO model can be added to late developments
of ACRU with relative ease, provided ACRU is operating on only two
soil horizons. More complex modifications are needed for a multisoil
layer version of ACRU.

The WATFLO subroutines are called if the IUNSAT input variable in the
ACRU input menu is set to 2. When this is done the ACRU input of Field
Capacity (FC) and Wilting Point (WP} for the A and B horizons are over-
written by the average values calculated from the WATFLO soil moisture

characteristics.

The program is designed to operate on IBM compatible PC computers with
hard disk storage facilities and has been developed and compiled on
an IBM AT with a 8087 MATH co-processor. The program is entirely file
input driven Erom the menu files described above. The source code

consists of a main program and numerous subroutines:-

ACFWAT .FOR - MAIN PROGRAM CONTAINING ACRU
OBJFUN FOR
ANSL ,FOR
PRNTMO «FOR
HARL .FOR
INI1 . FOR
INML .FOR
PLOL .FOR
INDL .FOR
LDVL .FOR
PET1 .FOR

PREL .FOR



1)
2)
3)
4)
5)
6)
.7
8)

PRT1 .FOR
PRT1 .FOR -
RIC1 .FOR
STAl .FOR
UNSL .FOR
CNCALCY .FOR
CNPREP3 JOR
IRRIG3 .FOR
MZCAL3 .FOR
WATFL2 .FOR -
WATFL3 .FOR -
WATFLA4 .FOR -

ACRU SUBROUTINGS

WATFLO initialisation
WATFLO Main program
WATFLO functions

The code is written in Microsoft Fortran 1985.

The program is most conveniently run from a batch file containing

the following information:

ACRWAT3, -
(ACRU MENU) .DAT -
(ACRUJ PRINTOUT) .PRN -
(WATFLO INPUT} .DAT -
(DAILY INPUT).DAT -
(WATFLO OUTBUT A).PRN -
(WATFLO OUTPUT B) .PRN -
(WATFLO OUTPUT C) .PRN -

main program call

the ACRU input file menu

the ACRU output file

WATFLO input data file

WATFLO input data file

Full WATFLO output £ile name
Summarised WATFLO output file name
Moisture profile WATFLO output file
name

. (Files must be named in this order and must be separated by commas)

A supplementary program called AWATBAT.COM has been written to

assist the user in preparing and running the batch Eile. It produces
a batchfile called WRUN.BAT. The source is AWATBAT.PAS written

and compiled in Turbo Pascal.

A simple procedure control batch

File called RUN.BAT is included which runs AWATEAT.COM and then
runs WRUN,BAT. The relevant source code is presented in Appendix

D.
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VATFLO outputs
WATFLO has facilities to produce three separate output Eiles:
. full output,

soil moisture output,

. summary printoukt

The full output contains:-

. Date

. paily actual evapotranspiration (mm}
. Daily effective Rainfall {(mm)

. Infiltration (mm)

. Watflo evapotranspiration (nm)

. A - horizon, moisture store ()

. B - horizon, moisture store (mm)

. Recharge (mm)}

. Cumilacive effective rain (mm)

. Cumulative Infiltration {mm)

. Cumulative evapotrangpiration {(mm)

. Cumulative Recharge (mm}
. Accumulative check balance {(nm)

The soil moisture output contains:-—

" mte

. moisture content (mm} for each WATFLO soil layer

' The summary output gives :-

. & - horizon moisture store (mm)
. B - horizen moisture store (mm)
. Surface infiltration (mm)

. Recharge (mm)

Figure 3 contains examples of the WATFLO output files



DATE

1/

2/

3¢

4/

8/

6/

7/

8/

9/
10/
11/
12/
13/
Ly
15/
16/
1y
18/
19/
o/
2L/
22/
23/
244
25¢
26/
27/
28/
29/
3g/
s

3/8s
/88
3/858
a/as§
i/85

aras |

i’es
i/B5
3/08
a/es
3/es
EVE:-1)
3/8%
3/88
3/es
3/9%
3/es
3/86
3/88
a/es
a/8E
3;8%
ses
3785
3/85
/85
3785
1788
3,85
i/85
3/65

TRANSLn PEVAPin RAIMin INFILTR.

2.969
3.923
2.367
2.108
2.614
1.402
1.760
1.2¢8
1-131
2.643
2.101
2.9587
1.575
1.744
2.588
4.972
1.612
3.173
2.285
2.083
2.089
2.660
2.528
.500
.359
1.478
1.447
2.168
2.D65
1.966
A1.188

«563
« 744
<444
.395
w491
LJ 252
- 330
«232
+217
«514
417
563
.300
«332
+493
347
- 30‘
«602
451
.397
-390
506
477
113
-068
.283
.279
«414
-392
~372
-226

600
000

« 000
-Q00

' «0Q00
000
Qoo
1.900
29.422
231.480
8.300
3.200
8.000
000

-.000°

=100
« 000
-000
«000
L200
.Q00
.B0D
+ 000
«000
«700
3.700
.000
D00
«000
000
000

-840
-G00
00
- 000
.uun
-000
=000
2.¢00
28.87B
23.460
8,480
4.800
9.600
000
-.g00
-000
-000
.Q00
.Qoo
000
- 000
+ 0CD
.Dou
000
.980
3.680
000
+000
.000
000
.Qago

TRANSPIR EVAP STORE-A

2.969
3.923
2.387
2.1056
2.614
1.402
1.760
1.2484
1.1320
2.543
2.191
2.957
1.575
1.744
2.588
4,972
1.612
.17
2.385
2.083
2.058
2.669
2.528

800

.359
1.476
1.447
2.168
2.0D6%
1.966
L.196

«130
-6593
422
+376
+457
+251
-312
.076
.250
.306
.28
.228
226
.332
491
920
-305
-590
445
391
-384
- 420
461
«11d
104
208
+275
«400
377
387

.221

56.145
83.813
£2.950
§2.163
£0.927
£0.625
49.9a7
51.584
65.929
59.587
€68.322
£87.619
69.82¢
67.750
66.060
63.322
62.886
6l.170
60. 3456
59.240
§8.315
56.990
55,961
SE.058
56.708
57.949
56.49¢
55.077
54.018
53.116
52..793

STORE-B RECHARGE C.RAIN

104.366
102.231
100.525

99.048

97.443

96.300

A5.143

94.693
107.486
120.029
123.3086
123,444
126.450
124.334
121.650
117.9862
115.347
112,584
111.620
109.935
108.358
106.550
104.794
103.941
1D02.761
104.323
103.785
102.5589
101.237

99.937

598.965

-.289
244
-200
«168
.13DB
116
-100
087
-078
-203
1.118
1.804
1.957

.+2.351

1.933
1.463
1.053
05‘5
.672
547
456
-383
317
166
»235
=221
222
218
-197
‘l?a
150

51.7491

51.791

51.791

£1.781

51.791

51.701

51.791

£3.691

B3.Ll4
L05.574
114.874
L18.774
127.574
127.574
127,574
127.674
127.674
127.874
127.674
127.874
127.874
127.874
127.874
127.874
128.574
122.274
132.274
132.274
132,274
132.274
132.274

C.INFIL
§5.573
55.573
55.573
85.573
56.573
£5.573
E5.573
57.973
B6.851
110.311
118.791
123.591
123.191
133.191
133.191
133.191
133.191
133.191
133.19%
133.191
133.191
133.191
133.191
133.151
134.171
137.851
137.851
Li7.4951
137.6851
137.851
137.851

C.EVAP
9,126
9.820

10.242

10.618

11.074

11.326

11.636

LL.713

11.964

12.270

12.598

12.828

13.052

13.384

L3.9758

14,795

15.100
15.694Q
16.134
16.525
16.909
17.399
17,859
17.973
18.077
18.288
18.560
18.960
19.338
19,695
19.915

" FIGURE C.3 EXAMPLES OF ACRUWAT OUTPUT FILES:
a) FULL OUTPUT

C.TRAHE C.RECHRG RALANCE

53.564

§7.44T

50.854
61.959
64.573
65.975
67.735
66.979
70.109
72.652
74.864
77.801
79.376
81.120
83.707
88.679
90.292
93.464
95.849
97.042
100.002
102.6568
105.195
105,796
106.154
107.630
109.076
111244
113.309
115.27§
116.47)

139,555
139,789
139.999
140.164
140.302
t40.418
140.5118
14D.605
140.683
L40.88%
142.004
143.908
145.764
14B.116
150.048
15L.511
152.564
152,409
154.081
154.6728
L55.085
155.467
155.784
466.050
156.206
156,507
156,729
L56,946
167.143
157.316
157.4B66

«723

733

«736

+ 739

J743

SIS

L7

177
1.450
1.20a
1.274
1,319
1.375
1.3749
1.384
1.399
1.401
1.407
1.410
1.4113
1.4186
1.420
1.424
1.424
1.433
1-484
1.486
1.489
1.491
1.494
1.2495

N

6!




1
.18939

2
-17980
o3

" «17708

4
«17443
2]
-16971
6
+16917
7
16655
g
«175825
9
«226586
10
«237856
11
+23209
12

»22929

13
«23707
14
«229456
15
«223561

Date

moisture content (mm) for each WATFLO soil layer

3 .85

.18972 .20938

3 85 .

.18005 .20192

3 8s

.17731 . .19856

3 B85

.17463 .19565

3 85

,16989° .19142

3 8s

.16935 .18997

3 85

.16671 = .18745

3 a5 .

.17547 .18161

3 85

.22744 .24315

3 es

.23869 .28725

3 85

.23310 .25323

3 85

.23023 .25090

3 8s

.23820 .25878

3 85

.23039 .25165

3 85

.22432 .24551
FIGURE C.3

.21089
.20611
.20159
.19B64
.19496
.19298
.18060

.19161

© 223727

25446
«25298
+25147
25801
«25256

«2467173

121242
.20783
»20429
+20129
»19797
+ 19567
»19333
+19253
«22753
+24961
«25225
«.25186
« 250845
+25344

-24785

+21369
.20983
.20636
.20332
.20018
.19773
.19537
.19376
.21418
.24274
.26126
.25209
.25786
.25414

.24878

EXAMPLES OF ACRUWAT OUTPUT

b) SOIL MOISTURE OUTPUT

‘.21459
.21115
+20775
«20470
.20167
.19913
+19676
.19483
+20152
«23465
.25031
.25221
.25726
«25463

24944

FILES:

+21607
.21182
.20847
.20541
.20245
.19987
.19750
< 19645
.19624
.22813
.24971
25226
.25688
.26489

.24978



STORE-A
63.614,
52,950,
52.163,
50.927,
60.625,
49.907,
51.584,
65.929,
69.587,
6B8.322,
67.619,
69.824,
67.750,
66.060,
63.322,
62.886,
61.170,
60.146,
£9.240,
58.316,
56.990,
5E5.861,
56.058,
56.708,
57.949,
56,494,

FIGURE C.3

c.i1.

STORE-B
102.231,
100.525,

99,048,

97.443,

96.300,

95,143,

94.693,
107.486,
120.029,
123.306,
123,444,
126.450,
124.33¢,
121.650,
117.862,
115.947,
113.584,
111.620,
109.935,
108.358,
106.550,
104.794,
103.941,
103.761,
104.323,
103.785,

EXAMPLES.OF ACRUWAT OUTPUT FILES:

INFILTR.

. 000,
.000,
.000,
.000,
.00,
.000,
2.400,
28.878,
23.460,
8.480,
4.800,
9.600,
.000,
.000,
.000,
. 000,
. 000,
.000,
.000,
.000,
.000,
.000,
.980,
3.680,
.000,

RECHARGE

=244
+200
«165
» 138
«.116
100
087
»078
=203
1.118
1.804
1.957
2.351
1.933
1.463
1.053
.845
T.672
»547
456
«383
.317
.266
+235
«221

¢) SUMMARY OUTPUT
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ACRUWAT COMPUTER PROGRAM
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APPENDIX D.1

ACRUWAT
MAIN PROGRAM
(file ACRIVAT 3)



T B R

HSTORAGE : 2

VAR[ABLES USED FOR THE WATFLO SUBROUTINES

REAL AETWAT,LWAT,N,IWAT,KWAT,M,MAXDT, IRATE, IRRBEG, IRRIG, HDEPTH,
*MINPOT,NPOT ,MOI5TW, Ks, ERAIN

INTEGER FDAY,LOAY,MININT MIRR,BOTBOUND,PBERTH,R47,HODES R4S, R14,
1Y,R30,RL6,R9, REP, RS0, R51,R52, R55,MON , DAYY , AHOFRAC, BHOFRAC, 22

DIMENSION AET(32),AETIR{32),AET1{32),AET2{32) ALAID(32),
*APANC12,32) ,APANA(12,32),APLIRR{32)  APPIRR(32) ASOEV(32},
*ATRAMI(32),ATRANZ(32) ,ATRANS(32),CAY(12),CAYD({12,32),CAYIRR{12),
*CFACD(32),CFACTD{32),COLAM(12),CONSTA({I2 ), CORPAN(2),CORPPT{12),
*COVER(12),D{12) ,DAMDAT (70, 13),DANET(32),DAMPER{32) ,DAMSTO(32),
*BAYS{12),DEF1{32},0EF2(32),BIRRIG(70,13),0L(12),0NO{32) ,DPE(32),
*OPEIR(32),E(12),ELAID{12,32),ELAIM(12) ERFL{32) ERFLIR(32),
*ETINT(32) ,ETLY(32} ETLYS(32),KAIRR(12),IDAY(32), IRRMDN(12),
*MNPLV(480),MOSTAT (12),0BSOMX(480),085T01(32), SJ4D
*DESTO2(32) ,00ATAL7D, 13),0VERCS ), OVERFL(37 ), PAR(32),

*PARRES{%2) PARAM(12,32),PDATACTD, 13) ,PK(32) , PERCL3IZ)  PLINT(32},
*PLSTRS{32),POSOEV(32),POTRAN{32),POTR1(32),POTR2(32) PP1(32}

DEIMENSION PP2(32),0PEAK(32),0PXDB(32),0PKOBS(32),0RNK(5),
*QUICKF{32),RAIN(32) ,REQIR{I2), RFL{3T) RFLE(S) RFLIR(32), 540
*RFLNET{32) ,ROOTA{12),ROOTA(12),RG(5),RUN(32) ,RUNCO(33),

*SDATA{7D, 13),SEDYLD{32),SIMOMY (480}, SIKSQ(32),
*SMD(32),SMDIR(32),SK0851(32),SHOBS2(32),STHO0B(32),5T00a5C32),
*STRFL(32),STO(R{32),STOIRO(32)  STORM(32),STORMQ(32),5TOTL32),
*STO2(32),STALR(32), STRMCOC32), STRMFL(32), SUPPIR(32),SURIR(32),
*SUR1(32),5UR2(32), SWTRRAC11),T¢12), TAET(12), TAETIRCIZ) , TAET1(12)

DIMENSION TAET2(12),TAPAN(12),TASOEV(12),TDAY(32),TDISCH{32)},
*TDPE(12), TDPEIR(12), TERAINC12), TET(12), TETLYS(12), TE1(12), TEZ(12),
*TIRRFL(12), THAXCI2), THAXD{32 Y, THAXID(32) , THINC 12}, THIRD(32),
*TMINID(32), THITDD(32), THLIND{32), TOVERF(12), TPLINT{12), TPOSEV{12},
*TPOTRI(12), TPOTR2{12), TPTRAN(12)}, TRAINC12), TRERIR(12), TRRIR(12),
*TRUM(12), TQUICK{12), TSEDYD{12), TSTORM( 12}, TSTRIR{12}, TSTREM(12),
*TSUPIR(12), TSURCI2)Y, TSURIR(12), TTRANS(12), TTRANT{12),TTRAN2{ 12},
*VEGINT(12),WPFCPO{3, 113, XORAFT(12),XXX(12) ,0VERAC{32) ,DREQIR(32)

........ JLDIMENSIONS COMMENTED QUT - USED FOR STATS PACK.......oavvvrinass

- removed - lja 26/9/86

Coveneas R DR e

c

DIMENSIONS USED FOR THE WATFLO SUBROUTIMNES

DIMENSION b(20),awAT(20),6G(20),LWAT(20),EWAT (200, H(20),KMAT(20),
*M(20),P(20),5(20), [RRIG(20), TRATC20),L1(20),V(20),0POT(20),2¢20},
*Y(11,2),RO0TF(20),Y1(20,2),Y2¢20,2),¥3(20,2),Y4(20,2) ,ER(20),
*IRATE(20) ,DEPTH(20), IRRBEG( 201, NPOT (203, MO1STW(20),Ks(20),
*MON(2) ,DAYY{2)

........ AR R E N B R ENE S A EE N EEREERAREERETEEETYEESAREY e AR At e AARR R AR EEE AL A Aa LA

CHARACTER EQTN(7)*19,HEAD*34 HEMIS(Z)*5, [STID*B,LAGER(2)*7 S40
CHARACTER DUAD(2)*4 s4D

P emasatEEaEmssimasesetsavantevmmmm-tatsdtissestesesterataataanas

Civvvvrsaronnmnnsnracotcnsseuasansssnsesnrenssnnr et ekr e r P ettt e
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COMMON BLOCK USED FOR THE WATFLO SUBROUTERES

fINCLUDE: 'WATCOM.FOR®

c

e e



N.1.2.

[l
c*
c*
[ohd
c

nano

aonooOn

™

COMMON/ANSUM/SUMRA , SUAPAN , SUMPE , SUMPE 1, SUMPE2 , SUMERA, SUMAE ,
*SUMAET, SUMAEZ, SUMET , SUMPSE , SUMASE , SUPTR 1, SUPTRZ, SUATR1,SUATR2,
“SUMPTR, SUMATR, SUMIR, SUMSU, SUMRU, SUMOU, SUKINT , SFLOW, SDATA,DIRRIG,
*SUMST, SUMSED, LMN, TET, TPLINT, SUMPE |, SUMAE 1, SUMIRA , SUSUIR, SUOIR,
*SUETLY ,0DATA, PDATA

COMMON/COUNT /1, TYR, HDYH, 1YEAR K

COMMON /HDGHTH/HEAD

COMMOM/ IRR1GA/AETIR, SMDIR,STOIR,ERFLIR, STOIRG, SURIR, TAETIR, TSTAIR,
*TIRRFL,TSURIR, TREQIR,DPEIR, TDPEIR, APPIRR, ICYCLE, 1START WG30/5
COMMOM/LDVAL/STOIR, PLINT ,RUNCO, STRMCO, RFL ,E, ERFL , DAMSTO, DAMPER,
*QVERFL,SUPPIR WG15/1

COMMON /KA1 2E/PLDATE , LENGTH
COMMON/PTEMP/TEMP, THAX, THIN,EGPET DL, D, LINWIN, ELEV, ALAT , WNDSPD
COMMON/PRVDAY/SOIL1,SO112,PLINTC, RELC,RCO, STCO, SOILE  EFPPT, STODAM,
*PERDAM, OVER , SUPP, DEFCT1 sJ0
COMMON/PRINTfDEF1,DEF2,5TOY,5T02
COMMON/PRTHO/TRAIN, TERAIN, TDPE, TAET, TPOSEV, TASOEY, TPOTR?,
*TPOTRZ, TTRANT, TTRANZ, TPTRAN  TTRANS, TSUR, TRUN, TQUICK, TRISCH, TSTREM,
*TRGIR
COMMOM/BRNTDY /MDIST,DNO, PP, PP2,DPE, AET1, AETZ, 0BSTOY ,0RSTOZ, RUN,
*QUICKF,5IM50,5TRMFL,REQLR, CONSTA, APAN, SUR2, PERC,PRIRR,EVTR,CAYD, WG4/11
*POSOEV, ASOEV, PDTR1,POTRZ, ATRAN1, ATRANZ, ETLYS, OPEAK , SEDYLD,0PKOBS  WG15/8

COMMON/RESAN/WIDTH, TANE , AREA, HATRR ,DAMCAP, ONORM, SEEP , RESCON, WG2111
*RESEXP ,ARCAP

COMMON/RITCH1/SUESH, SUESD ,DYSIRA UPL[S0,ALFASO,LAIND WGi5/7
COMMOH/RRKING/ IVENT ,EVENT, IRAHK, NOYRS, ESCS SJ0

COMMOR/SOIL/PAWT , PAW2, SMWP1, SMWF2, SMFCT, SHFCZ, SHUP IR, PAWIR  SHFCIR
COMMON/TOTALS/TEY, TE2, TAET), TAETZ, TAPAN, TETLYS, TSEDYD
CORTINUE

DATA STATEMENTS

DATA DAYS/31,,2d,,31.,30.,34%.,30.,31.,31.,30.,31.,30.,31./

DATA EQTH/'LINACRE MONTHLY','BLANEY CRIDOLE!,*THORMTHWAI
*TE', 'DAILY A-PAN DATA', 'MONTHLY A-PAN DATA','LINACRE MONTHLY','LIN
*ACRE DAILY'/

DATA LAGEQ/'SCS!, 'SCHMIDT'/

DATA WPFCPO/.272,.385,.396, .177,.270,.434, .033,.091,.417,
*_055,.125,.401, .095,.207,.412, .133,.330,.485, .148B,.255,.330,
*.197,.318,.390, .20B,.366,.432, .239,.321,.339, .250,.387,

* 423}

DATA SWTRRA/3.5,6.5,3.3,3.8,4.2,4.2,4.5,5.0,4.0,3.4,3.7/

DATA HEMIS/'NORTH®, 'SOUTH!/ 540

DATA GUAD/'EAST!, 'WEST!/ 5J0

[NPUT VARIABLES
LOCATIONAL [NPUT
READ{S, 20 YHEAD , AREA, ELEV, ALAT ,ALONG, 1HEM! , 1QUAD
20 FORMAT(4(/),1X,A34,1X,F5.2, 1%, F6.7,2( X, F5.2),2(5%,11)) 5D
OUTPUT OPTIONS

READ(5,30)WRIDY ,WRIMG,PRIRR, SUMMRY WRTYLD, IPLOT, ECOMPR, LOGVAL, e 372

*MUSLE,RESYLD, IRRAPL WG 372
30 FORMAT(S¢/Y, 305X, F1.0),206X%,F1.0),3¢6%,11),5%,11,6X,F1.0,6X,11} WG 3/2
READ(5,40) 1COMPY, LUNSAT WG 3/2

40 FORMAT(S(/),2(6X,11}) WG 32
IFCIRRAPL.ED.1.AND.RESYLD.EQ.1.)THEN WG4 /11

WRITE(S,*}'QPTIOK ERROR - RO DAM, !.E. TRRIGATION WATER SUPPLIED
* FROM OUTSIDE CATCHMEHT!
STOP
IHDIF
.F{IRRAPL.EA.2.AND .RESYLD.EQ.Q.)THEN N




50

55

59

70

a0

20

100

110

124

130

WRITE(S,*)}"GPTION ERROR - DAM REQUIRED WHEHN IRRAPL = 2°
sT0P

ENDIF

1F{IRRAPL.EQ.3.AND .RESYLD .ED. 7. )THEN
WRETE(S,*)"OPTION ERROR - CAHMOT HAVE DAM WHEMW [RRAPL = 3!
STOP

ENDIF WGA/ 1
RAIHFALL CONTROL OPTIONS

READ(S5, SO}PPTCOR WE4 /11
FORMAT (5(/),6X,F1.0) WEL /11
IF(PPTCOR.NE.0. ITHEN WG4 /11

READ(S,55)(CORPPT{ 1}, 1=1,12}
FORMAT(S5(/), 12C1X,F5.2))
ELSE

READ(S,B0)A

ENDIF WG4 /11

EVAP CONTROL OPTIONS
READ(S,&61)PANDAY , PANMON , PANCOR ,EQPET , TEMP, LINWIN, UNDSPD EVTR,
*LAIMD,LYSIM
FORMAT(SC /), 5¢6%, F1.0),4%,13 3% F4.1 6%, F1.0,2(5%,111)
[FCEQPET.EQ.T.AND.TEMP.NE.2, IWRITECS,*)'OPTLON ERROR - DAILY LINACRE
*REQUESTED WITH NO DAILY TEMPERATURES AVAILABLE'
IF(PAHCOR.EQ.1)THEN
READ(S, 703{CORPANC1}, 1=1,12)
FORMAT(5(/), 12(1K,F4.2))
ELSE
READ(S,B0)A
FORMAT(5¢{/),F1.0}
ENDEF
READ IM 12 VALUES OF MEAN MAX & MIN TEMPS (IF TEMP = 1)
[F{TEMP.EQ. 1) THEK
READCS, 9D} THAXC DY, E=1,12), (THIN(I), t=1,12)
FORMAT(5¢/3,12C1%,F5.1), F12¢1X,F5.1))
ELSE
READ(S, 10D)A
FORMAT(S{/),F1,0)
ENDIF
FOR THORNTHWAITE PE OPTIOM, READ IN DAYLENGTH FACTOR, DL(I) FOR EACH
MONTH ACCORDING TO LATETURE
READ(S,TOXMDL(I),1=1,12)
FOR BLANEY CRIDDLE PE OPTION, READ 1IN DAYLIGHT FRACTION ACCORDING TO
LATITUDE
READ(S,110)(D(1),1=1,12)
FORMAT{S(/), 1201X, F4.3))
SO[LS OPTIONS & INFORMATIOM
READ{S, 120)PEDINF,PEDDER, 1 TEXT ,MOIST ,DEPAHO,DEPBHD, FC1, FC2,WP1,
*[p2, PO1,POZ
FORMAT(5¢/),2¢6),F1.0),5%, 12, &%, 11,2(2%,F5.2) 601X, Fh4.3))
VEGETATION OPTIONS & INFORMAT[ON
READ(S5, 130)CONST,CRLEPO
FORMAT(5¢/),1X,F5.0,2%,F5.2)
READ IN CROP FACTORS FOR ET EQUATEONMS
READ(S, 70)(CAY(]1),1=1,12)
READ MONTHLY LEAF AREA THDICES
[F{LAIND.EQ,1)THEN  ~
READ (S, 7D)CELAIMCIT), 1=1,12)
ELSE
READ(S,BO2A
ENDIF
AEAD [N 12 VALUES OFf PROPORTEQON OF ROOTS IM *A' HORIZON
READ(S, 70Y(RODTA(), 1=1,12)
00 140 i=1,12

140 ROOTB(1)=1.0-ROOTAL]}

READ IN 312 MONTHLY VALUES OF ENTERCEPTION LOSS
READ(S, 703 (VEGINT(1),1=1,12)
READ 1IN RUNQOFF CONTROL WARIABLES



150

155

160

370

180

190

201

205
206
210

220

230

235

236

b.1.4.7

READ{5,150}10B50, JOBSUN , SHODEP , COFRU, OFRESP, ABRESP, BFRESP, PEAK, SJp

»10BSTO, 10BSPK, IRUN SJD
FORMATCSC/ ), 206X, 113, 1X,F6.2,2X,F4._2,3( 2%, F5.2),5% Fi.0,2(6%, 1), WGIB/6

%X, 11) 54D
READ(S, 155 ) 1RANK,CN11 sJD
FORMAT{S(/},5%,11,2X,F3.0) SJD

[ F(MUSLE.EQ.V.AND.PEAK . .EQ. O, JMRITE{H,*)Y'OPTION ERROR - MUSLE = 1 &
* PEAK = O
MONTHLY COEFFICIENT OF IHITIAL ABSTRACTION
READ(S, 703¢COIAM( L), 1=1,12) $ip0
MONTHS TO BE INCLUDED IN RANKING STATISTICS
READ(YS, 21D)(HDSTAT(1),1=1,12) )
IFCPEAK.ED, 1, )THEN
PEAK DISCHARGE VARIABLES
READ(S, 160)SLOPE, HYLER, X130, XMAP, LAG WG 3/2
FORMAT(S(/),F5.1, 1%, F6.1, 1%, F6.2, 1%, F7.2,3¢,11) WG 372
ELSE
READ(S,BHA
EMDLF
1F(MUSLE.EQ. } )THEN
SEDIMENT YIELD VARIABLES
READ(S, 1700501 FAC,ELFACT ,PFACT, [COVRD
FORMAT(5(/),2(F6.2, 1X),F5.2,6%,11)
COVER FACTORS FOR #.U,5.L.E.
READ (S, 70} (COVERCI1), 1=1,12)
ELSE
READ(S, 188)A
FORMAT(11(/), F1.0)
ENDIF
IRRIGATION REQUIREMENTS
READ(S, 190IWRIRR, SCKED,EFF IRR, CONST1, PLADEF,AMTIR, ICYCLE,CONLOS, WG30/5
*EAMLDS, IRUNIT,PPTIRR,UPSTIR
EORMAT(S(/3,2¢5X, F1.0),2¢3X, F6.2),2(2%,F5.21,5K, 12,2¢3X, F4.2), 6X, WG30/5
®{1, 1%, F6.2,6(/1,6%,F1.0)
TFCWRIRE 20,1, 3THEN
READ(,201)CHAIRRCTY,1=1,12)
FORMAT(5(/), 12(1X,F4.0})
READ(5,70)¢CAYIRR(I), 1=1,12)
READ DATA FDR SOILS OF IRRIGATED AREA

READ(S 205} IRRPED, IRRDEP, IRTEXT XMXIRR,FCIR WPER,POIR WG7/11

FORMAT(S(/),2¢6K, 11),5%, 12, %%, F6.2,301X,F4.31) WE7/11
ELSE .

READ(S,206)A W67 /11

FORMAT(I7(/),F1.0) WG7/ 11
ENDIF

READ(S,210) ¢ IRRMONCT ), J=1,12)

FORMAT(5(/),12(4%,11))

CROP YIELD VARIABLES

READ(S, 220)CROP, PLDATE , ISTDAY, [STMD, LENGTH
FORMAT(5(/),2(6X,F1.0),2(5X,12},4X,13)

RESERVOIR YIELD ANALYSIS OPTIOM

1F(RESYLD.EQ. 1. }THEN

READ(S, 230)DAMCAP , ARCAP , SURFAR , PANDAM, WIDTH, ONORM, SEEP, RESCON,

*  RESEXP

FORNAT(5(/),F10.0,6X,F1.0,3(2X,F5.23,2¢1X,F6.1),2(2%,F5.2))

READ(S, PO {XDRAFT(1},1=1,12) G231
ELSE

READ(S, 180)A
ENDIF
DEPTH-DURATION-FREGUENCY OPTIONS
READ(S, 235)SERIES, EVO, IVENT  EVENT, 1SCS, 1STAT 54D
FORMAT(S(/),6%,F1.0,3%,F1.0,5%,11, 9%, F6.1,4X,11,5%, 11} sJo
DO 236 [=1,12 uG23/N
XDRAFT{1)}=XDRAFT{1)/DAYS()} WG23/1
CHECK FOR ERRORS IN SELECTION OF FLOW QPTIQHS.
IF((ICASQ.EQ.0).AND.{ ICOMPY _ED.1))THEN WG11/6

WRITE(S,*)'OPTION ERROR, ICOMPR REQUESTED WITHCUT FLOV DATA'
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ENDIF

PREPARE FOR AND CALL SUBROUTINE WHICH DOES HARMONIC ARALYSIS
12 HMONTHLY VALUES ARE ENTEREQD AKD THE SUBROUTINE RETURNS 385 DAILY VALUES

DO 240 1=1,12

HAXCTY=CAYL ()

CONTINUE

WRITEL™,* 3" CALL HARMON®

CALL HARMON(XXX,PARAM)
WRITE(*,*)*RETURN EROM HARMON®

DO 240 [=1,12

DAYS(2)=29.

HDYM=IFIX(DAYSC1})

DO 250 J=1,HDYH

CAYD{L, J)=PARAM(],J)

LIMETS ARE IMPDSED ON THE CROPPING FACTORS (.2 < CAYD < 1.1)
[F(CAYD(CI,J).LT.0.2)CAYDCI,)=0.2
LF(CAYDCL, J3.GT.1.13CAYDCT, D=1.1
CONT 1RUE

CONT EHUE

CONVERT MONTHLY LEAF AREA INDEX VALUES TO DAILY ONES USING HARMOMIC
ARALYSIS

IF{LAIND.EQ.1)THEN WG15/7
DO 261 1=1,12
KKK 1 )=ELAIMLT)
CALL HARMOM{XXX,PARAM) N
DD 263 1=1,12
DAYS(2)=29,
NDYM=1F [X(DAYSC1)) .
DO 262 J=1,NDYM
ELAIDCE, J)=PARAMCE,J)
CONT INUE
CONTINUE .

ENDLF WG15/7

DEFINE AMOUNT OF STORAGES IN A AND B HORIZONS

LF{PEDINF.EQ.1.)GQ TO 310

L F (PEDDEP-2.)270, 280, 250

TYPICAL VALUES FOR [NADEQUATE SOILS DATA
DEPAH0=0.3

DEPBHO=0.B

GO 70 300

BEPAHO=D. 2

DEPEHD=0.2

GO To 300

DEPANG=0.3

DEPBHD=0.5

WP1=MPFCPOCT, 1 TEXT)

WP2=UP1

FCI=UPFCPO(2, I TEXT)

FC2=FC1

PO1=WRFCPO(3, L TEXT}

PO2=P01

CALCULATEONS OF SNIL MOISTURE RETENTION CONSTANTS
SHUP 1=WP 1*DEPARD-S)0D,
SHWP2=WP2*DEREBHO1000.
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SMFC1=FC1*DEPAHD* 1000,
SHEC2=FC2*DEPBHO* 1000
SHPO1=0.0
XXXXX=PO1*DEPAHO* 1000,
SMPOZ=PO2*DEPBHO* 1004,
PAW1=SHFC1-SMWP1

PAMZ=SMFC2- SHWPZ
TPAW=PAM1+PAWZ
SMPAU=SMFC1+SNFC2

SHUPT=SMWP 1+SHHP2Z
SHPOT=XXXXX+SMPO2
ALFASO=SWIRRALITEXT)
UPL[SO=9.*%( (ALFASQ-3,)**0.52)
FF(SMDDEP,EQ.{. )SMODEP=DEPAHOD

DEFINE SOIL STORAGES FOR IRRIGATED SOILS

IF(WRIRR.ED.1.)THEN
I1F¢TRRPED.EQ.1)GD TO 315
1F(XMXIRR.EQ.0.)THEN

LF{I1RROEP-2.3311,312,313

XMXIRR=1.1

GO 7O 314

¥MXIRR=0.4

GO TO 314

XMXIRR=0.8
ENDIF
HPIR=UPFCRO(1, IRTEXT)
FCIR=WPFCPO(2Z, IRTEXT)
POER=WPFCPO{3, IRTEXT}
SHWP IR=WPIR*XMXIRR*1000,
SMFCIR=FCIR*XHWAIRR*100D.
SMPOIR=POJR*XMX1RR*1000,
PAWIR=SMFCIR-SHWPIR

ENDIF

[NITTALIZATIONS

CHECK FOR MONTH IN WHICH DATA STARTS
MDSTRT=0}

CROP YIELD MODELS
IYEAR=D

LMHN=0

LH=0D

COUMTERS FOR OBJECTIVE FUNCTION PACKAGE
NDYTAL = O

HMTALY = O

NOYRE=D

NTAL=D

STORAGES OF SOIL MOISTURE AKD INTERCEPTION

IF¢ALAT.GE. 40.)THEN
SOILI=SMPAY
SOIL1=SHFCY
SO{L2=SMFC2

ELSE
501L1=PAHIR*(.5+SMWPR
SOIL1=PAH1*0.5+5MUP ]
501L2=PAY2* 0. 5+5Mup2

ENDIF

DEFCT1=SHFCi-501L1

g

WGiT/

WG18/6

We21/1
WG7/11

.

+

WG18/7

sSJp
Sdb

SJ0

S4D
HGZT11

SJ0
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PLINTC=0.0

oo 316 1=1,5 G157
OVER{I}=D.0 uG15/1
RFLC{[)=0.0 SJD
EFPPT=0_0

DYSIRA=(.0D

SUESW=0.0

SUESD=0.0

RCO=0.0

S$TC0=0.0

PE FOR DECEMEER OF PREVIOUS YEAR
ETDE=150.

ESTIMATE CATCHMENT LAG (BY SCS METHOD IF LAG = 7, BY SCHMIDT
EQUATION IF LAG = 2}
IF{PEAK.EQ.1.AND _HYLEN.EQ.0. }HYLEN=173B.*AREA**D.&
1F(PEAK.EQ.¥.AND.LAG.EQ, 1 }CLAG=CHYLEN**0.8%( (25400, /ERI1-254.0+
*25.4)"*0,7}/ (7069, *SLOPE**D. 5}
1F{PEAK .EQ.1.AND.LAG.EQ.2)CLAG=(XHAP**1, 1*AREA**0.35)/(41.67*SLOPE
t**u . 3*: [30*" '37)

[F(HUSLE .EQ. 1) THEH
ESTIMATE *LS* FACTOR FOR M.U.S.L.E.
[F{ELFACT.EQ.0. )THEN
{F(5LOPE,GT.25. JELFACT=25,
IF{SLOPE . LE. 25 }ELFACT=-3.0%SLQPE+{00.
ENDIF
1F{SLOPE.GT.3. )HFACT=0.5 ’ HG &/9
IF(SLOPE.LE .3, JMFACT=0.3 HG 6/9
ELES=(ELFACT/22.1)**MFACT*{0.065+(0.0454*SLOPE }+{D.0065*5LOPE* WG 6/9
* SLOPE)) WG 6/9
ENDEF

CALCULATE STORAGES AND CONSTANTS FOR USE IM RESERVOIR Y[ELD AMALYSIS
IFCRESYLD.EQ.1.)THEN
CALCULATE DAM STORAGES
PERDAM=50.
STODAM=0,5*DAMCAP
CALCULATE DAM DIMENSIONS 1.E. LENGTH OF THROWBACK AND MAXINUM HE{GHT OF
WALL
FF(ARCAP.EQ. 0. }THER
ALEN=(2.DE4*SURFAR) /NIDTH
DEPTHI=(4 .OE4*DAMCAP)/(WIDTH*ALEN}
CALCULATE TRIG. CONSTANTS FOR DEPTH AND LENGTH RELATIOHSHIPS
TANA=(2.*DEPTH] ) /WIDTH
TANB=(2_*ALEN}/WIDTH
ENDIF
ENDIF
[ F{IQRAPL _EQ. 1) THEN
XB=FAMLOS* 100,
XC=CONLOS*100,
XD=EFFIRR*100.
ENDIF

WRETE GEWERAL HEADIHG

WRITE(H,320) HEAD

FORMATCTHT, 39X, A34, 740X, 400"~ /)

1EQPET = EQPET

WRITE(SH,IZ0)AREA, ALAT ,HEMISC [KEME ), ALONG, QUADC [QUAD ) LELEV, gD
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330 FORMAT(5X,'AREA OF CATCHMENT (KM SD}*,11,'s* 7.2, /5K, 'LATITUDE"
29, '=1,F7.2,A5, /5%, "LONGITUDE* , 28X, *=*,£7.2,A5, /5K, 'ELEVATION (M
*y¢, 24X, t=4 F7.2, /5%, 'PDTENTIAL EVAPORATION BY ' A19)
[F{PEAK.EG.1. WRITE(S, 340)LAGEQ(LAG)
340 FORMAT(SX,'LAG EQUATION BY ',A7)
WRITE(&,350)COFRU, OFRESP, BFRESP , ABRESP , SMDDER ,DEPANO, DEPAHO, WP1, WG 3/2
“SHWP1,WPZ, SMWP2, FC1,SHFC1, FC2, SMFC2, P07, P02
350 FORMAT(SX, 'COEFFICIENT OF DRAINAGE RELEASE',6X,t=*,F7.2, /3K, 'COEFF
*ICIENT OF DUICKFLGHW RESPONSE*,4X,'=’,F7.2,/5X, 'COEFFICIENT OF BASE
*FLOW RESPONSEY,S5X, =4, F7.2, /5%, 'COEFFICIENT OF “A TO B" RESPONSE',
*5x, 1=, F7.2,/5X, "EFFECTIVE DEPTH FOR RUNDFF RESPDNSE =',F7.2,/5K,WG18/6
*1DEPTH OF SOIL IN A-HORIZON M}',7X,'=',F7.2,/5X,'DEPTH OF SOIL IN
* B-HORIZON (M)*,7X,'=*,F7.2,/5K, *WILTING POINT OF A-HORLZON (H/M)®
« 5%, 0=t FB.3,2X, (=, F&. 1, 'MM)*, /5K, *WILTING POINT OF B-HORIZON (M
=/M)¢,5X, = FB.T, 2%, (=", F6.1, 'MM)+, /5K, 'FIELD CAPACITY OF A-HORIZ
*ON (M/M)', 4%, '=' FB.3,2X,4(=",F6.1, "HH)',/5X, 'FIELD CAPACITY OF B-
“HORTZON (M/M)*,4X, "= FB.3,2X,*(=",F6.1, MM}, /5X, "POROSITY OF 50i
*L IN A-HORIZON (M/M)',2X,'=',FB.3,/5X, 'POROSITY OF SOIL 1N B-HOR1Z
*ON (M/M)*,2X,'=',F8.3)
IFCURTYLD.ED. 1. )WRITE(S, 355 )LENGTH WG 1/8
355 FORMAT(SX, 'LENGTH OF GROMING SEASON',13X,'=?,15) WG 1/8
IF(RESYLD.EQ. 1. YMRITELS, S60)DAMCAP , SURFAR
360 FORMAT(5X, "DAM CAPACITY (M**3J:,18x,'=',F10.0,/,5X, 'SURFACE AREA (
*HAY?, 20X, '=1,F9.3)

IF¢PEAK.EQ.1.0R.ISCS.EQ. 1)WRITE(H,375ICR]] WG 372
375 FORMAT(SX, 'CURVE NUMBER 11°,22K,'=',F4.0} WG 3/2
WRITE{&6,380)

380 FORMAT(//,30K, 'JAN®,3X, *FEB® 3K, 'MAR' ,3X, "APR' ,3X, 'MAY',3X,
*+ JUN*,3X, 1 JULY,3X, 'AUGY,3X, ' SEP',3X, 'OCT*,3X, 'NOV! 3K, 'DEC")
WRITE(S,385) (COLAR(1), 1=1,12) sJb
385 FORMAT(/1X,'COEFF OF INITL ABSTRACVION',12(2X,F4.2)) SID
WRITECS,390) (CAYCI),I=1,12)
390 FORMAT{1X, 'CROPPING FACTOR',11X,12¢2X,F4.2})
IF{URIRR.EQ.T.)THEN
WRITE(S,400) CHATRRCT), 1=1,12)
400 FORMAT(IX, 'AREA IRRIGATED (HA) *,&X,12(1X,FS5.0))
WRITE(S,410)(CAVIRRCI), =1, 12)
410 FORMATCIX,'(RRIGATION CROPPING FACTOR',12(2X,F4.2))
ENDIF
WRITE(A,420) (ROOTACL),1=1,12)
420 FORMAT(1X,'PROP OF ROOTS IN A HORIZON',12(2X,F4.2))
WRITE(S,430)CVEGINT(1),1=1,12)
430 FORMAT(1X, ' INTERCEPTION LOSS (MM)',4X,12{1X,F5.2))
IF(PANCOR.EQ. 1. YWRITE(S, 460 (CORPANCI), 1=1,12)
440 FORMAT(1X, 'PAN CORRECTION FACTORY,5X,12F6.2)
IE{TEMP.EQ, 7. )TREN
WRITECE,450ICTHAKCTY, 151,12)
450 FORMAT (X, *TEMP: MEAN MAXIMUM {C3',4X,12(2X,F4.1))
WRITE(S, LEDYCTMINCIY, 1=1,12)
460 FORMATC1X,6X, 'MEAN MINIMUM (C)',4X,12(2X,F6.1))
ENDIF

PE ROUTINE USIHG TEMPERATURE-BASED EQUATIONS
[FCEQPET.LE.3.0,0R .EQPEY.GE.6.0)CALL PETEMP{T,E)

USE HARMONIC AMALYSIS TO CONVERT THESE DERIVED MONTHLY PE VALUES INTO
DALLY ONES

IF{EOPET.LE.3.0R.EQPET.EQ.5. )THEN
PO 470 121,12
L70 XXACIY=ECI)/TFIX{DAYS(E))
CALL HARMOK{XXX, PARAM)
D0 490 121,12
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DAYS(2)=29.
NDYK=)FIX{DAYS(]))
DO 480 J=1,HDYM

480  APANACT, J+1)=PARAM(1 J} WG4/ 11
490  CONTINUE
ENDIF

JF ([UNSAT.EQ.2)CALL WATFLZ(DEPAHO,DEPBHO)

MOTE: initial soil moisture is set in WATFLD input.

INITIALIZE ANNUAL TOTALS TO ZERD

200 CALL ENETAM(SUMRA,SUMERA,SUMIRA,SUAPAN, SUHPE, SUMPEI, SUMPE1, SUMPEZ,
*SUMAE , SUMAE [, SUMAE 1, SUMAEZ , SUMET , SUMPSE , SUMASE , SUPTR1, SUPTRZ,
*SUATR ,SUATRZ, SUMPTR, SUMATR , SUMINT , SUKSL, SUSUIR , SUMIR , SUMRU, SUMQU, UG15/1
*SUQIR,SFLOW, SUMST,STAET, STPET,STCAK, TOTAET, TOTRPET, TGTCAN , SUMSED,

*SUETLY, SUMSQ, QRRK, AMC, RO) SJD
LHH=LMH+1
IYEAR=[YEAR+1
CHECK WHETHER MONTHLY A-PAM VALUES TO BE READ IN. THESE ARE READ [N FOR
12 HMONTHS OF THE YEAR IN JANUARY
IF{EOPET.EQ.5.AND .1 .EQ, 1)READ(S, SO0IKYR, (ECI)Y, 1=1,12) WGL/T

SO0 FORMAT(12,1X,12F4.1) .

e iy v vk e ol o vl e o o o o o e e o e vk e e e sl die-de de-de-de de e e e de i e e e v -y -3 Sr-dr-dr-de-de de v v v v o o v o o o o e e e e i ede e e o o e o
START QF MAIN DQ LGAP - AT MONTHLY LEVEL WITH DAILY CALCS WITHIN EACH
LOOP
DO 2 1=1,12
INITIALIZE DAILY ARRAYS
IF{MOSTRT.EQ.1)G0 TO 505 wGee/s?
CALL INLTDY(SMD,STORMG,ERFL,ERFLIR,PLINT,STOYR,RAIN,RFL, STRFL,

*STRMFL, THLHD , THAXD, APAN, PAN , PANRES ,DPE , SHOBS1, SMOBSZ, 0BSTO1,
*0RSTO2,ETLYS,ETLY,QPEAX, SEDYLD, IDAY,1,ETINT,APLIRR  APPIRR ,OPEIR,
*DAMET, STOIRO, SMDIR,REQIR, SURIR, STHODR, STOOBS, OPKOR , OPKOAS , CFACD,
*CFACTD, TDAY, TMLIND, TMITOD,EGPET,ELAID, LAIND, TMAXID, THIHID, SUPPIR, WG2111
*0U1CKF) WG 4/2
t**t*t*******t*i***ttwtt***iiii*ittttttt!itlttttttt-tt--ii-tttttwt*ﬂtwttt
READ IN DAILY DAYA DNE MONTH AT A TIME (FROM FILE 21)
v sl ol ol ol ol vl ol sl ol ol o i sl i gt vl o ke ke vk sk vk vk e vk i sk ke sk e i oie e e e e wesie e v i vir ol o oirvie sl e ol e i i i ol ol ol ol vl sl il o o o o e

505 £(1)=0.0 w622/7
DO 520 L=1,31
IF{MOSTRT.ER.1)G0 TO 515 WG1B/7
READH21,510,END=99) [ST(D, EYR, MO, IDAY (L), RATNCL), THAXEDCL), WG15/1

*JMINID(L) ,PAN{L),STRFL{L),SMOBS1(L), SMOBS2¢L),ETLY(L) ,APLIRRCLY, WG1S/1
*STMQOBL ), DPKOBCL) , CFACD(L)Y, ALAIDCL) 61577

510 FORMATCAB,312,4(F5.%,1%),F7.3,1%,4(F5.1,1%),F7.3,F5.2,1X,F5.3, 1X,
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*F4.2)
CHECK WHETHER DATA STARTS [N MONTH 1 OR HOT,
URTIL 1 = MO
IF{4O_NE.Y)THEN
MOSTRT=1
GO TO 2
ELSE
MOSTRT=0
ENGIF
K=1DAY(L)+1
RELCK+3)=RAIH{L)
STRMFL(K)=STRFL{L)
1F(EQPET .EQ.4. JAPANCI  K)=PAN{L)
IF(EQPET.LE.3.0R .EQPET_E0.6. JTHEN
1F{RFL{K+5).GE.5.)APANC] ,K)=APARA(1,K)*0.B
IF{RFL{K+3).LT.2. JAPAK(L  KI=APANA(] K)
1F(RFL{X+5).EQ.0.JAPANCT  K)=APANAC) ,KI*1.05
ENDI1F
E¢1)=E{[ y+APANCT,X)
JF{TEHP EQ.2.)THEK
THAXD{K)=THAXID(L)
TMEND(K)=TMINED{L)
ENDIF
CBSTOI(K)=SHOBS1(L)
ORSTO2(K)=5MOBS2(L}
ETLYSCK)=ETLY(L)
STQOBS(X}=STHQOB(L)
OPKOBS(K)=0PKOB(L )
CFACTO(K)=CFACD(L}
IFCLAIND EQ.23ELAIDCE ,K)=ALAIDCL)
APPIRRCK)=APLIRR(L)

CONVERT UNITS OF IRRIGATION APPLICATION [F NECESSARY
FFCIRUNET . EG. 1.AND. IRRAPL .EQ. 1 )APP IRR{K)=APPIRR{X)*B&40/RATIRR(1)

DAYS(2)=28.
TFCHODCIYR, 4} .EQ.0)DAYS{2)=29.
IFCIFIX{DAYS(MO)).EQ. [DAY(L))GO TO 330
CONTINUE

HDYM=1F1X{DAYS(MO))

DAILY LINACRE CALCULATIONS (USED WHER DAILY TEMPS AVAILABLE}

IF{EQPET.EQ.7.)THEH
DO 340 X=2, (NDYK+1)
TDAY (K )={ THAXD{K)+THIND(K)) /2.
THLIHD(K)=TOAY({K)+0,006*ELEV

WG15/T

1F ROT SKIP THRCUGH LODOPS

WG18/7
HG1447
WG18/7
WGi8/7
WG1B/7

WG4 /11
HG4/ 11
HG21/1
WG4/ 11

WG27/6

MGi&/7

WGI16/T
HG16/7

WE13/7

THITDO{K }=0.0023*ELEV+D. 37*TRAY (K)+0,53* { THAXD (K) - TMIND (K} }+0.35

* MTOD-T(IN-10.9
[F(THITOD(K}.LT. 4. YTHITDDCK)=4,

APAN(CI,K)=(&50 *THLINDCK) /(85 -ALAT )-5&.+(5 . +4  *WNDSPD)*

*  THMITDD(K})/(BO.-TRAY(K))

CONVERT THESE VALUES FROM LAKE TO PAN EVAPORATION WITH FACTOR OF 1.00

APANCE,KI=APARLT,KY*1.00
IFCRFLCK+S) .EQ. 0. JAPANC T, K)=APANC1,K)*1.05
IFREL{K+5).6E.5, JAPAN( T, XY=APAN(] ,K)*0.58
CONT{NUE -

ENDIF

SET STORAGES FROM PREVIOUS DAYS' READIMGS

WG4/ 1
WGe28/6

CALL PREVDY(STO1,ST02,PLINT RFL,ERFL,DEFt,DEF2,RUNCO, STRMCO, STOIR,

*DAMSTO, DAMPER , OVERFL ,SUPPIR, [RRAPL)

HGI5/1
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CALL INITMO(TSUR,TE1,TEZ,TOPE,TAET,TAET], TAETZ, TET, TREIR, TRUN,
*TERAIN, TRALN, TSTORM, TQUICK, TOISCH, TSTREM, TPLIKE, TAETIR, TSTOIR,
*TIRRFL, TSURIR, TREQIR, TAPAN, TPOSEV TASOEV, TPOTR1, TPOTRZ, TTRANT,
*TTRANZ2, TPTRAN, TTRANS, TETLYS, TSEDYD, TORPELR, TOVERF, 1, IEMPTY, ICONSC, WGY5/1
*TSUPTR) WG2B11

CALCULATION OF DAILY WATER BALANCE; HDYM=RO DAYS IN MONTH

DO &0 K=2,(NDYH*1)

CHECK WHETHER DAILY PE AND RAIMFALL HAVE TD BE CORRECTED FOR A
SYSTEMATIC ERROR

1F(PANCOR.EQ.1)APAN(I ,K)=APAN(T K)*CORPAN(I}

1F{PPTCOR,.EQ. 1, RFL{K+5)}=RFL(KX+5)*CORPPT{I) WG4/ 11
IF{PPTCOR.EQ.2. IRFL{K+5}I=RFL{K+3)+CORPPT(1) WG4 /11
IF{WRIRR.EQ.1.AND.PPTIRR.NE.D.RFLIR(K}=RFL{K+5)*PPTIRR
IF(WRIRR.EQ.%.AND.PPTIRR.EQ,O. JRFLIR(K)=RFLLK5 )

CONVERT PAN EVAPORATION TD CROP POTENTIAL EVAPOTRAMSPIRATION

Write a-pan eveporation to file 14 for comparison
write(14,999)4, k-1, apan{i, k)
format(2x,2ié&, f10.2)
DPECK)Y=APANCL ,KI*CAYD(] K-1)
DPEIR{K)=APAN(T K}*CAYIRR(I}
DAMET{K)=APAN( T, K)*PANDAM
CALCULATION OF CONST, THE FRACTION OF P.A.M. AT WHICH STRESS SETS IN.
EF CRITICAL LEAF WATER POTENTLAL LS NOT USED, A FIXED VALUE OF 'CONST' [S
USED. IF IT IS KDT USED IM THE CALCULATIOM, ‘'CONMST' 1S A VARIABLE FOR THE
DAY AND TT IS CALCULATED HERE

[F(CRLEPD.NE.D. }CONST=0.94+0.26*CRLEPO/ (APANC 1, K} )
[F(CONST.LT.0.1)CONST=0.1

APPORTION POTENTIAL EVAPOTRAHSPIRATION TO A ARD B HOR1ZOHS.

BEFDRE THIS IS DOME, THE INTERCERPTED WATER OF THE PREVICGUS DAY FIRST HAS
TO BE EVAPORATED AT POTEHTIAL RATE FROM THE INTERCEPTION STORAGE I.E.

AT D.3 INTERCEPTEIOM LOSS

TF(RFL{K-1+5}.GT.0.ITHEN
1F{APAN(T K} .GE.O.5*PLINT{K-1))THEN
ETINT(K)=0.5*PLINT(K-1}
DPECKY=(APAM(T,K)-ETINT{K))*CAYD(I K-1}
PANRESC(KI=APANC]  K)-ETINT(K)
PLINT(K)=0.0
ELSE
ETINT(K)=APAR(] K}
DPE(K)=D.001
PANRES(K)}=0.001
PLINTCRY=0.S*PLINT(K-1)-APAN(T KD
ERDLF
ELSE
PANRES(K)=APAN(] K} WG 6/8
ENDIF
PP1{X)=DPE(K)*RODTA{I)
PP2(K)=DPE(K)I*ROOTE(1])
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CALCULATE ACTUAL EVAPDTRANSPERATION (AET)

CHECK WHETKER EVAPORATION ARD TRAMNSPIRATION TO BE ESTIMATED SEPARATELY
(EVWTR = 2} OR TOGETHER (EVIR = 1)

[FCEVTR.EQG.1.)THEN

AET CAN EQUAL PE, BUT 1S LESS IF AVAJLABLE SQHL MAOISTURE < FRACTION, I.E.
IF STRESS HAS SET IN

CALCULATION OF AET FOR A HORIZOM

TFCSTO1(K-1).GE . (PAWT*CONST+SMWP 1) ITHEN

HO STRESS SITUATION, THEREFORE AE=PE FDR DAY
AET1{K)=PP1(K)

ELSE

STRESS SITUATION, THEREFORE AE < PE
AET1(KI=PP1(K)*(STOT(K-V)-5HWP 1)/ (PAWTI*CONST)

EHDIF

CALCULATION OF AET FOR B HORIZON

IF{ST02(K=-1).GE.(PAN2Z*CONST+SHWP2) ) THEN
AET2(K)=PP2(K)
B-~HORIZON IS NOT UMDER STRESS BUT IF A-HORIZON 1S, B-HORIZON WILL
CONTRIBUTE MORE THAH EXPECTED FROM 1TS PROPORTION OF ROOTS IF THE
VEGETATION 1S5 ACTIVELY GROWING (1.E. IF ROOTB > 0.1)
IE{RODTB{I).GT.0. 1. AND.PP1{X).GT.AETT1(K)JAETR(K)=AET2(K+D.5* WG12/7
* (PPH{K}-AETI{K)} WG2,/7
ELSE
AET2{KI=PP2{K)*(S5TOZ2(K-1)-SHWPZ) /(PAW2*CONST}
B-HORIZOH IS UNDER STRESS AND [F A-HORIZON 15 NOT, A-HORIZON WILL
CONTRIBUTE MORE THAN ENPECTED FROM 1TS PROPORTION OF ROOTS:
IF¢PPI{K}.EQ.AETI(K}IRET1(KI=AET1(K)+0.5*(PP2(K}-AET2(K) ) HWG18/6
ENDIF
AET(KY=AETI{KI+AET2(K}+ETINT(K)
SET MEW STORAGES
STOV{KI=STOI(X~1)-AETI(K}
STOR¢X)=5TO2(K~13-RET2(K)

CHECKX FOR OVERALL STRESS
IFCAET(K).GE. (O.53*DPE(X)}ITHEK
PLSTRS(K)=0.0
ELSE
PLSTRS(X)=1.0
EMOIF
ENDIF

CALCULATE TRANSPIRATION AMD SOIL EVAPORATION SEPARATELY BY THE RITCHIE
{1972) APPROACK

1F{EVTR.EQ.2.JCALL RICHIE{CAYD, POSOEV,PAMRES,ERFL,ASOEY, 5101,
*POTRAN,PDTRY,POTRZ, RODTA,ROOTE, CONST,ATRANT, ATRANZ  AETT, AET2, AET,
*5TOZ2,EVINT ,ATRANS,PLSTRS ELAID} WGis/?

CALCULATE SOIL STORAGE. START WITH TOP SOIL LAYER.

FOR DRYLAND CONDITIONS, FIRST ASSTRACT STORMFLOW BY SCS-SMB MODEL [F
RAINFALL 1S GREATER THAN OR EQUAL YD 1 MM FOR THE DAY.
THIS ABSTRACTION INCLURDES TMTERCEPTIOM.
FF(LYSIM.EQ, 1160 7O 553 WG15/7
JF(RFL:" +3).GT.1.)THEN
DETERM: »2 THE DEPTH OF HORIZON TO BE USED IM CALCULATING DEFICITS
1FCSMDOEP , LE .DEPAHO )} THEN ES24/6
SHO(K Y= {XXXKX-STD1(K} }*{SMDDEP/DEPARD) E524/6



ELSE
SMDCK ) =(XXXXX-STAT{K ) +{SHPD2-STQ2{K ) )" { { SHODEP-DEPAHD )}/ ES2446
. DEPBHD) ES24/6
ERDI1F

[F{SMD{K).LT.0.)5MD(X}=0.01
RFLNETIK)=RFL(K+53)-(VEGIRT{J)-PLINT{K})
[F{RFLNET(K).LE.COIAM{I}*SHD{K} GO TO 550
C CALCULATE STORMFLOW
STORMO(K)=(RFLRET(X}-CO[AM(1)*SMD{K})"*2/(RFLRET{K}-COIAM{I)
*  *EMD(KI+SHO(K))
C CALCULATE PEAK D1SCHARGE
IF(PEAK.EQ.1.)CPEAK(K)=0_20B3*STORKQ(K Y*AREA/(1.B3*CLAG)
C CALCULATE SEDIMENT Y!ELD BY WILLIAMS & BERNDT M.U.S.L.E.
IF(MUSLE .EQ.1)THEN
TF{I0B5TQ.EQ. O)STORM{K)=STORMO(K }
IF(I0BSTR.EQ, 1)STORM{K)=STAQBS(K)
[F{10B5PK.EQ. DIPK{K)}=QPEAK(K)
{ECI0RSPK,EQ. 1)PK(K )=0PKOBS{X)
1F(ICOVRD .EQ,D)SEDYLD(K)=11.8* (STORM(K )} *AREA™T000. *PK(K})**
* 0.56%ELES*COVERE 1 }*SO1FAC*PFACT
IF{ICOVRD.EQ.1)¥SEDYLD(X)=17.8*(STORM{K )} *AREAY1000, *PK(K) )}**
* 0.56*ELES*CFACTD{K)*SQ1 FAC*PFACT
ENDIF
ERFL{K)=RFLNET{K)-STORMA{K)
QUICKF({K)=GFRESP*{STORMQ(K)+STRHMCO(X-1})}
STRMCO(K)=(1. -OFRESP)*{STORMO[K )+STRMCO(X-1}))
PLINT{KI=VEGINT(I)

ENDIF
c
550 IF(RFL{K*5).LE.1.0R,RFLHET{K) . LE.COTAM{ T Y*SHD(K) ) THEN
c
¢ ABSTRACYT MINTERFLOW" FROM PREVIDUS DAY

QUICKF(K)=STRMCO(K-1)}*QFRESP
STRMCO(K)=STRMCO{X-1)}-QUICKF(K}

555 IF(RFLCK+5).GT.0,AND, RFL(K+5).GE. VEGINT (1)) THEK
c ABSTRACT IWMTERCEPTED RAINFALL TO OBTAIN DAILY EFFECTIVE RAIHFALL AND
C [MTERCEPTION LO55

ERFL{KI=RFL{K+5)-VEGINT(I)
PLINTCR)=VEGINT({1}
ELSE
PLINTCK)=RFL{K+5)
ENDIF
ENDIF

C CONTIRUE WITK SOIL STORAGE CALCULATIONMS
STOY(K}=STO1{K)+ERFL{K)

c CHECK STATE OF SDIL STORAGES
IF(STO1(K).LE.SHWP])THEN

c STORAGE 15 NOW BELOW WILTING POIRT
C JF STORAGE IS BELOW WILTING POINT, IT IS SET TO SOIL MOISTURE STORAGE AT
c WILTING POINT

SUR1{K)=0.0
DEF1(K)=PAW1
STO1(K)=SMWP1
ELSE
I [F STORAGE 1S NOW PDSITIVE, CONTLNUE CALCULATION OF SOIL MQOISTURE
1F¢STOVCK).GT. SMEC1)THEN
C STORAGE IS NOW IN EXCESS OF PLANT AVAILABLE MOISTURE
SURTCK)=STO1(K)-SHFC1

o A FRACTION OF THIS SURPLUS WATER NOW REMAINS [W STORAGE, THE REMAINDER
C ORATHS TD THE MEXT HOR]ZON
DEFI(K)=SHFL1-5TO1{K) WGiB/S

STOICR)=SMFC1+ (1. -ABRESP Y*SURT(K)
SURT{K)=ABRESP*SURi{K)
ELSE
C STORAGE IS HOMW BETWEEN CAPACITY AMD W(LFIHG POINT
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SURT(K2=0.0
DEF1(K)=SHFCT1-STO1¢K)
ENDIF
ENDIF

CALCULATE SOIL MOISTURE BALANCE FOR LOWER S01L LAYER

STOR(K)y=STO2(X +SUR (K]
[F{STOZ{K).LE.SHWP2)THEN
SURZ2(X)=0.0
DEF2({K)=PAWZ
STO2({K)=5HUPZ
RUM K )}=RUNCOCK - 13" COFRU
RUNCO(K )=RURCOC(K-1)-RUN(K)
ELSE
THECK WHETHER STORAGE 1N LAYER 2 EKCEEDS PAW OF LAYER 2. IF 30,
SAYURATED DEEP PERCOLATION OCCURS
1F(STO2({K}.GT.SMFC2)THER

SURZ(K}Y=ST02(K)-SMFC2*BFRESP WG19/6
AGATH A FRACTION OF SURPLUS WATER PERCOLATES QUT AND A FRACTION REMAINS
STO2(K)=STD2(K) -SURZ{K) UG 1/4
DEFR{K)=SMFC2-STO2(X) WG 1/4
RUNCOCK }=RUNCO(K-1)+5UR2(K> WG 174

RUN{K }=RUNCO¢K Y*COFRU
RUNCO(K y=RUNCO{K)-RUN(X)
PERC{K)=0.0 uG 144
ELSE
STORAGE IM LAYER 2 WOW BETWEEH CAPACITY AND ZERD
SUR2{K)=0.0
RUNCKY=RUKCO(K-1)*COFRU
RUNCO(X 3=RUNCO{K~ 1) -RUN(K)
DEF2{K)=SHFC2-STO2(K}
ENDIF
ENDIF

UNSATURATED SC[L HOISTURE REDISTRIBUTION
1F{1UNSAT .EQ. 13CALL UNSAT(PERC,RUNCO) WG4s11

TFCIUNSAT .EQG.2) THEN
AETWAT=AET 1 (K)+AET2(X)
ERAIN =ERFL(X)
SEVAP =OPE(K)
CALL WATFLI(AETWAT,SEVAP,ERAIN,I,K,STO1,5T02,RO0TA,ROOTE,DEPAHQ,
*DEPBHO)
ENDIF

[RRIGATION REDUIREMENTS ARE NOW CALCULATEQ

IF(WRIRR.ED.1_)THEK : WG2011
[F{iRRAPL.EQ.2)THEN - HG2011
OVERAC(K)=OVERFL{K- 145 )+0VERFL (K~ 2+3)+OVERFL(K-3+5)+
* OVERFL(K-4+5)+OVERFL{K~5+5)
OVERAC(K)=0VERAC{K}*{1.-CONLDS)

ENDIF

CALL [RRIGW(STDIR,REQ[R,EFFIRR, IRRAPL ,CONLOS, FAHLOS, FRRMON, wehA /1
* BFRESP,CONSTE,SCHED, PLADEF ,AMTIR,RESYLD  HAERR ,DAMSTO, SMPQIR, -
= RFLIR,COIAM, VEGINT ,SUPPIR,OVERFL,OVR,OVERAC) WG2811

PRINT OUT NEW VALUES OF OVERFLOW FOR END OF PREVIOUS MONTK 1IF THEY HAVE
BEEN CHANGED
1F{ IRRAPL .ER.2.AND . OVR.E0Q, 1, }THEN WG15/1
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{FCR.ED.S5IWRITE(S, S560)OVERFL{0+5)
1FCR.EQ.LIWRITE(S, 5603 (OVERFL{L+3},L=0, -1 -1}
TF(K.EQ.3URITE(S, S0 (OVERFL{L+T},L=0,-2,-1)
EF(K.ED.2YWRITE(H, 60 (OVERFL{L+3),L=0,-3,-1}
560 FORMAT(1X, *RE-ADJUSTED VALUES OF OVERFLOW FOR END OF PREVIOQUS
*MONTH:' 4F6.2)

ENDIF WG2711
EMDIF

CHECK WHETHER IRRIGATION APPLIED UP- OR DOUNSTREAM OF RESERVOIR
IFCUPSTIR.EQ. 1. AND.SURIR{K}.GT.0.)THEN ' HGRTYY
tFCIRRAPL.EQ.0.AND.RESYLD.EO. 1.0R. [RRAPL _EQ.2)RUN (K )=RUN LK )+
*  SURIR(K)

ENDIF wg2711

[x]

CALCULATE RUROFF FOR DAY
TFCERUN.EQ. 1)STMSOCK }=QUICKF (K )+RUNCK ) sJo
[F{IRUN . EQ. O)SIMSQ{KI=CUICKF (X} SJD

RESERVOIR YIELD ANALYSIS

naonan

IF(RESYLD.EQ.1.)CALL RESANL(DAMPER,DAMSTO,SIMSOD, SUPPIR,DAMET, WG201
*QVERFL K, RFL, 1, 1EMPTY, ICONSC, SURFAR  XDRAFT ,WRIRR, PUMPIN) WGE19/6

DAILY VALUES ARE STORED IN ARRAYS FOR LATER WUSE IN THE STATISTICAL
PACKAGE  removed - 1ja 26/9/86

MONTHLY VALUES OF THE WATER BALANCE ARE NOW TOTALLED PER DAY

NN ErErEsEr NN N

CONSTA{K)=CONST
TRATR{T)=TRAIN{I J+RFL{K+3)
TERAINCI J=TERAINCI )+ERFL{K)
TET{I)=TETC(1}+PP1{K}
TE2(13=TE2{1}+PP2(K)
TDPE{1)=TDPE(1)+DPE(K)
TBPEIRC1)=TDPEIR{ [ }*DPEIR(K)
TAPAN(1 )=TAPAHCL Y+APANCT K]
TSURCTI=TSURL [ }+SUR2(K)
TRUNC1Y=TRUN{T }+RUNCK)

TSTORM{1 )=TSTORM(1)+5STORMG(X)
TOUICK{ T )=TQUICK(1)+AUICKF(K)
TAETZ2(1Y=TAETZ(I)+AETZ(K)
TAET1{1)=TAET1(1)+AET1(X)
TAETC[)=TAET(1)+AET(K}
TET{L)=TET{I)+ATRANS(K)

TPOSEV( | )=TPOSEV({ | }+POSOEV(K )
TASOEV{E )=TASOEV{ I J+ASOEV(K)
TPOERI{ L )=TPOTRI(1}+POTRI(K}
TPOTR2(1)=TPOTR2(1}+POTR2Z(K)
TTRANT (1 )=TTRANICT J+ATRANTLK)
TTRANZ(1)=TTRAHZ(1}+ATRANZ(K)

TRTRANCIX=TPTRAR{I }+POTRAMN(K}

TTRANSCI)=TTRANS( I Y+ATRARS(K)

TRQIR(II=TRRIR{ [ }*REQIR(K)

TSUPIRCII=TSUPIR{ I )+SUPPIR(K) WG2813
TSTREM(1)=TSTREM(1 )+STRHFL(K)

TOUSCH{I)=TDISCH( ) }+S1MSQ(K) WG2L /T
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TRLIRTC I y=TPLIKTCII+PLINT(K]}

TAETIR{[}=TAETIR{1I+AETIR(K)
TSTQIRC [ }=TSTAIR{I)}+5TAIR(K)
TIRRFLSL }=TIRRFLLII+ERFLIR(K)
TSURIR( I }=TSURIR{I}+SURIRCK}
TREQIR{ [ }=TREQIR{1)+REQIR(K}
TETLYSE I YSTETLYS{ 1 )+ETLYS(K)
TGVERF [ L Y=TOVERF {1 )+DVERFL{K+5}
TSEDYO(])=TSEDYD(] M+SEDYLD(X)
ONO = PENTAD WUMBERS, 1 - &
OHO(K)=K-1

CROP YIELD ROUTINES

[F{WRTYLD.EQ.0.)G0 TO 40

1F(CROP.EQ.1.)CALL MZPREP(PRAIN,TPRALH,LSTART,LDAY, [STHO, ISTOAY,
*NSTRES,MSDAYS, TOTAET, TOTPET , LGROW, STAET, STPET ,ATRANS RFL ,MRIRR,
*AETIR,DPEIR)

IF{CROP.EQ.2.)CALL CHMPREP(I K, STCAN,TOTCAN, AET1,AETZ HWRIRR AETIR)

60 CONTIRUE

571

572

THIS IS END OF DAILY MOISTURE BUDGET LODP

ROUTINE FOR COMPUTING IRRIGATION REQUIREMENTS AMD ABSTRACTING THE WATER
FROM THE RIVER, HENCE REDUCING DAILY STREAMFLOW. DAILY IRRIGATIOM
REQUIREMENT AMD STREAMFLOW REDUCTIONS ARE CALCULATEDR FROW THE MDNTHLY
TQTAL

IF(WRIRR.EQ.]1.AND.IRRAPL.EQ.3.AND . IRRMON(1) .ED.1)THEN WG25/7
TOISCHCT »=0.0
DAYIRR=TREQIR(I)/KDYH
CALCULATE MEAN DAILY IRRIGATION REQUIREMENT 1N M**3 FOR AREA UNDER
IRRIGATION

DO 571 K=2,(HDYM+1} .
DREQIR (K)=DAY IRR*HAIRRC[)*10, .
SUPPIRCKI=DREQIR(K)}/{1. ~CONLAS}/{1.- FAMLOS) /EFFIRR wG2011
ADD VALUE FROM END OF PREVIOUS MONTH

SUPPIR(2)=SUPPIR(2)+SURPIRL1) WG2011

DO 572 K=2,(NDYH+T) .
SIMSA(K)=5TM50(K}*AREA*1000. .

IF{SIM5Q(K).GE.SUPP1R{X)}THE" .
SIMSQCK)=5IMSO{K)-SUPP[R(x .

ELSE .
SUPPIR{K+1}=SUPPIR{K+1)+5U#PiR(K)-STMSALK) wsz011
SUPPIR(K)=SIMSQ(K) wi2011
SIMSQ(K)=0.0

EHDIF

SIMSO(K)=STM5Q(X}/ (AREA*1000.
TDISCHC1)=TDISCH(IY+SiMSO(R)

STOIR(K)Y=STOIR(K)+SUPPIR{K]I*( . CONLOS)*“(7.-FAMLOS)*EFFIRR HWG2Q11
CONTINUE .
ENDEF UG25/7
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MOHTHLY VALUES ARE STORED IN ARRAYS FOR LATER USE [N THE STATISTICAL
PACKAGE, removed - |ja 26/9/86

OPTION FOR PRINTING DAILY MOESTURE BUDGET WITH MONTHLY SUB-TOTALS

IF(WRIDY .EQ.7.)CALL PRTOLY(RESYLD, YOVERF ,AET,TSUPIR) WG15/1

OFTION FOR PRINTING MONTHLY MOISTURE BUDGET WHEN DAILY VALUES KOT
REQUESTED

[F(WRIMO.EQ, 1. AND.WRIDY.EQ.0, )CALL PRHTMOCEVTR, TAPAN, TOVERF,
*TIRRFL, TDPEIR, TAETIR, STQIR , DAMPER, SMDIR, TSTGIR, TSURIR, RESYLD, WG15/1
*IRRAPL, TEMPTY , ICONSC, TREGIR)

SUMMATION OF ANNUAL TOTALS
SUMMATION OF ANNUAL TOTALS

SUMRA=SUMRA+TRATN( 1Y
SUMPE=SUMPE+TDPE( 1)
SUMPE]=SUMPEI+TDPEIRCI}
SUMPE1=SUMPE1+TEI(1)
SUMPE2=SUMPE2+TE2{1)
SUMERA=SUMERA+TERAIN(T )Y
SUMAE=SUMAE+TAET(1}

SUMAET=SUMAET+TAETIR(]1)
SUMAE1=SUMAE 1+ TAET1{I}
SUMAE2=SUMAEZ+TAET2(])
SUMET=SUMET+TET([ )

SUETLY=SUETLY+TETLYS(1)
SUMPSE=SUMPSE+TPOSEV(T)
SUMASE=SUMASE+TASOEV(I)
SUPTRI=SUPTRI+TPOTRI(1)
SUPTR2=SUFTR2+TPOTR2(I)
SUATRI=SUATRI+TTRANICL)

SUATR2=SUATR2+TTRANZ(1)
SUAPAN=SUAPAN+TAPAN(I1)
SUMPTR=SUPTR 1+5UPTR2
SUMATR=SUATR1+5UATR2
SUMIR=SUMIR+TRGIR(1)
SUMEU=SUMSU+TSUR(I)
SUMRU=SUMRU+TRUN(1)
SUMaU=SUMQU+TAUICK( 1}
SUMINT=SUMIRT+TPLINT(I}"

SUMIRA=SUMIRA+TIRRFL(E}

SUSUIR=SUSUIR+TSURIR( 1}

SUDIR=SURIR+TSTOIR(])

SFLOW=SFLOW+TDISCH{1)

SDATA(LMN, 1 )=TDISCH{1}

ODATA(LMN, 1 }=TSTREM(1) SJo
PDATA{LMN, 1 }=TRAIN{1} SJ0
DIRRIG{LMN, 1 )=TRAIR(])}

SUMST=SUMST+TSTREM(]1}

SUMSED=SUMSED+TSEDYDC | }
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CALL ANSUMS

STORE VALUES OF DAM LEVELS AT END OF EACH MONTH FOR PROBABILITY AMALYSIS
OF DAM STORAGE

DAMDAT{LMK, | y=DAHPER{HDYH+1)

VALUES OF LAST DAY OF MONTH ARE STORED FOR USE OM FIRST DAY OF MEXT
MONTH OR YEAR

CALL LDVALS(SOLLY,SOFL2,SOILI,PLINTC,RCO,5TCA,RFLE, EFPPT,STODAM,
*PERDAM, ETDE ,OVER, SUPP, [RRAPL,DEFCTT) 54D

END OF MAIN LOOP

CONTIHUE

SDATA(LHN, 13)=5FLOW
ODATACLMN, 13}=5UMST SJD
POATACLMN, 13)=SUHRA SJ0
DIRRIG(LMN, 13)=5UMIR

THE MOWTHLY MOISTURE BUDGET HAS NOW BEEW ESTABLISAED - GIVE ANNUAL TOTALS

TF(WRTYLD.EG.1.)50 TO 620
TF(HRIMO.EQ. T, IWRITECS, 570
FORMATL (%, 120"~ '))

{F(WRIMD.EQ.1.AND .EVTR.ED.T.AND. [RRAPL.E0.0}WRITE(&,5B0)SUMRA,
*SUMERA, SUMPE , SUMAE , SUMSU, SUMRU, SUMAU , SFLOW, SUMST , SUMIR

FORMATC1X, *TOTALS' 4, FB.1,F9_1,2F7.1,29%, F7.3,F8.3,4F7. 1)
IF(WRIMO.EQ. 1.AND.EVTR.EQ, 1.AND. LRRAPL .EQ. TIMRITE(S, SPUISUMARA,

*SUMIRA, SUMPE] , SUMAEI , SUQTR , SUSUIR WE15/1
FORMATC X, ' TOTALS!, 5%, F7.1,2X,3F7.1,17X,F5.1, 18X, F7.1) NG15/1

IF(WRIMO.EQ.1.AND.EVTR.EQ. 1.AND. IRRAPL.EQ.23WRITE (6, 600ISUMRA,
*SUMERA , SUMPE , SUMAE , SUMSU, SUNRU , SUMQU, SFLOW, SUMST , SUMIR
FORMAT(1X, ‘TOTALS',5X,F7.1,2X,3F7.1,28X,2¢1X, F7.3),4F7.1)

TF(HRIMO.EQ. 1. AND EVTR.EQ.2. )WRITE(SH, &10)SUMRA , SLIMERA, SUAPAN,
*SUMPSE , SUMASE , SUMPTR , SUMATR , SUMSU, SUMRU, SUMOL, SFLOW, SUMST , SUHIR

510 FORMAT(1X, 'TOTALS',3X,7F6.1,26¥%,2F6.2,F7.1, F8.1,F7.1,F6.1)

620

29

CROP YI{ELD MODELS

EF(HRTYED .£Q. 9. )THEN
1F{CROP.EQ.1.)CALL MZCALC(TOTAET,TOTPET ,NSTRES,LSTART,LDAY,
* 1STHO, 1STOAY ,STAET,STPET, LM, CDATA,XHDP,PLDATE,ENDAET ENDPET)
1F{CRUP .EQ.2.)CALL CHCALC{TOTCAN, STCAN,LM,CDATA)
ENDIF
GO TO 200
CONTIHUE
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AT THIS STAGE THE PROGRAM HAS GONE THROUGH THE ENTIRE DATA SET.
STATISTICAL ROUTINES/OPTLIONS FOLLDW
- removed - Lja 26/9/86



SUBROUTINE CBIFUN

({FILE : OBRJFUON)
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SUBROUTINE CBJFUNCKX, YT, N,L, T0ORPTH)

PACKAGE FOR MEASURES OF MODEL PERFORMANCE HASED ON WORK OF P.J.T. ROBERTS
(1978} AND ADAPTED FOR USE [N THE ACRU MODEL 8Y C.B. SCHULTZ WITH EXTRA
ADDETIONS AS RECOMMENDED BY PROF. R.E. SCHULZE, NOV. 1983.

THE MEAN, STANDARD DEVIATION, VARIANCE, CORRELATION COEFFICIENT,
COEFFICIENT OF DETERHINATION, COEFFICIENT OF MODEL EFFICIENCY, STUDENTS

T VALUE, REGRESSION COEFFICIENT AND BASE CONSTANT OF REGRESSION EQUATION
ARE PROVIDED FOR SIMULATED ANMO OBSERVED FLOW VALUES. THE PRESENCE Of
SYSTEMATIC ERRORS 15 ALSO [MDICATED. THE PACKAGE CAW BE USED FOR MONTHLY
OR DAILY EVALUATIONS DEPENDING ON OPTIQRS CHOSER [N THE MAIN PROGRAM.

IF ICOMPR = 0 THIS PACKAGE IS5 OMITTED.

If ICOMPR = 1 AN ANALYSIS 15 DOME FOR DAILY FLOWS

IF [COMPR = 2 AN ANALYSIS IS DOME FOR MOHTHLY FLOWS

If [COMPR = 3 AMALYSES ARE DONE FOR DAILY AHD MONTHLY FLOWS

AN OPTION ALSO EXiSTS FOR THE USE OF LOG VALUES SHOULD THE USER WISH TO
PREVENT GIVING TOO HUCH WEIGHT TO HIGH FLOWS

IF LOGVAL = O ACTUAL VALUES ARE USED

IF LOGVAL = 1 LOGARTTHMIC FLOW VALUES ARE USED

DIMENSIOM XX{4000),YY(4000)
INITEALIZATHONS
SPXY=0.

sYsa=0.

SXSQ=0,

SUMY=0.

SUMX=0,

SUMMX =10,

SKMY=0.

00 30 1=1,N

IF (L.NE.1) 6O TO 10

HXCTY=XX{1)*1000.
YYCRI=YY(1)*1000,

TF (X¥CI).LT.1.00X(13=1.0
UF (YY(1).LT.1.0) tY(i)=1.0
NVAL=ALOGIO(AX(I))
YVAL=ALOGI0CYY (1))

GO TO 20

XVAL=XX( 1)

YVAL=TY(D)

SUMX=SUME-+XVAL
SUMY=SUMY+YVAL
ASQ=XVAL**2.0
YSQ=YVAL**2.0
SXSA=5X5Q+X50
SYSU=5YS5Q+YSQ
PXY=XVAL*YVAL
SPXY=SPXY+PXY

IF ¢{SUMX.GT.0.).AND.{SUMY.GT.0.}) GO TO 40
AMERX=0.
AMENY=0.
CCOF=0.
TTEST=0.
RECD=0.
BASE=0.
SDEVY=0.
VARY=0.
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501=0.
VARX=0.
S0X=0.
EVAL=0.
SDIF=0.
GO TO 150
CALCULATE MEAN,STD.DEVIATION,VARIANCE,CORRELATION COEFFICEENT STUDENT'S
T VALUE,REGRESSION COEFFICIENT AND BASE CONSTANT OF REGRESSTON EQUATEOM
4D AMENX=SUMX/FLOAT(N)
AMENY=SUMY /FLOAT (N)
AX=SKXSQ-({SUMX**2_0)/FLOAT(H]1)
AY=SYSQ-((SUMY**2.0)/FLOAT(N})
TOP=SPXY~{ ( SUNX*SUMY ) /FLOAT(N))
CCOF=TOP/ ((AX*AY }¥¥0,5}
NCC=N-2
BHC=FLOAT{HCLC)
TYEST=CCOF*(BNC**0.5)/((1.0- (CCOF~CCOF))**0.5)
RECO=TOP/AX -
BASE=AMENY - (RECO*AMENX)
SDEVY=(AY**Q.5)*((1.0-(CCOF*CCOF ) )**0.50)
VARY=(SYSQ/NCC}- (AMERY*AMENY )
VARX=(SXSQ/HEC)- (AMERK*AMENK )
SDY=VARX**0.5
SDY=VARY**0.5
DO 50 J=1,H
XHMX=(XX{J )~ AMEHX }* {XX(J) - AMENX)
XMY=CXNCA 3 -TY (Y Y* (XX - YY L))
SEMMX=SXMMX+XMHX
SO SKMY=SKHY+XMY
CALCULATE COEFFICEENY OF DETERMIRATION AND COEFFICIENT OF MODEL
EFFICIENCY )
CODETR = CCOF*CCOF
EVAL = {SXHMX - SXMY}/SXKMMX
SDIF = ((SDX-SDY)/SDX)*100.0

ISYSER = 1
IF(EVAL.LT.CODETR)ISYSER = -]

WRITE(S,60)
4D FORMAT (7HO,42X,'STATISTICS DF PERFORMANCE OF ACRU MODEL'
* 7,62%,39¢1-1),// 40X, ‘A COMPARISON OF SIMULATED AND DBSERVED FLOW
"8,/
1ECIOPTN.EQ. 1) WRITE(S,70)
70 FORMAT(IX, 52X, 'FOR DAILY VALUES',//)
IFC10PTN.EQ.2) WRITE(S,B0}
BO FORMAT(IX,52X, *FOR MONTHLY VALUES',//)
1F(L.EQ.1IWRITE(S,50)
90 FORMAT(1X,12X,'LOG VALUES ARE USED FTHROUGHOUTY,//)
WRITE(S, 100)SUMKX, SUMY ‘ ,
100 FORMAT(IX,14X,  TOTAL DBSERVED FLOMS *,23X,'=',F30.3,
*#4,1K, 16X, 'TOTAL SIMULATED FLows',23x,'=',F10.3, /2]
HRITE(6,11U) AMENX , AMENY ,CCOF, TTEST ,RECO, BASE, SDEVY ,VARX , VARY
110 FORMAT (1X, 14X, 'MEAN OF OBSERVED FLOWS®, 22X, *=*f F10.3,//

*, 1%, 14X, "MEAN OF SIMULATED FLOWS =(,F10.3, 4/
1%, 14X, 'CORRELATION COEFEICIENT =+,F10.3,//
* 1%, 14X, 'STUDENTS T VALUE =1 F10.3,//
® 1%, 94X, "REGRESSION COEFFICIENT =+ F10.3,//
=, 1%, 14X, '"BASE CONSTANT FOR REGRH. EON. =',F10.3,//

“, 1%, 14X, *STANDARD ERROR OF SIMULATED FLOW =¢ F10.3,//

D22 g vre oo i o o




072°3%

*, 1%, 14X, *VARTANCE OF OBSERVED FLOW = F10.3,4/
=, 1%, 14X, *VARTARCE OF STIMULATED VALUES =', F10.3, /7
WRITE(6,120}S0X,S0Y,SDIF,CODETR, EVAL

120 FORMAT (1X, 14X, 'STAHDARD DEVIATICN OF X VALUES®, 13%,' =* F10.3,//

*,1%, 14X, *STAKDARD DEVIATION OF Y VALUES =4, F10.3,7¢
=, 1%, 14X, *PERCENTAGE DIFFERENCE [N STANDARD DEVIATION =',F10.3,7/
*, 1% 14X, '"COEFFICIENT OF DETERMINATION =, F10.3,7/
=, 1%, 14X, *"COEFFICIENT OF EFFICIENCY = F10.3,20)

FF{ISYSER.EQ. 1JURITE(S, 130)
130 FORMAT(IX, 14X, 'NO SYSTEMATEC ERRORS OETECTEOY,//)
FF{ISYSER.EQ. « 1 JWRITE{S, 140}
140 FORHMAT{IX, 14X, 'A#¥CAUT I ONSSY SYSTEMATIC ERROR DETECTED RHH*)
130 RETURK
END



APPENDIX D.3

SUBROUTINE ANSTUMS

(FILE ANS1)



<1

SUMMATION OF ANANUAL TOTALS
SUBROUTINE ANSUMS

DIMENSION TRAINC12),TDPE(12),TEN(12),TE2L 12}, TERAIN(12), TAET (12},
*TAETT1(12), TAET2(12), TET(12), TROSEVL 12}, TASDEV(12), TPOTR1(12),
*TPOTRZL1ZY, TTRANTC12), TTRANZ(12), TRAIR{ 12}, TSUR(12), TRUN(12),
*1QUICKC12), TPLINTC12), TDISCH( 123, TSTREMC 12}, SDATA(7D, 13),

*ODATALYD, 13, PDATALYO, 13),D1RR1GL70, 13), TAPAR(12), TSEDYD(12}, SJD
*TDREIR(12), TAETIR(12}, TLRRFLC12), TSURIR(12), TSTAIR(12), FETLYS(¢12)

COMMON/ARSUM/ SUMRA , SUAPAN , SUMPE , SUMPE 1, SUMPE2 , SUMERA , SUMAE ,
*SUMAE1, SUMAEZ, SUMET , SUMPSE , SUMASE , SUPTR1, SUPTRZ, SUATR1, SUATRZ,
*SUMPTR, SUMATR, SUMIR, SUMSU, SUMRU, SUMQU, SUMINT , SFLOM, SDATA,DIRRIG,
*SUMST, 5UMSED, LMN, TET, TPLINT, SUMPE], SUMAEE , SUMIRA, SUSUIR, SUDIR,
*SUETLY,ODATA, PDATA

COMHOM/COUNT /1, 1¥YR,NDYM, 1 TEAR X

COMMON/ [RRIGA/AET IR, 5MDIR, STQIR,ERFLIR,STOIRD, SURIR, TAETIR, TSTOIR,
*T[RRFL, TSURIR, TREQLR,DPEIR, TOPEIR , APPIRR, 1CYCLE, JSTART wG30ss

COMMON/PRTMO/TRAIR, FERAIN, TDPE, TAET, TPOSEY, TASDEV, TPOTR1,

*1POTRZ, TTRANT, TTRANZ, TPTRAN, TTRANS, TSUR, TRUN, TOUICK, TDISCH, TSTREM,
*TROIR
COMMON/TOTALS/TE1, TE2, TAET1, TAET2, TAPAN, TETLYS, TSEDYD

CONTIRUE

FEIEEEEIEIEIEEETRACES FRIIIEPII I IIERETEIREEL S
WRETE(™, ™)' SUBRDUTIHE AMSUMS®
FEELEIFRENEELILIEEETTIIILETEEE 00000 ELEE Y

SLUMRA=SUMRA+TRAIRN(I)
SUMPE=SUMPE+TDPE( 1)
SUMPEI=SUMPEE+TDPEIR{I)
SUMPE1=SUMPE1+TE1{[)
SUMPE2=SUMPEZ+TE2( ()
SUMERA=SUMERA+TERAIN{1)
SUMAE=SUMAE+TAET( ()
SUMAE I =SUMAE1+TAETER(1)
SUMAE1=SUMAE1+TAETI(1)
SUMAE2=SUMAE2+TAET2(1)
SUMET=SUMET+TET([)
SUETLY=SUETLY+TETLYS(I)
SUMPSE=SUMPSE+TPOSEV(I}
SUMASE=SUMASE+TASOEV(] )}
SUPTR1=SUPTRI+TPOTRI(1}
SUPTRZ=SUPTRZ+TPOTR2(1)
SUATRI=SUATRI+TTRANILT)
SUATRZ=SUATRZ+TTRANZ(1)
SUAPAN=SUAPAN+TAPAN(T )
SUMPTR=SUPTR1+SUPTARZ
SUMATR=SUATR1+SUATRZ
SUMIR=SUMIR+TRAIR(I)
SUMSU=SUMSU+TSUR( 1)
SUMRU=SUMRU+TRUN( )
SUMAU=5UMOU+TAUTCK(])
SUMIKT=SUMINT+TPLINT(1)
SUMTRA=SUMIRA+TIRRFL{I]
SUSUIR=SUSUIR+TSURIR{T}
SUQIR=SUQIR+TSTOER({])
SFLOW=SFLOW+TDISCHL] )
SCATACLMN, [)=TDISCH(T)
ODATACLMN, [)=TSTREN{1) SJD
POATACLMN, T)=TRAINCI ) SJD
DIRRIG(LMN, 1 )=TRDIR(I)
SUMST=SUMST+TSTREN(])
SUMSED=SUMSED+TSEDYD( L}
END
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APPENDIX D.4

SUBROUTINE PRNIMO

(FILE : PRNTMO)



[m el

Drd 1

OPTION FOR PREINTENG MOHTHLY MDISTURE BUDGET WHER DAILY VALUES NOT PRHDOO1D

REQUESTED. PRHOO02D

PRHOOO3D

SUBROUTEME PRNTMO(EVTR, TAPAH, TOVERF, TIRRFL, TOPEIR, TAETIR,STOIR,  PREDOO4OD

*DAHPER,SMOIR, TSTAIR, TSURIR,RESYLD, [RRAPL, 1EMPTY, ICONSC, TREQER) PRKDDOSO
PRHDDGS0

DIMENSION TRAINCI2), TERAINC12), TAPAR(12), TDPE(12), TAET(12), PRRODO70

=5T0i(32),5T02(32),bEF1(32;,0EF2(32), TSUR(12) , TRUN(12), TAQUICK(I2), PRHODDAD
*TRISCH(3I2), TSTREM(I2) , TROIR(12), TPOSEV{ 12}, TASDEV(12),TPDTR1(12), PRNODDSO
*TPOTR2¢12), TTRAN1{12], TTRANZ{12), TPTRAN(12) , TTRANS(12), TOVERF(12},PRNDO1DD
“TIRRFL{12), TDPEIR(12), TAETIR(12),STDIR(32) ,BAMPER(32]1,SMDIR(32), PRNOO110

*T$STOIR(12), TSURIR¢12), TRECIR(12) PRNDD120
CHARACTER HEAD®34 PRNOD13D
COMMOR/HDGHTH/HEAD PRNOO14D
COMMON/COUNT /5, 1 YR, NDYM, I TEAR, X PRNOO150
COMMON/PRINT/DEF1,DEF2,ST01,5T02 PRNOO14D
COMMON/PRTHD/ TRAIN, TERAIN, TDPE , TAET, TPOSEY, TASDEV, TPOTRY, PRNOO170

*TPOTRZ, TTRANT, TTRANZ, TPTRAN, TTRAHS, TSUR, TRUK, TGUICK, T 1 SCH, TSTREM, PRNOD180

*TRQIR PRNOO190
CONTINLE PRNOO200

FLPEFLEFFREEIILETIT I EEEEE LTI EEAEILLLLLELLEEEEERIEFRIIIAELL S L0888 8F7PRROO21D

WRITE(*, ¥} ' SUBRAUTINE PRNTMOY PRNOGZ220
R R L R T R R R L st

PRNOOZ40

IFCRESYLD.EQ.Q.AND. [RRAPL.EC. 1)GO TO ii0 PRNODZ50

IF{1.€Q.1.AND.EVTR.EQ.1.0R.1.EQ. 1 AND.RESYLO.EQ. 1, )JTHEN PRHOD260

WRITE HEADING PRHDD270

PRKODZBG

WRITE{14,10)HEAD PRRODZ20

iG FORMAT{//5%, 'MONTHLY SUMMARY OF HMOISTURE BUDGET',S5X,A34) PRNOOD300

WRITE(14,20) PRNDD310

20 FORMAT(S5X,80('-')) PRNDO320

WRITE(14,30) PRNGO33D

30 FORMAT (20X, 'EFFECTIVE', 13X, 2( X, *S.M.C. "), 3%, *DEF. DEF. DRAIN PRNOO34D
* BASE STORM EST. DBS. SUPP, OVER  DAM',/1X,'YEAR MOMTH RPRMOO3SD
*AIMFALL RAIMFALL  PET AET A-HOR B-HOR A-HOR B-HOR AGE  PRNOO360

* FLOW  FLOW RUMOFF RUNOFF IRRIGH FLOW  (%3'/) PRHOO370
ENDIF PRROD380

PRROD3IFO

IF(EVTR.EQ.1.0R.RESYLD.EQ.1.)THEN PRNDD400O

WRITE RESULTS FOR 'EVAPOTRANSPIRATION-COMBINED' METRCOD PRNBOG10

WRETEC14,5091YR, 1, TRAIHCT), TERAINCT), TOPECTY, TAETC ], STOTCHDYM# 1), PRHDD4 2D
*$TO2CNDYM+1), DEF1CHDYM*1) , DEF2(NDYH*1), TSURC LD, TRUNCT), TQUICKC!}, PRNOD43D
*TDISCH(I), TSTREMC1Y, TREQIRC]), TOVERF{1),DAMPERCHDYM+1), TEMPTY,  PRNOO44O

* | CONSC PRNO0450
5D FORMAT(1X,13,3X,13,2%,F7.1,F9.1,6F7.1,2FB.3 4F7.1,2F6.1, (", 12, , *PRNO04ED
*,12,091) PRNO0470
ENDIF PRHOO4AD
PRNOD490

110 [F(I.EQ.1.AND. IRRAPL .EQ. 1)THEN PRHOOSO0
WRITE HEADING FOR IRRIGATION APPLICATION PRNO0S10
WRITEC14, 10JHEAD PRHO0S20
WRITE(14,20) PRNDAS3O
WRITEC 14,803 PRNDO540

B0 FORMAT(20X, 'EFFECTIVE',15X,'S.M.C. DEF, STORM EFF., [RRIG. PERPRNDDSSO
*COLATION/', 71X, 'YEAR MONTH' 2CIX,'RAINFALL'}," PET  AET ',2('(MPRKOD56Q

*1D-HO)'), ' FLOM APPLICATION RECHARGEY, /) PRROOS70 -
ENDIF PRNOOSAD
PRHOOS90
TFCIRRAPL,EQ, 1DWRITEC 1A, 1002 TIYR, I, TRAINCI), TIRRFL(L ), TOPEIR(I),  PRNOO&E00
*TAETIR([),STOIR(16),SMDIRCIA)Y, TSTRIRCL), TSURIR(I) PRNOCAID
100 FORMAT(I1X, 13,3X,[3,2X,F7.%, F9,1, 3F7.1 1%, 2F7.1, 19X, F6. 1) PRUDDAE20
PRUDDS3C
IF{I1.EQ.1_AND_EVTR_EQ_2.)TKEM PRKDD&4D
WRITE HEADING PREDD&SD
HWRITE( 14, 10)HEAD PREODSAD

WRITE{14,20) PRHOGE7D



HRITE(14,560) PRNOOABOD
&0 FORMAT(I7X, *EFFEC',BX,'SOIL EVAP TRANPIRATION S.M.C S.H.C DEF DOPRHDDADD
“Ef DRAIN BASE STORM  ESTD DB5D SUPP.', /71X, 'YEAR MOWTH RAIN PRKDOZDD
* RAIN APAN POT ACT PDT ALY A-HDR B-HOR “a“ "“B® AGE PRROD71D

- FLOW FLOW  RUNOFF RUNOFF IRRIGN'/} PRNDD7ZD
EMDIF PRNDOT3D
PRHDD74L0

| FCEVTR.EQ. 2. )THEN PRNGO750
WRITE RESULTS FOR *EVAPORATIOM AND TRANSPIRATION' SEPARATED PRNDO760
WRITEC14,70)LYR, 1, TRATNC]Y, TERAING) ), TAPAN( S ), TPOSEV( | 3, TASOEVL 1 3, PRNOD770
*TPTRAN{ ), TTRANS(I),STOT(NDYM+1}, STOZ(NDYH+1) ,DEFICHDYH+1), PRNDD780
*DEFZ(NDYM+1), TSURCL), TRUNCL), TOUICKCTY, TDISCHCI Y, TSTREMCTS, PRHDD790
*TROIRCL)Y PRNOOBOQO
70 FORMAT(2X,12,3%,12,1%,3F6.1,4F4.1,F7.1,F6.1,2F5.1,1X,2F6.2,F7.1, PRNDDS10
*1%,2F7.1,F46.1) PRNODB20
ENDIF PRHOOB3O

END PRNOOBLO
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APPENDIX D.5

SUBROUTINE : HARMON

(FILE : HAR1)



s Nalaslee]

20

30

40

S4

57

58

59
9999

366 DARLY VALUES ARE CALCULATED FROM 12 MONTHLY VALUES USING HARMOHIC
ANALYS(S

SUBROUT fNE HARMON{XXX,PARAM)

DIMENSION XXX(12),A(6),B(6), IDAC12),PARAM(12,32),XA(6) ,XB(6)
DATA  (DA/31,29,31,30,31,30,31,31,20,31,30,31/

FLLTPIIIET L EFEETRACR LI TTEFFT IS LT ETRET
WRITE{™, *)*SUBRDUTINE HARMON®

FEIPIHIAEEITEEIEEEEI LI ETT T FR bbb iiiiifees

AM=0.0

DO 5 kK=1,6 WG12/8

XALK)=0.0 .

XB(X)=0.0 WG12/8

po 10 J=1,4

ACJ)=0.0

8¢J1=0.0

CONTIHUE

CORRECT MONTHLY VALUES TO EQUALIZE TIME TNTERVALS (MONTHS)

XXXC1)=XXX(1)*0.981

XXX(2)=XXK¢2)"1.084

XXN(3)=XXX(3)*0.981

KXXCE JaXXRC4I*1, 014

XXX{5)=XXX(5)%0.981

KXALO)=XXXBI*T1.014

XXX I=XXX(TI*0.981

XNALBI=XXK(B)*D, 981

XANCPI=NKACTI*T. 004

XXX 10)=XXX(109%0,981

AT I=XXX (111 .04

AXA(12)=XXX(12)*0, 981

CALCULATE AVERAGE MONTHLY VALUE

Do 20 1=1,12

AM=AM+XXX( 1)

AM=2M/12.0

DETERMINE FOURIER COEFFICFIENTS

DO 40 4=1,6

Do 30 [=1,12

KALDY=XACIH0NC T I*COS(I0¥T*y* D1744)

KB(A)=XALS IFRRRCT YR SIN(I0* %% _01744)

CONT [NUE

XALJY=XALJ )6,

XBLJI=XBLIYI/E,

CONTINUE

XKALB)=XA(E) /2.

XB{6)=0.0

MANIPULATE SIGHS TO AVOID NEGATEVES

DO 647 J4=1,4

EFCKACS)I54,55,55

TF(XBEINISTY, 58,59

IF(XB¢J))S7, 58,58

AW1=180.0

O TO 9999

AWI=0.0

GO TO 9999

AW1=360.0

CORT INUE

DBETERMINE THE PHASE AND AMPLITUTDE

ACJ)SSORT({XACL) I =2+(XAL 1)**2))

1F{XB¢J).EQ. 0. )THEN
PREXALL) . LT.0,)X¥B(J)=270.0
{F¢XALS) .EQ.0.IXB(JY=0.0
FF{XA{J).GT.0.1%8(J)=90.0

ELSE



[ax]

CONVERSIOR TO RABIANS (57.3 = 3L0/(2°PI})
BCJI=57. 3 ATANCXALJI/XBLL) )

EMDIF

Brd)=AW1+B(J}

667 CONTIRUE

H=-1

DO &0 1MO=1,12

DO S0 IDPAY=1, IDAL[MO)
N=R+1

‘R' VARLIES FOR EACH DAY OF THE YEAR (30,42 =

Re.5+H/30.42
PARAM( IMO, IDAYI=FOURIE(R,A,B,AM)

S0 COMTINUE

CONTINUE
END

REAL FUNCTION FOURIE(R,A,B,AM)
BIMENSION A{6),B(6)
REAL R

FOURIE=AM+ACLIY*SINC(SO*R+B (1) 1> . DI 7LLIHAC2I*SIRC (GO*R+B(2))1*.0174
*43+A (I I*SINC (GO RAB(I)I* . 01744 ) ~ 14 )*STH{(120*R+B(4 ) )* . 01744 )+A(S
=)*SIHCCI50*R+B(5))*. 01744 J+ACE)" . 'NC{1BO*R+BL6) y* . 01744)

RETURN
END

AVERAGE LENGTH OF MONTH)
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APPENDIX D.6

SUBROUTINE : INITAN

(FILE : INT1)



D+6+1-

MO nn

IMITIALIZE ANNUAL TQTALS TO ZERD

SUBROUTINE 1HITAR(SUMRA,SUMERA, SUMIRA, SUAPAN , SUHPE , SUMPE] , SUMPET,
*SUMPER, SUHAE , SUMAE] , SUMAET, SUMAE2, SUMET , SUMPSE , SUHASE , SUPTRT,
*SUPTRZ, SUATR1,SUATRZ , SUMPTR , SUMATR , SUMINT , SUHSU, SUSUIR, SUMIR,

*SUMRW, SUMGL, SUQIR, SFLOW, SUMST, STAET,STPET, STCAN, TOTAET, TOTPET,  WG15/%
*TOTCAN, SUMSED, SUETLY, SUMSD, DRNK, AHC RO S0
DIMENSION QRNK(S),AMC(S),ROCS) X))

FEIRIEEEE TR EITRACESFFFEETEIEREIILT R iR
FEFFETIEIEEEIII PR RS TEELEEEIEEfLELIILLLEE00077

SUMRA=0.0
SUMERA=0.0
SUMIRA=0.0
SUAPAN=0.0
SUMPE=0.0
SUHPED=0.0
SUHPE1=0].0
SUMPE2=(1.0
SUMAE=0.0
SUMAE[=0.0
SUMAE1=0.0
SUMAEZ=0.0
SUMET=0.0
SUETLY=Q.0
SUMPSE=0.0
SUMASE=0.0
SUPTR1=0,0
SUPTR2=0.D
SUATR1=0.0
SUATRZ=0.D
SUMPTR=0.0
SUMATR=0.D
SUMINT=0.0
SUMSU=0,D
SUSUIR=0.0
SUMIR=0,0
SUMRU=0.0
5UMQU=0.0
SUgirR=0.0
SUMSED=0.0
SFLOW=0.0
SUMST=0,0
SuMsR=0.0 5JD
STAET=0.0Q
STPET=0.
5TCAN=0,
TOTAET=0.0
TOTPET=0.0
TOTCAN=0,
DO 10 N=1,5 54D
ORNK{NY=0.D
RA(N)=0.0
AMC(¥)=0.0 SJD
END



D' ?l

SUBROUTINE : INITMO



(i

35TORAGE : 2

$OEBUG

c INTTIALIZE MOKTHLY TDTALS

c
SUBROUTINE THITMO(TSUR, TE1,TE2, TORE, TAET, TAET1, TAET2, TET, TRQIR,
*TRUN, TERAIN, TRAIN, TSTORM, TQUICK, TOESCH, TSTREM, TPLINT, TAETIR,
*TSTOIR, TIRRFL, TSURIR, TREQIR, TAPAN, TROSEV, TASOEV, TROTR1, TPOTR2,
*TTRAN1, TTRANZ, TPTRAN, TTRANS, TETLYS, TSEOYD, FOPEIR, TOVERE, L, LEHPTY,
*JCONST, TSUPIR}Y WG2811

C
DIMENSION TSUR{12),TE1(12),TE2¢127, TDPE(12), TAETC12), TAET1(12),
*TAET2¢12), TET(12), TRAIR(12), TRUNCI2), TERATH(12), TRATN(12),
*TSTORM( 12}, TQUICK{12}, TD1SCH(12), TSTREM( 123, TRLINT(12), TAETIR{12),
*TSTRIRC12), TIRRFL(12), TSURIR(12), TREQIRC 123, TAPANC12), TPOSEV(12),
*TASDEV(12), TPOTR1{12), TPOTR2( 12}, TTRAH1C12], TTRANZ( 12, TPTRAN(12),
*TTRANS{12), TETLYS(12), TSEDYD(12), TOPEIRCI2), TOVERF{ 12}, TSUPLR(12) WG15/1

C

C THELETTEEEEILEIITRACESLEF S EEIIITIIEFEFEEEES8EEE}
WRITE(*,*3'SUBROUTINE INTTHD!

C FERETRRLLLR LR LEEL LT LR L TR R ER IR LI ALY

C

TSURC)=0.0

TE1(1)=0.0

TE2(1>=0.0

TOPE(1)=0.0

TDPELR([2=0.,0

TAET{[)=0.0

TAETI([)=0.0

TAET2(13=0.0

TET{1)=0.0

TROIR(1)=0.0

TSUPIR(1)=D.D HGZ811
TRUNCI)=0.0

TERAIM(1}=0.0

TRATH(I}=D.D

TSTORM(13=0.0

TOUICK{1)=0.0

TDISCH{1)=0.0

TSTREM(1)=0.0

TPLINT(1}=0.0

TSEDYD(1)=0.d

TAETIR(I)=0.0

TSTQIR(13=0.0

TIRRFL(1)=0.0

TSURIR(I)=0.0

TREOQIR{13=0.0

TAPAN(I)=0.0

TPOSEV([)=0.0

TASGEV([)=0.
TPOTRI{I)=
TPOTR2(I)
TTRANT(I)
TTRAN2(I)
TPTRANCID)
TTRANS(D)
TETLYS(I)
TOVERF(I)
1EMPTY=0
TCONSC=0
END

0
.0
L0
.0
.0
0
0
]
D

+

coOQQooOoOo0

Momonouomnon
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APPENDIX D.8

SUBROUTINE PLOTOP

(FILE : PLOL)



D.8.1.

[c QPTION FOR OQUTPUT OF DAILY GRAPHICAL PLOT PLCDDD1D
C PLOODDZD
SUBROUTINE PLOTOPCIPLOT,STRHFL,SIMSQ,STOT,ST02,0B5T01, 085702, FFS, PLOROD30
*ETLYS,AET ,MNTALY MHPLV,OBSRMY, STMAMY) PLODQO40

C PLOODOSD

DIMENSION FF(&),FF5(4),0BSTO1(32),085T02(32),51450(32),5T01(32), PLOOODGD
*$T02(32), STRHFL(32) ,ETLYS(32) AET(32),08SQMX(4R0), STMOMY (4B0) PLOOOOTO

CHARACTER SYBLCL)¥1,FHT{6)*4 HEAD*34,5YBLO(2)Y1 PLOCOOBO
LOMMOR,/HOGMTH/HEAD PLO00ODS0
COMMON/COUNT/Z 1, 1YR, HDYH, 1YEAR K PLOOG100

DATA SYBLQ/'YY,'2Y/ P1.O00110

DATA SYBL/*1!,020 931,144/ PLOOOTZD

DATA FMT/ZFCIZNY, 1, FQ. 1, t0, 2%, 0 0,0 0,0ty PLODD430

c PLO0OT40
C PLOTTING SECTION WHICH USES THE STAT-PACK OF THE UNIVERSIYY OF WATPLOOD1SO
c TO PRESENT THE PLOT OF STMULATED AND OBSERVED VALUES PLOBOISO
C IF IPLOT = 0 ND PLOT PLOGO170
c =1 PLOT OF OBSERVED AND SIMULATED DALLY STREANFLONS  PLOOD180
c = 2 PLOT OF OBSERVED AND SIMULATED SOIL MOISTURE STORAGERLOGO190
c =3 PLOT OF OBSERVED AND SIMULATED ET PLOOOZ0O
c = 4 PLOT OF OBSERVED AND SIMULATED HONTHLY FLOWS PLODOZ 1O
c PLODDZZO
WRITE( 14, 1DJHEAD PLO00D230

10 FORMAT('1Y, 1%, 1HY,//,50%,A34,//) PLODDZ40
1ND=D PLO00250

1s=0 PLOGOZE0
1E{IPLOT.EQ. 1)MRITE (14,2001, 1YR PLODOZ70

20 FORMAT(1X,34%," HYDROGRAPH OF OBSERVED{M) AND SIMULATED(S} DAILY PLODD28D
*ELOMS®, £7,50X, '"MONTR = *,12,' YEAR = *,12,//,50X,*2 = SIMULATED FPLODD290

*LOM [N MM',/7,50%,'1 = MEASURED FLOW IN HMM'//) PLODO30D
IF¢IPLOT.EQ.2)WRITEC 14,5001, 1TR PLODD310D

60 FORMAT(1X,34X, 'PLOT DF OBSERVED(M) AND SIMULATED(S) SDIL MOISTURE PLODG320
*STORAGE',//,50X, *MONTH = , 12,1 YEAR = !,12 PLO00330

* 7/ ,50%, *1=SIMULATED MDISTURE IN STORAGE 1',/ PLOOD340

= 50X, '2=5IMULATED MOISTURE IM STORAGE 2'/ PLOGD350
*50X, '3=0BSERVED MOJSTURE IN A HORI20M'/ PLO00340
*50x, '4=0BSERVED MOISTURE IN B HORTZON'/ PLODO370
*50%, *0=VARIABLES OCCUPY THE SAME POSITLON',//) PLO0038A
[FCIPLOT.ED.3)WRITEC14,BO)I, YR PLAOO3FO

80 FORMAT(IX,34X,'PLOT OF OBSERVED (M) AND SIMULATED (S) ET',//,50X, PLODDA0O
“IMONTH = *,12,' YEAR = ', [2,//50X,*2 = SIMULATED ET',/50X,'1 = OPLOOO4L1Q
*BSERVED ET’, /50X, '0 = VARIABLES OCCUPY THE $AME POSITION',//) PLO00S20

IFCIPLOT .EQ.4)NRITE( 14, 100) PLO00430

100 FORMAT{1X,34X, 'PLOT OF OBSERVED (M) AND SIMULATED (S) MONTHLY FLOWPLOOOZ40
*§),//50%,'2 = SIMULATED MONTHLY FLOW (MM)!',/SOX,'1 = MEASURED MONTPLODO4SO
*HLY FLOW (MM)',/50%,'0 = VARIABLES OCCUPY THE SAME POSITION',//) PLODD4AD

C WRITE HEADINGS FOR Y-AXIS PLODDATO
WRITE(14,30) PLODD4BD

30 FORMAT(1X,"® 0 10 20 30 PLOOD4YO

* 40 50 60 70 a0 90 IPLOOOS00
*gory PLODOS10
WRITE({14,40) PLODOS20

L0 FORMATC24X,10¢'--------- +1) PLOOOS30

c PLOT ACCORDING TO SELECTED OPTION PLODDS4D
IF{IPLOT.EQ. 1 )THEN . PLODDS5D

DO 50 IPL=2, HDYM+1 . PLOCOSED
Y=FLOATCIPL-1) ) PLOGDS70
FF(T)}=STRMFLCIPL) PLODDSBO
FE{2)=SEMSQ(IPL) PLDOOS90

CHAR RN R KRR KRR AR RRNN RN AN CALL PLDT1{1KD,tS,¥,SYBLO,FF,2, FPLOD0A00
50  CONTINUE PLOOOA1A
ENDIF PLOOO&20
1FCIPLOT.EQ.2) THER PLOYOSSO

00 70 1PL=2, HDYM+1 PLODO&LD
Y=FLOATCEPL-1} PLODD&S0
FFSC3I)=STOI{IPLY PLOANDSSG

FFS(2)=STO2{ IPL) PLOCOSTFO



FF5(3)}=085T01CIPL)
FFS(4)=ORSTOR(IPL)
ci CEXTEEARE RS ER LR L L L L b A b sl dd
70 CONTINUE
END1F
1FCIPLOT.EQ.3)THEN
DO 90 1PL=2, HDYM+i
Y=FLOAT{IPL-1)
FEC1)=ETLYSCIPLY*10.
FF(2)=AET(IPLY*10.
C 010" 15 A SCALE-RELATED FACTOR
C*ttt P s e b aaad it i sl L E L]
90 CONTINUE
ENDIF
LF{ LPLOT.EQ. 4 )THEN
DD 110 1PL=1,MNTALY
Y=(FLOAT(MNPLV({ IPL}))/100
FF{1)=0BSQMX{IPL)
FF(2)=SIMaMY(1PL)
c***\k\k*********t*****t** L2 22213
110 CONTINUE
ENDLEF

WRITE(14,40)
WRITEC 14,309
END

D.a.z

PLODD&BO

PLO00GTD

CALL PLOT1{IND,IS,Y,SYQL, FFS,4, FPLODDYOO
PLOOOY10

PLOOOTZ0

PLOOOY30

pLODOTLO

PLODD7SO

PLOOO750

PLODO77O

PLODO7ED

CaLL PLOTI(IND,IS,Y,SYBLO,FF,2,FPLOODTRD
PLODDBOD

PLOOO810

PLOOOBZ0

PLDDOB30

PLODDBLD

PLODDBSD

FLODDBSD

CALL PLDT1{IND,IS,Y,SYBL FF,2,FHPLOODB70
PLODOBBO

PLOQOAYO

PLOOO00

PLOOOFTO

PLOOOFZ20

PLOOOY30
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SUBROUTINE : PROBAB

(FILE : PROL)
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2001

20
30

40

60

50

140
&1
62

70

80

90

100

110

120
130

D---g .--1'1

OPTIDN FOR SUMMARIES OF SIMULATED RUHOFF OR [RRIGATION REGU]IREMENTRRODOD1Q

PROBABILITY AMALYSIS OF THE RESULTS PRODDDZD
PRODOO30
SUBROUT INE PROBAB(FLAG, LMM, SCHED ,EFF IRR ,CONSTT} PROODOLD
PRODOOSO

DIMENSION X{70),5DATA(70,13},VALUE(?),XMEAN(13),5TD(13),CV(13),  PRODDDS0D
*PCTILE(?, 13} ,PCENT(9) DIRRIG(7D,13) ,DAMDAT (70,131, PDATACYD,13),  PRODOOTO

*DDATA(70,13) PROOOOBO
CHARACTER 1RRTYP(4)*18 PROOOOSO
COMMON/PROR/SOATA,DIRR LG, DAMDAT , PDATA, ODATA PRO00100
DATA [RRTYP/'TO PLAMMED DEFICITY,’TO FIELD CAPACITY’, PROOO110

“+BY FIXED AMOUMTY,'IN A CYCLE'/ PROO0120
DATA PCENT/5.,10.,20.,33.,50.,67.,80.,90.,95.7 PROOO1ZO

PRODDT40

FHEFRETE80 00 FHETRACES PP EETTTEEET3T1EE28810001 PROOGY50
WRITE(™,*)*SUBRDUTINE PROBAB* PROOO1A0
TEREPII B ESELER LT REERLEEIEE00ETEIELE0EEE FROG0170
PRO0OO120

bo 30 1=3,13 PRO00190
0O 10 J=1,LMH PRODOZ00
IF(FLAG.EQ.7.IX(J)=SDATACJ, 1) PRODD210
[F{FLAG.EQ.2.}XCS)=DIRRIGCJ, ) PROODZZD
[F{FLAG.EQ.3.)X{J)=DAMDAT{J, ) PRO00DZ230
[FLFLAG.ED,&.)XCJ)=PDATALY, [ PROOO240
[ECFLAG.EQ.S.)X{J)=0DATA(J, ) PRODOZ250
N=LMA PRODD260
PRODDZ70

CALL STAT(X,N,AVE,SDEV,CVAR,VALUE) PROODZED
WRITEC*,*)*RETURN EROM STATLY PRODD29O
XHMEAN(1)=AVE PRODD300D
STD(1)=SDEY PRODDZ10
CV( ] Y=CVAR PRODD320
po 20 J=1,9 PRODO330
PCTILECS, 13=VALUE(J) PRODO340
CONTIHUE PROOO350
IF(FLAG.EQ. 1. OWRITEL 14,40} PROCOZS0
FORMATCIHT, 7/52%, *SIMULATED RUNOFE (MM}?/52%,21¢¢-71/) PROOOZTO
1FCFLAG.EQ,2, YTHEN PROCO3EA
WRITE(14,60) PRO0O390
FORMAT(TH1, //749%, 1 IRRIGATIO0N REQUIREMENTS (MM}* /49X, 28{’-’}/) PRO00400

I SCHED=SCHED PRO00L 10
WRITE( 14, SOYIRRTYP(ISCHED ) ,EFFIRR, CONSTI PROO0420
FORMAT(/5X, “ IRRIGATION *,A18,/5X, 'FIELD EFFICIENCY',36X,7=!,  PRO0DS30

*  F7.2,/3X,'AVAILABLE SOIL MOISTURE CONTENT AT STRESS THRESHOLD =’PRQODAAD

= FT.2.701) PROGO4LSD
ENDIF PROD0O4SD
IFCFLAG.EQ. 3. JWRITE(14,140) PRODD4TO
FORMAT(1H1,52X, *RESERVOIR STORAGE (%)’ /53X,21(1-"3/} PRODD4BO
TFCFLAG.EQ.4 JMRITE(14,61) PROOO4T0
FORMAT(1H1, / /50X, *MEASLIRED RAIMFALL (MM)', /50X, 22('-")/) PROOOSOO
[F(FLAG.EQ.5.)WRITE(14,562) PROGOS10
FORMAT(THT, £ /52X, 'DBSERVED RUNOFF (MM)+, /52X, 200 -1)/) PRODOS20
WRLTE( 14, 70} PRODD530
FORMAT( 24X, * JAN’ ,SX, TFEB' ,5X, TMART SX, PAPRY SX, MAY’ 55X, fJUN', PRODDSLO

*SK, PdUL SN, CAUGY 5K, fSEPY, 5K, TOCT Y, 5K, 1 NOV!,BX, fBECY ,5X, ANN* /) PRODDS3D

WRITE(C 14,803 CXMEANCI}, 1=1,13) PRODDSE0
FORMAT(/ 16X, 'HEAN' , 12F8.2,F9.2) PRODOSTO
WRITE(14,90)(STDC), 1=1,13) PROD0S80
FORMATC/2X, ' STAHDARD DEVTATION',12FB.2,F9.2) PROCOSS0
WRITEC14, 100)(CVLT), 1=1,13} PROQOS00
FORMAT(/2X%, "COEFF OF VARIATION',12F8.2,F9.2} PROJOSTO
WRITE(14, 110D PRO00AZ0
FORMAT(//52X, ‘PROBABLLITY ANALYSIS!/52%,20¢/-4)7) PROOO&30
DO 130 J=1,9 PRO00SA0
WRITE(34,120)PCENT(I), (PCTILECJ, ), [=1,13) PROGOESO
FORMAT( /16X, F3.0, 7% 12FB.2,9.2) PROGOSS0

CONTINUE PRODOSTO
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SUBROOTINE : INITDY

(FILE : INDIL)
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oo non

DAoL

IMITIALIZE DAILY ARRAYS

SUBROUTINE INITDY(SHD,STORMO,ERFL,ERFLIR,PLINT,STOIR,RAIN,RFL,
*STRFL,STRMFL, TMIND, TAXD, APAN  PAN, PANRES ,DPE , SMOBS 1, SHOBS2,

*0BS7O1,

*085702,ETLYS ETLY,QPEAK, SEDYLD, IDAY, 1, ETINT,APLIRR,APPIRR,DPEIR,
*DAMET,STOIRO, SHDIR,REQIR, SURIR, STMOOB, STODBS, OPKOR, BPKOBS , CFACD,
*CFACTD, TDAY, TMLIND, THI TDD,EQPET,ELAID, LATHD, TMAXID, THINID, SUPPIR, WG16/7
*QUICKF) 54D

HOTE: 32 DAYS PER MONTH USED TO ENAELE CALCULATIONS TO
IHCLUDE VALUES OF LAST DAY OF PREVIOUS MDNTH

DIMENSION APANC12,32), APLIRR(32),APPIRR(3Z),CFACD(32),CFACTOL32),

*DAMET (32),DPE(32),DPEIR(32),ELAIDC12,32),ERFL{32},ERFLIR{32), WG16/7
*ETINT(32),ETLY(32),ETLYS(32), 1DAY(32),0B5T01(32),085T02(32),
*PAN(32) , PAHRES(32),PLINT(32),0PEAK(32),aPKOB(32},
*QPKOBS(32},QUICKF(32),RAIN(32)},REQIR(32} RFL{37),SEDYLD(32}, SJD
*SMD[R(32),5MOBS1({32),5MOBS2(32},5THQOR(32) ,5TOIRO(32),STORMO(32),
*STQIR(32),STAOBS(32},STRFL{32), STRMFL{32),SUPPIR(33),SURIR(32), WG2811
*TDAY(32), THAXD(32), THAXID(32), TMIND(32) , THINID{32Y, THITDR(32),
*“THLEND(32),SMD(32)

LEEETHIIRAEEE T ITRACES P FEETEETRETIT0111010101010801
FELEPPEEIEEEEFEIIITFR TR HETR80700208000010E0

o0 10 K=1,32
SMD(K)=0.0

STORMQ(K)=0.0
ERFL(K)=0.0

ERFLIRCK)=0,0
PLINT(K)=0.0
STQIR(K)=0.0
RAIH(K)=0.0

RFL(K+5}=0.0
STREL{®}=D.0
ETRMFL{X}=0D.D

QUICKF(K}=0.0 SiD
THAXID(K)=0.0 WG16/7
THINID(K)=0.0 WG16/7

THINDCK}=0.0

THAXD(K)=0.0
IF(ECPET.EQ.4. JAPANCI ,K)=0.0
PAN(K)=D.0

PANRES{K}=0.0

DPE(K)=0.0

DPEIRCK)=0.0

ETINT(K}=0.0

SMOBS1(K)=0,0

SMOBS2({K)=0.0

DBSTO1{K)=0.0

0BSTO2(K)=0.0

ETLYS(K)=0.0

ETLY(X)=0.0

QPEAK(K)=0.0

SEDYLD(K)=0.0

APLIRR{K)Y=0.0

APPLRR{K}=0.0

DAMET{K)=0.0

STOIRO(K)=0.0C

SHDIR(X)=0.0

REQIR(K)=0.0

SURIR(K)=0.0

SUPPIR(K)=0.0 . vG2in
SUPPTR(333=0.0 HEIS A1
TDAY(1)=0.0
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TMLIND(])=0.
THLTDOC(1)=0.
STMCOB(K)=D.
STQORS(K)=0.
QPKOBS(K)=0,
QPKOB(K}=D.D
CFACD{K3=0.0
CFACTD(K})=0.0
IF{LAIND.EQ.2)ELAID(L,K)=0.0
IDAT(K)=A

ENB

0
0
]
o
[H

R VI |V

WG1647
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SO{L MOISTURE VALUES OF LAST DAY OF MONTH OR YEAR ARE STORED FOR USE OM

FIRST DAY OF NEXT MONTH OR YEAR

SUBRDUTINE LOVALS(SOIL1,500L2,S004L1, PLIKTC, RCO, STCO, RFLL, EFPPT,

*STODAM, PERDAM, ETDE, OVER, SUPP , IRRAPL ,DEFCT1)

DIMENSION STO1(32),5702(32),5TOIR(32),PLINT(32) RUNCO(3Z),

*STRMCQ(32) ,RFL(37),ERFLC32),E(12),DEF1{32} ,DEFE(32),DAMSTO(S2),

*DAMPER{323,0OVERFL{37},DVER(5),5UPPIR{33) RFLL(5)

COMMON/LDVAL/STOIR, PLINT RUNCO, STRMEO, RFL ,E,ERFL ,DAMSTO, DAMPER

“OVEREL , SUPPIR
COMMOM/PRINT/DEF1,DEF2,5TO1, 5702
COMMON/COUNT /1, 1YR, NDYH, I YEAR X

FILHERIE B ETEFETRACRLFFFFEF PR BB TR TEEE T

HRITE(Y, ¥} 'SUBROUTINE LDVALS!

FEIIIREEFRFEEELLTEE TR IEEEIEEEEEE7I80010011T

SOIL1=5TO1(NDYH+1)
SO1L2=5TO2(NDYH+1)
SOIL1=STOIRCNDYM+1)
PLINTC=PLINT (NDYM+T)
RCO=RURCO{NDYH+1)
STCO=STRMCO(MDY#M+1)
EFPPT=ERFL(NOYM+1)
DEFCT1=DEF1(HOYM#+1)
STODAM=DAMSTOCHDYM+1)
PERDAM=DAMPER (NDYM+1)
ETDE=E(12)

DO 1D N=1,5

RFLCCNI=RFL (NDYM+2-N+3)
OVER{N)=0VERFL (HDYM+2-H+5)
1F{IRRAPL . EQ. 3 YSUPP=SUPP IR (NDYH+2)
END

sSJp

S

wG15/14

SJD

we21 1
4D

WB15/1
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SUBROUTINE : PETEMP

(FILE : PET1)
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LF{EQPET.EQ.6.E{1)={&50. "THLIUC1 I/ (B5. ~ALAT)-56.+(5, +4.* PETO06B0

*  WHDSPD)Y*TMITD(L })/CB0,-T(I)}*DAYSL]) PETONS9NO
CONVERT VALUES FROM LAKE EVAPORAT|OH TG PAH EVAPORATION WITH FACTOPETO0700
1.00 PETOO71D
ECI)=EC[)*1.00 PETOO720

60  CONTINUE PETOO730
ENDIF PETD0O740

END PETOO750
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APPENDTX D.13
SURROUTTINE PREVDY
(FIIE : PRE1)



(a]

SET STORAGES FROM PREVEIQUS DAYS' READINGS

SUBROUTINE PREVDY({STOM,STO2,PLINT,RFL,ERFL,DEF1,DEFZ,RUNCO,
*STRMLCO, STOIR, DAMSTO, DAMPER ,OVERFL , SUPPIR , JRRAPL) WG

DIMENSION STO1(32),5T02(32),PLINT(32),RFL(3T),ERFL(32), SJ0
*DEF1(32),DEF2({32),RUKCO(32), STRHCO(32),STOIR(32) ,DANSTO(32),
*OVERFL(37),OVER(S),SUPPIR(33) ,DAMPER(32},RFLC(S) SeD

COMMON/PRVDAY /SOIL 1, SQIL2, PLINTC,AFLC,RCO, STCD,SOILI ,EFPPT, STODAM,
*PERDAH, OVER , SUPP ,DEFCT 54D

FELTEEETEEL T PORRCRI AT E 1T EE L 10701ES
WRITE{*,*)'SUBROUTINE PREVDY'

FEFETATEALERI R ERLEEELPELEEEITEERELELEIEEREEY

aN NNyl

K=2
STO1(K-1)=S01L1
STOZ2{K-1)=501L2
PLINT(K-1)=PLINTL
ERFL(K-1)=EFPPT
DEFI1¢{K-1)=DEFCT1 5.J0
DEF2(K-1)=D.0
RUHCDCK-1}=RCO
STRMCO(K-1)=5TCO
STOIR(K-1)=50ILI
DAMSTOCK-1)=STODAN
DAMPER{K~1)=PERDAM

0o 10 N=1,5 HG2111
RELCK-N+5)=RFLCLN) 54D
10 OVERFLCK-N45)=0VER(R) .
IF{ IRRAPL.EQ.3)SUPPIR(K-1}=5UPP WE15/1

EHD
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APPENDIX D.14
SUBROUTINE : PRITLY
(FILE : PRT1)



D441

$5TORAGE: 2
FCEBUG

c OPTIOH FOR PRINTING DALY MOLSTURE BUDGET WITH MOMTHLY SUB-TOTALS
E -
SUBROUTINE PRTOLY(RESYLD, TOVERF,AET, TSUPIR) wG15/1
C
DIMENSION AET{32),AETIR(32),AET1(32),AET2(32), APAN(12,32),
=APPIRR{32),AS0EV(32),ATRART(32)  ATRANZ2(32),CAYD(12,32),CONSTA(32),
*DAMPER(32) ,DAMSTO(32) ,DEF1(32) ,DEF2(32) ,DHO(32) ,DPE(32) ,DPEIR(32),
*E(12),ERFL(32),ERFLIR(32),ETLYS(32),0BSTO1(32},085T02(32),
*OVERFL{37),PERC(32) ,PLINT(32),POSDEV{32),POTR1{32),POTR2(32), WG5/11
*PP1¢32) ,PP2(32),0PEAK(32), OPKOBS(32),QUICKF{32),REQIR{32), WG 1/8
*RFL(37),RUN (32} ,RUNCO(32}, SEDTLD(32), SIMS0{32),SMDIR(32), 84D
*STOIR(32),5T0IRO(32),5T01(32),5T02(32), 5TRIR(32), STRMCO(32),
*STRMFL(32),SUPPIR{33) ,SURIR(32),SURZ2(32), TAET(12), TAETIR¢12),
*TAET1(12), TAET2{ 123, TAPAN(12), TASOEV( 12}, TDISCH( 12}, TDPE(12),
*TDPEIR{12), TERAIN(12), TETLYS(12), TET(12}, TER(12), TIRRFL{12),
*TOVERF(12), TPOSEV(12), TPOTR1{12), TPOTR2( 12}, TPTRAN( 12}, TOUICKL12),
*TRAEN{12), TREQIR(12), TRAIR(12), TRUN(12), TSEDYD( 12}, TSTAIR(12),
*TSTRER(12), TSUPIR(12), TSUR(12), TSURIR({ 123, TTRANS(12), TTRAKTL12),
*TTRANZ(12)
COMMON/LOVAL/STOIR, PLINT RUNCO, STRMCO,RFL E ERFL ,DAMSTG, DAMPER,
*OVERFL,SUPRIR WG15/1
COMMON/PRINT JDEF1,DEF2,5T01, 5702
COMMOM/COUNT/1, IYR, NDYM, [YEAR K
COMMON/PRTMD/TRAIN, TERALN  TDPE, TAET, TPOSEV  TASCEV, TPOTR1,
*TPQTAZ, TTRANT, TTRANZ  TPTRAN, TTRANS, TSUR, TRUN, TQUICK, TD[ SCH, TSTREM,
*TRQIR
COMMON/PRKYDY/MOIST ,DNO,PP1,PP2,DPE ,AET 1 ,AET2,0B5TO1,085TO2, RUH,
*QUICKF,SIMSQ, STRMFL REQIR,CONSTA, APAN, SURZ,PERC,PRIRR EVIR,CAYD, WG5/11
*POSOEV,ASOEV,POTRY ,POTR2 ATRAN1,ATRAN2 (ETLYS,CPEAK, SEDYLD ,QPKOBS WG 1/8
COMMON/TOTALS/TEY, TE2, TAET T, TRET2, TAPAN, TETLYS, TSEDYD
COMMON/ IRR1GA/AETIR, SNDIR,5TQIR, ERFLIR, STOIRO, SURIR, TAETIR, TSTIR,

“TIRRFL,TSURIR,TREQIR,DPEIR, TOPEIR  APPIRR, ICYCLE, ISTART wG30/5
COMMDH/RNKING/ EVENT  EVENT , IRANK ,ROYRS, ISCS SJD
C
c FEFEFFEEEERTRRER IR TTEETEL T IR0 300800000000 00000000 0008000001008 07
WRITE(*,*)}' SUBROUTINE PRTOLY'
c HEIIEEEETREEEL 8T T ERT L EF NN AP T TR i1
C CHECK IF DAELLY OQUTPUT TO INCLUDE OBSERVED SOIL-MOISTURE DATA

1F(MO) ST, EQ, 1. AND ,PRIRR, EQ, 0, ) THEN
WRITE(S,10)1,1¥R
10 FORMATC1HY,1X, 'DAILY MOISTURE BUDGEF OF HONTH ',12,', YEAR *,12,//
*1X, 'DAY RAIN ERAIM APAN CAYD PET1 PET2 AE1 AEZ ETLYS STO1 OST1 STOMG19/7
*2 D5T2 DEF] DEF2 BSFLD RUMCO STORM S1MSD DBESERQD IRR CDNST'/f) WGE5/11

DO 30 K=2, (NDYH+1)

WRITE(A, 20)DNOCK) , RFL{K+5) ,ERFL(K ), APAN{ 1, K}, CAYD(1 ,K-1) PP1(K),
*PP2{K),AET1(K},AET2(K},ETLYS(K),STO1(K},0BSTO1(K),STOZ(K},
*0RSTO2(K),0EF1(K),DEF2CK),RUNIK Y, RURCOCK Y, OUICKF{K) , STHSO(K)
*STRMEL(K),REQIR(K) , CONSTA(K) WG5/11

20 FORMAT(1X,F3.0,F5.1,F6.1,F5.1,F5.3,2F5.1,2F4.1,F6.2,6F5.1,2F6.2,
*£7.2,F6.2,F7.2,2F6.2)
30 CONYINUE

WRITE(S, 230)

WRITECA, 40 FTRAINCL Y, TERAINCI ), TAPANC L), TETCLY, TEZL L), TAETICI),
*TAET2(1),TETLYSCI), TRUNCT), TOULCKC[ ), TOISCH(L ), TSTRENCF ), TRAIR(L)

40 FORMAT(1X,2X,2F6.1,F5.1,4%,285.0,2F4.0,F7.2,29%,F7.2,5X, EV.1,F4.1,
“£7.1,F7.2)
ENDIF

c - - - - - - - - - - - - - - - - - - - - - - - - -
IF(MOIST.EQ.O.AND . PRIRR.EQ_0.AND _EVTR._E0.1.AND.RESYLD.EQ.O. }THEN

WRITECS,50)1,1YR

S0 FORMAT(/1X, 'DAILY MOISTURE BUDGET OF MONTE *,12,', YEAR 197,12,/,
*L501-1)7)

WRITE(S,6D)

60 FDRMAT(9X,'EFFEC- A-',22X,2(' SOiL '), DEF- DEF-*,7x, "UNSAT BASE'WG1112
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* 14X, "RUNDFF STRESS PEAK®,/5X,*RAIN YIVE PAN CRO? PET PET AfuWG 2/8

*T AE7 STORE STQORE ICIT ICIT DRAIH DRAIN FLOW BASE STORM SIMU- QHSEWGITIZ

*R FRAC- DISCHARGE SED',/1X,'DAY FALL RALH EQIV FALCT MAY wg@h wpo yg 248

g wpn RN VA bk CAGE -AGE STORE FLOW FLOW LATED -VED WG1112

*TION ESTD OBSD YLD'/) WG 2/8
1F(IVENT.EQ. 1) THEN sdp

WRITEL1S,500¢, YR
WRITE(15,60) .
ENDIF SJ0
DO 100 K=2, (NDYM+13
1F¢ IVENT .EQ. 1) THEN SJD
LF(RFLCK+5).GT.EVENT JTHEN .
NOCKT=7
WRITE(15,70)DNOCK=1),RFL(K-145),5TO1(K-1),5T02(K-1),DEF1(K-1}, .
*  DEF2(K-1) .
70 FORMATCIX E3.0,F5.1,2F6.1,2F5.1) ;
WRITE(14,80) (¥R, [ RFLLK+S),DEF1(X~-1),SIMSD(K), STRMFL(K] .
80 FORMATC1X, 201X, 12),2¢1%, F5.1),2¢1X,F5.2)) ;
ENDI1F
WRITE(15,230)
WRITE(15, 1103 TRAINCEY, TERAINCLY, TAPAHCT), TETCE), TEZCEY, TAETICD)Y,

* TAET2{1),TSURCI ), TRUMCL Y, TQUICKCI), TOISCHS] ), TSTREM{ 1), TSEDYD(L)
ENDLF .
[FCIVENT .EQ.2)THEN .

LFCSTRMFLCK) . GT.EVENTIHRITEC 14,800 1YR, |, RFL(X+5) ,DEFI(K-1), .

*  SIMSA(K), STRHFL(K) .
ENDIF .
1F (NOCNT . GT.OJHRITEC15, 90)0KOCKY , RFLLK+5) , ERFLLK), APANCT KD, A

*CAYD(I,K-13,PP1(K),PP2(K),AET1(K),AET2{K),5T0Y (), STO2(K),DEF1(K), .

*DEF2(K},SURZ(K),PERC(K),RUNCOCK) ,RUNCK) , QUICKF (K}, SIH50(K),

*STRMFL{K) , CONSTA(K) ,OPEAK(K) ,OPKOBS(K} , SEDYLD(X) .
NOCNT=NOCNT -1 $J0
WRITE(S, SOIDNOLK) ,RFL(K+5) , ERFL{K) ,APANCT,K),CAYDCT,K-12,PP1(K),

*Pp2(KY, AETTCK) , AET20K), STAT{K), STORCK) ,DEF1CK) , DEF2LKY, SURZ(K),  WB1112

*PERC(K) , RUNCO(K) ,RUNCK ), QUICKF(K) , STMSQCK), STRMFL{K) , CONSTACK), WG 1/B

=QPEAKCKY , QPKOBS(K}, SEDYLD(K)

90 FORMAT(1X,F3.0,3F5.1,F5.2,4F4.1,2F6.1,2F5.1,X,2F5.2,F6.2,F5.2,  WG1112

*3F6.2,F5.2,2F6.2,75.1) WG 1/8

100 CONT INUE
WRITE(S, 230)
WRITE(S, 1103TRAINCI }, TERAINCI ), TAPAN T, TETC1 ], TEZCT), TAETICLY,

*TRET2(1},TSURCI Y, TRUNCT Y, TQUICK(T), TOESCHCT), TSTREM(1), TSEDYD(!)

[(a eyl
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110 FORMAT{4X,3FS.1,4X,F5.1,3F4.1,22%, F6.2, 10X, 4F6.2, 15X, F7.1) WG1112
END1F
C - - - - - - - - - - - - - - - - - - - - - - - - -
1F¢RESTLD.EQ. 1. AND . PRIRR.EQ. 0. YTHEN WG2811
WRITE(S,50) 1, IR
WRITE(S,260)

260 FORMAT{13X, 'EFFECTIVE' 13X, 2(1X,'S.M.C. "3 3X,'DEF. DEF, DRAIN
* BASE STORM  EST. 0B5. REQD. SUPP., DVER  DAM',/1X,'DAY' WG28B11
*2(1X, 'RALINFALL" ), 3X, 'PET AET',2(2X, 'A-HOR B-HOR'),4X, 'AGE ', 2¢
*3¢, 'FLOW® ), 2%, 2('RURDFF', IX), Z¢ IRRIGN! 13X, ¢ FLOM  (X)'/) w5281
00 280 K=2,{NDTM+T)
WRITE(S,270)DNOCK) ,RFL(K+5) ,ERFLLK) ,DPECK),AET(K),STOI(K),STO2(X],
*DEF1(K),DEF2{K),SURZ(K) RUN{K) QUICKF (K}, S1MS0DCK), STRHFL{X},

*REQIR(K), SUPPIR(K ), OVERFL(K+5), DANPER(K) WG2811
270 FORMAT(1X,F3,0,F8.1,F9.1,6F7.1,2F8.3,5F7.1,2F5.7) WG2811
280 CONTINUE
WRITE(6,230)
HWRITELS, 290V TRATHCY Y, TERATK(L ), TRPEC(I), TAET (1), TSUR(L) , TRUN(T),
*TQUICK(E), TOISCH{I),YSTREM(1), TROIRCT ), TSURIR(T) TOVERFLI ) uG2ei
290 FORMAT(4X,FB.1,F9.1,2F7.1,28%,2FB8.3,5F7.1,F4.1) WG2811
ENDIF
E - - - - - - - - - - - - - - - - - - - - - - - - -

1E(MOIST ,E0.0.AND.PRIRR.EQ,0,ARD.EYTR.EQ. 2. )THEN
WRITE(S,5031, [YR
WRITE(H, 120)
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120 FORMAT(9X,'EFFEC-', 12X, 'SDIL EVAP  TRANSPIRATION  SOIt SOIL D
“EF- DEF-',BX,'UNSAT BASE',14X,'SIMU- DBSER- STRESS! /SX,'RAIN T1
*VE A-PAR CROP',11X,'POT POT ACT ACT MOTST MOIST [CIT 1CIT DRA
*IN DRAIN FLOW BASE STORM LATED VED  FRAC-',/1X,'DAY FALL RAl
*§ EQUIV FACT POT ACT “A" “8" “AW ugw A.HOR B-HOR "A" VE» -
*ACE -AGE STORE FLOW FLOW RUNOFF RUNOFF TION'/)

DO 160 K=2, (NDYM+1)

WRITECH, 15DIDNOCK) , RFL(K+S ), ERFL(K), APANCE K}, CAYDCL,K-1),
"POSDEV(K)  ASOEVCK)Y,POTRI{K}, FOYRZ(K), ATRANT{K ), ATRANZ(K),STON(K),
*5T02¢X),DEF1(K),DEF2(K}, SURZ(K ), PERCCK), RUNCOCKY, RUNCK Y, QUICKF (K,
*SIMSQ{K), STRMFL(K},CONSTA(K)

150 FORMAT{1X,F3.0,2F5.1,1X,F5.1, 1K, F5.3,F4.1,5F5.1,2F6.1,2F5.1, 1X,
*3F6.2,F6.3,3F7.3,F4. 1)

160 CONTINUE
WRITEC6,230)

WRITE(6, T70)TRAIN(I ), TERAINCLY, TAPANCT), TPOSEVC(]T), TASDEVCI),
*TROTRI (1), TPOTR2¢1), TTRANT (1), TTRANZC L), TSURC T ), TRUNCTY, TOUICKCT),
=TOISCHCT), TSTREMCT Y

170 FORMATC4X,2F5.1,F6.1,5%,6F5.1,23%,F6.2, 124, F6.2,3F7.3)

EXDLF

LFCPRIRR.LED.1.)THEN

WRITECS, 18031, 1R

180 FORMATC/1X, 'DAILY MOISTURE BUDGET FOR [RRIGATION ROUTINE FOR MONTH
* 1,12," YEAR 194,12,/)

WRITE(6,190)

190 FORMAT(34X, VIRRIGN!, 10X, 'FENAL®, 17X, 'EFFEC., /7X, 'RAIN EFFEC’, 16XWG2811
* )8S0IL  PERC/ SOIL STORM IRRIGN IRRIGN',/1X,'DAY  FALL .
*RAIN PET-IR AET-IR DEFICIV RECHRGE STORAGE FLOW REQMENT APPLICN') .

DO 220 K=2, (NDYHM+1)

WR1TE(6, 210)DNOCK Y, RELLK+S ), ERFLIRCK) ,DPEIRCK) , AETIRCKY , SMOIRIK),
*SURIR(K), STOIR(X), ST@IR(X) ,REQIR(K), SUPPTR(K) .

210 FORMAT(1X,F3.0,4(2X,F5.13,3(2X,F6.1),F6.,2(2X,F6.1)) .

220 CONTINUE

WRITECA, 230)

230 FORMATCIX,730(*~*))

WRITECS, 240)TRAINCL), TIRRFL(1), TOPEIRCT), TAETIRETD, TSURIRC1), .
*TSTQIR(1), TREQIRCL), TSUPIR(Y) .
240 FORMAT(4X,4CF7.1),10X,F6.1,6K,3(FB.1)) WG4 /12

ENDIF

END
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SUBROUTINE : RICHIE

(FILE : RICL)
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CALCULATE TRAMSPIRATION AMD SO1L EVAPOCRATION SEPARATELY BY THE RETCHIE
{1972 APPROACH

SUBROUT[HE RICHIE(CAYD POSOEV,PARRES,ERFL,ASODEV,S5TO1,POTRAN,POTRY,
*POTR2,RO0TA ROOTH, CONST , ATRANT  ATRANZ,AET1,AET2  AET ,ST02,ETINT,
*ATRANS ,PLSTRS,ELALD) WGI6/7

DIMENSION CAYD(12,32),EXX(32),ELAID(12,32),POSOEV(32},PANRES{32), WL16/7
*ERFL(32),ESRFL(32),ASOEV{32),ASQEVD(32),5T01(32),POTRAN(32),
*POTR1{32},PATR2(32},ROOTAL 12, ROOTB(12) , ATRANTI (32}, AET1(32),

*ST02(32) ,ATRANZ(32) ,AET2(32) ,ETINT(32) ,AET(32)  ATRANS(32),
~PLETRS(32)

COMMON/COUNT/1, L YR NDYM, IYEAR, K

COMMON/RITCHI /SUESM, SUESD,DYSIRA,UPL1SD, ALFASD, LAIND WG16/T

COMMON/SOIL/PAM], PAWZ, SHWP1, SMWP2, SHECT,SMFC2, SHWP IR, PAWIR, SMFCIR WGB/11

FELELEIEEEIE L ETRACRI I IIF IV I IS EEETIE1EE7E7
WRETE(*,*)'SUBROUTIHE RICHIE!

FHELTREREREEEEPEEE SRR ERRERRIELSEEREEEREEEHEELS

FFCLATHD (EQ.O)THENR HGIS/T
FIRST CALCULATE LEAF AREA IROEX FOR THE DAY FROM CROPPING FACTOR
(WITH 0.3 < CAYD < 1.08)
IFCCAYD(L K-1).1T.0.3)CAYD(I ,R-1)=0.3
TF(CAYD(!,X-1).GT.1.06)CAYD{1 K-1)=1,06
EXX[K)=1.+(CAYD(L,K-1)-0.3)*11./0.74
ELAIDCI,K)=1.32+1.29*SIN(SD*EXX{K)+137.3)+0.78*STH(G0*EXK(K)+ HWGALST
*133.56) WG16/7
EHDIF
ASSUME THAT INTERCEPTED WATER FROM THE PREVIOUS DAY HAS BEEN EVAPORATED
1.E. APAH{1,K) 15 REFERRED TO AS PAMRES(K), THE APAN RESIDUAL
CALCULATE PDTENTIAL SOIL EVAPORATION
POSOEV(K)=PANRES(K)*EXPCELAIDCI KI*(-0.4))
IF(POSOEV{K}.GT.PANRES(K) JPOSOEV(K)}=PANRES(K)
CALCULATE ACTUAL SOIL EVAPORATION BY THE RITCHIE ROUTINE
IF(SUESW. LT . UPLISD)THEN
TF(ERFL(X-1).GE.SUESWITHEN
SUESwW=D.D
ELSE
SUESW=SUESW-ERFL(X-1}
END1F
ELSE
1F{ERFL(K~-1).GE.SUESD YTHEN
ESRFL{K-1)=ERFL{K-1)~-SUESD
SUESW=UPLISO-ESRFL(K-1)
IF(ESRFL(K-1).GT . UPL1S0)SUESW=D.0
ELSE
6o TO 1D
ENDIF
EHDIF
SUESH=SUESH+FOSQEV(K)
[F{SUESH.GT.UPLISQITHEN
ASOEV(K)=POSOEV{K)-0.4* (SUESW-UPLES0)
SUESD=0,&*( SUESW-UPL150)
DYSERA=(SUESD/ALFASD)**2
ELSE
ASOEV(X)=POSCEV(K)
ENDIF
GO TO 20

10 DYSIRA=DYSIRA+T

ASOEV(X)=ALFASO*SORT(DYSIRA)-ALFASO*SORT{DYSIRA-1)
1F(ERFL{K-1).GT.0.D)THEN
ASOEVO{K}=0.8*ERFL({K-1)
EF(ASOEVDLK ). LE.ASDEV{X) JASDEVD (K }=ASDEV (K }+ERFL({K-1}
{FCASOEVD(K).GT .POSOEV(K Y JASDEVD (X )=ASOEV(K)
ASOEV(K)=ASOEVD(K}
ELSE

[0 K- DO
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TF(ASOEV(X) .GT .POSOEV(X) YASOEV(K)=FOSOEV(X)
ENDIF
SUESD=SUESD+ASOEV(K)-ERFL(K-1}
DYSIRA=(SUESD/ALFASD)**2
C CALCULATE SO[L STORAGE AFTER SOIL EVAPDRATION ALONE
20 STOU{K)=STOI(K-1)-ASDEV(K}
C CALCULATE TOTAL POTENTIAL TRANSPIRATION
IFCELAID{] K).GE.O.1)THER WG16/7
IF(ELAID(I,K).GE.2.7)THEN WG16/7
POTRANCK y=PANRES (K }-ASOEV(K)
ELSE
POTRANCKI=PANRES(K)*{0.7*SART(ELAIDC1,X))-0.2T) WE16/7
IE(PCTRANCK) .GT . PANRES(K)-ASDEV{K ) )POTRAN(K }=PANRES(X)-
* ASOEVK)
ENDIF
ELSE
POTRAN(X}=0.0
ENDIF
C APPORTION TOTAL PDTENTIAL TRANSPIRATION TO A- AND B-HORIZOMS
POTR1(X)=PDTRAN{(KY*RDOTA(T)
POTR2{K)=POTRAN(K}*RODTB(I)
C CALCULATE AET (ASDEV + ATRANS) FOR A-HORIZOW

C CHECK FOR WATER STRESS IN A-HORJZON
[F(STO1(KY. GE. (PAHT*CONST+SMUR1 ) ITHEN
c NQ STRESS, THEREFORE ACTUAL = POTENTIAL TRANSPIRATION
ATRANT{K)=POTRI{K)
ELSE
c STRESS SITUATION, THEREFORE ACTUAL < POTEHTIAL TRANSPIRATION
ATRANTCK)=POTRICE 1P (5TO1(K) ~SMWP1 )/ {PAW1*CONST )
ENDIF
AET1(KY=ATRANT{K J+ASOEV(K)
STO1C(KI=STONLK-1)-AET1(X)
c CALCULATE AET FOR B-HORIZOW
[F{STO2{X~1),GE. (PAWZ*CONST+SMWPZ) ITHEN
ATRAM2(KY=POTRZCK)
ELSE
ATRAHZ(KY=POTRZ(K)* (STOZ2(K- 1)-SHWP2}/{PAWZ*LOKST)
ENDIF
RET2(K)=ATRANZ{K)
STO2{K)=5T02(K-1)-AET2(K)
AETL{K)I=AET 1(K)+AET2{K}HETINT(X)
ATRANSIKI=ATRANT{K +ATRANZ(K)
C CHECK FOR STRESS
IF(ATRANS(K).GE.(D.5*POTRANCK) Y YTHEN
PL.STRS{K)=0.0
ELSE
PLSTRS(K)=1.0
ENDIF
END
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SUBROUTINE : STAT

(FILE : STAl)
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STADDD1D
SUBROUTIHE TO PERFORM STATISTICAL CALTULATIONS ON DATA STADOD2D
STADDD3D

SUBROUTINE STAT(X N, AVE,SDEV,CVAR, VALUE) STADDDLD
STADOOS0

DIHENSIOH X{70},VALUE{S),PCPT(9) STADO0G0
DATA PCPT/5.,10.,20.,33,,50,,67.,80,,90.,95./ $TAD0Q70
57400080

THIS SUBROUTIME CALCULATES THE MEAN, STANDARD DEVIATION AND STAQO09Q
COEFFICTERT OF VARIATION. STAOG100
FHEEEEEFEEEETEEETRACESFRLFIE AR EI0EL 1788712280707 STAD0910
WRITE(*,*)'SUBROUTINE STAT® STADO120
FHFEEEEEEEEEFREITREEEFREL AP ITEALEE0 008808000 S$TAOD130
STAOD140

KTOT=0. STAODYS50
§5X=0. STADQ140
po 10 4=1,4 STADDI70
KTOT=XTAT+X(J) STADD180
SSX=SSX+X(J)**2, STADD190
KL=FLDAT(N) STA00200
SDEV=SORT{{SSX-(XTOT**2 /XL 13/ {XL-1.)) STADD210
AVE=XTOT/XL 5TADDZ20
IF {AVE.EQ.0.0)THEN STADD23D
CVAR=99.9 STADD240
EL.SE STADD250
CVAR=[ SDEV/AVE)*100. STADD260
ENDIF STADD270
STADD280

SORT VALUES 1N ASCENDING ORDER STADD290
NK=N-1 STADO30D
DO 20 J=1,NK STADD310
LEAST=J STADD320
HB=J+1 STAD0330
00 15 K=HB,N STAO0340
TFCXCK) . LE.X(LEAST}ILEAST=X STAQ0350
XTEMP=X{LEAST} STADO340
X(LEAST)=X{J) STAG0370
X¢Jy=XTEWP STADD3B0
STA00390

CALCULATE MEDIAN AND PERCENTAGE POINTS STAD04DD
Do 30 J=1,9 STA00450
EVENT=XL/100.*PCPT{J) STAQDL20
LF(EVENT.LT.1)EVENT=1.05 STADDA30
JK=1F1X{EVENT? 5TADDLL0
DECPL=EVENT-FLOAT{JX) STADD4SD
VALUE (J =X (JK)+(X(JK+1)-X{ JK) Y*DECPL STADDAGD

END STADOA7D
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SUBROUTINE : UNSAT

(FILE : UNS1)
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UNSATURATED SOKL MDISTURE REDISTREBUTION.
SUBRDUTINE UNSAT(PERC,RUNCO} WG5S/

DIMENSION STO1¢32),5T02({32),REDAB{32),REDBA{32),DEF1¢32),DEFR(32},
*PERC(3I2),RUNCD(32) WG5S /11

COMMON/COUNT /1, [YR,KDYH, 1 YEAR K

COMMON/PRINT/DEF1,0EF2,5701,5T02

COMMON/SOTL/PAWT , PAUR, SHWP 1, SMUP2, SHFC1, SMFC2, SMUPIR, PAUIR, SHFCIR

SOIL MOFSTURE REDISTRIBUTION IS A FUNCTION OF SOIL MOISTURE GRADIENT
WHICH IS EXPRESSED AS A PROPORTION OF SO[L MOISTURE CONTENT TO PLANT
AVATLABLE WATER.

FRSMA = FRACTION OF SOIL MOISTURE IH A HORIZON

FIEFIFELLRLTL A ENRACEI I IITIFEERRALLLIITEETEEY
WRITE{™, ™) 'SUBROUTINE LINSAT®

FIREELELELERRFREEEPLEEEEEEETETELEPERELEEIEELT

FRSMA=STO1{X})/SMFC1
FRSMB=STOZ(XK)/SMFC2
FRSHC={ {SHMFC2-SMWP2)/2.+SHUP2) /SMFC2
DOWNWARD UNSATURATED REDISTRIBUTION - ONLY [F ALL HOR[ZONS ARE HELOW
FIELD CAPACETY
TFC(SMFC1.GT.STOT(K).AND.SMFC2.GT.STOZ(K)Y)THEN
CRECK WHETHER A HORI[ZON [S MORE MO1ST THAN B HORIZON
IF({FRSMA.GE. FRSMB)THEN
REDISTRIBUTION FACTOR A TO B I5 AT 2% PER DAY (REFA8)
REFAB=D.02
REDAB(K)=STO1(K>*REFAB*(FRSMA~FRSME)
RESET SOIL MOISTURE FOR A AND B HORIZONS
STOT(K)=STOT(X)-REDAB(K)
STO2{K)=5TO2(K)+REDAB(K)
REDBA(K)=0.0
DEF1{K}=SMFC1-STO1{K}
DEF2{X)=SMFC2-5TO2(X}
ELSE
UPHARD REDISTRIBUTION IF B HORJZON MORE MOIST THAN A HORIZON
REFBA=0.01
REDBA(K )=REFBA*STO2(K)* { FRSHB~FRSMA)
STOH(K)=STO1{K)+REDBALK}
ST02(K)=STD2(K)-REDBA{K}
REDAB(X)=0.0
DEF1{K)=SMFC1-STQI(K)
DEF2(X)=SMFC2-STO2(K}
ENOIF
ENDIF
IF B HORIZDN 1S5 MOISTER THAN 50X PAW, UNSATURATED PERCOLATION TAKES
PLACE OUT OF 'Bt [NTO GROUMDWATER ZONE
PERCFC=D.0001
IF(FREMB.GT.FRSMC)ITHEN

URSDRN=STOZ2(K)*PERCFC*{FRSMB- FRSML) WG/ 11
PERC{K}~=PERC{X)+UNSORN WG5/11
STO2(K)=STORZ (X)-UNSDRN WG5/11

DEF2{K)=SMFC2-5T0Z(X]
ADJUST BASEFLOW STORE

RUNCO(K ) sRUNCOCK }+URSDRR WG5S/
ELSE

UnsbeN=0.0 WG5S/ 11
ENDIF

END
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SUBRXITINE : IRRIGH

{FILE : IRRIG3)



$STORAGE :2
TDEBUG
C CALGULATE IRRIGATION REQUIREMEHTS
c
SUBROUTINE IRRIGW{STOIR,REQIR EFFIRR, IRRAPL, CONLOS, FAMLOS, IRRMON, WG4/ 14
~BFRESP,CONSTT, SCHED, PLADEF, AMTIR,RESYLD, HAIRR,DANSTO, SHPOIR, WGB/ 11
“RFLIR,COIAM,VEGLNT , SUPPIR, DVERFL ,OVR, DVERAC) w6281
C
DIMEHSION AETIR{32},APPIRR(32),DAMSTO(32),DPEIR(32),ERFLIR(3I2}, wWoi/11
*BALRR{12}, [RRHON( 121  OVERAC{32) , OVEREL(37},REQIR(3Z) ,RFLIR(3ZY,  WG1112
“SHDIR(32),STOIR(32), STOIRO(32), STOIR¢32), SUPPIR(33), SURIR(32),  WG15/1
*TAETIA(12), TOPEIR{42), TIRRFL(12), YREQIRC12), TSTOIRC12), TSURIRC12), W4 /11
*VEGINT(L12),COTAM(12)
COMMON/COUNT /T, YR, NDYH, 1YEAR, K
COMMON/SDIL /PAWT , PANZ , SMWP1, SHWPZ, SMFTT , SHFC2, SHWP IR , PAWIR, SMFTIR WGE/11
COMMOM/ IRR1GA/AET IR, SMD IR, STQIR, ERFLIR,STOIRO, SURIR, TAETIR, TSTQIR,
+TIRRFL, TSURIR, TREQIR,DPELR, TOPEIR, APPIRR, 1CYCLE, [START WG30/5
c 'DYR* IS A CHECK FOR WHETHER DVERFLOW HAS BEEN READJUSTED OR NOT
c 1E OVR = 0 UNCHANGED
c = 1 CHANGED
OVR=0. WE2711
OVRREM=0, WG2711
c
C CALCULATE AET FOR IRRIGATLON
C
[F{STOIR(K~1)_GE . ( PAWIR*CONST 1 +SHWP]R) J THEN WGB/11
AETIRCK)=DPETR(K)
ELSE
AETIRCK)=DPETR(X}*{STOIR(X- 1) -SMWPIR}/(PAWIR*CONST1) WGB/11
ENDIF
STOIR(K)=STOIR(K-13-AETIR{X)
LF(STOIRCEY.LT. SMMPIR)STOIR(K }=SHWP IR wE2111
C
c ABSTRACT STORMFLDW BY SCS-SMB MODEL FOR ANY AMOUNT OF RAINFALL AND THEN
c CALCULATE SOIL STORAGE
C
C SOIL MDISTURE DEFICIT OF A-RORIZON CONSIDERED FOR STORMELOW CALCULATIONS
SMDIR(K)={SMPOIR-STOIR(K))*0.3 wG8/11
TF{SMDIR(K).LT.0. ISHDIR(X)=0.0
C
C CHECK THAT RAINFALL > IMITIAL ABSTRACTION
1F(RFLIR{K}.GT.COIAMCI )*SMB IR(K) JTHEN
STQIR(K)={RFLIR(K)~COEAMC T )*SMDIRCK) I**2/ (RFLIR (K)-COIAMCT)*
*  SHDIR(KI+SMDIR(K))
ERFLIR(K)=RFLIR{K)~STRIR(K)
ELSE
[F(RFLIRCK).GT.0. AND . RFLIRCK) .GE. VEGINTCL))ERFLIR(K}=RFLIR(K)-
= VEGINT(L)
ENDIF
STOERCK)I=STOIR(KI4ERFLIR(K)
STOIRD(KI=STOIREK)
C
c CALCULATE HOW MUCK )RRIGATION WATER HAS BEEN APPLIED
I1F{ IRRAPL.EQ. 1) THEN
SUPPIR{K)=APPIRRCK}*(1,0-CONLOS)*( 1. 0- FAMLOS)*EFFIRR w6211
STOIR(K)=STOIR(K}+SUPPIR{K) w2111
ENDIF
C
c CHECK WHETHER $QIL STORAGE 1S ABOVE FIELD CAPACITY
[F{STOIR(K) .GT.SMFCIR . AND ,SCHED ,HE. 4 . JTHEN WG17/7
SURIR(K}=BFRESP*(STOIR(K)~SMFCIR) WGB/11
STOIR(K)=SMEC[R+( 1, -BFRESP )*(STOIR(K)-SMFCIR) W68/11
GO TO 50
ENDLE
c 1F NO CROP GROWING (IRRMON{I)=D}, HD IRRiGATON REQU(REMENT HWEEDS TO BE
C CALCULATED, THEREFORE SK1P TH{S SECTION
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[FUIRRMON{T).EQ.0}CD TO 50

[RRIGATION APPFLICATIOR 1H SET CYCLE

{F(SCHED .EQ. 4. YTHEM PF30/5
IF RAINFALL > CYCLE APPLICATION, RESTART CYCLE
ITFCRFLIR(X).GE.AMT[R)ISTART="-1 PF30/5
[START=ISTART+1 FF30/5
FFCISTART,EQ, ICYCLE)THEN PF30/5

REQIRCK)=AMTIR PF30/5

[START=( PF3Q/5

GO TO 41 WG12/8

ENDIF PF30/3

G0 TO 50 PF30/5
ENDIF

IF(STOIR(KY.GT. (PAWIR*CONST [+SMWPIR})GO TO 50 WG12/8

STORAGE 15 WOW BETWEEM FIELD CAPACETY AND WILTING POINT, THERETORE
IRRIGATION 1S REQUIRED

CHECK WHAT TYPE OF IRRIGATION SCHEDULING 1S TO BE USED
IF{5CHED-2320,30,40 -

SCHEDULE 1S A PLANMED DEFICEV TO E.G. 0.B FIELD CAPACITY

20 REDIR{K)}=PAWIR*PLADEF+SMWPIR-STOLIR(K) HGE/ 1
GO 1o 41 WG2/1:2
SCREDULE IS TO IRRIGATE TO FIELD CAPACITY

30 REGIR(X)=PAWIR+SMWPIR-STOIR(K) weB/11
GO TO 41 wses12

SCHEDULE IS TO [RRIGATE A FIXEQD AMOUNT, AMTIR (EG 25HM]
40 REQIRCK)=AMTIR

41 IFCIRRAPL.EQ.1.0R.IRRAPL.EQ.3}G0 TO 50 WG3/12
CALCULATE ACTUAL AMOUNT REQUIRED AS ABSTRACTION TD SUPPLY RED!R(K)
XREQIR=REQIR{K)/(1.-COKLOS)/(1.-FAMLOS) /EFFIRR HG2114

SELECT THE CORRECT IRRIGATION OPTION (IRRAPL) FOR ESTIHMATIHG
SUPPLEMENTARY IRRIGATION REDQUIREMENTS
TF¢{TRRAPL.EQ.D)THEN WG2111
IF{RESYLD.EQ.0. YTHEN
logic change lja 10/11/B& the following Line changed from
SUPPIR(K)}=XREQLIR to ;-
SUPPIR({KI=REQIR(K)
ELSE .
COMVERT IRRIGATION REQUIREMENT 7O M**3
REGIRM=XREQIR*HAIRR{I)*10. wa21inm
CHECK IF DAM STORAGE SUFFICIENT TO MEET IRRLIGATLON REQUIREMENT
[F(REQIRM.GT .DANSTO(K- 1) YTHER

SUPPIR(K)=DAMSTO(K-1)/HAIRR(I)*0.1 WGZ2111
ELSE
SUPPIR(K)=NXREGQIR WG21114
ENDLF
ENDEF
ENDIF
IF(IRRAPL .EQ,2)THEN WG2111

IFCOVERALCKY .GE . XREQ[R)THEN

SUPPIR{K}=XREQIR

OVRREM=0VERAC{K)-XREQIR

ADJUST QOVERFLOW FOR PREVIOUS 3 DAYS DEPENDING ON HOW MULr JF THE

ACCUMULATED OVERFLOW HAS BEEN USED FOR LRRIGATION

00 10 W=5,1,-1 .

IF{OVRREM.GT . QVERFL(K-N+5))THEH .
DVRREM=OVRREM-QVERFL{K-H+3)
OVERFL(K-N+5)=0.0

ELSE
OVERFL{K-N+5)=0VERFL (K-N+3)-OVRREH
OVRREM=0.0

ERDIF

19 COKRT THUE
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ELSE
DAMIRR=XREQIR-OVERAL(K) .
DAMIRM=DAMIRR"HAIRR{I)™ 10, .
ITF(DAMIRM_GT .DAMSTQ(K-1) )THEN .
SUPPIRC(K)=DAMSTO(K-13}/HAIRR{]1)*0, y+DVERAC(X) .
ELSE .

SURPIR(K}=XREQIR
ENDIF
Do 45 H=1,5 .
OVERFL{X-+5)=0,0 .
ENDIF .
1FCK.LE.S)OVR=1. WGI5/1
ENDIF .

INCREASE STORAGE BY THE AMOUNT OF WASi & ACVUALLY GIVEN TO THE PLANY
lagic change Lja 1071177

If (IRRAPL.EQ.Q)THEN

STOIR{K}=STCIR(K)+SUPPIR{K)

ELSE

STOIR{K)Y=STOIR(K)+SUPPIR(K)*(1.-COKLC: .” {1, ~FAMLOS)Y*EFFIRR WG2111

ENDIF

CONT LNUE
END
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SUBROUTINE : MZCAIC

(FIIE : MZCAL3)



MA1ZE YIELD MQDEL

SUBROUT INE MZCALCCTOTAET, TOTPET,NSTRES, LSTART,EDAY, [STHO, ISTDAY,
*STAET,STPET, LM, COATA, XMOR, PLBATE , ENDAET ,ENDPET)

DIMENSION CDATA(70,4)

CHARACTER SHONTH(12)*9

COMMON/COUNT/ 1, 1YR,NDYM, IYEAR K

DATA SHONTH/*JANUARY®,* FEBRUARY®, 'MARCH', 'APRIL', 'MAY!, 'JUME",
“1 HULY Y, *AUGUST®, *SEPTEMBER* , 'OCTOBER ', 'NOVEMBER *, ‘DECEMBER* /

[F{IYEAR.EQ.1)GD TO 3D
(F{IYEAR.EQ.2IWRITE( 14,10}
V0 FORMAT(///45X, '"MATZE YUELD ESTIMATION (T/HAFSEASDN)'/45X,36('-'),

MZCCQO010
HZCOo0020
MZCDRO30
HZC0D040
MZCO0050
MZC00D50
MZC00070
MZCOQoa0
HZCO0090
KZTOD100
MZC00110
HZL00120
HMZCO0130
HZCOD140
KZCO0150

* 216K, 'YEAR DU PISAN} 77 DU PISANI 78',7X,'DE JAGER',5X, "USAMZCO0160

«-GTEWART',8X, 'PLANTING DATE®,4X, 'STRESS DAYS'//)
TOTAET=TOTAET+ENDAET
TOTPET=TOTPET+ENDPET
YLDDP=TOTAET/92.
YLDUSA=D.01B45*TOTAET -3, 0825
YLDP7B=0, BR**NSTRES*4575. O*TOTPET/424.4/1000,
YLDOJ=30.*(TOTAET-100. }* .45/1000.
[YRA=IYR-1
[F{PLOATE.EQ.0.)WRITE( 14,20 1TRA, IYR, YLDDP, YLDP7B, YLDDJ, YLDUSA,
*SHONTR(LSTART )} ,LDAY [NSTRES
20 FORMAT(13X,°190,12,4/7,12,3%,3(F10.3,6%),F10.3, 11¥,A%,13,7%,13)
[FCPLDATE.EQ.1.)WRITEC14, 203 1TRA, LYR, YLOD®, YLDP78, YLDDJ, YLDUSA,
~SHONTH(ISTMD) , 1STDAY ,NSTRES
30 ENDAET=STAET
ENDPET=STPET
1FCIYEAR.EQ,1)G0 TO 40
LM=LM+1
XMDP=XMOP+YLDDP
COATA{LM, 1}=YLDDP
COATA(LM, 2)}=YLOPTS
CDATA(LM, 3)=YLDDJ
CDATACLM, & )=YLDUSA
40 CONTINUE
EHD

MZCO00170
MZCO0180
HZL00190
HK2L0D0200
MzCDD210
MZC00220
HM2C00230
MZCO0240
MKZCO0250
MZC00250
MZC00270
M2C00280
MZC00290
M2C00300
MZC00310
HzCQ0320
HZC00330
MZCO0340
M2C00350
HzC003460
H2C00370
MzL£00380
MzCO0390
MZCO0400
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SUBROUTINE : MZPREP

(FILE : MZPREP)



C

C

10

20

30

&0

MALZE YiELD MODEL

SUBROUTIHE HZPREP(PRAIN, TPRA1M,LSTART,LOAY, ISTHO, [STOAY ,NSTRES,
*MSBAYS, TOTAET, TOTPET,LOROW, STAET , STPET  ATRANS,RFL ,WRIRR,AETIR,
*DPEIR)

DEMEKSIOR AETIR(32),AET1(32),AET2(32),APANCI2,32),AS0EV(32),
*ATRANS(32),ATRANI(32)  ATRANZ(32),CAYD(12,32), CONSTA(32) ,DEF1(32),
*DEF2(32),DNO{32),DPE(32) ,DPEIRL32), ETLYS(3R),D8STOTL32),
*0BST02(32},PERC(32),POSOEV(32),POTR1(32),POTR2(32),PP1(32), wG5/11
*PP2(32),PRAINCS) , QPEAK({32),0PKOBS(32), QUICKF(32) ,REQIR(3Z), W 178
*RFL(32),RUN(32),SEDYLD(32), 5IN50(32),5T01(32),5T02¢32),STRMFL(32),
*SURZ2({32}

COMMON/COUNT /L, [YR,NDYM, IYEAR K

COMMON/PRNTDY /MOIST ,DNO,PP1,PP2,DPE,AET1,AET2,0B5TD1,DBSTOZ, RUN,
*DUICKF,SIMSGQ, STRMFL,REQIR, CONSTA, APAN, SURZ, PERC, PRIRR,EVTR,CAYD, WG5/11
“POSOEV, ASOEV,POTR 1, POTR2,ATRANT,ATRANZ ,ETLYS,QPEAK, SEDYLD,QPKOBS WG 1/8
COMMON/MAL2E/PLOATE, LENGTH

COMMON/PRINT /DEFY,DEF2,5T01,5T02

CALCULATE PLANTING DATE 1F 1T 1S NOT SPECIFIED
IF(PLDATE.EQ.0.AND . ISTHD.EQ. D) THEN
TFCE.LT.10)TKEN
GO TO &0
ELSE
{FL1.GE.12.AND .K.GE . 2L ) THEN
I1STHO=12
1STOAY=24
GO TO 30
EKDIE
DO 10 J4=2,6
IFCK.E0. JIPRAINCS }=RFLIK)
1F¢X.GT.J.0R.K.LT.J.AND, [ .GT,10)THEN
Do 20 §=2,5
PRATNCSI=PRAINCI+T)
PRAIN{B)=RFL{K)
ENDIF
TOTAL PLANTING RAIN HAS TO BE 25HM ACCUMULATED OVER 5 DAYS
TPRAIN=PRATN({2)+PRAIN(3 }+PRALN(4 }*PRAIH(S )J+PRAIN(S)
1FCTPRAIN.LE .25, YTHEN
GD TO &0
ELSE
1STHO=1
ISTDAY=K=1
ENDIF
ENDIF
ENDIF
CALCULATE AET FOR GRALM YIELD EOLATIONS
IF¢I.LT. ISTHO)THEN
IF{[YEAR.EQ. })THEN
GO TO &0
ELSE
IF END OF GROWING SEASON WAS BEEN REACHED, REINITIALIZE VALUES
1F{LGROW.GE . LENGTH)THEN
IF(PLOATE .EQ.DYTHEN -
LSTART=1STHO
LOAY=15TDAY
1STMD=0
(STDAY=D
HSTRES=MSDAYS
MSDAYS=0
DO 40 J=1,6
PRAINCJ}=0.0
ELSE
ELF{MSDAYS.GT.0)THEN
NSTRES=MSDAYS



M5DAYS=D
ENDIF
ENDIF
co TO 60
ELSE
SUMMATE PE AND AE FOR BOTH 3011 LAYERS
IF(WRIRR.ED.Q.}THEN
YIELD 1S CALCULATED ASSUMING DRYLAND COMOETIONS
IF{EVTR.EQ. 1. }TOTAET=TOTAET+AET T(K)+AET2(K)
IFCEVTR.EQ.2. JTOTAET=TOTAET+ATRANS(K]
TOTPET=TOTPET+PP1(K}+PP2(K)
ELSE
YIELD 1S CALCULATED ASSUMING ]RRIGATED CONDITIONS
TOTAET=TOTAET+AETIR(K}
TOTPET=TOTPET+DPEIR(K)
ENDIF
LGROM=LGROW+1
GO TO 50
ENDIF
ERDIF
ENDIF
SPECTAL CASE FOR FIRST YEAR
IF(1.EQ, 1STMOITHEN
IE(K.LT.(ISTDAY+1))GU TG &0
IF(K.EQ. (ISTDAY+1 ) }LGROM=0
ENDIF
IF(WRIRR.EQ.O.)THEN
YIELD 15 CALCULATED ASSUMING DRYLAKD CONDITIONS
IF¢EVIR.EO. 1. )STAET=STAET+AET1(K)+AET2(K]
IF({EVTR.EQ.2.)STAET=STAET+ATRANS(K)
STRET=STPET+RPT(KI+PP2(X)
ELSE
YEELD IS CALCULATER ASSUMING IRRIGATED CONDITIONS
STAET=STAET+AETIR{K)
STPET=STPET+DPEIR(K)
ENDIF
LGROW=LGROW*1
50 IF(LGROW.GE.70.AHD.LGROW,LE,100)}THEN
CHECK FOR STRESS DAY
IF(WRIRR.EQ.0,)THEN
FFCAETI(K).LT. (D, 5%PP1(K}}.AND AET2(K).LT.{0,5"PPZ(K)]) IMSDAYS=
* MEDAYS+1
ELSE
IF(AETIR(K).LT.{0,5*DPEIR(K) ) IMSDAYS=HSDAYS+1
ENDIF
ENDIF
60 CONTINUE
END
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APPENDIX E
DE BOEK CATCHMENT *
REASONS FOR SELECTING THE DOF HOEK CATCHMENT FOR RECHARGE STUDY

The De Hoek catchment was selected as being suitable for study into
rainfall recharge for a number of reasons.

there was a wealth of pre-existing hydrological and hydrogeclogi-
cal data which was available as a data base for this project;

ongoing hydrological work in the area was being funded by the WRC;
it was hoped that data generated by such work could be inteqrated
into the recharge study:

the lithologies encountered in the De Hoek catchment are typical
of the whole karoo sequence, which is widespread over South
Africa; thus, it was hoped that results generated by study of the
De Hoek catchment could be extrapolated widely;

the local geology of the De Hoek catchment is relatively
uncomplicated, since it does not appear to be crosscut by major
post-Karoo dykes which might compartmentalise flow;

there were no pumping boreholes or wells in and around the
catchment, so interference effects did not have to be taken into
consideration when interpreting the local ground water conditions;

The correct title for the catchment is : Catchment VIM20, De Hoek/
Ntabamhlope. For convenience, all reference in the text will be given
as 'De Hoek'.

S R



the Beaufort Group and other Karoo sediments constitute a
significant source of graund water, primarily because of their
large areal extent. It was suspected that the value of recharge
to these units was very low, thus necessitating the establishment
of a reliable and extensive data base from which accurate
determinations of recharge could be made. Such information is of
particular importance in ensuring that water resocurces planning
and development in areas of similar geology is responsibly carried
out in the future.

GEOGRAPHICAT: SETTING

The De Hoek valley lies 21 km due east of Estcourt, Natal (See Figure
E 1) on the fringes of the Drakensberg escarpment.

REVIEW OF AVAITARIE HISTORTCAL RECORDS

A history of the previous research carried out in this area was detailed
in an excursion guide compiled by Schulze (1983). This guide has been
extensively used as a reference text in this study.

Ground water studies were carried out in the district prior to 1964 (Van
Wyk and Du Preez, 1968). Data from this report has been analysed and
is discussed in detail in the following sections.

The Department of Agriculture Historical records on this region were
saved from destruction by R Schulze, and are presently stored at the
University of Natal. B Mappeldoorn, of the Department of Agriculture,
Estcourt, was a technician during the original experiments at De Hoek
and was able to provide further information to supplement the existing
records.
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R Pallett systematically searched through this historical information
to extract useable data for catchments 20 and 28. This includes the
following information:

soil mapping details (work done by De Villiers in 1964);
borehole drilling logs;

previous borehole water quality analysis;

previous plans, geological profiles and botanical studies of the
De Hoek district.

R Schulze has established information storage and retrieval systems for
meteorological and hydrological data for the recharge project. The
relevant data from this scurce was regularly accessed, and the following
information was made available in a processed form:

daily rainfall records representative of the catchment;
daily weir flow records fram gauging stations VIM20 ard V1M28.

CATCEMENT DESCRTPTION

4.1

Topography

A general impression of the area may be abtained from the 1:50 000
topographic sheet (2929BA NTABAMHIOFE). The relevant portion of
this map has been extracted and enlarged, and is presented as
Figure E 2.

Schulze (1982) divides the study area into three distinct physio-
graphic regions:

the De Hoek valley (1220 — 1280m);

an escarpment rising about 180m, which represents the
watershed;

the Ntabamhlope plateau area (1460 — 1525m).
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Catcment 20 (including subcatchment 28) lies in the plateau area,
which is part of the spurs and foothills of the high Drakensbery
and borders the Winterton-Estcourt-Muden plain.

The stream in the catchment flows approximately northwards down
the gently sloping valley, over the escarpment and into the main
De Hoek valley.

Topographic information was cbtained from four sources:

1:3 600 scale contour map produced by the University of
Natal Survey Department, 1968;

1:3 600 scale contour map produced by the Agricultural
Technical Services Department, Natal region, drawn by MM
27.05.1968;

1:50 000 topographic map 2929 BA NTABAMHIOPE;

1:3 600 geological map, produced by the Geological Survey
of South Africa.

4.2 Available photography
4.2.1 Aerial photography

Aerial photographs flown in 1944 were on a scale of
1:6 600. Subseguent aerial photographs from Professor De
Villiers, soil survey, were also received.

The Survey Department of the UN was requested to fly colour
and black ard white thermal infrared surveys of the
research catchment in the early spring of 1984 in order
that the catchment could be examined in its driest state
before the area was burnt.
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4.2.2 Normmal photography

Photographs were taken recularly on visits to the area, and
have been used for correlation as well as a visual record
of the area for reporting purposes.

Geology

4.3.1 The Middie and Upper Beaufort sediments

The De Hoek catchment is mostly underlain by fine to medium
grained sandstones and maroon, khaki and blue mudstones of
the Tarkastad formation of the Beaufort Group. These Karco
sediments are crosscut by post Karoo dolerite dykes and
sills, although these appear to be less extensive in
catchments 20 and 28 than in the surrounding catchments.

The sandstones of the Middle and Upper Beaufort stages are
medium to fine grained, well cemented and grey-blue in
colour when fresh, weathering to vyellow and fawn. The
Beaufort sandstones in this catchment are generally fairly
massive. The contact between the Middle and Upper Beaufort
successions is poorly defined, due to the presence of
mdstone intercalations at the top of the middle Beaufort,
which are difficult to distinguish from the predominantly
argillaceous Upper Beaufort.

The Beaufort mudstones are variegated and maroon, khaki and
fawn in colour, and ooccur predominantly in the Upper
Beaufort sequence.

4.3.2 The Farco Dolerites
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4.3.3

4.3.4

The Beaufort sediments in this area are crosscut by a
number of dolerite intrusions, which take the form of both
sills and dykes. The De Hoek catchment was initially
chosen for study because it was anticipated that this area
was relatively free of dykes which might camplicate the
ground water flow pattern. During the course of drilling
in catchments 20 and 28, doleritic layers (interpreted as
being =ills) were encountered.

Structhure

There is little apparent structure in this area. Both the
sediment= of the Beaufort and those of the Quaternary are
essentially flatlying. There are no apparent faults within
the catclment, although it is possible that dyke emplace-
ment in the vicinity has taken place along lines of
previous weakness such as joints and faults.

Quarternary sediments

A sharp unconformity exists between the sandstones of the
Middle Beaufort and the basal boulder beds of the
Quaternary sequence. These are overlain by an alternation
of poorly stratified clays, gravels, laterites and black
vlei soils.

A geological map of this area is presented as figqure E 3

‘and a series of sketch cross-sections across this

catchment, constructed using the drilling data from
boreholes put down as part of this project are presented
in Figures E 4 to E 10.
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4.4

Soil type

4.4,1 Description of the soils

The soils of the catchment were classified according to
the South African binomial system for soil classification
(MacVicar et al., 1977). This is a standard system used
throughout South Africa. In 1963, De Villiers conducted
a soil survey of the area. This was slightly modified
during the duration of the project after observations made
whilst soil sampling and during access tube installation.

Characteristics of the catchment soils (after De Villiers,
1963) are detailed below. Figure E 11 illustrates their
distrilution.

Griffin/Griffin

Moderately deep (1.0 - 1.2m), well drained, acid soils with
sandy clay texture, lacking macro-structure. The topsoil
is dark brown, diffusing to a yellow brown apedal B horizon
at 0.28 - 0.32 m. This diffuses to a dark red horizon at
0.75 - 0.85 m. Clay content within the subsoil is 45-55%.

Kranskop/Kranskop

Deep (1.2 - 2.5 m), well drained acid soil with clay loam
to fine sandy clay loam texture and granular, grading to
weak sub-anqular blocky structure. The topsoil is dark
grey brown and contains 2-3% organic carbon. This grades
to a yellow brown B horizon at 0.45-0.55 m and a dark red
horizon at 0.9-1.0 m. Clay content within the subsoil is
45-55%.



FIGURE E.11 SOILS

v

E CLOVELLY BERES
QoYELLY 3SERIES = pEatronr
SAMDITOHE SIVAATRATE
CLOVELLY AEAIER=- PUAPLE
BEAUFOAT MUDSTUNE XUBSTAATE
——
E CLOVELLY — NRANIKOF WTDAGRADE
E FANMIHIHAM BERIES
E ALATOH SERIEY

-] WIKTEATON STNLR

AT 1
DL VRLAEAE, rey MIaFLH

S ———




Clovelly/Clovelly

Moderately shallow {0.25-0.75 m), well drained acid soil
with clay loam to find sandy clay loam texture and
granilar, grading to weak sub-angular bloecky structure.
The topscil is dark grey brown ard grades to a yellow brown
apedal B horizeon at 0.2-0.3 m. Clay content within the
subsoil is 45-55%.

Clovelly-Kranskop intergrade

A soil intermediate in depth between the Clovelly argd
Kranskop series.

Moderately shallow soils (0.25-0.75 m), poorly drained,
occupying bottomland positions and subject to a fluctuating
water table. The topsoil is grey to dark grey and hard
when dry. This overlies a pale brown or grey brown
bleached E horizon at 0.28-0.32 m, fairly high in silt due
to eluviation of clay. At 0.5-0.7 m this changes to a
mottled hydromorphic clay. Clay content within the E
horizon is 35-45%. These soils are subject to erosion and
are frequently gqullied. Erosion alse takes the form of
sinkholes and subterranean channels which are subject to
collapse,

Hutton/Farningham

Moderately deep (1.0-1.3 m), well drained acid secil lacking
macro-structure and with 40-50% clay. The topsoil is dark
reddish brown diffusing to a redder subsoil between 0.45

and 0.60 m. Organic carbon content of the topseil is
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approximately 2%. These soils are derived from colluvial
material probably of mixed dolerite-shale origin.

Hutton/Hrtton

A coarse sardy clay loam, containing 20-30% clay, derived
from colluvial dolerite and sandstone, otherwise analogous

with the Farningham series.
Avalan/Normandien

Moderately shallow soils (0.30-0.75 m), sandy clay to clay
texture (40-50% clay), subject to a fluctuating water table
at depth 0.6-8 m. Above this mottled grey lies a yellow
brown apedal B horizon. The topsoil is a dark yellowish
browm.

Mispah/Mispah

Very shallow soils (0.05-0.3 m), fine to medium sandy clay
loam texture (25-35% clay) overlying hard rock, usually
sandstone,

Clovelly/Clovelly

Beaufort sandstone/midstone substrates analogous with the
Clovelly series, but shallow and lying directly on
sarxistone or mudstone.

Information on the physical characteristics of these soils
has been used to divide the area into zones of below
average and about average infiltration potential, and zones
where runoff rather than infiltration is dominant. This
information is presented in figure E 12.
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Hydrology

Catchments 20 and 28 lie in the plateau area rising above the main
De Hoek valley. The stream within the catchiment rises in the
south at the elevation of approximatly 1495m and flows northwards
towards the main valley, leaving the catchment at weir VIM20,
which is at an elevation of 1425m.

The catchments have a combined area of 137 hectares and contain
two weirs, numbered VIM28 and VIM20, which are used to gauge flow
in the stream. Surface water studies have been carried out in
this region since 1936, so a large amount of hydrological
information is available for appraisal.

Hydrogeology

The hydrogeology of the De Hoek ard Ntabamhlope regions was first
investigated during the pericd 1958 - 1968, when a ground water
study was undertaken by Van Wyk and Du Preez of the Geological
Survey. This included the core drilling of 55 boreholes, although
none of these were put down within catchments 20 or 28. Both
punping and kailing tests were carried out on these holes where
possible, and falling head permeability tests were conducted on
selected boreholes. FPorosity tests were also carried ocut on
fragments of bedrock retrieved by coring. The sumarised results
of this study are outlined in the following sections:

4.6.1 Drilling in the De Hoek region

This study included the core drilling of 55 boreholes
between July 1958 and June 1960, with a total core length
of 1484m. Auger drilling was conducted on the watersheds
of several of the catchments to determine whether or not
there was linkage of smaller catchments via a network of
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subterranean tunnels and sinkholes.

4.6.2 Porosity and permeability determinations
Porogity determinations were carried out on some 200
sanmples cbtained from core drilling. The results of this

investigation are tabulated below in table E 1.

TAHIE E 1: POROSITY DETERMINATIONS QN OCRE
SAMPTES FRCOM THE DE HOEK REGION

Lithology Number of Average Range of
determination poresity (%) porosities (%)
" Sardstone : ' 69 ' 65.38 3.95 - 10.95
Mudstone 26 41.9 20.3 - 62.1
Weathered sandstone 11 14.19 8.05 — 24.1
Indurated sandstone 9 3.25 1.86 - 4.08
Indhirated mdstone 11 8.53 3.54 - 14.7
Fresh dolerite 3 2.91 1.14 - 4.73
Sandstone above water table 2 10.37 10.1 - 10.63
Sandstone below water table 8 7.26 3.46 - 9.32

243 permeability tests were also conducted on 43 boreholes
by testing the boreholes at between 1.5m and 3m, and there-
after, at a variety of depths until campletion. A known
amount of clean water was added to each borehole, and the
drop in water level per unit of time was recorded. Only
qualltatlve rather than quantitative conclusions were drawn
from these studies, but a number of general comments about
the field permeability may be made :

at shallow depths, the field petmeability was generally
of a low order, irrespective of lithology.



field permeability increased with depth, but not in a
readily predictable fashion, as the permeability of
units in this catchment appears to be primarily a
function of fissure distribution.

the field permeability of boreholes which cross cut
dolerite dykes was considerably higher than that of
those which did not. This feature may be attributed to
induration along dyke margins and the increased
incidence of jointing due to cooling of the rock mass.

4.6.3 Water level monitoring

Of the 55 boreholes put down by the Department of Water
Affairs, eighteen were completed by the end of 1958 with
an additional twenty one being sunk in 1959 and the final
sixteen being added to the network in 1960.

All of these sites were reqularly monitored throughout 1960
and 1961. In addition, Stevens water stage recorders were
installed at six selected sites to provide a continuous
record of grourd water level fluctuations, with additional
recorders being installed on a short term basis for ad hoc
level readings and monitoring of pumping tests.

Responsibility for the monitoring of these cbservation
borcholes passed from the Geological Survey to the
Departme.ﬁt of Agricultural Technical Services in December
1961, when the mmber of monitoring points was reduced from
55 to 41. In February 1962, this mumber was increased to
50, and then reduced again in Octcber 1962 to 39. In the
period July 1964 to March 1968, only nineteen of the
original 55 boreholes were still being monitored on a
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reqular basis.

Water table fluctuations

Data from monitoring of water levels in the De Hoek and
Ntabamhlope districts demonstrated a mumber of relation-
ships:

pattems and scales of water level fluctuation in
boreholes which intersected the same dolerite dykes
showed striking similarity, thus irdicating a high
degree of interconnection via fissure networks;

annual hydrographs in the vast majority of boreholes

showed-a seasonal variation comparable with the pattern

of precipitation over these catchments. However peaks
in grourd water level tend to lag several weeks behind
peaKs in rainfall, thus indicating that there is a delay
between rainfall and aquifer recharge;

semi-diurnal water level fluctuations attributable to
earth tides were also identified in a number of
boreholes equiped with autographic recorders, with new
and full moons causing fluctuations of the maximum
ampl itude.

These effects were only discernable in boreholes which
intersected dolerite dykes.

4.6.5 Pumping tests

in estimate of borehole yield was obtained by conducting
a series of bailing tests on 11 boreholes. Yields ranged
fram "very small" to a maximum of 480 gph (2.2m3/h).



A series of five pumping tests were carried cut. However,
the data cbtained from these tests was not suitable for
analysis using standard graphical analytical techniques,
as the pumping rate was altered at several points during
each test, and tests commenced when recovery from previous
phases of pumping was still incomplete. However, broad
conclusions may ke drawn from the results of these
experiments:

. boreholes in this area generally have low yields (less
than 500 gph (2.3m°/h)). The maximm yield seen was at
borehole 15P, where an abstraction rate of 1600gph (7.3
r/h) was sustained for 60 hours. However, such a yield
is recognised as being exceptional for the region;

boreholes which lie on the same dyKe appear to have good
hydraulic connectivity and show drawdown effects as the
result of interference from pumpirg wells up to 1850°
(564 m) away;

boreholes in the sediments show little response to
pumping of adjacent boreholes due to the relative
impermeability of the sandstones and mudstones;

recovery of abstraction and observation wells after
puping was generally very slow (on average, after 98
hours. pamping at 1600gph (7.3m'/h), the majority of
boreholes took nearly 200 days to recover to pre-test
water levels). This indicates that recharge rates
within the aquifer are slow.

4.6.6 SRK growd water investigation
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Eighteen borsholes were sunk in and around catchments 20
and 28 (previocusly labelled 14 and 14A respectively).
This drilling was undertaken by Mr Pretorius of the Depart-
ment of Water Affairs, Iadysmith between September and
November 1984, under the supervision of M Sacchi of 5RK.
Chip sanples were locgged, retained and then re-examined by
R Pallett, University of Natal, technician seconded to SRK
in June 1985. The positions of these boreholes are shown
on Figure E 13.

These boreholes rarge between 27.1m and 103w in depth.
(See Table E 2). The majority of these boreholes were dry,
with the highest air 1ift yield being encountered in
borehole 18. This yielded 0.375L/sec (1.35 w'/h), which
is still extremely low. Lithologies encountered were es-
sentially sandstones and mudstones of the Beaufort Group,
intruded by later dolerite dykes and sills. Sediments
adjacent to intrusions showed a tendancy to become
indurated due to baking, and may have considerably higher
permeabilities than the unbaked country rock due to the
development of cooling joints and fissures,

Although it was originally intended that some of these
holes should be pump tested, the extremely low air 1lift
yields imdicated that no meaningful results could be
obtained from such testing, as the boreholes would dewater
rapidly, even at a very low pumping rate. Instead, it was
decided that packer testing of a pair of selected boreholes
would be a more reliable method of determining transmis-
sivity and hydraulic conductivity values for the aguifers
encountered.
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TAHLE E 2

GROUND WATER MONITORING

BORFHOLE TOPO ELV AVERAGE REST AVERAGE REST BOREHOLE, DEPTH AIR LIFT
NUMBER HAMSL (m)| WATER LEVEL. | WATER LEVEL (m) YIELD
{mams1) (1/sec)

1 1490 - 25.70 1464.30 1 91 -

2 1521 - 60.37 1460.63 2 93 3

3 1535 ~ 63.84 1471.16 3 103 0.23

4 1514 - 39.48 1474.52 4 78 0.27

5 1487 - 14.23 1472.77 5 73 0.11

6 1485 - 60.83 1424.17 6 69 -

7 1460 - 19.05 1440.95 7 55 -

8 1430 - 84.18 *1345.82 B 91 -

9 1452 | - 27.85 1424.15 9 91 -

10 1474 ~19.35 1454.65 10 67 -

11 1473 - 69.96 1403.04 11 73 -

12 1489 - 14.72 1474.28 12 79 0.32

13 1471 ~ 16.03 1454.97 13 79 -

14 1474 ~ 6.94 1467.06 14 27.1 -

15 1470 - 79.49 1390.51 15 91 -

16 1450 - 43.73 1406.27 6 | s -

17 1458 - 3.50 1454.50 17 85 -

18 . 1489 - 17.24 1471.76 18 67 0.375

* Ground water levels calculated from 1:50 Q00 topo reference
height to determine correct conversion factor (lm = 3.28 ft).



4.6.7 Packer testing

Two boreholes, boreholes 4 and 17 were selected for packer
testing in June 1987 in order to determine the variation
of permeability with depth within these boreholes.

The recults of these tests are tabulated below:

TABIE E 3: BOREHOLE 14 PACKER TESTING
INTERVAL| (mbgl) | TEST HYDRAULIC TRANSMISSIVITY, T
TOP (m) | BASE (m)| SECTION | CONDUCTIVITY |INTERVAL | CUMULATIVE
LENGTH (m/sec) (/) (x/d)
{m)

66.5 76.2 9.7 IMPERMEABLE 0 0

60.5 67.0 6.5 IMPERMEABLE 0 0

53.45 59.95 6.5 IMPERMEABLE Q g

47.1 53.6 6.5 2.8 x 1077 0.16 Q.04
40.4 46.9 6.5 2.8 x 10°° 1.57 0.344

Thus, for the section of borehole 4 between 40.4 mbgl and 76.2 m
the cumilative transmissivity is 0.344 n’/d, which is extremely
Of this interval, the section between 53.45 mbgl and 76.2 mbg

effectively impermeable.

This corresponds to altemating grey-

sardstone and purple mudstone beds on the lithological log for

hole.

However, there appears to be little difference in term

lithology between this and the more permeable section between 40.4
and 53.6 wbgl.



TARIE E 4 DBOREHOIE 17, PACKER TESTING

INTERVAL TEST HYDRAULIC TRANSMISSIVITY, T
TOP BASE | SECTION | CONDUCTIVITY |INTERVAL | CUMJLATIVE
(mbgl) | (mbgl) m(w;:m (my/'sec) (nf/d) (n/d)

Til
13.65 84 70.35 8.7 x 108
13.65 20.25 6.60 6.6 x 107 0.4
20.35 84 63.65 IMPERMEABLE

Thus, for the section of borehole between 13.65mbgl arxd 84
mbgl, the cumilative transmissivity is effectivly zero Only
the top 6.6m of this interval shows any permeability. This
corresponds to light brown weathered sandstone on the
lithological logs. The impermeable section below this can be
correlated to the lower section of this weathered brown
sandstone and the underlying grey sandstone.

4.6.3 Borehole hydrographs from the De Hoek Catcmrents

A monitoring programme was set up in March 1985 to observe
the fluctuations in water levels seen in the eighteen
boreholes put down in late 1984. This data was used to plot
up hydrographs which are presented in Figures E 14, E 15 and
E 18,

Tt shauld be noted that the scale along the horizontal axis
is not directly proportional to time, as each division simply
represents a single reading. Initially readings were taken
on approximately a weekly basis, but, as time progressed, the
interval between readings grew progressively longer. In all,
data was collected between March 1985 and October 1986, a
period of 19 months.
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Despite the distortion of this timescale, these hydrographs
can still be used to determine valuable information about the
grourd water conditions within the De Hoek Catchment.

In general, these eighteen hydrographs may be subdivided into
five cateqgories;

thoze which show 'seasonal' fluctuation in levels (seen
in boreholes 3, 4, 5, 7, 11, 12, 13, 14, 17, 18);

those which show a dominantly ‘upward' trend in water
levels, that is, there appears to be a consistant rise in
ground water levels with time. Boreholes 6, 8 and 15 fall
inte this category:; -

those which show a dominantly ‘downward' tremd in water
levels, that is, there appears to be a consistant decline
in ground water levels with time. Boreholes 9 and 16 both
show this trend;

those which show 'seasonal' variations superimposed on an
underlying dowrward trend, seen in boreholes 4, 11, 12 and
17;

. those which show none of the above four patterns. The
hydrographs of boreholes 1, 2 and 10 fall into this
category.



™

.36,

The average depth to water within this catchment over the
period chserved varied between 1474.52 mamsl (at borehole 4)
and 1345.82 mamsl (at boreheole 8). The maximm fluctuation
in levels over the monitoring period is seen at borehole 1,
where a difference of 31m between the highest and lowest
readings is noted; in contrast, the minimm fluctuation is
seen at borehole 14, where a variation of only 0.75m is
identified over the entire period.

It should be emphasised that no pumping is taking place within
the de Hoek Catchment and thus, no features on these
hydrographs may be attributed to the effects of interference
from adjacent pumping wells.

These trends have been interpreted to identify the ground
water conditions on the basis of these hydrograph results.
Each of the five identified catagories will be discussed in
greater detail:

Category 1: Seasonally fluctuating hydrographs

Boreholes which show these characteristics can be seen to be
responding to volumetric changes in water storage within the
aquifer which may be directly correlated to seasonal trends
in rainfall and infiltration patterns. Borehole water levels
may be expected ts attain maximum elevation in the autumn
pericd, following the winter rainfall, and then to decline
slowly throughout the winter and spring periods. The scale
of these fluctuations will be dependent on the transmissivity
and storage of the aquifer at a given point, which will govern
the rate at which water is recharged to the aguifer under
cbservation, both laterally as a result of ground water
movement under a regional hydraulic gradient, and vertically,
as a result of infiltrating precipitation. The storativity
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of the aquifer will also determine the scale of such
fluctuations, as the lower the amount of available void space
for water to occcupy, the greater the size of fluctuation in
ground water levels that will be seen as a result of a given
amount. of recharge. '

Category 2 : 'Upward' trernding hydrographs

A consistent rise in water levels over the period of
monitoring implies that recharge is ccouring to the aquifer
in the vicinity of the borehole, thus leading to a gradual
rise in observed water levels. Such an effect could be
attributed to a mumber of causes. One such possible cause
is a general rise in growd water levels over the entire
area. . However, if this were the case, then it would be
expected that such an effect would be apparent over the entire
catchment, and would show some seasonal fluctuation.

A consistent rise in borehole water levels could also arise
as a result of leakage from the de Hoek river into the main
body of the aquifer. However, it would be expected that the
river and the aquifer would have reached some sort of
equilibrium state, unless the drainage system has only
recently been established in the present position, or has only
just eroded channel down to a level where the river and the
aquifer are in hydraulic contimiity. Also, of the three
boreholes which have been identified as showing this trend,
only borehole 8 lies close enough to the river for this
mechanism to be likely. '

Continuous dowrmard trends in borehole hydrographs imply a
progressive draining of the aquifer in the vicinity of the



boreholes. This sort of response would generally be
interpreted as an interference effect from neighbouring
pumping wells but, as previously mentioned, there are ro
puping wells in or around this catchment.

A similar effect would also be generated as the result of a
ground water recession caused by a prolonged pericd of drought
spanning several years. However, if this were the case, then
this response should be generatad across the entire catchment,
which is not apparent elsewhere. Similarly, if this was the
case, then some sort of seasonal fluctuation would be
expected, which is not seen in these boreholes.

Category 4: Seasonal fluctuations superimposed an
declining hydrographs

This effect may be interpreted as being the result of a ground
water recession resulting from a protracted drought period
with the effects of seasonal variations in infiltration rates
apparent as peaks and troughs superimposed on the urderlying
decline in water levels.

Cateqgory 5: Other trends

The hydrographs for boreholes 1, 2 and 10 do not fit into
any of the above categories. The water level in borshole 1
is essentially static for a long period of time, and then
shows a sharp drop of approximately 30m in six months.
Borehole 2 shows an erratic pattern of ground water level
fluctuation, with differences of up to 3.5m over a pericd of

a fortnight.

Borehole 10 shows almost the opposite response with time to
Borehole 1, with water levels coming closer and closer to the
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surface over a period of four months, in which time, levels
rise from 48 mbgl to 15 mbgl and then level off.

It is very difficult to postulate hydrogeological conditions
that would give rise to such a range of seemingly unrelated
responses over such a small area. Thus, without additional
investigations in this area, it is not possible to interprete
the results in any useful fashion.

Correlation between rainfall and ground water levels

Van Wyk and du Preez noticed in their studies of the de Hoek
and Ntabamhlope districts that there was a correlation between
rainfall amd ground water levels. This phenomenon is
illustrated conclusively by plotting cumulative departure
rainfall curves against ground water levels for boreholes 4,
11, 12 and 17. These graphs are presented in Figures E 17
ard E 18.

From these plots it can be seen that the pattern shown by the
rainfall cumilative departure curve is closely mimicked by
the tremd of ground water levels, showing a pronounced peak
in April and May and reaching minimum levels in October and
November. ‘There appears to be very little offset of these
two curves (although van Wyk and du Preez record a significant
time lag between these two peaks) which suggests that “piston®
displacement of water from the saturated horizons of the soil
+o the water table occurs following rainfall events. Alter—
natively, the coincidence of these two peaks may be attributed
at least in part, to direct recharge of the borehole from
rainfall, for example, where the boreholes have not been
sealed adeguately at the surface
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4.7

4.6.10 Position of the piezametric surface

Ground water contour plans for February, April and June 1985
were drawn up using data from these boreheoles, ard are
presented as figure E 19. These show the position of the
local potentiometric surface in metres above mean sea level
and indicate that ground water flow ocours in a northerly
direction towards the river and the catchment outfall at weir
VIM20. Flow directions do not appear to alter significantly
with the season, although the elevation of the piezometric
surface relative to mean sea level does show appreciable
variation with time.

Climate

The climatic data for the De Hoek Catchment has been extracted from
Schulze (1982).

4,7.1 Precipitation

There are two meteorcological stations close to the De Hoek
catchment; Monk's Cowl station 267/693 has a continuous record
longer than 15 years, whilst the Ntabamhlope station 268/900
has a continuous record for 26 years.

The mean annual precipitation for the region is 1115 mm.
The mean monthly precipitation over this area is tabulated
in table E 5. Detailed records for station T14 are presented

in Appendix E 1.
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TABIE E 5
MEAN MONTHLY PRECTPTTATTON FATLING OVER DE HOEK CATCHMENT

MONTH M.M.P (1) MONTH M.M.P (mm)
JANUARY 235 JULY 10
FEBRUARY 200 AUGUST 25

MARCH 175 SEPTEMBER 50

APRTL 65 OCTORER 82

MAY 30 NOVEMBER 125

JUNE 20 DECEMBER 160

Mean monthly precipitation is a particularly valuable
statistic to consider when assessing the climatic regime
of a region, since the time peried is coarse encugh to
smooth over irregularities in the record which would become
apparent over time steps of a shorter duration, ard yet
fine enough to permit major differences from ane month to
another. From these figurss it is apparent that De Hoesk
experiences mainly summer r:infall with some in winter with
a mean monthly maximum seen in January, and 76% of the
total anmual rainfall falling in the period falling in the
period November - March.

Consideration of the mean wmonthly number of raindays
provides an indication of the frequency and intensity of
rainfall episodes.

ways:

This may be considered in one of two

. days when over lmm of precipitation has been recorded;
days when over 10mm of precipitation has been recorded.

The latter of these two definitions is of particular signi-
as 10mm is taken as the lower limit for the
production of run off.

ficance,
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4.7.2 'TEMPERATURE

Monthly means of daily maximm temperatures range between
16.0°C in July and 24.5°C in January, whilst mean daily minima
fall between 3.3°C in June ard 12.9°C in January.

Figures for the mean dally temperature maxima and minimaare
presented in Table E 6.

MONTHLY MAXIMIM AND MINIMIM TEMPERATURES IN

SEPTEMBER
OCTORER

TAEIE E 6

THE CE HOEK CATCHMENT

MEAN TEMPERATURE

18/19
18
18
14/15

12
15
15/16
19
20

c

11
9/10

DATTY DATLY
MAXTMUMMINIM M

2614

2412/13

183/4

161

217

2410
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4.7.3 Evapotranspiration

An A-pan evaporation pan at the Ntabanhlope weather station
records an average anmual value of 1525 mm, with maxima in
the months October to December (160mm in each month) and a
minimm of 76 mn in June. Detailed records are presented in
Appendix E 2.

large scale maps are available which contour values for
potential evapotranspiration given a full canopy coverage
which give the following monthly statistics for the De Hoek
catchment:

TABLE E 7
BOTENTTAL EVAPOTRANSPTRATION IN THE DE HOEK CATCHMENT

MONTH  POTENTIAL. MONTHLY MONTH POTENTIAL
MONTHLY

EVAFOTRANSPTRATION FUAROTRANGDTRA

TION

(rm) (Tmm)

JANUBRY 178 JULY102
FEBRUARY 155 AUGUST132
MARCH 158 SEPTEMEER150
ATRIL 130 OCTOBER180
MAY 115 NOVEMEER168
JUNE 98 DECEMRER180

Mean Annual potential evapotranspiration = 1780 mm

4.7.4 Wind

The wirdiest months in the De Hoek catclment are betwesn
Septenber and November, with wind runs exceed 190 kmy/day.



March and April are the least windy months, whilst the most
consistant winds are experienced in July.

4.7.5 Smechine

The average daily sunshine duration is 6.9 hours; with January
as the cloudiest month (6.0 hours/day of sunlight) and July
as the sunniest (over 7.7 hours/day).

4.8 Ianduse

The major part of the De Hoek catchment is covered by highland
sourveld, which is under controlled grazing. The northemn third of
the catchment is under black wattle and is given over to eucalyptus
plantations which are under the juristiction of Masonite (Africa)
Ltd. A map of landuse in catchments 20 and 28 is presented as figure
E 20.

CATCHMENT TNSTRIMENTATTON

Monitoring of climatic and hydrological data in this region was first
instigated in the late 1950's when the Department of Water Affairs in
conjunction with the Department of Agricultural Technical Services
initiated hydrological investigations. Data on rainfall, streamflow and
borehole water levels in adjacent catchments was collected, but never
processed, and the research was abandoned.

Prior to installation of any field equipment specific to the project, the
catchment was already ecuipped with an operating stream gauging station
at weir VIM28 and a closed weir, VIM20 at the mouth of the catcment. In
addition, a rainfall station at the head of the catchment provided a
continuous autographic rainfall record and a full weather station was
operative at the Ntabamhlope Research Station.
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To allow field monitoring to proceed as planned for the recharge project,
it was necessary to supplement the existing hydrological infrastructure
with the follawing equipment:

an autographic rain gauge at the mouth of the catchment, close to
weir VIM20;

seventeen boreholes within and adjacent to the boundaries of the
catchment. Four of these boreholes were subsequently equipped with
autographic water level recorders;

forty-two access tubes to allow neutron probe logging of the soil
profile;

three intensive moisture monitoring installations consisting of an
access tube, moisture block and three tensiormeters:

the clearing and rehabilitation of weir VIM20, which was also
equipped with an autographic recorder.

The positions of these installations are shown in Figure E 13.

MONTTORING 2ND DATA ACOUTSTTION

6.1

Regular monitoring
6.1.1 Climatic monitoring

The three main climatic parameters required for modelling of
ground water recharge from rainfall are:

precipitation
evaporation

transpiration
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6.1.3
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Precipitation was recorded using two autographic rain gauges
situated at the base and head of the catchiment. This yielded
information on the spatial distribution and nature of rainfall
falling on the catchment in terms of rainfall volume,
duration, intensity and time of cccurance. Rain samples were
collected on an irregular basis ard analysed for chloride
content to provide data for the chloride mass balance
determination (see Section 6.1.4).

Temperature, A-Pan evaporation, sunshine duration and windrun
are monitored on a daily basis at the Ntabanhlope research
station 2 km south west of the catchment.

Surface water flows in stream courses were monitored at
gauging stations VIM20 and VIM28. These stations were
inspected weekly to check measured streamflow and time against
data recorded by the autographic recorder, and to change
charts when necessary. Detailed records are presented in
Apperndix E 3.

Water samples were taken weekly from both stations, and
subjected to a determination of conductivity for comparison
with conductivities derived for ground water sampling.

Soil moisture status monitoring

Data on the soil moisture status of the catchment was
gathered on a regular basis using the following monitoring
equipment:

neutron probe

tensiometers

moisture blocks
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Reaurtron probes

A soil moistwre data base for the catchment was established
by monitoring moisture content at ten sites using a neutron
probe. Each site was egquipped with an access tube to a depth
of 1.6m. Moisture readings (probe count ratios) were taken
at 100mm intervals from an initial depth of 200mm.

Access tubes were sited to facilitate the monitoring of the
following characteristics:

the distribution of soil moisture with depth throughout
the catchment:

the relationship betwesn spil moisture and depth in areas
of different relief and landuse (for example, controlled
grazing, plantations, upland, midslope and bottomland
sizes);

the variation of soil moisture with depth for the dominant
soil types.

Monitoring was carried out twice weekly during the rainy
season, and weekly during the dry season. Monitoring was
intensified to take place on a daily basis during pericds of
significant rainfall.

A calibration curve for each moisture monitoring site was
derived to convert probe count ratios to an absolute amount
of mols"l:ure To do this, soil samples were taken simil-
taneously with probe readings over a sixteen month period,
and were analysed for moisture content. Calibration curves
were then cdbtained by plotting moisture content against count
ratio. The calibration results are presented in Appendix E
12.
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Some problems were experienced during routine moisture
monitoring due to vandalism of the test sites. This did not
result in a significant loss of data, but additional expense
was incurred in repairing and replacing access tubes.
Additional data loss was caused by malfunctioning of the
electronic switches and display on the neutron probe, which
frequently occurred in the final months of the monitoring
programme.

Moistimre blocks

Gypsum blocks were installed at S00mm depth at three sites,
each in association with an access tube and tensionmeter
cluster, which were monitored on a weekly basis. Changes in
moisture content could only be determined below field capacity
because moisture contents at or above field capacity give
readings of 100% moisture. After monitoring these installa-
tions for 20 months, they were destroyed by fire.

Tensicmeters

Three tensiometers clusters were set up in association with
access tubes. These clusters consisted of three tensiometers
with porous cups set at depths of 200m, 400m and 600m,
situated 1.2m from the access tube and connected by thin
tubing to a mercury mancmeter to determine suction head.

Tensiometers proved to be unsuccessful field instruments in
this area for the following reasons:
difficulty was experienced in obtaining an airtight system,
and suction heads were consistently low, thus making it
difficult to take readings with accuracy;
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tensiometers are delicate instruments and not suited to
installation in open areas where they have little
protection. In particular cattle, rodents and fire had
a destructive effect on these installations.

Tensiometer clusters were replaced twice; once to try and
gain greater suction heads, with instruments modified to
reduce the volume of water within the instrument itself and
again after destruction by fire.

Details of results of field capacity and wilting point
determinations are given in Appendices E 7 and E 8 respective-
ly.

Ground water monitoring

Water levels within each borehole were measured monthly using
a dip meter. Boreholes were visited weekly to change charts
arnd cross check recorded levels with dipped levels. Problems
were experienced with stepping of the pen on the chart. This
was attributed to:

cables not running freely within the borshole between
float amd recorder;

the float adhering to the side of the borehole and thus
not responding immediately to changes in water level;

a swarm of bees preventing free movement of the pulley
mechanism on one recorder.

These problems were overcome by:

placing the cables centrally over the borehole by using
modified mounting brackets:;
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pouring soapy water into the borehole to reduce friction
between the sides and float;

removing the bees.

Difficulty was experienced in mamually determining water
levels in the four boreholes equipped with autographic
recorders. On several occasions, the float cable was
dislodged, and the float and cable had to to retrieved using
a grapple hook.

Boreholes were kept locked to prevent damage, but during
the monitoring programme, boreholes 7 amd 8 were broken into
and blocked, thus preventing further monitoring at the sites.
Ground water samples were taken from the borehioles not
equipped with autographic recorders on an irregqular basis in
the few days following a significant rainfall event. Sampling
was conducted using a bailer which captured samples at a depth
approximately 6m below the standing water surface. These were
then subject to chloride analysis and electrical conductivity
determination and the results compared with chloride content
of rainfall over the catchment to obtain a mass balance
detexrmination.

Tables E 8 arnd E 9 present a tabular representation of the
duration of the various monitoring activities in the
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6.2

De Hoek catchment during the periocd 1985-1987. Themonitor-
ing results are presented in Appendix E 4.

Specific testing

Double ring infiltrometer tests were undertaken at five sites distri-
buted evenly throughout the catchment to determine the hydraulic
conductivity of socils in the De Hoek region. The falling head
procedure described by Klute (1965) was employed, with slight
modifications to compensate for field conditions. The rings used
initially were judged to test too small a cross-sectional area to
be representative of the regional soils, and were replaced by rings
approximately 500mm in diameter. Rirgs were driven into the soil
to a depth of 100mm with as little disturbance to the soil as
possible, and a layer of cloth was placed within the rings to prevent
soil surface disturbance during water application.

6.2.1 Field determination of saturated hydraulic conductivity

Prior to making a determination of saturated hydraulic
conductivity, the soil was well saturated. A head of water
was maintained in the outer ring throughout the test to
prevent lateral flow from the inside ring in order that the
vertical hydraulic conductivity might be determined. A
measured amount of water was then added to the inner ring,
and the fall in head as a function of time was monitored.
Detailed results are presented in Appendix E 10.

6.2.2 Field determination of unsatwrated hydraulic conductivity

The progress of the wetting front through the soil profile
was monitored at five sites using double ring infiltrometers.
The cuter ring was filled with water to prevent lateral flow,
and a measured amount of water was added to the inner ring.



6.2.3

At a given time interval after water application, an
undisturbed core sample of the soil profile was taken to a
depth of 1600mm to determine moisture content. Control
samples were taken nearby at the same depth and time for
conparison.

Tracing the wetting front down the profile using the neutron
probe was often unsuccessful. This was carried out at access
tubes other than those used for routine moisture determina-
tion. Infiltration rings were placed around access tubes,
ard the water was added to the inner and outer rings as
described above. After a given time, the neutron probe was
nm down the access tube. However, it proved extremely
difficult to prevent lateral flow and also water travelling
down the ocutside of the access tube, thus unacceptably
exaggerating the measured unsaturated hydraulic conductivity
values,

Soil sampling

Iaboratory analysis to determine bulk density, hydraulic
conductivity and water vretention constants reguived
undistrubed core samples. These were obtained using a
motorised soil auger. The procedure followed was that
outlined by Blake (1965). Samples were taken from moisture
monitoring sites, as close as possible to the access tube
without disrupting the soil within the neutron probe's sphere
of influence. In addition, nine profile pits were dug to a
depth of 1.6m to identify soil horizon boundaries. Each
horizon was sampled from a shelf excavated into the pit wall.
Characteristics of all profiles were described in detail and
photographed (Appendix E5). On occasion, difficulties in
cbtaining undisturbed cores at sites 32 and 115 were
experienced due to dry soil conditions. Laboratory determina-



tion of moisture content for neutron probe calibration and
particle size distribution analysis used disturbed samples
taken by hand auger. Calibration samples were taken as each
moisture site and at 100mm intervals down the profile to a
depth of 1600nm. Samples from each soil horizon at each
moisture site were sent for particle size analysis (Appendix
E 6).

6.3 IABCRATCRY INVESTIGATIONS
6.3.1 Determination of physical soil characteristics
Particle size distributions

The distribution of particle sizes for each horizon of the
soil profile occurring at each moisture monitoring site was
cordtucted using the hydrometer method documented by Day
(1965) .

Bulk density

Field samples of known volume were oven dried at 100°C to a
constant mass. The bulk density was then calculated using

the following equation:

Mass of gven dried soil (ko)
Bulk density = Volume (if')

Detailed results are given in Appendix E 9.



6.3.2 Determination of hydraulic soil characteristics
Moisture retention constants

Moisture retention constants for undisturbed core samples
were determined at pressure of SkPa to 10kPa, which
approximate to field capacity. Retention tests on disturbed
samples were conducted at 1500kPa, which was assumed to be
the wilting point. The method that was used is described by
Richards (1965) and irwolves the use of a pressure cooker
and a ceramic plate.

The saturated moisture content of the soil samples was
determined by scaking undisturbed cores which were analysed
using the method ocutlined by Klute (1965). To overcome the
adverse effects of sampling disturbance at the core perimeter,
the volume of percolate measured during the determination was
taken from the centre of the core only.

Neartron probe calibration

Samples taken for neutron probe calibration were oven dried
at 100°C to constant mass in order to determine their moistur
content.
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APPENDIX E 1

DIGITIZED RAINFALL DATA : RAINGAUGE T14
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B412110719 299110250 295310006 29BT10327 299210365 299311254 299311257 300
BE1Z311J00 J0DO0O0GE  PODORDY  GOODOPC  OcoDSOA  dOnsogd  odcpoOR O
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APPENDIX D.21

SUBROUTINE : RESANIL,

(FILE : RESANL)



RESERVOIR YIELD AWALYSIS

SUBROUTINE RESANL{DAMPER ,DAMSTO,SIM5Q,SUFPIR, DAMET  OVERFL,K,RFL, i ,HWG2111

“IEMPTY, |CONSC, SURFAR, XDRAFT ,WRIRR , PUHPIN) WG19/6
DIMENSION DAMPER{32),SAREA(32),DAHSTO(32),SIMS0(32),SUPPIR{33), WG15/71
*DAMET(32),0VERFL(37) ,DRAFT{32)  RFL(37) HATRR(12) ,MDRAFTL12), WG23/1
"PUMPINC12} WG19/6
COMMON/RESAN/WIDTH, TANB, AREA  HAIRR ,DAHMCAP UNORM, SEEP,RESCON, w6211
*RESEXP, ARCAP
IF{WRIRR.EQ.{. YORAFT(K }=XDRAFT{[ *1000000 WG23N
IF{WRIRR.EQ. 1. )DRAFT{K)=SUPPIR(K) WG23/1
1F{ARCAP .EQ.1.)THEN
SAREA(K)=RESCON™{ {DAMSTO(X-1)*1_E-&)**RESEXP)*100,
ELSE
¥=0.0
w=0.0
T=0.0

CALCULATE THE SURFACE AREA FOR PREVIOUS DAY'S VOLUME
Y=(DAMPER(K-13*0.013**0.333

W=1*WIDTH
T=TANB*W/2
SAREA(K)=1.0E-4*{W*T/2)

ENDIF

DAM STORAGE (M**3)

IF(URIRR .EQ. 1, )DAMSTO(K y=DAHSTQ{X -1+ (EIMSQCK)*AREA*1000. ) WG23/1
*(DRAFT{K}*HAIRR(I)*10.)-(DAHET(K}*SAREACK)*10. )+ {RFLCK+3)*SURFAR*  WG23A
*10. }-DNORM-SEEP+PUMPIN{ L ) WG1%/6

IF{WRIRR.EQ.0.)DAHSTO{K }=DAMSTO(K- 1)+ (SIMSQ(K)*AREA*1000.)- wG23/1
*DRAFT{K Y- (DAMET {KY*SAREA(K)™10. }+(RFLCK+53)*SURFAR*10.)-QHORM-SEEP+ WG23/1
*PUMPIN( T} WE19/6

FF{DAMSTO(K) .GT .OAMCAP YTHEN
OVERFL (K+3 )y=(DAMSTQ{K)-DAMCAP )/ {AREA* 1000 )+ (GNORM+SEER )/ CAREA™*
* 1000.)
DAMSTO(K }=DAMCAP
DAMPER (K )=DAMSTO(K)/DAMCAP*100.
GO TG 10
ELSE
OVERFL(K+5)=0.0+(QRORM+SEEP)/ (AREA*1000. )
ENDIF
TF{DAMSTO(X).LE.C}. JTHEN
DAMSTO(X)=0.0
DAMPER(X)=0.0
GO 70 10
ELSE
OVERFL(K+3)=0.0+(QNORM+SEEP) / {AREA*1000. )
DAMPER (K)=DAMSTO(K} /DAKCAR*100.
EHDEF
10 IF(DAMPER(X}.LT.D.3)THEN
TEMPTY=1EMPTY+1
IF{DAMPER(K-1).GT.0.5) ICONSC=]CONSC+}
ENDIF
EHD

D.21.1. .
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~ SUBROCTINE : WATFL2

(FILE : WATFL2)



D.22.1.

TSTORAGE:2
TDEAUG
L T AN AN NN NI RS wd A AR ARAR AR R NN T AR dhrm W Nk AR v AR n e e wwn kv v A TRO010
c WATODDZ0
C IHITIALIZING SUBROUTIHE FOR THE USE OF THE RICHARD'S EQUATIGH YATOONO30
C IN THE ACRU MODEL - BASED OR [ L HUTSON, WATFLO FINITE DIFFERENCE WATOO0040
C HODEL WATO000%8
c WATO0O0AG
C CAR R R R LR s b b bad e Sl l o d B Bl by s Prat bt BT L L g bl L T e ety iunrngg?o
WATBODB0
SUBROUT LNE MWATFL2{DEPAHC,DEPBHD,MDIST,E,WP1,WPZ, FC1,FC2,POT1,PD2)  WATODDSD
WATOD100
REAL AET,L,M, KK, M MAXOT, LRATE, JRRBEG, IRR]1G,NDEPTE, HATODI1D

*MIWPOT NPOT ,HOLST,KS,ERAIM,DEPAHD, DEPBHO, PPDEPT, PGAP, WP, WP2, FL1, WATOD120
*FC2,P01,PO2

INTEGER FDAY ,LDAY MIMINT NIRR,BOTBOU,PDEPTH,R4T,NODES, R4S, R14, WATOD130D
14, R30,R46,R9 RET RS0, R51,R52,R55, MON, DAYY , AHOFRA , BHOFRA HATDD140
DIMENSION B(20),A(20),6(20),L(20),E(20),5(20),KK{20}, WATD0150
*M(20),P{20),5¢20), IRRIGC20), T{20),UC20), (20} ,0POT{20),Z{20), WATDD150
*Y¢11,2),ROOTF(20),Y1(20,2),Y2(20,2),Y3(20,2},Y4({20,2) ,ER(20), WATDD170
*LRATE(20),0EPTH(20), IRRBEG(20), NPT (203, MO1ST(20) ,KS(20),HONC2), WATDD180

*DAYY(2) WATOO190
c CHARAETER OUT*12 WATOOZ00
COMMON /WATFLO/L N, M, MAXDT, IRATE, IRRBEG, IRRIG, WAT00210
*NDEPTH,HINPOT NPQT,KS,MININT,NIRR,BOTBOU, PDEPTH, WATOD220
*R47 ,NODES R4S, R14,W,R30,R46,RP,R4Y, RSO, RST,RS2,R55,B,A,G, WATDOZ30
*H,P,%,T,U,V,0POT,Z,Y,RDOTF,Y1,Y2, Y3, Y4 ER,DEPTH, MON, DAYY,R1D, WAT00240
*®16,R18,R19,R20 R22,R24 R25,R27 R28,R32,R33,R34,R35,R36,R37,R3B, WATO0250
*R3Q,R40,R41,R42, R43, RS54, POT,PRINT, AHOFRA , BHOFRA UAT00250
COMMON/COUNT/ !, 1YR,NDYM, [ YEAR K WATO0270
o COMHONSWATFLOZ/0UT WATO0280
CORT1HUE WATO029D
C WATOO0S4D
C WATO065D
P1=3.14159 WATODSGD
WRITE(G,*)' ¢
READ( 15,9501 )IPGAR WATODA70
READ{15,9510)MININT ,BOTBOU, MIHPOT ,PDEPTH, RODES, PRINT ,MAXDT WATODSBD
£ WATDDAS0
C WATOOY0D
O e e T WATDO710
c SET THE DEPTH EQUAL TO ACRU INPLT WATDDT720
WATDO730
[ e R bbb LT WATO0740
WATOD0750
PPDEPT = DEPAHQ + DEPBHO WATOO74Q
PDEPTH = [NT(PPDEPT*1000) WATOO770
C WATOO0780
L L G C e L L LT LS E R PEEE WAT00790
C HWATO0A00
C WATOOAYD
NDEPTH=FLOAT (POEPTH/(NODES-3)) WaTo0a2a
C WATO0B3)
READ(15,9501)PGAP WATOOBLO
READ{15,95207 (DEPTH{J)} NPOT (), RDOTF({J} A}, B{J Y, MOEST{J),KS¢d), WATDOBSO
1.=1,NODES) WATODBED
CLOSE(15) WATDOB70
C WATDOBBO
[ et L L T T E P R WATDOR0
c RESET PROFILE DEPTHS TO SULT ACRU IKPUT WATDOR00
[ R L EL LT T TP P TP P PP WATDD?10
o WAT00920
DO 90 J = 1,HODES WATDDF30
DEPTH{J} = HDEPTH *{J-1) WAT00940
WRITE(*,98)4,DEPTH{J)
98 FORMAT(1X,'Depth *,13," = ', F6.0)

Q0 CONTINUE HWATOO950



jale]

HVERT KPFA TQ KM UWATR
00 100 J=1,NDDES
HPOTCJ)=RPOTLIY*102.2

100 CONTIRUE

C CALCULATE POINT OF CJINCIDENCE OF EXP, & PARABOLIC FUNCTYIOKS

MINPOT=HINRPQT*102.2

DO 500 J=1,HODES
L{d)=2. B (J)*MOIST(H) /(1. +2,*BCIY }
G{I)=ALJ y*{LLJI/MOISTLI)I*(~B(J})

500 CONTINUE

™8

600

oaoa

0¢

artmon

Ll

25

Mmoo

[x]

7000

7001

INITIALI2E VARIABLES

R16=1./FLOAT(MININT}
R14=1

rR22=0.

R9=0

Re4=0,
R19=10000000000.0
R20=0.

DO 400 J=1,HODES
T(J)=0.

OPOT (J)=NPOT(L)
POT=NPOT(J)

E(JY=THETACPOT,G{J), HOISTCSY ACEY,B{JD,LCJD)D

CONTIRUE

CALCULATE JHITIAL PROFILE WATER CONTENT, R22

0Q 700 J=2,NDDES-1
R22=R22+E(J}
CONTINUE

WATO0260
WATO0970
WATOD980
WATDOS90
WATO100D
WATD1010
wATO1020
WATD1030
WATD1040
WATO1D50
WATO1060
WATO1G70
WATO1080
WATQ1090
WATO1100
WATO1110
WATO1120
WaT01130
WATO1140
WATOV150
HATO1150
WATO1170
WATO1180
WATQ1120
WATI200
WAT01210
HATO1220
WAT01230
WATO1240
WATO1230
WATO260
WATO1270
WATO01280
WATO12%0
WATD1300

establish the number of node5 in A § B horizon$ with an intermedWAT01320
horizon batween the tuo total depth = (Afrac + 1 + Bfrac + 2)*NDWATO1330

ATO1340

AHOFRA = ENT{AINT((NODES-3)*(DEPARO/PPDERT)))

BHOFRA NODES-AHOFRA-4

WRITE(1&,25)DEPAHO,DEPBHD, AKDFRA , BHOFRA
FORMAT{ 'DEPAHO = ',F8.3,' DEPBHO = ', FB.3,' A-NODES= ' I3,

*+ B-HODES= ',13)

WATO1350
WATD1360
WATD137D
WATQM380
HATD139Q

Set the ACRU porosities, field capacities and wilting points

to average Watflow imput values.

PO1=0
PO2=0

FC1=0

FC2=0
wp1=1.0
WrZ=1.0
POT=-5.0%102.2

00 7000 F=1,AHOFRA+1
PO1=D0O1+MD]STL S}

CONT [NUE

PO1=PO1/{AHOFRA+1}

DO 7001 J=1,BHOFRA+1
PO2=PO2+MOI ST ( 4+ 1 +AHOFRA)

CONTINUE

PO2=P02/(BHOFRA+1)

WATDi310
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DO 7002 J=1,AHOFRA+1

C EE=THETACPROT ,G{J},MOIST (I}, ALY, BOSY,LEN))

C FCi=FC1+EE
EE=THETA(MIRPOT,G{J},MOIST(J},ACLdD,BLID,LESD)D
WPI=MIH(WP1,EE)

7002  CONTINUE

C FC1=FC1/ (AHOFRA+1)

00 7003 J=1,BHOFRA+1]
c FC2=FC2+THRETA(POT ,G( J+T+AHOFRA}, MDIST ( J+1+AHOFRA)
c > A(J+1+AHOFRA) B(J+1+AHOFRA)  L{J+1+AHOFRA) )

EE=TRETA(HINPOT, G( J+ 1+AHOFRA ) MO1ST(J+1+AHOFRAY,
* ACJ+1+AKOFRA)  8¢J+1+AHOFRAY, L(J+1+AHOFRA))
WP2=KIN(WP2, EE)
7003  CONTINUE
C FC2=FC2/(BHOFRA+1)
WRITEC*, 7006)FC1,FC2,\P1,WP2,P01,PC2
7004 FORMAT(&F9.3)

C FORMATS
c

9301 FORMAT{&4(/3,F1.0)

9510 FORMAT(10X,15,5X, 14,F7.0,15,15,¢5.1,F6.3)
9520 FORMAT(F56.0,FB.1,F6.3,E31.3,F7.3,F7.4,FB.0)

END

C RETENTIVITY AND HYDRAULIC CONDUCTIVITY FUNCTIDKS CALCULATED

C  BY CAMPBELL'S (1974) EQUATION AND INCLUDING THE WET END

L MCDIFECATION DEVELOPED BY HUTSON (19B4}.
FUNCTION THETACPOT,FG,FF,FQ,FI,FL)
1F(POT- FG)S050, 5050, 6050

&05S0 THETA=FF*(POT/FQ)**{-1/F[)
GO TO 4069

6060 THETA=FF*(1.~FL/FFY*CARINTLPOT,-10. YAMINI(POT, - 10.3)

THETA=FF-THETA/(Fa*EQ=( (FL/FEI**(-2.%F 1))

5051 RETURN
END

SUBROUTIHE WATSUBI (AHOFRA, BHOFRA,RCOTF ,ROOTA ,ROOTB)
ROOT FRACTION DISTRIBUTION FOR WATFLO

INTEGER AHOFRA,BHOFRA,ZZ
DIMENSION ROOTA(12},RO0TE(12),ROOTF{20)

DO 542 22 =1,AHOFRA
SENN=S1K{3.14159*(ZZ- 1)} /AHOFRA}+SIN{3, 14159* 22 JAHOFRA )
542 ROOTE(ZZY=ROOTA(I)*SINN/2

00 543 ZZ =1,BHOFRA i

S43 ROOTF(ZZ+AHOFRA)}=RDOTE(])/BHOFRA

pa 544 22 =1, (AHOFRA+BHOFRA)

544 WRITE(™, 545122 ,ROOTF(22)

545  FORMAT(1X,'ROOT FRACTION{' l2, '} = ' ,F9.6)

OO oOoOonOononn oD

END

--------------------------------- P R L r T L e

WATD1410
WATO 420
WATD1430
WATO1440
WATD 450
WATDN460
WATD1470
WATD14R0
WATD14%0
HATO1500
WATQI510
WATO1520
WATD1330
HATO1540
WATO1550
WATO1560
WATQ1570
WATO 1580
AT 1590
WATO1&00
WATQ&1G
WATO1420
WAT01630
WAT01640
WATO1450
WATD156560
WATO1670
HWATO1680
WATD1650
WATO170D
WATOI1710
WATD1720
WATD1730
WATM 740
WATD1750
WATON760
WATON770
HATO1780
WATO1790
WATO1800
HATO1810
HATO182Q
WATO018350
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APPENDIX D.23

SUBROUTINE : WATFL3

(FILE : WATFL3)



D.23.1.

FSTORAGE:2
RDESUC
C -tcttI--!"'l‘"""-'liitt'-"lnIrlttto-rt--c---taau-""'*t-----wn---uu-l
c == Last Amendment : 13p20 8/7/87 =002
C o  eea WATFLD ----- »+003
C += hlaté 1113
£ == A FINITE DIFFEREMCE SOJL WATER FLOW SIMULAT(OR MODEL “*D05
L - **30&
c == gy =007
C v ‘Qnuﬂ
c o= J. L. HUTSONM *=00%
C LAl ==(i0
c - UREVERSITY OF MATAL **011
c = DEPT. OF SOIL SCIENCE AHD AGROMETEOROLDGY =012
£ =~ P.0. 80X 375 =013
c == PIETERMARITZBURG 3200 =014
C -w tta'ls
O T N R NN N N A T T A AN SR AP P PO RN AN TN F N AN NN A W] L
[ = e A s N P NN T T T TNt RN T T T T TR N U RN AN s o s s SR T R TR auana NN o}y
C LA LAL LAl b b LAl bl L bl LAl el bbbl bli]]:]
019

SUBROUT INE WATFL3(AETTY,AETT2,5EVAP,ERAIN, YEAR  MONTH,DAY, 5701,

*STO2, ROOTA, ROOTE , DEPAHO, DEPRHO, MOE ST, E) 02t 8/7/87
C 022

REAL L, N, I, X, M MAXOT, IRATE, [RRBEG, IRRIG,HDERTH, 024

*MINPOT, NPOT,MOLST,KS, ERAIN, FRACA, FRACE 025

INTEGER FGAY,LDAY,MININT,NIRR,B07BOU,PDEPTH,RLT,NODES,RE5 R14, 024
*u,R30,R4& RT,RLY,R50, RSV, A52, ASY , MONTH, DAY MO, DAYY, AFRAC, BFRAC, 027
*2Z,YEAR 28

DIMENSION B(20) A¢20},E(20),1.(20},E¢20), H{20),K(20), D29
*H(20},P(20},5(20), IRRIG(2D), T(20),U(20),V(20) ,OPAT(20),2(203, a0
“¥(11,2),ROOTF(203,Y1(20,2),Y2¢20,2),¥3(26,2),Y4(20,2),ER (209, 431
* [RATE(20},0EPTH(20), IRRBEG(20), HPAT (20) , MOIST(20) ,KSC20),HOR(2), 032

*DAYY(2),STO1{32),5TOR(32),ROOTA(12) ,ROGTE(12) 033
COMMON/WATELO/L N, M, MAXDT, IRATE, [RRBEG, LRRIG, 034
*HDEPTH,MIHPUT ,HPOT,KS, MININT ,H1RR ,80TBOU, POEPTH, 035
*R4L7,MODES, R4S, R14,W,R30,R44&,R9,R49,R50,RS1,R52,R55,B,4,G, 036

*H,P,S,T,U,V,0PDT,2,Y,ROOTF,Y1,Y2,¥3, Y4 ER,DEPTH, HON, DAYY R0, 037
~R14,R18,R19,R20,R22, 824, R2S,R27,R28,R32,R33, R34, R35,R36,R37,R38, 038

*R39,R40,R41,R42 R43,R54,POT,PRINT, AFRAC, BFRAL 03%
040
COMMON /COUNT /[, 1 YR, KDYM, IYEAR, K 041
c 042
c 043
P1=3.14159 044
c : 045
C START OF DAILY CYCLE 04b
c 047

WRETE(™,22)0AY-1,MORTH, TEAR

22 FORMAT(X,315)
0sa
051
¢ T R L R swer-es as2
c ROOT FRACTION DISTRIBUTION FOR WATFLD 053
€ mrmemeeessases LT S E L L L T PP PR LR P PR 054
c 035
FRACA=(BEPAHO*{0Q0-AFRACYHDEPTH)/ (DEPAHO*1000) 054
FRACB=(DEPBHU™1000-BFRAC™NDEPTH 1 /(DEFENC* 1000} 057
IF {DAY,EQ,2) THEN 058
0O §42 ZZ =2, AFRAC+1 059
RODTF{ZZ)=ROOTA{MONTH)™(1-FRACA)/AFRAC 060

512 CONT [NUE -

ROCTFCAFRAC+2)}=RDOTA{MONTH)Y"FRACA~ROUTB{MONTH }*FRACH 081
DO 543 22 s1, BFRAC
ROOTF(Z2+AFRAAC+2)=ROOTB{HONTH}*(1-FRALR}/BFRAC 063
543 CONTINUE
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ROOTF(NDDES-1)=0.0

.14
ROOTF{NCDES)Y=0.0 065 -
00 544 22 =2, (NODES) 0&7
WRITE(*,345)22 ,ROOTF(22) 058
Sik CONTIHUE
345 FORMAT{ 1%, 'ROQT FRACTION(',12,') = ' F9.6) 049
EMDIF n7o
071
072
073
074
R27=0, 075 8/7/87
TIME=0. 075
R25=0. 077
R20=0. 078
R14=1 07e
RGS=1 DeD
IRRIG{2)=0.0
[RRBEG(2)=4 08t
ER(RLS)=SEVAP®15.25 082
NIRR=0
084
If (ERAIN.GT. 0.500) THEN 085
IF (ERAIN.LE,14.0)THEN (-0
IF {ERAIN.LT.1.8) THEM 087
[RATECT}=ERAIN™14.0 nea
ELSE 089
[RATE(1} =24.0 0%0
ENDILF a91
ELSE 092
{RATEC1) =ERAIN=2.0 093
ENDIF
HIRR =1
ERC1D =5EVAP
{RRBEG(1)=0.2 095
IRRIG(1Y =ERAIN*D.97418 095
ELSE 097
IRRIGCT) =4 av8
IRATE{1} =0 G99
IRRBEG(1)=3 100
ERDIF 101

e LR bbb bbb A MRS L LA S LRSS At 132

C ASSIGHMENT OF DALLY ETRANS/LAYER TO H{J), WEIGHTED ACCOROENG TD 103

C ROOT DISTREIBUTION. 104
0O 1100 $=2, AFRACH

1100 HC Y y=(ROQTF (2} /ROOTACHONTH ) J*AETTT 106 "
00 1102 J=1, BFRAC 105 "

1102 HCJ+2+AFRACT=CROOTF{ J+2+AFRAC) /ROOTB(MONTH) ) *AETT2 106 t
H(AFRAC+2)= AETT1*FRACA + AETT2*FRACB

c ------------------------------------------------------------------------

c INCREASE AET TO ACCOUNT FOR SHORT DAILY PERIGD (0.3 - 0.7 UF THE DAY)

C
DA 1103 J=2,AFRAC+BFRAC2

HOJ=MC) /0.4
1103 CONTINUE

c a7

Crertenes T R R R P NI NI I TR AN AR AN NI AN I TN N NI TCT T NN I T RTEWNNN ‘05

C CALCULATE MEW TIME STER 10%

c 110
DETT=.0000007% m
R25=0, 112

1800 R28=R18 113
ENDIRR=1. 114
IF{R20.GE. . 1)R20=0, 115

TFER27.GT.0.)ENDIRR= R2T/U(]) 114
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C

C
C
C

r

C
C
C
C

c
C

o

c

R30=2

{ALCULATE NEW TIME PERIOD AS MINIMUM DF:
1y4AX TIHE PERIOD - R4, 2)TIME TO END OF IRRGATION - EMDIRR
3)TIME TO END OF .1 DAY PERIDD, 4}TIME FOR MAXIMUM ALLOWABLE
FLUX
R1B=AMINT{HAXDT*NDEPTH/R19,R156,EHDIRR, . 1-R2D)
DTIME=ABS(T{ME-IRRAEG(R14})
IF{DTIME.LT.0EYT. . AND,R27,.LE. D, YR1B=DETT
R18=AMAX1(R18,DETT)
R1B=ANINT{RI18/DETT)*DETT
IF(R14.E0.R1B)R30=1
R19=10.**(-10)
R20=R20+R18
R24=R18+R24
R25=R25+R13
1F(R20.CE.. VITHEN
R20=_1
R25=ANINT(R25/.1)*.1
R24=ANINT(R26/.1)".1
ENDIF

SET TOP BOUNDARY CONDITIOR TD SIMULATE EVAPORATION RATE,ZERO FLUX
POMDED IMFILTRATION CR CONSTANT FLUX INFILTRATION

[F(R27)2700, 270D, 2710
IF START OF IRRIGATION, S5ET HEAD TO DEPTH OF IRRIGATION WATER
2700 IF{DTIME.LT.DETTIGO TO 2705
Go To 2740
2705 R27=R2T+IRRIGLR14)
R10=0
WRITE(10,9100)
WRITEC1D,9110)TIME
WRITEC10,9120)
WRITE¢10,9130)R25,R27
2710 1F (IRATE(R14)-999_9)276D,2770, 2740
EVAP RATE {EV) SET ACCORDING TO TIME OF DAY
2740 Ev=-ER(R4S)*AMAXICD., SIN(2.*PI=(R25-R1B/2.~,25)))
2740 EV=-ER(R4S)*R1S
IF (GPOT{13.LT.MIRPOT) EV=D,
1E (OPOT(1).LT.MIHROTY OPOT(1) = MINPOT
K{1)=HC(OPOT(1),6(1),K5¢1),A(1),BC1),HOISTL1),L{13)
K{2)=HC{OPOT(2),6¢23,KS(2),A(2),B(2),MOIST(2),L(2))
K¢T1)=(K(1+K(2)) /2.
IFCEV-K{1)*COPOT(1)-300000, -2, *DPOT (2} 3/ (2. *HDEPTH) ) 2460,
12490,2495
2450 P(1)=-300000.-0POT(2)}
MC1Y=1.
GO TO 2780
2695 M(1)=1.
P{1)=AMINTC-NOEPTK, CEV-K( 1) y*2. *RDEPTH/K (1) -0POT(13+DPDT(2))
5o 10 2780
START DOF PONDED [MFELTRATION
2770 E(13=MOIST(1)
OPOT (13=0.
M13=0.
P(T)=0.
co Ta 2780
START OF CONSTANT FLUX EHFILTRATION
2760 NF=0
Hl =0.
HL=-300000.
SPOT=0POT (1)
K(2)=HC(OPOT(2),6(2), KS(2},AL2),B(2), MOISTL2),L(2})

17
118
119
120
121
122
123
124
125
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
161
142
143
144
145
b
147
148
149
150
151
152
153
154
155
156
157

158
159
160
161
162
163
164
165
144
167
168
169
170
171
172

174
175
176
177
178
79
i80
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2765

27468

C
C INI
C
2780

2800
L
L sl
C

3500

3400

36690

3750

3700

3900

oMo 0

4100

K{1)=HC{SPOT,G{1) KS{1}, ACTY, B{1), MOIST(T1},L{)}
K{I=(K{1IHK(2)) /2.

FLUX=K{ 1)-K{1)*(0PQT(2)-SPCT ) /HDEPTH
JF{ABS(FLUX-[RATE(RT4)}).LT.V.OR NF.GT.20)G0 (O 2768
NF=NF+1

1F¢FLUK- TRATECRTA) LT 0. 3THEN

HL=5POT

SPOT=(SPOT+HI }/2.

ELSE

H[=5POT

SPOT=(SPOT+HL)/Z.

ENDIF

GG TO 2765

OPDT(1)=SPOT

M(1)=1,
PE1Y=¢IRATECRIG)-KE 1) ¥*2 . *NDEPTH/K{ 1) -0POT{ 1)+0POT(2)

TIALIZE HYDRAULIC CONDUCTIVITIES

RG5=0.

1FCOPOTC13.LT.MINPDT) OPOY{1)=HINPDT
K¢1)=HCCORDTC1),GC1Y,KSC1Y, ACH) BC1Y, HOIST{1Y, LETY)
DO 2800 J=2,MODES

K(J)=HC(QPOT (Y, G{J),KS (4, AL, B(IY, HOIST(I), LLJD)
K¢J-13=(K{H+KJ-1))/2.

CONT [ HUE

MULTANEOUS EGUATION SCLUTION - FORWARD

DO 3400 J=1,NODES

POT=ANIN1C - 10.,0PDT( 4 )+, 5B (HPOT()-OPDT{ ) })
Z(J)=DMCCPOT, B¢ 41, MOIST(JY,BCI),LLdY,ALIY)

CONTEHUE

DO 3900 J=2,NODES-1

$(J3=0.
[F{R25-R1B.GE..3.AND.R25.LE, . 7)5¢J}=R1B*K{J}/NDEPTH
R32=K( 1)

RIL=K(S-1)

R33=2*NDEPTH*NDEPTH*2(J}/R1B+RIZ+R34

[F(OPOT(L),LT.MINPOTIS(J}=0
1F{R45-R30)Y3700,3750,3700
1F(R25-R18.LT..3_0R.R25.GT..7)GQ TO 3700
TCI}=T{I3+{H{J }*R18-S(JI*NDEPTH)

R36=R3&5+S(J )*NDEPTH

5¢J)=5({J3/R18

R35=RIZ*OPOT {J+1)3+RI&*0QPOT (J- 1)+ (RI3-2*R32-2*R34 )*0POT(J)
R3S=R3IS+Z*HOEPTH* (X (J-1)-K(J))-5CJ)*2*HDEPTH*HDEPTH
H(J)=R32/ (RIZ-RIS*M(J-1))
P{J)=(RIF+RIL*P(J- 1)1/ (RII-RIG*M{J-1))

CONTINUE

SOLUTION OF S{MULTANEQUS EQUATIONS - REVERSE

SET BOTTOM BOUNDARY CONDITIONS

{ F(ROTBOU.EQ. 4 .AND .NPOT(HODES) . GT .D. JNPOT{NODES)}=Q,
IF(BOTBOU,NE. 4IRS=BOTBOL

IF(RD.KE.1)CO TO 4100

NPOT(NODES)=0.

£OT=0.
E(NODESY=THETA{POT ,G(NODES )} HO[ST{NODES ), A(NDDES) ,B(NODES),
1L{NODES}}

GO To 4200

1F(RY.NE.3)GO TO 4150

NPQT(NODES }=(2¥NDEPTH-OPOT (NDOES)+OPOT(NODES-1)+
TP{NODES-1))/L1-HINODES-1))

181
182
183
184
185
186
187

189
190
™
192
193
194
195
194
197
198
179

201
202
203
204
205
206
207
2DB
20%
210
211
212
213
214
215
216
2%7
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
234
237
238
239
240
241
242
2L3
244
245
244




C

c
"
c

c

C

C CHECK WHETHER TO PRINT, DTHéRHISE RETURN FOR MEW TIME STEP OR DAY

c

c

D.23.6.

POT=NPOT (NOOES)

E(RODES)=THETA(POT ,G(NODES) MOTST(NODES) , ACNODES) , B(HODES),

1L{KODES )
GO TO 4200
4150 1F(RY.NE.2)GO TO 4200

HPOT{NODES)=(P(NODES-1)-0POT (RODES )+OPOT{ROBES-1) }/{1-M(HODES-1})

POT=NPOT (NODES)

E(NODES)=THETA(FOY ,G(NODES ) MOIST{NODES), A(NDDES}, B{HODES),

*L{NODES )
4200 J=NODES
4210 J=J-1
HPOTCJY=MCJI*NPOT [J+1)+P{d)
POT=NPOT(J)
IF(R4G.LT _R30.AND.J.GT. 1360 TO 4210
IF{R46-R30)4250,4300,4300
4250 RAG=RAE+S
G0 7O 3500
4300 1F¢J.EQ.1.AND.POT.LE.MINPOTIPOT = MiNPOT
E¢J)=THETACPOT ,G(4) , MOISTCA),ACD),B00),L0J)
U IISEKELI KLY (NPOT L J+ 1) +0POT (J+1)-NPAT(J) -
*OPOT{J 3}/ {Z*NDEPTH) }*R18
JE(4.EQ. 1. AND.POT.LE.MINPOT U 1 3=-0.000001
RI7=ABS(UCJ)}/RIB)
RECORD MAXIMUM FLUX OENSITY
R19=AMAXT(R19 R37)
V=V AYUL )
4500 TF{J.GT.13G0 TO 4270
DO 4550 J=1,MDDES
CPOT{J)=HPOT ()
4550 CONTINUE
INCREMENT LEACHATE R3B, INFILTRATION R40D, EVAPORATION R39
TRANSPIRATION R34

IF{UC1).LE.DIR3%=RIF+U(T1)
ETRANS=-R3I9+R3L
1F(R?.ME.3)R38=R3B+U(HCOES-T)
JF{BOTHCU-4)45600,4650, 4500

4650 R9=3
1F(NPOT(KODES-1).GT.-HDEFTHIRD=1

IF THERE WAS INFILTRATIOK DURING THE TIME STEP

4600 1F(U{1).GT.0.)THEN
R4GO=R4O+UCT)
1F(RET.GT.0.ITHEN
R27=AMAX1(-0.000001,R27-LUCT) )
R10=R10+1
IF{R27.EQ.D.IR14=MIHOCNIRR ,R14+1)

IF(RID.EQ.4IWRITEC10,9130)R25,R27
IF(R10.EQ.4)R10=0
ENDIF
ENDIF
INCREMENT TIME (TOTAL ELAPSED TO EMD OF TIME STEP)

TIME=TIME+R18
TIME=ANINT(TIMESDETT )*DETT
IF(R2D.EQ. . 1)TIME=ANINT{TIME/.13*.1

TF(R20.LT..1)G0 1O 1800
IF(ABSC(R24-PRINT).LT.2*DETT GO TD 5500
[F{ABS{R25-1_).LT.2*DETT)GO TO 1000
GO TO 18040
PRINT ROUTINE
5500 R41=0
{JCALCULATE PROF(LE WATER CONTENT

DO 5600 J=2,HODES-1
RE1=R41+E(J}

5600 COHTINUE

247
248
249
250
231
252
253
254
255
256
257
258
259
260
261
262
263

264
265
266

267
268
269
270
27
ara
273
a7k
275
276
277
278
279
280
281
282
283
284
285

287

289
290

292
293
294
295
296
297
298
299
300
301
3nz
303
304
305
306
307
308
30w
g
3

288
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56310

333

ioo

e

334

------------------------------------------------------------------ 312
ADJUST THE MOISTURE STORE FOR PASSING BACK TO ACRU 13
------------------------------------------------------------------ 314
STO1¢DAY }=0.0 s
STOZ2¢DAY)=D.0 35
DO 5605 4 = 2,AFRAC+] 397
STO1¢(DAY )= STOU{DAYI+E(J}*KDEPTH 318
COMTIHUE e
00 5610 4 = 1,BFRAC 320
STOR(DAY )= STO2(DAY }+E(J+AFRAC+2)*HDERTH 321
CORT IRUE 122
STOV1{DAY Y=STO1 (DAY Y+E(AFRAC+2)*(DEPAKO™ 1000- AFRAC*NDEPTH) 323
ETO2{DAY )=STO2{DAY }+E{AFRAC+2)*({DEPEHO™ 1000-AFRAC*NOEPTH) k¥
------------------------------------------------------------------ 328
120

MASS BALANCE CHECK 330
33

RL2=(R41-R22)*NDEPTH 332
R43=R40-R42-ETRANS-R38 333
33

3135

IF (DAY_ER.2) THEW 336
WR1TEC10,333) 337

FORMAT(/*  DATE TRANS '~ PEVAPin RAINin INFILTR, TRANSPIR E
*VAP STORE-A STORE-B RECHARGE C.RAIN C.INFIL C.EVAP C._TRANS C.RE
*CHRG BALANCE')
WRITE(*,300)

FORMAT{/f' TRANSin PEVARIn RAlNin TRANSP EVAP INFIL RE
*CHRG C.RECHRG  BAL*)

ENDIF 341
342
343

Y(3,1)= R4D-¥(3,12 344

Y{4,1)= R3B-Y(4, 1) 345

Y(3,1)= -R39-Y(5,1} 346

Y(6,1)= Y(6,1)+ERAIN

Y(10,1)= R36-Y£10,1) 37

WRITE(*,9901)AETT1+AETT2, SEVAP, ERAIN, Y(10,1),Y(5,1),¥(3,1),Y¢4, 1),
*R3B,R43
FORMAT{1X,9F8.3)

WRITE(10,9900)0AY-1,M0MTH, YEAR , AETT1+AETT2, SEVAP ERAIN,Y(3,1},
*¥¢10,13,7(5,1),STOV(DAY ), 5TO2(DAY),¥¢4,1),¥(6, 1), R40, -R3%,R36,R3E,
*R43

350

WRITELT1,9910)5T0I(DAYY, 5TO2(DAY),¥(3, 13,74, ) 351

352
e« .. PPFE>rErayrgutine fo output Soil moiSture profile<<<<<<<<. . 353
WRITE(2,22)DAY-1,MONTH, YEAR

DO 334 f = 1,KRODES-2 353
WRITE(12,9930)E(S) 356
CONTIRUE 357
WRITE(12,9940)E(NODES-1) 358
LA EREEENSIIISFIIIIINSNIIN N RIIICCCCCLCCCELLCCULE GO L FJHT
340

Uhere Y(10) is WAtflo'S TrAnSpirAtion, 361
¥(5) is surfAce evApardtian (AccumulAted SurfAce flux), 2362
¥(3) jij5 ® AccumulAted SurfAce infilirAtion, 2363
R4 i§ o Profile wAter content, 2384
T(4) s & pDATly rechArge totAl, 2365
R40 i ® AccumulAted infiltrAtion, 2366
R3% 5 M fccumulAted SurfAce evAporAtion flux, 2 367
R36 ig m AccumulAted tranSpicAcion, 2368
R38 i » AccumulAred rechArge, 23469
RL3 is " AccumulAted BALAnce, 2370

5701 is v WAter content for the A4 horizon pASSed BAck ta A2371

8,7;87



amdmnm

512 i M WAter content for the B horizon passSed Back to A2372
373
374
37
GR00 FORWATCIX, 12, 074,12,/ ,12,15F8.3)
P10 FORMAT(IX,F9.3,7, ' FR.3,¢ ' F9.3,4, ' F9.5) 377
920 FORMAT(1X,12) 378
9925 FORMAT{1X,3I5,* *,\}
9930 FORMAT{IX,F7.53,\) 37%
9940 FORMAT{1X,F7.5) 380
3814
1(3,1)= R4O 382
Y{4,1)= R38 3583
1(5,1)= -R39 384
Y¢10,1)= R34 385
385
DO 5700 J4=1,NODES 387
T¢1)=0. 388
Y¥{Jd)=0. 389
5700 CONTIHUE 3%0
R24=0 N
R&7=0 392
393
394
395
6100 [FCAINTCR25*10**3+5).LT.10**3)G0 TO 800 396
397
1000 CONT]HLE 398

END 399
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APPENDIX D.24

SOBROUTINE : WATFLA

(FILE : WATFLA)



1STORAGE : 2

FUNCTION POTL(POT,FL,FF,FO,F1)

{F(POT-FL)6040, 6030, 6030
6030 POTL=(SORT(1.-POT/FFI)*FOS((FL/FFY**(-FI})/SORT(T, -FL/FF}
6040 [F(POV.LT.FLIPOTL=FO*(POT/FF)**(~F1)

RETURN
END
C
FUNCTION HCCPDT,FG,FW,FO,FI,FF,FL)
1F(POT.LE.FGIHC=FW* (FQ/POT)Y**(2.+3_fF1}
IF(POT.GT.FGYHC=FW*{{THETA(POT,FG,FF,FO,F1 ,FLY/FF)**FI)
1=+ (2.+3./F1]
RETURN
ENE
c

FUNCTION DWC(POT,FG,FF, kL, FL,FQ)
1£(POT-FGY60TO, 6070, 6080

6070 DWC=FF*(~POTY**(-1,/F1-1. )/ (FI*(-FE)I**(-1./F1))
GO TO 5081

6080 DMC==2.*FF*(1.~FL/FF)Y*AMIN1(-10. ,POT)/(FO*FQ*({FL/FFI**(-2.*F1))}

6081 RETURN
END

HATOOOID
HATODRR20
WATOGO30
WATOO040
WATOOD50
HATOO0S0
HATO0O?0
HWATOQOSO
WATO0090
WATQQ100
HWAT0O0110
WAT00120
WATOO130
WATO0140
WATOD§50
WATOD16D
HWATOM 70
WATDD160
WATOD150
WATCO200
WATOD210
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DAILY RAINFALL AND EVAPORATION DATA
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SITE DATE RAIN EVAPORAT 10H SITE DATE RAIN EVAPORAT 1DN

ye-mn-dy  (mm) {om) ye-m-dy  (mm) {mm}
DEHOEK B85 21t .4 5.0 DEHOEK &S 414 .0 3.5
DEHOEK 85 212 41.8 5.8 DEHOEK 85 415 3.7 5.7
DEHOEK 85 213 2.4 1.7 DEHDEK 85 4156 1.4 4.1
DEHDEK 85 214 4.0 4.5 DEHOEX B85 417 . .2 4.0
DEHOEK 85 215 .0 8.5 DEHOEK B85 413 .0 4.5
DEHOEK 85 216 .0 8.0 DEHOEK B85 419 .0 4.5
DEHOEK 385 217 .0 6.5 DEHOEK &5 420 .0 4.0
DEHOEK 85 218 .7 6.0 DEHOEK 85 421 .0 5.5
DEHOEK, 85 219 4.7 .1 DEHOEK 83 422 .0 7.0
DEHOEX 85 220 2.7 1.3 DEHOEK 85 423 .0 4.5
DEHOEX A5 221 K. 5.2 OEHOEX 85 424 .0 4.0
DEHOEK 85 222 2.3 5.2 QEHOEX B85 425 .0 4.0
DEHOEK &5 223 .7 2.0 DEHOEK B85 426 .0 4.0
DEHOEK 85 224 .2 7.5 DEHOEK 85 427 .0 3.0
DEHOEX 85 225 2.3 6.2 DENOEK B85 42B  .D 3.0
DEHOEX 85 226 7.9 5.0 DEWOEK B5 429 .0 2.0
DEHOEK 85 227 .4 5.5 DENOEK 85 430 .0 2.5
DEHOEK 85 228 .4 5.0 DEHOEX 8551 .0 4.0
DEHOEK 85 3 1 1.7 6.6 DEHODEX B5 52 .0 3.0
DEHOEK 85 3 2 .4 2.3 DEHOEK B85 53 .0 4.0
DEHOEK 85 33 .2 6.0 DEHDEK B5 5 4 .0 4.0
OEKOEK B85 34 .D 5.5 DEHOEK BS 55 .0 4.0
DEHOEK B5 35 .0 7.0 DEHOEK 855 4& .0 4.0
DEHOEK BS 36 .1 4.0 DEHOEK 85 5 7 2.1 1.2
QEHOEK B85 37 .8 5.2 DEHOEK 8558 .0 2.5
DEHOEX 85 3 8 3.0 4,2 DEHOEK B8535 9 .0 3.0
DEHOEK &5 3 9 33.6 3.3 DEHOEK 85 510 .0 3.2
DEHOEK 85 310 25.7 4.9 DEKOEK B85 511 .5 1.0
DEHOEK 85 311 9.4 4.2 DEHOEK 85 512 .D 1.0
PEHOEX B% 312 5.0 5.5 DEHOEK B85 513 .0 4.0
DEHOEK 85 313 9.9 3.2 DEHOEK 8% 514 .0 3.0
OEHQEK 85 314 .2 3.5 DEHOEK 85 515 .0 3.0
DEHOEK B85 315 .0 4.5 DEHDEX 85 5164 .0 4.0
DEHOEK 85 316 1.2 B.5 DEHOEK BS 517 .0 4.0
DEHOEX B5 317 .1 3.5 DEHOEK B5 518 .0 5.0
DEHDEXK BS 318 .1 6.0 DEHOEK B85 519 .0 3.5
DEHOEK B85 319 .3 4.B DEHOEK 8% 520 .0 4.0
DEHOEK B5 320 1.3 4.5 DEHDEK 85 521 A 5.0
DEHOEK 85 321 .0 5.0 DEHOEK 85 522 .0 5.0
DEHOEK 85 322 .0 6.0 DEHDEK 85 523 .0 3.0
DEHDEK 85 323 Q0 6.0 DEHOEK 85 524 .0 3.0
DEHDEK 8% 324 .0 1.5 DEHOEK 85 525 .0 4.0
DEHOEK 85 325 1.8 9 DEHOEX 85 526 .0 2.0
DEHOEK 85 326 4.8 4.2 DEHUEX &S 527 .0 3.0
DEHDEK 85 327 .1 4.0 DEHOEK 85 528 .0 3.5
DEHOEK 85 328 .0 5.5 DEHCEK 85 529 .0 2.0
DEHOEK B8S 329 .0 5.5 DEHOEK B85 530 .0 3.0
DEHOEK B85 330 .0 5.5 DEHOEK B85 531 .0 3.5
DEHDEK 85 331 .1 3.8 DEHOEK 8361 .0 1.0
PEHDEK 85 4 1 .0 5.0 DEHOEK 85 6 2 .0 2.5
DEHQEK B85 & 2 .0 - 4,0 DEHOEK 85 &6 3 . 2.5
DEHOEX B3 43 .0 5.5 DEHOEK B85 &4 4 0 3.5
DEHOEK BS 4 & .6 3.7 DEHDEK 85 &5 .0 3.0
DEHOEX BS 4 § .0 5.0 DEHDEK B85 &6 6 .0 3.0
DEHOEK B3 4 6 .0 7.0 DEHOEK 85 & 7 .0 2.5
DEHDEK BS 4 7 1.2 2.0 DEHOEK 85 6 8 .0 3.0
DEHGEK B85 48 .0 10.0 DEHOEK A5 6 ¢ .D 2.5
DEHOEK 83 4 9 A 3.5 DEHOEK 85 &10 .0 4.0
DEHOEK 85 410 .0 4.0 DEHOEK 85 611 .0 3.5
DEHOEK B85 411 .Q 4.0 DEHOEX 85 612 .0 3.5
DEHOEK 85 412 .0 5.0 DEHOEX 85 613 .0 4.0
DEHOEK 85 413 A 5.0 DEHOEK 85 414 .0 2.0



DEHDEK 85 615 .0 3.5 DEHDEX 85 B20
DEHOEK B85 616 .D 4.0 DEHOEK 8BS 821
DEHOEX B85 817 .0 3.0 DEKOEK B5 B22
DEHDEX B5 618 .0 2.5 DEHDEK BS 823
DEHDEK B5 619 .0 3.0 DEHOEK 85 824
DEHDEK 85 620 .0 2.5 DEHOEK 85 825
DEHOEK 85 421 .0 2.0 DEHOEX 85 826
DEHOEK 85 22 .2 3.5 DEHOEK 85 827
DEHOEK 85 623 .0 2.5 DEHOEK BS 828
DEHDEX 85 624 9.0 & DEWDEX B3 829
DEHOEK 85 &25 .7 2.5 DEHOEK 85 830
DEHOEK &5 626 .0 3.0 DEHOEK 85 831
DEHOEK B5 627 .0 3.0 DEHOEX BS 9 1
DEHOEX B85 628 .0 3.5 DEHOEK B85 ¢ 2
DEHOEK 85 629 .0 2.5 DEHOEK B5 9 3
OEHOEK 85 &30 .0 2.5 DEHDEK B5 9 4
DEWOEX BS 71 .0 2.5 DEHOEK 85 9 5
DEHDEK BS 72 .0 3.0 DEHOEK 85 ¢ &
DEHOEK 8573 .0 2.5 DEHOEK 85 ¢ 7
DEHOEK 857 4 .0 2.5 DEHOEK 85 9 &
DEHOEK 8BS 75 .0 4.0 DEHOEK 85 ¢ 9
DEHDEK B85 76 .0 5.0 DEHOEK B5 910
DEHOEXK 85 77 .0 2.5 DEHOEK 85 911
DEHOEK 85 78 .0 3.0 DEHOEK 85 912
DEHOEX B5 79 .0 3.5 DEHOEK BS 913
DEHOEX B85 710 .0 4.5 DEHOEK 85 914
DEHOEK 85 711 .0 5.5 DEHDEK BS 915
DEHOEK B85 712 .0 4.0 DEHOEK 85 918
DEHOEX 85 713 .0 4.0 DEHOEK 85 917
DEHOEK B85 714 .0 3.0 DEHOEX 85 ?18
DEHOEK 85 715 .0 2.5 DEHOEK 85 919
DEWDEK 85 716 .0 35 DEHOEK 85 920
DEHDEK 85 717 .0 3.0 DEHOEX 85 921
DEHOEK 85 718 .0 3.5 DEHOEK 85 922
DEHOEK &5 719 .0 3.0 DENOEK 85 923
DEHOEK 85 720 .0 3.0 DEHOEX B85 924
DEHOEK &85 721 .0 2.5 DEHDEK B5 925
DEHOEX 85 722 .0 3.0 DEHQEK BS 926
DEHOEK 85 723 .O 2.5 DEHOEK BS 927
DEHOEK 85 724 .D 3.5 DEHDEK 85 928
DEHOEX B85 725 .0 3.0 DEHOEK 85 929
DEHOEK B85 726 .0 3.0 DEHOEX 8S 930
DEHOEK 85 727 .0 3.0 DEHOEK 8510 1
DEHDEK 85 728 .0 3.0 DEHOEK 8510 2
DEHOEK 85 729 .0 4.0 DEHOEX 8510 3
DEHOEK &5 730 .0 5.5 DEHOEK 8510 &
PEHOEK 8% 731 .0 5.0 DEWOEK 8510 5
DEHOEX 8581 .0 5.5 DEHOEX 8510 &
DEHOEK BS 82 .0 9.0 DEHDEK 8510 7
DEHOEK &5 83 .0 6.0 DEHOEK 8510 8
DEHOEX B85 8 & .0 5.0 DEHOEK B510 9
DEHOEK 85 85 .D 6.5 DEHDEK 851010
DEHOEK B5 846 .D 5.0 DEMOEK 851011
DEHOEX B B 7 .0 5.0 DEHOEK 851012
DEHOEXK 8588 .0 5.0 DEHOEX 851013
DEHOEK 85 B9 .0 B.5 DEHOEK 851014
DEHOEK 85 810 .0 3.5 DEHOEK 851015
DEHOEK 85 811 .0 4.0 DEHDEX B510M6
DEHDEK 85 812 .0 5.5 DEHOEK 851017
DEHOEX &85 813 .0 5.0 DEKOEK 851018
DEWOEK 85 814 .0 4.5 DENOEX B31019
DEHOEK B85 B1S .0 2.0 DEHDEX B510D20
DEHWOEK B85 816 .0 5.5 DEHOEK BS1021
DEHOEK &S 817 .0 5.5 DEKOEK 851022
DEHOEX 85 818 .0 6.5 DEHOEK 851023
DEHOEK 85 819 .0 &.5 DEHDEK 851024
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DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHDEK
DEHOEK
OEHOEK
DEHOEK
DEYOEX
DEHOEX
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHDEK
DEHOEK
DEKOEK
DEHDEK
DEHOEK
DEHOEK
DEHDEK
DEHOEK
DEHOEK
DEHOEK
DEHOEX
DEHOEK
DEHDEK
DEHOEK
DEHOEK
DEHDEK
DEHOEK
DEHOEK
DERDEK
DERQEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
OEHOEK
DEHOEK
DEHOEX
OEHOEX
DEHOEX
DERDEX
DEHDEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK

851025
851026
851027
851028
&83102¢9
831030
551031
an
2511
51
851t
as11
asn
asn
asn
8511
851110
851N
851112
851113
851114
851115
231116
851117
851118
851119
851120
851121
851122
851123
a51124
851125
851126
851127
851128
asiize
851130
B512 1
B512 2
gs12 3
B512 4
8512 5
8512 &
8512 7
8512 8
gs12 9
851210
85121
851212
851213
831214
8531213
851216
851217
851218
B51219
851220
g31221
BS1222
851223
B51224
851225
851226
851227
a51228
851229
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DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEX
DERQEK
PEHOEK
DEHOEK
DEHOEK
DEHOEX
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DENQEK
DEKOEK
DEHOEK
DEROEK
DEHOEK
DEHOEK
DEHOEK
DEHOEX
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHDEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHDEK
DEHDEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
DEHOEK
BEHOEK
DEHOEK
DEHOEK
DEHDEK
DEHDEK
DEHDEK
DEHDEK
DEHDEK
DEHDEK
DEKOEK
DEROEK
DERQOEK
DEHOEK
DEHDEK
DERQOEK

451230
851231
850101
B&0102
860103
850104
840105
350106
350107
860108
85010y
840110
as0it
as0112
850113
8450114
860115
840114 .
860117 20.
B&O11B 17.
850119 39.
340120
350121
860122
860123
860124 1
850125 .
850126 .
850127 1
840128 8.
850929 1
asiig
840131 .0
850201 28.5
860202 .0
Bs0203 .0
B&020G 1.2
B&0205 4
B50206 1.1
860207 17.6
B&0208 1.5
8560209 7.8
3.3
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3.1
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860210
860211 45,

840212 3.

340213 .

8502145 .

Ba0215 1
B&o21&6 A1
Bao217 .1
BS021B .1
Bs0219 .0
B60220 .0
B&0221 .D
B&0222 3.4
B60223 4.5
B&0224 6.1
B&0R25 B.D
860226 .4
860227 .0
350228 .0
860301 .0
860302 8.0
850303 .0
B&0304 5.3
aé0305 .2
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DEHOEX B&03D& 2.9 4. DEHOEK 8460511
DEHOEK B&0307 .2 6. DEHOEK 860512
DEHOEK 860308 2.1 5. DEHOEK B&0513
DEHOEK 860309 1.8 2. DEHDEK B&0514
DEHOEK 840310 8.0 4. DEHOEK B&0515
DEHOEK B&0311 14.6 5. DEHOEX 860515
DEHDEK B60312 3.4 3. DEHOEK 860517
DEHOEK BAO313  .D 3. DEHOEK B&0518
DEHOEK 850314 .0 7. DEHDEK B&D531%
DEHDEK 840315 .0 5 DENOEK 8580520
DEHOEK 8403156 1.9 1. DEHOEK B&O0521
DEHOEX B&D31T 13.7 . DEHOEK 850522
DEHDEK B60Z18 1.2 . DEHOEK 860523
DEHOEK B&D319 5.9 . DEHDEK B&D524
DEHOEK 860320 .0 . DENCEK 880525
DEHDEK 840327 .0 - DENDEK B&0526
DEHOEK B60322 .0 . DEHOEX 880527
DEHOEK B60323 .0 . DEHOEK 840528

DEHOEK B&0324 2B.7
DEHOEK 8260325 .1
DENOEK 840326 .0
DEHOEK 8&0327 .0
DEWOEK BRAD32A .2
DEHQEK B6032% .D
DEHOEK B4&0330 .0
DEHOEK 840331 .0
CDEROEK B&040T .0
DEKOEK B&D402 .0
DEHQEK 860403 .D
DEHOEK B&0404 .0
DEKOEK 860405 .0
DEHDEK B&DA0DS6S  .D
DEHOEK B&6D40T .0
DEHOEK B&G408 .0
DEHOEK 850409 .D
DEKOEK 8&0410 .1
DEHDEK 850411 3.4
DEHGEK B&0412 12,0
DEHQEK B&0413 .8
DEHOEX B&0414 .8
DEHOEK 860415 .0
DEHOEK 8560416 .0
DEHOEK 8560417 .0
DEHCEXK 860418 .0
DEMOEK B&0419 23,6
DEHOEX 840420 4.8
DEHOEK B&0421 5.7
1.5

1

DEHDEK B&0529
DEHOEK 840530
DEMDEK 840531
DEHOEK B&0401
DEHOEK 840802
DEHOEK 860603
DEHDEK B&DLD4
DEHOEK 860605
DEHOEK B&060&
DEHOEK 840407
DEHOEK 8406DB
DEHDEK BAQGDY
DEHOEK 840510
DEHOEK 848611
DEHOEK 840612
DEHDEK 860813
DEHDEK B&0&14
DEHOEX B&0&15
DEHDEK B6061&
DEHOEK B&0&1T
DEHOEX 860418
DERDEK B&0619
DEHOEK 8404520
DEHOEK 350621
DEHOEK 860422
DEHQEK 840423
DEHOER B&DA24
DEHOEK 840625
DEHOEX 84605625
DEROEK 840427
DEHOEK 850428
DEHOEX B&0629
DERCEK B60630
DEHOEX 840701
DEKOEK 860702
DEHOEK 840703
DEHOEK B8&0704
DEHOEK B&D7OS
DEHOEK 860704
DEHOEK 860707
DEHOEK B60708
DEHDEK B&0709
DEHOEX B50710
DEHOEX B&0711
DEHOEK 860712
DEHOEK 840713
DEMOEK 860714
DEHDEK 860715
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DEHOEK 850422
DEHOEX B84D423 .

DEHDEK 850424 1.0
DEHOEK 850425 .0
DEROEX BS0426 .0
DEHOEK 850427 .0
DEHOEK B50428 .0
DEHDEK 850429 .0
DEHOEK 850430 .0
DEROEK B6&0501 .0
DEHQEX B6&05GZ .0
DEHOEK 840503 .1
DEHDEK B60504 .3
DEHOEK 850505 .0
DEHOEK 860506 .0
DEMOEK B50507 .0
DEHOEX 850508 .0
DEHCEK 840509 .0
DEHOEK 8&05%0 .0
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DEHOEK 840716 .0
DEHOEK B&O717 .0
DEHOEK B&0718 .0
DEHOEK B&O719 .0
DEROEX 860720 .0
DEMOEX B60721 .0
DEHDEX B60722 .D
DEROEK B60723 .0
DEHOEK 840724 .0
DEHOEK 860725 .0
DEHOEK 880726 .D
DEHAEK B8&0727 .0
DEHOEK 840728 .0
DEHOEK 850729 .0
DEHOEX 860730 .0
DEHQEK 840731 .0
DEHDEK 840801 .0
OEHOEK B8&DBDZ2 .0
DEHOEK B&DBD3 .0
OEHOEK 860804 .0
DEHOEK B&0BOS .0
DEHDEX B6DBDA .0
DEHOEK 860807 .0
DEHOEK B8&0808 .0
DEHOEK 840809 .0
DEHOEK 8540810 .0
DEHOEK 860811 .D
DEHOEK 860812 .0
DEHOEK 8250813 .0
DEHOEK 840814 .0
'DEHOEK B&081S .0
DEHOEK 860816 .0
DEHOEX B&DB17 .0
DEHOEX 860818 .0
DEHOEK 860817 .0
DEHOEK 850820 .0
DEHOEK 850821 .0
DEHDEK 860822 .0
DEHOEK 850823 .0
DEHOEK 860824 .0
DEHOEK 880825 .0
DEHDEK 840826 .0

OEHOEK 850920
DEHGEX 850921
DEKCEK 860922
DEHOEK 850923
DEROEK 860924
DEHDEK 850925
DEHDEX 8460926
DEHOEX R40927
DEHOEK 860925
DEKOEK B&0929
DEHOEK  B&0930
DEHOEK 851009
DEHOEK 861002
DEHOEK B&1003
DEHOEX 851004
DEHOEK 8461005
DEHOEK 8461006
DEHOEK 8&1007
DEHDEK 861008
DEHOEK 8461009
DEHOEK 8&1010
DEHDEK B561011
DEHOEK 881012
DEHOEK 861013
DEHOEK 851014
DEHOEX 841015
DEHGEK 861016
DEHOEK 861017
DEHOEK 8461018
DEHOEK 8461019
DEHOEK B&1020
DEHOEK 851021
DEHOEX B&1022
DEHOEK 861023
DEHOEX 8567024
DEHOEK 841025
DEHOEK 841026
DEHOEK 841027
DEHOEK 841028
DEHOEK 841029
DEHOEK 8467030
DEHOEK 841031
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DEHOEX 8&0827 .0 . DEHOEX 861101
DEHOEK B&0B28 2.1 . DEHOEK 861102
DEHODEK BA082% 14.9 . DEHCEK 8&1103
DEHOEK B50830 21.4 . DEHOEK 851104
DEHOEK 850831 .0 . DEHOEK B&1105

DEHOEK B40901 .0
DEHOEK B60902 .0
DEHOEK 840903 .0
DEHOEK 8460904 .0
DEHOEK 840905 .0
DEHOEK 840906 .1
DEHOEK 840907 .3
DEHOEK 850908 .5
DEHDEK B&0909 o |
DEHOEK 850910 .0
DEHOEK 850911 .D
DEHDEK 840912 .4
DEHDEK 8560913 1.9
DEHOEK B&0914 .1
DEHDEK Bs0%15 1.9
DEHOEK 840916 .0
DEHOER 85017 .0
DEWDEK BsDP1E .2
DEHQEK 860719 .0

DEHOEK B&1106
DEHOEK B61107
DEHOEK 8461108
DEHOEK 8461109
DEHOEK 841114
DEHOEK 8561111
DEHOEK 841112
DEHOEK 8461113
DEHOEK 841114
DEHOEK 8461115
DEHOEK 841116
DEHOEK 841117
DEHDER 851118
DEMOEK 8561119
DEHOEK B61120
DEHOEX 861121
DEHOEX B&1122
DEHOEX B61123
DEHOEK 861124
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DEHOEK B&1125 .0 7.0 DEHDEK
DEHDEK B61126 13.2 .0 DEHDEK
DEHOEK 841127 1.0 8.4 DEHOEK
DEHOEK 841128 .6 3.0 DEHOEX
DEHOEK 8561129 1.9 3.5 DEHOEK
DEHOER 851130 .1 7.0 DEHOEK
DEHOEX 841201 .0 3.0 DEHOEX
DEHOEK B8&1202 3.2 8.0 DEKOEK
DEHOEK B&1203 .3 4.0 DEHOEK
DEHOEX B&1204 13.7 .0 DEHOEX
DEHOEK 861205 2.7 8.B DEKCEX
DEHOEX 8612046 23.4 .0 DEHDEK
DEHOEK B&1207 35.0 .0 DEHOEK
DEKDEK 861208 .0 4.0 DEHOEK
DEHDEK 8461209 12.5 K| DEHOEX
DEHOEK 861210 .0 3.0 DEHOEK
DEHOEK 861211 0 &.0 DEHOEK
DEHOEK 8461212 .0 7.0 DEHOEK
DEHOEK 851213 1.0 3.0 DERQEK
DEHOEK 861214 1.5 5.4 DEHOEK
DEHDEK 861215 .3 .4 DEHOEX
DEHOEK B&61216 .2 &, DEHOEK
DENOEX 861217 3.7 4., BEHOEK
DEHOEX 841218 ] 3. DEHODEK
DEHDEK B&61219 2.8 2. DEHOEK
DEHOEK 8461220 .2 & DEHOEK
DEHDEK 841221 .0 7. DEHOEK

DEHOEX 841223 .8 DEHOEX
DEROEK
DEHOEK
DEHOEX
DEBQEK

5
DEHCEK B&1224 .5 7
DEHOEK 861225 .3 3.
DEHOEX B&1226 2.9 7

5
4
0
-]
a
0
DEHOEK 841222 19.5 .0 DEHOEK
0
0
1]
[}
QEKOEK B61227 .0 .0
6

DEHOEX B61226 21.3 6. DEHOEK
DEHOEK 861229 2.7 3.0 DEHOEK
DEKOEK B&1230 1.7 S.6 DEYOEK
DEHDEK 861231 .7 4,0 DEHOEX
DEHOEK 87 11 .0 3.5 DEHOEK
DEHOEK BT 12 .0 5.8 DEHOEK
DEHOEX &7 313 .9 8.5 QEHOEK
DEHOEK B7 1 4 3.8 4.9 DEROEK
DEHOEK B7 15 1.8 5.0 DEHOEX
DEHOEK 87 1 6 22.6 8.0 DEHOEK
DEHOEX 87 17 4.7 7.0 BEHOEK
DEHOEK 87 1 B 12.4 2.1 DEHOEK
DEHOEK B7 1 9 3.3 7.3 DEHOEK
DENOEX 87 110 1.0 7.2 DEHOEK
DEHOEX B7 111 1.3 3.4 DEHCEK
DEHOEK B7 112 2.1 a.1 DEHOEK
DEHOEK 87 113 16.0 2.0 DEHOEK
DEHOEK 87 114 2.6 7.5 DEHOEK
DEHOEK B7 115 .a 8.2 DEHOEK
DEHOEK &7 116 26.9 1.0 DEHOEX
DEHOEK &7 117 1.5 6.1 DEHDEK
DEHOEX 87 118 .0 4,2 DEHOEK
DEHOEX B7 119 .4 6.1 DEHOEK
DEROEK 87 120 5.9 5.6 DEHOEK
DEHOEK &7 121 1.0 7.8 DEHOEK
DEHOEXK B7 122 .0 2.2 DEHOEK
DEHDEK 87 123 .0 3.0 DEHOEK
DEHOEK 87 124 17.8 T.b DEHOEK
DEHOEK &7 125 .& 7.0

DEHDEK 87 126 4.9 4.5

DEHOEX 87 127 .0 4.4

DEHOEK 87 128 .0 6.1

DEHOEK B7 12¢ .0 7.0
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APPENDIX E 3

DATLY STREAMFLOW DATA (VIM20)



RATE

850101
850102
850103
850104
850105
850106
850107
B50108
B50109
850110
BSD111
850112
850113
850114
850115
850114
250117
850118
850119
850120
850121
850122
850123
450124
850125
50126
50127
450128
850129
851130
as50131
850201
850202
850203
850204
850205
asfz206
850207
850208
850209
250210
850211
850212
B30213
850214
850215
830216
850217
850218
850219
B50220
a50221

RAINFALL
(mm)
0.00
.00
B.00
£1.20
n.10
4.90
11.10
0.40
D0.00
0.50
0.10
1.20
23.60
12.70
21.10
15.40Q
18.440
0.00
Q.00
a.ao
Q.00
a.d0
0.G0
1.60
1.30
0.50
0.00
0.00
0.50
1.90
0.80
0.00
0.00
11.40
0.40
0.00
0.00
B.10
40.90
23.50
22.50
0.40
41.80
2.4D
4.0D
0.00
0.0D
0.0D
.70
4.70
2.70
0.60

STREAMFLOW DATA

DAILY FLOW

vimza
{mm)

2.28
14.59
3.96
1.52
0.90
0.03
218.60
478.09
156.65
230.57
&42.M
269.76
221.74
134.27
82.17
46.81
34.28
26,90
35.53
30.96
25.56
23.72
20.00
19.45
21.28
9.7%
5.76
4.05
10.49
7.62
6.37
5.46
298.13
239.22
1159.45
668.08
4824 .98
1B69.47
1367.73
958.40
675.10
511.56
389.64
411,07
314,31
314.92

vimz2d
{mm}

QUICKFLOW

vin28
{mm)

o.M
0.0o
0.00
0.00
0.00
0.00
204.52
3.7
23.5¢
67.3
221.98
20.99
3.26
0.00
6.00
0.00
0.00
Q.00
0.00
0.00
0.00
B.00
0.00
D.01
D.00
6.00
0.00
0.00
0.00
0.00
0.0d
0.00
92.55
26.6%
722.01
$1.79
4379.34
1097.64
245.41
4.49
Q.03
0.00
0.83
37.40
11.59
0.00

vim20
imm)



m

Lt
P

DATE

850222
850223
850224
B50225
B50226
850227
850228
B50301
850302
B50303
B50304
850305
230306
B56307
850308
B503DY
850310
85031
2830312
850313
450314
850315
850314
850317
850318
850319
850320
a50321
B503:22
B50323
850324
850325
850326
850327
850328
850329
858330
850331
350401
850402
850403
850404
850405
850406
850407
850408
850409
850410
850411
850412
850413
B50414
B30415
a50418
850417
B50418
B5D419
850420
850421
850422

RAINFALL
{rm)

2.30
0.70
0.20
2.50
7.%0
0.40
0.40
1.70
0.40
0.20
0.q0
0.00
0.10
D.EQ
3.00
33.60
26.70
Q.40
5.00
2.90
0.20
0.00
1.20
0.10
0.10
6.30
1.30
0.00
0.00
0.00
0.00
1.80
4.80
0.10
0.00
0.00
0.00
0.10
0.00
D.oo
o.0o
0.60
0.00
0.00
1.20
Q.00

...
Jd88

s

oo opDoo-=WOoO0
+ v .
o900 P

ooQoOooo

STREAMFLOM DATA

DAILY FLOW

vim28
{mm}

236,14
176.75
114.09
79.33
215.70
82,14
67.53
56.84
65.40
38.16
33.62
27.37
200.95
289.52
289.52
289,52
289.52
289.52
466,01
630.55
1211.51
121,51
842.25
821,80
821,60
423.6%
139.56
107.42
107.42
107.42
107.42
107.42
136.31
99.25
52.35
4711
34.85
30.88
28.45
23.42
21.00
20,41
20.41
20.41
25,9
15.59
10.70
9.48
%.4B
9.48
9.48
9.48
a.n
7.03
é.27
6.27
5.3
4,23
3.83
3.06

vim20
{mm}

149.63
149.565
149.65
149 65
149.65
149.65
149.65
150.77
2802,3%
4751.82
302233
1635.48
1291.62
20a7.73
1016.58
803.85
&94,21
613.98
513.97
479.78
447.81
385.75
325.53
289.55
a52.40
269,35
335.67
224.92
185.85
155.17
137.7¢
129.15
122.93
120.22
121.55
113.85
110.34
109.34
94.50
87.43
B3.B8
75.30
73.30
75.30
75.30
60.09
55.465
53.96
53.96
53.96
53.96
53.96
53.96

QUICKFLOW

vim28
(mm)

18.09
0.17
0.0
0.95

76.41
0.01
0.00
0.20
1.25
0.00
0.00
G.o0
0.00
0.00
0.00
0.00
a.ao
0.00

72.09

131.24
245.49
245.49

13.01
0.00
0.00
0.00
0.33

. 0.00

w

+ -
oo
-0

- L] - * L] 1] - .
g§8888884d

. e 4 e .

= R-F-E-N-R-B-E=-R-N-N-N-R-R=N-N-E=R—

.

[ E-R-E--R-E-E~R-E-E-RE-F=N-E-N-E-R—R-R-E=-R— - N~ =~
. . »
coQpooOoDooOgoooOooODooaoOc

=

*

vim20
(o)

2623.17
4031.03
1502.21
163.67
158.26
705.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.0c
1.33
n.27
0.00
0.00
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STREAMFLOW DATA

DAILY FLOW QUICKFLOW
DATE RAINFALL vim28 vim20 vim28 vim20
() {rm} {mm) {rm) {mm}

850622 0.20 0.00 79.72 0.00 0.00
B50623 0.00 0.00 79.72 0.00 0.00
asaézd 9.00 0.45 79.72 0.06 #.a0
850625 0.70 21.26 70.20 2.15 0.00
B50626 0.00 7.76 &3.83 0.00 0.00
850427 0.00 3.47 67.28 0.00 0.00
850628 o.o0 0.29 80.94 0.00 0.00
850429 0.00 0.00 73.24 0.00 0.00
A50830 D.00 0.00 76.58 a.4a0 0.00
850701 0.00 0.00 76.58 ¢.00 0.00
BSO702 0.00 0.30 70.22 0.00 0.00
BS0703 0.00 0.33 59.58 0.00 0.00
850704 0.00 0.00 60,12 0.00 a.aa
854745 0.00 0.00 65.04 Q.00 0.00
a50706 0.00 0.00 60.98 0.00 0.00
850707 0.00 0.00 60.38 0.00 0.00
850708 a.ao 0.00 60.38 0.00 0.00
850709 0.00 D.00 61.48 0.00 0.00
850710 0.00 0.00 71.16 0.00 q.00
850711 0.00 0.00 97.05 0.00 .00
850712 0.00Q 0.00 73.22 0.00 6.00
850713 0.00 0.00 73.22 0.0D 0.00
B50714 0.00 0.00 73.22 0.00 0.00
as0715 0.00 a.00 73.22 0.00 0.00
850716 0.00 0.00 73.22 0.00 0.00
850717 D.00 0.00 73.22 0.0D ¢.00
B50718 06.00 0.54 73.22 0.00 0.00
a5a71% G.00 1.39 68.%0 2.00 0.00
850720 0.00 1.45 42.90 0.00 0.00
850721 0.00 1.45 70.28 0.00 0.00
B50722 0.00 1.45 70.97 .00 0.00
B50723 D.oo 1.45 68.356 D.00 0.00
gs50724 0.00 1.65 69.36 a.oo 0.00
850725 0.00 1.45 100.59 0.00 p.00
850726 0.00 1.45 74,80 0.00 0.00
BSO727 0.00 1.45 33,57 0.00 0.00
as0728 0.00 1,45 33.57 0.00 a.00
B50729 0.00 1.45 33.57 0.00 0.00
850730 0.00 1.45 33.57 a.aa 0.00
850731 0.00 1.45 33.57 0.00 0.00
B30BM 0.00 1.45 12.93 0.00 0.00
B50B02 0.00 1.45 12.20 0.00 a.0a
850803 0.00 1.45 14.25 0.00 q.00
850804 0.00 1.45 21.73 0.00 0.00
850805 D.DO 1.45 26.24 0.00 D.oD
850806 0.00 1.45 34.14 0.00 0.00
850807 0.00 1.45 3.1 0.00 0.00
B5DROB 0.00 1.45 £1.81 0.00 0.00
850809 0.00 1.45 58.03 0.00 0.00
BS0810 0.00 "1.45 78.37 0.00 D.00
B50811 0.00 1.45 85.30 0.00 0.00
850812 0.00 1.45 71.18 0.00 0,00
850813 0.60 1.45 27.47 0.006 g.o6
850814 0.00 1.45 23.81 0.00 0.00
850815 0.00 0.3 19.57 0.00 0.00
850816 0.00 0.00 22.91 0.00 0.00
850817 g.00 6.00 26.56 0.00 D.oo
B50818 0.00 0.00 38.87 0.00 0.00
850819 0.00 0.00 54.18 g.an 0.00
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STREAMFLOW DATA

DAILY FLOW QUICKFLOW
DATE RAINFALL vim2B vim20 vim28 vim20
(mm) () . (mm) (rm} {mm)
850820 0.00 0.00 T3.55 0.00 0.00
850821 0.00 0.00 60,59 0.40 0.00
aspgz2 0.00 0.00 61.92 0.00 0.00
850823 0.00 0.00 60,30 0.00 g.00
A50B24 0.00 0.04 49_14 0.00 0.00
B50825 0.00 0.00 51.28 0.00 0.00
850826 0.00 0.00 49,43 0.00 0.00
B30RZY 0.q0 0.aad 46,35 0.0D 0.00
B50828 0.00 0.00 41,20 0.00 0.00
B5082% 0.00 0.00 40,05 0.00 0.00
A50830 a.0a a.ao 40.05 0.00 0.00
850831 g.00 0.00 40,05 0.00 .00
850901 0.00 0.00 40.70 0.00 0.00
850902 0.00 0.00 51.64 .00 D.00
850903 0.00 0.00 50,72 0.00 0.00
850904 0.00 0.00 57.17 D.00 0.00
850505 0.00 0.00 71.84 0.00 0.00
50906 0.00 0.00 B6.74 0.00 0.29
850907 n.oa a.0o0 85 .48 0.00 0.00
850908 0.00 0.00 61.97 0.00 0.00
850909 0.00 .00 52.568 0.00 0.00
850910 f.0o0 0.00 41.28 0.00 0.00
850911 0.00 0,00 40,0% 0.0D 0.00
B50912 0.30 0.00 40.05 0.0D 0.00
B50P13 g.0q g.qn0 40.03 0.00 0.00
B50914 8.40 0.00 61.73 .00 0.00
850915 0.80 Q.24 70,47 0.00 g.00
850914 @.ad 2.06 b .04 0.00 n.0D
850917 0.00 2.25 40,47 0.00 D.Do
850918 0.00 2.33 37.64 0.00 0.00
850919 0.00 2.04 37.64 0.00 0.00
850920 0.00 0.45 37.64 0.00 D.0D
850921 0.00 0.585 37.64 0.00 0.00
A50922 0.00 0.85 37.64 0.00 D.00
850923 0.00 0.63 Lb 43 0,00 0.00
850924 0.00 0.65 43.21 0.00 0.00
850925 0.10 0.65 44 87 0.00 0.04
850926 2.80 0,67 44 .87 0.00 0.00
850927 0.20 2.43 42,88 0.00 0.00
850928 06.40 0.61 33.95% 0.00 a.aa
850929 1.30 0.00 32.83 0.00 0.00
850930 0.10 0.0D 34.65 0.00 0.00
8510 D.00 0.0D 32.37 0.00 0.00
851002 B.00 0.00 33.14 0.00 0.00
851003 0.00 0.00 42.50 Q.00 0.00
851004 D.00 D.00 44 83 0.00 0.00
851005 D.0D D.00 43.64 0.04a 0.00
851006 2.50 0.00 55,83 o0.00 0.00
851007 0.20 0.00 59.56 D.00 0.00
851008 10.00 0.00 65 .41 0.00 0.00
851009 0.10 0.00 65.20 0,00 0.00
asi1aio 0.00 0.00 55.20 0.00 0.00
851019 o.00 0.00 56.86 0.00 0.00
851012 0.00 0.69 43.15 0.00 0.00
851013 5.50 0.00 55,79 0.00 0.00
851014 7.00 0.41 30.88 0.00 a.ao
851015 13.70 28.36 83.50 2.47 1.25
8510146 0.00 13.29 56.87 0.00 0.00
851017 0.0D 5.59 40.05 0.00 0.00
851018 0.70 3.62 40.05 0.00 0.00

as101¢ 0.00 3.06 40.08 0.00 6.00
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STREAMFLOW DATA

DAILY FLOW cUlCKFLOW
BATE RAIMFALL vimzg vim20 vime8 v1m20
(mm) (mm} (mm) {mm} {tm)
851620 0.0d 3.06 39.75 0.00 0.00
851021 0.00 3.57 26.38 0.00 a.00
851022 1.00 1.72 26.63 0,00 g.a0
B51023 0.30 1.53 29.63 g.on 0.00
851024 0.80 1.53 33.78 0.00 0.00
B51025 0.00 1.53 34.66 D.00 0.00
851026 0.00 1.53 45.02 0.0p 0.00
851027 0.00 1.53 59.20 0.00 0.00
851028 0.80 1.53 64.96 0.00 0.00
851029 12.70 0.61 82.52 0.00 0.0t
851030 22.70 34.78 196.84 10.98 2.02
851031 19.00 Q465 335.28 31.46 32.27
251101 40.10 £00.29 3464.92 530.74 3053.67
851102 3.50 159.07 1132.51 50.77 §13.44
851103 0.20 24 .60 231.18B 0.00 0.0
851104 0.30 10.57 137.89 0.00 0.00
B51105 0.00 65.17 135.89 0.00 Q.00
851106 11,20 28.53 234.85 17.99 94.6%
851107 S.10 28.70 198,89 0.72 1.98
851108 10.40 90.91 309.34 21.16 0.95
851109 4.00 28.98 232.14 0.00 0.00
851110 0.00 24,00 187.85 0.00 0.00
851111 0.00 16.60 181.21 0.00 0.00
851112 0.0D 6. 85 131.90 0.00 D.01
851113 0.00 2.36 57.03 0.00 0.00
as1114 0.00 1.40 50.70 .90 6.00
851115 0.00 .08 39.87 0.00 0.0
851114 0.00 Q.00 37.64 .00 0.00
851117 a.00 G.00 45.39 n.o0o .00
851118 1.00 0.00 47 .64 0.00 0.00
as11e 0.00 0.00 49.60 0.00 0.00
as1i20 0.00 0.o0o 42,46 0.00 0.00
B51121 0.00 3761.82 13694.%9 3723.62 13531,
B51122 0.00 123.26 595.23 16.81 61.82
851123 0.00 15.87 321.79 n.oo 0.00
851124 D.0D 4.25 309.25 0.00 0.00
as51125 0.00 7.94 338.84 0.00 4 .04
851126 17.30 323.10 078.64 267.72 584.09
851127 2.30 150.32 530.13 11.02 13.38
851128 4,90 155.02 I99.03 3511 7.00
851129 20.%0 951.91 1938.50 611.42 0L5.67
851130 d.40 632.08 1510,59 126.04 193.07
851201 0.00 232.32 511.41% 0.00 0.00
851202 0.00 113.02 343.67 Q.00 0.03
851203 7.30 166,72 420.35 58.71 a3
851204 12.70 502.14 1250.76 181.9% 279.90
851205 2.50 N9.97 517.58 100.59 39.09
831206 1.50 284.18 590.27 19.37 12.06
851207 7.10 181.10 3or.32 47.77 3.30
451208 D.10 173.47 403.39 8.02 5.77
851209 0.00 TL.37 214.24 0.00 0.00
851210 0.00 35.30 124.10 0.00 0,00
851211 0.20 72.10 105.08 0.00 0.00
B5i212 G.40 8(.49 98,69 a.ad .00
891213 0.50 59.85 109.81 0.ad 0.0
851214 10.00 50.27 1046.24 8.06 0.79
851215 14.80 237.90 336.90 112,47 53.85
B31216 3.30 189.92 490.89 40.08 21.88
B51217 0.30 70.26 235.49 0.00 0.00
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E.3.7.

STREAMFLOW DATA

DATLY FLOW QUICKFLOW
DATE RATHFALL vim2g vim20 vim28 vim20
{mm) {mm}) {mm) {mm) (mm)
851218 20.50 2104 .32 3448.592 2053.14 3277.00
a51219 1.80 1310.19 2741.43 P12.79 1557.89
B51220 0,00 550.40 119422 5.84 0.94
851221 4.80 483.12 3033.15 88.33% 84,57
851222 5.40 809.80 1671.96 337.55 509.32
B51223 4.40 832.a08 1763.79 269.7% 3481.27
BS1224 2.80 637,78 1491.08 59.65 74.15
851225 a.30 430,77 1100.50 0.08 0.01
BS1226 7.00 498.21 1144.93 168.99 30%.57
851227 0.10 407.77 9462.09 21.37 18,94
351228 0.00 265.6% 549.40 Q.02 0.00
351229 0.00 173.38 432.19 0.15 0.02
851230 0.00 100.55 287.46 0.06 ¢.00
B51231 0.04a 73.53 259.57 0.00 0.23
850101 0.0Q &4 .39 287.08 0.00 0.0
360102 7.20 5.6 283.11 17.84 0.06
850103 $.10 129.91 443,47 21.%1 12.&8
B&0104 $.90 116.75 411,26 22.52 6.62
B6010S 0.00 84,48 418,566 D.oo 0.00
B&D104 0.10 39.73 264.95 0.00 0.60
B&0107 D.20 26.74 172.68 0.00 0.00
840108 3.50 32.21 171.3 6.3 2.33
860109 2.00 30.34 188.74 0.22 0.00
840110 7.80 3&.18 125.93 .81 Q.19
880111 6.00 G4 .59 183.41 10.0% 0,54
as0m2 4.70 49.41 215.70 7.94 0.17
B&0113 1.10 28.35 187.78 0.00 0.00
B&D114 0.00 20.BB 132.95 D.00 0.00
360115 4,60 13.04 BS.%4 0.00 0.02
840114 0.20 17.32 90.57 0.02 0.00
B&0117 20.00 271,86 815.47 228.84 630.19
8501138 17.20 4601 873.82 154,08 198.90
8460159 39.20 276,91 S301.41 24603 .44 £385.49
85601 1.10 1551.438 3v2r.18 982.23 2065.18
85012 1.70 585.39 1314.43 T.048 2.60
B£0122 3.80 591.37 1233.95 51.1% 102.56
asft23 0.80 46532 985.38 0.n B.74
8460124 1.70 337.95 12.74 1.487 0.03
840125 0.00 280.53 554 .80 0.02 0.1
840126 0.040 197.26 4£49.90 0.00 0.oo
Bo0127 11.90 442.35 B815.16 260.06 388. 71
850128 8.40 503.13 117445 159.73 288.46
8smae 1.70 422.42 1Q3¢.70 73.52 104,22
850134 0.10 157.75 522.79 0.04Q 0.00
8560131 0.00 108.27 366.22 0.06 0.00
8s0201 28.50 1906.21 4199.13 1695.86 3527.43
850202 0.00 973.20 2330.25 424 .41 754,47
340203 0.00 381.83 1365.71 0.48 D.00O
BAG204 1.20 999 .82 1896.20 L3747 521.02
B6G205 0.40 &08.67 1180.60 1.M 0.00
850206 1.10 471.33 O57.43 1.45 0.97
860207 17.60 958.89 1633.99 501.2% 541.50
840208 1.50 910.58 2074 .46 300.15 561.27
B&0Z209 7.80 591,469 1210.54 54.08 20.86
B&0210 3.30 21B.92 2201.25 300.44 749,90
8602114 45,10 Bb44 .59  18930.42 8126.32 17175.85
B&0212 3.10 16348,27 I .54 840,37 1461.%0
850213 0.20 1377.13 2926.89 2563.5% 20B.48



E.3.8.

STREAMFLOM DATA

DALY FLOW QU CXFLOW
DATE RAINFALL vima8 vim20 vimzB vim20
(mm) {rm) () (mn) {mm}

850214 0.10 977.76  2044.20 0.06 0.00
B60215 0.10 762,35 1663.9 0.00 0.00
60216 0.10 590.29  1350.83 0.23 0.00
860217 0.10 463,77 1158.67 0.01 0.03
850218 0.10 352.03 970.55 0.00 0.08
840219 a.00 288.72 BL&.92 0.03 0.02
8560220 0.00 215.51 737.14 0.00 0.00
gs0221 0.00 158.75 607.67 0.00 0.00
B60222 3.40 138.04 590.57 13.24 9.49
8560223 4.50 175.38 752,71 26,47 36.95
B&0226 6.10 179.43 762.60 30.35 68.64
B&0225 8.00 149,25 §35.52 50.10 86.85
B&D225 0.40 121.41 589.24 0.03 5.62
B&o227 0.00 67.24 400250 0.00 .00
B60228 0.00 41.00 336.03 0.01 0.60
840301 0.00 23,44 288,08 a.qa 0.00
860302 8.00 35.97 247,27 13.87 0.34
860303 0.00 39.16 331.52 .03 0.78
850304 5.30 61.38 294,71 27.58 28.61
860305 0.20 52.74 441.61 0.83 44 .80
860306 2.90 40,70 271.75 1.45 0.00
840307 0.20 22.32 211.58 0.00 0.00
850308 2.10 17.53 176.24 0.06 0.00
860309 1.80 42.84 205.52 4.08 0.00
840310 B.00 B4.94 475.34 34.08 198.82
350311 14,60 176.13 670.75 100,756 245.98
B60312 3.40 267.22 974.87 B7.33 274,50
840313 D.00 88.56 450.01 0.00 0.00
850314 0.00 48.15 315.88 0.00 0.00
B603 15 0.00 30.65 218.83 0.01 0.00
840316 1.90 40.61 185.28 0.0% 0.00
860317 13.70 173.66 382.86 33.29 5.42
860318 1.20 164.71 436.83 0.13 0.00
860319 5.90 72.28 238.03 B.48 0.90
550320 2.00 39.62 226,92 o,00 . 0.00
860321 0.00 35.54 178.27 0.00 0.00
860322 0.00 21.22 134.28 0.00 0.00
860323 0.00 17.07 112,25 0.00 0.00
B50324 28,70  1945.72  40A2.83  1778.59  3490.35
60325 0.10 227.65 623,93 Q.00 0.00
B60326 .70 122.38 386.78 0.00 0.00
860327 .00 78.93 301.682 0.00 0.00
850328 0.20 51.52 247.7% 0.01 0.00
860329 0.00 43.78 203.09 0.00 0.00
860330 .00 31,33 186,80 0.03 0.00
B60331 0.00 26.89 155.98 0.00 0.00
géna0 0.00 21.07 136,22 0.00 0.00
B&0402 .00 17.18 134,44 0.00 0.00
B60403 0.00 - 14.87 115.64 0.00 0.00
Bé0404 0.00 12.49 110.36 0.00 a.oo
BA040S5 0.00 9.83 110.36 0.00 0.00
850404 0.00 9.48 110.34 0.00 0.00
860407 0.00 8.49 110.36 0.00 .00
860408 0.00 6.27 110,34 0.00 0.00
860409 0.00 &,33 12,16 0.00 0.00
860410 0.10 9.03 128.44 0.00 0.00
850411 5.40 8.46 118.62 0.07 0.00
840412 12.00 68.20 262,72 9.74 0.35
860413 0.80 40,50 274.06 0.00 0.00
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STREAMFLOW DATA

BAILY FLOW SUICKFLOW
DATE RAINFALL vim28 vimeDd vim2B vim20
(mm} () (mm) {mm) (mm)
860414 0.80 26.90 179.88 0.00 D.0D
BAO41S 0.00 14.79 125.76 a.00 0.00
860415 0.00 14 .69 110.78 Q.00 Q.00
850417 0.00 13.34 110.36 0.00 0.00
840418 0.00 9.37 110.34 0.00 0.00
860519 23.60 153.48 543.04 104.35 269.44
850420 4,00 67.10 315.12 0.14 0.00
860421 5.70 158.17 365.45 27.77 0.20
860422 1.50 137.51 309.%1 0.41% 0.00
B50L23 g0.10 86.34 192.57 .00 0.00
B6&DAZA 1.00 3B.44 148.92 0.16 0.22
BADL2S D.00D 27.20 137.76 0.00 0.00
840426 0.00 15.76 102.07 0.00 0.00
Be0427 0.00 12.6% 95.23 0.00 0.00
B&042B 0.00 7.87 90.32 0.00 0.00
850429 0.00 7.87 85.461 0.00 0.00
B604A3D 0.00 7.87 92.84 0.00 0.00
860501 0.00 10.01 111.73 0.00 0.00
8460502 0.00 14.86 148,46 0.00 0.00
BA0503 0.10 12.82 240.51 o.0o g.pn
860504 0.30 12.77 282.22 ¢. 00 0.00
850505 0.00 11.29 257.38 0.00 0.00
860506 0.00 11.25 132.83 0.00 0.00
850507 0.00 12.18 115.591 0.00 0.00
B&0S08 0.00 8.16 93.57 0.00 0.00
8560509 0.00 6.27 88.562 0.00 0.00
860510 0.00 6,27 88.52 0.00 0.00
B&DS11 0.00 6,27 88.62 0.00 0.00
B60OS 12 .00 &.27 88.70 0.00 0.00
B&OS13 .00 &.27 107.07 0.00 0.00
BADS14 0.00 4,27 93.16 0.00 0.00
B50515 0.00 6,27 91.09 0.00 0.00
B&DS14 0.00 6.27 88.62 g.00 0.00
BADS17 0.00 &.27 88.62 D.0D 0.00
B60S18 0.00 5.85 88.62 0.00 0.00
B&051% 0.00 4.26 a8.62 0.00 0.00
B&0520 0.00 1.57 B7.62 D.0D 0,00
B60521 0.00 0.65 78.15 Q.00 0.00
840522 0.00 0.18 72,79 0.00 0.00
B&0S23 0.0¢ 0,80 70.01 0.00 0.00
B60S24 0.00 0.00 70.01 0.00 0.00
860525 0.00 0.00 70.01 0.00 0.00
8460526 0.00 0.00 70.01 0.00 0.00
B&OS2T 0.00 0.00 BO.45 0.00 0.00
850528 0.00 0.00 87.61 0.00 0.00
840529 0.00 0.00 88.19 0.00 0.00
840530 0.00 0.00 84,81 0.00 0.00
840531 0.00 0.0q 80.93 0.00 0.00
840401 0.00 .00 80.59 0.00 0.00
840602 0.20 0.00 80,59 .00 0.00
840403 3.B0 o.00 B2.80 0.00 0.00
840604 16.10 32.74 113.92 10.47 0.00
40603 0.3D 16.81 147.71 0.53 0.00
840406 0.0D 2.23 102.%90 0.00 0.00
8460607 0.00 0.30 100.73 0.00 0.00
8506038 0.00 0.00 94 .67 g.00 Q.00
840609 D.0D 0.00 91.463 g.0a 0.00
850810 0.00 0.00 88.462 .00 0.00

860611 0.00 0.00 88,62 0.0¢ 0.00
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STREAMFLOW DATA

DAILY FLOW QUICKFLOW
DATE RAINFALL vim28 vim2D vim28 vim20
{mm} (ma) {mm) (o} {mm}
BA1DDB 0.00 0.24 57.19 0.00 D.00
8561009 0.70 0.00 53.03 0.00 0.00
851010 0.70 0.0Q 47.81 0.qa 0.00
851011 0.30 0.00 45,80 0.00 0.00
851012 0.00 0.00 46, A0 0.00 0.00
251013 0.00 0.00 44,60 0.00 0.00
8561014 0.10 D.00 63,04 Q.00 0.00
8561015 12.60 0.14 T4.19 0.00 0.8
B&1016 30.20 144 .86 216.65 .61 29.73
841017 1.70 33.86 198.58 0.00 0.00
851018 0.00 12,40 956.%0 0.00D 0.00
8561019 .10 44.58 153.28 26.41 23.08
841020 5.00 £1.39 254.39 10.12 57.90
851021 0.10 23.759 137.79 Q.aa 0.00
B51022 0.00 Q.69 79.26 0.00 0.00
861023 0.10 7.27 69.35 0.00 0.00
B41024 0.50 5.6 65.%39 0.00 0.00
841025 8.20 60,51 124.32 21.77 1.41
B&1026 11.20 69.37 162.71 0.90 0.0¢
Bs1027 0.40 29.04 114.14 0.00 0.00
B&1028 0.30 86.16 109.60 29.37 2.32
B&1029 17.30 170.67 490.59 1B.45 57.03
841030 0.20 33.22 166.34 p.oo 0.00
851031 12.00 110.96 301.98 45,12 1n.97
851101 0.1Q 53.55 256.76 0.00 0.00
861102 0.0a 25.50 131.59 0.00 0.00
B&1103 Q.00 12.73 110.24 0.00 0.00
B&A1104 0.BD 4.85 100.73 0.00 0.00
861105 3.50 ©.22 100.73 0.00 0.00
8611056 13.40 137.58 371.19 21.26 41.61
8561107 0.00 50.33 218.24 0.06 0.00
841108 14.10 123.03 226.52 43 .37 41.82
B&1109 ?.50 216.45 &00.63 50.51 63.69
851110 1.40 109.66 293.92 0.00 0.00
811N 0.00 55.66 143.16 0.00 0.00
a&1112 0.00 30.B5 B2.74 0.00 0.06
851113 0.00 18.73 55.88 0.q4a 0.00
861114 0.10 14.05 51.26 g.00 0.00
861115 2.10 12.79 44 BY 0.00 0.00
861116 ¢.50 17.46 44 .87 0.00 .00
8&1117 2.50 18.76 49,563 0.03 0.00
8561118 3.30 25.06 55.84 1.14 0.00
841119 0.00 21.12 §5.56 0.00 0.00
8561120 i5.20 113.77 209.98 55.20 44,77
s61121 2.80 109.60 228.77 4.90 0.a0
B&1122 3.90 71.30 146,40 6.25 0.00
B51123 0.00 34.72 856.71 0.00 0.00
B51124 0.00 14.18 711 0.0o 0.0o0
851125 0.00 7.36 70.01 0.00 0.00
861125 13.20 16.82 70.48 7.73 0.00
B&1127 1.00 33.36 91.49 4.77 Q.00
B&1128 0.60 6.24 70.01 D.00 0.00
Ba1129 1.%0 T7.07 70.01 .00 0.00
851130 0.10 4,93 66 .42 0.00 0.0a
851201 D.00 3.86 54,41 0.00 0.00
B61202 3.20 417 47.00 0.00 0.00
851203 0.30 5.62 40.43 Q.00 0.00
851204 13.70 7.53 75.32 a.01 7.93
841205 2.70 5.39 69,76 0.00 0.00
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STREAMFLOW DATA

DAILY FLOW QUICKFLOW
DATE RATHFALL vim2B vim20 vimZ8 vim2a
{mm) (mm} {men} (mm) {mm)
851206 23.4D B4.15 559.3% 77.00 484,71
astaov 35.00 2000.93 11076.53 1916.10 10732.70
851208 0.00 984.78 3230.37 585.81 1877.72
8461209 12.50 £55.39 2384.07 173.73 353.49
851210 0.00 S95.77 2256,39 60,47 161.02
851211 b. 0o 338.89 1276.10 0.00 0.60
861212 0.00 254.57 705.42 0.01 0.01
861213 1.00 267.41 437.81 0.02 0.00
B&1214 1.50 223,00 569.57 0.36 0.00
851215 0.30 183.54 454 .24 D.02 0,00
861216 0.20 116.22 293.463 0.02 D.0D
Bp1217 3.70 103.66 249,44 0.39 0.0
861218 0.80 163.36 405.58 0.94 0.04
B&1219 2.80 i00.25 511.00 0.32 S.40
861220 0.20 66,32 585,44 0.00 0.00
as1221 0.00 42 .82 520.81 0.00 D.00
B&1222 19.50 247,64 703,10 185.31 260,94
Ba1223 0.80 143.62 &Tr.21 &.07 13.49
861224 0.50 62.53 256,03 0.12 0.00
B&1225 0.30 r.21 201.23 1.80 0.01
B61226 2.90 34.56 280.15 0.00 0.07
B61227 0.00 141.24 348.92 92.34 129.72
BA1228 21.30 az.02 354,63 0.346 Q.00
861229 2.70 72.89 333.94 0.00 0.00
861230 1.70 47.05 308.03 0.01 0.00
B61231 0.70 32.46 241,84 a.00 0.00
87a101 0.00 16.34 154,34 0,00 Q.00
B70102 0.00 13.346 144,20 0.00 0.00
870103 0.%50 16.78 156,58 0.00 0.00
870104 3.80 24.69 180. 24 &, &7 a.50
870105 1.80 27.18 153.66 0.10 0,00
870104 22.60 208.84 481.64 183.57 325.78
a70107 4.70 246.89 706.88 62,15 120.48
870108 12.40 238.28 491.BD 103.17 80.72
870109 3.3D 345,53 903.47 88.48 158.09
870410 1.00 203.76 542.51 7.21 0.92
ar011 1.30 113.38 372.B4 0.08 ¢.00

aronz 2.10 77.67 227.21 3.96 ¢.00
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S0IL PROFILES
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GRIFFIN SERIES

Iocation Characteristies

Site No: 13

Terrain: Midslope

Aspect: North EFast

Slope: 20%

Vegetation: Grassland (past and present)

Parental material: Upper Beaufort Sandstone

Profile Characteristics: Description:

Depth (mm) Horizon Dark brown (7.5YR4/4, dry); sandy clay;

0 - 280 orthic A massive; friable; sticky; good drainage, few
very fine mottles; diffuse  smooth
transition.

280 — 770 Yellow=krown Apedal B

Yellow-brown (7.5YR4/6, moist); sandy clay;
massive; friable; sticky; good drainage; few
very fine Tmottles; diffuse  smooth
transition.

770 - 900+  Red Apedal B

Dark red (2.5YR3/6, wmoist); sandy clay:
massive; friable; sticky; good drainage.
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NORMANDIEN SERIES

Iocation Characteristics

Site No: 27

Terrain: Bottomland

Aspect: North

Slope: 5%

Vegetation: Grassland (past and present)

Parental material: Upper Beaufort Mudstone

Profile Characteristics: Description:

Depth (mm) Horizon Dark yellowish brown (10YR3/3, dry); sardy
0 - 200 Orthic A clay: weak fine blocky; few clayskins on ped

faces (10YR3/2, moist); friable; sticky:
good internal drainage, few medium hard Fe-
Mn concrections; gradual smooth transition.

200 - 620 Yellow-brown Apedal B

Uniform colour (10YR4/6);: sandy clay;
massive; friable; sticky; good drainage; few
medium hard Fe-Mn concretions; gradual
smooth transition.

620 — 900+  Soft Plinthic B

Brownish yellow (10¥R6/6, moist); clay;
massive; hard; plastic; poor drainage; many
fine mottles; few medium hard Fe-Mn

concretions.



NORMANDIEN SERIES

Location Characteristics

Site No: 28

Terrain: Midslope

Aspect: North

Slope: 5%

Vegetation: Grassland (past and present)

Parental material: Upper Beaufort Mudstone

Profile Characteristics: Description:

Depth (rm) Horizon Dark yellowish brown (10YR3/4, dry); sandy
0 - 300 orthic A clay; massive; friable; sticky; moderate

internal drainage; gradual smooth
transition. smooth transition.

300 - 780 Yellow-brown Apedal B

Yellowish brown (10YR5/6); sandy clay:
Apedal B massive; friable, sticky:
moderate/poor internal drainage; few very
fine mottles; few clayskins on root
channels; few large hard Fe-Mn concretions;
abrupt smooth transition.

780 - 900+ Sofit Plinthic B

Red (2.5YR5/8, moist) with gley (5YR8/3,
moist): clay; massive; hard; plastic;
moderate/poor internal drainage; hard Fe-Mn
concretionary layer at 780 - 800 mm depth.
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FARTICLE SIZE ANALYSIS
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SIZE {mm)

PARTICLE

MIT CLASSIFICATION

| Medivm | Coorse

Gravel

Fina

frachion

| Megium | Coarse

Sand froclion

Fine

| Medwm | Caorse

Iraction

Silt

Coy |_Fine
{{raction

ROADS CLASSIFICATION

Cloy, colloids |

Coorse  aggreqoie

MES CES| Coarse spnd |

| FES

Soit fings {PE,LL, & LS}

ATTERBERG LIMITS £ SOILS CLASSIFICATION

Sin

SiTENR

polw}

S5aMPLE NO

HOLE N2
DEPTH

PLOTTING CODE
LIQUD LIMIT

PLASTIC L\WIT

PLASTICITY INDEX

LIMEAR SHRINKAGE

CLAY FRACTION { O,002mm)
RBl. OF WHOLE SAMPLE
GRADING MODULUS

P#.A& CLASSIFICATION
USCS CLASSIFICATION

SIL DESCRIPTION
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APPENDIX E.I1

DERTVATION OF CAMPBELL'S a AND b COEFFICIENTS



ORTHIC A DEHBEK 6=2.7

CRLE
site depth  meist sat.acist 3 apist Bult 0 SAT.MOIST suction 8/85  logiP} loglB/Bs) ORTHIC &

12 LM joq 37 1304 sty S 0,58022% 0,699970 -0.21540 Regression Dutput:

iz0 0.2 PAY 73 1524 413 5 ¢.479353 0.490970 -0,20373 Langtant g, 770157
10 [ 9} 99 101 1424 471 5 0.6J25E0 0. 498970 -0.1968¢ Std Ere of Y Est 0,15719
11¢ 0,2 m 134 1524 i3 3 0.401887 0,498900 -0.16629 R Squared 0.930784
i10 0.2 177 174 1924 134 9 0.790745 0.698779 -0.(2449 No, of Ohservations 52
{10 0.02 425 193 1198 5 5 0.753901 0.496970 -0.11471 Deqrees of Freodon S0
i8 0.03 nr 404 [ e T 0.774570 6.498970 -0.1109]

18 0,25 ue n 1448 A% S5 0,808685 0.599970 -0,09222 X Coefficientis) -4,53234

42 0.1 I J70 1455 e8! § 0,E13253 0.498970 -£.08977 Std Err of Coef. D0.290551

28 0,02 Tao 383 1917 438 5 0.821639 0.498970 -0.98531

b 0.2 380 403 1533 52 3 0.B79E7T 0.4%E970 -0,05592

13 9.1 Wi m 1650 b 5 0,992282 . 698970 -0, 04749

27 002 122 449 1540 4 50,7495 0.499970 -0,02250

140 .02 448 LTl 1430 AT 5 0. 9M%L0 0, 4658770 ~D.0021%

1 0.3 23 401 i) m 10 0.419284 1 -0,20741

11d 0.2 b 134 1524 LAl 10 0, 535949 1 -0.194%%

42 0,24 Us I 1394 17 10 0,467263 | -0.17570

18 0,25 nz s 1448 154 10 0,48375h [ -0, 12509

{10 0.2 304 a7 1524 3 1¢ 0.70235¢ | ~0.15332

Ly 0.1 me 70 . 1435 L1 [} e 1 -0, 14256

119 B2 k1% | 134 1524 434 10 0.723214 | ~0,14073

120 ¢,02 419 183 HIFR 354 10 0,753198 [ -0,12309

120 0,2 K[! 9 1524 115 10 0.781243 1 =D, 11547

15 003 ki 405 1595 407 1¢ 0.774570 t-0.11091

& 0.03 328 LI 1393 £09 19 0,801447 { -0,09812

b 0,02 2 183 151 138 10 0.B4%027 1 -0.47107

ki 0.5 ke B 1.1 1500 444 S0 0.83295 1 =0.049:7

110 0.02 47 LiTd 1430 170 §¢ 0,BB&53S | -0.03230

7. 02 b}t 403 151 512 10 0.890745 | -0,03924

) 0.2 M 7] 1526 435 10 0,899273 I «0.04412

R 0.02 403 £59 1500 4 10 0,70573 I -0.04251

;| 0.2 133 41 1650 389 10 0,9126857 | -0,03559

b 0.2 408 403 1573 2 10 0.9439358 1 -0.42504

28 0.2 370 70 1430 a8 [0 0.951428 1 -0,02152

42 0.6 1Eh Md 60,1542 1587 20 33 0.£80799 1.51B513 -0, 14558

8 Q.27 274 90,1424 1650 b 33 0.704504 E,.518313 -0,13218

17 2 7 430 0.2081 1340 4% 33 §.720¢11 1,51B5¢7 -0. 54250

1 0.3 375 44 0.101% 1842 Jas 335 0.974172 1, 516513 -0, 01175

iy 2,7 W03 440 0.129 1740 494 100 6.4600272 2 -0.3890}

8 027 207 %0 0,114 1654 189 104 0,531908 2 -0.77416

42 0.4 pAL 189 61313 1567 420 100 0.549348 2 -0 2850

LI 0.1 prE} 246 01291 14562 hi1 100 0.635155 2-0,19712

1n? 0.2 17 440 0.1158 1150 458 300 0.330085 2.477121 -0, 44504
28 0.27 192 690 0,1043 1430 L1 306 0.4%4060 2,477121 -0.30421
2 0.4 28 30 ¢.12e8 1567 A0 104 0,242261 2.477121 -0.26519
45 0.3 . 5%, L.119D . 1ps2 - 304 JO0 0568400 2, 437121 -0, 23032
i 6.2 112 440 0,0893 1340 43 800 ¢.244067 2.907089 -0.3730L
2 b 141 e 0.0%4 - 157 420 80¢ 0,309258 2,903089 -0.40974
pi! 527 138 69¢  0.0874 1430 39 aos 9,4073159 2.903089 -0.3%002
44 t.3 193 4 0,104 1862 384 300 ¢.501790 2,903089 -0.29M7

12 0.02 104 93 . 114 i35 1500 ¢,190583 T.17H09¢ -1.72000
42 b2 s Jeg iJ04 a7 1500 9.220387 3. 174081 -0.4%44(
] 0.92 71 363 1547 438 1500 0,276862 3,17609) -0.55E83

120 0.2 171.. 393 1526 435 1500 0, 276279 3,17609f -0.53551

"7 &2 14} 440 0.08302 1364 194 1309 0.383712 3478098 -0, 984N2
18 0,25 4] I 1448 456 1390 0.20900% 3. 17L091 -0.51002
1 [ 147 k1) 1455 4h} 1300 9. 318795 3.176091 -, 4568
42 0.4 13 30,0797 1567 520 1500 0,323393 3. 176091 -0.4502¢
i ez 127. I 1620 Je9 SE0 0,352 317501 -0, 34597

i 0.2 152 L3 15H 8§36 1300 0.348979 1. £76071 -0.43717

110 0.1 7 Ik 0t 1424 73 1500 0352257 3.17409] -0.45437
18 0.02 143 404 1395 409 1500 0,361628 3.)17689] -0, 23173
2 0.02 183 1\ £200 144 1500 0.37125 3178551 -0.42031

110 0.92 173 Wy 1430 470 1500 0.37B4Z5 1374671 -0,4220)

| 0.271 146 65¢ 90,0821 183¢ 139 E500 6, 377493 3, 175091 -0,42079
1 0.2 17 403 153 132 1500 0.395529 3.176071 -0.40271



sjis depth  moist sat.anist © azist Bulk &  suction  0/0s  logiPY og(/Ds)

i10 0.2 iz 436 5 0.75 0.458770¢ -0, 12497
He 0.2 297 434 3 0.681192 0.495970 -0.16673
a 6.2 SLTS 370 ) 3 0,937637 0.698970 -0,02787
i 0.1 ki) 3 3 1013513 0,499970 0.005029
L 0.02 448 97 J B.941649 0,692970 -0.024E1

a7 0.2 360 LI 5 0,942928 0,895970 -0.92352
Yy 0.02 422 49 § 0.099785 £.495970 -0.0459%
o} 0.3 il L1 3 0. 743635 0,498570 -0, 12747
i3 2.0 ir 405 3 0.780768 0,458970 -0, 1074
- 9.2 72 3 3 ¢.&92011 0,493970 -0.15902
y 0.62 475 LLX! S 0.BEI0AH 0.458970 ~0.00443
i 0.2 Y. W 5 0.58E431 0.532870 -0,90584
7 0.24 300 i 5 0.B10310 0,453970 -0.0916@
22 Q.02 160 kL] 5 0.93954F 0.673%70 -0.02629
12 0.02 47 497 10 0. 679U 1 -8.07822
$in 0.2 it 434 19 0.435221 1 -0,15700
rt 6.2 355 831 1% 0.82355% I -4, 0847
a2 0.2 3 kiH 10 i 1 0
3 g0z . I JB3 10 0,971379 { -0.00Z85
v 0.2 1 403 10 093314 1 -0.01928
i 0.2 b 43 10 0,701904 1 -0.153%%
il 0.2 408 403 19 1,817404 I 0.005333
izl 6.2 %1 ny 16 0934940 1 -0.00221
a3 0.0z 403 ¢ 10 0.85727C 1 -0.0635R%
a2 t.1 132 37 19 0.997297 P -0,0870%
1 9,02 419 893 0 ¢.E47878 1 -0,07043
32 0.2% z 34 10 0,57422% 1 -0.9767)
3 0.03 kb2 404 16 0807831 ! -0,09363
2 0.2 KK 353 10 G.B42239 I ~6.07424
ol 0.3 KLX) ol 10 0,720473 1 -0.13827
1 0.2 R4 LAl 10 0.722:77 1 -0 1417
A 0,02 39 49 10 ¢.808192 i -0,09253
ol 542 285 £93 10 0. 476957 1 -¢.30768
i 0.4 23 J40 0.1582 {300 33 0.B0320 1L Z1ESID -0,094FF
iz 0.54 309 b 0,233 1662 33 0.931433 1.515313 -0, 03084
z 6.I7 274 £90  0.)424 1642 33 0,35993) 1. S1ESLT -0.19799
nT e.2 kA 40 6.208) 1340 13 0,812234 1.2:3513 -0.0900)
i 0.3 s ¥ 0.0 1862 31 0.4ESE75 1.518513 -0. 18372
ty 2.3 284 4 9.1201 H LY 140 0, 447219 1 -0.34947
wr 0.2 203 H0 0,129 1360 100 0. 460227 1-0.33102
i 054 169 46 0.1818 1462 100 0.676352 2 -0.14%2
a3 ST 208 t50  0.0014 1482 10 0301967 2 -0.32003

Y 6.2 178 840 0.1138 1380 300 0.404803 2.477121 -0, 39273
03 0,38 38 o3 0.tR12 1442 00 0.47362F Z.477121 =0, 17158

1 .4 28 0 0,128 1500 300 0,640545 2477121 -5,19333 fieg semion Tutpets

o3 0.:7 1M 590 10,1041 1662 00 0,28048] 2.477121 -0.3320% Constant 0.LE7915
3 0,54 103 & 0.1341 1682 B00-0.554526 2.933089 -0,25807 No. of [hseriyiians F§|
13 0.3 193 546 0.1 [b42 906 0.353344 1,90308% -0.45193 Deqrees of T-2320 U
i 0.4 154 W 0.0944 1300 BR0 0,439293 2.90368% -0.33715

22 0.27 160 830 0.0876 1862 800 . 231260 2,903C8Y -0.4338% X Coefficie~: sb  -4.55563

iy 0.2 1 KbA| 1300 0,307838 3. [750%1 -0, 50040

iz 0.82 153 805 1300 §,354332 3, 17E0%] -0, 47824

12 0,32 14 370 1590 0,208108 L. (7LR1 -0.51129

e 0.02 HE] 97 1300 0.756124 1.1750%) -0, 44593

- I % 2% i 0,119 1652 1500 0.412290 3.174491 -0,39768

0t .2 14 840 .09382 (380 1500 0,320012 J.1TLORL -0, 19483

i3 0,54 03 St4 D.1551 1h42 150¢ 0,359782 1, 178091 -0.25273

3 .02 124 3 1300 0. 703738 3195691 -0, 50041

i 1.1 187 I 1380 0397297 3.15£691 -0.40068
e 0.62 106 - 453 1560 0. 215000 1, 17L09) 0. 64754

.z 022 14} ML 1500 0,357005 3178090 -0 42358
o 0.3 - Lhi| 1500 0.8137¢5 T, 178081 -6,2839)

b 9.92 155 149 1500 6.351312 1176071 -0.£5158

II 0.5 130 He 0,097 1500 1500 0.302048 . 174091 -0.41785 .
e .2 133 o 1500 0.JE3459 3.474090 -0.44435
o 0.2 7 03 1500 9.428Ti7 1174091 -0,37739



E HORITNN §=2.7
CALL
site deth  motet sab.apist § =nist Bulk 1 SAT.NBIST suction MDs  logtf) legiOiOst E #CRIION

¥4 0.32 ue 12 1840 487 3 0.747837 0, 678570 -0.12518 Regression Qubput:
110 0.45 log i 1ag7 4y T 0411271 0. 496970 -0, 16035 Constant IR T VEE
120 0% I 385 . 1300 444 3 0.7335 0,L98%70 ~0.1M459 Std Err of Y Est 0.42:822
1o 0.63 el 12 1437 445 T 0,437404 0,496570 -0,19538 A Squared 0.7aLtvE
42 0,32 158 182 1449 7 10 ©.552857 | -0,23738 Mo, of Dbservations o
150 0.45 Joo It : 14%7 LLT] 10 0.5733%h 1 -0.17178 Degrees of Frezdom 3
126 b5 Ik 155 1509 (L 10 0.4B99 1 -G, 15209
11¢ 0,45 138 342 (LUH 334 10 0,44484 1 -0,10930 X Lozificientls) -4,39380
117 0.34 o 185 03743 1}]] LUX) 33 0.843153 1516517 -0.07409 Std Err of Coef,  0,694220
LI 1.4 pa 1 30 0.1542 1347 20 33 0.480799 1.518513 -0, 14493
17 0.54 i REV T P F 111 AR3 104 0,531807 Z-0.273¢
L] 0.5 pa MG 0,132 1557 46 100 0,587383 2 -0, 24340

iy B.34 173 33 %1072 181} 40] 00 0, 479552 2477121 -0.31912
42 [N o 30 0.1263 1587 420 300 0.542261 2.477120 -0, 24579
s 54 154 J&5  0.0873 1411 401 ECO 0.132047 2.903089 -0,4]¢38
42 £.b 183 Ho o 0.0944 1567 20 800 0365258 2,903089 -0.22975
i/ 0.43 174 I 1457 L1l 1508 0,120327 3.176091 -0, 40233
120 05 iy 145 1309 i 1590 0.40273 3, 178091 -0.3949%
1 0.54 0 W5 0,095 16l 403 15900 6471721 1.17609% -0.37497
£ 0.5 138 140 o.07%7 1567 120 1300 ©.323393 3. 176091 -0.4%026
e 0,49 H 342 1497 b 1500 0345835 J.176091 ~0,43471

AVERABE = 1



FLINTHIIL
site

110
12
yig
12
28
2

120
32

19
H|
82

120
i
20
2
2
43

(£
4
1
1

"7
i
15
82

1
8
17
2

io
12
i

1"

120
28
44
15

gepth

0.9
0.4
0,9
0.9
o9
0.9
0.7
0.4
0.9
0.9
0.9
0.7
0.9
0.%
0.7
0.6
0.5
0.%
4.9
&34
0.4
0.9
0.9
0.54
0.4
0.9
0.3
0.4

0.4

. 0.9

0.%
0.9

0.7
9.9
0.9
0.54

104
35
320
N4
Jaz
4
451
is!
99
116
%4
21
kii:|
58
m
Fi)
2N
)
302
340

P
L

227
293
M7
163
H:1
53
13
182
(81
151
198
182
20
5T
23b
288

de hoek

181
ik
Bt}
30
L]
St
494
138
i1
Jal
370
434
S46
b
S%
130
ELL)
5
545
i4b
uy
355
L]
345
40
In5
344
Je

158
L)}
I
B -1
365
494
344
b
Stk

0.1542
0.1323
0.1323
0.1544
b.1918
§.1248

o117
¢.1478
6, 1812
0,0944
0,0593
0.1341
&,07%7

0.0%2

0.133
G135

1406
1567
(560
1492
1562
1562
1405
1567
1806
1560
1692
1405
1562
1552
1562
156
1587
175k
1492
1547
1567
11
1692
1547
1567
171l
1567
1567
1567
160
1452
1549
1
1415
1562
1692
1567

AVERAGE =

g=1.7
CaLt
eoist sat.eeist ¥ woist Sulk O SAT.NCIST suction 0/0s  logifl

445
220
LYY
3
42t
(A
480
420
405
422
il
480
821
421
421
110
420
Jbh
17
420
420
386
m
20
£20
Jhé
420
120

424
05
in
422
34
480
411
m
420

111

5 0. 730274 0, B9B9T0
5 0.750861 0.478770
5 0757094 0.438%70
5 0.519547 0655370
¥ 0.£38675 0.498976
5 0.853620 0. 498970
5 0.940308 0,458970
1o 0,433558 1
10 0.7379%4
10 0713421
10 0.792857
0 0.8i7T40
1 0.B9b8T8
10 0.920552
L9 0.745550

—_— o T e e s s

13 0.5B97%9 1.5iB813
100 0.567788 1
100 0.712209 2
100 ¢.20850% Z
100 0.82§730 2

o0 0542281 2477121
300 0.418931 2.477121
100 0.725025 2477128
309 0.B263E4 2.07T121
£60 0.199758 2,903099
do0 0,5t0173 2,90308%7
200-0.662278 2.903089
150¢ 0.323393 1. 174071
1500 0,338393 3. 175091
1520 0385009 1.1756%91
1500 0,504444 3.17509]
1500 0,45B947 2. (rol93
1300 0. 4971ET 3,17609t
1500 0,5R3783 3, 174091
iS00 ¢.509733 L. (ra0¥
1500 0.£393012 3,17E09)
1590 ©.485502 3. 17609}

1egl040s) PLINTHEIE

-0.124%7 fiegrassion Jutouts

-0, 12435 Constant 1173814
-0.12039 Ste Eer of ¥ Est 0.4637:51
-0.03517 R Squared 0.542374
~0,06606 No. of Observations n
=0.06357 Degrees nf Freegos 2%
-0.02672

-0.13897 % Coefficient(s) -8.85731
=0.131%8 Std Err of Coet. 0,E94400
-0.1252%
-0, 16039
-0, 95462
-n.04728
-0, 03514
=0.02330
~¢, 16498
-0.28380
-0, 14739
-0. 0925
-0.081Ch
-0, 2457%
-4, 20805
-0, 1954
-0.0329}
=0 40974
~0,.29218
-0, 1673
-5, 49474
-0, §7057
-0. 45452
-5, 39311 -
-0.33697
-0, 30347
-0. 23374
-0, 21484
-0, £4330
«0.14359
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Hwin
< = O

RLE|
Jid
358
314
340
S4b
3ap
344
119
346
330
Db
340
14
4
Ti4
454
404
345
153
163
345
363
454

¢.1542
0.2343
0.1323
0.14i8
B 1243
0.1812
0.054%
0,154
0.07%7

0,351

— —
e

=t

o
-
CN aah - =)

—

-

—
-]

9,03

0.09

N =) 3 L L

1500
HL Y
1280
L4452
1500
iL52
1500
1582
00

1662

P e |
—_—

v
—— — e

—— e e b

=

§ 0.879529 0,679970 -0.85557
§ 0.974522 0.493970 -2,01120

10 0.812649 1 -5,53999
10 0.942675  -0,725¢3
33 0.804320 1,518513 ~0, 43457
33 0,931433 1,518513 -0,%7084
100 8.5672670 20,1729
100 0.474352 2 0,152
300 0.640645 2477128 -0, 19139
300 0,673623 2477121 -0,27358
§00 0,458 2.963085 -0,33775
800 0,554576 2,503089 -9, 27407
1500 0322068 3. 174094 -0. 41735
1500 0,394442 3,475091 -0, 40158
1500 ., 482091 1IT40F]1 -0,3177S
1500 O.SIEFES J. 176094 -9.2327%
5 0.912955 0,498970 -2, 7355

10 0,322 L -0,05744
33 0.589537 1,518517 -0.22454
100 0.524137 2 -0.70471
300 0.542954 7.477121 -0.73340
800 0,428198 2.903089 -0, 34835
1500 0.494937 3.1750%1 -0, 30544
1500 0. 566801 3,176091 -0.2 4436



E RORIZLHN

site

35

depkh
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0. 55
2.3
0.5
0,5
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i, 27
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3. 32
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.32
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.32
0,15
1,465
QLS
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0. 465
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.54
.54
0.5
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307
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131
s 3 1-]
3a0
362
24
452
juiziy
154
137
36
274
208
174
1413
102
149
S0
445
415
80
350
349
258
273
29
jed RE]
154
73
L20
375
<44
paind")
153
pugadl
mo
204
288
ba 1Tx ]
1¢4
143
2ht
o
pall }3
L&
Vi
Il4
)T
179

de Jiopth

sat.moist % moist Bulk D

441
441
a4a1
L daly ]
124
124
Al
424
az4
L3l
Ay
431
&t
&9
&S0
&70
431
&)
544
545
B4
54
5L
392
392
3440
Iq0
340
=t I
a3 Ba
pEI
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Regression Ootput:

Canstant

St Crr af ¥ Est
K Squared

NO. of Doservativn

bigrees of Freedam

¥ Cosfficientis)
Std Err of Coof.

-2 05403

L, AF20RT

-
LU Ay

AN A T
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APPENDIX E.12

TROXLER CALIBRATION



U G B S O S

DE HOEK - TRGXLER CALIBRATOIN
Orthic A
6= 2.7
LOuNT WET - DRY CONTAIHER DRY BULK NODISTURE GRAY  MOISTURE SAT HOIST

SITE DEPIH  RATIG  MASS NASS HASS DENSETY  MASS  MOISTURE  w/e nio
0.000 0. 091 -
* 0.433
1B 0.2 0 0311 35400 3290 1.8 1458 L7 0147 0.8 0.45h
18 0.2 0.521  §21.40  459.45 1.8 1468 81.7F 0,139 0.204 0,45k
1 0.3 0.408 101,30 14300 14.8 1458 te.3 0,123 0,180  0.45k
in 0.3 0.5 527.55 464,50 1.8 1468 6115 0,135 0.19%  0.45%
18 0.3 0.A60 485.10 540,50 4.8 1468 1046 0,192  0.281  0.45
Py 0.2  0.570 19%.50 417.10 4.8 1533 12.4 0,80 0.276  0.432
27 0.7 0.83% S0k.10 429.30 14.8 1533 7.8 0,171 0.264 0T
27 0.2 0.514 520.45 445,33 14.8 1333 W 0072 b2 0432
8 0.2 0.524 487.80 417.90 14.8 1650 42.9 0673 0.286  0.38%
28 0.2 0.537 537.20 484,40 14.4 1630 72.8  0.153 0,258 0.7369
24 0.2 0,242 94,70 1BE.00 14.B 1650 12.9 6017 0127 0.38%
28 6.3 0.573 602,00 §21.90 14.4 1430 8.1 0.153  0.253  0.389
28 0,3 0,857 SB2.00  495.30 4.8 1630 8i.7 0.578  0.2M4 0.338%
20 L3 0,30 219.30  19%.40 4.8 1450 9.7 0,107 0,176 0.389
42 0.2 0.506 470,27 A11LN 14.8 13490 0,15 0.132 0.203  0.504
52 0,2 0,38 250,30 2210 14.8 1340 6.8 0028 0172 0.5
1? 0.3 0390 26,3 %70 14.8 1540 26,6 0,130 0.187  D.447
42 0.3 0,531 518,45 445.535 14.8 1440 3.0 L0 0.5 0467
(19 0,2 0,59 4. l0 L2 4.8 1524 3.7 023 0357 4%
110 0.2 0.210 72.00  45.20 1.9 1524 8B 0.13F  m0s 0435
(10 0.2 037 422,70 W90 14.8 1524 4.0 0123 0.l 0.436
10 0.2 0.426 S04.30  41B.60 14.0 KK 83.7 0.212 T 0.123 0.43%
(10 LY 0.360 495,20 423.50 1.8 1424 8.7 0.1 0,183 0.421
Lo 0.3 0,48 418,90 522,00 1.8 1424 8.1 0191 0.272  0.47]
110 0.4 0.476 555.50 4B1.20 4.8 1497 T3 0,159 0.238  0.448
Ie 0.4  0.655 739.80 413.00 148 - 1497 1.5 0211 0.3l 0.M4%
10 0.4 0,379 233.80  209.40 1.9 1497 . 4.2 0.124  0.186  0.446
110 0.4 0,306 391.30 35310 1.8 1497 .2 MY 0187 0448
120 0.2 0.492 506,43 408,43 4.0 1324 %8 0.250 0.381  0.4)5
120 6.2 0.041 352480  420.05 14.49 1526 104,55 0,257 0.191  0.433
120 0.7 0,305 548,30 49640 4.8 1328 L9 0149 0.228 0.435
120 0.2 0.185 211,90 77,80 14.8 152b 341 0,209 0.9 0.4}5
i20 6.2 o0.785 Wi.i0 Jod.50 1,4 1324 9.6 0.320  0.488 Q.41
ML Regression Output:
Constant 0.091142
Gtd Err of ¥ Est 0.042074
A Squared 0.34783%
No. of Observations 1
Jegrees of Freedoa K]

I Coefficient{s] 0.341566%
Std Err oRegressiod.0B0447



MOISTURE m.”m

0.5

TROXLER CALIBRATION — ORTHIC A

0.2

| | !
0.4

COUNT RATIO
1 all siles

0.6

0.8




' Apedal B
0, b0g
1.000
18 0.4 0.503 54170 0445
18 d.4 G440 209.00  LBS.20
18 0.5 0,448 194,20 |71.80
1] 0.5 L4717 471,00 42650
18 - 0.5 0.h0D2  J0D.10 252,50
18 0 b DB 49,30 441085
('} 0.6 044 (96480 17L.00
1B 0.7 0.515% 39,20 484.70
18 o7 0,526 143,50 1440.89
18 0.8 ~0.516 210 195,70
13 0.8 0,571 S3NL40  MTA.00
18 Q.9 0.510  SAT.00  ATD.20
18 0.%  0.6T1 533,00 3530.50
16 0.9 0.8 18LT0 155.40
18 1 0.66%  Z2208.00 190,30
1] I 9.699 841,10 §32.80
\a b 0.A56 4TI f1TO
1] t.1 0.670 502.70 430.%0
19 [N ¢.705 148,50 40,30
n &1 0299 570,95 AbALBT
n 0,37 b.4D3  431.BD 37285
n 0.3 G604 AL LD S49.50
b 9,1 D40 23440 193.90
i 0.4 0,498 ATB.GD  AD4.G0
n .4 %.49% 251,50 716,90
P4 44 0,87 526,43 431.35
b 0.4 0,592 31435 #45.80
n 0.4 0,535 S9.B0 50120
n ¢33  0.830 b20.J0 326,30
n 0.5 0,553 #51.40 190,75
b 0.5 0,517 4,20 47030
2 0.5 0515 480 120,50
n 0.4 0.4 58BT3 48%.70
w 0.6  0.507 S4B.10  ATZ.S0
n 0.4 0,417 63B.30  GA%.90
n 0.6 0.5 15,40 94.50
n 0.6 0842 540,40 459.%0
i} 0.3 6.4 22N 190,73
i 0. 0457 SBRO0 496,30
bil 0.4 0.434 235,50 204.5¢
b:| 0.4 0,590 &41,55  55B.T5
8 04 0HE M5 JTLTD
n 0.5  0.480 AUNL0S AH9.00
| 0.5 0,58 589,30 509.03
b 0.5  0.BA4 352,90 504,50
18 0.6 0,505 21.B0 197.40
28 &b 0.620 EXL10 54400
pi:| 0.5 0970 BA%.40 575.10
28 LY 0542 411,20 352,93
pi:] 0.7  0.hJ0 54,50 450.50
28 0.7 0.502 24p.35 707.90
18 Regression dubput:
Constant 0. M3
5td Err of Y Est 0.035700
R Squared 0.422937
Ho. of Dbservations 19
Degrees of Freedos 17

I Coelficientist 0.492148

Std Err of Coed,

D. 092845

B Regression Dulput:

[ RY: §]
0.483
0,481
.40
0.487
¢.483
0.4301
0,403
0.431
454
b 45
0454
0. 43
£.158
[ RH1}
L 32)
0,434
0.43
0.454

0.317
037
0347
o.M
DR LY
1503
0,453
0.461
443

G40

0,441
0.4)
0.4
I 441
0,48
0.441
0,948
0. M1

0444
0. 444
0.444
0.494
0.4M
D, 444
0,44
2,444
0. 444
0,444
D.444
0.449
0,444
0,444

Std Ere al Y Est

Wa. of Ubservalions

Degrees of Freedo

I Coelficient ist

0,000
0. 432
[L18:) 11 99.05 L L] 0178
14.8 119 71.8 D.1%0 0.193
1.0 tis? 2.8 & 146 0. 203
14.8 1 3%.5 9172 9.110
14.8 1397 LI 0.200 0700
14.8 1197 §2.53 0127 1172
14.8 1397 2.5 0.149 0. 208
14.8 1397 57.5 0,121 0170
14.8 1392 %7 b.iBZ .25%
1.8 1475 A .05 " 0,280
14,8 1479 0.6 0,132, D195
11.8 1A75 71.8 0.150 0,771
4.0 1475 107.4 0,108 0.10?
1.8 1415 %1 0207 0,308
14.8 (LT n.t 0.215 0.317
1.4 1475 ey . 4213 2314
1%.8 1475 6 D.180. 9,237
4.8 147 7.8 0.7y 0.35%
14.4 1413 8.2 4.225 0.1331
14.8 1305 143 .24 i
1B i35 599.95 0165 0.213
14,8 1305 811 0,155  0.203
14,8 1305 38.8 0214, 6.200
‘14,8 1430 8.4 0.153 01.222
4.9 1450 M6 0171 0.248
14.8 1§50 73.1 072 9.7349
4.8 1450 48,75 0.0a¢ - QL2310
i4.8 1459 ig.6 0,158 6,227
15.8 508 93.8 0.8 - .27R
H.B 1508 &0.43 O0.IM T 0243
14.8 1508 7.9 0482 0,245
14,8 1508 157 o7 0,212
{48 (308 7905 9,185 - 0.251
14.8 1508 7.4 0 H3 0249
14,8 1508 5.6 0.1H 0,263
15.8 308 153 0,202 DI
4.8 1508 B0.3 0.181 0,312
4.8 1506 1.3 9084 .27k
Z14.8 1500  B5.7 0078 0.2
14,8 1560 17 0188 0.75)
14.8 1500 BB 0156 0.7
JLN: 1500 48,2 0.178 0,287
14.8 150¢ 18,05 0.1%h 0.2
H.B 1500 B0,25 0,182 0.244
4.8 1300 LT PLR S T R N1
.8 1500 w2 onIM ., 0305
1.8 1300 B b BT
8.8 1300 733 0,186 - 0,288
1.8 1500 58,23 @172 0.758
14.8 1510 pz.e 0,186 0,279
1,8 i300 40,45 0.207 0. 04
7 Regression Qutpul:
Consiant 0.754647
5t Err of ¥ Est p.o29300  Constant
R Syuared 0.0D0AD4
Nn.qni fbservations 18 A Squared
Pegrees of Freedoa 1&
I Coedficientis) -0,0070%
Ste £rr of Loel, 0.09416E

5td Err of Coef.

- 15902
0,0%%572

9. M9E92
0.031751

0.175187
L}

12



SO0IL MOISTURE m/m

0.5

0.4

0.3

0.2

0.1

TROXLER CALIBRATION - apedal B

TROXLER CQUNT RATIO
G sile 18 + 27 A 28

m/
%ﬂ: B mﬁm
A
A ;H:%ﬂ’ A m,km
b & &
&
#al
T mB g A
| ] I i I ] |
0.2 0.4 0.6 0.8 i




Plinthic

27 0.7
i 0.7
bi4 0.7
27 0.7bbbbb
77 0.8-
27 0.8
27 0.8
27 0.Bb4EES
i 0.9
n 0.9
27 0.9
27 |
77 !

7 1
7 !
7 i
2 1.1
27 11
27 1.1
21 i1
26 0.8
29 0.8
78 0.9
28 0.9
28 1
28 i
28 11
28 11
42 0.5
12 0.5
12 0.6
12 0.4
12 0.7
1 0.7
12 0.8
12 0.8
42 0.9
2 0.9
A2 1
42 1

0.000
1.000
0.378
0.5
0.513
0.5%2
0.700
0.53%
0,340
0043
0.839
0.583
0.582
0.4643
6.7
0.520
0.437
0.621
0.6%7
0, bbb
0. bh4
¢.430

0,341
0,515
. 406
0,431
6717

0‘ ?4?‘"

0. 789
0.802

0,418

0,390 .

0.33
0.hib
0.473
0.5%8
0. bbb
0.613
0.4l4
0,664
0.754
0.842

208 Regression Output:

Constant

§td Ecr of ¥ Est
R Squared

No. of {lbservations
tegrees of Freedos

I Coelficient(s)
Std Err of Coef.

0,3538211
0. 120492

S41.20
220,30
499.40
387,83
482,20
J03.70
63,90
176,87
§3%.50
369.00
241,70
646,80
861,70
342,50
464,00
226,50
3%7.00
367,40
543,40
202.80

47,30
251.50
266.30
542,35
260,00
604. 15
238.00
674, b0

204,80
Ln
239,30
530,73
432,79
216,20
ST4.40
200. 40
0. %0
720.05
Yir®i
389.75

0.073030

0.033217
0. 594433

b

463.40 i4.8 1340 1.4
184.90 14,8 15460 3.4
479.50 13,8 1360 £9.%
Jii.70 14.9 1560 54.13313
574,10 14.8 1560 168.1
432,60 4.8 1540 il
153.90 14.8 1560 28
403,70 14.8 1560 71. 14068
459.40 4.8 1540 1.9
489. 14 14.48 1550 79.9
1%0.70 14,8 1540 34
548,00 14,8 1540 ?8.8
568,40 4.8 1580 01,3
411,80 14,8 1540 87,7
413.25 14.8 [S60  72.79
190,90 14.8 1540 5.4
512,00 14.9 1540 B3
472.10 t4.9 1540 95.3
510, 40 1.9 1564 105
[70.10 4.8 1540 e
469,75 4.8 1562 17.53
212,20 4.9 1542 1.1
226,90 14.B 1542 9.4
441,00 14.4 1562 81.35
212,80 14.0 1542 41,2
499,30 4.9 1362  103.83
207,00 14,8 1342 51
S7.95 14,8 1562 120,45
224.80 14,9 15461 10
484,03 14.8 15947 84.9
729.20 1,0 1547 30,4
145,50 i4.9 1567 BA.BS
362,55 1.8 1567 70,2
209.40 14,9 1567 3a.0
482.35 i4.8 (492 92,05
234.90 4.8 1692 43.5
263,30 14.8 1432 47,4
40B.140 14,8 1692  MIL.4S
2419 14,8 1692 30.6
906,53 14.8 1452 83.1
27 Regression Outputs
Constant 0.23257h
Std Err of ¥ Est 0.02031%
f Squared 0,073700
Mo, of Ohservations 20
Degrees of Freedas 18
Y Coefticient(s) 0.094941
Std Err of Coef. 0.07%314

0.130
0,387
0,173 0.2 9.472
0.19  0.303 0,422
0.169  0.263 0,472
077 0276 0.422
0.193  0.302 0,422
0.170  0.265  0.422
0.198  0.310 0,422
0.182  0.784 04272
0.180 0,280  0.422
0.168 0,283 0472
0493 0,302 0.422
0.185  0.209  0.422
.18 0.285 0,422
0,191 0.297  0.422
0.183  0.209 0,422
0,202 0,315 0.422
0171 0,267 0422
0.208  0.325  0.422
0.200 0.32  0.422
.21 0.328 0,422
0.170  0.266  0.421
0.209 .37 0.42(
0.185 0,290 0,42t
0,182 0.285  0.420
0,298 0372 0.4
0.219  0.342  0.42
0,265  0.414 0,421
0,238 0,371 0.42
0.143 024 0,420
0.179  0.281 0,420
0.140 0,220 0.420
0.197 0,308 0.420
0,202 0.316 0,420
0.189 0,204  0.420
0197 0,333 0,373
0.19% 0.3 0.3
9.192 0.3 9.373
6.188 0.318 0,373
0.176  0.298  0.373
0.169  0.206  0.37

42 Reqressiaon Output:

Constant D. 171835
std Err of ¥ Est 0.033420
A Squared 0.291802
Ho. of Observations 12
Degrees of Freedos i0
1 Coefficientis} 0.193490

Std Erc of Coef, 0.095420



Plinthic continued

114
110
110
10
e
110

T
119

110
10

1140

LD

t1a

it

110
110

10

170
120
120
120
120
20
120
120
120
120
11
120
120
120
120
120
120
20
120
120
120
i20
120
120
128

120 .

120
20

120
120
120
120
120

(=3

a
+f

.

“
.

3

==

[
?
7
g
.8
6.8
0.8
0.%
0.9

0.9
0.9

—_—— e Bt

.
I
(%}
0.3
0.5
0.5
0.5
0.b
0.4
&4
0.6

0.43
7

-

Iy

— it e am e WO g WD W DB O DR ey = oy

Comoco o oo o Sa o

-

—a e =
- -
— B -

Y Coefficientis}
5td €rr of Cozf.

0.304
0.779
4. 503
0.57¢
o.787
0.334
0,383
0. L50
0.807
b.t54
0.431
0.77¢
0.778
0.491
0.632
0.125
0,689

0.512
0,319
. 541
0.815
0.67
0.389
0. 3N
0. 711
0.613
0. 745
0.738
0.81t
0.89%
0.802
.22
4.937
0,948
0.9
0.530
0.000
0.812
0.89%
0.112
0.823
0.628
b.B47
6,817
0,820

6.739
0.757
0.7%0
0.773
0. 772

25,70
693,50
488,70
633,40
507,30
231.00
412,00
416,50
601.40
344.20
7180
2,30
637,00
121,80
632,49
&14.50
870,00

543.00
247,80
424.%0
445. 00
51425
5,70
453, 30
591,35
573.15
474,55
590, 20
547.43
493,10
114,25
403,10
419.95
245, %0
448.55
465,20
584,45
508,90
875,50
249, 10
587.40
531.80
-198. 96
578,25
470.70

T47.00
594.30
248.10
31,40
628,00

110 Regression Dutputl:
Constant
Std Err of ¥ Est
R Squared
No, of Observatidns
Degrees of Freedna

2211 4.8
580, 10 14.8
42910 14,8
545,40 4.8
§92,50 14.48
202,70 19.9
531,40 14,8
528. 40 14,8
52,40 14.8
155,80 14.4
234.590 4.8
441,00 14.08
538.50 4.9
$20.70 14.8
3539, 89 14.8
$19.40 4.4
572,50 14.1
334, 40 4.8
206,90 t4.8
359, 55 4.8
341.90 14.4
558. b3 14,8
194.70 14.8
Sb4. 60 4.8
495,40 1.9
{80,865 15.8
357,460 14.8
9.1 (4.8
35,90 14.8
548. 40 14.18
145,90 14,8
474,80 14,8
Ay Y H] 4.8
207,30 14.8
508, 10 14.8
19). 01 14.8
454,30 14,8
£92,20 14.4
717.40 14.8
201,50 14.8
494,43 14.8
430,30 4.8
143,10 14.8
7. H 4.8
359,20 14,8
412,70 14.8
484,40 4.8
204,19 14.8
474,30 14.8
511.10 4.8

-4.02334

0.0i9924

0.0844482

7

13

0.472933
0.932342

1368
1564
1564
113
1604
1604
Ibds
104
1604
1604
1406
1404
i 404
1604
1404
1604
1604

1500
1500
1500
1500
1500
1500
1500
1500
1500
1484
1405
1463
1403
145
1403
1405
1405
1403
{405
1405
1405
1405
1405
1405
1405
1405
405
1405

1405
1403
403

1405
403

120 Regression futput:

Lanstant

8
167.4
23.b
87.8
114.8
20.3
80.4
B7.%
80
17.4
35,9
99.1
118.5
107. 1
2.5
33.5
97.3

5.4
40.9
£3.33
1219
Ha?
A
gy, i
93.75
B4.3
85,95
110.9
[H.73
144.3
70,35
130.3
91.8
58.8
140. 53
9.1
118.33
&7
138.!
4,4
.13
94.35
35,4
111,08
LY

134.3
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0.264
0.1
0. 304
0.7281

0.219
0,37
0.2684
0.333
0.11%
0.404
0. 242
0.219
0,247
0.344
0,333
0,371
0. 380
0.29%
0.398
0.413
0,41
0.400
0.332
0.368
0.343

0,249
f, 151

0.26b
8.314

0.3
0.345

g.284

0.31b

0.322
0.331

0.314
0.289

¢. 160983
0041432

0. 299795
1

|

0.420
0.4920
0.420
0.420
0.405
0. 403
0.403
0,403
0.405
0.405
0,405
0.403
0, 405
0.405
0,103,
0.403
0.403

0,444
0.484
0. 444
0.444
0,434
0,444
0.444
0.444
0,944
0.450
0.480
0,480
0,489
0.480
0.480
0.480
0.480
0,480
0,480
0.480
0. 400

0.480
0.480

0.480
. 480

0.480
0,480

0.480

0.480
0.480
0.4B0
0,480
g.480



S0IL MOISTURE m/ m

0.5

0.1

TROXLER CALIBRATION - plinthic

0.2

i i L T
0.4 0.6

TROXLER COUNT RATIO
O all sites

0.8




‘ETHorizon

0.0040
0.800

12 0.3 0.351 GSIB.A5 M5.55 14.8 1449 711
42 6.3 0.3%0 M8.30 219.70 14.4 441 26.8
92 0.4 0,562 518.20 446,85 4.8 1430 71,35
12 0.4 0.393 255.50 Z229.30 14,8 1449 26,3
42 0.5 0.418 254,80 224,80 4.8 1300 b
12 0.3 0.5%¢ G§72.95 406.03 14,8 1500 B4.%
(10 0.4 0,384 31,30 35310 14.8 1497 0.2
o 0.4  0.63F 7I9.8G 403,30 i4.8 1497 124,53
110 0.4 0.476 585,50 481,20 14.8 1497 7.3
il0 0.4 0,319 2330 200.40 14,8 1497 24.2
110 0.5 0,508 452,80 - 405.30 14.8 1497 37.3
110 0.5  0.413 544,80 4%0.20 14.8 1497 .b
Lo 0.5 0,636 595.00 503.70 £4.8 1497 71.3
119 0.5  0.419 224,30 20130 is.8 1497 23
110 0,6 0.332 432.20 57310 14,8 k546 7.1
HY 0.6 D444 744,50 4BB.70 14.8 15b4 7.8
P10 6.4 0Bl HZLI 2NN 14.8 1566 .4
10 0.6 0.472 &91.50 5B8B.20 14.8 1566 103.3
110 0.7 0.506 Z89.70 221,70 14.8 1364 2
1o 0.7 0,303 484,70 429.10 14.8 1346 13.4
110 0.7  0.570 653,40 345.60 14.B 13hb B7.8
11 0.7 0779 493,50 56A.10 14.0 1386 107.4
120 0.3 0,471 380.10 403,80 14.8 1413 74,3
120 0.3 0.835 13 50970 14,8 i3 107.8
120 0.3 0,494 3525.10 A3e.00 14.0 1413 8%.1
120 0.3 0,433 282,70 215,30 14.89 1413 4.4
120 6.3 0,629 492,75 199.93 14,9 1413 2.3
120 0.4 0.52% 448,45 .20 14.B 1561 711.1a
120 0.4  0.515 208.50 2M.70 14.8 t543 33.4
120 0.4 0.677 492,17 402,35 14.4 1563 89.8
{20 0.4 0.5l 534.60 459.50 4.8 1343 i1
120 0.4 0.B61  5B2.20 464.00 14.8 1363 1id.2
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120 Regression Output:

fanstant

Std Err of Y Est

f Squared
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1.

REASONS FOR SEIECTING THE CATCHMENT FOR STUDY

The details of the catchment selection are presented in Appendix A. The
main reasons are sumarised as follows:

. the catchment consists of a dolomite aquifer which is bounded on
three sides by dolerite dykes and on the fourth side by the
dolamite wedging out onto the underlying, relatively impermeable
Black Reef Formations. The compartment is hydraulically well
defined.

. A considerzble amount of drilling and monitoring has been done
over the years. Monitoring includes water levels, water quality,
and streamflow gauging.

The Department of Envirorment Affairs (DEA) have carried out a
lot of work in the area (Fleisher, 1981) and Steffen, Robertson
ard Kirsten have recently completed a hydrogeological study for
Randfontein Estates (Steffen, Robertson and Kirsten, 1983).
Steffen, Robertson ard Kirsten are also currently investigating
the water budget of the slimes and retwrn water dams and had
submitted a surface and ground water pollution investigation
proposal for JCI.

From the monitoring point of view there were 23 boreholes that
the DEA had been egquipped with autographic water level recorders,
and a further 13 boreholes observed on a monthly basis, located
in the compartment. These provided a good data bank and it was
felt that no further boreholes or instrumentation were required.
There appeared to be gauging stations on the Wonderfontein Spruit
near the northern and southern compartment. poundaries. There also
appeared to be two stations at suitable positions on the Klip
River, but these were closed.

. The compartment is close to Johannesbury, providing easy access
for data collection, particularly for sudden storm events.



There are some aspects which detract from the catchment's suitability
for recharge research. The main objecticns are:

the inflows and outflows are complex due to ongoing mining and
dewatering activity:

the Rand Water Board was planning to increase abstraction from
the compartment;

the dewatering activities in adjacent compartwments could induce
losses through the dykes which could not be quantified;

the stream flow records through the catchment had ceased at the
time of imvestigation and reconstruction work was being done on
the Donaldson dam.

The Steering Comuittee decided that despite the possible problems, the
other factors were favourable for utilizing the catchment.

GEOGRAPHICAY, SETTING

The locality of the catchment is shown in fig Fl1. The total catchment
area is 150kn® and bownded by the Kliprivier dyke in the east and
Gemshokfontein dyke in the west. The magazine dyke splits the
compartment in two as shown in fig F2. The area selected for instrumen-
tation is on the west of the magazine dyke where there was assumed to
be less disturbance of the ground water regime.

Cooke 1 and 2 shafts are within the main catchment, and extract and
recharge water for dewatering control.

To the east, the Rand Water Board pumping station extracts about
25M1/day from the dolomite, and has been doing this for many years.



Only Cooke 2 shaft is in the sub catchment and it was felt that by
installing a weir at the upstream end of the Wonderfontein Spruit the
inflow and outflow could be adequately measured. The sub compartment
was bourded by dykes on all sides with apparently little seepage taking
place aver the boundaries. The influence of Bekkersdaal township was
not known but was not expected to be a major problem.

Further geographic details are presented in section 4.

AVATIABLE HISTORTC RECORDS

The records that were made available are:
Rand Water Board punmping records;
Dept of Enviromment Affairs water level records of 23 autcgraphic
recorders and 6 monthly dipped boreholes. Ievels were examined

from 1980 to the present;

Mine pumping and recharge records for Cocke 1 and 2 shafts, were
obtained from Randfontein Estates Gold Mine (REGM):

Geological Survey residual gravity map;

Meteorological and hydrological information for the weather
stations and weirs in the area were cbtained from the Weather
Bureau arxl the Hydrological Research Institute.

Other available data included geophysical plans, geological structure
plans, thermal infra red linescans from JCI records.

The Dept of Agriculture provided soil type and land use maps.
Further information in processed form was extracted from a study by
Fleisher, 1981 for the Dept of Water Affairs (report GH3169).
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CATCHMENT DESCRYPTTON

4.1

4.2

4.3

Topography

The topography is characteristically highveld and consists of a
smooth, flat surface ranging in elevation from 1500 to 1700
m.a.m.s.1l. The ground surface slopes gently from the south east
arnd north west towards the Wonderfontein Spruit (Fig F2).

Available photography

Air photographs at a scale of approximately 1:50 000 are available
as well as 1:10 000 orthophotographs.

Geology
4.3.1 Stratigraphy

The rocks underlying the area consist of dolomites of the
Malmoni subgroup of the Chuniespoort series together with
the' weathering products, as well as areas of Kkaroo
sediments, infilling topooraphic lows in the dolomite
surface.

The dolomite is a mixture of dolamite, dolomitic limestone
and cherty dolomite with intercalated chert beds and
nodules.

4.3.2 Structhare

The dolomites were subjected to repeated phases of folding,
which has left them dipping about 20' to the south and
wedging out to the north against the basal conglomerates
of the Black Reer.



4.3.3.

At various tectonic events, diabase dykes and sills have
intruded. Major northerly trending syenitic dykes of
Pilansberg age, form the major north south compartment
boundaries, and the east west trending dykes are of a later
age (Day 1980} but are still pre-karoo.

Jointing is very well developed in north westerly and north
easterly directions. Solution weathering has widened these
Jjoints and the joint pattern is recognisable on detailed
gravity surveys carried out by JCI. The major joints are
recognisable on landsat imagery. The structural geology
is represented in fig F3.

Weathering and soils

The dolomites are extensively weathered, particularly alorg
the major joints. Drilling has shown decomposed dolomite
and wad to depths of more than 200m. The bedrock surface
is consegquently very irregular and pinnacled. In the upper
part of the weathering profile, chert nodules are caommon.
The near surface is littered with chert rubble in scme
areas. The whole area is overlain by kalahari sand up to
1,5m in thickness.

The “soil" profile is often greater than 10m thick and
these thicknesses are significant in terms of the mode of
recharge. Recharge should primarily be through the soil
profile and a limited amount would be direct, bypassing the
soil profile.

The soils have been mapped by the Dept of Agriculture and
the distribution of soils is shown in fig F4.* The main
soil type is a Hutton which consists of sandy loam or sandy
clay loam with chert gravel.

* Fig F4 is enclosed in envelope at end of document.
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4.4

4.5

Hydrology

Two water courses cross the area as shown on fig F2. The
Wonderfontein Spruit in the west feeding from the north into
Donaldson dam, and the klip river which flows southwards along

part of the eastern boundary of the compartment. Both streams are
perennial.

Hydrogeology

Development of permeability and Xarst in the dolomites is
described by Fleischer (1981) ard is not repeated here.

The resultant hydrogeological model is described by Connelly
(1987) as one of very high transmissivity and storage along the
solution weathered joints with very low transmissivity and storage
in the rock mass. The progressively downward migration of the
water table in geological time has resulted in high transmissivity
and storage in the zone of active water table fluctuation with
rapid decreases with depth, in the less weathered material.

These details influence mine dewatering and water supply but do
not influence recharge from rainfall.

The depth to water table is variable but is generally greater than
20 metres,

The original ground water flow regime was the eastern two thirds
of the compartment flowed towards the south east towards the
Klipriver eye. The Rand Water Board pumping staticn subsequently
increased hydraulic gradients towards the south east but the
extraction of 25 Ml/day did not materially lower water levels.

Ground water in the westerm third of the compartment flows towards
the Worderfontein Spruit.



T i e

As soon as Coocke 1 and 2 shafts began dewatering in the early
1980's, the impact on ground water flow was evident.

Contours of piezometric surface are shown in fig F5 for Jamary
1983. Piezometric records through to the present, indicate
contimual charnges in the contours in Zuurbekom and Gemsbokfontein
due to variations in the discharges, artificial and natural
recharges.

Continuocus water level recorders have shown the piezometric
surface to respond to diwrnal earthtide changes (Fleisher 1981).
This implies semi confined or confined aguifer conditions.

In terms of aquifer characteristics, Transmissivity ranges from
about 250mt/day to several thousand mz/day, and 1is highly
anisotropic. The storage coefficient is also very variable, but
an average value for the Zuurbekom dolomite of 1,3 was calculated
(SRK 1983), In the highly transmissive zones, storage values of
the order of 10% could be fourd, decreasing rapidly with depth.

4,6 Climate

The climate is sub-humid with typical suwmer rainfall and dry
winters, although precipitation occurs from about September
through to May. The highest occurs from November to February.
The mean annual rainfall decreases from 700 mm in the east to 590
mm in the west (Fleischer 1981). Most of the rain cccurs as storm
events, resulting in marked variations in rainfall events between
stations.

4,7 Iand use

Most of the catchment area is owned either by REGM or the RWB and
has been left as pasture. There is some agricultural activity
and some urban developwent. The land use is illustrated on Dwg
3346/21. Fig. 4 is attached to the back of Appendix F.
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CATCIMENT INSTRUMENTATTION

At the start of the project there were 23 boreholes equipped with auto-
graphic water level recorders and a further 13 menthly-monitored
boreholes in the compartment. Tt was therefore considered that no
further monitoring boreholes or instrumentation would be reguired.

There were two streamflow gauging stations located on the Wonderfontein
Spruit but due to remedial works on the dam these could not be
recalibrated.

Three daily weather stations are located in the compartment and several
others are sited in the near vicinity. Aan additional autographic rain
gauge was installed to provide a contimuous record of meteorological
conditions.

The field work and instrumentation consisted of:-

. Trial pits for determining soil moisture characteristics;

. Installation of 61 access tubes for troxler soil moisture
measurements;

. Installation of tensiometers and moisture blocks;

. 1 Autographic rain geuge

The project was planned so that the personnel initially monitoring the

‘boreholes and gauging stations could continue to do so. The monitoring

of the tension meters and lysimeters was done by a technician from
Steffen, Robertson & Kirsten.



MONTTORING AND DATA ACQUISTTION

Dwg 3346/22 shows the access tubes and monitoring points ags originally
established. Due to difficulties of reading all the tubes within a
reasonable time period, and destruction of some of the tensiometers,
the ongoing monitoring was reduced to 8 sites. These sites have been
remmbered for corvenience. The new numbers are shown on dwg 3346/22
and have been used in the data records for site identification. The new
numbers are as follows:

OLD NO

12
32
23

64
68

47
46

U~ &N gi
L=
[}

6.1 Regular monitoring

The following table summarises the weather station data.

WEATHER STATTON DATA

PARAMETER PERIOD FROM : TO :
Daily rainfall 10.12.84 11.3.87
Daily evaporation 15.03.85 26.02.87
Daily temp, humidity 15.11.84 26.02.87
and pressure
Daily windspeed 20.03.86 12,02.87
Daily sunlight Instrnment not working properly




Daily rainfall and evaporation ficures were digitised and captured
on disk. (Appendix F 1). All other data has been recorded but
not captured on disk.

. Arcess tibes No 2, 3, 5, 6, 7, 8 and 9 were monitored
regularly on a weekly basis using the Troxler moisture
density gauge, and the results down loaded onto disk.
Summary records of Troxler profiles are presented in
Appendix F2.

. Tensiometer and moistare block readings

Four tensiometers and four meisture blocks were installed
at access tube 8 and four tensiometers and eight moisture
blocks at site 2. Tensiometers at site 3 were never
operative. The tensiometers were monitored on a weekly
basis initially in 1985 then from 21.02.86 to 19.11.86 but
were finally destroyed by vandalism in November 1986.
Tensicmeter records are presented in Appendix F 3.

Dwxy 3346/22 shows the positions of the access tubes and
tensiometers installed by SRK. The existing boreholes and
weather stations are also shown.

The layout of access tubes was decided to assess the
spatial wvariation in soil moisture conditions after
rainfall events, within a single soil type as well as in
different morphological and soil areas. In practice it was
found that it was not possible to record the data from so
mary holes in a reasonable pericd of time after a rainfall
event, and selected tubes were monitored on an ongoing
basis.



weather station

The weather station was located within the fenced area of
Cocke 2 shaft, and mine personnel assisted in running the
station. Details of the location and layout of the station
are shown in figs F6 and F7.

For the other instrnments, the variocus landowners were
contacted for access permission.

Protection of instrnuments was a problem. Access tubes were
not a problem provided they were out of the way, as there
was nothing to damage.

water level records

Water level data recorded on a monthly basis as well as by
continuous water level recorders was collected by DWA.
This data has been sumarised by Fleischer (1981).

Figure F 8 shows automatic water level records versus
rainfall for borehole SS55 over the rainy season of 1975
- 1976. The conclusion drawn by Fleischer was that there
is a component of immediate recharge followed by a delayed
recharge of 4 to 6 months. In an area of no rock outcrop,
it is not clear by what method the direct recharge gets to

the ground water.

Figure F 9 shows water level responses aover a longer period
for horeholes W302 and Wi87. The graph shows substantial
water level rises after the heavy rains of 1970/71 and
75/76.
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In winter periods where very little rain falls, it is
apparent that there is a considerable recession of the
water table in some boreholes. The pericd of 1959 to 1963
in borehole W187 illustrates this. This would presumably
mean that extractions of natural flow was drawing off
storage.

The fact that water levels fluctuated within the same
bounds each year ie there has been no net drawdown over the
past fifty years or so, would suggest that the extraction
by RWB has been similar to the flow that would have
occurred at the Klipfontein eye,

Specific testing

6.2.1 Infiltration tests

Three double ring infiltration tests were done in July 1985
at various sites in the catchment. The methodology has
been described in appendix F4.

The first series of tests were carried out by setting up
the 3 rings at one site to assess the infiltration
characteristics of the soil.

One test was a control test and no water was added. 50mm
and 100mm of water were added to the other immer rimgs.
The time for infiltration was measured and after 24 hours,
soil samples were cbtained at 100 mu intervals with a selby
auger. The moisture contents and densities of those
samples were then measured in the laboratory.

Test 1 was done near access tube 8.
Tast 2 was done near access tube 3.

Test 3 was done near access tube 2.



During the tests the migration of the wetting front was
monitored using the troxler in the access tubes.
Permeabilities were then calculated.

The results are presented in Appendix F 5.

RECTRARGE ESTIMATES

Under natural conditions, the outflow from the dolomite compartments of
the Far West Rand at Springs was emuivalent to the natural recharge.
Assuming no net lateral flow losses, the Klip River Eye was formerly
the main outlet for Zuurbekom Compariment. BAbstraction at Zuurbekom
pump station lowered the water table in the vicinity of the eye, causing
it to cease flowing, except after exceptional rainfall. Taking annual
abstraction at the pump station to be equivalent to outflow at the eye
gives a recharge ficqure of 12% (SRK, 1983). Enslin and Kriel (1967)
arrived at a similar figure of 13%. Fleischer (1981) derived a fiqure
of 12,8% for the Gemsbokfontein Compartment using a ground water balance
equation. The average annual recharge to Zuurbekom Compartment has been
calculated at 12 x 10°w® for the period 1972 to 1982 (SRK, 1983).

P+L+E +E =R, +R +I t+ §
where

= Grourd water abstraction

= leakage from the compartment

= Effluent seepage
Evapotranspiration of ground water
= Natural recharge

= Artificial recharge

Influent seepage

Cthange in storage
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The terms E;, E, and I, are not well defined in the Compartment. In
comparison to the other terms of the ecuation, which are well defined,
they are considered insignificant and will be ignored.

Ground water abstraction takes place at two main centres, Zuurbekom pump
station and Cooke Section of Randfontein Estates Gold Mine. fThese
qualities are metered. Leakage from the compartment takes place into
the underground mine workings at Cooke Section and this is also
monitored. Ieakage through the bounding dykes of the Compartment is
unknown. Natural recharge has been estimated as previously discussed and
artificial recharge at Cooke Section is metered. Thus the Components
of the ground water balance equation for Zuurbekom Compartment are
largely quantified. A balance has been drawn up for 1982 and is shown
in Fig F11. Substituting these figures into the balance equation gives:

11,56%(P) + 5,1 (L) = 8,9 (R) + 0,94(R) + S
16,7 = 9,84 + S
s =6,9 x 10°m.
* aAll figures in w x 10°

This irdicates that in 1982 grourd water was 'mined' from storage in
the Compartment.
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TUGABE B5 525 ©.0 L.0 ZMRBE 65 712 0.0 1.0 URRDE 85 830 0.0 18.
ZWRBE 85 528 0.0 £.0 BMARBE 85 713 0.0 1.0 ZUWJRBE 85 a3t 9.25 1.
2u0REE 85 527 0.0 4.0 ZUURBE 85 714 0.0 1.0 TIARE 8BS 71 0.0 .,
ILURAE 85 528 0.0 t.% URAE BS 715 Q.0 1.0 WABE 85 9 2 0.0 ¥,
ILURAE 85 529 0.0 t.5 AXRSE BS 715 0.0 1.0 TWHEE B85 ¢ 3 0.0 8.
IUUREE 85 530 D.O 3.0 IWRAE 85 M7 0.0 0.5 FWRBE BS 7 4 0.0 7.
ILUURAE 85 511 0.0 7.0 ZWRBE BS TIB 0.0 1.5 TUWIRBE B5 9 5 0.0 7.
IWREE 85 61 0.0 7.0 2KRAE BS 719 0.0 5.0 TWABE A5 96 0.0 7.
URRE 85 6 2 0.9 5.0 WURBE BS 720 DO 13.5 ANREE BS §7 0.4 7
AMRPE 65 63 0.0 . 5.0 ZWRAE 85 72V 0.G t.5 ZUURBE 85 9 B 0.0 7.
2UURAE 8% & 4 0.0 50 WURBE 85 722 0.0 12.5 2WRAE BS ¥ 9 0.0 7.
Ammos 85 &5 0.0 3.0 YIRIRAE 85 723 0.0 0.25 IUIRBE 85 910 0.A v
2UURBE B85 & & 0.0 3.5 IWRAE B85 724 0.0 F.3 {amEeE 85 9%1 0.0 4
ZWIRBE 8BS 6 7 0,0 1.5 MURBE BS 725 0.0 0.5 AMRBE 85 912 0.0 14,
20URBE B5 68 0.0 .5 ZUURBE 85 726 0.0 6.5 ZUURBE 85 913 0.0 15,
2IURBE 85 & 9 0.0 13.0 IURSE 85 727 0.0 a.0 ZIRIRBE  B5 914 0.0 8,
WNRBE BS 410 0.0 13.0 UURBE 85 726 0.0 . 9.5 ZWRAE B3 915 0.0 B.
ZUUREE BS 511 0.0 7.0 ZUURAE BS 729 0.0 ’ 0.5 ZWURBE B 916 0.0 10,
ZLRIRBE 8BS 612 0.0 1.0 ZWRGEE 85 730 0.0 9.5 HREE 8% 917 0.0 12.
IUURBE 85 613 D.D 1.0 DWREE A5 733 0.4 6.5 IWRGE 8% 916 0.0 13,
ZUURBE BS 614 D, 1.4 fWRBE 85 B 1 0.0 5.0 WUREE 85 919 0.D 15.
2RRBE 85 415 D.0 1.0 JLmEE B5 8 2 4.0 5.0 ZUUREE BS 920 0.0 0.
2WMEE BS 616 D.0 1.0 ZWURBE HS B 3 0.0 10.0 IWLREE BS 921 0.0 8.
INRBE 85 617 0.0 0.5 ZAWRBE 85 8 4 0.0 18.0 FUURBE A5 ¥22 0.0 6.
ZULURBE BS 618 0.0 1.% FURBE B5 B S 0.0 7.5 ZUURBE BS 923 0.0 0.
LAIREE 85 619 0.0 5.0 ZUURBE B85 8 65 0.0 0.1 ZUURBE BS 924 0.0 12.
ZUUREE 85 62¢ 0.0 13.5 ZLURBE BS B ¥ 0.0 0.1 ZLURBE B85 925 O.0 1.
TUURGE A5 421 €.0 0.5 ZMURBE B5 48 0,0 13.0 ZUURBE B85 926 3,D 22,
ZUUREE S &22 Q.0 12.5 ZUURBE B85 8 9 0.0 4.5 ZWRBE BS 927 10.25 10,
UURFE 85 623 0.0 2MRBE BS 810 0.0 7.0 ZUWRBE 85 928 D.D 28.
{uulBE 85 &34 0.0 9.5 ZWRBE B85 611 0.0 5.0 ZLURBE  B5 929 0.0 20.
IUURBE B85 825 0.0 0.5 MRSE BS B1Z 0.0 a.5 ZWJRBE 85 930 0.0 20.
ZWRBE 85 426 0.0 5.5 IVURBE 85 813 0.a t6.0 ZWREE 8510 1 0.D 1.
ZULURRE 85 627 0.0 8.0 IVREE B85 314 0.0 0.¢ ZUURAE 8510 2 0.0 13.
ZUURSE B85 628 0.0 9.5 ZURBE  B5 A15 Q.0 11.¢ ZRSE 8510 3 0.0 27,
ZUURBE 85 629 0.0 0.5 TNURBE 85 8156 0.0 7.0 IUJRIE B510 & 0.0 12.
ZWRAE B 4§30 0.0 9.5 IUUREE 85 817 4.0 139 ZUWUREE BS10S 0.0 25,
ZWRIE 85 71 0.0 8.5 ZUURBE B85 B18 0.0 7.0 ZREE 510 6 0.0 &
IWURAE A5 7 2 0.0 5.0 IUUREE- 85 B19 0.0 a.a ZUMBE 8510 T 0.0 1.
IWREE 8573 0.0 5.0 IUURGE B3 A20 0.0 10.0 2UWRBE B510 8 0.4 a9
FuREE BS 7 4 0.0 10.0 UURGE HS B2T 0.0 0.0 WRBE 8510 9 0.0 1.
IURBE BS 75 0.0 14.0 UURAE BS 022 0.0 &.0 IUURBE  AS1H0 0.0 0.
ZWABE B 7 & 0.0 7.5 HAURBE 85 823 4.0 1.5 2MRBE  B51011 0.0 15.
TWURBE 85 7 7 0.0 0.1 ZWRAE 85 824 0.0 12.5 ZUURBE  B51012 0.0 7.
ZURGE 85 7 A 0.0 0.1 WURBE A% 825 D.O 10,0 2UURAE  BS1013 0.5 15.
WURBE B85 79 0.0 15.0 ILUREE BS 826 0.0 13.5 2UURBE 851014 3.75 2.
ZUURAE 85 710 0.0 [ Jwieg B85 827 0.0 1.0 ZUURAE 851015 1.0 2.
ZWRBE A5 711 1.5 7.0 IWURBE 85 028 ©.0 12.5 ZWURRE AS1016 0.0 12.

JJURBE A5 829 0.0 7.0 ZINRBE 851017 0.0 5.



ZWURAE B57018 10.25 10.0 IWURBE 8512 & 0.0 . 6.0 TIRAE B85 125 0.0 1.
ZUURGE B51019 0.0 23.4 ZIHBE A312 7 0.0 12.5 IURAE B85 125 1.25 5.
JUURGE B51020 0.d 23.4 IWRAE B312 8 10.0 156.0 HMRAE 84 1256 0.0 4.
ZULURHE 65021 o.0 R1.0 HARHE 8572 ¥ 20,0 22.5 TUURBE 84 127 D.0 1.
ZUURBE B31022 0.0 12.0 HWREE 851210 D.D 22.5 ZWRNE 84 128 3.25 15.
JUURBE 851023 0.0 17.0 ZWURBE 851291 0.0 22.5 ZIREE 85 129 0.0 15.
ZUURBE  @5102% 0.0 4.0 ANRBE B31212 0.0 22.5 ZWRPE B& 130 28.0 5.
ZUURSE 851025 D.0 15.0 ZIRBE 857213 1.0 14.0 THREE 85 131 0.0 15,
ILURBE 851026 1.0 14.9 IWRREE 831234 0.5 12.0 TUWURAE B85 21 3.0 18.
IUURHE B51027 0.0 20.5 IUWABE 851215 0.Q 13.0 ZUURBE B5 22 9.0 1a.
IUIRAE 851028 0.0 21.5 ZReE 851216 9.0 20.5 ZWREE 8423 0.0 14,
JUURBE 851029 28.0 7.8 2UURBE  BS1217 0.0 20.5 IUWREBE BS 2L 2.0 1a.
JUURPDE 851030 40,5 7.4 ZUURRE 851278 0.0 4.0 IWREBE BS& 25 1.5 1a.
FUURAE  BHI03Y 7.5 7.4 ZLURBE  BS1219 0.0 14.0 ZUURBE BS 2 & 2.75 13,
HURDE 8311 1 19.0 7.8 ZUURBE 851220 0.0 13,0 ZWRBE BA 2 7Y 0,5 ta.
MWRBE 8511 2 4.0 7.8 ZWREE 851221 0.0 ta.a ZUUREE 852 8 Q0.0 3.
2UJRDE 85113 0.0 7.8 ZUWURBE H51222 0.0 . 13.0 FUREE 85 2 9 0.2 23,
JUURBE  BST1 4 0.0 7.8 ZWURBE 851223 0.0 ' 18.a ZIUREE B85 210 1.0 20,
JURAE 8511 5 0D 7.8 ZUURBE 851224 0.0 13.0 IUURBE 86 271 0,0 20.
ZUURBE 8511 & 0.0 7.4 ZUURBE B51225 0.0 14.0 ZIOJREE BS 212 0.0 5.
ZURYE 8511 7 D.0 7.8 ZUUREE BE1226 0.0 13.0 voReE 85 213 0.0 9.
UURBE 85%1 8 4.0 7.4 ZUJRBE B51227 0.0 18.0 IILREE 85 14 0.0 12,
WJREE BST1 9 0.0 1.8 NURBE B51228 3.25 18.0 FUURBE 85 215 0.0 4.
2UURBE  B51110 0.0 7.5 ZLUREE B31229 0.0 18.0 2UURBE 85 216 0.0 .
ZUURBE  BSTI11 Q.0 7.8 IVURBE A53230 7.0 18.0 IUWRPE 85 217 0.0 1o,
2ULMBE  B51112 0.4 7.8 IWURBE BS51231 0.0 19.0 JUWIRBE B4 218 0.0 9.
TUURBE 851113 0.0 15.5 RBE BS 11 1.5 15.0 IWRBE &5 219 0.0 6.
ZUURBE B51114 0.8 25.5 JWREE BS 12 11,5 15.0 ZUIRBE B& 220 0,0 6.
IWRAE B51115 0.0 25.5 ZURBE 8513 0.5 150 IWREE &6 221 0.0 0.
ZUURGE 851114 b.0 25,5 IMRRE 85 1 4 0.0 15.0 IUURIE 85 222 0.0 a.
RBE B511%7 D.0 0.0 LURBE 8515 0.0 15.0 IWRIE 85 223 0.5 5.
URAE B51116 0.0 3.0 LMRAE BS 16 0O 15.0 IURGE 85 22¢ .0 15.
ZUURBE 851119 4.0 8.0 IWRIE 8517 0.0 5.0 IURYE 85 225 0.0 7.
RBE 851120 1.0 19.6 ILUUREE BS 1 8 0.0 13.0 IWURAE 8BS 226 0.0 14,
ZUURBE 851121 6.0 1.0 ZWRIE B51 9 0.0 15.0 IVURBE 846 227 0.0 12,
ZIRBE  B31122 0.0 15.5 ZUJABE EBS5 110 0.0 5.0 ZWRBE B4 228 0.0 4.
IWURBE &51123 1.0 15.0 ZUWURGE BS 111 0.0 15.0 IWRBEE 8531 &.6 14,
ZUURBE  B51%124 0LS 9.5 ZUJRBE 85 112 0.0 5.0 ZUURBE 84 3 2 10,0 10.
ZLUREE 853112% 0.0 16.0 ZUIRBE BS 113 0.0 15.0 ZWUREE 85133 0.0 10,
ZUWIRBE B51126 18.0 7.9 ZUORBE B4 114 Q.0 15.0 WUASE 863 4 0.0 14,
ILURBE 851127 0.0 17.9 ‘ IWmEE 85 115 0.0 i5.4 IWAREE 85615 0.0 19,
IWRBE  B51%128 0.0 17.9 ZUJRBE Bs 114 0.0 15.0 IRBE 8A 1 & 1.0 14,
IWRBE B31129 1.5 17.9 IWmSE B6 V17 0.0 15.0 IWURSE 8417 3.5 8,
ZUURBE 851130 £.D 17.9 ZUMREE B& 118 0.0 15.0 IvuREE 85 3 B 0.0 8.
IWURBE 8512 1 0.0 17.9 Iwmae §6 119 0.0 15.0 IWREE B85 19 245 13,
ZUURBE B512 2 0.0 13.0 ZWRIE 86 120 0.0 15.0 RMBE 85 N0 4.0 13.
ZUWURBE 8512 3 0.0 12.0 IWREE B& 121 0.0 15.0 ZVURBE 85 MY 0.0 15
ZUMRAE 83124 1.5 14.0 ZLRAE BS 122 Q.0 15.0 ZWRBE 85 312 5.0 13,
ZUURBE 8512 5 D.0 12.0 ZUWREE ES 123 6.0 15.0 IMURAE BS M3 0.0 13.



FUURHE
ZUURBE
ZUUREE
2UUR3E
IULRBE
IUREE
WWRDE
IURRE
ZUURBE
ZLMRBE
TUURaE
ZUURBE
ZUURBE
ZWJREE
ZILRAE
IWRIRBE
IWRIRBE
IURBE
IUUREBE
IUURBE
ZUURBE
ZUURBE
IUJRBE
ZLARAE
TUURRE
TUUREE
ZWIRBE
ZUURBE
ZUURBE
ZUURBE
ZUURSE
ILURBE
TUURBE
ZLAJREBE
LHIRBE
Z2WRIREE
ANABE
FUUREE
TUURRE
ZLRRE
IURBE
ZULRBE
TUIREBE
RIURBE
TWURBE
2NJRBE
ZLUREE
IUUREE

8 314
B& 115
B5 314
84 M7
845 318
8 X9
86 320
85 31
86 322
B& 323
86 324
85 325
85 326
85 327
8s 328
8 329
85 330
86 331
B85 A1
BS 4 2
B& 43
B& L 4
8645
854 6
864 7
8¢ 8
854 9
85 410
85 611
85 412
BS 413
B 414
85 415
B& 416
85 417
BS LIB
a 419
BA 420
86 421
BS 422
86 423
B& 424
86 425
B4 L35
8% 427
BS 428
a5 429
B& &30

a.5
0.25
2.0
1.0
1.9
0.0
Q.3
0.0
0.0
0.0
0.0
.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
33.5
0.0
1.0
1.8
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
24.0
1.4

13.0
13.0

13.0
13.0
13.0
15.0
13.¢
.o
12.0

9.5

7.5
16.0
1n.o

6.5

&.5
10.0
10.0

7.5
100

6.0
16.5
10.0
10.0
10.0

3.0

&.0
11.0
12.5

3.0
130
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13i.0
13.0
13.0
13.0
13.0

ZWRBE
ZURBE
ZIUREE
2LRIRBE
ZUURBE
UURZE
I\WREE
ZRRAE
FIRSRHE
ZLIRBE
TUURBE
2UURBE
ZUUREE
ZUREE
ZUURBE
URIRAE
ZUURBE
UUREE
TWWRBE
JNRBE
ZARAE
ZINRBE
TUURBE
ZLWJRBE
TUURBE
TIURAE
ZIRRAE
ZRRBE
ZUURBE
ZUJRBE
ZUURBE
ZMRBE
ZUURBE
ZLURAE
UMRSE
ZUIRBE
TIREE
ZUSRBE
IUREE
ZUIRBE
IUUREE
ZWJRIE
TWURBE
ZULRRE
IWURRE
ZUURBE
ZIAJRBE

JUURBE
ZWRBE

86 51
8 52
B& 5 3
B& 5 &
B&5 5
B65 6
BaS 7
B55 8
BS 5 @
856 50
B85 511
84 512
85 513
B4 514
B4 515
B& 514
B& 317
B4 518
B& 51%
85 520
B4 521
86 S22
B4 523
85 524
84 525
B& 526
a6 527
86 528
8& 52¢
86 530
86 531
8661
85 & 2
8663
85 6 4
B5 65
BhE g
B&6T
Bs 6 B
B& &9
BS 610
86 611
B4 612
85 513
B4 &14
85 419
86 H16

B4 617
86 618

0.8
0.0
0.0
0.0
0.0
a.0
6.0
0.0
0.0
g.D
a.¢
0o
0.0
0.0
0.0
.0
a.0
0.0
0.e
0.0
0.0
8.0
G.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
5.0
18.5
0.0
g.a
a.0
0.0
0.0
0.9
0.0
0.0
0.0
6.0
o0.o
a.0

0.0
0.0

3.0
13.0
13.0
13.0
13.40
13.¢
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.¢
1.0
13.0
13.0
&.0
6.0
&.0
2.5
1.0
2.0
L0
1.0
2.0
0.5
[
7.4
11.0
13.0
10.0
4.0
[
i.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
6.0
5.5

6.3
£.5

TUURAE
ZIRJAZE
ZLURBE
ZUJRBE
2UURBE
URIRBE
DR EBE
R BE
ZLATREE
IURGE
ZWKIRBE
ZLUREE
ZUURBE
2LKRAE
ZWAIRBE
AUXREE
JUURBE
ZURBE
ZUURBE
2UUREE
FUUREE
IUURBE
FLARBE
ZWRBE
IWRBE
TUREE
ZUUREE
CURAE
ZURAE
ZUJRAE
ZLUREE
TUURBE
ZUJRBE
IURAE
2MREE
JURBE
NREE
JUIRBE
ILRIRAE
IUURBE
TUUREE
ZWRRE
ZWWRBE
{URBE
IWREE
TWJIREE
TUeRAE

ZRBE
ZLJRBE

b6 519
84 420
B4 &1
B& 622
BS 623
BS 624
B5 525
B4 &35
BS 627
85 428
B& 629
B& 530
BS 71
B& T 2
B6 T3
BS Y &
875
B5 76
BT7
8T8
BTy
85 T10
Bs TN
8 712
85 713
B& 714
Ba TS
BS Ti&
86 117
8 718
s 719
85 720
Bs 721
BS 722
B 723
B4 V24
B4 125
84 T2b
&5 727
85 TI6
85 729
86 750
86 T8
85 81
582
B6 83
a6 B 4

8683
858 &

0.0
a.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
p.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
a.o
0.0
0.0
0.0
o.¢
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
0.0
0.9
0.0
0.0
0.0
0.0
G.D

0.0
0.0



ZUNRAE
2LAIRDE
ZLAREBE
JUUREE
2UURBE
TUURAE
TUURDE
ZUWIRDE
FULRBE
ZJRBE
TURBE
IUURBE
IWREBE
TWRBE
ZUURBE
ZUUREE
ZULREE
ZUURBE
ZUURBE
2LUREE
ZUURBE
ZUJREE
2UURBE
ZUUREE
20uRaE
ANREE
ZURBE
2UURBE
ZUURRBE
ZUURBE
ZIUREE
ZUURBE
ZLRBE
2ZUURBE
IUURIE
IUURBE
ZURDE
ZUUREE
ZNIRAE
ZLURAEE
TUURBE
2UUREE
ZWIRBE
ZILRBE
ZURAE
ILUIRBE
ZUURAE
ZUURBE
ZUURRE

8587
8588
BSB 9
B4 B
85 811
BS B1Z
85 813
85 Bl
85 815
B 816
86 817
Bs 818
85 819
86 820
86 621
84 822
86 823
85 824
B B25
B6 B35
85 B27
86 828
85 829
B84 B30
B5 B31
B9
859 2
B& 93
B4 % &
B595
B59 &
8597
B5 9B
B599
B4 910
85 911
B& 912
85 913
B6 914
B& 918
86 15
86 9T
85 918
85 919
B& 920
85 921
B6 922
B& 923
*Bé& 924

0.0
0.0
0.0
0.4
0.0
D.0
0.0
0.8
0.0
o0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
32.0
0.0
a.0
n.a
a.0
o.a
0.0
9.0
9.0
a.a
0.0
n.a
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.25
4.4
0.0
a.o
0.0

5.0
g.1
0.25
12.0
1.0
13.4
9.0
0.1
2.0
12.0
18.5
13.0
2.5
7.0
0.1
2.5
1.5
12.a
5.0
7.0
18.0
14.0
¥.0
2.0
2.0
12.0
12.0
12.0
12.¢
12.0
12.0
12.0
12.0
12.0
12.a
15.0
8.0
15.5
14.0
7.5
7.0
6.5
1.0
7.0
5.0
6.6
6.5
11.5
1.0

IUUREE
TUURAE
Injrae
ZUURBE
ZUURBE
IRAE
IUURBE
ILREE
ZUIRBE
ZUURBE
TUURAE
ZUJRBE
ZIREE
ZIRJRBE
ZIAJRBE
ZUURSE
ZUUREE
ZUURBE
ZLWJRBE
AMARBE
ZNRBE
ZUIRBE
ZARBE
ZUSRBE
ILURBE
IULRBE
TUURDE
nReg
ZUSRBE
ZUURBE
ZUUREE
IWRBE
ZWURBE
ZUURBE
ZUURBE
ZIREE
ZUUREE
ZLURSE
ZULIRBE
ZUJREE
2UURBE
ZWJREE
IUURAE
ZWURBE
LNREBE
ZINRBE
IR BE
IMARBE
URIRBE

B4 925
84 926
B84 927
B84 928
85 929
85 930
86101
8510 2
B&l0 3
B&1D 4
P31 -]
B&10 6
85107
8610 8
a1t 9
B&101D
8461011
8512
B&3I013
851014
B41015
BS1016
817
241018
25109
857020
881021
B&1032
851023
B&1024
861025
851026
aslo2?
Bs1028
B61029
861030
851031
36111
8513 2
asi1 3
8511 &
B&11 5
8414 A
B&11 7
E&a11 8
B411 9
Bs1110
E&1118
853112

1.0
0.9
0.¢
a.e
6.0
0.0
0.0
i.0
.0
.0
.0
6.5
2.0
0.0
1.5
0.0
0.0
0.0
4.0
D.Q
0.0
17.0
0.0
0.6
29.5
0.4
0.0
0.0
.0
0.0
3.5
0.0
0.0
41.0
0.0
0.0
L5
0.0
0.0
0.0
0.9
4.5
16.0
a.0
16.5
a.4q
o0.¢
0.9
0.0

9.0

2.0
"5
1.0

8.0
12.0
12.0
1.5
1.0

3.0
2.0

5.0
10.0

6.5
14.5
22.0

2.u
.o
15.0
20.0
17.0
29.0
20.¢
20.0
20.0
20.0
20,0
20.0
20.0
20.0
20.0
20.0
0.0
2.0
20.0
2n.0
20.0
0.4
20,4
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

2ILIREE
TIRBE
ZUURBE
ZLARYE
ZUMRAE
TUURBE
HRIRBE
ZIURBE
ZWURBE
IWRIE
LARDE
ZOUREE
ZWURBE
ZIVRBE
ZUURBE
ZUUREE
ZUUREE
IULREBE
ZURBE
2RRAE
2UURBE
ZULURBE
ZUREE
ZUUREBE
ZURBE
ZIRIRBE
IWURBE
ZLURBE
UMRBE
TUUABE
HRIRBE
ZIURBE
ZMRBE
ZINREE
TWIRBE
ZUUREE
ZWREE
ZIRRE
ZUURBE
ZIUREE

" aumee

ZLJRRE
NRAE
ZUURFE
URBE
ZRBE
DRIRBE
HNRBE
IWRRE

851113
B
861115
B&t116
B&1117

861118

astnw
asviz20
861121
Bs11z22
861123
BSNV12%
B&112S
B51126
B&1127
381128
L4112y
841130
612 4
8512 2
a1z 3
8612 4
8612 §
8612 &
8612 7
as12 8
8612 ¢
851210
as1211
as1212
851213
851214
B&I21S
261216
8512V 7
BA12YB
851219
B51220
861221
Bs1222
261233
851224
861225
8512256
B&1227
861228
861229
841230
861231

0.0
0.0
0.¢
a.a
1.0
2.25
30.75
0.0
0.0
&.25
4,5
0.0
[ A1}
13.0
1.0
3.25
2.5
0.0
0.4
0.0
6.0
0.0
0.0
0.g
g.0
6.0
2.0
£3.25
0.0
0.0
1.5
0.0
a.a
o.o0
44,5
o.0
1.0
o.q
0.0
1.0
7.0
0.0
15.5
o.0
8.5
13.0
2.0
7.5
Q.0

18,

1a.



ZUURBE
ZUURRE
2UREE
ZULURBE
ZURIE
ZWUREE
ZUURSE
ILMREBE
HAmBE
2LUREE
ZUURBE
ZUURBE
ZVURBE
ZLRREE
URAE
ZUURBE
ZUUJREE
ZUURBE
ZUIRBE
TUIREE
ZUURBE
ZUURBE
ZUURBE
WURRE
TUJRBE
ZLJRBE
ZULRGE
ZWJREE
IWUREE
ZULRBE
ZURBE
ZUURBE
ZUUREE
ZUURBE
ZWNREE
IUURBE
ZUURSE
ZURBE
ZUUREE
2UURSE
ZIIRBE
LJURBE
JULRBE
NIRBE
UURBE
HNRBE
ZUURBE
ZUURBE
ILNRBE

T
87 1
ar 1
BT 1
BY 1t
ar 1
&7
BT 1
BT 1

o oW B L

0.0
0.0
0.0
3.0
3.0
6.0

7 22.5

L}
9

ar 110
ar 1n
BT 112
BT 113
B7 114
BF 115
&7 116
BT 117
&7 118
BT 119
87 120
ar 121
&7 122
B7 123
B7 12¢
87 125
&7 126
87 127
B7 128
87 129
a7 130
a7 131
&r 21
Braz
ar 23
724
ar2s
8724
araz7
arzs
aze
ar 210
87 211
BY 212
B7 213
a8y 214
87 215
BY 216
ar 2117
ar 218

1.5
1.5
0.0
12.5
0.0
B.5
0.0
1.5
a.a
9.0
.0
13.5
185
a.a
0.0
16.25
0.9
o.o
0.0
a.o0
o.o
0.0
1.4
0.0
0.0
3.5
5.25
1.25
0.0
14.0
0.1
0.0
0.0
0.0
0.¢
0.0
6.0
0.0
0.0
0.0
0.0
4.0

13.0
18.0
18.0

3.8

8.0

5.0

3.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
3.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
5.0
15.0
15.0
17.0
15.0
14.0
H.0
14.0
14.0
4.0
14.0
14.0
4.0
148
1.0
14.0
1.0
4.0
16.0
160
14.0
14.9
14.0

ZUURBE
2WRIRBE
TUURBE
ZUUREE
2UUREE
ILUAAE
ZLJREE
IREE
ZUURAE
ZLJREE
FUURBE
ZILURBE
ZUIRBE
TUIRRE
ZLAREBE
ZANSREBE
ZLUREE
TUURBE
ZIRIRGE
ZUURBE
ZUURBE
MREE
ZWJRBE
2WURIE
ILURAE
HnmeE
JIREE
IUURBE
ZUKIRBE
ZUMIRBE
IURBE
ZWURBE
ZUWRBE
ZULRBE
IWIRIE
ZUURBE
IUURBE
ZLURBE
ZWRBE
ZUURBE
2UURBE

ar 21
ar 2z2¢
ar 221
87 222
a7 223
AT 224
67 225
B? 224
&7 227
a7 228
ar 31
6732
a7 3]
57 34
a7 15
87 3 &
8737
878
739
a7 ite
ar in
B? 312
B7 313
&7 314
ar 315
87 316
ar 317
a7 318
ar 1y
a7 320
E7 I
87 322
B7 323
BT 324
87 325
87 326
&7 327
BY 328
&7 32¢
B7 330
a7 339

0.0
a.0
0.9
e.0
1.0
4.0
D.0
D.0
9.5
0.5
1.7
4.0
0.0
9.4
a.0
0.0
k.0
0.9
0.0
0.0
0.0
0.9
a.n
0.0
a.0
0.0
0.0
50.0
0.0
t.0
0.0
0.0
D.D
0.9
0.0
b.0
o0.¢
0.0
0.0
0.0
o8.0

14.0
14.0
140
1.0
14.0
14.0
14.0
1.0
14.0
14.0
11.0
1.0
11.0
11.0
1.0
1.0
m.n
1.0
11.0
.0
11.0
1.0
1.0
1.0
11.4
n.e
]
1.0
1.
1.0
.o
11.0
1.0
.t
10.0
10.0
10.0
10.0
10.0
10.0
10.0




APPENDIX F 2 -

SIMMARY RECUERTS OF TROKIER CALTBRATION AND PROFILES



SUURBEROM TEOMULER CALIBRATIDN

UFDATED &/1/87

st

1 COUIMTS | 1 COUMNT $ DRY 1  ACCESS 1#Z MOISTURE | MOISTURE I
IPER SCECOMND | COUNT I RATIO I DENSITY | TUBE I CONTENT ICONTENTCg/m3ad |
1 | I ! ] I I 1
! H 1 0.8168 | 1 ( t <00.0 |
1 262 | 229 | D.282 1 1644 | L 6.1 1 106.8 |
I als 1 { 0.3392 1 1729 | H 5.3 1 95.8 |
{ 297 | l 0.320 1 1518 | a1 5.3 | 102.8 |
{ 231 1 ! G.2499 | 1507 | | 8.0 | 131.6 1
1 194 1 1 0.211 1 1579 | 1 5.9 1 289.3 )
1 251 | i 0.2r70 | 1544 | | 6.5 1 106.5 |
} 245 | ! 0.264 1} 1601 | a1 .0 | iz0.0 |
I ac4 | I 0.328 1 1673 | I 7.9 1 143.7 |
! 2495 | I 0.264 | 1373 | H 6.7 1 99.1 |
H 281 | | D.303 | 1241 | H .9 |t 105.7 |
| 3oz | I 0.325 | 1773 | 71 6.0 1! 114.0 |
H 341 | 1 0.367 | 2080 ¢ I 6.5 1 iq4.8 §
I asa | { 0.422 | 1793 1 [ 9.0 | 176.92 1
| 206 | a9s | 0.3ie | 1699 21 7.5 1 138.6 |
H 293 | 1 0.326 | 1614 1 1 7.7 | 137.5 1
1 285 | | 0.31y7 | 1729 | | 6.8 | 126.2 1
} 257 | | 0.286 | 1729 | I 6.5 | 119.2 1
I 292 | l 0.325 | 1799 | L 6.9 1 123.3 )
1 210 | - } a.z234d | 1518 | B | F.3 1 120.1
1 236 1 t 0.263 | 1518 1§ 1 6.0 1 95.7 1
| 229 1| 1 0.255 | 1507 1 1 5.9 | 8r.0 |
| 221 1 I a.z24qaa | 1579 1 1 5.9 | 9g.6 |
| 197 | l a.219 | 1544 | I 6.8 | 112.1 |
I <00 | aus | a.49492 1 1795 1 | 8.3 | 175.8 |
t “53 | l 0.501 1795 | l 9.3 | 183.8 |
H 436 | H O.4a82 | 1795 | H 9.0 | ir?.3 |
I 403 1 899 | D.448 | 1¢S5 | 1 10.0 1 199.4 |
{ <06 | | 0.4352 1} 1795 | | 10.7 1 215.1 1
H 23 1 B9 | 0.476 1 1ee0 | 6 | 10.2 | 211.3 1
I 435 | I 0.48%9 | 1860 I & | 11.1 1 231.1 |
1 ass | ' G.<00 | 1507 | [ B 11.6 | 197.8 |
I 04 | i 0.4549 1 1729 | 2 11.2 | 218.1 |
H
Regression Output:
Constant 0.07911197
S5td Err of ¥ Est 0.04062712
R Sguared 0. 79825006
Mo. of Observations 32
Degrees of .Freedam 3I0
H Coefficient(=) D0.0018<668

Std Err of Coef. 0.00016950
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TROXLER RESULTS

dount ratto / melsture

Tubes 28,9

100

200

wmolature kg/m3
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TUBE 9

400



5 Karch 1785 & March 1985 12 Mareh 1985

ALCCESS OEPTH  TUBE-DEPTH DATA ALLCESS DEPTH  JUBE-DEPTH DATA ACCESS DEPTH  TUBE-BEPTH DATA
FUBE Ha. (H.) HEAS. CDUNT TUBE Wo. (M) HEAS, COUNT TUBE Wo. {H.) MEAS. COUNT
1 .2 0518 Bz2¢ .2 1480 1 .2 1519,
3 0517. 1 2 0855 3 1530,
& 2693 2 2 £282. 0 1537.
5 0752, 3 0337, .5 1527,
i 0779, A 0363. & 1517,
7 DB265. 5 O37E.  eessmememmmeescleeeeeelollool,
B 0833. % 0382- STANDARD COUNT = 1506.,
9 0835. 2 0387,  emeemeeessevsneToi
1.0 0841, 8 05.
19 0978. it 0437.
2 2z 0329. 1.0 0492.
3 03r2. 1 9508,
It 0381- 122 0307.
5 0391. 13 iza,
& 800, 1.4 0543.
T 416, 1.5 0538.
B 0418, 1.4 0540.
9 0445, 3 2 0229.
e 0495 3 0284
101 0521 s 0241.
1.2 515, 5 029% .
1.3 0531 : 03az.
1% 0532. 7 0391.
1.5 D538. -8 0415.
16 0557, » 0463.
3 2 0263, 1.0 0544 .
3 083, 1.1 as12.
& 0292, 12 asa9.
s 0329. & 2 9335,
8 0402, 3 0504
7 0398. % 0455,
a 420, 5 0312,
9 0474, 6 0502
1.0 0552, 7 0496.
1.1 0530, B 0482.
1.2 0733. o 0490.
4 2 ETEN 10 Gs37.
3 0387. 1.1 0633.
x5 0452, 1.2 0685,
.5 050%" 5 2 0325.
& 0504 3 0394
7 0495. 5 D627
-B 0458, K 0443,
8 0476. B 0442,
1.0 0552. 7 7.
1 0825, B 0500~
1.2 07ae. 9 9.
5 2 0337. 1’0 0502.
3 03B4. 1.1 0503.
% 0435, 1.2 0527.
5 8458, 13 522,
8 0482, 1.3 0389.
i 0477, 15 D&2% .
-8 0494 & .2 0293.
g 0302, 3 0354.
1.0 0511, ! 0387.
11 1513, 5 042},
1.2 0522. b 0477,
1.3 0336 ¥ 0541.
1.4 0571, B 0572.
1.5 8433, 9 D&2B.
& 2 02a3. 170 098,
3 a4, 1.1 0759-
) 03B5. 1.2 0713,
. 0420. 13 0615-
: 0479 1.5 0584
N 0530. 7 2 0322.
‘8 0364 . 3 0549.
: : & 0637,
10 D&74. 5 0585 -
1.1 o720, 6
1.2 D693. 7
1.3 0613, ‘A
1 0657 9
7 2 0302, 0
3 0535, 1
. 0640, 2
s 0sa7_ 3
b 07H4. &
7 0764 5
8 0792, B
9 0B19. 7
1.0 0B21.
1.1 0B2Z.
12 0767,
1.3 0752,
1.4 0B24
1.5 OB4Z.
16 DALY,
1.7 0B78.



13 Karch 1985 14 Nargh 1985 15 March 1988
ACCESS DEPTH TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEPTH DATA
TUBE Ho. {H.) HEAS, COUNt TUBE Wo. .} MEAS. COURT TUBE Ho. (N-) HEAS. LOUNT
1 .2 O7D4.
3 0BNB.
5 0859,
.3 094
.6 0B85,
T 0851,
N:] 0BS2.
.9 0843,
1.0 0925
1.1 opas,
2 -2 D&Ad.
-3 0513,
4 0327.
.5 a53i.
b 0322,
.7 0534,
.A D548,
.9 0543.
1.0 o59s,
1.1 D604,
1.2 0634.
1.3 0651.
1.4 DES3,
1.5 D&,
1.6 0683.
3 .2 0418,
.3 0457,
K} 0455,
.9 0L34,
N 0474,
T 0389.
8 DLOB
9 [l
1.0 0556.
1.1 0414
1.2 .
& .2 o5y,
3 g5y,
4 0632,
.5 Q857
W& Q574
) 0705,
.B 0728,
-9 0775,
1.0 1.
1.1 0841,
1.2 1019,
5 .2 0530.
J3 0571.
KA 0582,
.5 0553,
-] 0511,
.7 0475,
-8 0503.
9 0502,
1.0 1312,
1.1 1510,
1.2 r5z2.
1.3 53y
1.4 DEPL.
1.3 0528,
& .2 0421
-3 DLE3
R) 0500.
. 0547,
& 0S89.
o7 0528,
8 0653,
9 0589,
1.0 o773,
1.1 0833,
1.2 o810,
1.3 077a.
1.4 0756,
7 ] 0534,
] 0733,
o5 0774.
.5 0828,
-] Dazs .
T 0B37.
+3 DB16&.
.9 DB32.
1.0 Daz7.
1.3 .
1.2 a7,
1.3 orss,
1.4 5.
1.5 0822,
1.6 D837,
1.7 Da74,




20 March 1985 27 March 1985 3 April 198S
ATCESS DEPTH  TUBE-DEPIH DATA ACLESS DEPTH  TUBE-DEPTH DATA ACRESS DEPIH  TUBE-DEPTH DATA
TUBE Ho, .} HEAS. COUNWY TUBE No. (8.3 MEAS. COUNT TUAE Ko. {N.}  HMEAS. COUNT
1 .2 062 1 .2 0555 1 H 1535
3 0 3 DATZ. .3 D473,
e 0a39. o 0776 ) D7S3.
.5 0874, .5 0834 .5 0818,
b Qa5 B 0845, 'y 0828,
.7 nasa?. .7 £az0 .7 0RS7.
B £A59. .8 0as0 5 aaLB,
.9 0aya. .9 0B&? 9 a8ss .
1.0 0944 5.0 0934 1.0 Dok2.
5.1 ovds 1.1 0960, 1.3 0%58.
2 .2 427 2 .2 0} 4 -2 0319.
.3 D46l 3 D390 .3 0350,
o 0480. o 0422, i 0384,
] 0285, .5 0437, 5 03485,
3 0498, & 0436, b 03%%.
.7 0501, 7 £455 2 oAz,
B 1518, B DA&T . .5 0436,
B psa8. 9 D487, K BLB80.
1.0 057&. 1.0 0539. 1.0 0543,
1.1 05%4 . 5-1 0584, 1.1 0547
1.2 05635. 1.2 0587, 1.2 045%0,
1.3 B&09. 1.3 0&10. 1.3 05%6.
1.4 0445, 1.4 oa&31. 1.4 0603,
1.5 0648, 1.5 0529, 1.5 05632,
1.6 05678, 1.5 [ 1.6 B&L4.
3 -2 azin. 3 2 02ss. 3 2 0230,
.3 #408. 3 az92. .3 0257,
b D408, ) 0307. b 0248.
R 0410, B 0324, 5 0270
& 0422, & D378, N a3e3,
g 03%0. .7 D377. .7 0354,
.8 ps12. N} 0405. a 0390,
R 79, N 0457, .9 D432,
1.0 0559. 1.0 0541, 1.0 0505,
1.1 0530, 1.1 0514, 1.1 05%5.
1.2 0570, 1.2 0580, 1.2 06430.
& .2 0428, 1 .2 0403. 3 .2 0330.
3 0534, 3 0454, .3 0420
4 0584, b 0527. o 0479,
. .5 0530, 5 057A. 5 0538,
4 0540, N 0412, N 0577,
7 0672, .7 1. .7 D584,
N:] 0545, E:) 0529 N} D50% .
.9 0705 .9 D84S, .9 Da30.
1.0 0. 1.0 0730. 1.0 0595,
1.1 0BLS. 1.4 0829. 1.1 0782,
1.2 53, 1.2 909, 1.2 QRBY
5 -2 o452, 5 .2 03%5. H 2 0344,
3 0503, 3 0445. .3 sz,
) 0529, A QL7B. 3 0476,
5 0529, 5 0498, .5 0474
& 0521. B 0LA7. 5 BL,
7 oLFa, T pira. N D498,
-a DLA3, B QLae7. N.-] b317.
N D498, .9 0519, 9 0501.
1.0 049B. 1.0 0505 1.0 nsae,
1.1 0507. 1.1 0510, 1.1 0s21.
1.2 a52%. 1.2 05z20. 1.2 0549,
1.3 0543, 1.3 0538. 1.3 05B5.
1.4 0573, 1.4 0581. 1.4 0563,
1.5 0419, 1.5 0627. [ 2 307,
& .2 0342, & 2 az271. 3 .
.3 0399, 3 326, N3 Q374.
o 0449, S 0335, 5 425,
5 D500. . B4 th. & G585
& 0551, .5 0LBs. 7 B535.
.7 0595, .7 0539, B D549
N ] 0518, .8 5. 9 0415
Nl DASS. R 0619, 1.0 0703.
1.0 0758. S LB 0686. 1. 0753,
1.1 07v7. 1.1 0774, 1.2 0751,
1.2 0796, 1.2 0wz, 1.3 0595,
1.3 a7h9. 1.3 o743. 1.4 0.
1.4 0716 1.4 0703, 7 .2 0374,
7 2 1393, 7 2 Di01, 3 0588,
3 p&40. 3 £585. b 0704
N D750. s b718. .5 0750,
] Arva. 5 oyio. .5 oaes,
B 0aasz. b or9e., T N
.7 0837, .7 0840, .8 Da3ss.,
.B 24 . ] 0833, .9 0855,
.2 D520, g 0834, 1.8 DBDY.
1.0 DEb2. 1.0 A, 1.1 DE1Y.
1.3 0a0e. 1.1 0825. 1.2 0738.
1.2 0746, 1.2 7L3. 1.3 B7Ts.
1.3 g2 1.3 758. 1.4 0a3e.
1.4 14821, 1.4 0B827. 1.5 083,
1.5 pasza. 1.5 0540, 1.6 0845,
1.6 D844 . 1.6 DB52. 1.7 0h%0,
1.7 D872. 1.7




10 April 1985 1B Aprit 1985 22 april 58S
ALCESS DEPTH  TUBE-DEPTH DATA ACCESS BEPTH  TUBE-DEPTH DATA ACCESS DEPYH TURE-DEPTH DATA
TUBE MWo. {H.} MEAS. COUNT TUSE Na. 4.3 MEAS, COUNT TUBE Ho. M oL
1 B 0508, 1 2 QLBL, 1 W2 021.3
-3 1 3 0610, -3 0t9.8
4 4 4704 o aza.a
5 arae. W3 o7, .5 B9, 7
N a1, K- oaos, K 0201
.7 Ca70. .7 0BS54 T Q9.2
R} nase, -B 0B47. ) 16,2
9 0873. .2 osvo, .9 0z21.0
1.0 4927 1.0 926, 1.0 020.3
1.1 D¥al. 1.1 7. 1.1 0201
2 .2 0275, 2 -2 n2al. 1.2 020.0
3 0341, 3 13329, 1.3 020.9
KA 0359, 4 350, 1.4 00,5
5 0374, ] o3a1. 1.5 G2h.&
N-) Q374. & 0368, 1.6 021.3
.7 0393, .7 0382, 1.7 021.7
.8 Dh064. .8 D388, 1.8 021,2
.2 I8, 9 0520, 1.9 021.0
1.0 D4B3, 1.0 0469 2.0 024.8
1.1 0547, 1.1 0530. 2.1 02,1
1.2 o5%s, §.2 a1, 2.2 o207
1.3 as9n, 1.3 055%. 2.3 nz21.2
1.4 BaES. 1.4 0585. 2.6 020.7
1.5 0594, 1.5 néb2. 2.3 20,4
1.6 D&33. 1.6 D501, 2.6 020.9
3 W2 0231, 3 .2 0213, 2.7 020.7
-3 243, 3 0237. 2.8 0z21.0
A 0237, -4 230. 2.9 0.7
.5 D265, o3 0245, 3.0 20,
N o340, K] 0330, ER 023.9
7 0356, T 0355, 3.2 020.1
8 03%9. .8 . 3.3 020.7
g G451, .2 - 3.4 21.0
1.0 0516. 1.0 0515, 3.5 m9.9
1.7 osnz. 1.1 0502, 1.4 020.8
1.2 QA37, 1.2 0634, i.7 020.5
4 .2 0325, & 4 1315, 3.8 9.9
3 a392. 3 a3as, 3.9 i20.0
b DA77 A . 4.0 019.9
-] 0525, 5 asoz2. 4.3 01g.s
K- 0550. Wb 0524 4.2 020.0
N 0578, v 0543, .3 20,4
B a576. -a 0545, LR 020.2
.2 o804, N a572. 4.5 2193
1.0 0657 . 1.0 0633, L& 01B.1
1.1 0752, 1.1 0738. L7 15,8
1.2 0BAS, 1.2 0833, 4.8 2.4
1 2 o0349. 5 .2 0284, 4.9 019.3
3 0411, .3 0382, 5.0 Me.3
-4 0544, vh 0421, 5.1 0y.4
.3 0453, B o452, 5.2 0z20.9
& D&b1. N D44, 5.3 a419.4
o7 D4B1., N D4&8. 2 .2 0203
N:] D4BY. 8 0480, .3 019.9
.9 o501. 5 0509, = 039.%
1.0 osoy, 1.0 aso7.
1.1 0507, 1.1 asm.
1.2 0317, 1.2 0520,
1.3 054, 5.3 0532,
V.4 Fh . 1.4 0575,
1.5 0638, 1.5 Q618.
[} -2 0244, é .2 0252.
.3 0510, .3 o322,
o 0330, 4 0357,
) 03wz, 3 0390.
-5 0451, 4 e3a.
N 0494, .7 DL&Z,
W8 0312, .8 05035,
.9 ns7e. .9 23.
1.4 0535, 1.0 D622,
1.3 a708. 1.3 0708,
1.2 3. 1.2 723,
1.3 0598, 1.3 osy3,
1.4 0485 . 1ok 0843
7 -2 03048. 7 .2 0296,
.3 0534, .3 0520,
. 0450, & 0847,
-5 07za. 5 06%7.
-6 T, & aria.
o7 0914, T 0303,
B 0a35, .a o828,
.7 0834 .7 0837.
1.0 0823, 1.0 0824 .
1.1 03, 11 0841,
1.2 D771, 1.2 o752.
1.3 OFa3. 1.3 0753,
1.4 DBOG. 1.4 0814,
1.% 0B35. 1.5 £a3s .
1.é . 1.4 0BL7.
1.7 . 1.7 DBA2.




24 dpril 1985 1 Way 1985 B May 1985
ACCESS OERTH  TUBE-DERTH DATK ACCEES DEPTH  TURE-DEPTH DATA ACCESS DEPTH  VUBE-DERTH DATA
TUBE Ha. (M.} NEAS. COUNT TUBE Mo, L] HEAS. -COURT TUBE Ho. .} MEAS. COUNTY
1 -2 072, 1 .2 0445, 1 .2 GLAY.
.3 béoa, 3 PLYEN 3 L4612,
o &8, S 0597, b 0691,
.5 0753, .5 oréh. 3 a7E4,
& [ TEr b el 4 akns.
7 oass, T DBA7. 7 aaLs.
.8 0837, .8 0826, B 0833.
iy 0a31. .? DBAL, .2 QBevT.
1.9 0921, .0 0933, 1.0 0938,
1.1 as0. 1.1 o952, 1.1 e,
2 .2 02463, F) .2 0209, 2 .2 02g2.
3 13345, .3 0307. -3 0308,
& 0351, ) 0346, A 0345,
-3 0362, -] 1350, .5 D344,
N. 0359. b 364, N 0347.
N 1. 7 0370, Iy 0354,
.8 0401, .8 0390, ) 0350,
.» 0432 8 ax00. .2 0404,
1.0 D480, 1.0 0450 1.0 D443,
1.1 0323, LI 0500. 1.1 8505,
1.2 0540, 1.2 0532, 1.2 £512.
1.3 0565, 1.3 G534, 1.3 0517,
1.4 72, i.4 0549 1.4 0851,
1.5 0557, 1.5 057, 1.5 0544,
1.6 0é&0D, 1.6 0585. 1.6 0349,
k) .2 21y, 3 .2 o227, 3 -2 D215,
3 0236, .3 0237, -3 a237.
A g0, A oz21. oh 0zz0.
.5 0259. B 0264 . 5 0250,
A 0325, .8 0332, N a2,
.7 0345, 7 03465, 7 0344
.B 9383, ] 0387 N:] 0381,
.2 038, .2 a431. -9 D435
1.0 Dawa, .o 0507. 1.0 0321.
1.1 0584, 1.1 0547, 1.1 0593,
1.2 0631, 1.2 1. 1.2 . Db1a.
4 .2 027R. 4 -2 o303 4 -2 0281,
3 0357, .3 379, .3 1381,
R D422, -4 0444, b 0428,
.5 04Ba, S5 0487, .5 B475.
N . & D9 N 0483,
T 0524, 7 0317, T 0508.
N D514, M| 0513, B 5.
-2 0540. .9 0523, 2 0522,
1.0 0592, 1.0 0591, 1.0 0573,
1.1 . 1.1 0595, 1.1 D&ES.
1.2 oaio, 1.2 0803, 1.2 0778,
5 2 032t. i 2 294, 3 2 01313,
3 o37a. 3 03a5. 3 03zs,
4 o430, 4 0417, B 0430,
3 05T, .5 Q655 5 1548
.5 0449, & 0447, 0454,
7 D474, o7 D&&D, I 0468,
.B D4B2. -3 077 .8 G4BT,
9 Qs04. .7 0496, .9 03.
1.0 a311. 1.0 0509, 1.0 0312,
N | o313, 1.1 0510, 1.1 04v8.
1.2 o522 1.2 0525, 1.2 0513,
1.3 0543, 1.3 0545, 1.3 0545,
1.4 0578, 1.4 0567, 1.4 0562,
1.5 23, 1.3 0416, 1.5 0621.
& .2 . & 2 0233. [ 2 0274,
) 0320. 3 0317. .3 0325,
& . b 54 . n 0341,
.5 392, -3 0374, .5 1381.
é Da3l. 5 0634, .6 04435,
.7 4TS, i D455, Y 0554,
.8 0503, A 0502. 8 03,
.2 0545, .9 0534, .9 0538.
1.0 051%. 1.0 039, 1.9 0e07.
i.1 Dapa. 1.1 0675, 1.1 0641,
1.2 o703, 1.2 04675, 1.2 D6ER,
1.3 0566. 1.3 453, 1.3 027,
1.4 0543, 1.4 Ta34, 1.4 05623,
.5 sra, 7 2z 0285, 7 2 0%,
7 .2 303, J 0498, 3 0514,
3 0517. . 0&23, " 0635,
N . 5 QET3. 3 0582
R 0491, . 3 0Fiz. & U710,
B} -7 o738 T 0764,
N o812, N:| 0231, .B orso,
.B 0793, -9 0832, 2 0830,
2 0839, ¥.0 pag2. 1.0 oapa,
1.8 0817. 1.1 0B25. 1.1 bE1z,
1.3 og18. 1.2 0789. 1.2 0770,
1.2 ars?. 1.3 o736, 1.3 oras.
S E 3 =
1.5 DB42 . 1.6 o831, 1.8 oaLy,
1.4 oBs0. 1.7 oaLe, .7 0BSS.
1.7 QBA2. = mreermramsmesaseossssoscssrsEsaooan




15 May 1985 22 may 1985 29 May 1985
ACCESS DEPTH  TUBE-DERTH DATA ACCESS CEPTH  TUBE-BEPTH DATA ACCESS BEPYH  TUBE-DEPTH DATA
TURE Na. M. MEAS. COUNT TUBE No. (M.}  HEAS, EQUNT TUBE Ko. [K.)  MEAS. COUNT
1 2 as0s4. 3 .2 D462, i i p.58,
P | 0530, 3 0592 3 o&02.,
N 4 b 0480,
.5 04752, 5 D¥%4 5 0750
& » b o7as & 07B4.
T i) T pai1, T 0835,
.A 0837, .8 0840, N} DE33.
.9 DRAS., .9 0849 .9 [
1.0 w17, 1.0 De4 1.0 6919,
1.1 0953, 11 0947, L3 0es0,
F .2 0299, 2 2 0254. i .2 0272,
3 0335, 3 0326 .3 0334,
o 0353, e 0349 -4 8350,
.5 0358 5 0355 .5 0361,
b 03s4, 5 0361, .5 0373,
.7 03as. .7 0370, .7 03Ty,
.8 0395, B €393. .8 0399,
.9 0428, R 0414, .7 0430,
1.0 0Lsd 1.0 oLsm, 1.0 0457,
1.1 oLes. 1.1 a7, 1.1 0491,
1.2 0515, 1.2 0496, 1.2 0512,
1.3 535. 1.3 0510, 1.3 0520.
1.4 0544, 1.4 0545. 1.4 0552,
1.5 0553. 1.5 0549, 1.5 0551,
1.6 0580, 1.6 0559, 1.4 0575,
3 .2 0240, 3 .2 0223, 3 .2 D224
3 0237 3 0234. .3 n2:3.
R 0227. o 0229, 4 0217
.5 a2sz. .5 0245, .5 0247,
b 0323, - o322, -5 03
T QM4 . i . T RN
.B 0393 .8 0380, N:| 0375,
2 - .9 D42%. .9 05415,
1.0 D533, 1.0 0495, 1.0 as504,
1.1 594, 1.1 0581, 1.1 0585,
1.2 0b41. 1.2 053, 1.2 0418,
4 .2 aze8, 4 .2 Di2, 4 2 a30s.
3 0352, .3 0374, .3 9.
- 0428, . 35. -4 Q437.
.5 3. 5 70, .5 0475
.6 72, N 0489, N 0489,
T 0495, T 0493, .7 0493,
.8 90, .8 97. .8 0482,
.9 0520. 9 ns1s. .9 0515,
1.0 0571. 1.0 0583, 1.0 o577,
1.1 0&52. 1.1 0&68, 1.1 D&TA.
1.2 o877y, 1.2 07710, 1.2 078y,
H 2 0314. 5 .2 0335. 5 .2 0344
3 0375, 3 0405, 3 0390,
4 QL21. o oLy, 4 0431,
.5 Q52 .5 0545, .5 na4a.,
& 0445, & I b 44T
.7 0573, .7 062, .7 0476
N:| 043, B 0450, .B D95
9 ez, .9 0506, R 0511,
1.0 QuLe7. 1.0 0507, 1.0 0521,
1.1 0515. 1.1 0502. 1.1 0315,
1.2 0517, 1.2 0529. 1.2 0530.
1.3 0542, 1.3 0550, 1.3 0543.
1.4 0574, 1.4 0578, 1.4 0571.
1.5 2. 1.5 0533, 1.5 0635,
& .2 O2R4, & .2 0279, & .2 0271,
3 B3ed. 3 0334, 3 0330,
4 0350. 4 0357, b 0355,
-] - 5 o390, .5 037a.
N 531, .5 pa3g. .6 0527,
4 0473, T D470. .7 ObLth,
.8 o517, ¥ 0513, R 0Le9.
.9 1555, K- 0545, 9 us19.
1.0 (-1 1.0 Dinz2. 1.0 o579,
1.3 0547, 1.1 0553 1.1 DaLh,
1.2 ) 1.2 5. 1.2 0633,
1.3 . 1.3 2. 1.3 0619,
1.4 041B. 1.4 8513, 1.4 0&05,
7 .2 nios, 7 r 1297, 7 .2 D287,
.3 0516, .3 1524 .3 0502,
4 0d21. 4 0428 4 0629.
.5 D4BE. .5 1480, .5 0481
) 0710, 4 0718, .5 a715.
.7 0764, 7 07h6. .7 Q753
.8 oM. N:| 0an2. ] 0803,
.9 a5, .9 o8, .9 0R30.
1.0 Da17. 1.0 0BO1. 1.0 0B25.
1.1 0825, 1.1 0a10. 1.3 0B15.
1.2 770, 1.2 o773, 1.2 0749,
1.3 o738, 1.3 O7S8. 1.3 052,
1.4 DB08. 1.4 0825 . 1.6 0795,
1.5 0833, 1.5 [ 1.5 OR38.
1.6 0828, 1.6 o843, 1.4 OB33.
1.7 nav3. 1.7 0857, 1.7 0B4a.
...................................................................... e 2 035,
STANDARD COUNT = 150B., STANDARD GCOURT = W97, 3 G355,



19 June 19785

12 June 1985

5 June 1985

TUBE-DEPTH DATA
COUNT RATIO
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27 st 1985 12 Sepramber 1983
ACCESS QEPTH  TURE-DEPTH DATA ACCESS DEPTR  TUSE-DEPTH DATA
TUBE Ho. (M.} HEAS. COUNT TURE Mo, tH.)  HEAS. COUKY
1 -2 D426, .8 or7h,. 2 -2 027,
3 0548, 9 0823, .3 0323,
& 0432, 1.0 ores. K3 03s5.
.3 0725, 1.1 OBOB. .5 0347,
N o7, 1.2 07s%. -] 135%.
T oRO0e. 1.3 o73a. 7 0367,
.8 QHD%. 1.4 n7ea. B G385,
3 0828, 1.5 0833, .9 QLO7.
1.0 902, 1.4 1832, 1.0 QLS7.
1.1 a938. 1.1 0e83.
[ .2 07T, 1.2 D491,
.3 0361. 1.3 0515.
4 D422, 1.4 0540,
.3 o454, 1.5 0534,
N oLdb, 1.4 0572,
.7 3. 3 .2 o231,
N 048D, 23 0233,
.2 0501, 4 Dz21.
1.0 05561 .5 0257.
1. 0641 .5 033z,
1.2 0742, .7 0350,
2 .2 0249 A 0361,
3 p318, 2 0441,
R D341, 5.0 0506.
-3 0351, 1.] o3BA,
& 0367 1.2 0526,
.7 0350, . .2 0302,
.8 o3z, 23 D336,
.9 0423, 4 O235.
1.8 0458. .5 D361,
1.1 osoB, & 0
1.2 as04. . 03B1.
1.3 Z3. A 0357
1.4 0527, .9 359,
1.5 0542 1.0 0339,
1.6 D574. 14 0302,
3 .2 D2E3. 1.2 14.
.3 0237, 1.3 0325.
- 0215. 1.4 0354,
.5 0261. 1.5 0403,
" 0329, 1.4 D447,
7 0346, 5 .2 o2re.
-8 0378, 3 0355,
.2 33. o 0405,
1.0 0507. .5 0437,
1.4 0378. & 0437,
1.2 . 7 0459,
8 2 D275. .8 0581,
.3 0325, .9 0489,
.5 0345, 1.0 [
-5 0344. 1.1 0523,
N-] D350, 1.2 0313,
Ny 0373, 1.3 0537.
8 0374, 1.4 0547 .
.7 0340, 1.5 0515.
1.0 0339 & .2 0296,
1.1 o311, .3 0310,
1.2 0313. -4 0335.
1.3 0331, 5 8351,
1.4 0354 -5 oy,
1.5 0387. o D456,
& DL4O. .8 72.
5 . - 2 73.
3 0371 1.0 NS48,
. 0403, 1.1 «
. 0437, 1.2 D&10.
-& 49. 1.3 0589.
T D458, 1.4 0584,
B 076, 7T .2 0296
.9 0597, .3 0317
1.0 0504, N 0529
1.1 09. .3 05641,
1.2 6515, -] 4703.
1.3 0530. T 0783.
1.4 0547, K] 67a7.
1.5 - 7. .9 0g32.
] Y- 0257. 1.0 0305,
3 0302, 1.1 0501,
X 0345. 1.2 P48,
.5 . 1.3 0724,
A DL24 . 1.4 0794,
L5, 1.5 ¢a3s.
A D445, 1.4 0|18,
.9 0517, 3.7 o0a56.
1.0 0566. | eremessmemeemececeoemoeassaessens
£ 0624 STAHDARD COUNT = $512.,
1.2 e04.  memmemmsmeossesemcssssusasssasserss
1.3 580,
1.4 0571,
7 2 0271.
-3 0495,
& D&24 .
5 0565,
- Q6%9.
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F.2.10.

2 Octobor 1965 11 October 1985
ACLESS DEPTH  TUSE-BERTH DATA ACTESS OEPYH  TURE-DEPTH DATA
TURE Ne, (H.} ROUNT RATLO TUEE No. (M.] COUNT RATIO
2 2 0.195 2 2 0.17
. 0.222 i 0.2}
A 0.236 % 0.235%
5 0,234 M- &.268
-] 0,245 1.0 4,312
7 0,258 1.2 0.339
8 0.268 1.4 0.359
N 0,285 1.5 0.391
1.9 1.312 3 2 0,104
1.1 0.326 4 0.226
1.2 0.31 b 0.258
1.3 0,351 ] 0.293
Y& 0.356 1.0 0,357
1.5 370 1.2 9,240
3 .2 0.225 1.4 0.476
3 0.278 5 .2 0,204
& 0,295 K1 0.284
5 0,295 s 0.306
-] 0314 -8 0.323
N 0.309 1.0 4.335
] 0.342 1.2 G.353
2 0,371 1.4 0,362
1.0 0.421 1.4 8.419
.1 0.43% & . D. 167
1.2 0.440 & D240
5 2 0.220 N 0.271
3 0.257 8 0.321
e 0.283 1.0 0.387
5 0.305 1.2 o.414
b 0.308 1.4 0.397
7 0.312 7 2 0,180
B 0.32) % 8.418
) 433 b 0.468
1.0 1.338 .a 0.525
11 3% 10 0.542
1.2 0.350 12 9.513
1.3 0.359 1.4 0.532
1.4 0.352 1.6 a.359
13 g.x8  mmeeeseceeasresessseee e
& .2 0.172 STAHDARD COUNT = 1.800,
3 g.2zs3 mmemmeaeescssssasssssssaas s
% 0.230
5 0.350
b 0.280
. .05
B 0.320
-9 0.
1.0 0.375
1.1 0.410
1.2 2417
1.3 3.393
4 2304
7 2 120
.3 0.329
& B.L1%
. .454
¢ 0.472
- 0.4M
3 0.530
9 0.349
1.0 0.544
1.1 0.539
1.2 0.514
13 0.480
1.4 0.526
1.5 0.557
1.4 0.560
1.7 0.572
a -2 D345
3 0.350
o 0,358
5 0361
07 0.385
N:] + 0364
9 0:341-
1.0 0.320
1.1 8,305
1.2 0,293
1.3 0,302
1% 0.307
1.5 0344
1.4 1.355
9 .2 D.388
3 0.367
R 0_373
5 0.3B89
b 0.399
7 00404
! 0,398
» 0.39)
1.0 0.36¢
i1 0.326

il
[}

1.3 a
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1 Novesber 1985 & Movesber 190% 7 Detcember 1985
ACCESS GEPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-REPTH DATA
TUBE Na. (H.) KG/CU.H TUBE No. iK.) COUNT RATIO TUBE Ko. {H.) HEAS, COUMTY
B .2 0240, 3 2 a.3s7 1.3 .2 1LE0.
A 0246 A .34 A .2 Q357.
.1 0255. b 0,410 3 0359,
.8 0245, .8 0.397 4 0377,
1.0 0238, 1.0 0.357 .5 D374,
1.2 0222, 1.2 0,337 .6 0392.
1.4 0241, 1.4 0.289 T 005,
1.6 a2, 1.6 1,424 .8 e
? .2 0244, 2 .2 0.3153 .9 Q3684
A a240, Wb 0,387 1.4 0371,
N-} 0219, N 0.374 1.3 D365,
.8 olae, A 0.362 1.2 0348,
1.0 7. 3.0 a.27% 1.3 0399,
1.2 COR9, 1.2 a.211 1.4 0453,
1.4 o11d. 1.4 0.217 9 -2 oL19.
1.& 0158 1.6 D37 3 014
3 .. 92, 2 .2 0,177 A 0401,
b o203, e 0.345 5 a3ag.
.b Di95. -G 0.0 -] 03935,
.3 0235. K] hL41& . azez.
1.0 D2az. 1.0 0.522 B 1362,
1.2 0258, 1.2 0.439 .3 359
2 .2 207, 1.4 0.425 1.0 0359.
o 0231. 1.4 0.42% 1.1 0323,
N 0224, 3 W2 0,241 1.2 0304,
A 0212, - 4337 1.3 0311,
1.8 n9é. & 0.295% 1.& a3y,
1.2 019i., .8 0.2%3 2 . piva.
1.4 0217. 1.0 0,502 3 0397,
1.6 0231, 1.2 0.240 A 03%8.
5 .2 0209. T .2 0.182 W5 DLO0.
o Q221. 4 1.490 .1 0404,
& 0145, N 0,441 7 031,
B o150, A 0,605 N 7.7 98
1.0 0164, 1.0 0.543 i) 84
1.2 m78. 1.2 0.505 1.0 0555.
1.k 0Iee. 1.4 0.530 1.1 8594,
3 " 0ia1. 1.6 0.554 1.2 0569.
& 0201, 1.8 0.555 1.3 0610,
A mes. a98 2 0.997 1.4 0603,
.8 GIf.  meseemreecmesaloeeasssssiioaeeess 1.5 0524 .
1.0 0240, STANDARD COUNT = 3,000, 3 2 0359.
1.2 S 3 0200,
1.4 D220. & 0371,
7 2 D20p. .5 0375.
5 0289, N1 0447,
K] Dags. T
a o274, 8 D540
028, 2 .
0257. 1.4 onis.
Dear. 11 ng1o.
0295, 3 .2 a3z,
----------------------------------- -3 BLLG .
STANDARD COUNT . A OLTE.
----------------------------------- -5 0493,
N 030%.
o 0532,
N:] 0565,
.9 0587,
1.4 ns5ad.
1.3 .
1.2 oa17.
1.3 06458,
1.4 a58%.
1 '8 0340,
3 aL02.
o 0437.
.3 1.
& asi8.
T D574,
.B 0501,
.9 0433,
1.0 o7a7.
1.1 .
1.2 0795,
1.3 orse.
1.4 oB12.



& March 1985 13 March 1986 20 Mareh 1956
ACCESS ~ DEPTH  FLBE-DEPTH DATA ACCESS  DEPTHE  TUBE-DEFTH DATA ACCESS  DEPTH  TUBE-DERTH DATA
TUSE Ho, (M.3  MEAS. DOUNT TUBE Re. (H.}  MEAS. COUMT UBE Ha. (%) HERS, T
5 2 0213 5 .2 D235, 5 .2 0235.
3 024D. 3 o250, 3 0243,
& 0260, A oy, v 0270,
- 0275 .5 D270. .5 0270,
.5 0ery. .B 0283, -6 0275,
7 o282 ¢ D394, .7 0292
.4 295, B 0301 .8 azg2.
-9 0305. .9 D311. R a3nge.
1.0 0310, 1.0 D308. 1.0 0320.
L1 0304, 1.1 £309. 1.t 0321.
1.2 o33, 1.2 0322, 1.2 0334,
1.3 o34z, 1.3 D55, 1.5 0343,
6 .2 0373, 6 .2 0216, S .2 0348,
3 oz, -3 D224. 3 0226.
A 0z210. it 6251, L 0207
5 0225 .5 0279, .5 o222,
b 0245. .5 0304 .8 0zi0,
7 0274 _ .7 0320. 7 0279.
8 azod. .B 3. B 0311
.7 a316. -9 0395. .9 0324,
1.0 0344 . 1.0 0413 1.0 034d,
1.1 03p7. 1.1 0407, 1.1 0406,
1.2 042y, 1.2 o403, 1.2 o409,
1.3 0LO9. 9 .2 1202. 1.3 DLOE.
1.4 0515, 3 0221, 8 .2 0230.
2 .2 0218, v 0218 3 0226,
.3 0212, +3 221, 4 0226.
4 0214, -] 0221, .5 D233,
.S 0225, -7 #1228, K- D233,
& 0245, B 19, o it
7 0253. 9 o209, .3 0221,
.B 0261, 1.0 0195, .9 02ib.
.9 t2za. 1.1 07a. 1.8 0203,
1.0 0322, 1.2 0174 1.1 0198,
1.1 0319. 1.3 2181, 1.2 0205,
1.2 0342, 1.4 0205, 1.3 021%.
1.3 u3se. B .2 0270. 9 .2 0264
1.4 0347, 3 0220. 3 0218,
B 2 0218. % az27. 4 0220.
.3 o215, .3 0226, -5 D22e,
& 0221. % 0z29, 4 0225
.5 0z232. N a2z2 T 0228,
N 0228. .8 d +8 0215,
. 0231, 2 az221. .9 0202,
8 0229. 1.0 0195, 1.0 0193,
.9 0215. 1.3 0196, 5.1 0175,
1.0 0196, 1.2 0197. 1.2 o171,
1. 0203. 1.3 0213. 1.3 otag,
1.2 o214, 1.4 a2éa. 3 .2 0209.
1.3 0238. 3 .2 0jet. .3 &8,
e -2 0204. .3 18, 4 0149,
3 o220, oh 70, .5 0140,
& 0216 5 Qz23. i 0173,
.5 u211. 5 0254, .7 0218,
. 0230. T a2, .8 034,
J 0223 B 0325. .9 0279,
.8 02z7. 2 397, 1.0 0315,
-2 0218, 1.0 0304 1.1 0399,
1.0 oeL. 2 . 0260, 1.2 0455,
1.1 0183, . .3 230, FH +2 0259,
1.2 0174 ,:. 0231, 3 0260,
1.3 0178, 5 gz48, -4 0225.
1.4 D204, 3 D262, .5 o231,
3 .2 Di42. - 7 300, .8 b251,
3 D146_ .8 0322, .7 D276.
o 0144, 4 0327, .8 0301.
.5 073, 1.0 2. .9 0317,
& 0222 1.1 . 1.0 D3xa.
.7 0232. 1.2 0355. 1.1 D335
A f27e. 7 -2 0290, 1.2 0352,
¥ 0326, 3 D306- £3 0345,
1.0 o1, - 0334, Fd .2 03ca.
13 04 .5 0336. . -3 0376,
4 .2 0260. -5 0352. 4 0412.
3 0367, .7 0387 .5 0634,
Wb a3eq, 8 0400, 3 D466
.3 0425, .9 0417, .7 0506,
-5 oisn, 1.0 0397, .8 7508,
. 0695, 1.1 1387, .9 D504,
B 0518_ 1.2 03By, 1.0 99,
.9 0504_ 1.3 0430, 1.1 D485 .
1. 0505, 1.4 G467, 1.2 Boi .,
i DLB2, eemeeesasseceoeeeenoosao 1.3 D459
1.2 O4kd. STANDARD  COUNT = %97., O 1.4 508
1.3 92, 090,217.9., 1 sermressseessceesenssasasmessoaaaen
---------------------------------------------------------------------- SIAMDARD COUST = 902., D902.,
STANDARD COUWNT = el

908.,0,P19091,0.B.5.,
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3 April 1988

ACCESS DEPTH  TUBE-DEPTH DATA
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e F 2045

10 April 1984 16 April 19856 26 April 1984

T, tmmm et m e mdmdn R AR R R E R AR EEERAAS LA b e—————

ACCESS  OEPTH  TUBE-DEPTH DAT ACCESS  DEPTH  JUSE-DERTH DATA ACLESS  DEPTH  TUBE-DEPTH DA
TUDE Ho. (M.} MEAS. COUNT TUBE Ha. (K.)  MEAS. COUNT TUEE He. CH.)  KEAS. COUNT
7 .2 0293, 7 .2 0374, 7 1326,
3 0384, 3 188, 1394
% D405 & 2407, B4089.
K 0430. .5 0425, 049,
& D2, pr D448, D454,
. 0482, 7 0494, 0458.
.5 0494, .8 0505, 0498,
9 D503, .? 0513, .
1.0 0L57. 1.0 0504. 0476,
1.1 0477, 1.1 673, D446,
1.2 0438, 1.2 0533, 0473,
1.3 0458 1.3 0476, a511.
1.4 Q504 . 1.4 o519, 8 0249,
B .2 0208, B .2 0358, 0244 ,
3 a2, -3 4339, 4 0239,
.4 0224 - D256 .5 0233,
.5 D33 .5 D226, & 0227.
i3 0225 -] D223, T 0232,
o7 Qazy, T 0234. B 0223,
8 0233 ] 0226. K] 0215.
-9 021, K] 0z3s, 1.0 020,
1.0 0196. 1.0 6222. 1.1 0197.
1.1 a191. 1.1 01%0. 1.2 0208.
1.2 0200, 1.2 9201, 1.3 0217
1.3 0208. 1.3 0217, 1.4 0267,
9 2 0195 1.4 023, 9 .2 0241,
3 0218. 9 .2 0282, .3 0234.
) 1218 .3 0322, & 0731,
3 022y 4 0238. 3 0237,
.6 0228 5 0239. -5 D242,
7 03ng LA 0260, g 0243,
.B az221. .7 0264, ] 0239,
.2 171 . 0234 .9 0220,
1.0 0183, R 0237, 1.0 0207
1.1 018 1.8 29. 1.1 ogs.
2 0166, 1.1 0228, 1.2 0207,
1.3 o176, 1.2 0354 1.3 w9,
1.4 0207, 1.3 0261. 1.4 0238.
3 .2 135. 3 2 0295, 3 .2 0259.
3 D340. 3 0298, 3 0264,
& 134, & 0z71. & 0236,
3 0265, 3 0210. .5 0214,
% 0218, B 0220, i 0224
4 07! 4 0zz7. 7 1230,
.B 0ZBL. .B 0 .B 0256,
R 0353, .2 02%8. 9 0309.
1.0 o322, 1.0 0355 1.0 0379,
2 . 0194 - 1.1 23, 1.1 541,
. oz07. 1.2 0459. 2 W2 0271,
& 0213. ] .2 0312, .3 0271
.3 0214, .3 55 &
: 0227. & 0254 5 0247
- 0233, 5 02545, 5 0249,
A 0250, & B252. T 0255,
9 0270, .7 p2ra. 8 0285,
1.0 0303, 8 D273. ] 285,
11 0309 » 30k, 1.0 0319,
1.2 0314, 1.0 324, 1.1 a331.
1.3 0327. 1.1 0343, 1.2 0343,
1.4 33 1.2 a35%, 1.3 0357,
IS -2 o122, 13 0373. 1.3 0356,
3 0o, 1% 0385. & .2 0280,
R 0224, é .2 0392 3 0297
.5 D240. - .3 0323, - o309,
A 0376 A 0334, .5 0335,
7 . .5 0339, .6 .
.8 030é. N 0316, .7 e,
- 0340. 7 oS- .8 6312,
1.4 n3a2. .5 0308. .9 0341,
1.1 Dioa, .9 0338. 1.0 0373,
1.2 0324, 1.0 383, 1.1 0400,
13 0395 1.1 12, 1.2 0388,
5 .2 0213, 1.2 0369. 1.3 0382,
.3 o240, 1.3 037w, 5 2 0312,
J 0252, 5 .2 0358, .3 o329,
5 0284 .3 0373. . 0325,
] o2, i 032, .5 0304,
4 fzae. 5 azot., N 0280,
.8 0310. 5 0296, .7 0295.
) 0306 T 0284, B 0293,
1.0 1308, .8 0311, 9 0309,
1.1 o310. ¥ 0301. 1.0 0308,
1.2 0323. 1.0 0303, 1.1 oha.
1.3 0338’ 11 304 1.2 031,
1.4 0374, 1.2 0327. 1.3 0337.
----------------------------------- 1.3 0342, 1.4 0377.
STANDARD COUNT = §10., 0910., 1.4 O375.  arresessassesissoivesasessiaoooe.
---------------------------------------------------------------------- STAHDARD COUWT = 913., © 091,313.5.
STANDARD COUNT = B, 0 0 seeeeeeeeeeeeeeesiectheceaiciaiii

0,948955,8.6.9.,



ALCTESS DEPTH  TUBE-REPTH DATA
TUEE NoO. M.} MEAS. COUNT
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ACCESS DEPTH  TUBE-DEPTH DATA
TUBE No. (H.) HEAS. COURT

7 2 O3BA,
.3 G415,
s 0523,
.5 0439.
.6 0479,
.7 [T R
K. 05403,
] B4R7.
1.0 492,
¥.1 0&70.
1.2 89,
1.3 0526.

3 .2 42232
3 0226,
o D224.
3 222.
K] 0234,
T 227,
B 0229.
9 0221.
1.0 0200,
1.1 0194 .
1.2 b205.
1.3 n2a2.
1.4 0240,

@ .2 0214,
.3 0227.
s 021%.
.5 227.
N.) 0233,
N3 n226.
.B DZA2.
K] n213.
7.0 0184,
1.1 DB,
1.2 T
1.3 0194,
1.4 o21t,

3 2 0211,
3 021.
i H98.
5 0219,
N 0223,
.7 0235,
| 0270.
.9 0325,
1.0 0382,
.1 D4L3.

2 .2 0253.
3 025%.
& 0244,
5 0241,
b 0240.
T 0243,
.8 0263.
.9 ozN.
1.0 0324,
1.1 0330.
1.2 0343,
1.3 0353,

& .2 0267
3 [ rar
& 0301,
.5 0318.
.6 0319.
T 0313,
.8 asi7.
» 0331,
1.0 0382,
1.1 0394,
1.2 03ea.
1.3 0379.

S .2 1302,
3 0315,
& 0317.
5 D280,
& 028t
.7 D271,
.B 0301.
9 n3o2.
1.0 0298.
t.1 0313,
1.2 324,
1.3 oiko.
1.4 azza.

15 May 1985
ACCESS DEPTH  TUBE-DEPTH BATA
TUBE Ho. (M.} HEAS. COUNT
7 .2 0507.
3 0535,
& a509.
5 0514.
B 0522,
-7 0504,
.8 B524.
.9 0510,
1.0 0522,
1.1 N
1.2 L2,
1.3 0504,
1.4 D527.
B .2 0425
-3 0302.
A 0229.
5] 0235.
-] 0239,
.7 n2i2.
g 0228,
.9 0213,
1.0 020,
1.1 0Ivs.
1.2 ozoa,
1.3 220.
1.4 fas2.
? .2 e2a7.
-3 0235,
& 252,
;g 0276.
iy 02Bq.
R:| 0230.
9 0236,
1.0 0252.
1.1 0212,
1.2 0254.
1.3 220.
1.4 0219,
3 2 o197,
3 0194,
- 069,
.8 0220.
N-] 030,
y 0248.
A azeé.
.9 323,
1.0 0385,
1.1 0434,
1.2 0470,
2 .2 0229,
] 0238.
W4 0234.
.5 0236.
-] oz50.
4 G267,
.8 0274 .
9 02¥3.
1.8 0333.
1.3 33.
1.2 0350.
1.3 0342,
1.4 0355.
& r 025¢.
3 0268
4 0302,
5 o8,
N 0340,
. 0354,
-8 D323,
.9 0410.
1.0 0412,
11 04,
1.2 Q3E%,
1.3 o383,
5 .2 0277,
.3 0297
K B314.
45 0284,
-] 0287.
Iy o291,
.a o301,
.9 0299,
1.0 Q306.
1.1 o7
1.2 1316.
1.3 0337,
1.4 0370.




ACCESS DEPTH  TUBE-DEPTH OATA ACCESS DERTH  TUBE-BERTH DATA ACCESS QERTH  TUDE-DEPTH DATA
TUBE Wo. (L8] MEXS_ COUNT TUBE He. [H.) MEAS. COUNT JUFE Ho. (H.) HEAS. Ctudt
7 - e T .2 0338 v .2 0357,
3 0&07. 3 D396, 3 a3vn
R 0639, 4 D430, & oiio
.5 0e8Y. .5 0440, .5 179
] 06%7. K- D&T3. -} 0468
.7 04R4. .7 123 T [
.a asonz. .8 D&97. 8 .2 9229
2 o501, .9 D5E9, -3 231
1.0 0408, 1.0 DLB9. N 222,
1.1 073, 1.1 Dis5. .9 0229,
1.2 0457, 1.2 D439, -] 4230
1.3 0587, 1.3 o502, s £233
1.4 0506, 1.4 0507. B pD227,
a .2 [ TET- 8 .2 0204, 2 b218.
.3 BAAY . ] 0209, 1.0 D202.
& 1242, 4 0214, 1.1 D199,
3 0236, R 0219. 1.2 D240,
-6 pia. N 0227, 1.3 0214,
T 0E2%. T 0225. 1.4 o238,
.4 o223, 5 0223, ? 2 0202,
R 0209, .9 0209. 3 Qz221.
1.0 D202, 1.0 0185, h o214,
1.1 0197. 1.4 0196, -1 0221,
1.2 0203. 1.2 0263, K 0231.
1.3 0214, 1.3 0211, 7 0227,
1.4 0239, 1.4 0237. .a 0227.
9 -2 0212, 2 .2 0203. .9 Q209.
P | o2ét. .3 0217, 1.4 ez,
L D253, KA o217, 1.1 0187.
.3 o243, 5 0219, 1.2 07d.
- 0251, -] 0228. 1.3 Q18d,
. ag2zz .7 0214, 1.4 gzea.
-8 0227. .B 0221. 3 2 0208,
.9 0216, 9 g211. 3 0783,
1.0 0a7. 1.0 0183, ok 0385,
1.1 0174, 1.1 n9. W3 D215.
1.2 172. 1.2 0ive. N o226,
1.3 0185, 1.3 0153, i o3,
1.4 204, 1.4 0206. .B 024,
3 .2 o185, 3 .2 6. .9 0308,
3 0215. .3 0145, 1.0 0375,
4 9. & o17a. 1.1 D534
3 0204 .5 0174, 1.2 DaTh.
] 220, N o254k, 2 .2 0241,
rd 0239, .7 0227, 3 0231,
B 0264 .8 D242, ) 0228,
.9 0315, -9 o259, .5 0234,
1.0 375. 1.0 0315, N 0231,
1.1 0435, 1.3 ms8sg, o7 241,
2 .2 0213, 1.2 0428, N:] 0251,
3 234 . 1.3 DLA2. 9 0278
4 0249, 2 .8 0215, t.0 0319,
.5 0235, .3 0221, 1.1 317,
b 0236, 4 D234, 1.2 038
¥ D25%. .5 0227, 1.3 0334 .
B 253, .5 D41, 1.4 a350.
R 0z2a1. 7 0337, 5 2 232,
1.0 B3IB. .1 254, .3 7=+
1.1 0327, .9 irl R 0247,
1.2 o335, 1.0 0320. 5 0242,
1.3 0333, 1.1 0313, -] 0283,
1.4 0352. 1.2 328, .7 0281,
& .2 0225, 1.3 o338, A 0293,
3 0264, 1.4 339, .9 0303,
R D265. [ . Q2z2, 1.0 0302.
+5 o292, -3 0237, 1.1 0303,
- 254 . e 255, 1.2 0,17,
T 0304, .5 o313, 1.3 0344,
.8 D3 V. N 0292, 1.5 0373,
n 0341, i 0307, -] .2 0229,
1. 0376, A 303, 3 0245,
1.1 0397, 9 03y, 4 0247,
1. DZB%. 1.0 370, .5 D289,
1.3 o03az. 1.1 2. b 0279,
5 - 0245, 1.2 0igz2. .7 0299.
- o2ys, 1.3 037, | o312,
. 0284, ] .2 22h. . D335.
5 0274.. - 02b4. 1.0 0376.
. 7. A 0273, 1.1 90,
T o295, .5 0270, 1.2 0381,
B 0301, b O02BS, 1.3 1.
-2 D295, .7 D2B1, = mmmmmmmmmmmmmemliemeciaamesavasas
1.0 0306, B8 0297. STANDARD COUNT = 953., 01
1.1 o305, ] 4308, 0,950720,3.4.8.,
1.2 D314, 1.0 D30F. = vveeresvesessramavessaocoeoooeoos
1.3 154 1.1 0307
1.4 n3s2. 1.2 0324,
----------------------------------- .3 0323,
STAMDARD  COUNT = b, D 1.4 0362,
DRL,B96. 4., T e it
----------------------------------- SEANDARD  COUMT = 92r., 10




19 June 1986 26 Jure 19BS 3 July 1985
ACLESS DEFTH TUBE-DEPTH DATA ACCESS DEPTH TUBE-DEPYH DATA ACCESS DEPTH  TUBE-DEPTH DATA
TUBE No. (M.}  MEAS. couNt TUBE ¥o.  (M.)  HEAS. COUNT TUBE o,  (M.]  HEAS.
5 .2 0247, 6 .2 0213 s 2 0228.
3 0254, 3 0214. 3 0233
& 0273 . A 0 - & 0253,
5 o270, 3 0267. 5 0280
& DE71. B 0228, a 7
7 0292, 7 0303, T 0314
8 0309, 8 0302, B 0332,
9 g303. 9 0342, 9 0387,
1.0 0305, 1.0 03&1. g 0385
19 0307, 1 : 11 0360,
1.2 0319, 1.2 0372 5 2 g233.
i3 0337, 1.3 3 0z51,
1% : 5 2 0235, 2 1269
s 2 0229. 3 0z60, 5 0271
3 0737, % i s b2
* 0237, 5 0271, " 0295.
5 0257, B a2 ‘8 Dz95.
i 0277. 7 uzee. ® 0314,
: a295. 8 0309, 1.0 03 -
8 6310, 9 305, 11 0315,
9 0335, 1.0 [310, 1.2 0327,
1.0 6371. i1 0309, 1.3 03
1.1 0343, 1.2 332, 1.2 6371,
1.2 o372, 1.3 0357, a 2 0208.
1.3 0371, 12 03B7. 3 0213.
8 3 0211, a 2 0203- ! 0215,
3 6212 3 0213, 5 0220,
iz D323, 2 0214, : 0235,
5 0221, it 0z264. 7 0226
i 0232, & d231 ] 0215.
7 0229, T 0221, » 0208,
‘A 0231, 8 . 5.0 0198,
9 0212, 9 0205, 1.1 0190,
1.0 DtoT. 1.0 D155, 12 0205,
1 0194, 11 0198, 1.3 0238,
1.2 0200, 12 0207. 11 0235,
13 0216, 123 (208, 9 2 a207-
1.8 N240. % 0244 - 3 0224,
9 2 6212, % 2 oz1s. % 217,
3 1220, 3 0Z18. 5 D216,
% 0219- : gs21. & 0221,
5 0226, 0324 7 o222,
% 0233, & 0zz3, ] 0217,
g 0zz1. 7 0z21. 9 0199,
A 0219. 8 D22, 1.0 a1,
9 0217, 9 0201 1.1 181,
170 o783, 1.0 T 1.2 9176,
11 970, 1.3 0350, 1.3 91689,
1.2 . 1.2 0183. 1% 0302,
13 Mat. 1.3 0190. 3 2 0z05.
1% 021z, 3 2 0200. 3 ESECH
125 0247+ 3 QIES, 3z 0176,
2 ¥ ze1. % 73, 5 0205,
3 0Z30. 5 0201, i 0226.
. 0226 0225, 7 0231,
: 0225, 7 03z8. 8 uz2s3.
. : 8 0283, » 0381,
: 0242, ) 0326. 170 8.
B 0353 1.0 0409. 121 0
‘9 nza7. 13 L34, 2 .2 U235,
10 o310, 2 2 0232, 3 0226.
11 X 3 0326 2 0233,
1.2 0315, % 0225. 3 0225.
13 9. 0232, % 0235.
3 2 0203. % 0235, 7 .
3 0185. 7 0za7. 8 0268,
% 0153, ] 0256, p 0295,
5 D194. 9 029 1.0 631z,
b 0225 1.0 0314, 11 034,
: azit. 11 0320, 2 0338,
8 0265, 1.2 0334, 1.3 330,
K 6303. 173 0325, 1.4 .
1. 0375, 1L 6. 7 2 0222.
14 033, 7 2 0226, 3 0267
----------------------------------- 3 0247, * 0390,
STANDARD COUNT = % 029% . .5 0306,
509., DOSO,200.4., i 0325. 8 0357,
----------------------------------- s 036). 7 0385,
7 0394, g D402,
8 0415, 9 a4 10,
v . 1.0 0407-
1.0 0360, 121 348,
1 0349, 1.2 0387,
1.2 400, 3 0L24.
STAKDARD COUNT = STANDARD COUNT =
922., 0092,932.3., It6., 0 00,512191,4.8.7.



18 July 1985
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STANDARD COUNT =
907., 009D,B07.1.,

25 July 1786
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7 Auget 1985 14 auvpst 1985 20 Avpust 1985
ACCESS DEPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEPTH DATA AECESS OEPTH TUBE-DEFTH DATA
TUBE Ho. {n.) HEAS. COUNT TUBE Ho. (M.1 HEAS. COUNT TUBE Ho. (M.} HEAS. COUNHTY
) 2 208 & .2 0205, 7 W2 0173,
3 D249, 3 0z21. 0227
o 0296, . 0217, L 0300.
- 313, 5 0226, 5 0322,
N 0347, & azza. N 0354,
iy 0384, .7 az2h., N 03a3.
.8 3oz, .B 1206. .B DLOY.
2 D412, .9 D199, R D18,
1.0 005, 1.0 ai9é, 1.G Di0A.
1.1 0372, . 1.1 0203, 1.1 03e.
1.2 0394 1.2 0204, 1.2 azaz.
1.3 LT 1.3 o242, 1.3 DaZO.
a .2 0426, 9 2 0210, 4 .2 o202,
3 0212, . azz1. 3 0217,
N o217, . 0250, b 0227.
5 DZ2D. B 24 .5 D225,
.8 nZ3z. & pa27. N 230
o nz2s. T D223, T Q244
B p220. B e, . 0241,
.9 ozea. .9 8. 9 r2ps.
1.0 azo1. 1.0 D1A2_ 1.0 D313,
1.1 [y C- 1.1 oi7s6, . 1.1 U313,
1.2 0196, 1.2 183, 1.2 0323,
1.3 218, 1.3 0184, 1.3 33z,
b 0247, 1.4 9. 1.4 340,
q .2 0204 . 1.5 0250, 3 .2 0141,
3 D224, é 2 TS .3 0145,
& a216. .3 0205, & fal3
#3 o217, o . .5 0200.
N 0227. .5 o263, u D224,
. 0218, b 0277, T D25&.
-8 0217. . 0293, -] 0283,
.9 0210, -5 0297, 9 0537,
1.0 0190, .2 o33a. 1.0 4385
1.1 0174, 1.0 0343, 1.1 4348,
1.2 1. 1.1 384, 3 2 0189,
1.3 B4, 1.2 o3yo, .3 0210.
1.4 1206 1.3 D354, 4 0214
3 .2 0176, 5 .2 o204, R D215
3 0175, 3 0257. N 0225,
. 01567, 4 0256 g o229,
5 9. 3 0261 .8 D220,
-] p227. & 0278, .2 0204,
- 0A7r. 7 OgZAS. 1.0 1193.
. 0273, B8 09, 1.1 D193,
.9 o311, 9 0307, 1.2 0200,
1. o3m. 1.0 12, 1.3 0223,
. 0L30, 1.1 0304 9 .2 0207.
2 . 0202, 1.2 5e8, 3 0216,
.3 0224. 1.3 . & 0217,
v 0225, 1.4 3gr. 5 0224
. i 7 .2 07e. & 6229
b5 041, 3 0252, T 0217,
.7 0238. A 0325. -] D221,
.8 0253, .5 0354, 9 az00,
) 027a. ] mH, 1.0 as,
1.0 0319, .7 0356, 1.1 0183,
1.1 a318. ] 0401, 1.2 0178,
1.2 324, .9 o9, 1.3 01483
‘1.3 0333. 1.0 wars. 1.4 0214,
1.4 341, 1.1 3es, [] 2 0185,
1.5 0194, 1.2 0428, 3 0206,
-] .2 0233, 2 .2 195, 4 D218.
3 az2z0. .3 0215. 5 0244,
h 0249. o 0221. b B85,
.5 0278, .5 0228, T o285,
va o297, B 0233, .a 0306,
T a306. s qz262. .2 0335,
.8 0319. B 0260, 1.0 0371,
R 0344, .9 . 1.1 03a2,
1.0 0374, 1.0 0314, 1.2 0358.
1.1 0354. 1.1 08, 1.3 0356,
1.2 o385, 1.2 0323, 1.4 o928,
5 .2 0228, 1.3 0340, 5 .2 0253,
3 024s. 3 .2 D334, 3 0284,
K 0255. .3 0158, 5 0251,
.3 n2ha, o 0176, .8 0270,
& 02ha. -] 0157, A 0280,
T 2e9. 5 190, N 0302
. A a 0303,
R:] D240, .9 034,
9 irr i 1.0 0317,
1.0 0310. 1,1 0341,
1.1 0376. 1.2 0374,
1.2 D431, = mmemeveemevamammacaccsvsssvmssa--e-

STANDARD COURT =
205., 0090,235.5.,

STANDARD



27 August 1984
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3 Sepromber 19856

ACCESE DEPTH  TUBE-DEPTH DATA
TUDE Ha. (H.) MEAS. DOUNT

:] . a32y.,
3 02%7,
o 0245,
o3 0223,
K] 1.
v D225,
B 230,
.9 0213,

1.0 n96.
1.1 0194
1.2 0200.
1.3 D225,
1.4 0251.

9 .2 0345,
-3 0347,
-4 0323
.5 0314,
N1 304,
.7 0295,
.8 0285,
.9 0257,

1.0 0245,
1.1 D248.
1.2 o242,
1.3 0253,
1.4 nz2a1,

2 .2 D315.
3 D3z24.
A 0334.
W3 n3zs.
N 0290,
7 0282.
A 0343,
5 0245,

1.0 ngva.
1.3 0315.
1.2 311,
1.3 032B.
L 335,
1.5 0349,

5 .2 1331,
3 Dza1.
o D2&T.
.3 0264,
N-] 0272.
N 0z2¢0.
- 3oz,
) o305,

1.0 0304,
1. 03c8.
3.2 0333,
1.3 0346,
1.4 0379,

[ .2 0304.
-3 0314.
& 031%7.
.3 0298.
& 0273.
.; 0307.
.7 0379,

1.4 0375,
11 0342.
1.2 0371.

7 .2 0287.
] 0330.
-4 0332
5 0322,

6 0361,
N 0374,
2 0410,
9 0415.

1.0 e,
1.3 0372,
1.2 0398,

3 .2 0292,
3 0281,
4 0263,
5 0243,
& 0239.
Iy 034,
B 0271,
.9 032z,

1.0 93.
1.1 DL35.
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T September 1986

ACCESS DEPTH  TUBE-DEPTH DATA
TUBE Ma. (M.} HEAS. COUNT
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24 Sepiewber 1985

TURE-DEPTH DATA
HEAS, COUNT

ACCESS DEPTH
TUBE No. {H.}
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8 ockober 1985 15 Detober 1985 17 October 1785
ACCESS DEPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEPTH DATA ACCESS DEFTH  TUBE-DEPTH DATA
TUBE Mo. . HEAS. COUNT TUBE No. .3 MEAS. COUNT TUBE Wo. M.y HEAS, COUNT
a 2 0210. B .2 Q19B. T 2 0190,
3 0210. 3 1209, .3 0219,
A 0214, o 1208, 4 pzr2.
R 0217, K [(rry 5 0297
N 0222, 3 bzel. & 0336.
T 0. T D234, T 0358.
B 0zZ2%. A 0219. .8 0399,
.2 Dz05. 9 0213. .9 0414
1.0 0i9i, 1.0 0%, 1.0 a3as.
11 a1, 1.1 M9z, 1.1 4370,
1.2 az209. 1.2 0205. 1.2 402,
1.3 o220, 1.3 g2y, 7]
? 2 0225, 9 .2 o212, 2 2 Dz209.
3 0225, 3 0225, . 08,
K D225, & 0221, o 0223,
5 D243, S 0227. .5 226,
. Q227. ] 0235_ . 0238,
7 0234, s 0221, T 0243,
B 0229. B 229, .g 0251,
n B215. .7 b207. .2 029,
1.0 202, 1.0 0189. 1.0 4302
1 0179, 1.1 oAz, 11 317
1.2 019, 1.2 D184, 1.2 D331,
7.3 0194, 1.3 0195. 1.3 0331,
1.4 0234, 1.4 . i.4 0334.
2 .2 0215, 2 .2 D1%8. ] .2 02715,
.3 0213, 3 0220, .3 D213.
o 0229. % 0220, o 0217,
-5 0227. 5 0222, 5 0Z24 .
- 0229. N 9233, B 02Ma.
- 0248 4 0247, .7 0231,
B 0265, - 0258. -] 0214,
.9 a9, .9 0293, R o0ece.
1. 0308, 1.0 U308, 1.0 0194
1.1 011z, 1.7 0312, 1.1 0195.
1.2 0328 1.2 27, 1.2 020t.
1.3 Q337. 1.3 0335, 1.3 0215.
1.4 0347, 1.4 . 14 .2 D22y,
3 .2 7. 3 2 o140, .3 0227.
3 0140. 3 0145. A 0219,
E EL KX 7. 81 0228,
5 0218, .5 Diva. b 0233,
- 3. . o221, 7 0229.
.7 . g 0235. B 02g2,
-8 027é. B 0275, .9 0206,
R D322, 9 0317. 1.0 0188,
B 9%, 1.0 - 1.1 0145.
1.1 30, 1.1 D436, 1.2 183.
7 . BiB3. 7 -2 DITe, 1.3 a9,
3 0223, .3 0237 3 0.2 0223,
4 @277, < 3 bl1a3.
.5 6305, .5 Dz293. A D17
B - & oxs7. .5 0204.
o 03Ze0. 7 0373, X 0223,
.B 0410, .8 D407, .7 235,
.9 9. ) 0416, .8 0273,
1.0 039%. 1.0 3EH, .9 0316,
1.1 0389, 1.1 343, 1.0 0390.
1.2 o3%a, 1.2 0394, 1.1 0422,
[ . 02158, & 2 0210. [ .2 0206,
.3 227, -3 02g7. 3 a219.
4 0250, W4 0235, S a227.
-1 0263, 5 0253, ) 0257,
B 0277, & 1278 N 0273,
.7 B2a1. . . i 0290,
.8 B300. . 0303, .8 D303,
.9 0340, .2 0337. .9 0333.
1.0 0343. 1.0 ikt 1.0 3B0.
1.1 38y 1.1 D576, 1.1 0377.
1.2 D356, 1.2 0356, 1.2 o358,
1.3 356, 1.3 359, 1.3 0348.
5 2 0235, 5 .2 D228. 5 -2 1238,
3 0259. 3 0254, 3 0250.
K 258, oy 0263, .4 0254,
3 0266, 5 U261_ 5 0270,
5 0277. A o274, ] 0270,
0288, . 02B%9. .T Q288.
B 0302. -B Q304. -} 0297.
- 0307, K 0313. 9 30,
1.0 0313. 1.0 0297, 1.0 0300,
1.1 a318. 1.1 0313, 11 0314
1.2 0323, 1.2 0324, 1.2 G324
1.3 0351. 1.3 0348, 1.3 0354,
}.g 0374, 1.4 0381, 1.4 0377,
. 03ff. = mtrmememmeo—ssddcarrarsssEssssamesy revesvsvsvravETEsrssossssom--mssase
----------------------------------- STANDARG COUNT =  $12., 0912., STANDARD COUNT =  %07., 09O7.,
STANDARD COUNT = ssmosoosmsmsoeccoccteescecmesss Semeeesossescsssassoessssosoooalaio

P02., 0 00,904040,2.2.6.,



21 October 1984

24 October 1985
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MEAS. DOUNT
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Fi2:26

29 gctober 1984 5 Novesber 19846 13 Novonbhor 19846
ACCESS OEPTH  TUAE-OUEPTH DA RCLESS DERTH  TUBE-DEPTH DATA ACCESS BEPTH  TURE-DEPTH DATA
TUBE MO, (L%} PEAS. COUN TURE No. [LN] MEAS. COUNT TUBE No. [L1%] HEAS, COUNT

5 .2 039, 7 .2 1284, 7 .2 0304.
3 0405, .3 315, 3 03iy.

b 0395, A 0342 b 0379.

5 U353, 5 zar. .5 0L,

K. 0315, b &4, K] 0436,

.7 0300, .7 0442, 7 0473,

A o303, N 0430, B oL7s.

K] 0305, 9 DLRS, .9 DiL4R,

1.0 . 1.0 039, 1.0 03%5.

1.1 0314, 1.1 0364. 1.1 0373,

1.2 0317. 1.2 oo, 1.2 a39r.

1.3 0351, 5 .2 0331. -] -] a2s1.

1.4 0384. .3 Q358. .3 0229,

[ .2 0355, 4 0343, 4 1226
3 035&. 5 0334, .5 B230.

A 375, - 0341, "] D22%.

S5 0356. .7 0319, .7 0235.

K- 0307 N.) 1307. .8 paaz.

.7 0274 . 9 0303. .9 0212

.B 030%. 1.0 0304, 1.0 0194,

.9 033%. 1.1 o311 1.1 0193,

1.0 0374, 1.2 0333, 1.2 0265,

11 0380. 1.3 0347, 1.3 0218,

1.2 37, 1.4 03469, 14 2 1334

.3 o368, 1 .2 0284, .3 03440,

[} i 0274, .3 0257, KA 0334,
3 232 . b 0324, .9 o3M.

o 02z1. 3 D348. b 0324

.5 R22%. N D345 .7 0305,

-] 0227, . 0345. .8 Q272.

7 0231, N D312, 9 0242,

B Dz2h. . 0334. 1.0 0211,

-9 p212. 1.0 a3r2, 1.1 02046,

1.0 0200, 1.1 a3s2, 1.2 0207.

1.1 0203 1.2 0362, 1.3 0210,

1.2 020%. 1.3 1357, 1.4 241,

1.3 02254, 8 2 1235, 2 -2 o3&,

9 .2 031, 3 o232, .3 0325,
.3 0424. o D2és. & 0339,

. 08. 5 D219, 5 0338

. 0384, & 0229. -6

5 a3z, .T 0228, . 0345,

. 0288. .8 D226, .B 03aL.

.8 12a3. nl 0207, .9 0335,

.9 0295. 1.0 0199, 1.0 0323,

1.0 0262. 1.1 mye. 1.1 0318,

1.1 0258, 1.2 n203. 1.2 0326.

1.2 - 1.3 0229. 1.3 0326,

1.3 0254 4 2 031e. 1.4 0342,

i 0279, 3 o318, 3 .2 301,

2 .2 v A 0313. .3 1323,
3 32, 5 2. R 0315.

4 3es, N3 a314, .3 0297,

.5 0385, .7 0293, "] 0294

K] 0350, -d 02E3. - 0311,

.7 o282, .9 0255, o D351,
a 0245 1.0 0225, 52 . D428,
9 0295. 1.3 o221, 1.0 0495,

1.0 0313. 1.2 0217, 1.1 0515,

1.1 0316, 1.3 0232, [ L2 0304,

1.2 325. 1.4 0289. - 0334,

1.3 0323. 1.5 0285. ) 332.

1.4 0339. 1.6 04 .5 0352.

3 2 0341, 4 .2 0307. u D3B7.
3 0326. .3 0302, g 0395,

4 0278. 4 0310, .8 0337,

S 0237. 5 0301. " 0343,

4 0230. N 06300. 1.0 0370,

7 0235, W7 0310, 1.1 o3,

.8 0274, .8 3t1. 1.2 0358

.9 0347, 9 033a. 1.3 a355.

1.0 0405, 1.0 0333, 5 .2 a3ir,

1.1 DA53. 1.1 0340, 3 0343,

7 2 0375, 3 .2 D275, & 0343,
3 0397, 3 0258, .5 0341.

. . o 0255, -] 0369,

3 .7 1.

B 0314

"l 0303.

1.0 0314

1.1 0317.

1.2 0322.

1.3 13y 8

1.4 0377.
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23 Deconber 1985

ALCCESS DEPTH  TUSE-DEPTH DATA

TUBE Ho. (M.} MEAS. COUNT

7 Iy 028%.
.3 0380,

N 0381

W5 B425
-] o452,
-7 0474,

N:}

.? D&25.
1.0 37e,
.1 pL0%,
B 2 0339,
3 1350,
oh 1352,
3 D373.
b 0373.
7 0390.
B 03B1.
.9 D356.
1.0 0332.
i1 0332,
1.2 0345,
1.3 1363.
H .2 1317.
.3 0324,
A 0354.
-] 0334,
N 0335.
N Q372.
.B o371,
.7 03R4,
1.0 a4y,
1.1 2421,
1.2 2428,
1.3 D426,
1.4 0426,
3 .2 0277,
-3 0310.
4 o3on.
.3 0306.
N-] 0355,
.T 0428.
-] 8470,
9 33y,
1.0 0553.
) . 0297,
. 0317.
4 0335.
3 037%.
N 0400,
.7 0437,
B D442,
2 0497,
1.0 0574,
1.1 0594%.
1.2 0583,
1.3 o5%a.
5 .2 0325,
- 0335.
O34T
5 D350.
] 0344,
.7 0352.
.B 0339.
.? 0329,
1.0 0308,
1.1 a320.
1.2 0327.
1.3 0345,
1.4 0347,

31 Decomber 1985

ALCESS DEPTH  TUBE-DEPTH DATA

TUBE Ho. (M1 HEAS. COUNT
7 -2 0337.
.3 0359,
+ 0393
3 0470,
K- BLAZ,
Ny 0.
.8 04BS.
. D474 .
1.0 D437,
1.1 0508,
1.2 0422,
[ ] o311,
3 0320.
) 0337.
3 0351.
] 0385.
i 0414,
.8 0426,
9 9.
1.0 0557.
1.1 5B,
1.2 o571,
1.3 0576,
2 0359.
3 0375,
4 0355,
.3 0359,
N 0359.
. D353,
.8 a352.
.2 g31e.
1.0 aze7.
1.1 0309,
1.2 D324.
1. 03560,
3 .2 0373.
3 0385.
4 0397.
5 0391,
A 395,
7 0383,
o8 0357.
2 0332.
1.0 u3za.
1.1 0348,
1.2 PEY
2 -2 0358.
-3 o341,
K 0377,
+ 0343,
K3 0392.
. o387,
B 0394,
R D405.
1.0 0417,
1.1 42T .
1.2 Bi3a.
1.3 8437,
1.4 458,
3 .2 o308,
- 0330,
K 0314,
. D03,
- 0328,
7 0340,
.g 0423,

4 Jormary 1987

ACCESS DEPTH  TWBE-DEPTH CATA
TUBE Nao. (M.} MEAS. COUNT
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¥ lowary 1987 16 Jorary 1987 28 Jamary 1987
ACCESS OERPTH  TUBE-DEPTH DATA ACCESS DEPTH  TUBE-DEFTH RATA ACCESS DEPTH  TUAE-DEPTH DATA
TUBE No. (H.) HMEAS. COUNT TUBE No. (M.) HKEAS. COUNT TUBE Wo. [H.2 HEAS, COUNT

7 -2 a241 7 .2 340, 5 2 Q342
I 1 282, 3 340, - q3e2.
. 0345, A o354, % 0351,
-1 0370, B D355, -] 0357,
N1 0406, -6 o3, b o372,
7 0448 .7 a4z, .7 o3r.
.8 DL61. N 0447 . .8 D384,
.9 0450, -9 51, P G384,
1.0 0431, 1.0 0528, 1.0 0385.
1.1 D414, 1.1 3. 1.1 0337,
1.2 - 1.2 0310, 1.2 03Ii.
-] 2 0523, 6 -1 oM. 1.3 0353,
.3 0334, .2 0287, 1.5 0376,
o 0324 3 0327, & .2 299,
5 N 0 3 a30s.
.6 D350, -5 0389, Y 0335.
T 1345, N DLO&, -] 0373,
-8 1337 i DLLS . b D401,
.2 0314 .8 0525, 7 0415,
1.0 o03pa. .9 D554 ] 0433,

1.1 0394, 1.0 0531 7 B2
1.2 0304. 1.1 a553. 1.0 0353,
1.3 0329, -] - 19 1.3 0570
2 -2 02B9. .2 0325, 1.2 0581,
3 o3ny. 3 0303 1.3 0558,
& 0314, . 0365 a -2 0355,
. 0315. 3 0357,
N 0333, b 0354,
.7 0318. .5 G355,
.B 0310. b D3B2.
n 0313. 7 D579,
1.0 0319 .4 0351,
1.1 0354 ¥ n3a5.
1.2 0373, 1.0 039,
2 .1 a368 14 0318,
.2 0352, 9 .2 0302.
.3 0377, .3 0304,
R 0364, .4 0322,
S5 D344, +3 0333,
- 0390 & 0341,
7 0343, 7 0343,
B nits, .8 361,
K] D14, .2 .
1.1 0430, 1.0 031,
1.2 0442 1.1 0308
1.3 0454, 1.2 0305,
1.4 0&Ta. 2 W2 033%.
3 0.1 0305, . 03348.
0.2 0295. o Q357.
03 0267. .5 0357
.4 0278, 4 Q320.
0.5 o303, T 0385,
0.5 G358, .8 0385,
0.7 0516, .9 0410,
0.8 04658, 1.0 017,
n.g 0532, 1.1 0Lél,
1.0 o551 1.2 0456,
----------------------------------- 1.3 0470,
STANOARD COUNT = 920., 0920., 3 .2 0244
----------------------------------- 3 n2e7.
b p283.

.5 0299, .

N 3oy,
7 0331,
8 0422,
.2 G483,
1.9 a535.
1.1 0357,
7 .2 0312.
3 a3sn.
A 1392,
.5 0518,
N 169,
.7 1493,
B o499,

.9 Lo
1.0 M.
1.4 D&TA.
1.2 0%02.




12 February 1987 20 Februory 1987 26 February 1987
ALCESS DEFTH  TUBE-DEPTH DATA ALCESS DEPTH  TUBE-DERTH DATA ACCESS DEPTH  JUBE-DEPTH OATA
TUBE Ka. (M.} MEAS. COUNT TUBE He. [ HEAS. COUNT TUBE Ko. (M.} MEAS. LOUNT
5 4 0250, 7 2 0200. & 2 01%8.
.3 02B1. L3 0245. 3 0213.
4 U280, o 0304 . & 0227,
5 0302, 3 0325, 5 .
K] oX1x. & {384, . 0283,
o7 0345, .7 BL23. 8 0337,
.8 0352, B 38, R'd 3T,
-2 033v. P 545, 1.0 [ 318
1.0 011, 1.0 B 16 1.4 0449
1.1 0325, 1.1 D& 1.2 456
1.2 0384 1.2 5. 1.3 D471,
1.3 LEY( 3 ) ST, 5 .2 b23a,
& 2 238, .3 053, 3 D254
3 0252 R onse. K3 D274,
R 1287 .3 0214, . [}
.5 4312 N1 D245 & 027a.
] 351, 7 333. T 0299,
o7 0359, +B . .8 ol
.a or. o . .9 03,
9 75. 1. 0504, 1.0 0313,
1.0 0514, F - D225 1.1 0321.
1.1 0505. - D244, 1.2 0336.
1.2 0528. & 0252, 1.3 0340
8 .2 69, . 0281. 1.4 D375.
-3 o303, - 0301. i 2 0228
R 0293, T 032B. ] 02452,
o3 0293, B 0348, 4 284,
. 0293, B 0380, 5 249,
T u2ra. 1.0 03;. N 0252,
.8 0265. .1 4389, 7 0249,
.3 0233, 8 .2 241, . 0242,
1.0 02146, 3 0258, -9 0229
1.1 0251, - 0254 . 1.0 D212,
2 . B224.. .5 . 1.1 0209,
3 0222, N D265 . 1.2 0227,
- 0224. .7 0250. 9 .2 0215.
- 02, ) 0235, 3 D234,
- 0236, 9 0217 o DZédz.
T 0230, 1.0 o212, .3 228,
B 0220, 1.1 o230, N 225 .
. 0202, 1.2 0220. .7 D225,
1.0 0211. 9 F 0217, .8 0223,
§.1 Q227. .3 0223. 7 0205.
2 2 028%. - 0230, 1.0 184.
- 0290, o3 0225, 1.1 o128,
. 09, 6 g227. 1.2 M55,
N 03zg. -7 o201. 1.3 0230,
N} 0335. -8 D182. 2 .2 g218,
0365. .7 8190. .3 8219,
.8 . 1.0 0203, -4 0229,
.9 0395, 5 .2 0z31. .5 0263,
1.Q D521, P 0255, & 264 ,
1.1 pe3a. b 02¥%. 7 0275,
3 2 o173, K] 70, B 0298,
.3 0185, & 31T, B 0345.
o 0229, i 4 0324, 1.0 0373,
3 0274, B 0329. 1.1 78,
.5 0327, 5 0322. 1.2 0501,
.7 0348, 1.0 3. 1.3 98,
8 0439, 1.1 0359 1.4 o412,
+7 0493, 1.2 037%. 3 .2 0133,
1.0 0542, & -2 0209, .3 D152
7 .2 0224, 3 224 N 01546,
-3 0292, R4 0247. .5 0189.
0351. 5 0284, ) 0226.
5 0413, .5 7 0254 .
. 0447 -7 0337 .8 0323,
-7 QLEn. .B 9. .9 0375.
B 0457, ] 0639, 1.0 &85,
. 04L4%. 1.0 2. 1.1 .
1. i3, 1.1 D57 7 2 maz,
1.1 0452, 1.2 . 3 D256,
4 0300.
.5 D320,
N} 0385.
.7 0439.
JB Da&s.
K D418,
1.0 D&03.
1.1 034,



TUBE-DEPTH DATA
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ALCESS DEPTH
TUBE Ko. (M.}
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1 Harch 1987
ACCESS DEPTH  JUBE-DEPTH DATA
TUSE Ho. M.} HEAS. COUNT

] .2 1222

-3 0225

. 0238
3 0284,
- 0292,
N 0327.
] 0370.
A 0438,
. 0450,
1.1 D44y,
H .2 0247 .
3 0237.
4 0z72.
- az2ez2,
Jh Qz2e8.
.7 o304,
-8 0320,
.9 0312,
1.0 0320.
14 0330,
1.2 0359,
1.3 0389,
-] .2 025¢.
.3 0243 _
b D24K.
-5 0249,
.5 nz2ig,
W7 0232,
.8 0223,
- G208,
1.0 az07,
] .2 D223y,
.3 0230,
& 0230,
0225,
N o219,

v 0205

0
R 0183,
1.0 o193,
2 .2 o239,
. 023z,
. 0249,
. 245,
-] uz2re.
v o318,
o 0340.
K 0245,
1.0 0354,
1.1 0389,
1.2 0393,
1. 0404,
3 e 0148,
3 0153,
5 0149,
5 a9,
K 0235,
.7 0290.
- 0348,
. 0435,
1.0 0484,
[4 .2 0204
-3 0284
A 0298,
.5 o,
& 0370.
~y 0400,
B D422,
7 .
1.0 0410.
1.1 039z.
1.2

2% Morch Y9E3

ACCESS DEPTH  TUBE-DEPTH DATA
TUBE No. {M.) HEAS. COUNT

3 0386.
4 3468,
5 p3el.
& 0293.
- 0297.
8 D310,
R 0320.
1.0 0310.
1.1 037,
1.2 0324 .
1.3 0362,
1.4 03E9.
b .2 0335,
-3 0344,
oA 0335,
B 25,
b 03as,
Ny 0314.
.B ma2z,
.9 0325.
1.0 357,
1. 0420,
1.2 0438,
1.3 019,
1.4 0423,
8 .2 0405,
-3 0359,
4 0335,
5 1305.
-] D261,
.7 024y,
.4 D227,
.2 0227,
1.0 0208.
1.1 0212,
1.2 0233,
9 2 o3re.
3 0357,
o 0304,
.3 0248.
. 0225.
o7 gz221,
? .2 0206,
2 .2 0370,
3 1358,
o o348,
5 0334,
& 0324.
g 031.
R:] o33,
8 0335.
1.0 0362,
1. 0362,
1.2 o3vo.
1.3 AZ.
1.k 0397,
3 .2 0356,
3 0338,
4 02y,
o3 0249,
& 0251.
7 0297.
.B 0343.
R 0434,
1.0 0487,
7 .2 0351.
-3 D3vy,
o 0519,
] D473,
N-) D494,
T TOLEO
B 0L59,
9 0408,
1.0 03%4.
.1 0531,




APPFNDIX F 3

TENSIOMETER RECORDS



Tensiometer and avisture block readings

tor the fuerbekom catchment area

e P T e e LS e e i e

fate |Arcess tube Ne.jTensiuneter depth {ced(Height of nercury {am) [Hoisture block dapth (ca) |Reading on moisture aeter
20,3.85 l 3o 38
Jo 1M
&0 23
2 30 52
3 120
b8 187
60 174
99 126
7% 123
120 149
120 210
] 30 200
10 225
&0 14
b0 208
27.1,85 | 30 N
Jo 150
50 248
4 30 o7
3 120
&0 173
40 181
90 (4
2 13
120 &1
129 210
N 0. 155
30 m
40 b4
60 234
3.4,85 i .36 m
L1} 130
40 280
2 3t b 2
3 118 10 2
40 2i5 10 2,2
80 15% 30 12,2
%0 43 b 2.25
50 118 bb ]
i20 &0 40 2.5
120 215 90 2
L 1.3
] 30 92
30 240
b0 73
¥l

&0




Tensiometer and moisture block readings
for the luurbekom catchment ared

Date [Access tube Mo, |Tansiometer depth fce}]Helght of oercury {aaljHolsture block depth ical|Readlng on soisture neter
6.1,83 1 J0 Bk
30 58
40 281
z 10 4
30 133
50 214
&0 144
2 140
90 138
120 L6b
120 248
3 . 10 751
30 303
40 211
50 83
14.3.85 1 30 BA
30 112
40 139
2 3 H
10 i
0 13
&0 148
90 129
0 L8
120 47
120 184
3 J 147
] (62
&0 1.1
50 122
15,3.09 [ 30 32
30 84
&0 151
2 KL 108
30 - 143
40 178
40 , 182
%0 138
90 128
120 155
120 12
3 3 142
3 180
40 202
&0 i




Tensiaseter ind aoisture block readings
for the Iuurbekon catchaeat area

Date [Access tube Mo, [Tensioseter depth lca) |Hefght of seecury lexi{Molsture black depth {ca) (Reading on molsture meter
104,983 l 10 42
130 124
k0 riig
? 10 7 10 o
10 107 10 25
b0 0 30 25
ko 172 30 A3
%0, L] a0 53
20 114 &0 i
i [y Ll o
120 1:]3 i A
k| Al 32
I 219
ab 109
&0 175
8.5.85 1 vandel i sed
2 30 b 10 .25
10 3 10 )
&0 122 10 .25
al 133 30 3
80 52 60 J
90 127 60 )
120 54 50 )
120 m 90 3
K| 10 240
n (113
&b 162
LI 180
15.5.85 2 k11 4 1o .28
30 &b (0 31
60 130 X .28
50 100 1 4]
90 104 k0 25
0 74 L1 23
120 L) %0 125
120 142 20 ol
h| 36 193
10 168
b
b 141
22.5.85 ] 30 53
36 )
b0 147
£ 110
0 n
% 102
120 i18
' 120 144
3 30 ]
b1 159
ko
bl 127




Tensioaeter and anlsture block readings
tor the Ivurbekoa catchaent area

CEBe

‘Bate )Accenn tube No.  Tensioaster depth {cal|Height of sercury (xa)[Moisturw biock depth {ca)|Reading on soisture meisr
5.4,68 2 30 83
3 L
b0 120
&0
0 [t
bl ]
120 130
120 113
12,4,88 2 30 5
0 n
&0 ¥(]
&0
90 102
20 102
§20 132
120 130
19.6.0% 2 k(1] 30
30
b0 175
&0
80 %
90 (00
120 129
120 140
21.2.84 B 50 3 0 1
S0 200 50 1
30 broken 30 1.7
50 berokan 50 1.7%
2 30 %0 0 4
30 210 10 W25
L1} 150 h i ..
b0 30 30 4,25
1) 2.5
&0 B
i §
£.3.88 ] 50 260 56 N
56 o 50 J
50 kenbro 50 3
50 troken 50 .48
2 30 150 if o
30 230 10 29
50 130 3 5
0 50 b 4,28
&8 §.3
b0 B
0 4




Tanslometer and aclsture hiock raadings

for the Iuurbekos catchusnt arma

Date [Accass tube Ho.[Tensionster depth (cal Haight of mercuey (as) |Molsturs biock depth {(ca}|Aeading an soisture aeter
13,3.86 ] 50 broken L1 o
30 175 30 o
S0 180 L] o3
© 50 140 30 N
2 30 140 i} 10
3 Ho i8 10
&0 &0 3t W3
40 70 30 218
&0 i
L1 !
%0 |
20.3.8% ] 30 i 30 W
50 - ki 50 o4
3 124 50 73
30 2.4 %0 it
2 3 133 10 i0
n 143 10 10
80 2l 0 3.4
b0 188 K[ F i b
ko ]
& ol
%0 o
26,3.86 ] 50 5 30 25
50 240 50 2
50 2% 50 13
50 20 30 W
2 30 140 i 1.7%
hJi] 23 it 28
40 195 30 L)
b0 33 30 V3
b0 3
b 3
7 139
1486 ] 50 rys] 30 28
30 A 30 V28
10 193 10 '
L[] 228 50 ]
2 3 brockan 10 0
3 20 10 0
40 310 N 0
40 412 M [l 28
&0 1 33
b0 + 28
30 V28




Tensloseter and moistere block readings
for the Iuurbekon catchmeat arm

Data [Accass tubs No.|Tensloseter depth (cm) [Helght of wercury {na)|Moisturs block depth (ce) {Reading on ao{sture seter

10. 4,85 B 50 230 30 1 23
30 283 L1} 28
50 240 50 A
5 253 30 23
2 ki ] 10 28
30 243 1y 23
40 225 30 13
40 i3 30 W28
80 33
b0 25
L 25
14.4,B8 ] 50 170 50 R
50 i40 0 25
3 12 50 3
50 173 50 3
2 3o 143 i0 10
30 130 10 10
b0 159 b i 213
&0 200 D 10
50 b]
b0 3.3
0 .25
24.4.88 g 30 213 50 3
50 203 36 23
50 1% % N
50 13 30 o8
2 ki 158 10 §
3 203 10 19
b0 243 30 W78
80 200 ¥ .10
b0 3

40 1.7
%0 A3

15,88 B 50 o 30 2
50 100 5 3
50 50 5 %
50 100 b o
2 k1l 143 it {0
3 178 10 10
80 i 10 g
! 5 260 I8 ?
80 ]
b0 5,3
50 28




E.3.7.

Tensioseter and anisture block readings
for the Iucrbhekos catthaent area

Date |Access tube No. [Tenslonster depth (cad |Helght of ewrcury (and[Moisturw biock depth ice) {Rrading on moisturn aster
B.5.84 8 50 r¥i 10 )
30 9 B[] g
30 118 50 W75
30 %0 30 o3
2 i i 10 7,23
Jo 00 10 513
. &0 H L n o3
b0 230 0 ]
&0 L}
&0 4
&0 .23
15.5,84 | 39 13§ 50 v23
: 50 248 10 25
50 183 L[] .5
30 248 L) 4]
] 30 {54 i0 !
3 214 10 23
&40 18% 30 29
40 N 3 |
&0 1,25
&0 .15
90 123
21.3.86 8 50 210 1] 33
] %0 50 .25
50 198 50 25
30 182 50 25
2 30 I 10 28
» 78 10 W]
&0 203 30 28
&0 FL! hJi] 8
40 3
0 ©
30 25
30.5.84 ] 50 202 50 25
-} 194 50 &)
50 0 30 25
50 58 50 2
2 0 Vandalised 10 0
H Vandalised 10 0
] Vandalisnd 30 0
40 Vandellund 30 23
40 28
40 25
§0 23




F.3.8.

Tens|oneter and soisture block readings

$or the Ivurbekos citchsent area

Dats |Access tube No.|Pensiocmstsr dupth (cubfHeight of mercury (ma}|Mofisture Block depth {ca)|Reading on molsturs sater
3.4,86 | 50 Vandel {and b1 23
S0 Vandel i sud 50 2
50 Vandel{aed 50 28
50 Vandel 1 sed 50 ¥t
2 ¥ Vandalised 19 %.2
» Vandel{sed i0 9.3
&0 Vanda){sed 3 23
i Vandel lsed 3 23
L W23
& 13
50 23
12.6.86 g 30 198 50 A3
10 197 30 31
L[] 163 50 ]
10 147 50 221
2 k[i] 140 10 ?
10 gana 10 9.5
40 e 30 29
80 289 10 23
b0 |
&0 2
9 28
19,5.88 ] 50 135 30 W23
2 4 30 W
50 %0 50 0
30 il 10 W23
2 30 140 10 8.3
hJi] qone 10 B.%
80 210 30 0
&0 200 30 25
80 0
&0 0
0 0
21.6.88 ] 50 173 50 23
50 210 30 23
9 143 9 28
50 2% 50 23
2 30 14 {0 3.3
30 gons 10 3.23
] 183 A1 3
50 257 30 T
&0 W23
&0 W23
%0 i)




F.3.9.

Tensfoaster and aofsture Block ceadings
for tha Zuuchekoa catchsent area

Date JAccess tube Ho.|Tensioaetar depth {ce)|Height of mercury (as){Moisturs block depth (cal}|Reading on walsturm satar
3. 1.88 ] LI 200 50 h]
50 80 b1 28
30 : §2 50 28
30 238 50 ]
2 30 vandal lnad 19 .25
10 vandel1vad b] .25
b0 vindnl fand 30 1
&0 vandelised 30 )
&0 25
&0 28
%0 ¥ 4]
10,7.8¢ ] 30 00 ' 50 23
} L] 80 50 <]
10 9.2 30 ]
30 PR 50 25
2 30 vande) {amd 10 2
0 vandelined 10 |
&0 vandel{ned 30 |
50 vanda) {sed Bl 25
1] 29
40 128
%0 + 28
23.7.84 8 50 125 5 21
50 145 50 23
30 vandelland 50 5|
a0 L1 50 23
2 1] vandal{sad 10 23
30 vands) i1nd i9 125
50 vandel {sed 30 25
0 vandel(snd 30 23
&0 .23
4 .23
D] 29
7.8.84 | 30 i7h 50 . ]
30 190 50 28
50 138 50 25
50 4 50 .28
2 n vandelland 10 23
30 vandelised o 23
b0 vandalised 30 .28
& vandallsed 3 23
&0 W
o ]
{0 28




Tensloaeter and acleture biock readings
for the luurbekoa t:ltcr_mnt arnd

Date |Access tuba No, (Tensiometer depth (ca) [Height of aercury (ms) [Molsture block depth {ce){Rwading on solsture aeter
14, 8,84 B 0 180 50 25
50 vandel | sed 3 i
30 vandel | aad 50 W23
50 vande! l1ed 30 N
2 30 vindel {2ed 10 25
N vandal|sed 10 k|
40 vapdal i sed 30 i
80 vandsl]aed 3 221
40 23
3] ' 28
%0 29
20.8,88 ] 10 140 50 25
' 50 30 23
50 1] 25
50 50 25
2 b 1 {0 28
0 10 29
&0 k1] 23
40 30 .25
50 ;29
40 2
%0 125
3,8.84 ] 50 122 30 + 29
5 50 223
50 50 225
30 50 %]
2 30 19 10
30 10 10
40 30 &
80 30 I
B 2%
&0 . 2
0 Wi
10.9.88 ;| 50 190 50 N
50 L1} 3
L[ 30 _ 73
50 10 73
2 K] [0 9.5
k1] {0 9.8
&0 30 1,23
80 30 L]
&0 .29
&0 v 29
30 25
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Tenaloseter and solstura block readings
for tha Iuurbekos catchaent arm

Date |Access tube No.|Tenalometer depth (callHelght of ssrcury (sn)[Holsture block depth (o} |Reading on molaturs nater

17.9.84 ] 50 170 50 i
50 3 W%

a0 S 13

30 50 4

2 30 {0 6,3

30 10 3.4
&0 3 )

&0 30 1.3
40 k|
50 ]
0 0

24.%,85 . 8 30 70 30 W8
’ 50 10 d

3 4] o

50 3t o

2 i 10 4,23
. 30 {0 i
&0 30 i3
&0 h} 2

(3] ' 25
&0 {

¢ Y5

1.10.86 8 30 190 50 23
50 30 ¥

30 5o 28

30 0 23
2 k0 10 !

k1] 10 ¥t

] 30 ol
&0 30 : 1

B 1 1,3

40 23

%0 25

13,10.84 ] 30 305 30 25
30 50 ' 25

L[] 50 25

50 50 23

2 J0 10 15

30 10 1%

&0 30 . 2

&0 - 10 W2

&0 o2

&0 o2

70 of




E..3..12

Tensioceter and soisture block readings
for the Iuurbekon catchasnt area

Date {Accesd tube Mo, [Tensioaster dapih {cal|Height of mercury {aa}{Molsturs block depth (cs) [Awadlag on aoisturs aeter
22.10.84 8 30 130 30 V25
50 30 28
50 50 28
90 50 28
1 30 10 19
30 10 10
b0 b1} 23
50 30 2%
40 25
80 28
0 ¥
29.10.88 8 30 142 50 1]
50 50 5
50 30 3
{1 Jo 3
1 - 30 10 é
30 10 ¥
&0 W 10
&0 AL 1¢
b0 1
bo 3
90 2
i3.11.8¢ 8 30 280 50 o3
50 50 '3
30 5 3
30 50 5
1 30 10 i0
30 10 3
40 30 3
b0 LY 10
T ¢
&0 B
90 - 10
19.11.84 8 50 173 i0 g
50 30 d
30 ] .
50 50 1)
2 3 10 4
30 10 2
80 30 i0
&0 30 10
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APPENDIX F 4

INFILTRATION TESTING



Fedris

APPENDIY F 4

INITTAL INFITTRATTON STUDIES

1. INTRODUCTION

Infiltration rings were set up at Zuurbekom on the 14 July 1985 to try and
get an idea of the infiltration properties of the swrrounding soils.

2. DES(RIPTTION OF APPARATUS

The double ring infiltrometers used consist of steel cylinders with an inside
diameter of 308mm and a height of 300 mm. The area of the inner ring was
754cné. The volume of water required for a S0mm and 100m depths of water was
3770 c and 7540cm’. Other apparatus included a range of augers, weighing
apparatus and drying apparatus.

3. METXOD

Three double ring infiltrometers were used at each site. They were pushed
into the soil to a depth of about 40cm, and the inside and outside edges were
waxed into the soil. Water was poured into two of the rings (corresponding
to depths of 5cm and 10cm respectively) and timed to see how long it tock for
the water to enter the soil. A third ring with no water was used as a
control. The tops of the rings were sealed to prevent evaporation, and 24
hrs later the soil was mechanically augered using a selby auger. Soil samples
were collected every 10 om vhere possible using the selby auger, and further
samples were collected using a screw type auger whenever the selby auger could
not be pushed further into the soil. The moisture contents and densities of
the soil collected with the selby auger, and moisture contents of the soil
samples were measured.

The results are sumarised in Table F 4.1 and illustrated diagrammatically
in figures F 4.1 and F 4.2.



4.  RESULTS

10 cm water added on 11/7/85 at 9.00 am.
10 cm water added on 14/7/8% at 9.00 am.

Augered on 15/7/85 at + 9.00 am.

F L 4'0'21

S01IL MASS OF MASS OF MOIST CONTEMT DENSITY DENSITY
DEPTH WET SCIL (g) | DRY SOIL (g) | % DRY MASS WET DRY
0 - 10cm 234,85 208,7 12,53 & 1695 1506
0 - 20cm 239 214.,4 11,47 & 1725 1548
0 - 30cm 271,9 243,2 11,80 % 1963 1755
0 -~ 42cm 301,8 268,8 12,28 g 1815 1617

44 - 8lcm 528,2 475,1 11,18 & NO DEMSITY
SCREW AUGER

5 cm water on 11/7/85 at 9.00am.

5cm water on 14/7/85 at 9.00am.

S0IL MASS OF MASS OF MOIST CQONTENT DENSITY | DENSITY
DEPTH WET SOIL (g)| DRY SOIL (g) | % DRY MASS WET DRY
0 - 10cm 257,2 226,50 13,55 % 1856 1635

10 - 20cm 233,8 212,13 10,13 % 1688 1532
20 - 30cm 231,3 210,8 9,72 & 1669 1521
30 - 42cm 295,00 273.8 7,74 % 1774 1647
52 - 100cm 494 .9 493,10 0,37 % NO DENSITY
SCREW AUGER




Eod.3.

CONTROL - No water added

Augered - 15/7/85 at + 9.00 am.

SOIL MASS OF MASS OF t40IST CONTENT | DENSITY | DENSITY

DEPTH WET S0IL (g)}| DRY SOIL (g) $ DRY MASS WET DRY
0 - 10cm 155,2 148,1 4,79 § 1120 1069
10 - 20cm 187,5 178,7 4,92 % 1353 1289
20 - 30cm 261,5 248,4 5,27 % 1887 1793
30 - 40am 214 203,3 5,20 % 1544 1467
40 - 50cm 255,1 240,2 6,20 % 1841 1734
50 - 60cm 243,8 227,5 7,16 % 1760 1642
60 - 75cm 386,7 356,5 8,47 % 1861 1715
75 - 105cm 502,7 464,5 8,22 % NO DENSITY

SCRBW AUGER




F.4.4

BENSITY | Kg/m3)

20

5400

* L T
a 0o 20 30 10 103 a0 - 70
REFTH {cml

FIG F 4.1 PBULK DENSITY WITH DEPTH : INFILTRATION TESTS

~——
1 \ =t I0c WATER

CONTROL

PERCENT MOISTURE
o

1 \
+ Sam WaTER

o a 20 10 0 50 &0 10 80 %0 o0 na
DEPTH Ieml

FIG F 4.2 MOISTURE OONTENT WITH DEPTH : INFILTRATION TESTS



ACESS TURE 5

WATER ) 2 3 4
ACDITIONS 12.14 12.35 13.05 13.35
TIH-E 11.40 {12.20 12.30 12.55 13.10 13.30 14.05 14.25 14.495 15.00 15.20 10.30 10.30
DATE 4.11.85(4.11.85(4.11.85 | 4.11.85 | 4.11.685 | 4.11.85 [ 4.11.85 | 4.11.85 | 4.11.B5 | 4.11.85( 4.11.685 5.11.85 | 6.11.85
CoMENT Ho wetting (wetting | wetting | wecting | wetting | wetting | Prying prying Drying | Drying Dryim Dryim
water
NEUTRON FROBE READINGS (Hg water/ws)
DEPTY
{m}
a2 196 232 316 337 341 342 338 308 302 231 283 224 202
8,3 211 230 212
0,4 27 215 237 308 310 k3] le:] 297 285 285 2718 235 225
0,5 208 238 224
0.6 1 201 263 300 296 288 217 269 265 269 234 225
0,7 178 2495 232
0,8 163 159 166 186 269 288 284 284 286 B0 253 a3
0.9 164 259 248
1,0 66 168 165 167 275 295 295 293 205 268 253
1,1 166 284 266
1,2 174 176 229 292 Elrs] 7 o 282
1.3 183 . a1z 289
1.4 196 . 1% 199 210 227 320 302
1.5 215 215 221 221 338 327
WATER AIDITIORE
TIME QUANTITY INMER DEPTH IHNER GURNT OUFER DEPTH OUTER TIME SUMK IN INFILTRATION RATE INNER
ADDED RING {Litres) {cm) {Licres} {cm) {inner) {cm/h)
1 12.14 10 . 5,1 k] 5,2 12.38 14,57
2 12.35 10 5.1 30 5,1 13.05 10,2
3 13.05 10 i 5,1 30 5.1 13.35 10,2
4 13.35 10 5,1 k(4] 5.1 14,05 18,2

"p.ff‘_‘}




AIFS] TUEE 5

WATER MOVEMENT AND LOSSES TN INFILTRATTON EXPERIMENT

A WETTING
TIME DURING ACTUAL AMONIT OF CALCULATED (Erom results) AMDLNT OF WATER [05S FR(M WATER GAIN IN SYSTEM
EXPERIMENT WATER BNTERED INTO SOIL WATER ENTERED INTO SOIL SYSTEM {(Litres)
(Litres) (Litres) {(Litres)
12.20 3.0 2.4 0.6 0
12.55 17,0 14,3 2,7 0
13.30 28,3 17,9 10,4 0
14,05 40,0 24,59 15,5 s]
14.45 40,0 27,0 13,0 0
{Drying}
15.20 40.0 21,3 12,7 0
(Drying)
B DRYING (Redistribution)
TIMES DURING DRYING WATER L0OSS TQ LOWER DEPTH OR WATER GAIN IN LOWER DEFPTH OR WATER DIFFERENCE
WATER [0SS FRQM UPPER LEVEL 1055 FROM UPPER LEVEL {WATER LOSS FROM SYSTEM)
(Litres) (Litres) (Litres)
14,05 - 14.45 3,3 4,7 GAIN = 1.4 1
14.45 - 15.20 1.8 1,6 0.2

gy




DEPTH OF SOIL (m}

0.2

©H-85

10-30
51-85 4:11- 85
4-11-85 10-30 A
11-40 4-11.85 4.4-85 -3 A

EEFORE WETTING 1520 14-45 14-05 X

TR T A s i - 4-11-B5 / /s ot 13-30
24.10-85
¥ L) ] ] 1

300 390

IS0

SOIL MOISTURE { Kg/m3)

-

'




AOCESS TUEE &

WRTER 1 2 3 4
ADDITIONS 9.10 9,28 9.55 10.24
TIME 8.45 | 9.15 ] 9.20 9.45 10.02 10.20 10.55 | 11.15 11.35 14.25 |NEUTFON MDISTURE GUAGE BROKE
DATE 6.11.856.11.85[6.11.85 | 6.11.85 | 6.11.85 | 6.11.85 | 6.11.85 | 6.11.85 | 6.11.85 | 6.11.85| DOWN ~ READINGS STOPFED
COMMENT Ho wetting|wetting { wetting | wetting | wetting | wetting | Dryimg Dryirng Drying
water
NEUTRON PRCBE READINGS {Kg water/m3)
DEPTH
(m} .
g2 153 187 223 339 351 350 333 300 289 215
0,3 174
0,4 189 186 192 29 N4 313 311 299 297 246
0,5 200 A
0,6 211 210 232 281 300 klnd 296 291 248
0.7 226
0,8 227 228 238 272 310 309 308 269
0,9 230
1,0 229 232 228 299 334 ags 316
1,1 233
1,2 220 218 221 239 338
1,3 204
1,4 211 224 213 210
1,5 221
1,6

n
3| g
:

QUANTITY INNER| DEPTH IMNER QUANT CUTER DEPTH CUTER TIME SUNK IN INFILTRATION RATE INWER
RING {Litres) {cm} {(Litres) {cm) {irmer) {cm/h)

1l 93.10 10 -5,1 30 Sl 9.28 17.0

2 9.28 10 5.1 30 5.1 9.35 11,33

3 9.5 10 5.1 30 5.1 10.24 10,55

4 10.24 10 51 30 5.1 oy 10,54 + 10,20

R Bt A




ACCESS TUEE 6

WATER MOVEMENT AND LOGSES IN INFILTRATI(ON EXPERTMENT

WETTING
TIME PURING ACTUART, AMOUNT QF CALCULATED (from results) AMODUNT OF WATER LOSS FR(M WATER GAIN IN SYSTEM
EXPERIMENT WATER ENTERED INTOQ SOIL WATER ENTERED INTO SOIL SYSTEM {Litres}
{Litres) (Litres) (Litres)
9.20 5,55 4,5 1,05. 0
9.45 16,29 16,10 0,10 0
10.20 28,62 22,00 6,62 1]
10,585 40,00 22,94 15,08 0
11.35 40,00 22,00 18,00 0
{brying)
14.25 40, 00 16,00 24,00 0
{Drying)
DRYING {Redistributrion)
TIMES DURING DRYING WATER LOSS T0 LOWER DEPTH OR WATER GAIN IN LONER DEPTH OR WATER DIFFERENCE
WATER LSS FROM UPPER LEVEL LOSS FROM UPPER LEVEL {WATER LDSS FROM SYSTEM)
(Litres} {Litres) {Litres)
10.55 - 11.35 3,3 2,7 0,6
11.35 - 14.25 10 3.1 6,9




DEPTH OF SO [(m])

0,27

0,4 -

0,6 -

0,81

1,0

61185
B8-45

1
250
SOIL MOISTURE (Kg/m3)

A




1st access tube near tube B

INFILTRATION

Time 11.45 16/9/85 Prior to water addition

TIME DEPTH COUNT RATIO KG 1m3
11.45 2 m 265 174 107
,3 s .209 120
4 334 .220 137
.5 343 ,226 141
.6 3% 0234 147
7 360 , 237 149
B n 244 153
,9 398 ,262 165
1,0 483 ,318 201
1,1 561 ,369 233
1,2 577 ,380 240
1,3 613 L404 255
1,4 664 ,437 276
1,5 672 ,442 279
1,6 666 ,438 277
12.05 1,7 709 467 295
Time 12.45 on 16/9/85
TIME DEPTH OOUNT RATIO KG 1m3
12.45 .2 669 , 440 278
.3 622 409 259
4 585 ,386 244
.5 609 ,401 253
.6 617 L4056 257
.7 624 A1 259
.8 716 471 208
.9 T2 ,515 325
1,0 813 .535 338
1,1 884 ,582 367
1,2 884 ,582 367
1,3 880 ,579 366
1,4 951 626 396
1.5 921 606 383
1,6 m ,508 320
13.06 1.7 719 ,473 299

Water added at 12.00 {20 1)

Readings taken at 12.15 on 16/9/85

TIME DEPTH COUNT RATIO KG 1md
12.15 ,2 631 ,415 262
'3 565 L3712 235
B 615 LA 256
,5 646 ,425 259
.6 642 423 267
.7 674 ,444 280
B 765 504 318
,9 821 ,540 341
1,0 847 ,558 352
1,1 886 ,583 368
1,2 897 ,591 373
1,3 927 ,610 s
1,4 as7 630 398
1,5 923 608 334
1,6 711 481 g
1,7 7 475 300
12.37
Time 13.15 on 16/9/85
TIME DEPTH COUNT RATIO KG 1m3
13.15 ,2 666 ,438 277
,3 614 ,404 255
4 590 ,383 245
/5 591 ,389 246
.6 588 , 387 245
.7 617 , 406 257
.8 694 ,457 288
,9 748 ,492 3Ll
1.0 - 792 ,521 az9
1,1 B56 ,564 355
1,2 865 ,569 359
1.3 873 575 363
1.4 942 620 392
1,5 902 /594 375
1.6 775 ,510 322
13.36 1.7 719 473 299

hbIeId L
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Time 11.25 17/9/85

TIME DEPTH COURT RAT'IO K& 1

11.25 2 54)1 383 230
.3 554 £372 235

- 528 »355 224

5 507 »340 215

.6 508 341 215

7 509 . 342 216

8 522 351 221

9 553 371 235

1,0 618 429 271

1,1 161 .51l 323

1,2 To4 513 324

1,3 782 925 331

1.4 826 . 955 as0

1.5 814 . 547 345

1,6 172 ,514 327

11.45 1.7 742 , 408 315

Augered at 11.55 17/9/85

Gravimetric Recults for soil augered in control area

DEPTH | 3 MOIST Kg/m? & MOIST Kg/m?
CONTROL + 50 litres Hp0
+2 3,78 Fal 9,87
«3 4,39 B2 10,59
o3 4,77 B9 12,48
-] 5,22 o8 12,59
i) 5,56 104 13,01
7 5,80 109 12,64
H 6,19 116 11,46
9 6,88 129 9,64
1,0 9,14 171 9,52
1,1 10,22 192 10,64
1,2 11,06 207 11,17
1,3 11,78 221 10,92
1,4 12,74 239 12,94
1,5 12,00 225 13,29
1,6 12,85 241 12,34
1,7 13,495 252 12,45
1,8 14,08

Prior to augering
GRAVIMETRIC RESULTS (+ 20 licres)

% MOIST| Kg/m3
9.37 176
9,17 172
9,26 174
9,54 179
9,13 171
9,90 186

10,28 193
11,00 206
12,78 239
14,49 272
12,94 243
15,32 287
15,11 283
14,42 270
13,67 256
13,82 259

INFILTRATION TEST

Inner ring 50 litres
Outer ring 45 litres

1. 692 min for 2 litres water
2. 7,29 min for 2 litres water

Average = 863 mm/hr

et




AQCESS TUBE 8

WATER 1l 2 3 4
ADDITIONS 11.30 11.57 12.55 13.55
TIME 10.58 | 11.58 12.21 | 12.30 | 12.40 12.55 13.38| 14.1In 14.36 15.08 15.16 15.36 16.00 14.40
DATE 7.10.8B5{7.10.85(7.10.85|7.10.85]|7.10.85|7.10.85(7.10.8517.10.65,7.10.85(7.10.85 17.10.85(7.10.85]7.10.85|B.10.85
COMMENT No wetting|wetting|wetting{wetting|wetting|wetting|Drying {Drying |[Drying |Drying [Drying [Drying | Drying
water
NEUTRON PROBE READINGS (Kg water/m3)
DEPTH
{m)
0,2 118 337 352 357 347 348 358 359 354 354 350 34 330 240
Q,3 1% 323 343 340 329 232
0.4 139 320 347 348 354 344 a57 362 32 352 35% 342 331 222
a,5 145 332 352 355 345 233
a,6 154 334 345 357 343 348 357 366 362 357 347 358 348 241
Q,7 150 321 348 348 342 244
.8 143 324 KhR 318 317 321 332 345 347 350 KLAS 348 343 24
¢,9 144 328 335 332 338 235
1.0 129 305 283 276 269 271 215 300 309 312 ais 315 31l 217
1.1 121 257 27} 75 2681 1%8
1.2 117 230 A7 2% 241 24 254 260 | 201
1.3 125 205 224 220 238 202
1,4 131 189 206 202 | 208 205
1,5 151 220 218 210 216 226
1,6 174 226 220 230 224 235
WATER. ADDITIONS
TIME QUANTITY IMNER| DEPTH INNER QUANT OJTER DEPTH CUTER TIME SIMNK IN INFITTRATION RATE INNER
ADDED RING {Litxes) (cm} (Litres) (cm) {immer) {cm/h})
1 11.30 20 10,2 60 10,2 11.57 22,67
2 11.57 20 10,2 60 10,2 12.55 10,55
3 12.55 20 10,2 60 10,2 13.55 10,20
4 13.55 20 10,2 60 10,2 15,08 B,3B

L+g

bt ™
v




AOCESS TUBE B

WATER MOVEMENT BND LOSSES IN INFIUTRATICN EXPERIMENT

WETTING
TIME DIRING ACTUAL, AMOUNT OF CALCULATED {fram results) AMOUNT OF WATER LOSS FROM WATER GAIN IN SYSTEM
EXPERIMENT WATER ENTERED INTO SOIL WATER ENTERED IHTO SQIL -SYSTEM {Litres)
(Litres) {Litres) (Litres)
12.40 34,83 29,06 5,77
13.38 54,33 36,55 17,78
15.10 80,00 46,76 31,24 v}
DRYING (Redistribution)
TIMES DURING DREYING WATER 1055 TO LOWER DEPTH OR WATER GATN IN L{WER DEFTH OR WATER DIFFERENCE
WRTER LOSS FRCM UPPER LEVEL 10SS FrRM UPPFER LEVEL {WATER LOSS FROM SYSTEM)
(Litres) {Litres) (Litres)

b._'_:] —




ACCESS TUBE 8

WATER
ADOITIONS
TIME 11.45 | 11.10 | 15.30
DATE 9.10.85{11.10.85[16.10.85
OOENT |Drying | Drying | Drying
water
NEUTFON PROBE READINGS (Kg water/m3)
DEPTH
(m)
0,2 210 173 119
0,3 206 175 123
0,4 208 183 140
0,5 210 187 142
0,6 225 197 156
0,7 221 197 154
0,8 217 186 152
0,9 207 178 145
1,0 187 163 134
1,1 169 147 125
1,2 169 147 120
1,3 173 152 129
1.4 186 160 137
1,5 198 178 155
1,6 - 227 210 182
WATER ADDITICNS
TIME OURNTTTY mm:ml DEPTH INNER QUANT OUTER DEPTH CUTER TDME SUNK IN INFILPRATION RATE INNER
ADDED RING (Litres) (cm}) (Litres} {cm) {imner) {cm/h)

-




DEPTH OF SOIL (m)}

0,2
Q.4+
0.6"

.8

(P

i6:10-85
15-30

DRYING

11-10-85
1o

9-10-85
[I§}-]

8-0-85
14-40

_WETTING_FRONT

SOIL MOISTURE [ Kg/mS)

- t ..!._j -
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AQTESS TUEE 9

WATER MCVEMENT AND LOSSES TN INFIUTRATION EXPERTMENT

A WEDTING
TIME CURING ACTUAL AMOLNT OF CALCUIATED (from results) AMOUNT OF WATER IDSS FRO4 | WATER GAIN TN SYSTEM
EXPERIMENT WATER ENTERED INTO SOIL WATER ENTERED INTO SOIL SYSTEM (Litres)
{Litres) (Litres} (Litresj
. 11.30 23 24,5 a 1,5
12,60 35,5 32,2 3.3 0
13.05 48,00 41,4 6,6 0
13.38 75,6 45,4 30,2 1]
B DRYING (Redistribution)
TIMES DURING DRYING WATER LRSS TO LOWER DEPTH OR WATER GAIN IN LOWER DEPTH OR WATER DIFFERENCE
WATER 10SS FRCM UPPER LEVEL 1055 FRCM UPPER LEVEL (WATER IDSS FROM SYSTEM)
(Litres) {Litres) (Litres)
13.38 - 14.30 4,1 4,2 s}
14.30 ~ 15.30 4,5 3,1 0,9




AOTESS TUEE 9

WATER 1 2 3
ADDITIONS 10.56 n.z¢ 12.10
TIME 10.23 11.30 12.00 13.0% 13.38 14.00 14.30 15.00 15.30 11.45 11.40 16.00
DATE B8.10.85(8.10.8518.10.85 8.10.85 B8.10.8% 8.10.45 8.10.85 B.10.85 B.10.85 9.10.85/11.10.85 |16.10.85
COMMENT Bo wetting|wetting | wetting | wetting | Drying Drying Drying Drying Drying | Dryimg Drying
water
NEUTRON PROBE READINGS (Kg water/m?)
DEPTH
(m) ‘
0,2 151 413 416 429 427 413 398 379 364 248 206 144
0,3 157 346 240 200 145
0,4 163 366 399 410 412 342 368 340 334 235 194 142
0,5 170 : 336 242 200 153
0,6 175 214 319 368 369 367 3s7 336 Jio 241 214 156
0,7 175 337 257 214 151
0.8 172 186 216 334 348 336 344 335 335 254 220 149
0,9 168 320 247 207 141
1,0 146 144 147 174 269 ° s . 314 Im 227 182 128
1,1 129 286 213 174 108
1,2 133 127 138 132 149 192 255 271 220 177 111
1,3 138 223 221 176 119
1,4 149 156 159 161, 171 24 204 141
1,5 180 186 276 244 175
1,6 219 222 219 293 272 217
WATER ADDITIONS
TIME CUANTITY INNER DEPTH INNER QUANT OUTER PEPTH COTER TIME SUNK IN INFILTRATION RATE
ADDED RING (Litres) {cm) (Litres} (cm) {inner} IMNER (em/h)
1 10.56 20 10,2 60 10,2 11.24 21,5
2 11.24 20 1G,2 6D 10,2 12.10 13,30
3 12.10 20 10,2 &0 10,2 13.00 12,24
4 13.00 20 10,2 a0 10,2 13,49 13,49

T o




DEPTH OF SOIL [m)

0,44

0.6 1

0,8+

8-10-85 t-0-85 810-85

III"'IO , 11-45
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SOIL MOISTURE ( Kg/m3)
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SECOND PHASE INFILIRATION TESTING

INTRODUCTTON

Additional infiltration experiments were conducted in the Zuurbekom area
in October/November 1985 to establish the infiltration characteristics
of some of the soils in the area and to prove testing techniques.

The experiments were conducted by hammering sets of specially made
infiltration rings into the soil, adding water and monitoring the
movement of water into the soil with a neutron moisture probe. Four
infiltration experiments were conducted, two experiments in an initially
dry soil and two in an initially wet soil.

IOCATTON

The infiltration test were conducted in access tubes 5, 6, 8 and 9.
Access tubes 8 and 9 are 100 m apart, and access tubes 5 and 6 are about
4 00 m apart. Experimentation on access tubes 8 and 9 was conducted at
the same time, and similarly for access tubes 5 and 6.

ATM OF EXPERIMENT

The aim of the experiment was to see how effective the testing
techniques are, to try and improve the method of infiltration testing
ard to get some idea of the infiltration characteristics of some of the
soils tested, and saturated hydraulic conductivities.

APPARATUS

Two galvanised iron infiltration rings were used in each experiment:-
a large outer ring of diameter 1,0 m and a smaller ring of diameter
0,5 m. The rings had a depth of 0,2 m. The rings were knocked into the
ground to retain the water level inside. Other apparatus used in the
tests was :- a Troxler depth moisture gauge (for soil moisture
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readings), four 25 litre water containers, a stop watch amd access tubes
which had previously been installed. The access tubes have a diameter
of about 5 cm and a depth into the soil of 1,5 m.

TEST METHOD

At each test site the infiltration rings were arranged concentrically
around a previously installed access tube. The rings were hammered into
the ground to a depth of 0,1 m, leaving 0,1 m of ring above the ground.
Vegetation and litter covering the soil was not removed, as these
factors have an influence on infiltration. The edges of the rings were
sealed with soil to minimise water leakage.

Soil moisture readings were taken every 0,1 m with the neutron probe
prior to the addition of water to the rings. An egual depth of water
was then added to each of the rings, and the time noted. Water was
poured onto plastic bags on the soil surface in the rings to try and
prevent the soil surface from being disturbed. The purpose of the outer
ring was to try and wet the soil stwrrounding the imner ring to minimise
horizontal movement of water away from the inner ring.

Before addition of water the access tube/soil interface was sealed with
s0il to prevent water movement down the side of the access tube. Bas
soon as the water in the rings had passed into the soil surface, the
time was noted and more water was added. Water was added four times to
each ring. Soil moisture readings were taken before addition of water
to the rings and then about every half hour while infiltration was
taking place. Each addition of water to the infiltration rings of
access tubes 5 and 6 was 5 cm and each addition to access tubes 8 and
9 was 10 cm. '

After all the water had infiltrated, soil moisture readings were
contimued every half hour for the rest of the day and then daily for a
week to ascertain redistribution and dryirxy curves of the soil.
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RESULTS

The results for access tubes 5, 6, 8 and 9 are given at the end of this
appendix.

The results for each access tube contain times of neutron readings and
water additions, a graphical representation of results and water losses
and movements in the profile. The graphical results show the wetting
front as the water advances through the profile.,

INTERPRETATICGN OF RESULIS

The actual amount of water lost from the system can be calculated as
follows:-

The actual amount of water in the soil as measured by the moisture gauge
is calculated from the graph as follows:—

The irmmer ring has a radius of 0,25 m and the area = 0,196 n.
0,1 m depth of so0il in the imner ring has a volume of 0,0196m"
(If the Troxler moisture reading is 300 kg water/rr?, then for 0,1m
so0il or ,021113 soil there is: 6 Kg.

Then for 10 kg water/m:" and for 0,1 m depth of soil there is:
0, 2kg.

Fach sequence on the graph corresponding to 10 kgwater/rf' ard 0,1 m in
depth is equal to 0,2 litres of water.

Then by counting the squares between the different curves on the graph
the actual added water in the soil can be calculated. This actual
amount of added water in the soil can be compared to the known amount
of water added and the loss can be calculated.



DISAISSTON

The results show a definite wetting front of moisture moving down the
soil profile, and a characteristic aunve for each soil. The actual
volumes of water added in the experiment are higher than volumes
calculated fram the graphs, especially in the latter stages of the

wetting phase. The water loss from the system is expected to be due to
lateral flow of water in the profile.

Infiltration rates also appear to be higher than expected (10~12cm/h).
This may also be due to horizontal movement of water and therefore an
increase in volume into which water is moving.

The graphs show little or no recharge occuring, but this may be due to
horizontal movement of the water, arxd recharge may be occuring below the
level of the access tubes.

The largest problem influencing the results was horizontal water loss,
which has an influence on wetting curves, drying curves and infiltration
rates. Due to this water loss it is probably better to perform the
experiment after a heavy rainfall when the surrounding soil is more wet
and sideways capillary forces are less, although this does not prevent
the problem. Experimentation at access tubes 5 and 6 was performed
after approximately 100 mm of rain had fallen the previous week, and
there was still a large water loss.

As the s0il does not become saturated the saturated hydraulic
conductivities could not be obtained.

PROBLEMS IDENTIFIED

The major problem encountered was a loss of water from the system, as
this influences the experiment. Ancther problem was the movement of
water into the soil down the side of the access tube as is shown by the
results obtained for access tube 8. For access tube 8 the initial
wetting readings show water to have entered deep into the soil profile,
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ard this is probably due to water entering the soil dowm the side of the
access tube. The sides of the access tube were then sealed as can be
chserved by a decrease in moisture at lower levels.

No 'leakage' occured at access tubes 5 and 6 as these were sealed with
plastic bags and mud prior to water addition.

Ancther minor problem was a slight leskage of water of the rings onto
the surrounding scil. This problem was rectified by placing mud around
the edge of the rings.

SUGGESTED IMPROVEMENTS

A major improvement to the system would be to try and decrease or
eliminate the horizontal loss of water. This may be achieved by wetting
a large area of soil and performing the experiment in the centre of the
wetted area. A large area may be wetted using a rainfall similator.
If the area was wetted for days pricr to the experiment so that the soil
was fairly well saturated, there should be little loss and measurement
of a saturated hydraulic conductivity should be possible.

A plastic or similar covering from the rings would reduce evaporation
ard calculations would be more accurate.

CONCLDSTON

The infiltration experiments conducted will need a lot of further
improvements to ensble good useful data to be dbtained, but the
experiments should provide a good basis for future infiltration

The data from these experiments camnot be used with confidence due to
large water losses from the experiment and other inaccuracies.



AFFENDIX F 5

SOIL BULK DENSITIES AND PARTICLE SIZE DISTRIBUTICN
AND PERMEABILITTES
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ZUURBEKOM
PRESSURE (BAR) 0,3 1 2 3 5.5 8.5 15
HOLE | DEPTH $ DRY MASS/WET MASS
{mm}
3 200 5.3398 5.057 4.7318 3.513
600 12.711 12.556 12.185 12.198
1 000 14.164 13.88 12.076 11.04
1 200 16.427 14.769 13.2246 12.462
7 200 4.765 4.559 4.523 3.836
600 7.062 6.886 6.876 5.831
1. 000 6.7281 6.492 6.495 5.996
1 400 B.5602 7.418 7.599 7.443
6 200 6.023 6.303 5.163 5.554 6.098
600 7.6 8.174 7.287 6.230 7.910
1 000 5.6 5.185 4.772 4,511 5.503
1 800 10.88 10.55 9.3 8.249 9.150
5 - 200 6.77 5.85
600 7.00 8.41
1 000 B.527 7.55
1 200 9.008 7.5
B 200 B.583 4.51 3.82
600 7.387 6.2L 5.22
1 200 7.986 6.32 5.46
1 600 8.25 5.93 5.00
2 200 8.55 7.19 6.2
600 7.616 6.25 5.8
1 200 9.7082 6.81 5.6
1 600 g.48 7.08 6.2
9 8.56 7.2 6.41
B8.321 6.12 5.3
8.44 6.7 5.72
8.82 6.9 5.91
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PARTICLE SIZE (mm)
M.LT. CLASSIFICATION
Clay |_Fire | Medium | Coarse Fine | Medium | Coarsa Fine | Madivm | Coarsa
. [frection Sitl fraction Sand fraciion Gravel fraction
ROADS CLASSIFICATION
Clay, calloids | Sill { FEES. MFESCES[ Coarss sand | Coarae  aggraggte ]
Soil tines (P, LL, & LS}
ATTERBERG LIMITS & SQOILS CLASSIFICATION
SAMPLE NQ — _
HOLE MR 7 7
OEPTH 1000 1400
PLOTTING CODE 3 4
LIQUID LT 18 23
PLASTIC LIMIT 12 14
PLASTICITY INDEX B 8
LINEAR SHRINXAGE 20 3.5
CLAY FRACTION { 0,002mm])
RI.OF WHOLE SAMPLE 3 3
GRADING MOOULUS 2.27 2.00
RR.A. CLASSIFICATION A-l-a A-2-4
US.L5 CLASSIFICATION
S0I1IL DESCRIPTION
LOW .5  |LOYW 2
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PARTICLE SIZE {(mm}
M.LT. CLASSIFICATION
Clay |_Fine | Medium | Coarse Fine | Medium | Coorse Fine | Medium | Coarse
ffroction . SiH  {raction Sand {froction Grovel fraction
ROADS CLASSIFICATION
Clay, colloids | sin | FES. MESCRS| Cagrse sond | Coarsa aggregate |
Soil fines (P, LL, & L.5)

ATTERBERG LIMITS & SOILS CLASSIFICATION

SAMPLE NQ —
HOLE N¢ -]

DEPTH 200m
PLOTTING CODE 1

LICUID UIMIT

PLASTIC LIMIT

PLASTICITY INOEX

LINEAR SHRINKAGE

CLAY FRACTION ( 0,002mm}

Pl. OF WHOLE SAMPLE

GRADING MODULUS

PR.A. CLASSIFICATION

U.5.C5 CLASSIFICATION

SOIL DESCRIPTION
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M. LT CLASSIFICATION
Clay | Fine | Medium | Coorse Fine | Medium | Coarse Fina | Madiun | Coorse
fracion Silt  fraction Sand froctian Geavel fraction
RDADS CLASSIFICATION .
Clay, coltoids | Sint | EFS. MESCES Coorse sond [ Coarse agqgregate |
Soit fines (PRI, LL, & L5)

ATTERBERG LIMITS & SOILS CLASSIFICATION

SAMPLE NO -
HOLE N2 s
DEPTH 600m
PLOTTING CODE a

LEQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

LINEAR SHRINKAGE

CLAY FRACTION { Q,002mm}

Pl OF WHOLE SAMPLE

GARADING MODULUS

PR.A. CLASSIFICATION

US.CS CLASSIFICATION

SQIL DESCRIPTION
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Clay |_Fine | Medium | Cosrse Fine | Medium {, Coarse Fina | Medium | Coarye
roction Sili troction Sand fraction Graval fraclion
AQADS CLASSIFICATION
Clay, tollvids [ siNn I EES M.ESCESI Coarse sond I Cogrse  oggregate _I
Soil fines (R, LL, E LS) |

ATTERBERG LIMITS

& SOILS CLASSIFICATION

SAMPLE NQ ———
HOLE MR [+
DEPTH 10003m
PLOTTING CODE E]

LIQUID LIMIT

PLASTIC LIMY

PLASTICITY INGEX

LINEAR SHRINKAGE

cLay FRACTION { 0,002mm])

Pl. OF WHOLE SAMPLE

GRADING MODULUS

PR.A. CLASSIFICATION

US.CS5 CLASSIFICATION

S50IL DESCRIPTION
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M.A1T. CLASSIFICATION )
Clnyl Fine | Madivm | Coorse Fing | Medium | Coarse Fine | Mediom | Coarse
- [froction Silt{raction Sand_{froction Grove!l fraction
--ROADS CLASSIFICATION K
Clay, colloids | Sil | FES. MESCFS] Coarse sand | Caarse aggregole |
Sail fines (PL,LL, & LS} ;
J
ATTERBERG LIMITS & /SOILS CLASSIFICATION
SAMPLE N¢ s
HOLE NQ a8
OEPTH 18000m
PLOTTING CODE a

LIQuiD LiMiT

PLASTIC LIMIT

PLASTICITY INDEX

LINEAR SHRINKAGE

CLAY FRACYION ( 0,002mm)

£1. OF WHOLE SAMPLE

GRADING MOOULUS

PR.A. CLASSIFICATION

WS CS CLASSIFICATION

S0IL DESCAIPTION
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PARTICLE SIZE ANALYSIS
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" PARTICLE SIZE (mm)
M.LT CLASSIFICATION
Cloy |_Fies | Medium | Coarse Fine | Medium | Coarss Fino | Medium | Conrse
[fracton Sitt fraction Sond fraclion Gravel fruction
ROADS CLASSIFICATION
Clay, calicids | Sitt | EES. MrSCES| Coarse sand | Coorse aquregala |
Soit fines {PL,LL, & LS)

ATTERBERG LIMITS & SOILS CLASSIFICATION

SAMPLE M@ — -
HOLE e HS 5
DEPTH 200 600
PLOTTING CODE L 5
LIGUID LIMIT 17 18
PLASTIC LIMIT Lo 11
PLASTICITY INDEX 7 7
LINEAR SHRINKAGE 2.0 25
CLAY FRACTION [ 0,002mm) 2 1
P1. OF WHOLE SAMPLE 4 3
GRADING MODULUS 1.40 1.98
B R.A. CLASSIFICATION A=2-di -]
US.CS CLASSIFICATION
SOIL DESCRIPTION

LOW |<wead LOW {<ws2
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o * I 14 T
) { AN W URE H 1 i /I‘ - T
' L CO B I I ‘ . s
90 T t 1 T T + T T Y it T
' 1 i ] t e ' i ! )
| 1 i 1 ] f ] th 1 I I H
] i ] [ ] 1e ] I 1M \
BO Nl ; t i i T 1 + 1 r
| H 1 ! Hi | t 1 1
1 1 ! t ] ] | 1
1 1 1 1l i 1 i
70 : LI LI I [ ] { " i| y )
i 1 1 ] ] 13 L] H H T t ]
i ! ! el ! i I
1 1 i i 1t ': : '
Y en L]p | | 1 1y N H i
i T 1 T T T[T + T
< A R R ! !
= | I | | | th ! ! )
> H I ! ! o Lap : 1% |
m 50 =T T T 1 7 T
Hi ! ' Hpt H A HE
= ! d1 t 1 N H )F
=z t i ¢ 1 1] f ' /: H
I 40 13 1 T \ T 1 T T ' [
[ H [l H 1 1 i 1 1
Ly 1 I 1 AR |
2 ot ! L 1 R ( I {
[ T T 1 ¥ B T [ TL L~ H T ¥
= ! ! I 1] Bl ¢ T T
£ 20— | L1 9 M I RE i
W 1 H ! 1} (s if [ ' 1 NI
* : E ) =L B ] ] if !
1 '
o T e T T T
1 1 = H ] I H |
1 == B i 1 | [ i !
0 ; HH—4 i {| | I A : L iy ! i
0,001 001 030 i0 100
PARTICLE SI1ZE [mm)
M.I.T CLASSIFICATION
Clay |_Fine | Medium | Coarse Fine | Medium { Coarse Fine | Madium | Coarse
, [fraction Silt  #roclion Sand froction Groval fraction
ROADS CLASSIFICATION
Clay, collaids | Sine ] FEFES. MESCFES| Coarse sond [ Coorse  agqregols ]
Sail finas (PLLL, & LS)

ATTERBERG LIMITS & SOILS CLASSIFICATION

SAMPLE NQ — —
HOLE Ng s HS
DEPTH 1000 1200
PLOTFING CODE 3 4
LIGUID LIMIT _-22 21
PLASTIC LIMIT T 1e 14
PLASTICITY INDEX 8 7
LINEAR SHRINKAGE a5 3.5
CLAY FRACTION { ©0,002mm) T 1
PI. OF WHOLE SAMPLE 2 2
GRADING MODULUS 234 2,35
PR.A. CLASSIFICATION A-2-4 =24
US5.CS CLASSIFICATION
SOIL OESCRIPTION

1O «=2 LW lew<p
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PARTICLE SIZE [mm)
M.LT. CLASSIFICATION
Clay |_Fine { Madium [ Coorss fine | Medium | Coarse Fing | Medium | Coarse
[f raction Sitf fraction Sand froclion Gravs( fraction
ROADS CLASSIFICATION
Clay, colloids l SiN | £EE5. MESCES Coorse sand | Coarse  agqragals |
Soll fnes {PL,LL,E LS) |

ATTERBERG LIMITS. & SOILS CLASSIFICATION

SAMPLE NG
HOLE N H2 H2
DEPTH 200 1800mm
PLOTTING CODE 1 3
LIGUID ‘LIMIT 20 21
PLASTIC LIMIT 12 14
PLASTICITY INDEX 7 7
LINEAR SHRINKAGE 4.5 a5
CLAY FRACTION [ 0,002mm} 1 1
Bl. OF WHOLE SAMPLE a a
GRADING MODULUS 209 2.13
FR.A. CLASSIFICATION A-D—4 A=2-4
US.CS CLASSIFICATION
SOIL DESCRIRTION

LOW L<wacd 0¥ l<ued
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oo PARTICLE SIZE ANALYSIS
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PARTICLE SIZE {(mm)
MA.T CLASSIFICATION
Cloy | Fina [ Medium | Caarse Fine | Medium | Coarse Fina | Madium | Coorsa
fraction SHY  traction Sand fractloo Graval (ractlon
ROADS CLASSIFICATION
Cloy, colloids | Silt ! EE5 MESCES| Coorse sond | Coorse aggragole |
Soil fines (PL,LL, & LS} ’
ATTERBERG LIMITS & SOILS CLASSIFICATION
SAMPLE ND
HOLE NP H2 H2
DEFTH B00mm 1 200:mm
PLOTTING CODE 2 4
LIQuiD LMt 20 15
PLASTIC LIMIT 14 11
PLASTICITY INDEX 6 a
LINEAR SHRINKAGE 25 25
CLAY FRACTION { 0,002mm} 2 1
Pl. OF WHOLE SAMPLE 3 3
GRADING MODULUS 1.80 i.09
PR.A. CLASSIFICATION A=2=4 A-2~4
USCS CLASSIFICATION
S0IL OESCRIPTION
0¥ 1<e<2 L0V w2
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PARTICLE SIZE [mm)
M.LY. CLASSIFICATION
Clay |_Fine | Medium | Coorse Fina | Medium | Coorse Fine | Madism | Coorse
fracton Silt fraclion Sand fraction Gravel fraction
ROADS CLASSIFICATION
Clay, col foids | Silt | EES. MESCES] Coorse sand | Coarse  oqgregaie |
Soil fines {PL,LL, & LS}- |

ATTERBERG LIMITS & SOILS CLASSIFICATION

SAMPLE NQ —— —_
HOLE W@ - 3 - 3
DEPTH 2m B
PLOTTING CODE 1 2
LIGD Lt 21 20
PLASTIC LIMIT 14 12
PLASTICITY INDEX 7 g
LINEAR SHRINKAGE 4.0 2.0
CLAY FRACTION ( 0,002mm}
P). OF WHOLE SAMPLE 2 3
GRADING MODULUS 2.268 2 12
PR.A, CLASSIFICATION A=2=4 A-Z-4
US.C5 CLASSIFICATION
S0IL DESCRIPTION
DY =<5 w5
1 SETS 1. 1
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APPENDIX G

MOTOPO CATCHMENT
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MOIOPO CATCHMENT

REASONS FOR SEIECTING THE CATCHMENT FOR STUDY

The Molopo Catchment is included in the recharge investigation because
the underlying dolomitic aquifer is important to the Department of Water
Affairs (DWA) as a growd water rescurce. Overflow from the Molopo Eye
springs are utilised for municipal water supplies to Mafikeng ard
Mmabatho, in conjunction with borehole and spring supplies from the
Grootfontein Groundwater Compartment.

Due to its importance for supply, the DWA has monitored water level and
flow data for some years, which provides a background data base. The
distance from Johannesburg precluded detailed soil process instru-
mentation, and work was limited to checking the hyraulic integrity of
the dykes, water level, rainfall, evaporation and streamflow monitoring.
The catchment would be used to check the recharge assessment methodology
in an area of limited information.

GEOGRAPHTCAT, SETTTING

The Molopo Eye, which is the main outflow for the Catchment, is situated
50 km north-east of Lichtenberg in the far Western Transvaal. Fig 1
shows the general locality. The Catchment may be located on the 1:250
000 topographical map 2526 Rustenburg, and the 1:50 000 2526 CC
Bakerville and 2526 DD Rooigrond maps. The study area is predominantely
proportioned among 6 topocadastral farms; Nooitgedacht 332 JP,
Vlakplaats 835 JP, Honingklip 354 JP, Klipkuil 352 JP, Ruitelaagte 353
JP and Trekdrift 360 JP.
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EEVIEW OF AVATTARIE HTSTORTCAL RBEOORDS

Generally very little historical information is available for the study
area. The Molopo River and surrounds have received attention from the
Department of Water Affairs (DWA) from as early as 1955. The Groot-
fontein Ground Water Compartment, located to the west of the Molopo
Compartment, has been extensively studied by the DWA and various
internal reports are summarised below.

Mulder (1968) reported that in 1955 ard 1964, the Geological Survey and
the DWA completed numerous geophysical surveys in the area. These
surveys yielded very little information and therefore an aerial magnetic
irvestigation was completed under contract for the Geological Survey.
uring 1967 a map was published showing the occurrence of various
geological features. The evidence obtained from the aercmagnetic survey
(Day, 1976) showed that the Grootfontein and Molopo Catchments are
essentially separate ground water compartments. Airphoto interpreta-
tions and water table elevations were then used to confirm the positions
of dykes.

The dykes which form the compartment bourdaries are shown in CI3346/20.
Hydrocenses carried out by the DHA since 1959 have revealed little
information about the hydrogeology of the area. Additional boreholes
were drilled by the IWA for inclusion into their regional monitoring
network.

Generally, the upper Molopo River is dry. Following relatively high
intensity rainfall events, flow does occur. This flow combines with
the spring outflow at the Molopo Eye. The magnitude of the combined
flows is measured at gaugirg stations. Streamflow data prior to 1985
are uncertain because of leakage at the gauging stations. The structure
was subsequently repaired and the data for the pericd 1985 to the
present appears to be acceptable. Only the latter data were used in
this research.



Bredenkamp (1987) correlated the flow at the Molopo eye to derive
estimates of recharge for the Catchwent, based on spring flow records.
Attempts to quantify recharge by means of chloride mass balance
calculations proved unsuccessful because of the anomolously high
chloride concentration in the rainwater samples.

CATCHMENT DESCRIPTICN

4'1

4.2

Topography

The catchment is typically karstic and characteristically flat
with an east-west and north-scuth gradient of 0,7% and 0,9%
respectively. Dwg CI3346/20 shows the topographic details of the
study area.

The topographic catchment boundaries cannot easily be ascertained
from the map on account of the gentle slopes and wide contour
interval. In contrast, the underlying aquifer is defined by the
distribution of the enclosing dolerite dykes as shown on Dwy
CI3346/20.

Available photography

2derial photographs of the study area were obtained from the
Division of Gechydrology. The relevant photographic details are:

Flight plan : 496/66

Job No : 754

Strip Nos : 9, photographs 1046 to 1055
10, photographs 514 to 523
11, photegraphs 01 to 07

Scale 1/30 000

Date : March, 1975



Geology

Available geological information for the area is limited,
However, geological mapping has been campleted for the dolomitic
terraine to the west of the Molopo Compartment. The survey shows
that the farm Trekdrift 360JP, which is situated in the western
cormer of the compartment, is underlain by the Iyttleton Formation
of the Chuniespoort Group. These Transvaal Supergroup rocks
conprise dolomite with chert layers. The SRK drilling investiga-
tion alsoc recorded chert formations in borehole G35567 in the
central-northem section of the catchment on the farm Vlakplaats
335JP. It can be inferred that the study area is essentially
underlain by the Lyttleton Formaticon, and that the stratigraphi-
cally higher Eccles Formation may occur, particularly in the
east. The Iyttleton Formation has minor amounts of chert in
comparison to the Eccles Formation. Additional geological
information was derived from the drilling investigation carried
out during the project (refer to chapter 6 for detailed informa-
tion, Appendix E 3 for the geological logs and Fig 2 for the
positioning of these formations within the regional stratigraphic
record accordirg to Van Rensburg, 1985).

The site investigation showed that the areas drilled were
predominantly underlain by fresh dolomite found at depths varying
from 10 metres to 57 metres below surface. The dolomite weathers
towards the surface and in some cases, wad and chert bands occur.
A mumber of dolerite intrusions were identified by Day (1976),
predominantly orientated NE-SW, NW-SE, and E-W. These features
often mtersect to effectively divide the dolomite into separate
ground water compartments.
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4.5

Soil type

General soil information was obtained from the 1:250 000 land type
series map 2526 Rustenbury. This information was checked during
drilling operations in 1984. The Catchment is covered by a thin
to non-existant soil layer of Glanrosa and/or Mispah forms.
Weathering profiles are generally less than 4 m desp, but some
weathered profiles of up to 15 m were recorded at boreholes sites
35564 and G35564 A. These anamolously deep areas of weathering
are the result of the ground water concentrations and associated
solution weathering adjacent to dyke features.

Hydrology

The combination of relatively flat topographic gradients and soils
of high infiltration capacity ensure that little or ne runoff
occurs in the Catchment. Streamflow only results as a consequence
of above average intensity and duration rainfall events. The ordy
river course of any significance is the so called '"Dry Molopo
River" which crosses the western corner of the catchment before
flowing west into the Molopo River. Pig 3 shows the study area
in relation to the regional drainage system. The Molopo Catchment
exhibits little or no surface drainage features of any sig-
nificance. The spring at the Molopo Eye, flows continuously, and
the WA records the flow. The records for two stations, DAM14A
and D4M14D, for the period December 1981 to May 1987 are shown in
Apperdix E 2. Only the first 5 days of each month are given.
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4.6

Hydrogeology

4.6.1

4.6.2

Inmtroduction

There is a general dearth of information concerning the
hydrogeological characteristics of the study area.
Hydrocenses carried out by the DWA yield very 1little
information because of the scarsity of boreholes.

Graoamd water flow

It is thought that the grourd water flow in the Molopo
Catchment is impeded by impermeable or poorly permeable
surrounding formations, and by the dykes which cut through
the dolomite as vertical or steeply inclined barriers

of low permeability. The dykes therefore divide the
dolomite formation into separate compartments.

On a regional bagis, ground water flow is determined by
topographic gradients, and where these waters intersect
local dyke features, flow is diverted parallel to the
dyke. When ground water flow reaches the lowest topogra-
phic point, the water may overflow the dyke in the form of

a spring.

Basically, four dolerite dykes form a rhombohedrally shaped
ground water compartment, with the Molopo Eye as the most
significant local base level and consequently, the major
spring overflow area (Dwy CI3346/20).

Historical ground water level data from selected boreholes
were obtained from the DWA. Records for the following
boreholes were examined from 1977 orwards:



. Within the compartment, River Catchment No D4N, borehole
nos 129, 139, 141, 142, 143, 145 and 147.

. Outside the compartment, River Catchment No D4N,
borehole nos. 126, 127, 128, 130, 140, 146, 148 and
River Catchment No A3N, borehole nos 008 and 009.

Following the completion of the SRK drilling investigation,
additional water level data were collected arxl analysed
from the following boreholes:

. Within the compartment, borehole nos G35563/63A,
G35565/65A, G35567, G35568, G35569 amd G35570.

. Outside the compartment, borehole nos G35564/64A, G35566
and G35566A.

Ground water level data were contoured on a monthly basis,
for the period January 1985 to March 1987. The hydraulic
gradient is generally very flat in a northwesterly
direction across the catchment, surfacimg against the
northwestern dyke boundary at the Molopo Eye. Furthermore,
these data show that the dolerite dyke which trends
approximately north-east/south-west through the middle of
the compartment, effectively forms a ground water
barrier, such that the compartment may be divided into two
hydraulically dissimiliar areas. In the western
subcompartment, the flow is towards the westerm and
'southern sections. In the adjacent eastern subcompartment,
flow is towards the east.

The eastern and western subcampartments cover an area of
about 40 and 70 square kilometres, respectively.



4.6.3

Historical water level information (Appendix E 1) shows
that water table elevations have generally declined.
Between 1985 and 1986, water levels have dropped by in the
range 1m to 2m. 'This may be attributed to the drought
conditions experienced in the far Western Transvaal.

No ground water abstraction of any significance has been
recorded for the Molopo Catchiment.

Aquifer definition and characteristics

No information is available on the various aquifers of the
Molopo Catchment, except for the records of the drilling
investigation conducted by SRK. The geoclogical logys are
presented in Appendix E 3.

Dolomite rock is generally impermeable but the rock mass
can be highly transmissive due to the jointing and
development of solution features. If a borehole fails to
intersect an interconnected fissure it will be either dry
or the borehole will be emptied after a brief period of
pumping. Only one of the 12 boreholes drilled by SRK
intersected a small cavity, to provide an airlift yield of
11 */hr. The remaining boreholes were, for all practical
purposes, dry, though most of the holes were drilled in
specific target areas which were not potentially good
yielding sites. High yielding boreholes are documented for
areas close to the Molopo Campartment, and Dr Mulder of the
IMA has noted that much of the spring discharge from the
catchment disappears into cavernous dolomite terraine a few
kilometers from the Molopo Eye on the farm Witkoppies
1103Q.
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Work done by br Bredenkamp (1987) indicates that a relative
strong correlation exists between inferred recharge and
spring flow for the study area. Furthermore, Dr Bredenkamp
concludes that the very little of the annual precipitation
goes to recharging the aquifer deficit. This may mean that
the acquifer storage is full, and that the spring flaows
represent overflow. Even during periods of drought,
because the base level of the aquifer is equivalent to the
topographic elevation of the Molopoe Eye, the reduction in
flow would not mean that aquifer storage is depleted. The
high yields of the Molopo Eye further suggest that
hydraulic comnectivity in the aquifer is fairly well
develaoped, and that weathered and cavernous conditions mist
exist.

If it is assumed that karstic development has taken place,
then three aquifer zones are likely to occour. These zanes
have been defined by dolomite investigations conducted by
SRK in the West Rand area. The 2ones are as follaws:

zone 1 extends from the surface down to the limit of
aggressive solution weathering. The depth of this
interval will depend on the composition of the host
dolomite., Solution cavities and other voids have been
widened by circulating ground waters,

zone 2 extends from the base of zone 1 to the limit of
karstic development in the dolomite. Ground waters
circulated through fracture regimes which exhibit lower
degrees of weatherirg.

zane 3 comprises uweathered, relatively impermeable
host rock.
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The probable acuifer development described above is
diagrarmmatical presented in Fig 4.

To date, no values for the aquifer characteristics inside
the Molopo Compartment have been derived from scientifical-
1y conducted pump tests.

Work carried ocut by Cogho for Grootfontein (1980) gives
Tvalues between 11 000 m2/day and 23 000 m2/day. The
T-values close to dykes were as low as 16 m2/day. The
tremendous variation on values can be ascribed to the
heterogeneity and anisctropic nature of dolomite terraine.

Van Rensburg (1985) derived S-values of between 0,003 and
0,066 using recharge values varyirg from 1% to 20% of the
annual precipitation. The method utilised the following
simplified equation:

S = anmual recharge (m)
rise in ground water levels due to recharge (nm)

38 ocbservation boreholes were used covering the entire
Grootfontein Ground Water Compartment. It must be noted
that the S-values are approximations only because the
cuantity of ground water abstracted from the compartment
was insufficiently quantified, at that stage.

'I“he Division of Gechydrology conducted pump-tests at Slurry
(van Rensbury, 1987). Transmissivities (T) were shown to
vary between 1479 m2/day and 2218 m2/day ard storage
coefficients (8) of 10° to 10° were obtained. The
relatively high transmissivities and low storage coeffi-
cients suggest that the dolomitic aquifer is anisotropic,
heterogenocus and semi-confined to confined.



4.7

Historical data suggests that the transmissivities in the
Molopo Compartment may vary between lmz/day and 25
OOmz/day, depending on the locality and degree of
weathering of the dolomite.

The S-values reported by van Renshurg (1987) are at the
lower range of the values obtained from the pump-tests
campleted at Slwrxy during 1985 (ie 10'3) .

It was noted that the storativity parameter decreased from
107 to 107, from west to east across the Grootfontein
Ground Water Compartment; (ie towards the Molopo Catch-
ment) . Therefore, historical indications are that S-values
should range from 107% to 107,

Climate

long term weather characteristics have been recorded at stations
located near Slurry and Mafeking. Shorter term measurements were
obtained from the weather station set-up by SRK for the invest-
igation. These short term records, from January 1985 to March
1987, were primarily used for water budget assessment for the
given pericd.

The area experiences warm sumners with an average diurmal tempera-
ture variation between 16°C amd 30°C as measured at Mafeking.

During the winter months, the average maximm daily temperature
was 19,7°C; while the average minimm temperature was 2,2°C.

Evaporation is very high because of the warm, dry climate. The
maximm evaporation rate is 1,67m per year as determined from pan
evaporation ficqures given by the DWA (Bredenkamwp and van Rensburg,
1983).



4.8

Rainfall occurs primarily during the summer months in the form of
thunderstorms. The average yearly rainfall is 560mm. Rainfall
data was cbtained from the Slurry weather station no. 0508 649 3.
Because of seasonal fluctuations and altermating dry and wet
years, the monthly and yearly rainfall figures may vary con-
siderable.

Tand use

The Molopo Catchment has remained unaffected by agriculture
practises, ILittle or no irrigation has been documented or
observed in recent years. Because the catchment is generally
covered by grasslands, stock farming predominates. The springs
at the Molopo Eye are utilised for domestic water supply, for
locals ard the Holiday Resorts.

CATCHMENT INSTRUMENTATION

5.1

Meteorological instrumentation

Historically, the nearest weather station to the Molopo Catchment
is located at Lichterberg and therefore it was proposed that two
weather stations be established in or near the study area.
Following discussions with the Department of Agriculture, it was
decided that only one weather station was required because of the
small variability of meteorological comditions in the area. The
Fanie Iabuschadme Pleasure Resort at the Molopo Eye was identified
as a suitable site. A weather station was erected in November 1984
and the manager of the resort undertock to change the various
charts.,



5.2

The instrumentation consisted of:

5.2.1

5.2.2

A Meteorograph vwhich records temperature, humidity and
pressure on a monthly chart.

A Pyranamster for measuring incomirng solar radiation.
A Raingauge with a weskly chart recorder

An A-pan with a chart recorder was used to monitor
evaporation

Wind Monitor with recorder
wvater instrumentation
Imroduction

The Molopo Catchment forms an integral part of the DWA's
regional ground water level monitoring programme. Approx-
imately 7 boreholes are monitored monthly as shown in Table
1. One of the dbjectives of the drilling programme
undertaken during 1984, was to extend the monitoring
network to improve the definition of the ground water table
within the catchment. Furthermore, water table information
was deemed necessary to determine possible leakage into or
out of the compartment. To achieve these objectives,
boreholes were drilled at 5 sites, as shown on Dwg
CI3346/20.

Selection of suitable boreholes for conmtimicus monitoring

It was decided to install autographic water level recorders
in four boreholes; G3I5565A, (35566, G35569 and G35570.
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Boreholes G35565A and G35566 are centrally located on
opposite sides of the dyke which forms the northem
boundary of the Molopo Ground Water Compartment.
Continuous monitorimg of borehole GI5569 was undertaken
for the purpose of cbtaining ground water level information
in the central part of the study area. Because of the
scarcity of monitorirg sites in the eastern area of the
catclhment, borehole G35570 was selected for continuous
monitoring. The recorders were installed in December 1984.

MONTTORING AND DATA AQUISTTION

6.1 Regular Monitoring

6‘1.1

6.1.2

The wind, meteorograph, radiation and evaporation pan
recorder charts were changed monthly and the rainfall
charts were charged weekly. Numerous problems were
experienced with the data recording. Rainfall and evapora-
tion records are presented in Apperdix E 4.

Groaund water level instrumentation
A local farmer was contracted by SRK to maintain and

monitor the SRK cbservation network on a monthly basis.
(Table 1, borehecles G35563 to G35570) .



TABLE 1=

POREHDIE MONITORTNG NETWORK

Boreholes Inside
The Malopo Compartment

Boreholes Qutside
THe Molopo Compartment

Farm Name and Number

Instrumentation

Monitoring Metnod

Monitoring Frequency

SRK BHS DiWa BHS SRK BHS DWA BHS

G35563 Honingklip 354JP |Open borehnle [Manual probe Monthly

G35563A Honingklip 35477 |Open borehole [Mamual prcbe HMonthly

G35564 Honingklip |354TP |Open borehole |Manual probe Honthly

G35564A Heningklip 3547P lOpen borehole {Manual prche ¥onthly

G35565 Uitgevonden [355JP |Recorder Manual prooe Monthly
G35565n ‘ Vliakplaats J35JP }Recorder Autographic Continuous
G35566 335JP [0Open borelnle (Autcgraphic Continuous

G35566A 335JP [Open borehole [Autcgraphic Monthly

G35567 335JP [Open borehole [Autograghic Monthly

G35568 Klipkuil 3523P |Recorder Autograghic Monthly
(635569 Honingklip 354.JP |Recorder Autographic Continnous
G3I5570 Klipkuail 3527F |Open borshole [Autographic Oontinuous

DWN 128 Vaalkopije 111.JQ |Open borehole |Autographic Monthly

Dy 239 Uitgevonden (355JF |Open borehole |Autographic Monthly

DWH 141 Ruigtelaagte {353JP [Open borehole |antogaphic Honthly

DN 142 Klipkuil 352JF |Recorder Autographic Monthly
DWN 143 Wonderfontein|{336JP [Open borelole [Autographic Continuous

DWN 145 Trekdrift 360JP |Open borelnle [Autographic Monthly

Dy 147 Mallepnosoog [33I2IKP | Recorder Antograghic Monthly
DWN 126 Elizabeth 35730 |Open borehole |antographic .JGontinucus

DWN 137  |Elizabeth 35730 |open borehole ]Autographic Monthly

W 128 Vaalkopje 111J0 [Cpen borehole {Autographic Monthly

DN 130 Vaalkopje 11130 [Open borehale [Autographic tonthly

DWN 146 Trekdrift 360JP |Open borehple [Auntographic Monthly

Dty 148 Mallepoosoog |332JP |Open borehole [Autographic tonthly

DN 140 Uitgevonden |355JP {Open borehole [Autographic Monthly

AJN 008 wWorderfontein [336JP |Open boretnle |Autographic Maonthly

29N 009 Wonderfontein|336JP |Open borehnle [Autographic Monthly

‘61D




G.3

Specific testing

The drilling investigation showed that soils in the catchment are
rarely developed to any substantial thickness. Generally the soils
are poorly developed and of a limited extent. Exceptions are a few
locations where weathering has taken place because of structural
weakness in the wderlying rock. Boreholes drilled adjacent to
dykes intersected weathered material down to depths of ap-
proximately 15m.

The catchment received low priority status in the overall
investigation and therefore additional secil surveys and studies
of soil hydraulic characteristics were not done. This was
deliberate to see if recharge methodology developed, could be used
to obtain reasocnable answers in areas where this information was

lacking.
Drilling programme

The drilling of twelve boreholes commenced in September 1984 at
four localities to extend the existing monitoring network and
improve the definition of the piezometric surface in areas where
little or no information was available.

To assess the possibility of leakage through the compartment
forming dykes, borehcles were drilled on either side of these
hydraulic barriers at various localities. The SRK investigation
concentrated on the northern and southern compartment boundaries.
Boreholes G3556A, G35566, G35565 and G35565A were drilled across
the central, northern compartment dyke. Similarly, in the south,
on the farm Honingklip 354JP, boreholes G35563, G35564 and G35564A
were completed for monitoring purposes. Dwg CI3346/20 shows the
relevant borehole positions.
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The positions of the boreholes are given on Dwg CI3346/20.
Detailed Geological Logs are attached in Appendix E 3.

Sampling

Boreholes were, in general, dry during drilling. The few water
strikes cbserved are recorded on the logs,

Generally, water seeped slowly into the boreholes after drilling.
Water levels in the boreholes were monitored on various days after
completion to identify local water tables.

Chip samples were collected for every metre drilled, and then
bagged. Where the chips were very similar, samples were only
bagged over every 5 m intervals. Samples were geologically logged
in the field.

Details of drilling

Two boreholes, G35563 and G35563A were completed at site 1 to
depths of 82m. PBorehole G35563 was used for monitoring. The
other borehole was abandoned and closed as no residual water level
was recorded.

Boreholes G35564 and G35564A were campleted to depths of 76 m and
58 m respectively. Borehole G35564 exhibited a higher ground
water level and therefore this borehole was selected for
monitoring. The other borehole was suspected to be too close to
the dyke. This borehole was abandoned and closed.

Borehole G35568 was campleted in the road reserve next to the farm
Klipspruit. 2n additional borehole G35570 was drilled about 150
m south of the first position. Both boreholes were drilled to 64
m.



Five boreholes were drilled on the farm Vlakplaats 335JP.
Borehole G35565 was drilled to a depth of 88 m. Boreholes
G35565A, G35566, G35566A ard G35567 were all drilled to 32 m. The
addition drilling was necessary to obtain one reasonable
monitoring borehole.

Boreholes G35565A, G35566 and G35567 were incorporated into the
monitoring network, while boreholes G35565A and G35566A were
abandoned and closed.

Borehole G35569 on the farm Honingklip 354JP and just off the main
road from Lichtenburg to Zeerust, was drilled to a depth of 64 m.
A cavity was intersected at 58 m, whereafter no sample recovery
was possible. After standing for two days, an airlift yield of
about 12 m’/hour was cbtained from 40 m below surface.

RECHARGE ESTIMATES

Methodology

Two approaches were used to estimate recharge to the Molopo
Compartment. A water balance simuilation was completed using
PC-MINE to estimate direct recharge. Potential recharge was
evaluated using ACRUWAT. Both of these models and their
application for recharge estimation are discussed in Chapter 10
of the main report.

Results

Direct recharge to the ground water regime is estimated to be 20%
of the annual rainfall. Potential recharge values of 8% and 63
were cbtained for similations using Mispah and Glenrosa soils
respectively. The discrepancy between these values may be
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attributable to rapid, direct recharge through outcrop and shallow
sub outcrop areas which are not included in the potential recharge
estimations
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STEFFEN RDBERTSON AND KIRSTEN INC,
Gentechnlcol and Mining Enginaors,
164h Floor, 20 And Streal, Jok b

5 CLIENT: Water Research Commission

P.0. Bax BB56, Johanneaburg, 2000,
Telophone B34-606). Telex B-9763,

Joppn CI 3346

JOB.  TNVESTIGATION INTO

SHEETNG ;]

RAINEALL REGIATCE

WADE BY- DM

tblopo boreloles

RAIE: Now "84

[N
|
i

D4NG76

G 35563

Red brown transported sitty sand with residual nodules.

2 Jndi
27 Dark red clayey silt with gravel, weathered dolomite.
4 =5
W
-)/'_ .
461 Brown silty sand with grey dolomite gravel.
10

NP NN S NNNNNN
\§ VAVERA AR TAVIANAY

\
i

Grey rock flear to medium chips dolomite.

SNNNNRANN

NN

RN RN
\:xH:q\K:\\\\NJ\K

2inies
35 Y

|

82

%

DAILLING AtG: DIAK:

DATE;

PAQFILE BY :

DATE:

DEPTH W.T. : WATEN DEPTH:

AFTER:;

HGURS

AL OF TOP ; CO-ORDS:

DISTURBED SAMPLE E24 78 )
_i UNDISTURBED SAMPLE 3% w_ WATER TABLE DEPTH AND DATE




G.3.2.

STEFFEN RDBEATSOM AND KIRSTEN INC.
Geﬁ‘loﬁ::::cal and Mining Enginauri,m
161 , 20 Andarann Sirent, Johannasburg. .
P.0. Box BASE, Johannestwg, 2000. 9 CUENT-_ Water Research Commission
Tolaphone B34-6061. Telex 59769, JOBNO. _CI 3346
. JOH. TMUFSTTOATION TN SHEEINO . 1
BE INEEII Bm”!mn . MADE BY- AN
M1lopn bareholes DAIE- Moy '84
| DEPTH (m) G 35563 A
| ¢—4— Dark red clayey silt with gravel weathered dolomite.
7
- 4 Fa

N
]

\\\\\x\\\\\\\\\\\\\\\ijk\\jkk\\

\¢\\\\ NSERERRS R ERRR ~.|'\|'\ \1\,\|

s

Dry grey rock flour to medium chips dolomite.

g\\\\\\\\\\\\\\\1\\\\\1\\1\\\\\\

82
DRILLING RIG: DIAM; DATE:
PROFILE BY : DATE.
DEFTHW.T. WATER DEPTH: AFTER: HOURS
RL OF107; CU-OADS:
DISTURBED BAMME T

UNDISTUABED SAMPLE

-
——




N £ 0 T S e o

Gootechnical and

STEFFEW ROBEARTSON AND KIRSTER INC.
16th Floot, 30 Anderson Sirpst, Jahannasburg,

Mining Enginaq:s.

P.O. Bow BGSE, Johannpsburg, 2000, - IENT_Water Research Cammission CI1346
Telophone B34-GOE1. Telex B-3763, JOB MO
. JOB. INVESTIGATION INTC . SHEETNO. 1
RAINFML RECIMGE H . MADE Hy-
Molopo borchioles OATE. Mear A4
DANG?T
| DEPTH{m} G 35564

0 *'E'ai; Red brown silty sand with course sub-rounded dolomite gravel.

i l‘_“ Grey silty sand and weathared dolomite gravel.

15 |o o, |Crey dolomite gravel.

i t4 EjLight hrown silty sand and grey dolomite gravel.

Grey, fine to coarse chips dolomite.

UHDISTURBED SAMPLE 33 _w _ WATER TABLE DEPTH AND DATE

a
A
77
I' .
40 Crey rock flour bo medium chips dolomite,
DRILLING FIG: DHAR: DATE.
PROFILE BY : DATE:
DEPTH W.T.: WATER DEPTH: AFTER: HOUNRS
AL OF TOP ! CO-ORDA:
DIBTUHBED BAMPLE 174/%




STEFFEN AOBEATSOM AMND KIRSTEM INC,
Geplachnical and Mining Enginaers.

1610 Floce, 20 And Streot, Joh -8 CLIENT
P.0. Box BBSS, Johannesburg, 2000.

JQB NG

Telephors BI4-G0E1, Telen B-5787,
. JOB

SHEET NO 2.

MADE BY:

DAIE:

| DEPTH {m)
A

Grey rock flour to medium chips dolomite,

\\\\\\\\\\\\\\\W\Hk\\ \\WW\\\\\WN \\\\K\

PNy NN
\K:q\k\\\q\kK\\Hq\\\\\\\\\\\x\\W\ SN NREVANNINSIRANRNY

W

W
NN

G 35564

conhi

ORILLING AG: DIAM:

DATE.

PROFILE BY ;

DATE:

DEPTH W.T. ; WATER DEPTH:

AFTER:

HBOURS

AL QF TOP : C0o-0DRPA:

UNDISTURBED SAMPLE

Li DISTURDED SAMPLE




STEFFEM RDBEATSON AND KIRSTEM ING.
Geuotechnicol and Minig Enginsars.
16th Floow, 200 Andarson Street, Jahanisburg CLIENT Water Rescarch Commission
P.0. Box BBS6, Johannoabwrg, 2000, _—
Tolophone B34.6061. Talexs B-9763. 00 NO €L 3346
) JOB. TINVESTIGATION INTO SHEEI MO 1
. RATNFAIY, BECHARGE -« WMADEBY. pann
Mrilapn Dorcholes QAIE.  Newr '84
DEPTH {m} ' G 35564 A
- 0 *

| Light hrown to grey fine to course gravel weathered dolomite.

Grey rock flour tn coarse chips dolomite.

Y

INNNANY
SANNNNNY

_ 10L6—4 Brown silty sand and medium chips weathered dolomite.

S
et

S
. . w— w— ',.’.:-

3
puasy o e .
- — -
< -

Light grey rock flour to medium chips dolomite.

d

AT

P
— L
2
VA
A
=~ 21784 -
a3 X -

alr—
SANNIN NN NN ANN

~ 55 Grey rock flour to medium chips dolomite.
_ .
.
¥ v
DPILLING RIG: DALY DATE:
PRAOFILE BY : DATE
DEPTHW.T, : WATER DEPTH: AFYER HOURS
n.L. OF TOP: Co-0R0%:
DISTUARBER SAMPLE /1704

UNDISTURBED SAMFLE 33 ¥ WATER TAHLE DEPTH AND DATE




~

STEFFEN ROBERTSON AND HIRSTEMN INC,
hnical and Mining Eng

16ih Floos, 20 Andarscn Strasl, Jahannasbutg,
P.Q. Box 8858, Johsnnesburg, 2000, .

cLient: Water Research Commission

Talophona BI4-506), Telnx B-9T63, JoBno- CI 3346
108 DVESTIGATION INTO _ _  SHEEINO. 1
RAINFALL_RECHARGE : MADEBY: MND
tHl Lo g DAILE: Moy *R4
DANGTB
| DEPTH {m) G 355665
3 | Dry, light grey rock flour to mediun chips dolomite.
2 |21 Dry. grey rock flour to coarse chips dolomite.
a i jum chi 1 brovn
;i& :; grﬁﬁylé%.grey rock flour and medium ps dolomite and orangy
- A == Light grey to white rock Flour to medium chips dolomite.
5 ; ‘,f Light grey to white rock flour to fine chips dolomite.
B 7
77
7
» 7
raa
7
- [ Light grey rock flour to medium chips dolomite.
.
= 12t
yd
7
= v
7
=7

o

NN

:\\§§& NN

— 7
p—
7
s
. .
7
yd
7
- —
o
7
)—-, a3h1/84 ‘:;
45 Y- F 2 4 ,
- - p—2 4 Light grey to white rock flour to medium chips dolanite.
]
| = :
L o y
64 F— 7
b
DRILLING RIG: DIAM: DATE:
PROFILE BY - DATE:
DEPTH W.T. : WATER DEPTH: AFTER: HOURS
A.L OF TOP: CO-ORDS:;
OIBTURBED SAMPLE " A ) T T
UNDISTUABED SAMPLE 3 _w WATER TADLE DEPTH AND DATE

vk e
koSl




G.3.17.

STEFFEN ROBEATSON AND RIASTEN INC.
Geotechnical and Mining Engingers.

18h Flaor, 20 Anderson Siest, Johannasburg, . Waker ch sion
P.03. Box 0856, Johannosburg, 2000. CLIENT 8 Fesear: Cromis

Tol B34.506%, Tolex £-5763, Jopnn. CI 3346
elaphono slex &5763 JOB TNVESTIGATION INTO SHEET NO).- 2
Molopo boreloles DAIE: MNov "84
DANGTB
DEPTH im) G 35565 conti
" ¢s |5 wet, light grey to grey medium to coarse chips partly weathered dolomitq
ra }
- P
yd
7
7
~ y
pd
y
- £ Moist grey rock flour to mediun chips dolomite.
- -
.13
a y-
rd
v
- Slightly moist white rock flour to medium chips dolomite.
7 f— )
e
n gL
;_//—_ Moigt very dark grey rock flour to fine chips dolomite.-
[ a0 b ' ' .
: ; | Moist Light grey rock Flour to medium chips dolomite.
[ 7 . . R '
gg ;7| Moist grey fine to coarse chips dolomite.
r4 ] Wet grey rock flour to coarse chips dolomite.
- 84
y
= '
B ;__//i toist grey rock flour to medium chips dolomite.
N 88 =%
DRILUNG AIG: BiAN: ] DATE;
PRQFILE BY : DATE:
DEPTHW.T. : WATER DEPTH: AFTER: HOURS
AL OF TOP: i COORDS:

DISTURBED SAMPLE s
UNDISTURBED SAMPLE _

T




B BB e,

STEFFEN AOBERTSOM AND KIRSTEN INC.
e L
A arsan 3 nnashurg, . i
P.0. Bow 8656, Johannesburg, 2000, 9 CUENT: Water Research Comnissicn
Tolaphone 8346061, Telex B-9763, Jopho  CI 3346
408, INVESTIGATTON JMIO. SHEETNGQ. ]
RATNFALL RECHARGE MADE By DD
Moo Iayreholes UALE: Mo "84 .
| OEPTHIm) ___ G 35565 A
1 JiEE] park reddish brown silty sand with residual nodules.
VA
I~ WAy .
5] Brown to grey silty sand and gravel, weathered dolomite.
2
% Grey rock flour o medium chips dolomite.
i e
=
= 10 1277
27 - :
- £ 21 Light grey rock flour to medium chips, dolomite.
= I
N 77
Y
2z
15077
n yava
=
4—4-i Gray rock flour to coarse chips, partly weathered dolomite.
=5
7
L
[~ 7
77
VoA
[ 77
7
7
77
- A
ya
i
~ £y Light grey to white rock flour to medium chips dolomite.
7 -
77
= 7
77
77
77
- 77
77
77
77
- 77
77
v
LA
=
T/
V..
| 38 Y- o2
77
Y
7
- Va4
40 P
DRILLING RIG: Dam: X DATE:
PROFILE BY : DATE:
DEPTHW.T. : WATER DEPTH:; AFTER;, HOURS
AL. OF TODP ; CO-0ORDS:
DISTURBED SAMPLE - Eﬁu "4
j UNDIBTURBED BAMPLE Y. VWATEA TABLE DEETH ANG DATE vl




G 3G e e

STEFFEN ROBERTSON AND KIRSTEN INC.
Geofechnical andd Mining Engineers,

16th Floor, 20 And: Straal, Joh rsburg, . 3
P.0. Box 8856, Johannesbuig, 7009, ) LIENT: Water Research Comnission

Telophone B34-5061, Tatex B8-3763.

JosmMo: CI 31346

Grey rock flour to medium chips dolomite.

19

NN

NN \\\\\\\\\\\K\

NN X

N

T

ERR

82

W

JOB. . INVESTTGATICN INTO SHEETHO.: 2
Fi : : MADE AY- _ A0
Malopn horeihnles DAIE- toy R4
|_DEPTH {m} 635565 A
conii.

Light grey to white ruck flour to fine ¢hips dolomite.

DAILLING RIG: DAkt

DATE:

FROFILE BY ;

DATE:

DEPTH W.T. ; WATER DEPTH:

AFTER:

HOURS

R.i. OF TOP : CO-ORDS:

DISTURBED SAMPLE
i UNDISTURBED SAMPLE

i et




SN ¢ Y P HU R . S

STEFFEN ROBEATSON ANO KIRSTEN (NG,
Toin Ficor, 20 Andersas S don h Commissio
161 . 20 Anderson Sireat, Joh Jurg. . i
P.0. Box BBSE, Johannasburg, 2000, CLiENT Water eseace ston CT 3346
Tolsphane BM-605t. Talex B-9763, JUBNO.
JOB. INVESTIGARTION IN1O SHEELND. 1 —
RMNFALL RECUARGE ManE by: MY
rolopo boreinles QAILE: Nov ‘B4
_ _ DANG79
DEPTH {m). : G 35566
' Light reddish rown to brown silty sand, = transported material
™ and residual dolomite,
- 4 —
—j Z] White to grey fine to coarse chips weathered dolomite.
- 5 s _ _
_l; L] Brown to grey fine chips weathered dolomite.
| B ;
7
i
L Ly
7
Ay
-
n z
7
7
7
n 7
7
_]_
s
- 77
-
- Light grey to grey rock flowr to medium chips dolowite.
ya
yd
- ;
21 4
- ¥ 7
Z
i
N 54
74 Light grey rock flour to fine chips dolomite.
_ —
27 =1
. ; 4 Light grey to grey rock Elour to aoarse chips partly weathered dolomita,
23 J—p—
F—7
- 24 Light grey to grey rock flour to medium chips dolomite.
i 32 =54
v,
7
7
_ 4
5
= —r—4
: iar,
——
= :_ A
DRILLING RIG; - DIAM: DATE:
PRAOFILE BY : - DATE:
DEFTH W.T. : WATER DEPTH: AFTER: HOURS
AL OF TOP ! CO-DRDS:

UNDISTURBED SAMPLE

_I PISTURDED SAMPLE . —




Ge3 At o o P —

STEFFEN ROBERTSON AMD KIRSTEN INC.
Ga:lmh;ln and Mining gngi?aels.
1 , 20 And. tasl, Johannesburg . feed
P.O. Box B556. oy CLENT. Water Research Commission
Talaphona B14-5061. Takx B-97K1, JoRno - CT 3346
: JOB. INVESTIGATICN THIG SHEETNOQ 2
RATHNEALL, RECHARGE MADERY-_ AA
— lMplopn reiples QATE- Moy "84
DANGTS
DEPTH {m) G 35566
T2 conti
p.ami
Vi
- Z
7z
7z
ra
- Fam
o
y4
yd
— 7
yd
!_::: !
-~ Z—4 Light grey rock flour to medium chips dolomite.
s . -
— 7
51 45
-
- —5
7
-
B 74
AV
M,
- AV,
s 7
7
—t
f— ]
e 4
i Z 4 ynite to light grey rock flour to fine chips dolomite.
i 4
A
LV
Y 7
- s
A
. s
N
68 Dark olive rock floar to medium chips of mon—dolomitic origin
possibly weathered shale or intrusive.
- s
- =7
7
T/nlex
I~ 74 —-—tﬁ
) P
. A
n AR
AN,
A g - .
- 82 —4—4 Light grey to white rock flour to fine chips dolomite. BCH
7z .
DRILLING RIB; EMAN: DATE:
PROFILE BY : DATE:
DEFTH W.T.: WATER DEPTH; AFTER: ~HOURS
P HEThE . VFT MDA
DISTURBED SAMPLE 2/n/04

UNDISTURBED SAMPLE 35_5 WATER TABLE DEPTH AND DAFE

AP




STEFFEN ROBERATSON AND HIRSTEH INC.
Geotectinical and Wining Engineers.

161k Floor, 20 Andarson Streel, Joharnasburg. CLIENT-
P.D. Box BA56, Jahannesburg, 2000, CUBNT_ Yater Besearch Commission

Tolephone 8346061, Telex B-9763. ’ JoRNn. €I 3346
Joe. INVESTTGATION INTO SHEETNG. - )
RATNFALL RECIARGE : MADE By: DAD
Molopo Jorelwles BAIE: Fov B4

| DEPTH (m) G 35566 A

park reddish organge silty sand - transported material and residual
dolomite.

Brown to grey silty sand and gravel, weathered dolomite.

R

Grey rock flour to coarse chips weathered dolomite.
Dark twrown clayey silt, wad and grey/hrown nodules very weathered

11

—

dolomite loss OF conpression.

Grey rock Flowr to ooarse chips weathered dolomite.

frown and grey rock Flour to coarse chips weathered dolomite.
park hrown clayey silt, wad and coarse gravel, weathered dolomite.
Grey brown rock flour to coarse chips weathered dolomite.

N

b

H\\\\ \\1 \L\\.\]

b

15

17

AINAR)

N

\\\\\\\\\\l\\\, EEREEE

AREREERE

AIAILTIANNNNN

\

\

|
R \1\
s
N

NN

\

SNNNNSNN

3An/e4

N &\\\ SNNNANN

\

-
Y=
A
NN

Grey rock flour to medium chips dolomite.

DRILLING RIG: . DIAM: DATE:

FROFILE BY : DATE:

PEPTH W.T. : WATER QEPTH: AFTERL HOUAS
AL. OF TOP : CO-0RDS;

DISTURBED BAMPLE z//es
UNDISTURRED SAMPLE 35_1_ WATER TABLE DEPTH AND DATE

et




STEFFEN ROBERTSON AND KIRSTER NC.
Goolechnical and Mining Enginpara,

1610 Flooe, 20 Andarson Streel, Johaanestug. CLIENT-
P.0. Box 0956, Johsnnastang, 2000, =
Teloptong BI4-60G1. Telex B-9763.

JOBHG, CI 3346

JoB SHEETHO 2
WMADEBY. -
DALE
| DEPTH tm) G 35566 A
80 5; 5; Dark grey rock flour o medium chips of non—dolomite origin, intrusive.
=
B2 | Light grey rock flour to medium chips dolomite.
DAILLING RIG: OIANY: DATE:
PROFILE &Y : DATE:
DEPTH W.T. ; WATER BEPTH: AFTER: HOURS
AL OF TOP ; CO-ORDa:
DISTURBED SAMPLE

UNDISTURDED SAMPLE




STEFFEN ROBERTSON AND KIRSTEH INC.
Gootochnlcnl and Mning Enginanra.
T6th Floot, 20 Andatson Steoel, Johannashurg. cueNT. Water Research Comnission
¥.?, Box 8258, Johannesburg, 2000. Jonng:  CI 3346
b il ’ ) 408, INVESTIGATION IHID SHEET MO - L]
RAINFALL RECHARGE MADE Y- N
Molopo boreholes . DalE- Nov =19
D4NGBO
DEPTH tm} : G 35567
§ 3 Reddish twown silty sand with dolomite gravel,.
2 Light rown silty sand with dolomite gravel.
B 5 Grey dolomite gravel.
4 Light olive clayey silt of non~dolemitic origin, residual intrusive.
[~ s M[11,| Light olive clayey silt and dack hrown wad with medium dolomits chips.
a =
4
77
v
3 Z— Grey to white rock flour to medium chips dolomite. -
i 10 (54
Cream to light brewn silt with fine chert chips.
- ?lg 2 Cream and grey to light brown rock flour to fine chips dolomite & chert
p . .. -
14 17 Cream to grey rock Flour to medium chips chert and dolomite.
-
77
= 27
7|
7
7
= Z
7
7
L
- a4
.avq
7
77
= 7
77
7
7
| 7
B -z
/1784
Rl A
-t f
.l
va
- 721 Light grey rock flour to medium chips kbecoming Einer with depth,
_/ T—————
771 -dolomite.
- m [z
o
DAILLING RIG; DiAM: DATE:
PROFILE BY : DATE
DEPTH W.T. : WATER DEPTH; AFTER; HOUAS
AL OF TOP: . CO-ORDS:
DIBTUMUED SAMPLE ® = o T

UNDISTURBED SAMPLE 35 _w _  WATER TABLE DEFTH AND DATE

]




G315 et e

ST1EFFEN ROBEATSON AND KIRSTEH IMC.
Gootachnlcal and Minkg Englnaats,

16 Floor, 20 Anderson Sheal, Johannesburg. . i
PO Bos dnas o o 2000, 4 GLENT- Water Research Comnission ot 3w
Telophone B34+-6061. Telex B-0763. JOB NG
) J08 __ TNYESTICGATICM INTOD = sHEETnQ: 1
RATHFALYL RECUARGE MADERY: NAD
— . Mploon boreholes DATE. Nov '84
C2545
| DEPTH ten) G 35568

H.] M Pg'l’

1

“|2

AT ]

A WENS R, N
L]
Py

a

1
S RN
TR

~J
h
[~1
Ay

Rt

=
KIL N

L

T
ELLL

'fiﬁé}:ik

AW

\L\‘\.\l\k\.;\_\

Y
INSNINN

43

WA

44

"

]

B/nsae

N

. a9 —X~

N

s B T

i

)

g

.

N

B 64

NN
a B I s B

Cry, reddish brown silty sand with dolomite gravel.

Very dark Imown clayey silt with dolomite gravel. Slightly
damp from Sm.

bry, grey coarse chips and gravel, weathered dolomite.

Dry, light grey rock flour to medium chips dolomite.

Light to cream reck flour to medium chips dolomite with sible
Chert Bands. Ps SOIoMLEe with pos

Light grey rock flour to medivm chips dolomite.

DANLLING AIG:

DIAM: DATE:

PROFILE BY :

DATE:

DEPTHW.T.:

WATER DEPTH: AFTER: HDURS

AL, OF TOP :

CO-ORDS:

W - —_
PIBTURRED SAMPLE 1
UNDISTURBED SAMPLE _Y_ WATER TABLE DEPTH AND DATE

et




STEFFEN ROBEATSON AND KIRSTEN INC.
T T s
)61 . orson Steoel, Jehannasburg. CLENT. Water Research Commission
P.0. Box BESS, Johannasburg, 2000. A e e s
Telapho:e :giaum. 1.1;:“’39753. Joano - CT 3346
JO8__ IMVESTIGAITON TNTO = SHEELNG: 2
RATHEALL, RFLIIARAGE & MADE Ay: AAD
— — IMolopo toreholes ALE; bov ' 84
LanGY)
DEPTH im) G 35569
i :_?/' Light grey and brown wad and dolonite. Wad from conli
4= inflow overnight.
™ T
—5—t]
L .
e
—
7
- :=/
T
M
L
- i /_ -
7
Fam Moist grey rock flour to fine chips dolomite.
i e,
—7
B v
—7
- y i
LY % "
L 58 . . .
N Wet fine chips to voarse gravel weathered dolomite & wad.
Loss of compression. No sanple recovery Erom 58m even when
| drilling with water and foam.
. G‘# LA |
DAILLING RIG: DIAM; DATE:
PROFILE BY : DAIE.
DEPTHW.T, - WATER DEPTH; AFTER: HOURS
AL OF 70P ; . CO-0RDS: '

DISTURBED SAMPLE
UNBISTURBED SAMFPLE

ISR




G.3.17.

Gealochnical pnd Mining Enginesrs.
16ith Floor, 20 And Siisel, Joh B

STEFFEN ROBEATSON AND KIRSTEN INC.

PO Bow HESE. Johanneaburg, 2000,
Talwphons BI4-GO51, Telox B-9763.

cLEnT Water Research Comnission

Jopno, €I 3346

JOB INVESTIGATI(N INID SHEET NGO, }
RAINFALI, RECIARGE 3 MADE RY: DD
Molopo boreholes QAIE: Nov 'B4
C2N546
| DEPTH {m) G 35570
Jl r
(1]  Reddish brown clayey silt with Fe/tin  coated nodules
L. 4 and dolomite gravel.
3l
L Bz
44| Brown to grey silty sand and gravel, weathered dolomite.
él—r
= A
yan
| r Grey coarse chips, weathered dolomite.
77
7
| 1}9— Ll
%
» _4;_ ] Grey fine to coarse chips, weathered dolomite.
5_/
n YL
77
15177
T 7
_ 7
77
77
77
= 77
77

/

|
&}\\1\\\\\\\\\\\\

TS

31/54

NN

NY

T

N
N

PN NNNNN
NN

45

Grey rock flour to medivm chips dolomite.

DAILLING RIG:

HAM: DATE:

PACFILE BY :

DATE:

DEPTH W.T. :

WATER DEPTH; AFTER:

HOURS

AL OF TOP;

CO-ORDS;

DISTURBED SAMPLE 2/70/04
UNDISTURBED SAMPLE 35 w_ WATER TABLE DEFTH AMD DATE

e
-]




i

STEFFEN PDBEATSON AHDO KIRSTEN INC.
Geatechrical Brd Mining Engineers.
161h Floor, 20 And Shraal, Joh Durg
P.C). Box 0856, Jahannasburg, 2000,

cLienT- Water Research Comnpission

Talaphana B34-506). Telex B.9761. .. Jopno: CE 3346
JOR. IMVESTIGATION INTO sHEETND * 2
RATNFALL, RECIIARGE = WMADERY.  AAD
Mlopo lorelwles DAIE- Mov ‘B4
C2N546
G 35570
DEPTH {(m} conti
] %
- _i Light grey rock flour to coarse chips dolomite.
I =
7
B .o
S0 5%
P4
B Vs
441 Light Irown to light grey rock flour to medium chips partly
| _ _ﬁ veathered dolomite.
£—2
i 55_—%~
I
ra
72
- 7
Z
2
- 4 Light grey rock flour to fine chips dolomite.
v .
" 7z
z
ya
y.4
- _ 7
64 Fdadd

DAILLING RIG: DIAM; OATE:

PROFILE BY : DATE;

DEPTHWIT. WATER DEPTH: AFTER; HOURS
RL OF TOP: CO-DOROS:

| § DRDERLE e e

. e




GG4I

APPENDIX G 4

RAINFAIL, AND EVAPORATION DATA

SRK STATION



G.4.1.

DATE RAIMFALL EVRP DATE RAINEALL EVRP DATE RAIMNFALL EVAP
(=) {mm) {mm) {mm) {mm) ()
O BS11 0.0 8.3 514 0.0 A2 S 55 0.0 1.7
5512 0.0 B.0 ERREINA) 5.2 355 0o Lt
B3 4D 8.0 3534 0.0 5.2 B 57 0.8 1.7
B34 0.0 a0 B53T 0.0 5.2 558 0.9. 1t
BIS LA .0 S 3E 0.t L2 s 59 4.0 11
5108 B.0 [1Y 0.0 5.2 FLEA] I ) 1.1
X7 00 9.4 a3 10 .S iz 85 511 0,b 3.7
J/LE 0.0 a.d 3N 0.0 5.1 B5 512 0.0 7
517 0.0 B.4 2% 32 0.0 .2 #5511 0.0 1.7
55 130 0.0 CR 55 '3 0.0 5.7 55 514 0.0 1.7
311 0.0 8.4 BS It4 i0.0 3.2 B5 5I5 0.0 7
kI N 9.4 65 }i5 0.0 5.2 g5 516 0.0 Ly
I 9 B.4 £5 M6 0.0 1.2 B5 517 0.9 1.7
E5 11% 0.0 2.4 85 U7 0.0 51 55 518 9.0 1.7
5 115 34,0 0.4 25 3i3 .0 5.2 85 519 0.0 1.7
85 116 0.0 8.4 55 17 0.0 3.2 85 520 0.0 Lt
A T 1 ) 8.4 55 120 0.0 5.2 B85 521 0.0 1.7
33 13 &0 8.4 B 13t 0.0 5.2 B5 522 0.0 )7
55119 0.0 a4 ET 172 0.0 5.2 85 521 0.0 L
85 120 6.0 B4 85 321 6.0 5.2 BS 53 0.0 At
85 11 0.0 2.4 85 34 0.0 5.1 B5 575 0,0 L7
85 112 ¢.0 B4 ge 15 0.0 5.1 85 524 0.0 1.7
23131 0.0 B.4 65 32 0.0 5.2 g% 527 0.0 LT
ES 125 0.9 0.4 85 127 0.0 5.2 B85 578 0.0 1.7
ES 126 B0 0.4 £5 728 0.0 5.2 s 52¢ 0.9 7
£5 477 0.0 K] 25 319 0.0 5.2 g5 530 9.0 1.1
E5 129 0.0 g.4 B 30 0.0 5.1 b5 531 0,0 1.7
£3 127 6.0 a.4 £5 131 0.0 5,2 BS54t 0.0 2.b
£5 130 9.0 B.¥ BS &1 0.0 .1 BS54 2 9.0 2.5
5 120 0.0 . i b L /4] 19 L5
525 0.0 T.b BE4] 0D .1 ES 4 ¢ 0.0 .6
3522 1.5 7.4 B4 0.0 Lt 545 0.0 .6
£5 2 115.5 1.8 55 00 4 ES &4 00 .4
324 0.0 [ g5 4 0.0 LN 5347 0.0 1.b
525 0.0 1.4 B547 0O £l B350 0.0 L
H2h 0.0 1.4 B4l 0.0 L 8549 0.0 2.8
8527 4,0 T.8 EE49 &0 1 g5 410 0.0 2.4
2529 0.0 7.4 £ e 2.5 LR i &1 0.0 2.5
529 00 .5 S ¢11 0.0 5.1 85 812 0.0 2.4
85 210 0.0 1.k 542 0.0 L1 &5 61} 0.0 2.5
a3 111 0.0 1.5 £5413 0.0 LI 45 B4 0.9 2.4
B3 212 0.0 nLb A 0.0 41 03 615 .0.0 2.8
85 213 0.0 1.5 £5 45 0.0 4.1 a5 4:4 0.0 2.4
55214 0.0 T.b B 436 0.0 1.1 E3 417 0.0 2.8
E3 213 0.0 1.8 £3 417 0.0 M1 83 418 0.0 2.5
BS 215 0.0 Tt €5 4i2 0.0 1 E5 519 0.0 7.5
85 U7 0.0 T.é 25 419 0.0 i1 85 430 0.0 2.b
B5 2@ 0.0 7.4 £5 420 %0 Ll 85 &21 0.0 2.4
ES 219 0.0 7.4 g5 431 0.0 1.f a5 822 A0 1.h
55 220 0.0 1.8 g5 422 0.0 51 A5 31 0.0 .5
85 221 0.0 7.h - 25 423 0.0 .1 55 424 0.0 b
85 722 0.0 b B5 324 0.9 5.1 35 455 0.0 7.4
£3 I3 0.4 T.d 85 475 0.0 L €5 476 0.0 .k
£5 I Z.15 7.4 BS 43¢ .0 1.1 €5 477, 1.0 2.5
£ 125 12.0 7.4 837 0 L1 354 0.9 .4
85 125 0.0 7.4 5T 478 0.0 L1 B 00 Z.b
55 237 0.0 1.b 35418 4,0 i) 85 633 0.0 2.5
a5 728 0.0 7.4 9 A 0.0 LU 8570 0.0 e
B 31 0.0 5.2 L2y 0.0 Lt ei72 4.0 30
5532 A4 5.2 5520 1.7 8577 0.0 N
533 0.0 5.2 EETI LT 5574 0.0 1.0
=- BS54 0,0 1.7 S7T: 8.0 2.5



Gi 40 2]

DR RAINFALL EVAP DATE RAINFALL.  EVAP DATE RAINFALL. BV
{mm) {im) {zm) (rmn) {oun) {zm}
BS 76 0.0 4.5 39S 0.0 7.3 BSH & 6.0 8.1
8BS 71 0.0 1.5 BS 9T 0.0 7.0 ‘8511 7 0.0 2.1
578 0.0 .o 85948 0.0 .5 ES1L B 0.0 B.1
9579 0.0 3.0 BS %Y 0.0 8.1 BS1E ¥ 0.8 8.1
85 710 0.0 1.0 BS 910 0.0 4.3 Bl 0.0 .t
B FIL 0.0 2.1 B 911 0.0 11.5 8L e B.1
B 712 0.0 3.5 85 917 0.0 9,2 BSiNZ 6. i1
BS 713 0.0 1.1 B5 913 0.0 8.2 BSEN3 0.2 8.t
35 0.0 1.5 85 914 0.0 1.5 ESLEI 0.0 B!
& 715 0.0 1.0 B3 915 00 8,5 BEI1S 0.4 .1
33 714 0.0 1.0 ES 916 0.0 13,0 g5UilE 0.0 B.t
5 TIT 0.0 1.0 T ] 9.0 ES1L8T 0.0 B.1
a5 718 0.0 1.0 £5 718 0,0 7.0 851118 0.0 9.t
B5 19 0.0 1.2 55 919 0.0 5.3 g5L11% 0.0 " Bl
63720 0.0 1.5 5 530 0.0 6.3 Bhz 0.0 8.4
85 721 0.0 1,0 BS 921 0.0 8.3 BszL 0.0 a.1
S5 722 0.0 12 05 927 0.0 b3 Bs1122 0.0 B
85 771 0.0 1.2 8 9123 0.0 5.) g5 GO 6.1
85 134 0.0 1.1 85 92¢ 0.0 6.3 BS1I24 0.0 B.1 .
B3 735 0,0 1.5 85 925 0.0 4.3 ES1175 0.0 8,1
§5 728 0,0 .5 85 926 0.0 % BSIIT 0.0 B.1
35727 0.0 1 85927 0.0 8.3 BSN1T 0.0 B.1
95 728 0.9 3.0 BS 928 0.0 53 851130 3.5 B.i
25709 0.0 1.0 35977 0 5.3 851129 0.0 N
ES 710 0.0 Lt £5 930 0.0 4.0 B3 0,0 B.4
g5 731 0.0 L I A 7.8 0512 1 4.0 7.0
ol I K 3.1 850 2 0.0 1.4 8512 2 0.0 9.0
382 0.0 4.1 €519 3 4.0 7.8 BSI2 3 0.0 .0
E5 01 0.0 40 5 4 0.0 7.8 . BHIZA 00 5.0
5B 4 0.0 1,2 63195 6.0 1.8 9512 5 0.0 %,
BSES DO 6,2 £5i0 & 0.0 7.8 6552 4 2.0 .0
586 30 1,2 ES19 T 0,0 1.8 g2 1 0.0 7.0
3 B ) 4.2 510 8 2.0 7.8 BS1Z & .0 9.0
is 91 - 1.2 5199 5.0 1.0 Bi1Z 7 5.8 7.0
BSEY L& 8.3 I[N 7.0 [MHUK £.9
£5 Ble .o 7.0 AT 1.8 ASL2L 0.0 5.0
85 i1 ng 16,5 I G2 1.8 851282 0.0 %.0
ES 812 ¢ 3.0 ELAT M 7.8 85L213 6.0 9.0
B5 813 .4 7.0 BEi93i% €.0 7.8 851244 0.0 9.0
ES BIS &, £.0 EA AR R | 1.8 €3S 6.0 9.9
B3 8)5 ¢ 7.8 851018 4.0 1.8 851215 12.0 .0
85 Bl& 2o £.0 BRI L 7.8 85217 1.0 2.0
B5 517 .8 4.2 aEibia 1.5 7.8 BSII8 3.0 2.0
B5 18 3,9 1.2 ESLNE 20 7.8 851219 21.5 9.0
g5 817 .3 L1 H A N 7.5 851220 0.0 7.0
B5 820 0.3 1.2 16T 5.0 7.8 651221 0.0 9.0
5 R3¢0 6.5 LR | 7.8 851222 1.0 9.9
Bi 822 3.0 5.0 ESAT I ) . Bil27) 0.0 5.0
85 33 9. © B2 251924 0.0 7.8 B5122¢ 0.0 9.0
B5 524 a4 ' .o B5t035 0.0 2.8 51225 0.0 5.0
£5 B3 .2 19.5 ESI0%y 3.0 1.8 BS1735 0.0 9.0
53 825 0.0 10.0 EI0ZF 0,0 7.8 151227 0.0 9.0
E5 577 g.p 5.0 85108 6.9 7.3 851778 1.0 7.0
£53% 0.0 8.5 631027 Q.0 7.8 851339 2.5 .8
9 0.0 10,5 3N 5.0 7.9 651238 0,0 9.0
EX :30 0.0 B.5 ESLEI 189 1.8 BS12M 0.0 7.0
S HIEN 5.7 E511 1 6.0 0.1 B11 LS 15.3
B35 0.0 4] Bl 2 n.e E.1 gL 0.0 5.7
E3%2 0.0 : 8.1 8511 3 00 i1 g | 3 330 5.0
393 0. 4.3 Bl b QY B.! B 14 0.0 15.7
35914 0,0 3.4 5311 5 0% 5.1 k55 0.8 15.7
B5% 3 0.0 EN B 1 6 0,0 15.7



G. 4 l__.3.o

DATE RAINERLI, EVAP UATE RAIMFALL, EVAP DNTE RAINFRLL EVAP
(mo} {mn) (mm) (amm) {mm) {om)
17 0.0 15.1 )Y 0,0 10,9 HIY o 3.0
18 0.4 15.1 35 30 1,05 %) HEH IR X
13 3 15.? HEH W L HEIT A Li
1y 6. 15,7 2T w 1ha O L !
14 10,4 A : 13 e S Y ap it
t.e 1.9 LR B .3 Iy S 6 1.1
1.9 A LIS S 10,5 At A Lr
bR T A S i TSI RN N ! L3
0,5 2.0 -y 17 ) 19.3 1o 5
a3 1.2 I ENT AL 10,5 g 9.9 L
3.0 £ ETEE BT 10.5 3o 34
0.9 0.5 L St I to.5 . 10
¢.2 15,2 I one 14,5 0.0 $.¢
6.4 .4 3% 322 0,0 13.5 0.0 5.0
7. 2.4 N 10.5 3523 a,p 1.3
4.0 8.4 %3 N0 20,0 £ 350 o 5.0
0.0 0.4 3% 0.0 15.5 B 0.0 1.0
0.6 a 33 0,9 5.2 Iy 26 w0 7.0
.0 B. 4 s 137 0.0 5.2 HEE AN .
0.0 B4 933 0,0 3.1 54 478 0.0
7 0.0 8. 9 19 6.0 5.1 5% 0.0
BB 0,0 3.1 530 0.0 5.2 4 530 0.0
% s 4 I a0 5.2 & 5 0.0
1 160 3.4 25 41 0.9 5.2 Bel 00
15 ma 8.4 25 87 9.0 5.2 547 0.0
2o 119 AT 90 .o %81 0,0
12 0.2 (1) b4 0.0 .o e LS
FEA .o VS 0.6 1.0 %5 0,0
b S 11.0 his 0.0 I,0 Eh b6 0.0
25 4 11.0 BET W 1.0 B& L7 0.0
2& 23 ) 546 2.0 N WHE 200
T ota LG EL R B 11,0 5% 0.0
T3 &) 1.3 %41 0 159 h 49 9,0
2% 3.3 1.9 EETHER R N o o0
HEEECR K. 3447 0,0 5.5 55 412 0.0
IR ILo NS BN 1.5 - 331 0.0
7 0.3 5.5 3L 0.0 12,0 35 414 0,0
1 4.0 1.5 30,0 12.0 B 415 0.2
%n AL 3544 9.0 12.0 56 65 0.0
0.0 12.0 7 0.0 12,0 HES X
0.0 1.0 ERXH R 2.0 5 818 0.0
0.0 12.9 3BT oo 1.0 85 419 9.0
0.2 2.9 W 0,0 10,5 25,426 0.0
0.0 1.0 I 9,0 17.5 Eh 521 0,0
0.0 70.2 ¥ a7 0.0 11.5 B B2Z 0.8
0.0 17.2 3423 0.0 19.5 B4 21 0.0
0.0 1.5 44 0.0 0.5 95 524 0.0
5.0 19.5 31K 02 1 % 825 0.9
h3 0.5 64 426 0.0 41 36 524 0.0
0.2 7.5 A7 0.0 11 88 427 0.0 1.0
[ 1.5 35478 o 51 8h 428 0.9 s
4.0 24 B8 429 0.0 1l 3 29 0.0 2.9
0.0 b B6 430 0.0 [N 5 430 0.0 1.5
0,0 .4 B5t 0.0 11 B671 0.0 5.0
0.9 i.b E857 0.8 11 (7T ha .8
0.9 1.4 BET 0.0 1.3 571 9.0 5.0
0.0 7.6 654 0.0 4t LI BN 0.3
0.4 7.8 HES RN 10,0 B75 00 b
0.0 8.0 %5y b0 10.9 Es 74 o0 Lo
0.0 9.9 #B57 0o t6.0 Se 77 0.0 L)
0.0 6.0 WEE GO 0.0 w78 00 3.0
) By 00 3.0



DAIE RAIMEALIL EVALR LATE RAINFRIL.  BVAP DAYTE RAINFALL, EVAP
(o) {em) {zmm) {zm) {mm) {mm})

& N0 0.8 Lo 25 910 0.0 (4.0 BN g0 i.a
B 7 o0 L €5 Hi 0.0 132 3IT 0 1.8
I Y AN 3.0 ¥ 00 bt} %I v In.¢
3T 0 1.0 M1 Mg b WL 40 1.5
™I 00 Lo T 10,5 HTHA N bl
S TIS d.0 1.0 5615 q.p 7.5 HETTEN. 1.5
it 716 0.0 £.2 HEITE R 1.0 HYIHTEEN 19,5
T 00 12.8 LY T iy g 0o 15.0
o TIE 00 13,9 NEH IR 109 EEY AL BN 1o.¢
3 00 £ iR 0L 145 350l IS I 2.0
L W B 3.5 HE R 5.t 3T 0,0 5.0
o0 7.0 5 9% 8.0 b3 sli2y Ly 7.3
26712 0.0 b0 22 0.0 5.5 31123 3,3 7.1
Eb 72 0.0 9.5 537 00 7.0 E{TH-E o
BTN 0.0 4.5 LN 15,3 I HS RN 1.
g 75 0.0 4.0 £5 925 0.0 7.0 61126 0.0 5.9
g 714 0.3 10.0 3 936 0.0 15.0 51137 0.0 .8
5 T W i2.5 8 F17 0.0 15,0 212 0L 0.8
9 731 o 5.3 Eb §73 0.0 t5.0 851129 0.9 .8
B4 737 de 5.3 39 6.0 15.0 BALI3D a.0 .
i PN A0 1.5 B 210 0.0 5.) gtz 1 0. .3
N N 3.0 3101 0.0 .8 BELZ 2 0,0 .8
31 0.2 1.0 T I N 7.9 €812 1 0.0 9.5
- N 9.5 EHI I I 7.3 38124 b0 5.0
5583 00 0.2 HE KRN 7.8 175 1.8 o
e a 4.2 505 00 7.9 8174 1.0 5.0
EY A 4.2 g g A0 1.2 27120 e
EE 0 4.2 107 N0 1.8 gBIT 4 4.0 4.0
HEXN N R 65 0.0 7.4 WY W0 H)
a2 EF 60 L3 ¥ 0.0 1.9 *120 9.5 n.0
57 049 4.0 9.0 1.3 551211 .t .0
B a0 15.5 0.0 7.2 2 0.0 2.0
BN .0 0. 7.6 £L4T 00 7.0
RN .0 6.4 7.9 #2108 9.0 0
2 Ei 0.0 1.0 %9 N 861215 0.2 0.0
LTI RN 5.0 i 7.2 BSLZIE DL 20.0
LBIS 0.0 1.0 W} | BsI217 N0 9
25515 0.0 10,0 9 0.0 1.4 W18 0,0 b0
¢ BIT 0.0 10,5 HidiE 0.0 1.9 841217 0.0 5.0
LE Lo e.3 g 0.0 L BAITNY 0.0 1.
2317 0.0 L1 BIEID 0,0 1.3 R4IIl 0.0 19.0
%530 0.0 1.2 51001 .0.0 7.8 E81272 0.0 1.5
82 0 1.2 #61027 2.0 7.0 861223 0.0 1.0
Eb E7Z 0.0 2 34037 0.0 7.6 BSIIN 0,9 17.9
£ P23 0.0 L2 194 0.0 7.3 881725 0.0 1.0
MM 0.0 L1 B410E5 0.0 b | B 0.0 %0
3225 0.0 .2 1L 0.0 1.3 851227 &.0 .0
3878 0.0 6.2 ES15IT 0.0 V.2 851229 10.5 7.4
b 821 4,5 i1 PHIOZE 0.0 1.8 835229 (2.0 9.0
Gt 820 0.0 1.2 ERE029 4.0 1.2 BAE210 A0 9.0
Eb B39 0.0 41 B51070 0.0 1.2 BITH 0P .0
8 830 0.0 4.2 §01001 0.0 1.2 Bri( 0.0 5.0
8 B3 0.9 w2 a1 1Ls e L SN 3.0
%91 0.0 (1.0 1) 2 1.5 7.8 ALY 0o 1.9
B9 2 no 11.0 4111 0.0 1.8 aris a0 9.8
B& 93 0.0 110 YRR ) 1.9 BTt %5 W0 5.0
98 00 N o5t 5 0.0 7.4 871546 0,9 0.0
WS £y X 1L 5 0.0 7.8 BIET b3 1.0
8 9& 09 1.0 Bl 7 0.0 .9 B7 1B v.0 15.0
53T v 1.3 B e 0.0 B 1LY 0.0 0.1
B399 %o 5.9 BiIt ¥ 0.0 1.8 BT 118 0.0 0.l
R EEN bLS gbilLd 0.9 B 87 111 0.8 19,8
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DATE RAINFAII,  EVAP
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