Ground Water Data : Storage & Retrieval Systen

1. Introduction

f

The increasing capability and availability of
computer-related technology are having a revolutionary zf{fect upon
the techniques available to those responsible for the 2assessment
and management of natural resources.

th

The most fundamental advantages of computerized o>rocessing
systems, and perhaps still the most significant, are:’

- Data are stored in a compact, organized mannerj
\

- Data may be rapidly retrieved in a wide varietx zf formats
and aggregations.

With respect to subsequent data applications theie are other
important benefits. The computer’s ability to perfor
consistency checks offers a powerful aid to mﬁr:ving and
maintaining the quality of data and data analysis techniques may
be much more sophisticated than those found in anv rouzine manual

m systematic

o)

processing svstam.

The many potential benefits of computerized data o>rocessing
may only be fully realized by proper planning and manaz=ment. This

involves equipment (hardware), computer programs (sqf:ware) and
personnel, Unfortunately, there are sEdll pq:tlems of
compatibility between different computers, J =nd this
incompatibility affects both hardware and software. Carz needs to

be taken at all stages of system development in orded <that such
problems may be minimized. '

2.0 Data Operation

The first group of operations is associated with data
collection, 'and covers the stages between data observaz:ion and its
arrival at some processing centre.

The second group of operations relates to data przcessing and
covers the preparation, input and quality control of thks data, the
updating of the data base (or data bank),’,techniques ~o enhance
the utility of the data, and standard data retrieval oL lions:.
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The final group of operations are those associated with data
aﬁplication, and involve the wuse of data in subject specific
analyses such as the estimation of aquifer recharge, land use
evaluation and efficiency of fertilizer treatments.

The scope of this chapter is 1limited to the operation of
second group only. A brief idea about the various ocperations of
this group of data processing is given here under.

2.1 Data processing

It is the operations to be performed in data processing which
are the focal point of this chapter. The data-collection exercise
provides a variety of text descriptions, numerical values, charts,

computer compatible media, etc. It is the task of the
data-processing system to convert these diyverse data, recorded on
diverse media, into integrated data sets structured to suit the

information requirements of the data user. Table 1 shows the main
components of a data-processing system.

2.1.1 Data preparation ‘

This activity comprises the operations necessary to convert
data from the format in which it is received to a format suitable
for input to the computer. The complexity of these c¢perations 1is
obviously governed by the degree of computer compatibility of the
recording media. Much handwritten data may need to be transcribed
and perhaps replaced by some coded value. This produces punching
documents (sometimes called coding sheets) from which the data are
subsequently key punched directly onto the computer cr onto some
computer compatible storage media, e.g. puﬂched cards, diskettes
or magnetic tape. :

This preparation 1is both tedious and liable to produce
transcription or coding errors. There are methods for reducing or
eliminating data preparation effort. These methods include the
design of field data sheets from which keving may te performed
directly.

2.1.2 Data entry

-There has recently been a major shift in methcds of data

entry (input). Punched cards and paper tape have been widely
replaced by key-to-tape or key-to-diskette systemé. Large-scale
kering operations normally comprise type stages; in the first
(punching) stage data is keyed by one- operator, in the second

(verifying) stage the same data is keyed by another cperator and
compared with the original input. Any differences between the two
data sets cause the kevboard to look, and the data +value being
entered can be checked. This syvstem 1is very successful in
eliminating data entry errors.

i
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There are other more specialized data entry methods, e.g. the
conversion of charts and maps to digital format wusing manual or
automatic "digitizers".

2.1.8 Data wvalidation

|
Once entered into the computer, data should be subjected to a

set of checks designed to identify incorrect or unusual data
values. These may be simple checks that compare the value entered
with an expected range for that parameter, or more complex ones
that compare, say, daily rainfall totals at one site with totals
recorded at adjacent sites. If data has been coded, <code values
and code combinations can be checked for validity.

|
A

i
Mis-coded or mis-punched data identified in +this way can

normally be easily Corre%ted. However, correction ofzuspect data
values, or the querying of missing values need to be referred to
those responsible for data collection, an impocrtant reason for
allowing this initial phase of data processing to be carried out

by the field observers t?emselves.

2.1.4 Primary processing .
i

This stage of processing 1s concerned with yreparing and
assembling the data in the format necessaryv for it to be added +to
the existing data base. This may include standardization of

nt or storage

measureme units, additional 1levels of <coding

f

purposes, and the estimation of derived parame.ars, e.g.
estimation of Penman evaporation from <c¢limatological data. The
amount of primary processing necessary is related to the dedree of
coding of the data befo%e input. Systems which wutilize less
initial coding® are easien for the extent to which manual coding is
used 1s governed by Jhe quality and availabilitx of data
preparation and computer |programming staff, and the capabilities

of the computer system used.

2.1.5 Data base updating

Having processed the data to the correct format, it may be
incorporated into the data base using an updating program. It 1is
usual to update the data base at some fixed time interval, monthly
being a typical interval for natural resource planning data. This
requires the allocation of space on the various storage media to
hold recently input data until the next update run.

The data base comprises sets of data cross-references in a
way which reflects the relationships between various data items
and data groups. This-structuring of data sets is fundamental to
the proper design of any data base.
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Of increasing usz are devices

1k ical to a convenlional television scra=2n).

s
suopertivg bt graphics and colonr cotiens.

e

ihe above data-processing owwrations have been descrited only at
introductory level and are considered. as indicated, in the folowing

1
~haotzr of this puklication.
!

25 already stated, it mzy b2 desirable to split tLhe processing
nperations Lotwaen pt-sical locaticns. I= iz proposed that initial data
snd val .d-ticn are Lest czrformsd by field staff as a continuation

The 2 of microcomputers should | ke

ation
dati-colleziion exerclsa.
red to asecist in this function. However, the computer znd manpower
wirements for the apsration of an integratad land and water dat2 Dbase iTply
suisterce of a central computer £ 3 : : : I

r=4g
Liva

Initial data preparation 2and walidation

6]
ot
Uy
o JRYa)

micreccomputars as a continuaticon of data gathoring 2
tral computer facility

somz  countries. 'n «uch cases, 3 ¢ mmy nokl be
necesciry _uhen_th2 advantages of int stion are achieved throuzh uws2 of a
nange of data between computzrs. | It

common data struc-ure to allow free 1
nas recently bec e feasibly to impl
hase which suppc #3 all the functions provided on the largest cocmputers £

sn mivrocomputers a relational da

O "
o

resource data - elthough for smaller seanktities,

3.0 The Nature of Data

L
l}

There are cer:iain universal characteristizs of data,
sata 5 ¥ - 3 1 -n - - w3 7 x F=
which are indepe-~d:nt of the -uantity or element mszasured, but strongly

influence data colle-tion and storave. Tuo imvortant characteristics of tata

are the distributiion *f the measuremsnts 1in space and time. In lzr3 and whter
systems there ar2 variations in the values of physical paramstsrs in Fbth
- b

space and time.

|

ts ¢f gquant:ities

+37 and when timoe
ant times :are

- e When.monitoring naturzl ressourc2 data, _measuren

cf intereat Lare ‘0 Le—made at a number- of-—sampiimT—pol
) is alszo involved a series of o!.arvaticns at di E

also need~d. Usually to economize on dat:-coll=ction costs th2 observatiuns

e spaced as widely as possiblz consistent with able to

ermediate wvalues to an acceptable accuraucy. dimensions

L-5/6




mr7 ke raccguized: the place of the obssrvition, the time 1t wzs malde. and
ac:ual parameler(s) observed. Figure 1 shows this threse-dimenzicnal nature
o dat:. The entries in the matrixz may ke the numerical v:.lua of some
me ‘surement, a quality or property of the place, or some toxt notz or comment.

Thus with every obsarvation of a parameter are asscciated other
information such as the time and place of measursment and the name of the
parameter observe:d which serve to identify the data. A data-stcrage system
has to reflect this identification informatien in some manner so that the data
stored may be used correctly. In many cases the place of storags of the data
cern provide some of this identification, for example all river stage
observations at a particular statien may be held in a single file, and the
times of observations will be given by their ordering within the file. 1In
other cases the place or time of observation will have ‘o be, explicitly
stated, for example a bore-hole 1%? record would contain tl.e ccgrdinatas of
the bore-hole. By grouping the da:za the amount of extra infor—ation which
needs to be” stored can be reduced. ' This chapter discusses how Zdata can be
broken down into groups for storage, and defines trose groupz anZ 1identifies
the attribntes of each which govern data storage. Also descritasd are the
¢eneral characteristics of data-stopage systems and the advantages znd methods
of coding data. f

3.1 Data types "
To assist in identifying data types, an immediate distinction may
De dra:m betwaen data which is fixed =~nd data which varies in eithsr time or
space. In the case of fixed data only a single entry neei be macs along the

1
related to a physical object at a spscific leccation, or to a parazmater which
S constant in cspace nead to be reopresented by only one entry on the space
AX1S .- Similarly parzmeters which aﬁe fixed in time noed cnly~one-entry=~on the
' 15. - Conversely, vigTiable pargmsters must B;-Eépresented by 2 series of
s along the axis of the varyinj dimension.

L-5/7

s of the dimension in which the parameter 1s fixed.  Thus, data which is"-

X



[}
1!
a
U
0]
)
@]
e
,
(o]
w0
wm
ta
Wy
O
a
o
I .
! s
: =
—
nj
llllllllllllll =
Q
_ ard
i e
[31) &
_ 1=t o
A= T e, 2 S et A m
Y > ..F §
& _1 b
Co- o)
[40]
e 4
i o ~
lllllllll i A e e Ul 2k T
3 SR 3 :
_ L Q =
el £
_ A [ &
1%
||||||||||||||||||||||| e o |
._ i
| o
|||||||||||||||||||||||||||| Vo Y | 5]
sl 3
— ﬂ ¥
R i |
o - - N - i :: - e
- S [ -— =——— e S e i e mEare s G
a — ; .
Jinadli1ldd _




data Zrom MetEorelogas
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sample taksn at =
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¢ value in each pair is .3 time znd the zzc
“ha tize may ba the actual ti=s o

pairs of values. The 5
Cbserved valus at that time.
] o

u

atwaen the Erz=vious observztion or i% mav =z the time
i from scme arzitrary time dztum. Mosh of a8 Eyps of
obteined by digitizizng charts t5 the cecntinuocus time z:z-i i
terval zsries, & strezm of pairs of times and wvalues. The i
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S

FPIXED

PARAMETER

VARIADBILE

PARAMETEMR

POINT SAMPLING

"AREA SAMPLING

FI.XED
PARAMETER

(Hon=Time
Series Data)

1 0O-0-N

& O-R-

. o0-LC-D

Physical works: Dams, pumps,
wallo, boreholes otg.

Soil profile data.

vpographical data from aerial
SUIVOYH.

il @ 4. R-0-T 5is R-R-T'S 6. R—C-D
e &
i S|
M (%) Wum W_ Monthly resservoir levels. Daily rainfall data. Land use by orbiting satellite,
% = &
)
o ou [ -
I o Te R-0-T 8. R-R-TS5 . 9. R-C-D
<. 2l 38 .
b LS S .
m m W Oauging of ephemeral springs. River flood gauging. _ Land use by aerial photography.
f & :
a H | |
B
% T AL e 2. 10. ‘ ¢—0-D 1. C--R-D 12 C-—C-D
- 8 B
= =
i o mﬁu_. M Chart recording of raservoir Chart recording of borehole Meteorologicel data from
= m a dischargs. water level, scostationary satellite,
-

Noten:

1. Sampling Code:
Codes for X

X-Y-Z where X and Y are space and time sampling frequencies, 2

L

and Y valuea: O — Sampled once only. R — Sampled repeatedly.

o

o

in a data interpretation cods.

ol

C - Sampled continuously.

Codes for Z values: T - Needs interpolation in time. 5§ — Needs interpolation in &pace.

5/10

I~5

N — Needs no interpolation. D — Needs digitising.
s

24 Satollita data may bo In digital form but will neecd comprosaing.

Figure 2 = Space-time combinations of data
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Another aspect of data retirieval is the fregquznzy with which a
file or part of a file is used. TIf Ziles ars raferrced tovciten, for data
retrieval or updating, it is dssirable to them, or tha carts requiring
iodating, permanently to hand. Files not re zd so freguentlv can be stored
at come reamote location. These less accassi Ziles are szid to be archived.

To facilitate data storage and rce=rieval sach retord in a file

L have at leuast one data item which ssrves zz a unrque rderntiZier to enable
that record to be distinguished from all otha-s. By orderizc the records in
tre file based ugzon this unique identiZie-. = ke macdz2 more

eZf1cient. However, if the records al z : = 2 the Ezsiz of

: 1tam which zppears in th i, th =ficienty  ig lost. Ops

_WO Or Fore cspl : : : 1 iata itz2ms in

It would bs : 1Ciens: oWy SVE SR EOpaT Or L tha

n somae dch"Lab tInnec 5 c2xgs or lists

the data eczcording to tha dji The indexes

would be usad to refer to records on the b s2lectad data
izzms, '

For example, in L soll invantors for

cord might be the soil survey si d in

numerizal valun mn’éi wolild m 1tem

Wars

thea

ords

! an inde:

Lizzd for the dage walus  fluviss: Bosi iratord penatainisata fluvicol

' zech soil typz. Jther indexes

ba ed as the cagis for data

«= 1T, be sean di=c ‘the computern
2 to .sort the exzire file using

briras togethar z2! the racords
would ke 1dsntizzl, and these

i5 the waw in whichi a librarey
R fook witile E3%chriously: its

t2a locati=a af iven took tz
z the author @ the swbjscs.

2 me
auchern inﬁn" a:d El
fac=sfdar, . However, the i=
uizhle Byolenowicighe 2

(i
7y

an elficient retrievsl 'system e ailes records to k=2 found o1 the
2 their unijues identifier and oti.:r szlect ta

eystems ar= almos: completel anzioge: to the

Coimduter storage
SuEm jJust describsd. Tha storaze ma2ci. is not paper buz disk
related dika f are collsczed iz:5 lcgical recc-2 hz zvaca
gsca detlba Soem hpivq called Data ibar

;18 £or record retrieval ars C=l
6r record idemczifi Tne urnit
are physical rac ds rzther than

The moz: gz key

¢e media ca vhich records

|
L-5/14

papar. Seuural logical..
cecuzy a pn"~ cal :czcord or wvi 2ESa Similar records are 3




i A i

imed toge<h:ir into files ard covaral files are noroally held in one
wmiez)l Shtorige devide; In the casa of the computer tnis 15 a zage, izk
—sct er cogkesta, also called a storage volume. Very larze files rey occuny
~yva the —ol: Storage volume (multi-volume files as ogdosad to =uits—file
v : Bt sto:a;ﬂ volime has a mzster file or cataiogue centzizning the
rd siructurs of the files held

han data are retr.evad by pzising records cn2 by ons =t il ena
r%qwtrsl racord is found, this is called s:rial or seguszntial pogeEsmaagnt ERS
sl enzoins acprozed ©F crezbting indenas for each desizsd ke a=2 rassing
2 1z to any resuirsd rscord is ealled qizect ©r Eanccm ecckssins, o Piles
i Ly sible n:s:d be  Aeld on pass stccEc:- devigas
1

Two lewvels of CAQinq naed to be considerad., @t

information external to!tha computer, for dzta input oOr cutput, 2C

| of cata internally. Whan using a compu
e

iir
i'sne ES8s 0 WEa ZeT
n; syzcems may not be used to gain r The acyantage ¢ coding is
s volumes of data can be reduced and erbiguity i

A ccding systam

information by a small amounc,

idzfinitionsrand bec:nas part*cula lv E

y coserved vary frequently. ne d 2 orEat d
is respresented laenn ere by a ccdag value These detailed czcizs caa ke

. groupaed tcgether by subject into “dlctloanl“’".

|

\ For ezample, consider the field observation oI soil teuzus "sandy
ﬁlay loam". This may L2 transcribed onto a punching document or keye
directly into a data entry system encoded as "scl'". This reprzsencts the
external cod2. Before storage, however, the computer may convert Iiis to the
RF umeric cod® 5 by cross referencing with the dictionary entry for :  This
1nterna% ccie is more efficient in terms of data storage srzcs than the
axztzrral codz. 'The dictionary entry might contain:

scl, 5, sandy clay loam, texture, .....definition

The definition is a text description of this. texturs for the

purpcses of th. data base. For output, the external code or original
field observation may be usead.

At a qgrossar level, instead of referring to an area rzving a whole
series of physiograpnic, soil and land usz characteristics reguiring sevaral
pages of text to dsscribe it., it may be called land unit type 13, where 1S
refers to a detailed entry in a lant classification dictionary.

In .deciding upon coding systess for mamal encoding and nternal
computer storage, two main poin’ - shculd be considered. In thc czss manual

s
coding-it is better in gemeral to use alphanumeric codes becau 2 cgsra
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{1}

-emenmber combinations of letters and numbers &nd th
than strings of numbers., especially if tha lette
mnemonlcs cZ the original items.

s meanincs more easily
CS are aiIr ev*atlons or

_In the case of machine coding it may be advantagecus to use a code
which gives the location in core memory or mass storags device wnare the full
dictionary =zntry for the coded data item 21s steored. It mav also be the
location of a related reccrd in another file. In thesz cases, numeric codes
are to be przferred since they can represent storags adirssses.

cedes 13 use

d t
‘agsentaticn of the data, tha coding zzy be rids ccip
s

+ o
th

tmether or not a differsnt sat
B3

\and, exterg=i e . E X
.transparsn: to the user, 1n that the sz ord w==AT may bz =ntered. or a
jcollsction; o words, and these words wi = Elesuliel SO el S el TS i e ) B
not matter!zo the user how the data 1s reorssszncad insics the zcrzuter.

7Aith convantionrnal data-processing swystems, in orzsr o raduce
input wvoluz=ss and reduce ambiguities it &52s kszn comzcn to 1z an cpzrato
encade ths cata’ for anput tol the system Btz s 1ne : 2

i \ . < . L 3
output. Trhis was becauszz it was not pessitble, or it wez extrzr-zly sigensiv
to put the =m=chime intelligence and memory rzgquirzd Zor s cod: t at
point whscz the data ware being entarsd, The samz diffizulty was not

xparisncs. with output Tacause the ou:;u: davizs was :luayvs iszsociatsd with
the mzan ¢csputer. In gsneral ke thiz cituazion haz =ow chinszd and by us3
of micgoprczazscrs and remate term:n;ls, mECasns Sngetliesice ‘e=x Qv placedlal
the coint cI data entry

1
raguirad.
out ur,ﬂzi*““uslg Fo
clazsiii ZOr a particy
juss CﬁC?LC. Ie is
collectiens of i
ki Tz-ator decid

Ramdi e e

CDETzier 13 reguired, and more sophisticacad
mainrtaines,

An important feature eI any coding ystem =zhoulsl bz 1ts rolative
parmanencs. Yhether nueanbers.lefiters oFf mEsmzascs @ ars ussd, [sustaikss as
SAMEYS Wadz wlan.d systEn is Gew.  IE 1= dmgosoant to c3sicn Siting swsktans
waich havs tha flexibility to cccommodate paw or szpandsZ cangzs I odes.

Each' encoded dsta’ item Ysquices e corrsssondisg enkry in &
dictionary of allowable codes In generzl each.Zlicticnzzy eniry me 7 give tfhe
external and internzl cocdes, an abbraw 2 eEe el e e sudi s e

byl esser s S e g sl

(s Gl ehmallph i il I¥ the szme data item
L cor t=zrslatics =rpos

1fication svstsins tiese may also be

An eszential code for all kinds o data is to kz eble to
wiather cdzta are missing because they wera not recordscd intantlorally oo
mlzsing beczuse thay were not recorded unintenticnally.




4,0 Groundwater DATA

. Creund sater Jdata cn be dealt wiith under three headings (as showm
“a Figure 3 @ sovings, well: and yisidsfecsts:: Well waler level is still

waet . olton ohiained by wanu:l dipping t{ochaiques ane usually at irregulsr
yntareals, preducing en irreqular Bime  cecies formak. ITE the wells are
punnsd, sobin Pes of quentitics abstractad mav come f£reoun meters, from duration
of vuaping, o0 from grantity of power conswned. These eztimates reqguira
kncwlediz2 of the vuwp specification and the pumping head, and -ay be performad

by the procassing system.

Im addition to 'defining the surface drairage syst:za of which the
spring or wsll is a port, lit is nocessary to code the aquifer system(s). 1In
tna case of walls there is, in addition to the basic site cszcription data,
the full gaol{wiual and hydrogzological lecaging of the hole.

T probably bett:r to save separata collectizns of data on
walls, the devails of discharge znd water quality, the site locstion including
lizensing awrangements, and thas deat:ils of the logging of t:a hole. Water
level, discharge and water quality avra2 time series data set: which can be
stored in the standard formats pregentsd elsewhere. Site loca<z:en and logging .
ara  single gebs of observations whih do  not change wiza time.

Th2 natural resource d:ta l-=o systemn
it well suited to storing geolciical and hydrological zore-hole data.
Zach horizon can be coded and “ha paramaters of each horizon recorded. To
devise the coding system for such a @ara bank is a large jc> and existing
systems sliould™ he first reviewad Lo aszzess their suikabili b )
liovever, .a simple start can Le madn by noting_against sach bore-hola
the location ok reports—on that hole in conventional form. This system would
start by being an aid to data retrieval in a conventional library sense. For
many kinds of data the coding and abstraction effort requireZ to store the
full, detailed information is sirply not worthwhile for the number of
occasions on which it would be used.

4.1 Station description data :

Provious reference has bean mad: to the two categories of data

\fuch ara usew to characterize a <lakiont data wlicely 15 fixed in time and

: which wveiet in time, e.q. w .er levels and discharge. Czansrally the

fizad data iz input whes the statien is “irst incorporaied into th2 data base,

and the seks c. observations mads at th= station are a-dad periodically to the
stetion time seties File,

()
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Bl has salao . beens notad  that  bhis  gensral  wview may ba too
tvpes of hydrelogical station, For insteance, whilss the

SRkt el SEm 5
prine objeclrue o o L gatging stotion is te racord a CLime series of waker
thava §a for many dtaticns 5 second time series formed Ly the ss=t of

Yevnls
[n recegnition of the time variation of some

l-dischorge cralationships.
skatien chagacteristics, dakta structures of tne tyee shown in Figure 2.& have
i meveral water ¢sta basss. Tha station history fila 1is usaful

of stations, whilst the level-discharge calibration fils 1is

i

] o

v

iy

san atilased
far sall’ Cypas

requived: partisularly far flow ¢auging stations. This structure allowz the

current station descripzign aud calibration £iles. to be cf fixed sizs and
ormat, a useful featuce when designing retrieval prograns. The station
deseription f£ile contains data on the current irstrumentation and time szries

dora loeaticn and format and ir this needs revision it is first copied to the

siation histofy £ile then replaced in the station description file by the ney
data. A

For +he purposes of discussion all the data except the specific
station -time szries, e.g: daily’ rainfall values, water levels, and water
quality values will be classified as staticn description data.

‘Whether conceived as a single file or broken down

tha variables neseded to describe Lthe location, purpose, equiprant,
acministration, ,and  operation of hydrological stations can be readily
1lentified. Table 2 sucmarizes these data, but also gives examples of

s ation data specifiz to some of the hydrological variables iZdentified in the

previous g ctions.

- 'Site description data files are essentially as found in any manual
sostem, although more_cophasis is pleced on-+he-—eeation and format of other
relevant data. sFor example, computerized hydrological staticn files nweed to
coataingd explicit references tor the disposition elsewhers in the computer of
the accociated Eime series files, or the dictionary rfiles which convert crdes
for stabion, instrument, and enald¥sis types, watiershed names, cata reliability

et
REFERENCE :

"Guidelines fur computerised data processing in Operational Hydrology and
Water Management", Joint FAO/WMO publication, WMO-No.634, 1985.
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Sctructure of the time seciesg
l”:!i cata formatg

Structurs of the time serias
stcrege data formats

Ed cZl orgenization of

i

e = e I P R

of envircnment

]
[{t]
1
{u
[
—
147 ]

t

\

amount to discharge (=) 0
abstract (-) conditicns may depen
on time of year or flow cendition
(level or discharge)

T
d

water cuality - range of wvalues
allowed for each coded parz-ater,
for each discharge ccnditicr

for eacn kind of input recc:_\the
position, format and units =< each
data fiald

format (Figures 2.1 and 2.5)
number oI data values per rerjrd
are multiple parameter date values
identified by position ¢z by
paramstar code plus czta val.z?

which disks disks/tzpes efc.
for whz: period is cata awvzilable
(including missing secinents)

data include exposure of site,
altitude, etc.

for river sections only, izzludes
location of wverticz.s ard

level gzucgs. This may czntain
lacest section or iz mev

centadn a | seleption of  pozvious

secticns. If frequency of survey

15 high it may bﬂ neczzzzy to
se

a basic mirimum set o wal’ ta
includes trhe depih. top ©f well
atum, diemeter c ule 1
which aquifer(s) is taczped (z=dad).

'."l

rzferenzs to detail=zd
camputer records- . to
rapid access.
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