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ABSTRACT

A study tour of water resource planning, develop-
ment and management in Israel, France and United States

has ‘shown the need for geologists involved in ground-
~water hydrology to familiarize themselves with aquifer

. modelling and computer techniques. At many of the

- areas visited hydrogeological problems were being sol-

. “ved by use of complex mathematical expressions easily

" handled by computer. Advantages are. that answers may

. be obtained using a minimal amount of data and by appro-

- ximating parameters where these are unknown. . After = -
calibration of models, sensitivity tests can show whether

or not actual field measurements are required which in
many instances are time consuming and costly.

- Amongst other recommendations are the proposals

that alternative methods to drilling be tried to obtain

aquifer parameters e.g. use of tracers, chemical anal-

yses and isotope measurements. Where drilling pro-

grammes are necessary, they should be vetted to see that
maximum information is obtained for minimal cost. In

.addition, a review of the whole Departmental observation

well network is suggested so as to achieve optimum
benefits from a very time consuming but necessary under-
taking. o '

 Future trips should be programmed so that'an indi-

~vidual has more time in one particular organization and
"can.work on a specific project. This is preferable to

visiting a large number of organizations and talking

~with a number of specialists on unfamiliar - subjects.

Theré is often insufficient time to fully appreciate

"more detailed problems associated with each subject
“before moving on-to ‘the next locality.

INTRODUCTION

" During August to October, 1975 the authbr, accompanied

Mr. P.J. Manoel, Planning Engineer of ‘the Engiﬁeering and Water .
Supply Department on an overseas tour of Israel, France and portion

. of western United States. The purpose of the stady tour was to
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gain some expertise in eXpioration; development.and management
of water resources with spec1f1c regard to groundwater |

The tour followed an earlier one by Shepherd Killick
and Tuckwell of the Water Resources Branch of the Englneerlng and
Water Supply Department who examlned-groundwater management and
legislation in Israel, Europe and United Statesr. This trio was
arranged by the above mentioned Branch and the itinerary is'out--
lined in Manoel and W1111ams (1977). Six weeks were spent in

Israel w1th Tahal (an organlzatlon responsible for plannlng the

"development of Israel's water resources), 1 week in France with

the Bureau Recherche Geologie et Mineralogie (hereafter B.R.G.M.),

"-1 week w1th Battelle (a consultlng f1rm who carry out work on .

varlous aspects of water resources) at their Northwest Laboratorles,

Richland, Washlngtongand-Z% weeks in California V151t1ng Montgomery

Engineering (conSulting engineers in the field of water resources),

~ various 1nst1tut10ns and f1e1d statlons concerned w1th hydrology

"»and the Callfornla Department of Water Resources.

TSRAEL |
31/7/75 to 12/9/75

A detailed discussion of water resource development in

"Israel is considered unwarranted as this has been adequately covered

by others such as Webster (1971) although this is now partly out of

b date. ‘Rather a brlef summary is g1ven, followed by selective .

"comments on various aspects of interest.

“Water Resources Agencies
Firstly,'all.water resource exploration;-planning and
management is carried out by Tahal ConSulting Engineers'(hereafter

called Tahal), a government organization predominantly comprised

“of engineers with a few geologists. and geophysicists; mathematicians
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and computing staff. Tahal consults in'nany developing countriesAﬁ
particularly in the fields of water resource exploration and
development. In addition within the organization research is
conducted into many aspects of water resources such as artificial
recharge with storm water and treated sewage effluent, cloud'Seea-
ing, long term saIinity build-up problems in irrigation areas,
local pollution problems, saline inf10w contamination of usable
water resources and optimal use of water in urban consumption.

Water supply and effluent disposal come under the

’ausplces of Mekorot Water Company The ‘whole supply network of

wells, p1pe11nes and surface storages is: completely 1ntegrated

‘The majorlty of the nation's water resources occur in the central

‘-and‘northern parts of‘the country and a large‘2.7 m (108”).p1pe-

line (part of the Nat10na1 Water Carrler system - Fig. 1) is used

to br1ng water to the more ar1d south Mekorot carry out all

”rthelr own constructlon work 1nc1ud1ng well dr1111ng, testing and

completlon, though in 11alson w1th-Taha1.
Water resource legislation in Israel comes under the

Mlnlstry of Agrlculture Responsible to the Minister is the Water

» Comm1551oner who heads: a group of departmenta respon51b1e for

water allocatlon (i.e. quotas, rationing, 11cenc1ng, well permits),

efficiency and economics of water-usage, hydrological surveys and

drainage.
Other agencies.or institutions involved with water
resources are principally dedicated to pure research and teaching.

1hese 1nc1ude the Groundwater School w1th1n the Hebrew Unlver51ty'

.of Jerusalem, the Negev Instltute for Arid Zone Research at Beer

Sheva varlous sectlons of the Welzman Instltute of Sc1ence at

~ Rehovot, and the Volcan1 Centre, Instltute for Soil and Water,

“south of Tel Aviv, The Geological Survey of Israel have only a

small section dealing-with groundwater and tend to.specialize on
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minor problems or research topics.

szrologz

Rainfall in Israel varies from 900 mm in the north to
50 mm or less in the south and falls only during November to
May (Fig.2). Most of the usable water resources-(i,e. salinity'
<1 000 mg/1l) occur in the northern half of the country. Usable
surface waterf(after evaporation and runoff 10s$) is_about_SOO
m11110n cub1c metres (hereafter MCM) most being’ 1nflow to Lake

K1nneret (Sea of Galllee) from the R1ver Jordan Groundwater adds

1 000 MCM,{O:%&@ total of- 1 500 MCM belng w1thdrawn from two

aqulfer systems The oldest is the Cenomanlan Turonlan aqu1fer -

a folded fractured and flssured 11mestone wh1ch may be conflned or

‘unconflned and occurs w1th1n the central mounta1n belt Therother,

the younger, is Plelstocene,.generally unconflned and comprlsed of .
flat lylng calcareous sands with some. lentlcular clay. beds and
occurs between the mountains and the coast

Groundwater flow is westward toward the coast west: of

a divide which more or less c01nc1des w1th drainage d1v1de at the

hpeak of the_central mountain belt (Flg.,3). East of here, flow is

Opposite to the above,-being-toward the Dead Sea, and very im-

portantly, to a base level of. - 400 m ‘One'serious‘result of this

low base 1eve1 is the extremely large pumplng 11fts of over 400 m
in wells near the top of the d1v1de such as those wh1ch prov1de

Jerusalem's water supply.

Water Well Drilling

About 95 of water well drilling is carried'out under.
the supervision of Mekorot using their own dr1111ng equipment and
personnel. Wells may be required by. planning engineers in Tahal

for either recharge, discharge or exploration purposes. After
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talking with Mekorot people for only-a few'minutes,,it became
immediately obvious we were talking on different scales., Wells

in Israel tend to be of much greater diameter and depth than

those in South Australia, mostly related to the two base leyel
problem (1.e. almost anywhere 1n the country, deptn to natural
water table is near or below sea level 1rrespect1ve of topography).
It 1s cheaper to drill one deep large d1ameter well equlpped w1th
a large pump than to dr111 and equ1p two- small dlameter wells

The depths 1nvolved vary from 50 to 1 200 m and well dlameters from:

813 mm (32 1nches) to 356 406 mm (14 16 1nches) at the bottom of

the well.

Preparatory work for new wells - specifications; supervision etc.

The follow1ng procedures are typ1ca1 of those used}in
preparation of spe01f1cat10ns, superv151on and completlon of a.new
water well. o | ) |
(i)p_ In1t1a11y, a regional geologlcal survey 1s carrled

out at a 1:20 000 or 1:50 000 scale dependlng on |
geologlcalldata already avallable ThlS may not be
_necessary in some 1nstances Some months may be re-,_ﬂl
dqulred for the survey and costs may be $750 - $1 250
dependlng on mapp1ng requlred Some scout dr1111ng
.w1th a Pa111ng 1 500 r1g may be carrled out espec1ally
when the Plelstocene (coastal) aqulfer is the target -
(ii) 'Re51st1v1ty depth probes are carrledAout for pros-
peetiye and alternative‘sites‘to delineate the im-
permeable oase of the aqulfer. In many.areas these
are already available._-some use of gravity and -
magnetic datarlsimade:depending on availabilityrand B
'llocation:(data souree'usually from petroleum explo-

ration). .. The Israelis-havegfound_goodlcorrelation.
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to exist between resistivity and hydrogeolbgic .

properties i.e. sa11n1ty, por051ty
A well forecast is ‘made by the geologlst concerned

This g1ve5-pred;cted,

(a) . purpose

(b) stratlgraphy '
(c) hydrogeology i.e. salinity; Water level,

well capacity

(D) ‘casing programme

(e) drilling programme

- inf51m11ar manner to our.own spec1f1cat10ns
This~forecast or proposal then goes to a commlttee_
(No. 1) comprising the follow1ng

(a) 2 hYdrogeologists from Tahal"

(b) 1 plannlng eng1neer from Tahal

(c) 2 representatlves from Mekorot

(d) 1 representatlve from the Israel Geolog1cal Survey
(e) 1 representat1ve from the Water Comm1551on

They will approve or dlsapprove the proposal on the

Abasis of hydrologic regime, planningrneedsgand environ- N

mental grounds..
On approval, access roads and a water supply are then

provided.

The proposal is then submitted to another committee (No.2)

convened by -the Water'Commission who discuss the legaIA-

aspects of the programme They then'notify the public_

g1v1ng 2 weeks notice before commencement of dr1111ng

(i.e. public funds are to be spent;—»any ob;ectrons?)3
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Dr1111ng then commences under superv151on of the‘

A.proposer He may only v151t the well once a week unless

it 1s an exploratlon well where upon he rema1ns on’ 51te.~

He must present fortn1ght1y reports-to comm1ttee~No. 1.

After cessatlon of dr1111ng, development and well" testlng,

~ he again reports to that committee who dec1de on equ1pment

to be used in the well. _Flnally_a 11cence coverlng the

pumping allocation for the new well is issued by committee

oNo,.Z.

Driliing machinery and methods

Percussion drilling - not used a great deal.

This method is generally'used with wells that are shallower than

250 'm in hard strata and_150 n when in sand. Types of rigs are

as follows

o)

(ii)

(i)

’ ‘Walker - Neer - 600 m capac1ty and or1g1na11y converted

»from a rotary percu551on rig.

Cyclone 48 traller mounted and w1th a 100 HP Caterplllar

engine.

- Rotary drilling - most common technique.
‘reverse circulation

" This method is used,when'Wellndepth is less than 200 m

and strata are eoft i.e. in the coastal sand and sand-

stone'(Pleistocene) aquifer. Rig type is a Salgitter

~of German make.

(ii)

normal _
This method is:used.when well depth is, from 250 - 1. 200 mo
and‘when strata are hard e. g in the Cenomanlan Turonlan |

aquifer, The Trig type is a Franks Rocket made by Cabot

©and Co..of the;Unlted_States and costs $400-OQO. Cost.
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of a well dr111ed to an average depth of 700 m 1nc1ud1ng
' ,dr1111ng, ca51ng, well testlng, ac1f1f1catlon and pre-l'
paratory work is about $250 000. : For a shallower well .
say 100 m, the cost 1s-$24 000. The large costs are due-
..tozy , R S - A o L
(a) expensive large.diameter casing
(b)_ expensive dr1111ng equ1pment 5
(c) large amount of mud and cement (they use petroleum
| ‘rwell contractors for thlS Job) ‘ .
'(o) wages - drlllers work 12 hour ShlftS (a fu11 time
‘welder 1s_also on the job) )
(e)' access.coSts they often have to. construct thelr

own roads to the 51te

_Pressure cementlng

The Israelis use petroleum drilling techniques for

‘cementing - similar in basic‘approach but on a larger scale.

One important aspect of their techniques is that when cementing

upper levels of their‘welis,-they'bail the'well dry after the

cement has set to check for leaks It should'be noted that in

many cases, ‘their deep wells are drllled only to the unconflned ;'

aquifer : The problem of sallne unconflned groundwater overlylng

fresh conflned groundwater is Very uncommon in Israel.

One criticism levelled at our practlce was the th1ckness
of the cement layer used in normal dr1111ng practlce . They thought

25 mm too thin and prefer u51ng 75 - 100 mm.

Gravel Packing

This technique is used for all wells completed‘in the

‘Pleistocene aquifer. Packs are 75 to 100 mm thiCk.and sometimes

consist of two grain sizes. Commonly used sizes are 3 - 5 mm (fine

gravel) and 1 - 1.5 mm (coarse_sand); They have noticed a decrease
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in specific capacity using gravel packs but'this isdapparently

not 51gn1f1cant and has the advantage of preventlon of sand ‘pumpage.
Screen sizes and optimum packs are selected from tables (Johnson s)
after normal sieve ana1y51s.~-In many-cases they may select these
beforehand as the Pleistocene aquifer COnsists of uniformlydsorted

sand.

Ac1d1f1cat10n

The process of ac1d1f1cat1on of wells 1ntersect1ng carbonate,
aquifers has been achieved successfully in Israel. In1t1a1'exper1-
ments‘in chalky aquifers did not giveapromising results;bUt more
success was obtained in fractured'1imestone'aquifers;.toethe.eXtent.”
that all wells intersecting'these'aquifers are\acidified as’part'of

their completion programme . The acid ‘can also remove mud cake and

_”drilling slurry from the well wall and 1nf1111ngs 1n karstic llme- S

'[stone. To cite an example ‘one well before ac1d1f1cation had a L

yield'of 123_m3/hOUr (2.800 ms/day) and ‘drawdown of-140 m-and
after acidification the yield rose-to 410 m3/hour (9A840 m3/day)
w1th a drawdown of only 80 m. o | -

|  The process is fairly simple. ' The miiture is a fixed»

volume of 30° hydrochloric ac1d (calculated on well area x aquifer

_ thickness) together with some inhibitor to prevent ac1d reacting

w1th the casing, antifoaming chemicals and a retardant to slow the
reaction down. This is then pumped into the well and allowed to

COme-into contact with the aquifer. Unfortunately, all information .
on acidification is in Hebrew buthif more is required”Mrl Simcha |
Shiloni of Mekorot would'be pleased to_helph(see_address;gManoel

and Williams, 1977).
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| [,Sampllng

The one problem with the process is 1ts fallure to

~achieve much better spec1f1c capac1ty in aqu1fers w1th only 1nter-

granular permeablllty. One" nydrogeolog1st I talked w1th had
thought of'uSing"exp1o51ves to set. up-a fracture system 1n'thrs‘17‘:
sort of aduifer (i e. Plelstocene aqu1fer) and then ac1d1fy but
had not put n1s ideas 1nto practlce

The process of ac1d1f1cat1on has promlse only in hard rock.
areas of the Mt Lofty, Fllnders Ranges area in South Austral1a
although it may be useful in cleanlng up mud cake, dr1ll1ng sludge

etc from well, walls 1n any other area.

Sampllng procedures are s1m1lar to .ours., Samples are

_ collected at 3m 1ntervals, but dried and Spllt 1nto two one set.

be1ng kept on - site until dr1ll1ng 1s complete and the other set .
being sent to the office for discussion and logging and exam1nat1on

by a m1cropa1aeontologlst.w They use small rectangular cardboard

boxes (35 cm square) w1th 24 smaller 11ft out boxes with tags on
for wr1t1ng depth All sampllng is usually carried out by the

driller.

'Geophy51cal logglng

All wells less than 150 m are logged u51ng a WIDCO portable

logger For deeper wells larger oil company type logg1ng units are

‘used but only rarely due to the. large expense 1nvolved 'TypesAof :

logs usually Tun are electrlc and acoustic .cf. gamma and neutron

Most wells are dr111ed w1th rotary mud technlques 'S0 these logs

generally give good response cf. the water drllled‘percuss1on'wells.
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Drillers -

No official training'scheme exists for drillers;l‘They’

- apparently learn through practical experience only and are not

recognized as having special qualifications. Pay rates‘are low

but they make up for it by working 12 hour shifts, 5 days a week.

‘Thelr weekly drilling reports are similar to ours but far less

writing is involved. The1r time sheets have columns for such work

" as dr1111ng, running ca51ng, sampllng, fishing, sett1ng screens,

- gravel packs etc. so all the driller has to do is write down hours

worked on each specific job.

'»Observation wells

o These are drilled in, 51m11ar ways but naturally on’'a’

'smalier scale.‘ All are f1tted w1th well screens (w1re wound) 1f

1in'unconsolidated strata. They have tr1ed 1n3ect1ng aqulfers w1th

epoxy resin as used in bonded sandscreens One well was success- -

'fully treated and another unsuccessfully ' The t1me and effort

’rrequlred were too much to warrant further work ‘ Wells are f1tted

with a welded steel cap in which sits a small plug opened only by
a magnet - renderlng then reasonably vandal proof “In most cases

steel ca51ng is used rather than PVC as it is used as an electrode

. when logging the well with a re51st1v1ty tool - espec1a11y in
areas where sea ‘water 1ntru51on is a problem and careful def1n1t10n

" of the 1nterface is requ1red

The observatlon network is checked regularly by a maln-‘

'tenance team and if any requlre rehabllltatlon, this is carr1ed

out 1mmed1ate1y. If 1t should ‘take more than two days a dec151on

is usually made to drill a new well as costs'are comparable and

one can never be sure the'rehabilitation work will be successful.
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Where’subaquifers occur e. g in the Pleistocene aquifer
near the coast: they have found it cheaper to drill single wells

to each rather than drill one large diameter well and complete 4

or 5 smaller ones within it. They make use of existing'pumping

wells where ever.possible} “In fact it is law that all wells have

some access for water level measurement.

Aquifer well tests

.Initial'testing of water wells after actual.drilling

is completed consists of a 1 hour bailer test, examining recovery

. and water quality at the end of this period. There arektwo“

approaches to more detailed testing - each depending on the

aquifer type.

Cenomanian Turonian aquiferi(fractured rock).

~In this 51tuat10n, prodecures begin w1th pumping at

' different rates, w1th hourly water levels and rates noted ' ThiS'

enables some comments to be made on ant1c1pated pumping rates

 during the main test and for later production and on water quality,

: odour turbidity etc. A normal drawdown recovery test then follows

followed . by a step drawdown test w1th e1ther decrea51ng or increas-

ing pump rates.  Normal procedure is to await for equilibrium con-

ditions to be attained and then complete recovery before commenc-
ing the next stage (i'e no time limit) Acidification may then
be tried and the various tests repeated to observe any changes in

- specific capacity etc.
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Pleistocene aquifer (unconsolidated to cemented sands)

In this environment, initial testing takes place using
~.a plunger pump to flush the aquifer. They then install a larger
capacitylpump and pump at very lowhrates gradually 1ncrea51ng
"the rate to somewhere near the desired level (e.g. pump at rates .
. 1200, 2 400 ....... etc m3/day to finally 7 200 m3/day) and with
}gravel packed wells - slowly addlng gravel to replace any sand
»which may be pumped out during development Once the ant1c1pated‘
'rate is reached water quality and gravel pack stability .are
checked Then the normal well tests are carried. out as above, A
»chemlst is also on~51te-to take samples for‘fleld.analySLS of pH;
HZS,.dissolved.oxygen and carbon dioxide and laboratory analysis
“of other ionic species. o | . |

| On conclusion of all testing, results are presented to
.'the c11ent (Tahal) by the superv151ng hydrogeologist (all well
fftestlng 1s carried out by trained techn1c1ans) HlS report gives
suggested pumping rates (hourly, da11y and seasonal), drawdown

levels, pump setting depth, .anticipated quality changes.etc.

Data accumulation

As mentloned earlier, this is the respon51b111ty of the
h'Hydrological Services D1v151on, the authority of the Water Commi—
ssioner. Within thls d1V1510n, there are sections_respon51ble forA
- data collection, processing and presentation (i.e. contour plans,
.hydrographs etc.j-and a small group who carry out.some research

(e.g. on sea water intrusion to the Pleistocene aquifer).
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'Collection (ground andhsurface water)

Observation wells

There are various networks throughout'the country the

more intense being the one along the coast to monitor sea water

1ntru51on and another around Jerusalem.

el

i)

 Coastal’ network (Plelstocene:aqu1fer).

'Withinbthis networkVare'some-SOO—SSO wells, most'dense'

at the coast. All are 51 mm (2") and are used twice

"yearly for water level measurement and determination

of the sea water - fresh water interface using a resis- .

tivity device. Measurements are to the nearest 1?2ycm.
'Jerusalemdarea
”Thls network con51sts predomlnantly of pumplng wells

" 'with access for a water level probe Levels are measured

3-4 hours after the pump has been sw1tched off Again fre-

‘quent measurement is twice yearly. Samples are collected
':during summersfor A.T;S. chloride and pH determinations; 'f
.Optlmlzatlon of measurement frequency (network de51gn)
TThe sectlon respon51b1e for data collection has been 1n-A

vestigating .the design of optlmal_observatlon netWorks.l.e;‘

with a view to obtaining'the maximum amount of data for a
m1n1mum amount of f1e1d t1me They considered statistical

evaluatlon of data on a ba51s of time and space i.e. the

' p0551b111ty of pred1ct1ng certain monthly values of one

- well know1ng»the rest and/or knowing 1ts,comparat1ve

behaviour with a nearby‘well or wells. Using each theory,
costs of setting up and monitoring a grid could be signi-

ficantly reduced.
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. " Some of the constraints in such an analysis-are

(a) .the time interval or frequency of monitoring (one month

" in this case). |
'(b) ~enough well monitoring points muet be:deleted>to eliminate
fieid-Visits to whole areas - in other words it is alluuery
well to eliminate one well but if a field aseistant.has to _'
bypass it on his way to another he may as well measure it.
(cj probabillty coeff1c1ents must be applied to this 51tuat10n

and these are difficult to assess

- (d)'hthe benefits compared with the overall cost of the programme

It is: pOinted out here that 1f no control ex1sts on

_groundwater withdrawal as say in most of S.A., an optimized net-i
| work would fail with any change in the pumping'regime_brdught about
by equ1pp1ng or abandoning new or existing wells. Deepite thie
.ﬂhowever, I feel we should give far more con51derat10n in . the |

selection and monitoring of observation networks.

There are at least 300 springs measured monthly throughout’
Israel and others at less frequent intervals.i_weire or flumes are:
used for most with permanent recorders being fitted to those in

areas of exploitation.

f_'StreamsA

About 100 gauging stat1ons have been set up in Israel,

many'w1th»cont1nuous water level recorders.- Normal current meter-’

ing techniques are used elsewhere and occasionally indirect methods

of estimating flow such as height of flood debris in areas of

difficult access. To overcome the problem of not knowing when to
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go out and gauge - typical in such an activity, thethdroIOgieal

'SerV1ce D1v151on use curves of”reverse cumulat1ve evapotransplratlon"
‘together with 1nformat10n on magnltude and duration of rainfall at a

.-particular site and the soil moisture deficit at that site to pre- -

dict runoff magnitude'for an event and whether it is worth going to

the. field or not.

Processing

All water resource data as they accumulate are punched on

to existing files or await punching on to new files, soon to be

»Jprepared There did not appear to be many dlfferences between their

system and oursij perhaps we are 12 18 months behlnd Tables

-hydrographs 'ratlng curves and contour plans can be obta1ned by

_computer pr1nt out. Programmes for data retrleval in the form of

tables hydrographs, ‘sea water fresh water 1nterface posltlons

',contour.plans,and rating curves had only just been or were be1ng'

introduced into the processing-system.‘ One processing technique'

discussed was that of curve f1tt1ng (Spline method) to a set of

values to obta1n approx1mat10ns to missing data for use say in

hpotentlometrlc contour plans. Other 1nformat1on was retr1eved for

aquifer calibration and forecasting - results of modelllng studies

‘carrled out by Tahal, etc (see later).

A s1gn1f1cant p01nt w1th thls whole system was the avail-

"fablllty of retr1evab1e data soon after field measurement For

1nstance, ratlng curves, contour plans forecasted water levels

'(based on prev1ous months readlngs) were avallable w1th1n 2 to. 3

| weeks of the actual f1e1d-read1ngs.
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Groundwater modelling

\'._Introductlon

The usage and 1mportance of mathemat1ca1 modelllng of‘
| Ahydrologlc systems was probably the most str1k1ng feature of the
Israeli appreach to water. resource planning, development and
managemcnt Such mode111ng ‘allows complete quantlflcatlon of
almost all of the country S water resources and prov1des a-very
useful tool for predlctlng effects of droughts, overpumpage,
wateeruality’changes.etc.7 Various:models_are used depending on
':scalee(see Schwarz, 1972 v_variOus):e | .
(i):' a.reglonal scale where
(a) national water resources are‘cons1dered as a 51ng1e
‘groundwater reservoir supplemented by surface water.
(b)) groundwater and- surface water ba51ns are treated as.:
| e’separate ent1t1es | |
(il): on a local scale where well f1e1ds or 51ng1e wells are

‘con51dered

Principles behind aquifer modelling

Aqu1fer modelllng involves d1V1s1on of the area underlaln

" by the aqu1fer 1nto cells of varying but generally regular shapes

;and a551gn1ng water balance parameters to each Us1ng mathemat1ca1

technlques (e.g..flnlte difference, finite element)'and a computer
~one may then simulate the effect of vary1ng any one of the water
_balance parameters on the aqulfer system. »e.g excess pumpage,
ddrought art1f1c1a1 recharge etc. The general steps taken say for

‘}fmodelllng a single unconf1ned system are as follows (from the

hydrogeolog1sts p01nt of V1ew)
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. Collection and coding of all well data in a form suitable

to punch on to computer file.

Selection of areal boundarles - this decision'depends'on
bwhether a whole bas1n is to be modelled or only part.
In the former case, this entails geological" input. Bound-

‘aries may be aquifer limits, streams, drainage divides or

purely arb1trary

Division of the area 1ntended to be modelled 1nto cells

-;l(squares, rectangles, polygons - depend1ng on. mathematlcall

technlques to be’ used and purposes requlred)

«,Evaluatlon of water balance components for each cell

(a) . Prec1p1tat1on - may need to use elevatlon ‘factor
if area not flat as extrapolatlon between contours

‘_-1s usually not llnear

(b)) Inf11trat10n rates recharge from experlment or

approximation-(e.g. stream loss per km),

() Stream flow -~from records which are usually limited.

Dra1n and 1rr1gat1on channel components of surface '
inflow and outflow. Spr1ng flow. |
(d) Evapotranspiration
(éj‘ Aqu1fer pumpage
(£) Aqu1fer propertles"
(1) potential —'routlneuohservations; ln areas»
| where fluctuationsioccur due tollarge ground-
water w1thdrawals some hlstory of pre- and
post- 1rr1gat1on water 1evels are necessary

to obtain transient state conditions..
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tii) “thickness - forflater usage in.estimating,
| transm1ss1v1t1es.
(iii) 'storage coeff1c1ent (spec1f1c y1e1d) - ex?.
.trapolate on. basis of llthology from cells'
lwhere aqu1fer tests carrled out or where
laboratory results are available or use
'simple empiricisms. |
(iv) transmissivity - extrapolate from whereuteSts
have been carried out. Use lithOlogy,h
gradient patterns; specific capacity'tests-.
etcl to determine'an approximatehvaluef'
Allowance made for partial penetration -
No correctlon for full. penetrat1on
| Once all 1n1t1a1 data 1nclud1ng estlmates are obtalned
the model requlres cal1brat1on Flrstly, the model is run to re-
“:produce groundwater 1evels - usually in the form of hydrographs

' 'lhese are compared with the hlstorlcal data and where d1fferences

. occur changes made to the various parameter estimates t111 closer

agreement is obtalned (F1g 4). In1t1a1 estimates of T S or in-
dflltratlon may have been qulte wrong for, say, lack of stratlgraphlc
;1nformat10n or there may be no adequate record of pumplng hlstory
'As every new year ] data accumulates further.callbrat1on runs
should be tr1ed to obta1n a more representatlve model .In practice
it has been found that close agreement between system and model
snould be sought only in areas of more 1ntense exp101tat10n thtle
it1me should be ‘wasted 1n attempted calibration in fr1nge areas
Dur1ng calibration, sensitivity tests are run on the model
- to see how 1t is affected by changes in each of the parameters.p
‘.If it 1s sen51t1ve to tranmlss1v1ty values in one area, it may be.

‘necessary to carry out some field 1nvest1gat10ns.' This can be a
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- real money saver in the long term if 1t can be shown that estl-

- mates from ava1lab1e data can be used to adequately s1mu1ate the

system.
‘More complex systems may be modelled along s1m11ar lines.

Techniques are now avallable to model unconf1ned/conf1ned and

complex confined aquifer systems, sea water intrusion and water

qua11ty changes The latter are much more.complex because of mixing

‘fprocesses All these models require add1t10na1 1nformat1on such as

‘;;conf1n1ng bed parameters, leakage coeff1c1ents etc Aand cal1brat10n o

becomes more difficult and time consum1ng. The complex1ty depends

énaturally on data available.

" Use of models in planning and management

Once the model is - ca11brated and good agreement w1th the

true'hydrolog1c system 1is réached, it becomes a pred1ct1ve tool for

planningoand management purposes with the basic purpose;being to<

optimize all operations. Information gained from the.modellcan‘be

in several different forms | |

(i)- - The behav1our of the system under drought cond1t1ons
can be s1mulated The worst s1tuatlons from random sets
'of ra1nfall data as generated by stat1st1ca1 means are
.used to determ1ne effects on groundwater levels, long
‘term quallty, econom1cs etc. | |

(ii)- _Development of a groundwater basin can be planned by -
know1ng the_pump1ng dlstr1butlons which achieve opt1ma1
groundwater'levels, minimising dangers to the aquifer
(see also Hydrochemistry). |

(iii) Optimum pumping conditions'along the coast to prevent
‘seawater intrusionkcan be obtained (Fig. 5, oj.A In the

particular case with the Pleistocene (coastalj_aquifer
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in Israel, a network of collector wells have been con-
’structed along the coast and are pumped at rates to Just
maintain a seaward gradlent |
(ivl Optimum planning of complex water distribution systems
involving many pumpage and recharge sites can be |
achieved (see under next heading) -
.(V)" Optlmum management of reserv01r storage can be achleved
i.e. Lake Kinneret. Modelllng of this resource from both
-a water and salinity.budget point of view enables better
, protection of this Valuable resource representing one
'.-_thlrd of the country's total water resources. Proper
.control on storage head is requ1red as saline sprlngs flow
- into the lake at 1ts_bottom. One theory on_the1r origin
”fimplieS‘lf heads are lowered below a critical level }
will increase flow ‘to such an extent that much of the
'frema1n1ng resource will bccome too sal1ne for human con-
sumption. Many sallne.sprlng flows around the edge of_the
llahe»are collected:and.diverted Vla alconorete'channel to.

. the River Jordan at the downstream end of the lake.

__Qomments

‘Modelling of hydrologic systems is a must for planning-and
management{purposes W1thout them, the JOb is v1rtua11y 1mposs1b1e
Close co- operatlon between geologlsts, englneers,.mathemat1c1ans
etc.1s essential if modell1ng is to be a success as all have their

- role in such investigations.

Artificial recharge

Artificial.recharge is practised economically in Israel
in many ways. Storm'water'runoff Lake Kinneret water, and treated

sewerage are all utilized although the latter is in early tr1al
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stages , In all cases, recharge of unconflned aqulfers 1s;>
.practlsed as ‘available storage, volume and recharge rates are |
much greater than with confined aqulfers. Some detalls on each

method follow.

Stormwater runoff

‘Stormwater from emphemeral streans in the 1ow.1ying'-
foothills'adjacent to the central mountain belt is diyerted,by
_means of weirs and open.channels to sand dune areas on the coastal
plainsl Here;.several ponds have been excavated, the firstdto act
"‘as a settllng basin from which the low turbidity uater (most im-

i portant should be 1ess than 1- 200 mg/l total 1oad) 1s channelled

~ .to the others known as spreadlng bas1ns In1t1al 1nf11trat10n

'drates may be as- nlgh as 1-3 m/day but drop ‘off ‘as clogg1ng becomes
.ser1ous At the end of each season, the spread1ng ba51n floor is
dlSC ploughed to break up any algal mat and clogged zone. About
;every 5 years they scrape the top 5-10 cm of the surface to remove
'the bu11d up 1n algae and f1nes A most interesting point at one -
'j51te (Nahale Menashe - Flg. 7) was the practlce of exce551ve1y |
lowering the water table to- create a sink before the rainy season
and thereby increase recharge.

Appllcatlon of this technique to desert streams so far
has been. unsuccessful as the extremely high sedlment load (10-50 000
mg/l) caused 1mmed1ate clogg1ng Settling reserv01rs areﬂa must if
thlS is to be successful in tnat environment.

Lastly, abandoned limestone quarrles in the footh111 areas
are be1ng con51dered as cheap recharge 51tes A It is expected that
most. recharge-would take place through the quarry walls as settllng
would soon clog the floor. Presumably some annual remed1a1 actlon

would be necessary to malntaln consistent 1nf11trat1on
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Lake Kinneret water and groundwater

Water from the'National Carrier (of both surface‘and
subsurface origin) is discharged’into wells and abandonedheand
quarries south of Tel Aviv tobcounteraCt development of cones of .
depression beneath irrigation areae.’ Infiltration rates of up
to 2.5_m/day have beeén obtained in the quarries. Algal mats
resulting from biolOgical matter in Lake Kinneretrwater are'a
problem. On the quarry floor however, they can be manually re-
moved at: the end of each recharge season ThlS type of water also
causes serlous problems in wells Clogglng may also be related to

chem1ca1 constltuents as well as b1010g1ca1 and sed1ment load.

'A'Groundwater 1s preferred for well recharge. Where p0551b1e dual

purpose. wells are used’ to partlally e11m1nate the clogglng problem
Wells that are used for d1scharge 1n summer are recharged 1n'
winter. The follow1ng summer; initial pump1ng does produce some
tAwater of unde51rab1e quallty for a few hours but it soon returns
to a suitable level Generally speak1ng, recharge rates have been

found to be about two thirds of dlscharge rates. A word of cautlon

- given was to take care when recharging the unsaturated zone as the

ISraelis'lost‘a complete Sbm high pump house through land sub-
'-51dence | | | | .- j

Some studles on mixing between recharged water and natural
groundwater have been carrled out. In the Ple1stocene aqu1fer they
found a m1x1ng ratlo of about 1:1 i.e. they must pump twice the
recharge Volume to reach the or1g1na1 water within the aqu1fer
}_W1th1n the Cenoman1an Turon1an aquifer the mixing is much better,
tnis'being;attributed to better porosity and permeability - Using
.experience with this operation, the Israel1s hope to. recharge storm
water via wells into saline aqu1fers recovering the water-at a

Tlater‘date,_On*lnltlal repumping, some water is lost through quality



: degradation however,'the situation soon improves with time.
ThlS whole recharge programme near Tel Aviv 1s quite
complex, w1th a large number of w1thdrawal and recharge sites
‘and several sources of recharge water (surface water and'ground-
water from both aquifers) all integrated'within the National Water
Carrier system. At one point, the Cenomanian‘Turonian'aquifer is
5 r SO transmissive; it is actually wused as part of the pipeline |
system - pumping iniat one site and Withdrawing at another soiie
. kilometres away with'almost zero drawdown (i.e. behaves almost as

a free water surface).

- Treated sewage

A large scheme (Dan Scheme) to treat effluent from the
-fgreater Tel Aviv area and use it for groundwater recharge and
'__1ater for 1rr1gat10n purposes “has been proposed and a pllot study
has been in operatlon for several. years (at present the effluent |
is disposed-ln the Mediterranean). Treatment 1nvolves aeration
(oxidation),_lime clarification,, ammonia stripping and pollshlng.
The product will be pumped to spreading basins to be later recovered
uia wells after 400 days. The suspended load (5-20 mg/l) 1n the
s " treated effluent is too high for use in well recharge I One maJor
.2?prob1em is. that the supply is not where the demand really 1s i.e. ‘
dthe treatcd effluent may prove too expen51ve to supply to agrlcul-
ture some distance from the treatment plant One answer'here is . -
to 1ntroduce it into the ex1st1ng urban system but the1r Mlnlstry
" of Healthypeople are yet to be conv1nced that- the treated effluent

is safe to use.



[ 33

-25-

An interesting sideline to this has been groundwater
monitoring for.pollution effects beneath the oxidation lagoons
etc. Initially}infiltration through the bottom of the lagoons
was fairly fast but has slowed down by ten fold due to self.
seallng effects - Chloride, used as an inditator after S'years,
was the’ same at the water table beneath the - ponds (110 mg/l) as
A the effluent but 80 m away was 40 mg/l 160 m away 25 mg/l (all
compared to background groundwater value of 10 mg/1). he-
51tuat10n has remalned as such for some years now. Filtration in
the unsaturated zone ‘here had prevented v1ruses, bacterla and all.
but a very 1n51gn1f1cant amount of heavy metal reachlng the water

table.

derOChemistry

Routine sampling»and analysis
| Mekorot has its own analytlcal chemlstry section.

1 Samples for laboratory ana1y51s from new or ex1st1ng wells are’
'collected,by trained personnel from that sect1on. .There are- -
Afewer problems with diStance between the field site andAlaboratory
necessitating speeial sample treatment in Israel. Mostldistances
involred are trom 50 - 150 .km. Where field measurements are needed,
the laboratory section uses Hach field kits, having found them.
most reliable. Typical-speoiesianalysed in the field are dissolved

.oxygen,_earbon.diOXide and hydrogen sulphide as well as pH. No
special vehicle or elaborate equipment is required as all kits are

quite compact. A Hach catalogue is now in Divisional files.

Isopote work

The use of isotopes in hydrological investigations is
- common in Israel, particularly in research institutions such as

‘the Centre for Groundwater Research at Hebrew University and the
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Isotope Research Section of the Weizman Institute and to a

~smaller extent within Tahal.

Centre for Groundwater Research
’.Here recent work: has concentrated on oxygen, sulphur
and uran1um 1sotopes, deuterlum and’ comb1nat1ons of these. Abundance

18 are 1nfluenced by alt1tude | Some work on the

hof deuterlum and 0
proportlon of these two isotopes in spring waters has shown their
source of replen1shment to be at topographic. elevatlons WthA only
exist in the central mountain belt. Work on sulphur 1sotopes (S
534).provided.supplementary results to the above although fraction-
ation'processes are different; | _ | |
Lastly uranium 1sotopes (U23'4 23 ) ‘have been used to
‘cstlmate the duration of contact between groundwater and an aqulfer
as .fractionation takes place at the boundary Work in the central
 Israel reglon showed d1fferent ratios east and west of the ground-
water divide 1nd1cat1ng dlfferent conduit mechanlsms probably

*J:related to the d1ffer1ng base levels (1 e. older stable Medlterranean

sea level cf very young Dead Sea level at minus 400 m).
IsotopebResearch Centre - Welznan Instltute
'Majorhdiscusslons centred around use of’trltium andA
Acarbon14.. | | | : | |
(i) = - Carbon14
‘This isotope has been used’in a project centred along the
coastal strip south of Tel.Aviv. Groundwater samples were
collected from_the Pleistocene aquifer along a strip'ls km
-x 50 km in an attempt to determine residence times.
Sampl1ng technlques are standard - prec1p1tat1ng the car-

’bonate as BaCO3 by addlng NaOH ‘and BaCl2 under 1nert con-

1d1t10ns (1,e. s1m11ar in most respects to - CSIRO technlques).
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Results showed'most.groundwater to have residence times
of about 150 years; but pockets were located which had

residence times of 3 000 years indicating-some stagnation

'fwithin the aquifer probably»related to lenticular}confining

layers restricting groundwater'movement, Where age can be

defined as greater or less than 20 years by using tritlum,'

14

C is also used to determirne proportions of young or old

water in such mixtures.

Tr1t1um' _"'

‘»w1th sprlng seals) 1nc1ude rain water from a number of 51tes'
.1(rout1ne), surface water e. g reserV01rs (surface and at
'f:depth) and groundwater (sampllng only after m1n1mum of 2-3
' 'hours pump1ng, preferably 24 hours) Some sampllng of the
_unsaturated zone 1s carr1ed out for spec1f1c pro;ects
'7‘Tr1t1um has been used in rclat1on to .the sallne 1nflow
’problem to Lake Krnneret - a problem which, if solved,‘c0uld
.mahe:considerably more waterlauailable for -urban and agrle' l
“VCultural-use The 1nflow had been known for some t1me fron
h“stra1ght sallnlty balance studles but 1ts nature not under-
”stood Tr1t1um stud1es of the 1ake water and sedlments
h'j1nferred upward advect1on through the bottom of the lake
'fAlthough unmeasureable, this advection was thought rn-‘
bsufflciéntzto'provide the'amounts of salt required to make

up the‘discrepancy in the salt balance. . Rather it was

considered likely that the inflow is in the form of large

-saline springs and recent investigations have concentrated

on their -identification.
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Another specific investigation using tritium has been to
identify sources of_flow“inhthe River.Jordan i:e. to quantify com-
| ponents in terms of preyiOUS yearsl rainfallf Taking a particular
A .sampling point and analysing_for tritium, present flow can~be-split
hlnto components as follows | | | .

15° of the- flow is due to thls ‘years . ra1n

30% SRR EERETERE ,...;... ra1n falllng 2 _years ago
lenabllng groundwater d1scharge components to be calculated (e g.
'fsomethlng l1ke Prof Holmes work on the Glenelg R1ver)

Tr1t1um has been used in 1nvest1gat10ns of the accumulatlon
of n1trate in groundwater beneath 1rr1gated areas in an attempt to
'determlne the means of contam1nat10n and its path No correlatlon
"was obta1ned so better success is be1ng sought by look1ng at iso-
'topes of n1trogen and oxygen 1n fert111zer and the aquifer system

',1tse1f - '

One of the 1mportant po1nts ar151ng from dlscu551ons w1th

’researchers at the Isotope Research Centre was sampl1ng 1n aqulfers

7‘whe1e.strat1f1cat1on ex1sted ‘ They, nor we, could not make any

suggestlons as how to overcome the problems of obta1n1ng represen-
tatlve samples from below the water table without dlsturblng the

ystem.

Tahal investigations

'Some-time was. spent with Dr. Mercado of - the Water Quality
Unit'within.Tahal; He'has”looked at the'long_term build up of‘
dangerous'COntaminants'suchLaS»nitrate' chloride and heavy.metals
in groundwater and has attempted to model the bu11d up to predlct
*Areglonal trends for plannlng purposes A paper of his, deal1ng

w1th the n1trate and chlor1de problem was recently publlshed ‘in they



A-Journal of Hydrology (see Blbllography) A brief'reSUme of some
of his work is as follows R .
Agrlculture and reuse of treated sewage effluent both result in-
longterm bu1ld up of contamlnants 1n.groundwater.‘ Such contam1n-.
ants include chloride, n1trate and. heavy metals. Nitrate resultsa
'from fert1112ers, animal wastes, ‘etc. and eventually f1nds its™
way ‘to the water table via recharge and return 1rr1gat10n flow.
Nitrate balances show something like at 17% acce551on to the water
table per annum eventually resultlng in undesirable levels “being
:reached in areas where groundwater is used for human consumpt1on
dflProtect1ve measures in the form of reduced fert111zer appllcatlon
h‘and proper control of wastes w111 become necessary : The problem37

. here 1s that the protectlve measures may come too.late due to
naturally delayed aqu1fer responses i.e. the’ unsaturated aone may
~a1ready serlously be contamlnated GroundWater_exchange, i.e, |
e1mport1ngdr1nk1ng quallty water and exportlng agr1cu1tura1 quallty»
water, could be a solutlon. - |

| 'Chldride builds up in lrrigation areas and'infinitum,»being
removed nelther at the surface or in the unsaturated zone. Chloride
balances in some areas show bu1ld up of 300 mg/1l in 35 years
serlous when th1nk1ng ahead 50 OT MOTEe years. Unfortunately 11tt1e
- can be done to allev1ate the problem but to 1mport and export as.

-above prov1d1ng there is. an abundant freshwater reserv01r ava11able;
Agaln expense can be the 11m1t1ng factor | | | |

Heavy metals are partlcularly assoc1ated with: sewage and

'are not e11m1nated in the treated effluent expected to be used in
| agrlculturelwhen the-Dan.Scheme is fully operatlonal. They ‘also
build updin'areas where pesticides ‘weedicides . etc are'used
;thtle 1s known about th01r benav1our Many may be absorbed by

so11 const1tuents becomlng partlally retalned 1n the unsaturated
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zone for long periods say thé order of hundreds of years or so.
However,soil components (ionic and-organic)-may’form complex as

_w1th certa1n heavy metals (i.e. Cd++ reacting with C1 ‘or'organic

- complexes g1v1ng CdCl3 or'organometalllc compounds) reducing'

transit times. Mercado s approach to the problem (bearlng in m1nd -

A”Q[Israel s l1m1ted water resources) has been to- model a. s1mpl1f1ed

‘systemof pollutant transport based on prev1ous water’ andasalt
7;balance studles obta1n1ng c1- N0;; heavy metal etc balances
_w1th1n a network of cells in the coastal (Plelstocene) aqulfer andj
~Jpred1ct1ng where serlous bu1ld up w111 occur. Rather than con-'»
-centratlng on ‘one. part1cular spec1es studylng its: movement through
the unsaturated zone he has assumed uninhibited flow to the aqulfer
i(as w1th Cl ). Average values are used for all parameters to
'fobtaln pred1cted build ups (all processes are assumed to behave»d
»llnearly) Tnen ranges of parameters may be used to see how |
V'sens1t1ve the pattern is to each.' Some of the dec1s1on var1ables
' -wh1ch will affect the model are as follows.
fthl(i)'fp twhat to choose ‘as a target year i.e. ZObb;hQOZO”etc;"':
'»(ii) how much recycllng of groundwater can be allowed
'i(ifen.reuse-of*treated seuerage'effIUent) if this’
is a.maJor source of heavy metal concentrat1on
f(iil) J»should further controls be placed on the effluent
| :concentratlon i.e. add1t10na1 treatment costs
'which.may-atfect_the economics of agriculture,
vital tolthe_countryls survival.
The whole concept of the project has been to produce'a useable'
model for planning and management purposes. 51,'2, 3, above

are needed to proceed further.
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Instruments

°“T;véiioué’ihstfuﬁéntsjé;gﬁ'watep'réGel]?éédf&érg;fpfobég;ﬂ”
currentbmeters'use in Israel are made byaa divlsion'of Taman,:the.
‘:lsraelidaircraft factory. A copy of theirdbrochure isdin“ B
,Diyisional'Files. Allittle'more detail on‘some of them'folloWsi
'-;ki)b'F: Water level recorders - the upright rotating drum' |
type are preferred. | |
S (i1). Water level.probes { these use the'casing_or pump
| ‘:?column.as the’Second eleCtrode rather.than‘a.second
. Wire-?Aokay if Wells are cased to water level.'iThis
Jhastthe advantage’ofrreducing the'bulkiness}_ The =~
probe-is attached to a strong, plast1c coated graduated
:-;pand non stretch1ng w1re.: The bottom electrode is
“.welghted w1th small brass welghts attached so when jg:-'
pJammlng ‘occurs; they and the electrode drop off 1ntoi
:d“thenwell, enabllng retrleval of the probe w1re and
”Tl'attachment of another electrode. |
'(lli) Spec1f1c depth samplers'elthese work on exactly the
| ‘same principles as those used w1th1n the Department
_(iv). Current meters - these are_manufactured and tested
| ,w1th1n Israel - giving about accuracy . to 5%} They
.use sllghtly larger propellors |
(v)A'? :Sallnlty and temperature logger - this‘unit can-
bmeasure 51multaneously temperature in a range 0 50°C
and sa11n1ty from fresh to sea water over a depth of .
400 m. ' It is battery operated portable compact and
~ usable in wells as- small as 30 mm d1ameter . Total

Awelght is 15 kg (two 1tems) Th1s dev1ce could be, x



[}

-32-

o extremely useful in'field'operations. “Comparison is.
‘required between it and that<which.the Department already
has. _ o _
-In'sunmary, there 1s 11tt1e d1fference between the1r

sampllng equlpment and ours,_the only feature be1ng the sh1ny

dllmetalllc flnlsh (chrome, brass etc. ) on. 1tems 2 and 3 maklng them.»-

con51derab1y more expen51ve than our own,

Water rights, quotas

dl In Israel, the_rightS»to water lie with the individual

hbut'the_Governmentzcontrois”the:allocation through the Water.

i CommisSion.tsee earlier). Ailocations are based'on.differenth'
'rprincipies'depending on usage, - Withfagriculture;‘it is based on

- crop usaged(asradopted at Padthaway). 'When;the Quantityﬁrequirede;

- to irrigate"a crOp is'allocated:it cannot be-alteredfé irrespective

'of whether the farmer wlshes to change to a crop type u31ng.more

;water - Control is achleved by u51ng up to date aer1a1 photography
:?fand ground checklng » If an 1nd1v1dua1 1s obv1ously u51ng over hlS

fquota he is adv1sed and has the r1ght of appeal through a pub11c

7fe.comm1ttee 1f the appeal is- upheld i.e. he can - Justlfy the

add1t10nal usage e1ther through economlcs, nat1ona1 securlty etc
only then w111 his allocatlon be altered

W1th1n 1ndustry, a 51m11ar means of allotlng quotas is

used So much water is allowed to produce say each tonne of paper

or wash each tonne of sand - A 51m11ar.r1ght of ‘appeal exists.

Wlth the urban community, water is allocated to the municipal

authorities who in turn distribute it to the individual.
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'Appeals,‘if not upheld by the-public committee; may be
taken to court pre51ded by a profe531onal Judge who has access to

expert w1tnesses (e.g. englneers, hydrogeologlsts) Such cases.:"

Con51derab1e 1nvest1gat1on 1nto reductlon of per cap1ta

usage has been -undertaken in' Israel. Water pr1c1ng'pollc1es»have

&been 1mplemented to d1ssuade farmers, 1ndustry and urban populatlons'
:from us1ng above quota amounts Excess water rates ‘are propor-’ , |
'-fﬁitlonately much hlgher than here.f In add1t10n 1n agrlculture,' |
o accent is. on more. eff1c1ent 1rr1gat1on technlques w1th much re-il”;xt'
-',search 1nto spr1nkler and dr1p methods. Flood 1rr1gat10n is a
)rare occurrence : In the urban communltf, people are not encouraged
-to.ma1nta1n 1arge gardens, lawns etc. 1n an attempt to reduce

. consumptlon.

Water Usage

.~(brackish, effluent, harvesting)-

Varlous s1tes were v151ted throughout Israel where ex-"

perlmental usage of bracklsh water and partlally treated effluent
‘desallnatlon water harvestlng were.belng tried in an effort to

"j;utlllze water resources prev1ously con51dered unusable.

Brack1sh water (>3 000 mg/l) has and 1s be1ng used to

'f1rr1gate peanuts, tomatoes onions. and salt bush (as a dalry fodder)
l‘and 1n f1sh farm1ng (carp) Salt appearS'to'be no problem as there
h“1s good dralnage to the nearby ephemeral streams and deep water
htable. Pr1mar11y treated effluent (aerated) is be1ng successfully

, used'for alfalfa (1ucerne)‘product10n. .Small scale desal1nat10n‘

plants - of the electrodialysis and reverse osmosis type, are
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:be1ng used to produce supplles for kubbut21m and experlmental
""ﬂffarmsgrn the “drier desert areas. The pract1ce of "water harvest-
"ing" is gaining popularity in the drier areas. Here,_rows of

10-x 10 m plots are constructed so that all runoff 1nto each plot

is channelled to one corner where a fruit tree is planted (e g

_plstachlo,.ol1ve, almond, peach). The,runoff.durlng winter (raln-

. fall 150-200 mm) is enough to keep the tree alive during thep

following summer‘which is totally dry. .
Other efforts have been to cut down gross consumptlon in

agr1cu1ture by u51ng more soph1st1cated forms of 1rr1gat10n

',Trlckle 1rr1gat10n 1s the most popular here Bracklsh water‘1s
:ﬂused w1th good results and fertlllzers can be added in 11qu1d forms
‘5A1n a much more eff1c1ent way than before There are at least two
'”hfagenc1es carrylng out research 1nto such problems, the Negev
‘Instltute for Ar1d Zone Research at Beer Sheva and the Volcan1 -
h;Centre_near Tel_Av1vf{ Some of the pro;ects 1nc1ude studles of
u,'plant*physiology in’the ar1d env1ronment dry land farmlnc in low
”ra1nfa11 areas _n1trate pollut1on through agrlculture, 5011 phy51cs '

land soil sa11n1ty In add1t10n both centres offer field extension

el ‘[“-‘f)vmhw
Explera%ron preventlon

Engineers within Tahal have‘for some time been studying

the problem of preventlng evaporatlon from water surfaces in an

yeffort to thereby increase available. water resources. The pr1nc1p1e
_::of the process 1s to cover the water surface w1th a. mono molecularA
fflayer form1ng ‘an evaporatlon barr1er Th1s 1s ach1eved by spraylng L
- a long chain alcohol- water emuls1on on to the surface u51ng a

nsystemof sprlnklers
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'Problems-which have arisen inciude the followingie
(i).'v:_Measurement of the effectiveness of . the cover 1 e.“.
- A1t is very difficult to prec1se1y measure evaporation
before and after treatment o |
’f(ii)AV Wind is a nuisance, speeds greater"than 20-25 km/hr
B breaking'up the cover and reducing its*effect-drastically.
‘]r(iiif:_‘The mono-molecular layer itself causes build up of heat |
| storage within-the water body leading todincreased eva-
poration onbbreakbup;of the film.
i(iv) ‘The methodS'so‘far-used are iaboUr intensive.
r(y) o Thé'costfof'chemicals usedUhas-risen‘enormOUSIy.
;The'overall conc1u51on on the experiments conducted so
btfar is that the process is uneconomical for 1arge water bodies but

‘jgsomething 11ke a. 12° reduction in evaporation may be achieved Wlth

' f“smaller bodies i.e. farm dams. The next step proposed by Tahal

engineers 15 to try materials that reflect radiation rather than

to reduce evaporation u51ng mono molecular 1ayers

Training in Hydrogeology

Under graduate training is carried out at'the Hebrew
University as part'of:a normal science degree. There is an ex-
-'cellent post graduate course run by Professor Mandel at this uni- g
.ver51ty w1th1n the Centre for Groundwater Research. | J. Forth of
‘tne Water Resources Branch Engineering ‘and Water Supply Depart-
ment has attended and highly recommends it. The course is run -

yearly between December and May and 1s titled ”Exploration and

' bﬂ7Development of Groundwater Resources A11 aspects of hydrogeologyb

,are covered. The course 1nvolves lectures, tutorials, written

. _examinations and preparation of_a short paper. At the conclusion
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’students.are given a diploma, recognised at.most'universities -

as equlvalent to 35 credlt p01nts toward an M.Sc. degree }-It is

env1saged that shortly a full ‘time M.Sc: course will ‘be avallable.
Several students. at the Research Centre are. d01ng

doctorate degrees on var1ous aspects of groundwater

FRANCE
13/9/75 to 30/9/75

All t1me in. France was spent w1th personnel of the Bureaub__

.:Recnerche Geologle et Mlneralogle (hereafter B.R.G.M. ) at varlous

"-,fofflces 1n Orleans (head off1ce -2 days), Marsellles)(Z days) and

(Strasbourg (1 day) B R G. M is a sem1 government organlzat1on

5,carry1ng out consultlng work for. the French Government and for

..“gvarlous countr1es " In Orleans we v151ted the1r Hydrogeology group

d:whlch together w1th tne Geotechn1cs group have a common data bank
A.'and a statlstlcs, hydrometrlc and’ comput1ng service. ' The- two‘other_
| offlces are part of their group of reg1ona1 offlces Strasbourg*.

'be1ng a l1ttle d1fferent as 1t 1nc1udes the Geologlcal Survey of
"the Alsace reglon and has a. large group worklng w1th hybr1d (analogue
& dlgltal) models The reglonal offlces in general tend to deal .

fﬂw1th local problems

5,'LegiSIation and.contrOI'of'water résources in'France
Surface and ground water is controlled by numerous autho-
rities at natlonal, regional and local levels. Controls on ground-
"water‘includet

 Well Perm1ts"

Permlts are requlred for all wells greater than 10 m deep
by the M1nlstry of Health for quallty reasons. Appllcatlons ‘are

submitted for approval byfan_appointed geologlst, He may or may



\\;_37;
“:.not make some comment regardlng supply. Ontcompletion-awell,
detalls (not 1nc1ud1ng a log) are submltted to B R G M by

: postcard

B Water quant1ty

| There are no controls on phreatlc wells as. these tap
'rlvers water wh1ch is everywhere abundant Controls on wells
which penetrate.conf1ned aqulfers have(ex1sted in some area5<as_1,:

'ffar back'as;1935, such as: in the Paris Basin.

,”'Water qua11ty - pollut1on~'

" There are’ laws regardlng waste d1sposa1 v1a wells :Theset
are d1ff1cu1t and costly to enforce and succeed in catchlng only
7ﬁ5the large polluters » | | | |
| :,For wells they have a set of per1meter rules-to 11m1t
'tcontamlnatlon |
(i)f.e".O - 10 m - inner perlmeter - no bu11d1ngs are allowed
: | area must be enclosed for protection.

'.(ii) ji 10 -‘100 m, no garbage disposal, fuel storage or

various other practices allowed.

“‘r(iiil' »100 - 1 000 m - as above, dependlng on aqu1fer condltrons;
These cr1ter1a could be qu1te useful if modified and adopted for
'South Australla - espec1ally septlc.tanks and domestlc water
supplies; S | o

Data bank storage B.R.G. M

Only w1th1n the last few years have B. R M. G been f111ng-
'well data on computer tapes etc. A large 18 000 word Thesaurus
~“hds been used for well 1ogs (the1r data storage system is not JUSt
bbwater wells - it 1nc1udes geochem1stry, petroleum and m1nera1

explorat1on data
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Examples of some of their files include:

“piezometric levels

water chemlstry (d1v1ded 1nt0 varlous 1ons, heavy :

- well detalls'

.hydrologlcal data 1 e. stages, flows

Forms of data retr1eva1 are for

d:(i)‘=

.'ffdrfwd
(i)

'dﬁ(b)dien coneentratlons,vs. t1me plots on P1per‘

(a)- water level vs. time (plots or prlnt outs)
(b) all readlngs for . one year, t1mes measurements

'_taken

- (a) salinity vs t1me plots or prlnt outs.

.trilinear diagrams

"(t)]cdhtOurs;

Hydrogeolog1ca1 pro;ects

Some of B R.G. M 's hydrogeologlcal work wh1ch we. dlS-

cussed’included:

-at Orleans

Modelllng

@

jStudles carried out 1nclude research 1nto the following:

*One Phase

" (a) Simplest cases. - steady state assumed;;square"

'cells used in model. Numerical techniques not

requlred

ii(b) Tran51ent phase con51dered - larger computlng

fac111t1es needed

:(c)’nqn linear_problems



f(ii) -

(iii)

Two Phase
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- (d) multilayer cases

(e).SD problems where Dupuit assumptlons do not hold

Often here the upper boundary limits are unknown..'

: :(f) Progression to varying: shaped cells

'(g)'Use of f1n1te d1fference and f1n1te element tech-

o n1ques 1n more complex s1tuat10ns."

\

(a)_PollUtion i.e.'tracing pollutants.from a river

”ll through aquifers:to'well'fields using so-called "Sharp
“front model" and later."dispersion_modelﬁ.' Salt-water

or tracer injection used’here'to verify.modelling;

-~ (b) Saltwater intrusion e1ther via ralnfall to aqu1fer

;from by product of potash m1n1ng (see 1ater) or w1th1n
b”phreatlc aqulfers at coast Here d1sper51on was not
.taken into account and an average ”front" pos1t10n
Zassumed.‘ Two situations with the coastal 1nterface
ﬂproblem were con51dered the f1rst where no flow occurred
;gat.the boundary-(l’e pressure fixed and a functlon of
evert1cal pos1t10n of water table), the second where

'Vtrans1ent cond1t10ns ex1st at the 1nterface

1(c) Effects of recharglng heated cooling water to aquifers.

(d) Stochast;c ‘treatment of data 1.e. ra1nfa11

Pollut1on

-Detalled 1nvest1gat10ns of the n1trate problem in ground;
_water Stud1es u51ng 1sotopes showed concentratlons up . |
jto 200 mg/l in groundwater to result from over fertlllzatlon-
-of agrlcultural land. A partlal solut1on has been achleved
'as r1s1ng costs have forced farmers to. lower the app11cat1on

ra_te».



at Marseilles

).

"(iii)

Gv

'-flow in a karstic area near Cassis - fa1rly expens1ve re-

"The Fos area near‘the‘Rhone Delta - an area of potentlally

large groundwater resources at shallow depth A mathe-

: mat1cal model was developed to assess total resources and

as a means: of plann1ng future development - 51t1ng 1ndustry

and urban expans1on to reduce pollutlon r1sks and to. gauge

S ,,:f;effects of future groundwater w1thdrawals on’ the aqulfer -
(i)

.eramas and Cannes (sewage contam1nat10n of groundwater)

Invest1gat10ns of locallzed water pollutlon problems at

'Invest1gat10n of problems caused to farmers in the Le Var

R1ver valley near Nice by wet dredglng gravel m1n1ng

Some experlmental work in trapp1ng seaward groundwater

’fsearch but may prove practlcable in areas such as Greece
and Turkey where water shortages are expected over the

. next few decades Groundwater enters coast via a largeg

’;condult wh1ch has been partlally dammed, reduc1ng sea water

"1ntru51on ‘and lowerlng sa11n1ty to 3 000 mg/1l. The second

rf‘stage of the progect 1s to - completely seal thlS condult by

constructlng sp1ll:ways.- One problem expected is flow

7 "exit ‘elsewhere.

Strasbourg

W

;fﬁollution“in'the‘Rhine“Valley’-*Mulhouse:area; . Here

sodium chloride, a byprodict of evaporite mining, enters

the groundwater system via infiltrating surface waters.

A distinctlplume has developed with a northerly trend to

e;'the Rhine There are’ also various 1ndustr1es townS"etc

whlch dlscharge the1r wastes e1ther d1rectly or 1nd1rect1y

. 1nto the Rhine Valley B.R. G M. people have developed
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a mathematical model of the system using piezometric
- data back to 1950 and estimating storage coefficient and
transmissivity_for the most part. Transmissivity distri-
~ bution for example'was obtained through correlation with
h-.gre51st1v1ty data.’ Here they use analogue models coupled o
B ﬁw1th a digital computer Although the analogue models
are little used elsewhere in the world_now - the’ B.R;G.Mg
oeople-maintain they can achieve far more:accuracy than
the straight mathematical models - even though the ana-
logue model takes cons1derable time to construct and 1s
jtherefore more expen51ve Procedure is as follows
f(a) Produce very simple mathematlcal model of system
| to. obtain rough 1dea of capac1tor, re51stor values-
o etc. required. | » | |
‘u(b) 'Build model with data‘available j-run”for‘steady
and'unsteady state. Generators are used.for the
_hgyarious_signals to the model i;etgpumping; infil-
':Atration houndaries etcr | o
(c) Couple with computer
" (d) For more detailed 1nformat10n on specific areas w1th-
in the model, sections may be removed and enlarged.
A.So'far, their models have been used for’pollution studies<
-and optimum uell spacing (e.g. in well fields) rather f

than complete management of an aqu1fer

Field Activities.

Drilling
Subcontractors are used for all their work. Drilling

methods were not discussed.
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Samgling '

| Water samples are obtalned by standard methods‘s from
normal to large dlameter boreholes._ Hach field k1ts are sometlmes

used for dissolved 02, C02 etc. measurements (these have been found

.most reliable). Their laboratory chemists do-all_analyses.
Ana}ytical,laboratories are very similar to A.MrD.E.L. covering a

very wide range of work and not just routine water analysis.

.,Use of tracers

' We were unable to get to Montpelller where some of thlS

: work'has been done‘ MarsellleUpeople have only JUSt started us1ng
'-tracers in the1r 1nvest1gat10ns Types of tracers used are uranlne,
"sodlum, 1odate, 11th1um chlorate, rhodam1ne B and sulphorhodamlne '

'Detectlon is by means of a fluorlmeter.‘ »

Geophysics in groundwater'investigations-

Logs -

Varlous run, similar to, those used in our work

'Re51st1v1ty surveys

These are used to obtaln
(ij_ab' depth to basement contours in areas where alluv1a1
ror sedlmentary sequences over11e bedrock (elther meta-
morphlc or 1gneous - generally denser sed1ments) .ThlS
”"technlque has been falrly successful in varlous 1ocat10ns
. throughout the world There appears to be no apparent
3d1fference between their operatlons and those: of our
dGeophy51cs D1v151on | |
(ii):bd A detailed look at near.surface re51st1v1t1es to predlct
| potent1a1 freshest groundwater occurrences. The tech—
"i:nlque is also used for de11neat10n of 1east resistive

zones wh1ch mlght be freshwater saturated sands
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'(iii)" Interface work - est1mat1ng depth of fresh water zone

'overlylng salt water, 1ts sa11n1ty and p0351b1e usage
‘i;e; whether suitable for domest1c or stock purposes ur

Aunusable.

vy Correlating resistivity with transmissivity. 'B.R.G.M.

_mstaff have successfully used resistivity results'together'
with point transmlssivity values to give reasonable trans-
_m1551v1ty d1str1but10n plans in areas where modelllng is
lattempted Field results are combined w1th groundwater
resistivities to give format1on resistivities which when
eplotted aga1nst known transm1551v1t1es, g1ve an emp1r1ca1
‘ﬁxrelatlonshlp sultable for the area concerned f In thls B
'"hway large number of re51st1v1ty soundlngs are ava1lable

L;Can yield a quite accurate dlstrlbutlonw

"Publications .-

yB;R;G.M. hasrissuedja large number of coloured hydro-‘

lgeological.maps.’ These are very useful but are expensive and

must be updated -from time to_timer The trend is now for black-and
white. lLegends and maps are drawn to UNESCO standards'(based_on-
theirdoWn experience) :

Contact was made with thelr llbrarlans who in future w1ll

hsend annual llsts of pub11cat10ns to our 11brary plus any spec1f1c T

':f1tems on groundwater : French translatlon w111 be requ1red

Conclusion

France does not appear to have any major groundwater-SUpply<

‘problems’and only limited quality problems. I could not find many
-isimilarities betweenAtheir groundwater situations and'ours . As far

'._as is known - there is no str1ct management of the- resource Arti-
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‘f1c1al recharge 1s of minor 1mportance if any Personal contaCt
" is malntalned between P Manoel and Plerre Ungemach and recelpt
of B. R G M ry annual catalogue of publlcatlons should ensure up

"-.to date knowledge of the1r advances in: modelllng technlques. -

) HOLLAND
22/9/75. - 23/9/75 - N

The ‘two days in Holland were spent with. Professor Van

JDam at Delft Un1ver51ty, the Groundwater Survey D1v1s1on of T.H.O.

L(akln to C. S I.R.O. ) and the Rh1ne1and Water Board. 'Water rn

'”Holland is der1ved predomlnantly from the Rhine, grOundwater

resources be1ng fairly limited. Unfortunately, water supply in-

.'_volves many d1fferent government and private organlzat1ons though
‘all are under some. control Much of Holland is near or below sea

flevel Rhlne water has been used to flush out connate salts in .

’ﬁf reclalmed areas prov1d1ng fresh supp11es for agrlculture : Canals‘

) are used for both dralnage and water supply. The pr1nc1p1es be-'l
1h1nd water resource management in Holland 1nvolve ma1ntenance of
| groundwater levels at a f1xed depth Just below the surface so it is
:accesslble to root systems of most crop types This depth varies -
from 50 to 150 cm and thus changes in water level even. of 20 cm or

‘so may have drastlc effects on agrlculture.

T.H.O. —’Groundwater'Survey Division

More practical p01nts arlslng from discussions w1th staff

of the above organlsatlon are as follows
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'Observatlon Nells

A natlonal'grid covers the whole country. Half of these

~are read fortnlghtly, the rest at varying 1ntervals up to about

, 4xt1mes a year. ‘Many levels are measured by unpaid observers who
arodsupplied with.a booklet of post pald postcards on which are:
‘spaces for depth to water; date and time of measurement. All data
«lece1ved hy the survey goes on to computer f11e and can be re—
'l:trloved in the form of hydrograph plots ‘stralght SHL Vs t1me
‘tables or LOHtOUTS |

At ‘the t1mc of v151t1ng T.H.O. ‘no.rationaliaation of the

'ﬂnothork had been undertaken but was planned for the near future

"_hhen funds would become avallable Water quallty data had not yet'

come. on to,computer storage,

Geophysics

N Logging'
| .Sinee 1967, all new wells in Holland have ‘been drilled -
‘juqlng rotary technlques enabllng electrlc logglng of each’
'to be carrred out. ‘Standard praetlce in open holes is to
i'hrunhehort;and.iong'normal reeiétiurty;'gamna fay.ahd' =
ealioer 1ogs.' On. completion, temperature; differential
;Jtemperature,:conductivity and again'gammadrayilogs are.run.
’ d.In addition a flow meter is usecd. The‘two'temperature logs
are uqed to determlne areas of groundwater recharge Care-'
.'ful plottlng of isotherms vs depth below ground 1eve1 along
| ddsectlons shows varlatlone which can 1nd1cate arecas of in-
.flltratlon or discharge. The pr1nc1p1e re11es on there.
[-being sufficient temperature dlfference between infiltra-

tion moisture and that of the groundwater body.
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(ii)  Reésistivity
‘Common resistivity techniques have been used to delineate
the fresh water - salt water interface which occurs every-

where beneath the country.

Modelling

Some groundwatet modelling is being carried out by‘T.H.O!
who are hoping to use the techniqUe for management purposes - con-
'foilingAwater levels 50 as,to.maintain them at.optimal depths'fof
aorltultural purposes _ bne'problem as mentioned above is the 1argeb‘

:-numbcr of orbanlzatlon 1nvolved 1n water resources in Holland

lourteen are 1nvolved in the mode111ng work

Interestlng aspects of ‘their work are the use of finite
dlffcrence technlques ut11121ng a grid of polygons and f1n1te ele-..
ent techn1ques ut11121ng a grid of squares - opp051te to the
: normal - 1ransm15s1v1ty d15tr1but1on for the model has been calcu;
ated by comparing known hydraulic conduct1v1ty (from normal
;aqu1fcr or well tests) with surface area of the aquifer material
(i.e.hrelated to size distribution) and obtalnlng a relatlonshlp‘
-which can_be-extrqpolated to other areas where particle size
analyses are known. This protedure must be used with care and not-
used for extrapolatlon too far from phy51cally determlned data It
1s rather llke ‘the constant rclatlonshlp that is found between the

formatlon fdctor (Q) and permeablllty for reservoir rocks in 1oca1

‘baSIns.
Artificial Recharge
An artificial recharge‘site (privately run and.owned) was
visited near the'coast at Leiden. Rhine water is used for re-

charge via wells and infiltration ponds in portion of a conservation

park in a sand dune area. 'Originally problems of brecipitation'in

" the wells arose through high entrance velocities but the scheme has
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‘.now been modlfled to overcome thls. Silting in the filtration

"-f”ponds is- also a problem and to rectlfy the 51tuat10n a tractor\

3 with a. special dev1ce for cleanlng the surface layers used The
'recharge water is recovered after 6 weeks, flltered with actlvated
'charcoal to remove iron and oxygenated before belngllntrodueed into
.the water_suppiy system. The input is ahout.40 - 50 million cubic.

metres per annum, output being just less.

UNITED STATES
24/9/75 to 29/10/75

Battelle North West Laboratories - Richland, Washington -

Introduction

Battelle 1s a large consultlng and research orgahlzatlon
Aiworklng in many f1e1ds - 1nc1ud1ng surface and{groundwater hydror‘
logy. . Thelr main consulting job.at Richland isdan on-goingpcoh-
:tract-with‘the U.S. ‘Atomio Energy‘Coﬁmission.and'ihvolves study‘of
the problems of radloactlve waste dlsposal (the Hanford Pro;ect)
'Battelle sc1entlsts and englneers have developed a set of mathe-
matical’models describing flow in the saturated and partially satu-
‘rated.zones and contaminant transport through these zones‘and it

.. was for this reason we visited the Richland Labs. We met w1th
people from the Water and Land Resources Department of Battelle

Northwest,

AhModels_developed'by Battelle

bThese are'deseribed simply1b7'fUnction,-ihput'ahdnoﬁtput{“'»

Varlable thlckness transient flow model (VTT) - see Cole and

Relsenauer, 1974
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Functibn
‘Simulation of saturatéd flow
Input
‘(i) Trangmissivity distribution. Hydraulic conduétivity
- considered variable in x and y direction but constant
in z direction. | |
'V(ii)‘Initial conditions
©o(111) Bouhdary'conditions (includesllocatiOn and quéntity o
Afof-dischargd and recharge).
"'IOutpﬁt
(i) »Péténtiallmap
1-A(ii) Croﬁndwater.leqcitiesf
‘ (iii) Flow paths
(iv)- Flow rates

(v) Travel times

L‘_?arfiéilyfééthfated'trénSieﬂt'flomeodélw(PST) - éeé'Reiseﬁéuéf;.
‘c‘e.ér-léck and Bryan, 1974. | |
A_Fﬁnction .
Simﬁlatibn‘of saturéted and partially saturated‘flow in
the.vertical»profile.
Input o |
(i) . Saturation versus capilliary pressure curves
(ii) Permeability versus - .'” L Con l'(done in lab.)
(ii1) Boﬁnaary conditions »
(a) flow'fateé and volumes
(b) elevations

" (¢) depth of each soil layer
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Output'
- ‘. (i) Pqtehtial map
(ii) Moisture contents
(iii).Flow veloéity

_(iv) Flow vectors

Micro-é macrotraﬁsport.model (MMT).—_see Ahlstrom, 1975‘
" . Function
SimuiétiOn’ofrcontaminatioﬁ-transport.in séturatéd and ;
paftially'saturaﬁed\fiéw,systemé (approx. 3D syétéms);.
lInput ‘ | | | : A o
(i)‘.véiocities:(from VTT or PST»modeis)
:(ii) Initial:céncentrations |
(iii)_Boundary conditions
' (iv)’DisCharge’déscriptions._’
; tv)‘ Ton exthange, chémical reéctioné, rédioactive decay.
Outpuﬁ

‘Time dependent concentration distributions.

Some research projects

Chemistry of salt, pollutant movement in ground andAsurfgge_yater -

see Rouston and Serne, 1972.
Two'important pointé-broughti
ti)‘- | Héavy_metals, radio nuclides and other contaminants may
| be tightly held in the soil but microorganisms in that
-same-éoil,-produce acids whicﬁ may form soluble chelate
complexes with these pollutants enabling doanard per-
colation to and coﬁtamination of the water table or

their uptake by plants and- then animals énd/or'humans.
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(i) Heavy‘metals tend to precipitate very quickly in rivers

and be absorbed on to sediment particles, usually the
clay fraction. It is therefore very important that
‘'sediment size analysis be taken into account when dealing

this problem.

LEutrophication of lakes and rivers

Battelle people have a wide range of experience in this

~subject.  The Engineering and Water Supply Department have already .

used“Battelle in this field.

. Some Battelle consulting projects

Hanford project

“'This, as mentioned above, is the main consulting job of

the Water and Land Resources. Department at Richland. Work to

~date includes:

(i) drilling and maintaining a network of observation
_bores
(ii) - monltorlng water levels in these bores Grouhdwater

is recharqed regularly w1th heated water from the
»nuclear_reactlons on the site.
(iii) A'Sampiing the groundwater for a yariety”of Contaminants
| '_; mainly radio nuclides aﬁd nitrates'—.waste_producté
;of tHe'hhciear fuel produeihg prOEessest~
(iv}) ’determ1nat10n of aqulfer parameters
(v)'f”.'developlng mathematlcal solutions to groundwater flow
,lproblemslln order to model the aquifer system beneath
the Hanford site and be able to predict long term
pollutlon trends and effects of failures in the radlo-i
active waste dlsposal system (see earller - VIT, PST

and MMT model).
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teid o shine i;."a‘impi‘:o':;f Fa dereviiine vecharge - this proved .

to be zero (water table is 70 - 90 m below.ground

level ‘and rainfall about 200 mm)

Part of the work is reported in Cearlock (1972) The
development of a model of the Handford groundwater basin, a hetero- |
geneous aquifer, nece551tated quite accurate knowledge4of trans-
missivityldistribution - more than that known from pumping.teétsr
- To overcome thlS problem Cearlock (1975) developed a transmissivity
1terat1ve routlne which is a direct method of solving the inverse
: problem us1ng numerical 51mu1at10n techniques to link the f1e1d
'fmeasured aqu1fer property data with the measured hydraullc potent1al
. data 1n order to define a hydraullc conductivity dlstrlbutlon
flncorporatlonpof ‘additional 1nformat1on from the hydraullc potential
‘:surface conflguration produces a much more accurate hydraulic con-
ductiVity distribution than would be possible from measured con-
ductivities and qualitative geological information alone. The
l.added advantage of this technique is that it can be used in con-
junction with a hydraulic potential contour plan.to determine where.
aquifer tests need:be carried‘outpto give maximum informationAfor

‘minimum cost,.

Ahtanum - Moxee Sub-basins, Yakima County, Washington

'._This area»is described_in Cearlock_et al. (1975).

A matnematlcal.model was developed for the aquifer-river system
-in order to predict long term effects of ground water usage-on_
.the basin and for management purpoees-(see Figs. 8 § 9 for cell

shapes, aquifer boundaries and assumed transmissivity distribution).
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Clark County, Washington - Groundwater Resources

Here, ‘a mathematical model of an aquifer systen beneath o
Clark County is being prepared for utllization in planning and
development by the County authorities. They hope to be able_to
use the:model to predict effects of new well fields,.sewage ffegt-
ment'plants'etc. on the aquifer and to control well site selection
to avoid interference. At the moment this work is in the basic
data preparation stage. This has included - |
'“ti). ‘:Iocatidn of nll'wells in the area from vafious(
“information sources. |
"(ii) ;lecation of all surface geological and topogiapnital
| ~information. N |
- (ii1) : evaluation of available’stream gauging informafion
Iselection_ef grid for model, delineation of model
beundaries | ‘
d(iy)i ' determination of aquifer parameters, soil cnaraeter-.
';istics and recharge fer each cell etc. It is interest-
ing toinote here the detailed soil maps which wefe
available These not only gave details on soil types
and thicknesses within the area but also data on in-
. filtration rates, water capacity, permeability. For
-eaeh cell, the following were obtained:
(a) - top and bottom of aquifer and_thickness
d (b) rainfall - may have to be adjusted depending
" on elevation, frequency and location of |
measurements ..
d(cj ‘diversion statistics i.e..irrigation from
outside water sources

- (d) ‘pumping records
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- (e)  some water level history:r initial Etate and'
‘pre-and post-ifrigation season levels. |
(£) evapotrahspiratieﬁ - determined on menthiy basis
és'signifiCant data is avaiiable. The metheds_:
used hereAto compute the actual evapotransbiration'
- 1s 31m11ar to that used for Padthaway
'(g) tran9m1551v1ty and storage The 1terat1ve

routine may be useful here in giving distribution.

To date this has all been done by'the hydrogeolegisf.(note
similaiity with Israeli system). Data have been processed,
' tontouf7maps drawn on computer for later calibratien. The modell-
- ing will be handled by people with mathematical and computing
background (engineers,-physicists in thie case). This appears te‘

" be the most common method of approach to such a problem in Battelle.

" Hood Canal

‘This is a‘project ih'which the effects on an aquifer of-
'eonstructlng a dry dock on the edge of the Hood Canal near Seattle
are be1ng examined. Ant1c1pated problems are those of sea water
»intrusion'and declin;ng groundwater levels when the dry dock is
dewetered. Recently an attempt was made to>simulateAthe system
usiné a minimum ofidata and a 15 day pemp test for calibration.

We were fortunate in being able to see some of the calibration
-efforts. - the trial and error.method of selecting aquifer parameters
Jand infiltratioﬁ'rates simulating.the pump test on theimodel and
comparlng the results with observed values, o | |

Comparlsons were. made by dlrect (in 11ne) print out from
ea-Caleomp pletter (see Fig. 10). After reasonable callbrat;onAls

: achieved;the,Battelle Staff working on the project (an eﬁgineef
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"~ and phy51c1st) hoped to reflne thelr model further by examlnlng

50115, topography, geology etc. of the modelled area. It was

_ 1nterest1ng to see them go so far without reference to such in-

- formation.

During this project both people developed computer pro-
grammes to analyse pump test data - the semi-log plot for conflned
aquifers and the leaky aquifer plot. Cop1es of both programmes

were made available to us (with P. Manoel).

Practical operations

Nearly all drilling is carried out by cable tool rigs on -

the Hanford PrOJect They have used rotary Mayhew-1000 and Failing

"1500 rlgs but tnese are useless in fluvio- glac1a1 gravels Where

- one or more aqulfers is encountcred separate wells to each are

dr111ed or the technique of cementing thin plezometers each open

to a different aquifer in a single large diameter well is used.

~Completion

Two methods are used - either screens or perforated.casing.

They»have an on going problem with rehabilitation of 20-30 year

old Wells.'7Many of these have only rough drillers logs and require

development through surging as they were never initially developed.

Loggingx

New wells and rehabilitated wells are logged with a com-

“bination of the following:

(i) gamma ray
(ii) = neutron |
“(iii). oaliper -lUncased lower portions.of well (often in.
-basalt) | | | | |

(iv) temperature and dlfferentlal temperature



(v) flow meter
‘The unit used is a Widco (Gearhard Owen) 0-06-3600.< No

electric logs are run as all bores are cased.

Samgling

Sampling techniques include grab sampling, air lift or
if~weli diameters are large enough, a submersible pump driven by
'a truck mounted generator is used. Samples generally reach the

lab for .analysis within 2-3 hours.

Optimization of well network

This has not been carried out as yet.but is being con-

sidered.

TV Camera

Battelle North West have a Sony V1deo ‘tape unit and down
hole camera which is used to look at old well casing, screens and
aquifer in uncased holes. A video tape enables replay back in

the .laboratory.

.Data processing

This has tended to be rather specialized for their own

dandord Project data. P. Manoel has more details.

Conclusioﬁs

The visit to Battelle Northwest Laboratories was worth-
while from a geologist's point of view in ;hat some insight into
‘detailed aquifer modelling and the use of cbmﬁuting facilities
‘'was gained. Also‘of interest was the role of the hydrogeologist
in their organization which I have already mentioned. The visit
was very useful in that computing programmes for pump test analy51s
were obtained. These, with modification could prove useful in our

own work,saving con51derab1e time (pump test analysis). A step :
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drawdown analysis programme could be written based on thoaeiob;
tained during the visit.
Their practical methods differ very little to ours. No

new 1nformat10n was gained here. |

| One dlsadvantage with Battelle Northwest is their 1ack of
experience with our sort of problems i.e. the saline water table
overlying a fresh confined aquifer situation. ATheir main working
area - Northwestern United States; has ulenty of surface water and
groundwater and very few problems with salinity. Their models
tend to be used more for prevention of interference, analysing local
idecliue.of groundwater 1evels, siting of induetry, sewage“plante- |
etc. rather than predicting long term salinity ohauges within a

‘groundwater system.

Mgntgomery Engineers - Pasadena California (6-8/10/75)

The above oowpany is a consulting organization,spe;iaiizing
in some fields of water resources. Much of their work has been
associated with water supply and treatment systems in Southern
California. Los Angeles, an urban sprawi up to 150 km long and 30 km
wide,is a dry_area with rainfall less than 250 mm and receives its
water.supply from a variety of sources which include Northern
-California and the Colorado River via canals and aqueducts,
groundwater extractlon beneath the area and local runoff Ground-
“water may be naturally occurring, recharged storm water, desallna-
ted sea water or treated sewage effluent. Several sites were in-

spected where such operatlons are taking place

Rio Hondo spreading grounds

The Rio Hondo River flows through the central portions of
the Los Angeles area. Beneath it are up to 300 m of coarse alluvial

and fluvial sediments (active movement of San Andreas Fault.eystem).
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Reservoirs have been constructed upstream in the mountain areas

and during'highAflow pefiodguﬁéféf is releésed dowﬁ the river-io

an arealéf épfeading groundé to recharge the aquifef where gro@na-
wéter supplies are extracted for urban and industrial‘consumption.
The.spfeading grounds occupy flood out areas éitherj;;:é @f the
main-cdn;rete lined channel and consist simply of shallow excavated
pits;'Thelgrounds are used really for a form of fiood mitigatioﬁ |
with cohtact maintained between reservoir spillway and spreading
ground operatdrs;. In wet years, increases in head of ub'to=9 m
have been observed beneath the spreading ground. Clogging‘is over-
comé by removing silt (usually <300 mg/1l in floodwater) by scraper
and adding a thin cover of sand from the river bed. | |

This technique of artificial recharge is so successful

'that little runoff reaches the sea. In dry years imported Northern

California or Colorado River water is recharged.

A similar system is in use in the San Gabriel River valley

" where most rechargeAwater is imported and is only local when flood

mitigation is required. Artificial sand banks and levees are
built during dry periods to slow down flow rates and increase re-

charge rates when storm water is available.

Orange County Water District

Orange County (within the Los Aﬁgeles district) has an

iﬁteresting supply system. Sources include demineralized waste

~ water, naturally occurring and artifically recharged groundwater,

imported Colorado River water and desalinated sea water. Arti-

ficial recharge is carried out along the Santa Ana River in a

"similar way to that described above although importantly, they

have_created recreational lakes out of the recharge ponds. -Recharge
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via wells near the coast (only just implemented) is maintained fo
prevent sea water intrusion resulting from large scaieAground-
water withdrawal. Problems ha?e arisen over costs - especially
the desalination but otherwise the .rest of the operation is eco-
 nomic. Nitrates in the Santa Ana River‘wafer resulting from

agricultural pfactices,may prove a problem in future.

.PomOna.City[water suppli

Water supply is derived from a number of sources - iocal
storm runoff, blended imported water from Northern'Californié'and
groundwater from the Chino Basin beneath the city. The ground-
water basiﬁ is small and in an overdraft state producing sub-
' 51dence problems including telescoplng of casing, excegsive pumping
costs and induction of nitrate into the area from agr1cu1tura1
areas to the northeast. Plans to rectify the ‘situation include
the purchase of additional imported water and utilization of
stormwater for basin recharge and also to purchase treéted waste
water from the Los Angeles County Sanitation District and prdvide
it to agriculture,. industry and for replenishment and recreatlon

(i.e. artificial lakes).

Chino Basin Tertiary Treatment Plant

This plaﬂt receives about 70 000 m> of watér auday from
an adjacent trickle filter plant which removes about 80%’6f'sdlidS“
from raw sewerage.The water then undergoes alum treatment (floccu-
1ating effect), is filtefed through 50 cm of anthracite and 25 cm
of sand and flnally chlorlnated before being sent down stream to
percolatlon basins where it is eventually recovered from the
- groundwater reserv01r after about 6 months. - Salinity is about
500 mg/l and up to 40 mg/1 consists of nitrogen in the form. of

nitrate and ammonia - desirable in that anaerobic activity 1s
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~prevented. Mixing in the aquifer and on pumpage reduces this

level to one safe for normal usage.

Conclusion

Although many different organizations, both goverhment

(ihcluding city county, state and federal) and private; all have

‘parts to play in water supply in the Los Angeles area, schemes

appear economic and work. Practical results of mixing waters of

different origin via artificial recharge are everywhere evident.

El Centro Field Station - Imperial Valley

10/10/75

The Imperial Valley is in southernmost California adjoin-

-ing the Mexican-United States Border. Here largelscale agriculture

is practised - worth some $500 million annually. 'The rainfall is

less than 75 mm and all crop water requirements are supplied by

_irrigation. Surface water originates from the Colorado River some

100 km to the east -bbeing brought into the area by the.All

American Canal. Groundwater salihity is around 800 - 900 mg/1 and
unfortunately on the increase. Similar problems which River Murray
irrigators facé with draiﬁage watér (4 000 mg/1) are encountered.
Fbrtunately they have a large low level saline lake into which
irrigation drainage water can be disposed (by means of plastic tile

drains - laid by machine at very fast rates). However, the level

of this lake (known as the Salton Sea) is rising at a rate of

about 1/3 the irrigation application'rate and may create the need

for major earthworks to control inundation in the future. 1In

addition. salinity (40 000 mg/i) is also rising effecting recrea-

tional uses of the area (salt water fish gradually dying out).
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United States Department of Agriculture Field Stétion; Bfawqu
-10/10/75

Brawley is also in the Imperial Valley. At the field

station, most research is associated with evapotranspiration. A

weighing type lysimeter is maintained at the site and results are
used to plan irrigation schedules for most crops over the whole
valley as'conditioné there are éd homogeneous. Their schedules-
have been so reliable that they can'Be édhered to year after year.

Some other research on drainage and plant breeding is carried out.

‘University of Arizona, Tuscon

Water Resources Research Centre

13/10/75:

- This faculty is headed by Professor Stan Davis (of Davis
and DeWiest) and'was visited to learn something of the courses
available in H&drology. Post graduate courses are virtually equi-
vaient to an M.Sc. degree. Almost all aspects of hydrology can be
studied - from practical exploration management, legal éspects,
water usage etc. Pre-requisites include a normal B.Sc. or B.E.
degree, the scieﬁce student possibly needing to téke some Qnder-

graduate mathematical subjects. The syllabus is in Divisional

files if further information is required.

Research at Tuscon includes:
(i) - work on artificial recharge using sewage effluent. In
some instances wells are used with multiple inlets to
~allow recharge to different horizons. In others, stream
beds (normally dry) are utilized (see Wilsonm, 1970; 1971,

19?7).
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work on seepages through the unsaturated zone in arid
areas where water fébles are greéter than 15 m below
ground level. Some success has been échieved with tem-
perature measurements through the unsaturated profile
enabling tracing of infiltration pulses (see Bredehoft
and Papadopoulos'- Water Resources Research 1965, vol. 1
(2).).

legal aspects of water usage, the problem of prior approp-
riation in areas of overdraft or in areas where water -
rights go with Federal land, yet the water resource may
be required for State development.

Hydrochemical work using fluorocarbons to estimate re-
charge rates (suitable only for ages less than 30 years).
In discussions with Professor Davis on practical aspects
of sampling and analysis he recommended Hach kits but for
reconnaissance work only. He has found fluid quantity

precision poor. Silica, bicarbonate, calcium and total

~hardness kits are satisfactory but sulphate results are

not so good. The photometric technique for iron is satis-

(v)

(vi)

factory providing the oxidation state of the iron is known.

some work on semi-arid region hydrology using C14, tritium
and deuterium to obtain residence times, sources etc.
modelling of 3 dimensional transport of tracers (see

Simpson, 1975).

Sometime was spent with Mr. Vincent'Uhl, discussing water

~.well drilling in India using a rotary percussion (air hammer) rig.

Fracture zones were delineated using straight geologic mapping and

resistivity to pick up depth of weathering. Most success was ob-

tained in areas off the contact of granite intrusives with Pre-

~cambrian basement. The resistivity technique was unsuccessful in

basalts.
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California Department of Water Resources, Fresno

14/10/75 - 15/10/75

A morning was spent with staff of the Fresno office dis-
cussing the Kern County aquifer model. Kern County is situated
in the San Joaquin Valley between the Sierra Nevadas and the
lcoastal mounfain belt. Irrigation using ground and surface water .
‘had 1ea>to rising groundwater levels in the south and faliing,A
‘levels in the north. Modelling of the aquifer system (two layer)
was considered necessary for management purposes. Some notes on

'selection of various parameters follow:
(1) Boundaries - these were defined either by aquifer
' limits or Where supply and salinity were suitable
for irrigation. Where the aquifer extended beyond
the model boundary, subsurface inflow or outflow
’ factors were taken into account.
(1i) Cell shape and size - these were generally square,
‘ some being polygonal near boundaries. The squares were

5 x 5 km.

(1ii) Transmissivity - very little iﬁformation was évailéble'
so crude correlations were made between specific yields.
‘(from drillers logs) and transmissivity initially.
Some re—evalﬁation was necessary as estimates were
sometimes an order in error. | |
(iv) Leakage - this occurred via wells and gravel packs as
well as through confining layers.

(v) Pumpage - here irrigation efficiencies were used rathér
than extraction rates which were found unreliable.

(vi) Extraction from each aquifer - this was difficult to
determine with wells penetrating both. A crude idea

‘was obtained considering percentage open area in each.
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Some difficulty was also found in separating water
levels for each aquifef.

(vii) Delineation of freshwater zones (four boundariés) -
electrical logs used initially - then some drilling of

deeper wells.

Nb attempt was made to achieve steady state calibration
as very little early data were available. Instead calibration was
based on 15 years of recent data. The modelling was eveﬂtually
used to locate zones where economic benefits could be achieved by
bringihg surface water from outside. In addition, it was utilized
to predict effects of extraction on consolidation within the

aquifer.

Data collection and processing, Fresno

Groundwater, surface water and climatological data are
collected in conjunction with the United States Geolbgical Survey,
the Water Quality Control Board and the Bureau of Reclamation.
Annual measurements take place on 2 000 wells, most six monthly,
with the rest at weekly or monthly intervals. A few have per-
manent recorders. Yearly contour and 5 yearly groundwater level
change plans are produced from computer files. Some 150 wells

are sampled .annually.

Artificial Recharge

'1A11 towns in the Valley are supplied from groundwater.
Overdféfts are prevented by supplementing with imported surface
water from the San Joaquin River system which is allowed to re-
charge shallow aquifers by over irrigation (flood) and by allow-

ing unlined channels and canals to remain full for long periods.
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.California Water Resources Board - Sacramento

17/10/75

This organization is a regulatory agency concerned with
water quality control. Their work involves research into waste
water treatment and water quality monitoring. A congressional
Act passed in the early 1970's requires that anybody discharging
wvaste must treat it to a secondary degree. $1.8 billion in grants
is available to‘people or organizations who can document water
quality problems. Part of the Board's duties are to distribute

grant money for waste water treatment where they see fit.

Waste Water Treatment

Water demands are éxpéctedAto exceed supply by 5 to 10%
in 1990 and by about 20 to 25% in 2020. To make up the.shdft fail
variousnéchemes are proposed. |
(1) re use - only 10% of effluent is at present treated and

re?used. Treated waste water can_be used for a variety

of schemes all of which miﬁimise health risks to the

public. These uses include irrigation of crops which are

not eaten raw, fodder production, landscaping, cdoling
water in induétry, groundwater recharge etc. Criteria
have been established for each purpose. The Board would
like to use treated waste water for recharge to ground-
water supplies used for domestic purposes buf criteria

" are difficult to establish. Knowledge of the fate of
trace organiém and viruses in such processes is s¢ant and

a research program on the_mattef put forward by a panel

of consultants formed in early 1975 turned out to be too

expensive at a State level. Difficultieé have arisen over

quality stipulated by the Department of Health who ori-
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ginally required a zero virus count for such water.
However, this cannot be measured so other stringent
criteria were laid down which required that any waste
water bé oxidised, coagulated, filtered and disinfected -
rather expensive and likely to be uneconomic.
Other problems associated with groundwater recharge are
(a) who pays - who benefits? In most cases all tax
| payers would contribute but only a few might
benefit.
(b) the enormous coét-of overseeing'the operation -
monitoring and data gathering etc;
(ii)l increased irrigation efficienty i.e. change techniques
| to spray or trickle irrigation vs. flooding.
(iii) = education of the general public to conserve groundwater

i.e. efficiency on the domestic scene.

Water‘Quality,Monitoring and Surveillance

The Board is watchdog on water quality - the‘guidelines
(with State modification) being set by the Federal Environmental
Protection Authority. Replanning of the existing monitoring net-
work to suit these guidelines is in progress. The netwdrk in-
~ cludes both surface aﬁd groundwater stations. Implementation,
replanning and 6ptimisation of their networks (both surface and
groundwater) are in'progress at present to assess ambient and
trends in water quality. Man-power is a problem, especially in
the groundwater field where only 4 of about 30 basins are at present
being monitored. Field data are collected inAcqnjunction with the
California Department of Water Resourceé. Where point pollution
sources aré located, they are effectively sealed off or stopped by

requiring treatment of wastes, replacement or rehabilitation of
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septic tank systems or wells, installation of evaporation ponds

. etc. Other controls may be tied up with land use planning e.g.

land waste disposal regulations (see California State ........,
1972 and Boulier and Torres, 1969). Where non point resources,
usage is examined with regard to restriction to levels within the

E.P,A. guidelines.

California Department of Water Resources, Sacramento

20 - 21/10/75

The Department is split into three main divisions:
(1) planning
(ii) design and construction of the California State
Water Project |

(iii) operation of the project

Most of my time was spent discussing aépects of water
well drilling._'California in 1975 had few laws regarding water

wells. All drilling is carried out by private contractors. This

includes work for government departments. Standards for completion

‘have been written. Each groundwater basin is considered separately

aﬁd may merit additional articles on particular techniquesAappli-
cable to it. Implementation of standards is on a County basis and
not all counties comply. All wells drilled privately are theo-
retically reportable by the driller (not the landholder) within 30
days of completion. This is difficult to police as government has
no advanced knowledge. To remedy the situation tougher penalties
and tighter control on driller licences are planned. It is inter-
esting to see that no water or strata samples are requiréd by law.
However, most drillers do keep their own records, some very good,

which can be retrieved if necessary.
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University of California, Davis

Department of Land, Air and Water Resources

Water Science and Engineering Section

22/10/75

The University of Arizona at Tuscon was visited to -learn
something of courses available in hydrology. A very large and
diverse number are available, each if passed count 2 to 5 units

towards a Masters Degree (see Graduate Student Manual, Water

‘Science and Engineering, Davis 1975-76). At least 15-18 months

of study are desirable depending on the student. One interesting

»aspeCt of research carried out at Davis is that of nitrate pollu-

tion from animal wastes and fertilizer applicatibﬁs. Denitrifi-
cation both at the surface and in the unsaturated zone is being
investigated, The researcher hopes to be ablé to determiné safe
stocking rates and feftilizer application rates.

Other research relates to most aspects of hydrology and

includes:

(i).-' systems analysis,‘modelling, stochastic treatment of
hydrologic‘data. |

(ii) pollutant movement in the unsaturated and séturated
zone. | -

7’(iii)' optimiiatidn studies on the California aqueduct system -
assessment of the effett of biological grthh on rough-
ness coefficients. 7
. P
(iV) . solid waste diSposal.

University of California, Berkeley

23/10/75

This campus was visited for the same reasons as Davis.

We briefly talked with Professor David Todd on avéilable courses
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which are slanted towards the Engineering side (include coastal,
hydrauiic'engineering and hydrology). For geologists interested
in furthering their knowledge in hydrology,.the courses at Davis
or Tuscon are preferable.

The afternoon was spent with people involved in remove

‘sensing techniques using ERTS data (more on the processing side)

and also visiting the university's Sanitafy Engineering and
ilydraulics Research Laboratories. Here, work has concentrated on ’
treatment and reuse of sewage effluent, hydraulics pf estuaries,
wave processes and various other projects a little out of my field

at least.

United States Geological Survey Centre, Menlo Park

(south southeast of San Francisco):

24/10/75

At this centre I was fortunate to attend a discussion on

a recent mathematical modelling attempt of the Salinas groundwater

basin near Monterey in Southern California. Complexities at the
seaward end of the basin gave rise to two models - one, a 2 dimen-
sional type to describe or represent water levels and quality

changs geophysically and not vertically and a 3 dimensional model

‘at the lower more complex end. A brief discussion on derivation of

the model's parameters etc. follows:

(1) Cell size - variable but usually about 1.6 km?

(ii) Bouﬁdaries - aquifer 1imits on twolsides (i.e. no flow)
thin saturated‘séquence on a third and again‘no flow

"considered and seaward boundary on the fourth where con-

stant head .assumed.
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(iii) HYdrologic parameters

. (a)

(b)

(c)
(d)

L)

(e)

(f)

(g)

Aquifer thickness - the sequence here consists of

a mixture of sands and gravels with aquifers at 55,
120, 270 m separated by lenticular clay layers.
Details known from well logs.

Transmissivity - very little fiel& data existed so
indirect methods were used. A comparison between
known hydraulic conductivities and clay/sand ratios
in the sequence yielded a type curve which was used
over the whole basins area (aSsumingAhomogeneous
sorting). Clay percentages were then obtained from
geophysical logs in areas where no hydraulic con-
ductivity values weré available.. Where wells only
penetrated part of the sequence, the results_for this
portion were considered representativé of the whole.
Storage coefficient - estimated from lithology.

Extraction - energy use as a first approximation.

-Some problem did arise where flood irrigation was

utilized as this téthnique can be less energy con-
suming than sprinkler lines. Where wells inter-
secfed mdre than one aquifer, pumpage distribution
from each was related to screen dimensions i.e.
percenfage open area of each to whole.

stream flow - the hydrograph for the only major
stream in the basin (Salinas River) was input to the
model to cover loss and gain from the.aquifer system.
Infiltration (i.e. recharge) - little existed

excepf round the edges of the basin.

Mathematical technique - finite element.
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After input of all data and calibration, sensitivity
tests run on the 2D model éhowed it to be relatively insensitive
to most basic hydrologic assumptions i.e. boundaries, T, S values
etc.

This 2 dimensional mddel was then used to generate
boundary conditions for the eastern limit of the more complex 3
dimensional model which is used to describe both convective (i.e.
groundwater flow) and dispersive transport. By now a report on
the subject should be available through the United States Geo-

logical Survey.

Routine work

The afternoon was spent discussing the types of jobs to
which the U.S.G.S. people at the Menlo Park office are called
upon to carry out. These include:

(i) Public enquiries i.e. groundwater prospects

(ii) Appraisal of totél water resources of areas where
information desired (part of the long term polity of
the U.S.G.S. to quantify the nation's total water
resources); This is often done in conjupction with
State or County agencies and can include water balance
studies which may be required for management purposes
(U.S.G.S. Water Supply Papers).

(iii)  Being approached by smaller authorities with limited
funds to investigate a particular problem i.e. recharge
proposals to prevent undue aquifer depletion or sea

~water intrusion etc.

(iv) Prepare recommendations on pumpage control, recharge

| mechanisms or its practicability, well construction etc.

(v) Limited monitoring.
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Oregon State Water Resources Department

29/10/75

This organization was visited on the recommendation of
California Department of Water Resources personnel as Oregon has
more control of well drilling than California.’ Drillers are
licenced through examination on all principles and only after one
years experience on a‘machine (copies of the exam are with the
author). Mpral character is also considered before the issue of
a licence. All water well.drilling contractors (who méy»or may
not be drillers) are bonded. $2 000 mﬁst be paid before commenc-
ing operations to enforce correct well construction procedures
accordingto state standards (see author). If the contractor is
registered as a company. then $10 000 are required as liquid

assets.
CONCLUSIONS AND RECOMMENDATIONS

This study tour has shown that South Australia is not
alone in the situation where more than one authority is involved

in exploration, development etc. of water resources. Indeed we

-are fortunate to have only two instead of 5 or 10 as found in

" Holland and parts of United States. Provided liaison and co-

operation incorporating a multidisciplined approach are maintained
there is no real reason wﬁy the situation should change. In fact,
in sdme wa?s it is beneficiai,»each authority being able to ob-
jectively evaluate the work of the other;

The Israel portion of the trip wasrprobably the most
beneficial. It is clear from that experience that to plan, develop
and manage water resources (both surface and sub surface), mathe-

matical description is a must. To obtain answers to questions
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such as the effects of drought, overdraft, pollution, sea water

intrusion and artificial recharge on an aquifer, optimal pumping

rates etc. it is obvious that modelling techniques should be used.

These can save an enormous amount of time and money as guidelines

for future studies. |
With this in mind, the following recommendations are

pht forward:

(i) geologists should become familiar with the bésic approach
to aquifer modelling. They should understand processes
such as setting up the model (using limited or whatever

" . available data), its calibration and predictive qualitieé,
the way in which sensitivity tests are used to locate weak
points_etc; |

(11) alternativé techniques to drilling and aquifer testing
be used to obtain approximétions to the various aquifer
parameters. Estimation based on préviogs experience is
probably the most simple. Otherwise empirical relation-
ships might be found which hold for a particular ground-
water baéin or area within a basin.

(iii) drilling programmes should be reviewed by a panel (perhaps
Tahal style) especially in the light of.today's drilling
costs to détermine just what information the proposer
hopes to get from it. Questions such as is the information
really necessary or could it be obtained more cheaply by
hydrochemistfy or from existing wells should be asked.

(iv) a review of water level observation frequency and location
‘be undertaken. If modélling of aquifer systems is to be
effective and useful, good hydrographs are a must to enable

calibration.
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Aquifer behaviour cannot be judged from only one to
three readings a year, six or more are preferred. Fewer
wells read often in most cases will give more valuable
information than many read less frequently.

(v)  as a final comment on the trip itself, it is felt more
would have been gained had more time been épentlattached
to a suitable group within an organization such as Tahal

" or Mekorot and working on a specific project. Too often,
days were spent discussing completely unfamiliar subjects
with experts and finding at the end of each day, one knew
the broad background but not all the detail to fully
appreciate perhaps some of the more detailed problems.
Apart from that point, the trip was extfemely worthwhile,
showing especially in Israei, theory put into practice,

working and economic.
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FIGURE 3a.

Diagram Illustrating the Lateral Boundaries for
the Moxee Valley Gravel Aquifer
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FIGURE 3b.

Diagram Illustrating the Lateral Boundaries for
the Moxee Valley Ellensburg Aquifer
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FIGURE 3c.

Diagram Illustrating the Lateral Boundaries for/
the Moxee Valley Yakima Basalt Aquifer (see also Fig 9)
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