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INTRODUCTION

In 1976 the South Florida Water Management District acquired a

Gearhart-Owen "Widco" model 3500 portable geophysical logging system.

The 3500 model operates on 120 volts A/C, 2000 watts at 50 to 60 Hertz.

The unit was purchased with the following capabilities which comply with
Huclear Instrument Modules Specifications (NIMS): 16 and 64 inch Short

and Long Normal Resistivity, 6 foot Lateral Resistivity, Spontaneous
Potential, Flowmeter, Fluid Resistivity, Fluid Temperature, Differential
Temperature, Natural Gamma Ray, Casing Collar Locator, Neutron Porosity,

36 inch Caliper, Gamua Gamma Density and a Fluid Point Sampler. In 1978

an Acoustic Logging system {probe, module) was purchased from SIMPLEC,

Inc. A Tektronix T922R Oscilloscope, purchased with the original equipmenf,
was 1nc0rp6rated with the Acoustic system. A1l tools were specified to

be calibrated to some standard units (e.g., Natural Gamma Ray to API units,
etc.). The equipment was mounted in a 4-wheel drive Chevrolet Suburban
and was powered by a Honda 2500 model generator {later replaced by a Honda
model1 3500).

In 1978 the need to have a field digitizer was dictated by the expense
of manually digitizing survey data. The definition and use of digitized
survey data is presented in the Data Capture and Storage Chapter. An SIE
Data Acquisition System (DAS) was subsequently purchased, giving the
District capabilities of recofding all survey data in the field both in
analog and digital formats.

The operation, maintenance and calibration of uphole and downhole
equipment are fully described in literature available from.the suppiiers,

and will not be addressed in this report. Specifically, descriptive
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literature is avai]abTe for the following:

(a)
(b)
(c)
(d)
(

e}

Gearhart-Owen Industries (GOI) Elm 202 Module, 1975.
Model 3200/3500 P.L.S., 1975.

Gamma/Neutron System, 1977.

MRP 501 Modular Recorder, 1975.

Tektronix, T922 R Oscilloscope, 1975.

The reader is also referred to the publication by Brown and Anderson (1979)

for information on Natural Gamma Ray/Neutron Porosity logging.



Purpose and Scope

The purpose of this report is to provide a user's manual to guide
District personnel step by step through the available geophysical
logging processes for digitized borehole data. It is a description
of the South Florida Water Management District's geophysical logging
' equipment and capabilities for use in groundwater resources investigations.
Methods for computerized capture, storage, manipulation and retrieval |
of geophysical data and case histories describing some applications of
borehole geophysical logging data and techniques specific to groundwater
problems are discussed. These processes and technigues are gehera]
enough to be suitably appiicabie to otﬁer systems.

1t should be emphasized that this report does not cover all borehole
gecphysical surveys applicable to groundwater investigations, and as
such is not a substitute for general texts which are intended to do this.
For example, the commonly used Single .Point Resistivity survey is omitted
because, although it is a gqualitative survey useful for lithologic
correction and other semiguantitative interpretations, the information
it yields is similar but not as useful as the generally run 16 inch Normal
Resistivity Survey. Other surveys which are outside the capability of
.thé present system may be quite valuable tolthe hydrogeologist. However,
" these surveys may be more costly, more difficult to obtain, or not generally
available to the hydrogeolegist. In addition this report does not purport
to be a ¢0mp1ete formation evaluation textbook. While common applications
in the SFWMD 1ithologic environments are mentioned, the reader must consult
other texts for details of many of the applications. Finally, although the

effects of warious extraneous factors on the log responses are mentioned,



it is not intended to give the impression that these are the only factors
which may affect the logs. These effects are, however, considered to

be the most likely ones encountered in this area. The Selected Biblio-
graphy given at the end of the report is intended to assist the reader

in obtaining further details of borehole geophysical methods.

Applications

" A well log is defined by Sheriff {1973) as a record of one or more
physical measurements as a function of depth in a borehole. Geophysical
well logging, also called borehole logging, includes techniques of
‘recording borehole measurements by means of sondes carrying sensors which
are lowered into the borehole by a cable.

Geophysical logs are useful in groundwater resource investigationslin-
that they help quantify the properties of the rock and borehole fluid. This
information assists hydrogeologists in their decisions on stratification and
associated rock properties, as well as water quality and availability. In
addition, correlations of rock units can be made based on similar responses
from logs in different wells. Table 1 is a generalized summary of the
major hydrogeologic applications of the geophysical surveys available at
the SFWMD. it should be emphasized, however, that this is a general guide
only. Most interpretations require combinations of different logs, or
additional data. The particular hydrogeologic situation will, to a large
extent, determine what interpretations can be made and how these are done.

The advantage of geophysical logé is that a continuous borehole record
with depth is available at reasonable cost. For example, if a hole is
entirely cored with 100 percent recovery, 1§boratory analysis of the core

involves the selection of point samples. Continuous coring and subsequent

-5-



"331435 10 uswabeur;, J2lef PPLAOL

UInNog 8yl 3P SLge|LlPAR SABAANS {eD15AUdodh ajoysJ40q 30 supljedt|due doley - | 318yl

‘uonelaidiaiu] Jadoid 104 UOIBWIOU|

[EUCIHPPY miﬁwv_m:oo gasnbay 10 8soding Sy 10 Pasn) AjoieY 10 ‘BleQ 49Ul( WOJ4 SUOISNIILOD JO UOREIJUCY JOL AJUIEW Posn)

-0
‘5607 syl 0 uonelasdiaiu| Jadold Jo4 uoneunoyny jeabojospAH 10 |ed1Bojoen) i0l4 JO sbo7 18y sasnbesy -g
‘609 @yl JO UONEIBidIBIU| 104 UOIEWIOU| (EUONIPPY 8wWOS aunbay Aew wonesnddy jensn Jo 310801Q ISOW -V SION
O Y g 2 g V. v v v 214SN0O0V  JINOS
2 8 0 2 g 8 v g v JALISNIO YWWVO-YWINYD
2 0 v o 8 v g 8 g v ALISOHOd NOY1N3N
] ¢ o] 2 a v YWWVYD TIYHNLYN
g v o] HOLvD07 "HY110D DNISYD
WILIWVIG 3T0H
JO JONIMIEN "04 $901| 8 a v v o] o] v 0 <] a H3dIMVD
HIHLO 123WMOD Of 43S
v v a 2] 2 IUALVEIAWAL 41
v v v a g 0 IUNLVYH3ISWIAL
ain14 fnoH3408 . .
40 ALIAILSISIY BOd §907] Y =l v g a o] HI1IWMOTS
HIHIO 1DIHHOD QL G3SN -
g g ALIALLSISIH QI
8 g o) g v g 8 0 v v ‘§34 IVH3ILVY .9
g o] g 2 v 2 g 8 v '1O0d SNOINVINOLS
g =] ) g b4 g 8 g g D v v ‘S3H IVWHON .¥9
g A4 2 g v a a a =] o] v Y ‘SAH IYWHON .91




analysis of enough samples to be statistica11y meaningful is extremely cosf]y.
The first borehole geophysical log made in the United States was

obtained by W. B, Halloch in 1837 by plotting temperature measurements

with depth (Halloch, 1897). The first Resistivity surveys were run in 1927

in an 0il field in France by the Schlumberger brothers (Schlumberger,

et al., 1929, Schlumberger, et al., 1934). These logs were made by manually

plotting the deflections of a galvanometer that responded to the resistivity

of the rocks and their in situ fluid. The first comprehensive description

of "Subsurface Geophysical Methods in Groundwater Hydrology" was written

by P. H. Jones and H. E. Skibitzke in 1956.



DESCRIPTION OF EQUIPMENT

The geophysical logging system consists of surface instrumentation
and electronics and downhole probes (see Figure 1). The surface equipment
performs the functions of lowering and raising the sondes as well as
receiving, processing and recording the downhole signals. The downhole
equipment may transmit to and/or receive impulses from the borehcle
fluid, rock and interstitial fluid. The impulses received by the sensing
elements are converted into electrical signals which are transmitted to
the surface via conducting wires in the cable connecting the tools to the
surface equipment.

The major components of the surface equipment are:

(a) Surface electronics - This consists of the basic Instrument
Modules and bin assembly (basic frame and low voltage supply
for all modules), power module assembly and a number of other
modules. Available modules include shooting power, ratemeters,
line power control, differential temperature system, E-log
(modules 202 and 204), acoustic system, flowmeter and the
oscilloscope.

(b) Draw Works - This. system includes a winch with 3500 ft. of 4

conductor 3/16 inch cable, line speed control, 5 speed transmission,

s1ip ring assembly, level wind, manual and optical encoders.
(c) Recorders - Two types of recorders are used, a three channel
strip chart recorder and a digital magnetic tape Data Acquisition

System.

Specifications for all equipment except the Data Acquisition System (DAS)

are available in GOI Products Catalog, 1978, and will not be discussed in
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detail in this report. However, a short discussion of the DAS is
appropriate with details available in the SIE design specifications
manual.

The SIE Data Acquisition System records simultaneously with the
strip chart recorder. Both units process the same input signal as milii-
volts and consequently calibrate identically. Five channels, one depth

“and four amplitude, can be recorded on the DAS at any one time; up to
five digits for depth and four digits for amplitude can be recorded.

A standard Phillips type digital cassette with clear leader and begin
end of tape (BEOT) hole is used in the memodyne digitizer, a component
of the DAS. Depth measurements are recorded through an optical encoder
attached to the sheath wheel assembly. Sampling can occur at .1 foot, _
.5 foot and 1 foot intervals and are controlled by the logging line
speed. A1l circuitry is contained in a 19 inch dustproof rugged shock- .
mounted bin installed in the geophysical logging vehicle.

The downhole tools available on the SFWMD research system at the
present time are: 16 and 64 inch Normal Resistivities, 6 foot Lateraf
Resistivity, Spontaneous Potential, Flowmeter, Borehole Fluid Resistivity,
Borehole Fluid Temperature and Differential Temperature, Caliper, Neutron
Porosity, Natural Gamma Ray, Casing Collar Locator, Gamma Gamma Density.,

Acoustic Velocity, and Fluid Sampler.

-10-



DESCRIPTION OF SURVEYS

This section gives a brief description of the surveys available
on the present SFWMD geophysical logging system. Included are theory,
principle of operation, types of calibration, restrictions on use and
information necessary for interpretation of the survey. As pointed out
previously, the reader may want to consult relevant references for a

more detailed description.

Resistivity Surveys - 16 and 64 inch Normal:

Resistivity logging devices measure the.e1ectrica1 resistivity of
a volume of the earth's materials under direct application of an electric
current. The mathematical re]ationship which defines resistivity is

derived from Ohm's Law and may be stated as follows:

- AV A _
P A (1)

Where,
P = constant of proportionality (Resistivity) in ohm mz/m
AV = potential difference across the element in volts
I = electric current in amperes
A = cross sectional area of element in meter52
L = length of element, in meters
In resistivity measurements, the term %—15 dependent on thé electrode
arrangement, while I is kept constant. The potential difference AV is
measured by the probe and converted to resistivity values (P) in units
of ohm meters®/meter.
Within the borehole the element of earth material surrounding the
probe is a sphere with volume 4 = y. The potential V at a point y distant

from the electrode is given by:

-11-




dv _ IP
E*W ............................................. (2)
Integrating,
-IP 1
V= Ty 1 ;Z'dY ....................................... (3)
Or,
. _
V=I1% ............................................... (4)

Normal Resistivity devices utilize two current electrodes (A and B) and
two potential electrodes (M and N} (Figure 2). As shown in Figure 2
electrodes A and M are relatively close together, while electrodes

B and N are re]ati0e1y distant from each other and from electrodes A and
M. Thus, the potential transmitted between A and M is the major component
measured. This potential is measured at the mid point between A and M
during logging (Pirson, S. J., 1963). The resistivity values recorded

for the normal survey is given by the equation (Pirson, S. J., 1963).

Where,
AM is the "geométric factor" equal to 16 inches for the 16 inch
Normal survey and 64 inches for the 64 inch Normal survey.
The equipment is, however, generally calibrated to give P iﬁ ohm metersZ/meter.
For the Lateral log, the above equation becomes (see Figure 5 )

(Pirson, S. J., 1963).

The reference level for the Lateral Tog is midway between electrodes M
and N.
Electrical conduction in solid particles is by two mechanisms, intrinsic

or extrinsic. In porous media, three components of electrical conduction

-12-
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FIGURE 2 - Electrode conficuration and circuitry of the Normal
Resistivity tool
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are recognized: (a) conductance along the solid matrix, (b} sonic
conduction by the electrolytic solution, and {c) ionic surface conduction.
In general, electrical properties of saturated rocks are controlled by
pore geometry, through ionic and surface conduction. Assuming constant
borehole fluid resistivity and borehole diameter, the variations noted
-on the log are directly éorre]atab]e with variations in resistivity of
the rock and interstitial fluid.

The 1og responses are sensitive to changes in borehole diameter and
borehole fluid conductivity. Large borehole diameter, coupled with highly
conductive borehole fluid may result in a large current flow being
restricted to the borehole fluid, giving anomalous results on the logs.

Normal Resistivity surveys tend to minimize the effect of borehole
fluid. The 16 inch Short Normal device measures principa]]y the resistivity
of the zone invaded by the drilling mud, while the 64 inch Long Normal
device measures the average resistivity beyond the invaded zone for a
radius of approximately twice the AM épacing.

The Normal Resistivity surveys are most useful in quantitatively
determining true formation resistivity, invaded zone resistivity, depth
of invasion, and for estimating water quality and permeabi]ity in clastic |
rocks. Lithologic correlations and lithology determinations, water levels,
_ and casing conditions and locations can also be made utilizing the Resistivity
surveys.,

Although there are numerous corrections for reliable saturated
| formational resistivities (bed thickness, invasion, etc.), the most basie
correction is for borehole fluid resistivity and hole size. Figures 3 and 4
taken from Formétion Evaluation Data Handbook, G.0.I., 1977, give correction

factors for these borehole conditions both for the 16 and 64 inch Normal

-14-
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Resistivity logs. For more detai1ed corrections for the varying formation
environments, see log interpretation charts, Schlumberger, 1972.

Useful Resistivity logs can only be obtained in fluid filled holes,
or in fluid filled portions of a well. The well must be uncased and
unscreened although some success in logging wells with plastic screening
has been reported (Keys and MacCary, 1971). Ideally, the borehole fluid
should be_much more resiséant than the beds to be logged. Two other
important limitations of the Resistivity logs are their susceptibility
to noise and the effect of bed thickness on Normal logs. A thin, highly
resistive bed may result in a reversal of the Normal log, giving the
indication of a more conductive bed.

The District's electric ngging probe is a 2 inch 0D rubber-coated
probe 7.2 feet in length. It records 16 inch, 64 inch Normal Resistivity
and Spontaneous Potential surveys simultaneously. Units recorded are in
ohmgneter%meter for Resistivity and millivolts for Spontaneous Potential.
The preobe is used in conjunction with the ELM 202.

The District's Resistivity equipment is calibrated in two major
steps. The first step is to run a continuity check on the cable, slip
ring assembly, and the cablehead assembly. This step'wi11 eliminate any
shorted or disconnected wires. In the second step the scales are adjusted,
using the "short and long normal test box 02-9813-15" or the internal
calibration standard. Further-details are given in the section on quality

control.

6 Foot Lateral Resistivity Survey

The principles of operation and application of the 6 foot Lateral
Resistivity survey are similar to those for the 16 inch and 64 inch

Resistivity surveys, the major difference being that the wider electrode

-17-



spacing gives deeper penetration of the electric current. The electrode
arrangement for the 6 foot Lateral survey is shown in Figure 5. The
Lateral device consists of three effective electrodes, potential electrodes
M and N below the current electrode A. The Lateral log supp?emenfs the
Normal Resistivity logs because of the greater depth of penetration

and the lesser influence of borehole fluids. The Lateral survey measures
the formation resistivity in ohm meterz/meter beyond the invaded zone,
thus measuring true formation resistivities. Due to its large electrode
spacing {6 feet), the Lateral survey has its best response in beds that
are more than twice the thickness of the distance between the midpdint

of the potential electrodes and the fifst current electrode {Keys and
MacCary, 1971).

Since the 6 foot Lateral log has deeper penetration, it is less
influenced by borehole conditions, and is the survey to be used in deter-
mining true formational resistivities in thick beds. Other applications
and uses of the 6 foot Lateral log are the same as for the Normal Resistivity
log. There are no available correction charts for the 6 foot Lateral log
for boreho]é conditions, although for general use, correction charts are
not necessary.

The District's 6 foot Latera] Resistivity tool is a 2 inch 0.D.,

8.3 foot long tool operated with the ELM 204. Operation of the
tool is identical to the Normal Resistivity tools. The Lateral log should

not be confused with the Laterolog which is a focussed-type Resistivity log.

Spontaneous Potential Survey

The Spontaneous Potential log (or SP log) is a record of variations

in natural potentials developed between the borehole fluid and surrounding
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materials. These potentials may be "streaming potentials" resulting
from movement of an electrolyte (borehole fluid or formation fluid)
through porous media, or "membrane” or "liquid junction" potentials
developed at the junction of dissimilar material in or adjacent to
the borehole. The potential arising from these junctions (the more
jmportant component of the SP log) cause a current to flow in the mud
-column in the borehole near a semi-permeable/permeable boundary.

The SP device consists essentially of a lead electrode which is
lowered into the well on a shielded conducting cable, and a ground
electrode which is usually placed in the mud pit. Changes in potential
as reference to the constant potential of the ground electrode are
recorded to produce this 1og.

The magnitude and direction of the current flow, and hence the
magnitude and direction of the SP log deflections are controlled by the -
relative salinities (resistivity contrast) of the borehole fluid {drilling
mud) and formation water. Ideally, the 1og follows a “shale line" when
the sonde is adjacent tp impermeable, shaley beds, and deviates (to the
right or left depending on resistivity contrast) in more permeable beds
(sands). In south Florida, however, most of the logs do not show a well
defined shale base line. For most groundwater work, permeable beds
typically def1ect‘the SP curve to the left, whereas impermeable beds
deflect the curve to the right. Hence the maximum deflection to the right
in shale-sandstone and shale-carbonate Séquences occurs adjacent to the
‘shale beds, while a left or more negative deflection occurs opposite

porous and permeable sands and limestone.
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The most usual applications of the SP Tog are for geologic
correlation, determination of bed thickness, and separating porous
from non-porous rocks in shale-sandstone and sha]e—cafbonate sequences.

In sand/shale sequences, the relative proportions of sand and shale

may be estimated, based on the magnitude of the deflections, if the fonic
concentrations of the borehole fluid and aquifer water are constant
throughout. Under certain conditions the SP log may also be used to
determine water quality.

The SP log, like the Resistivity log, must be run in fluid filled
holes. The 1ogs give poor resolution in some' sequences and are susceptible
to "noise" from a variety of sources.

In the SFWMD system, the SP survey is run simultaneously with the
16 and 64 inch Norma] Resistivity surveys; using a combination tool, with
the 16 inch potential electrode being the point of measurement, or with
the 6 foot Lateral survey. Units of measurement are in mitlivolts.

The Spontaneous Potential equipment is calibrated at the same time
and in the same manner as the Resistivity devices, using a test box or the

internal calibration standard, and the test well.

Borehole Fluid Resistivity Survey

Fluid Resistivity surveys measure the resistivity of a volume of
borehole fluid to a constant electrical current. This is accomplished by
ring type gd]d or pther suitable electrodes spaced a fixed distance apart
installed inside an aluminum tube through which the borehole fluid passes
as the probe is Towered. The resistivity of a known column of fluid within

the tube is measured continuously as the AC-voltage drops across the
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electrodes. Units of measurement are ohmrmeterz/meter. The
resistivity values measured and recorded on the log are dependent on
the ionic concentration of the borehole fluid and the temperature

of the fluid. The readings can be converted to a fixed temperature,

usually 25°¢ by the equation

P (:02)+(00) # 1.5 = P = Pttt (7)
Where, v

Pu = pesistivity uncorrected in ohm—meterz/m

PC = resistivity corrected to 259¢

% = temperature of water in degrees centigrade

The most basic use of borehole Fluid Resistivity logs is to determine
chemical quality stratification in the borehole. Resistivity values can
be converted to specific conductance values with units of micromhos/cm
at 25°C by dividing the corrected values of resistivity into 10,000. The
total electrically equivalent NaCl in milligrams per liter can then be
approximated using empirical relationships. If the ratio of ions present
in the water is known or can be inferred from previous analyses, the Fluid
Resistivity logs can be used to approximate the concentrations of these fons.
The F]uid Resistivity profile in the well may be related to the source
and movement of groundwater; however, care should be exercised in drawing
conclusions from‘the logs as conductivity changes in the well bore might
not be at the same depth as a similar interface in the aquifer due
to differentials in temperature, density or potentiometric heads.
Borehole Fluid Resistivity logs may be used to locate the source of
water broducing zones, or to locate the most permeable zones under injection
tests. It must be remembered that there must exist a conérast in fluid

resistivities between producing zone waters and injection water respectively
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for the above techniques to be applicable. Resistivity Togs also provide
a basis for selecting depths for the collection of water samples via point
sampling.

- In Fluid Resistivity Togging of non-flowing wells there are two basic
types of conditions which may exist. In practice, the first log is run
under "static" conditions (well not discharging), the well having been
left undisturbed for an adequate time to allow for borehole water equilibrium
conditions to exist. After this run a log can be made under “dynamic”
conditions (discharge via pump or air 1ift) by discharging the well. A
comparison of these logs gives valuable information concerning interborého]e
circulation, flow, and the location of producing zones.

A very important use of Fluid Resistivity 1ogs is in correcting or
aiding in the interpretation of standard electric logs (SP, 16 and 64 inch
Normal Resistivity logs).

The District's Borehole Fluid Resistivity probe is a 1 3/8 inch 0.D.,
3.6 foot 1ong tool. It is a 4-conductor type utilizing 4 gold rings 1 inch
apart, which function as two current and two potential electrodes. The
resistivity gurvey is made simultaneously with the Borehole Fluid Temperature,
Differential Temperature, and Casing Collar Locator surveys. Downhole
.current and uphole processiﬁg is via the ELM 202.

Calibration of the Borehole Fluid Resistivity survey is done using
standard solutions. Calibration or standardization should be checked before
and after each logging run to verify the stability of both the surface and

downhole electronics.
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Flowmeter Survey

Flowmeter surveys measure and record fluid flow within the borehole.
The most common type of equipment utilizes an impelier flowmeter consisting
of a protective basket assembly enclosing a Tow inertia impeller. The -
impeller rotates in response to fluid flow. The equipment is designed so
that each rotation of the impeller generates one or more electrical pulses.
The pulse count is continuously integrated to give values of counts per unit
time. The probe may also be held stationary in the borehole to determine
total volume of flow at preselected levels. To accurately relate count
rate to actual flow rate, the basket assembly should be as close to the
diameter of the borehole as possible.

The Flowmeter survey is used to measure fluid flow within cased or
uncased wells. In a discharging well, or a well close to a discharging well,
a continuous flow profile may be obtained by running the probe into or
out of the well at a constant speed. Vertical flow profiles in wells open
to a multiaquifer system may be used to indicate possible transfer of
pollutants between the aquifers and to determine the validity of pump test
data, water quality depth samples, or Resistivity and Temperature 1ogs.

The Flowmeter log is affected by varying borehole diameters. This may
be -corrected for, using the equation:

Q= 41 d " Veiiiiit e it e e e (8)

Where,
Q = flow in counts per second (cps)} inchesz
d = diameter in inches
v = velocity in cps

1t should be noted that where vertical flow exists in the horehole, the
downhole will differ from the uphole log. The logs may also be affected

by changes in logging speed or by contact between the probe and the wall
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of the well. The speed of revolution of the impeller and consequently

the magnitude of the log response is a function of the difference between
the Togging speed and the vertical movement of the water in the borehole.
If vertical movement of water is downwards, a log made while the probe

is being lowered will indicate less than the "true" velocity of movement,
or may indicate no vertical movement at all 1if the flow rate equals the rate
at which the probe is lowered. On the other hand, a l1og made under the
same borehole conditions while the probe is being raised will indicate
more than the "true" velocity. The opposite will be true if vertical flow
in the borehole is upwards. Consequently it is good practice to run both
ah uphole and a downhole log in each well.

- The District's Flowmeter probe is a 1 7/16 inch 0.D., 3 foot long tool
having a suite of basket and impeller assemblies ranging from 1 7/16 inch
to 4 3/8 inch 0.D. The Flowmeter tool contains a low inertia impeller to.
measure the movement of borehole fluids as they pass through the basket
assembly. Movement of the impeller blade rotates a small magnet that
actuates four magnetic switéhes.- Closure of the magnet switches completes
an efectrical circuit, génerating a square wave pulse at a frequency pro-
portional to the number of impeller revolutions. There are 4 cycles per
second (cps) per revolution since there are four magnetic switches. Power
is supplied to the tool from the Flowmeter module (FMM 101}. This module
also acts as an interface to couple the signal into the Ratemeter module
(RMM 202) which processes the uphole signal for the recorder.

The unit of measurement that is recorded in the field is counts per
second (cps). There are four counts per revolution as previously discussed.
An increase in ¢ps reflects a linear increase in velocity. To convert cps

to flow rate in feet per minute (ft./min.) for any well in which a Flowmeter
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log was made, the Flowmeter should be calibrated before and after the well
was logged. To ca]ibfate the Flowmeter survey, a log is made in a static
well by running the pfobe down the water filled well at different 1ine
speeds simulating flowing conditions. MWhile running the tool down the
well the recorder is put on time drive so that an average of the c¢ps
recorded during the time the probe is moving can be taken. This is done
at a minimum of four known line speeds. Ideally the line speeds should
be in the working range expected in the field. The conversion to ft./min.
is useful for quantitative work.

.~ For the conversion from ft./min. into volumetric units it is necessary

to relate the velocity of fluid flow in the borehole to the cross sectional

area:
0 (9)
Where,
Q = flow in volumetric units
V = velocity
A = cross sectional area of borehole

If the conversion to feet/minute from cps is known, the above formula can
be used. The cross sectional area of the borehole is calculated from the

Caliper log assuming a spherical borehole.

Where,

A= hm dPe (10)
And,

d = diameter in inches or feet.

This method to calculate flow does not correct for the following factors:
(1) Displacement of water (volume) by the probe.

(2) Differential velocities in the borehole due to friction.
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For a Flowmeter 1og run in a straight hole with uniform diameter, a
conversion to flow (volumetric units) is as follows. Determine the yield
of the well during the discharging stage at the wellhead as a result of
pumping or the natural discharge of the well with the tool in the well
above all flow zones. The deflection found above the flow zones or in
casing above the open hole corresponds to the total yield. The amount
of water flowing upward a£ a certain depth can be calculated by linear

interpolation as the impeller of the flowmeter has an almost linear response.

Borehole Fluid Temperature Survey

Borehole Fluid Temperature Togs are graphic representations of the
temperature of the environment immédiate]y surrounding a sensor in the
borehole. The sensor is generally a thermistor which consists of a semi-
conductor eiement having a negative temperature coefficient of resistance,
Temperature changes in the borehole fluid cause changes in the resistance
of this element and these resistances are measured by feeding a small
current through the element. Differential temperatures may be Togged separately,
using a system which continuously detects and records the difference in
temperature over a predetermined time interval (interval of depth). Differ-
ential Temperature logs accentuate the temperature changes and thus aid in
interpretation.

Temperature 1ogs may be used to determine geothermal gradients, provide
information on the source and movement of water, and to identify producing
zones. The logs may also be used in quantitative analyses of equilibrium
temperatures in wells to determine aquifer coefficients such as transmissivity
and leakance, and to determine seasonal recharge to groundwater. The

Temperature log is very valuable in correcting and analyzing Resistivity logs.
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Other uses of the Température Tog include identification of recharge water
or 1iquid wastes and the location of grout outside the casing after
cementing a well.

- The main Timitation of Borehole Temperature surveys is that an undis-
turbed environment ("equilibrium conditions") is generally necessary for
accurate representation of the natural conditions. This is generally
difficult to achieve as disturbances caused by pumping, drilling, cementing,
casing, sampling, or other activities may take weeks or years to dissipate.
In many holes, Temperature logs do not repeat well, giving the operator
only a single opportunity to obtain a good 10@. With a single sensor Differ-
ential Temperature probe, logging speed must be kept constant. In addition,
instrumental effects such as thermal lag, self heéting, or electronic
drift may introduce inaccuracies.

The District's Borehole Fluid Temperature logging system uses a 1 7/16
inch 0.D. probe, 2.4 feet in Tength. A nickel-iron sensing element
(thermistor) in the probe measures temperature changes in the borehole fluid.
These measurements are related to actual temperatures through calibration
of the systeﬁ. By using the probe in conjunction with the Differential
Temperature module (DTM 203) it is possible to obtain a differential
temperature curve. Time inérements (AT) may be varied from 1 to 10 seconds.
The signal is transmitted from the probe as pulses which are processed
through the ratemeter module which furnishes a signal to the DTM 203.
Downhole power is generated from the Line Power moduTe._ The Temperature
and Delta Temperature surveys are usually run ;imu]taneous]y‘with Casing
Collar Locator and Borehole Fluid Resistivity surveys. The unit of measure-

ment is °F although % units can be used with proper calibration.
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The system is calibrated using an accurate thermometer in a water

bath at a constant temperature.

Casing Collar Locator Survey

The GOI Casing Collar Locator (CCL) is a supplementary assembly that
can be run with the Natural Gamma Ray, Neutron Porosity, or the Fluid
-Resistivity Temperature tool, which are pulse Togging types. The CCL
assembly is essentially a sensing coil which is positioned between two
bar magnets. Most of the magnetic flux lines pass within the coil. A
change or contrast in magnetic susceptibility of the materials surrounding
the tool will cause an increase or decrease of the magnetic Tines through
the coil. This generates a current pulse in the coil which is sent to the
surface. A CCL log can be made either running down or up the hole. ‘

Casing Collar logs are used to locate collars, pipe, zones without
pipe, magnetic minerals or debris. Also, when run in combination with the
above mentioned survey, the CCL log “ties" the casing collars to 1ithology.
The formation depths are then permanently referenced to casing collar “bench

marks,"

Caliper Survey

The Caliper log gives an estimate of the diameter of a borehole. The
.most common type of Caliper equipment gives a record of the extent to which
one or more hinged arms or feelers can be extended in a horizontal direction
away from,the axis of the probe as the probe moves vertically in the
bofehole.

The Ca1iper‘survey operates on the principle that the degree of

extension of arms, which are spring loaded to follow the wall of the

-
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borehole, are converted into electrical pulses which are processed with
the output signal activating the recorder system. The.too1 is usuaily

run into the hole with the feelers "closed" and a system is provided to
release the arms at the bottom of the hole for uphole logging.

Variations on the Caliper log are usua11y interpreted as variations
in the average diameter of the borehole. This jnformation may be correlatable
with Tithology, stratigraphy, or the presence of fractures and solution
openings. However, it should be pointed out that unintentional hole size
variations may be the result of drilling techniques such as weight and
straightness of the drill stem, volume, pressure and type of fluid circulated,
drilling rate or development of the well. Lithologic factors which affect
hole size may include competence of the beds, porosity and permeability,
bad thickness, size, spacing and orientation of fractures, and swelling of
clays.

A very important use of the Caliper logs is in the completion and
equiping of wells. Here Caliper logs may be used to calculate gravel pack
volume, grout volume, size of casing and screen, and the design of packers.

Caliper logs are aTso very important in the interpretation of other
geophysical logs which may show the effect of ho]é size. These include
Neutron Porosity logs and Flowmeter as well as Resistivity logs. A
Caliper log should always be run prior to running any Nuclear log to
minimize the possibility of losing the nuclear probe in the hole.

The main limitation of the Caliper survey is that the maximum hole
diameter which can be measured is limited by the maximum extension of the
arms. 1In some cases this may be inadequate to calculate accurate horehole
volume. With the hinged arm type of caliper, some small depth and/or diameter

inaccuracies may result due to the difference in height of the tips when
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the arms are extended compared to when they are closed, and the fact
that where a rapid coﬁstriction of the borehole occurs, the arms may
begin to close beforelthe tips have reached the level of the constriction.
The District's Caliper tool is a 3 arm type and has a maximum measuring
diameter of 36 inches, although for accurate measurements in small diameter
holes, shorter arms are available for measuring wells up to 18 inches. The
outside diameter of the togl (0.D.) is 1 1/4 inches and its length is 6.2
feet. The arms are opened and closed by switching the polarity of a
servomotor. The unit of measurement is in inches, Downhole power is
supplied by the LPM 203, although when opening and closing the arms, the
shooting power module SPM 301 is used. Uphole voltage, as pulses generated
via a pulse type generator (telemetry circuit) in the probe,is processed
through the Ratemeter module, RMM 205. Field calibration is performed
before and after every run inathe hole by placing a calibration board with
small diameter holes between the arms and the body of the tool. The holes
are spaced to simulate hole diameters over a range of 36 inches at 2 inch

increments.

Natural Gamma Ray Survey

The Natural Gamma Ray survey measures the amount of natural gamma
radiation emitted by material adjacent to the probe as it is lowered or
raised in the borehole. The deflections on the log are a reflection of
the abundance of gamma emitting radioisotopes (normally potassium-40 and
daughter produéts of the uranium and thorium decay series) in the rocks.

The Natural Gamma probe consists of a scintillation counter, utilizing
thalium-activated sodium iodide crystals, to detect radiation. The
electronics consist basically of a high-voltage supply and pulse amplifi-

cation and shaping circuits. Surface controls consist of a time constant
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or pulse averaging circuit, logging speed control, recorder sensitivity
spah, and zero positioning or basing.
The main application of Natural Gamma logs is for identification of
1ithology and stratigraphic correlation. In general, natural gamma
radiation is highest in potash beds and progressively less in shales,
sandstone, limestone, dolomite, coal, and anhydrite beds. The logs are
also used as an index to bermeabi]ity in clay formations and in monitoring
plugging in well screens.
Natural Gamma Ray logs may be obtained in open or cased, liquid or air
filled holes. The logs are not affected by borehole conditions as greatly
as other nuclear logs. The borehole diameter generally has little effect
unless the diameter is very IQrge, generally over 12 inches in diameter.
The nature of the drilling fluid may affect the logs to a greater extent,
especially if a barite weighted mud is used. Figure 6'shows a chart for
calculating gamma ray correction factors for borehole éize and mud density
(Gearhart-Owen, Industries, 1977). The chart is applicable to a 1-11/16 inch 0.D.
cross count probe; however, the authors (GO1) state "it is not considered
to be universally applicable. However, its use is preferred to the altern-
ative of making no correction® (GOI, 1977, pg. 175).
The following information on description and calibration of the equipment
is taken from a Memorandum Report by Brown and Anderson, 1979.
"The SFWMD Groundwater Division's Research Geophysical Logger utilizes a
Gearhart-Owen 1-11/16 inch 0.D., Gamma Ray, Casing Collar Locator (CCL),
Neutron Porosity tool. The electronics are all solid state and most
of the circuit functions are performed by high temperature rated
integrated circuits mounted in field replaceable moduies. The detector
is a high sensitivity scintillation type with a sodium jodide crystal
emitting light puises optically coupled to a photomultiplier tube where
a pulse of electrical current amplified about 1 X 106 times, is produced.

This pulse is sent to the surface equipment (Ratemeter module) where the
pulses are integrated over a preset time constant and a DC-voltage
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output is used to drive the recorder pen to reflect the formation's
natural gamma radiation intensity in counts per second (cps).

The purpose of calibration is simply to adjust the recorded tool
response (counts per second} in terms of "API Gamma Ray Units."

The API Gamma Ray unit is an industry standard, which has been set

up in order to standardize logs obtained by different Togging instru-
ments, relating the logs to a standard environment. The standard
environment is the gamma ray test pit at the University of Houston.

Field calibration of the Gamma Ray tool is accomplished by the use of
a Gearhart-Owen Gamma Ray calibrator, factory adjusted, to give a
response equivalent to 100 API units. The Gamma Ray Calibrator
provides a spacing of 48 inches between a Cs137 100 microcurie source
and the detector which increases the count rate by 100 API units.
Recorded with all Gamma Ray logs for calibration purposes is gamma
background (detector 20 ft. from any source and 5 ft. above land
surface on time drive) and background plus source standard. The
difference between background and background plus source standard
equals 100 API gamma ray units.”

Neutron Porosity Survey

The Neutron Porosity survey measures the effect of the borehole environ-
ment upon introduced neutrons as the probe is lowered and raised in the
borehole. The tool consists essentially of a neutron source and a radiation
detector. As the neutrons from the sdurce bombard the environment they lose
energy by colliding with nuclei of borehole and formation elements. A
neutron loses some of its total kinetic energy each time it is involved in
either an elastic or inelastic collision. Energy losses are a function of
the angle of collision and the relative mass of the struck nucleus. Since
_hydrogen atoms are both relatively abundant and nearly equal in mass t6
the neutron, they are primarily responsible for reducing the energy of the
neutron. Neutron logs record pérameters which are related to the energy
reduction of the neutron and are therefore indices of the "hydrogen richness"
bf the formation. If all of the formation's hydrogen is contained in the

form of water, and if these liquids completely occupy the total pore space

-
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volume, hydrogen richness is an index of porosity. Neutron penetration
depths are thus controlled by both the porosity and the hydrogeneous
nature of ‘the substances in the pore spaces (Brown and Anderson, 1979).

Borehole environments with varying hole diameter, mud dehsity and
type, and presence of casing, influence to some degree Neutron Porosity
survey results. In large liquid filled boreholes, many neutrons are
captured near the source causing generally low count rates. Also, Neutron
Porosity survey results lose their resolution in boreholes greater than
10 inches. . Anomalous hole enlargements give rise to possibly false high
porosity indications and interpretations.

Mud densities of drilling fluids can cause an increase in neutron
count rates because the addition of common weighting materials to fresh
muds sérve to displace some water. The presence of steel casing has a
lesser effect on the Neutron survey than PVYC casing which is an efficient .
neutron absorber,

The primary applications of the Neutron Porosity log are for: (1) 1ith-
ologic identification and stratigraphic correlation; (2) bulk porosity or
total water content of tﬁe formation, which may include pore water between
mineral grains and bound or absorbed water in c1ay$, or even crystailization
water in gypsum. Further discussion on the use of the Neutron Porosity
survey will be presented in the Case History Section.

The District's Neutron Porosity Tool consists of a 3 curie americium
24/bery11ium source with a neutron emission of about 10 X 106 neutrons pér
second at 4.5 Mev. The detector is spaced 13.0 inches from the source, and
is a Helium-3 filled type which responds only to thermal neutrons and is

relatively insensitive to gamma radiation. As with the Gamma Ray tool,
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the pulses are sent to the surface equipment where they are integrated
over a pre-set time constant. The DC voltage output is used to drive
the recorder pen to give a trace which reflects the formation porosity.

The actual uncorrected porosity of the formation is given by the relationship:

Uncorrected porosity = intensily [Gps) rr e (11)

The District's Neutron tool is calibrated in the field with a secondary
standard which was calibrated against the tool response in the APl neutron
calibration test pit, University of Houston. The neutron field calibrator
consists of a laminated plastic sleeve 26 inches long having an 8.5 inch 0.D.
and a 5.5 inch 1.D. The field calibrator is placed over the tool to provide
a known response equivalent to 1000 AP1 neutrén units at 19% limestone
porosity. On all Neutron logs, calibration curves are provided with the
1000 API neutron unit response and zero AP1 response. A linear function is-
assumed in this procedure.

The Neutron Porosity calibration procedures are simitar to the Gamma
Ray calibration. API units have beenradopted by the industry to calibrate
the Neutron tool. As discussed previousiy, API calibration is based on the
tool response in a controlled logging environment at the neutron calibration

test pit maintained by the University of Houston, Houston, Texas.

Gamma Gamma Density Survey

The Gamma Gamma Density survey measures theAintensity of gamma radiation
from a source in the probe after the radiation is back-scattered and attenuated
within the borehole and surrounding rock. The tool consists of a source of
radiation (cobalt-60, radium 226, or cesium 137) which is shielded from the
detector (usually a scintillation counter). The gamma photons from the

source penetrate and are scattered by the fluid, casing and formation. The
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detector measures the changes in the intensity of the gamma radiation
at a fixed distance from the source. The measured intensity is related
to physical properties of the environment.

Basically, there are three modes of gamma ray interaction that
contribute to the response measured by the detector: (1) compton
scattering, (2} photoelectric effect, and (3) pair production. These
processes all involve the'interactipn,of the incident photon (a gquantum
of electromagnetic energy) with an electron in.the surrounding material,
and are dependent on the bulk density of the material. Measurements of
the intensity of return radiation after scattering are therefore inversely
proportional to the electron density which is generally equal to the bulk
density of the material.

The main uses of Gamma Gémma Density logs are the lithologic identi-
fication and bulk density and porosity determinations. The logs may also
be used to Tocate cavities and cement outside the well casing.

Gamma Gamma Togs can be obtained in cased or uncased, fluid or air
filled holes. The logs ére affected by borehole rugosity, mud cake, casing,
collars and grout.

The Disirict's Gamma Gamma Togging equipment consists of a 1 1/16 inch
0.D., 7 foot long tool, having a 2 curie cesium 137 source which emits
radiation at an energy level of approximately .56 Mev. The detector is
the same as for Natural Gamma logging. It is an uncompensated, single
detector tool, using an adjustable bowspring decentralizer. It is powered
by the LPM 203, with uphole signal processed by the RMM 202. The units

of measurement are counts per second (cps).
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Gamma Gamma logging equipment can be calibrated in the API limestone
pits; however, for quantitative work, more extensive calibration is
necessary. The Gamma Gamma surveys have not been used extensively in
the District's groundwater investigations and consequently the authors
have limited first hand experience with this survey.

It is of importance to point out that since a radioactive source is
used, a11 precautions necessary for hand1ing radioactive material must
be taken by the operator. In addition, great care must be taken not to

damage or lose the source in the borehole.

Acoustic Velocity Survey

The Acoustic Velocity survey is a record of the transit time of'an
acoustic pulse generated from a transmitter with interyal transit time
recorded between two receivers of known distance. The probe consists
basically of one or more transmitters which convert electrical energy
to acoustic energy, which is then transmitted through the boreho]e
environment as an acoustic wave. The tool is constructed so that the
acoustic wave follows the shortest path through the material surrounding
the probe and is refracted along the borehole wall. One or more receivers
receive and reconvert the acoustic signal to electrical energy for trans-
‘mission via the conductor cable to the surface. The measurement recorded
by the acoustic Tog is interval travel time, which is the reciprocal of
interval vé1ocity. The unit of measurement is microseconds/foot. The

following formula can be used to convert acoustic travel time to velocity.

_ 106 | -
BE = S weenne e (12)
Where,

y = velocity in feet/second
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At = acoustic travel time in microseconds/foot.

The Acoustic Velocity log is very applicable to the investigation
of secondary porosity in carbonate rocks of south Florida. Experimental
work and field experience indicate that acoustic wave velocities are
~ influenced only slightly, if at all, by irregular and fracture porosity
(Dresser Atlas, 1974). For this reason, the Acoustic Velocity log may
be run for the determination of primary or intergranular porosity with
the result compared to porosity values derived from the Neutron Porosity
log which indicates gross (bulk) porosity. The difference is an approxi-
mation of the secondary or fracture porosity.

Acoustic velocity in porous media is dependent on such 1ithologic
factors as the type of matrix, the density, size, distribution, and type
of grains and pore spaces, and the degree of cementation, and upon the
elastic characteristics and properties of the interstitial fluids (Jenkins,
1967).

Acoustic travel time measurements of subsurface formations can be
interpreted in terms of formation porosity. A relationship defining a
uniform intergranular pdrésity in terms of the total formation veidcity,
rock matrix velocity, and fluid velocity was proposed by Wyllie, et. al.
(1956). The relationship is expressed in the following equation and 1is

usually referred to as Wyllie's "time average formula."

1.6 , (1-9)

V - Vf + Vma ------------------ LR R N B R I NN SN SRR (13)
Where,

p = fractional porosity of the rock

velocity in interstitial fluids in feet/second

~Z
—t
[}

Vma = velocity in the rock matrix in feet/second

=T
1]

total formation velocity
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To convert the above equation in terms of acoustic interval travel

time the following equation can be used:

Bt o= gate + (T=8) Atpoo e (14)
Where,

at = travel time measured in microseconds/foot

¢ = fractional porosity of the rock

Aty = travel time in interstitial fluid in microseconds/foot

Atpg = travel time in the rock matrix in microseconds/foot

Before the above equations can be used, values for acoustic properties
of the rock matrix and the formation fluids are needed. Table 2 taken from
Dresser Atlas, 1974, presents average matrix velocities for different
formations.

The District's Acoustic Velocity system is a self-contained unit
manufactured by Simplex, Inc., and is comprised of three receivers, a single
transmitter, downhcle probe and a surface module, meeting NIMS specifications.
The surface module powers the probe and processes uphole data. The transmitter
(transducer) emits a frequency of about 20,000 hertz. The Acoustic Yelocity
log (also called a Sonic log) is a continuous record of depth versus the
specific time required for a compressional wave to traverse a predescribed
distance of one, two or three feet of formation.

.A1though the logging probe has three receivers, only two can be used
at one time, giving it dual receiver capabilities. This system (employing
one transmitter and two receivers) can, in effect, measure only the travel
time of the signal in the borehole formation.

No convenient field system for checking the response of the total
Acoustic Velocity logging system is available; however, the logs can be cali-
brated by recording the interval transit time from the oscilloscope, on the
trace, while the probe is stationary in the hole. Built-in calibration signals

may also be recorded on the log to check the stability of the e]ectronicsf
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TABLE 2

AVERAGE FORMATIONAL MATRIX VELOCITIES

v At

ma ma
FORMAT I ON ft./sec. u sec./ft.
Sandstone:
Unconsolidated 17,000 58.8
or less or more
Semiconsolidated 18,000 55.6
Consolidated 19,000 52.6
Limestone 21,000 47.6
Dolomite 23,000 43.5
Shale | | 6,000 167.0
' to 16,000 to 62.5
Calcite 22,000 45.5
Anhydri te | 20,000 50.0
Granite 20,000 50.0
Gypsum 19,000 52.6
Quartz 18,000 55.6
Salt 15,000 ' 66.7
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QUALITY CONTROL

Quality control of well log data is important for proper well log
interpretation and gives the user confidence that the data collected
at a well site is accurate and representative of subsurface conditions
in the borehole. Al1 logging systems incorporate some quality control
checks which can be performed either at the well site or off site, before
and/or after a well is logged. The bistrict‘s logger incorporates a
check of internal electronics and recording system by means of test pulses_
sent through the electronic and recording system. For example, the
Resistivity and SP systems are calibrated by connecting a "test box" to
the cablehead cannon plug and to the cannon plug on the front of the Nims
Bin Panel labeled "Cable", and plugging the ground plug into the ELM 202.
This operation will complete the circuit through the logging lines. A
known signal is sent from the test box through the circuit and the
recorder pens are set for the desired deflection for that signal. The
64 inch Normal pen deflection should be four times greater than the 16 inch
Normal pen deflection. There is also an internal Resistivity calibration
within the ELM 202 which has a signal equal to 100 ohms for calibrating
the recording equipment in the field. Calibration using this internal
signal is done by-connectfng the probe to the cablehead and lowering it
into the borehole fluid below the surface casing. In addition, regular
checks of the physical responsé of the District's Togging system are
made by recording the response of the tools under known, representative
logging conditions. At the beginning of each week, in preparation for
production logging, a'quaTity control log is made in a test well constructed

for this purpose. The test well designated "SFWMD test well #1" is logged
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with a four conductor type tool, typically the 16 and 64 inch Normal
Resistivity tool, followed by runs witﬁ other tools as required, and
compared to logs previously run, to assure accuracy and repeatability
under field conditions.

Well construction and lithology for test well #1, as well as a suite
of surveys designated as the "type surveys" used to cross check weekly
test runs, are filed with'the geophysical logging program manager. This
well has also been logged by the U. S. Geological Survey's research
logger and the resulting surveys placed on file at the District.

Quality control also includes methodology for detecting operator
errors including inaccurate depths or scales, and incorrect descriptive
header information. This type of control is achieved through review of
each log by the geophysical logging program manager. In addition, at
each step in data transfer or manipulation, careful checks are made
~against permanently stored field traces to eliminate clerical and machine
errors. This aspect of quality control is more fully dealt with in the

next section.
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CAPTURE AND STORAGE OF BOREHOLE GEOPHYSICAL DATA

The District's Geophysical Logging System employs two formats for
primary data capture: (1) analog trace, and (2) digitized format. These
two methods are generally émployed concurrently. The analog trace is
produced by the pen recorder supplied with the equipment. The digitized
record is produced by the.Data Acquisition System (DAS) in the form of a
magnetic tape record. A memodyne reader is used to interpret the tapes.

Storage is achieved in two ways. First, the field analog traces
are permanently filed for future reference. Secondly, digitized data is
stored on computer for retrieval and manipulation. In cases where simultan-
eous digitization has not been carried out during logging, the analog trace
may be manually digitized using a flat bed digitizer or other methods.

Input to the computer may therefore be in the form of: (1) magnetic tape
from the DAS system, (2) paper tape from the flat bed digitizer, or
(3) computer cards from other manual digitizing.

Capture and storage techniques for well identification and survey data,
as well as quality control and correction procedures, are discussed in the
following section. Also discussed are the storage, retrieval and manipulation
of the geophysical logging data through electronic data processing techniques,

which comprise the Well Log Analysis System (WLAS).
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Descriptive Information

Descriptive information (header data) for each well to be geophysically
logged is attained from the project manager and recorded by the logging
operator on the two page well station identification form (Figures 7a
and 7b). In addition, a well survey report (Figure 8) is filled in each
~time a well is logged. A station I.D. is assigned to each well by the
geophysical logging project manager and remains with the well regardless
of the number of times the well is logged.

Should conditions at a well site change between logging operations
(e.qg., well driT1ed deeper, casing installed, etc.) an additional well
survey identification form must be completed.

It should be noted that the well station identification form and the
well survey report are designed so that all information they contain can
be transferred directly onto 80 column computer cards without further
adjustments. Once this step is completed, the cards are filed in numeric
order by station I.D. and date in a cﬁmputer card fi]ing cabinet to be
used in well identification and information programs. The original forms

are stored in a file with the original geophysical survey 1ogs.

Sutvez Data

Borehole geophysical survey data can be captured into machine readable

" format by any of the following techniques:

(1} Manually, by reading X, Y breakpoint coordinates from the borehole
109;'entering them on a well survey data form, keypunching the data,
and processing the keypunched cards as input to system programs.

(2) Semi-manually by reading the survey breakpoints with an electronic
flatbed type digitizer, producing a paper tape record for each

breakpoint, and processing the paper tape as input to system programs.

-45-



T(0¥0233d M3N 3143I¥])

“(0¥RJI3Y 070 313130) 6 ¥O

*(S3070A 178 3INHHD) 2

I - S31HIS 37180USSTWY3d INTMDIN04 3IHL HIIM 3007 NDILJH NY 8] 91 NWNI02

“OHY2 HIOH3 NT 0314317400 344 91-1 SNWNTI@Y  :S310N
S B B B vY™z=<T7r-T 1 v 1 1 T T 1T T T T 170 LI . Y 1T 7T TTTTyTT T T T 4...________-.-1_~...j.74 T 1T T 7T T~ T T 1 T 7T
—\ﬂmuﬂnﬂ - i aeH1Iv TALTIT 93T16d ANHIWET INTTITH0 ] i1 dd O I |
_ 3140 INITTIHD 40 321440 A3 | Qe T A TS HOo1 ITHT
R YL kS LE [1] L1
0¥-I NI9I80 713M
1 TrTTrTTT T T T T T T T T YT TTTTTT —ﬂﬁﬂ_l.q_n__.._-q<ﬁ_..4—-___._.ﬁ_m__ T T 7T T T T T 17T 71T
i 3SN 13K 3INQHJI3I| 3600 IHON ALHIJ08J/IA0YS YINMD J0 3INBN 3 180 I B |
H3¥d gy {H TANN S NE T T HT
T 3 A p— - A3 0e L1 1
044 JIHSHIANMD T113M
:UDPui_l.w_lf__l?ﬂw_ e A R FYTTUITE AL e e
S3IION 33ST{I47 9NISyYd| 1141 Fadd K [3337 9N1 3 31 d0 g =
[ING ¥IIHD) WNLHO| [14) ¥3HLD 40 4DE] -¥NS ONOTPHSNG AT | ONHIHE T A A N & NOD T 1T 8T
6S hh 8t -3 92 0 L1 1
gyd) WNLHO 773M
R A T B B A ARl R o b K o e e e
Y346 ONINNH 1d [J9NdE [dTHS 3 +idd i B
L3TYLISTIQ INIHIGNHW dI[HM ~NMEL 23S SNOTLJ3SHIAINUNG | OO HE T A I 1T & N T THT
rg Sh Zh BE LE T [A 1
OH1 0¥dD NRILEIDT T113M
[T % 17 T T T T % T T T 1 L AL T 1 T T 1 ¢t 1171 % T 7 1T T 1177 7T 7T 17T 1T T T HqH- T 1 1717 T T 7T~ T 1 17T
JISNTA] 930 J3S|NTW] a3d AINAGD “ON TTIN J ENCE a1
NDOTINOT| NDOD IR R O¥HIjHN 3 A BN S NDILlWLls
[ a9 99 £9 65 LS kS Lt i} ot i

(T3M HIH3 40 AJAMNS THTILIND 3HL M04 AIND WHBY SIHL F13T74HOT)

BL/O1 "83Y - [-dH WHO

El

NOTIHITJTIN3OI

3ND U¥HD NOTLHI0T T73M

NOTLIHLS T113M

g 40 1 39Hd

form page 1 of 2

ion

icat

FIGURE 7a - Well Station Identi

-46-



TSNOI1T3S ANIN 40 TH10L ¥ ¥e4 ULl60 30TADNJ Gl 038N 38 @STIH AUH <69M> °

*(0W0D3Y 079 313730) 6 Mg

‘(0Y0338 MIN ILHIYI) 1T - S3IL1HIS qucmmthwm INTMUTIOS IHL HLTH

ST <SAOM> C <hOM» S3dAL QuH]
c(SaNMTHA MB JINHHI) 2
3000 NGTIJH NH S1 9T NWn103

T0dHD HIWI NI G316217d0d 3y at-1 SNHMI02  :$310GN
lj\q_ﬂ____—_—__._q|4|1.|14___‘-.__-_.1- q.__.._‘._.‘a_._m.Dm_Q ™1 T T T T T 11 I 7771
T3 SANNNE | TSIATNT T 13341 H1d30] TSIHINTT ECHE A 41 g4 S S |
48 IJALBSINNIIH] H1430 ON3 NIZ38] 810 "HON 40 3dAl[338] dyu) TAHEN® L TTHY
5L E hS 6h hh bt 2¢ 0@ L 1
A3YHL NOI1D3S “0MHI NOTLIddnsTdNg) - NOTLJTIY¥IS30 13am
L L S et mw me Sl S B LA s T W T LA I LI B b 4 .‘14_-.q_.ﬂq._.-__q_N_DN_qu T 1T T T T T T
‘‘ JE ¥ =1 1T 5 T RN M S EE PO HIJ3T] TS3HINT T i EFEER] I i G s E
40 3dAL BSIANNIIHL HI430 ON3 N1939FHIO ~upN 40 3dAL|33%| Tuda e . HOTTHT]
S¢ 65 hS bh ht BE ce 02 Ll
UMl NOILD3S "0ddD NDILWANG]INGD - NOTL14T42830 1i3M
Ij—ﬂ__-._a__a-.mﬁ_-..4-__4_,\_ _q_._a__ﬂq_q__.q._ _.Qﬁdm-—; T T VT T O TrTTTTTT)
I
A T3 SHNNRG ] TSIRaNT ) (13347 Hid3O] TE3IH3NTT SNISHD 4.1 H g =
_ 40 3JALESINNIIHL HL 430 ON3 NI33gl4Id *WOoN 40 3dAlL{I3S| duwd d AT ROJTT -3
sCTTT ) 65 hg &h fih 6E g D I3
(d@1) 3NO NO11233 -d¥Hd NBILHYR9TINGD - NDILJ4THI530 T13m
L A T=T T1°7% ‘.Q_J\wll._ldql.i_ia___qiﬂ_.‘__ﬁﬂ;._.i-__q._.‘.__.Nm. YT r LI N B N S N S
FIJY 59W3| SAT93G[ (SIHINTT N33U35 [} 51 P ,. NII¥TS N I IO
N33¥2S N33YISPLIS fo0s 40 *dIg 49 3dAE 4 JdAL| OWUI[HE T A T 1T § NODT Ir'gTy
£i7 &9 h9 65 kS LE 02 [A}
@M1 OdHI NGILINYISNOD - NDILJINIS3Q RREL]
. ﬁﬂuﬁu‘?ﬂ,ﬂl_W-w.\f—.‘\. TT VT T Iy T T T T T T T Y ._q_q_MAm-z T T T T rTITOOT
(GIHINTT (SIHINTTI TI3T ¥385@1-J I D) CERMEGR EFFEN FEE REL FF)] EERRIE (i} 3 EN Y] - B
“1dAY 807 ¥3Tya| 3218 L1dtacg SNISUI[H1d3IA 9NISHI|H1430 INISH] HLdIO WI04| Hid3d weal! adys Hk 3 Adns NQl1d]s
89 BS hS gh Th hE Lo e 1 at :

BL/O4 "Ry - BE-H WHO 4

TI3IK HIH3 40 AJAYNS THILINI 3HI ¥04 ATNQ WHGS STHY 3137dW09)

AND O] NOTLINYLISNGD - NDILJINIS3Q 13

¢ 30 2 394d

NOTIYII4TINIOT NOILIHIS 773M

FIGURE 7b - Well Station Identi ication form page 2 of 2

—47-



*GINTT INAWHED M3IAIS-AINIML 4D Wigl U

‘{1 0d0I3d MIN FLY3ED)

@1 4N 301A0dd Q1 (03SN 39 OSH AHW <66M>

e s

<hBGM>

*<EGM> S34AL 0¥YD

(0dRI3IY 070 3137300 6 HO C(SINYA TTIH FINUHT) 2

1 - S3IHLS 31G4SSIWNAL INIMDII04 3HL HIIM 3000 NOT1JY NY SI 91 NWRI0J

*0¥Y3 HIY3 N1 d31d21714N0 3¥H 91-1 SNWNTUD  :S3I0ON
-.._.q-_“_._-_iq__-“_.__-_1_._q~_q____.._n_- q~_._-_Nm._’ T 1 1.1 1 1T v T17 1 F T T
g ANTT - § 3N - h 3NIT - 3 21 04d R« L ]
SINIHWDTD SINIWKEA SINIWNET | oI [HT I AW NS RO T THTT]
ED 13 Oh 02 L1 1
[ T T T 1 § T 1T r T T T 1 T T T 7T717T ¥ 17T 1T ¥ ¥ 7 T T P T LN T rr T T T TrTd T 1 1.7T 1T 17T ¥ ﬁ—m-ﬁ T 1T 1 17 7F LI T T 71 1 1
““““““ - EONTT - 7 INTT - - T INIT - R 11l da0 1
SIN3HHGD S1INIWWBD SEIN3HNWGD | aHYD I3 A0F% HOTTHTE
ar 09 Oh oz L1
SO¥YD IN3WWQD
v T T 7T T T T T T LI L T T v T Lo B | T T v T v r r 17 LI T 1t v T v T Nm—ﬁ T 7T T T T T 1 1 T T 1 1 1
[NiW/H3] [HIH/ 43 HO¥A| (13347 13A3T| (HI/BHH-TT] Sa1ios H._\._m_.: Hd ALTAGNATS ERFIEH ' b - P d =1
J14Y 4Wnd| 3FL10¥ WOTA[43¥ /M| ¥ILEM 3I1ULS[ANDD ° 2345 O03A00SSId A01RHI AT} 45 0FTA|D ]| 40 431 OWED G HRE T A NN E U T THIS
SL c 79 63 £S ih Th St 2t 52 U L1
BMl 0¥dgd ALTTEND @INd
T YT LA T T T Laninth A B | T T LA T 7 1 17 T 17T T LI T V- LI L L B A M_Q—P T 1 T 7 T LA L L
ERPLEE] 331dHES aIni4 °313 "OH3HTTIM] 3 a2l da . a L
ELIP 310 Adal 378NQS 3ITJHHS | O¥H3 T AT HE NETIHIE
g 09 RS i G2 L
3ND GHHD Allgno glntd
ALTATLSISIY T0¥3IdT ledd-9 = @ ¥4374WHS alnld = r AL1SQ¥0d NQYLININ = 3
AINELS183IY INIDd = N HQ1dIQ7 ¥HI1@D aNISH) = ] ALTA1151538 THHYON HINI-H2 = 0
THIINILIDd SHOINGINDLS = W ALTSNI0 HWWHI HHWHI = H ALYAT1SIS3Y THWYON HIN]-91 = 2
JdNldY3IdW3ILE H1730 = 1 ALEAILSIS3Y dIntd = 9 YILIWHODTI4 = @&
INII0BHY JdN]HHILW2L = M HHHHES IHUNIUN = 4 ¥3d1Wd) = 8
:HE3d 031817 IUH 3003 AJA¥NS  *03ILINONGD SHM AJAMNS H HOTHM HDJ NWATOY HIYI NI <X> NH LMISN]*
__ﬂuq__qd___a___A-__________,__..ﬁ_ﬁa LN 0 SN2 N L SN NN ERA AN B S
L|sluind|o[MiW N E R EEICEEE AB J3SS3NLIM [CRELETR] 2 31440 ' ]
alaim|eis|a|njn aw|nfoin]|wle|ain(n]n . dudIjHR 3 A ¥ N S NQTIldls
el 0L 89 93 h2 ¢9 08 85 95 kS te 02 E] 61 1

{717T3IM/AH0/HH04 INO 3SN)

[EL AR
Mmrm xmsm

L 40 d 3 d

A3 AYdNS

Jdd2 A3adns

77 3IM

FIGURE 8 - Well Survey Report form

-48-



{3) Machine digitizing through use of the Data Acquisition System (DAS)
which converts electrical recorder inpulses into digital format on
certified digital 2-track cassette tapes at designated intervals

- at the time of logging. The cassettes can then be processed as input

to the WLAS programs.

Manually Digitized Data

Manually digitized data is that data in which the X and Y breakpoint
coordinates are picked from a copy of an original geophysical survey and
entered on a well survey data form (Figure 9). The combination county
code (card columns 1-3) and well 1.D. {card columns 4-9) make up the
station I.D.‘assigned to the well by the geophysical logging project-
manager.

Data values, depth and Y-amplitude, can either be right'justified
in their respective fields without a decimal point or anywhere in
their field if a decimal point is present. The well survey data form
is then submitted fo data entry for keypunching and verification.

The keypunched cards with an appropriate requisition for computer
work (Appendix II, Page 8) are submitted to Data Processing. Program E209
produces a magnetic tape of the card images in the WLAS format and a

‘printed listing of the data. Program E209 sorts the cards from major to
minor on county code, well number, survey year; survey month, survey day,
survey type, and depth, and then copies them onto magnetic tape.

Quality control of these data before entry into the master file is
completed in part through program E213, a plot program which plots Y
amplitudes against depth at any predescribed scale. A plot is generated

at the same scale as the original and is used as an overlay to a true
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W E L L S URVETY D A T A

INTERIM WELL LOG ANALYSIS SYSTEM - PROGRAM £209

i 4 10 12 14 16 21 31 40
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CODE | I1.0- NO. MO . DAY{ YR .}SVY (USE DECIMAL) {USE DECIMAL]
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- S T ! \ i i 1 PR SR T A W TS T [ T S N T B N |
1 | ! i 1 L L1 [ RS TR S O B A T U T S A E A
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Ll I M I | 1 1 1 L T T N NN VR B B B YN TS T R S T Y
11 b3 414 L I i 1 11 P S N B N T B B [N S T N SR
«x*SURVEY TYPES -
01 = CRALIPER 09 = CASING COLLAR LOCRTOR
02 = FLOWMETER 10 = FLUID SAMPLER
03 = 16-INCH NORMAL RESISTIVITY 11 = TEMPERATURE GRADIENT
04 = G4-INCH NORMAL RESISTIVITY 12 = DELTA TEMPERRTURE
05 = NEUTRON POROSITY 13 - SPONTANEOUS POTENTIAL
06 = NATURAL GAMMA 14 = POINT RESISTANCE
07 = FLUID RESISTIVITY 15 = 6-FOOT LATERAL RESISTIVITY
08 - GAMMR GRAMMA DENSITY 16 = SONIC TRAVEL TIME
: 17 = ACOUSTIC AMPLITUDE

FIGURE 9 - Well Survey Data form for manually digitized data
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copy of the original log for gquality controlling fhe breakpoint data.

If the plot matches the trace to the prescribed quality control
standards-and all scales are correct the data can then be merged into

the master survey data file. If there is a correction to be made the
card or cards containing the incorrect value or values are removed and
replaced with corrected card(s). The procedures for running program E209,
or E213, for quality control and correction are repeated until the data
meet satisfactory quality control standards and at that time are merged
with data on the master tape file with program E210. Program E210 merges
a raw data tape, produced by E209 or E200, with the old master file tape

to produce a new master file tape.

Semi-Manually Digitizéd Data

Semi-manually digitized data is that data in which the X and Y break-
point coordinates are captured on paper tape via an electronic flatbed
chart digitizer.

Blue line copies of original geophysical logs are processed for
digitizing by marking them with beginning and ending depths and scales

for each survey. Station I.D., date, andsurvey type are then transcribed

to a transmittal form (Figures 10a and 10b) designed for efficient transfer

of chart data to the digitizer keyboard operator. Data for all charts
except Caliper are transmitted on Figure 10a. Caliper survey information

is transmitted on Figure 10b. The extra form is to handle the non-linear

nature of the Caliper log and requires that all Y scale values be recorded.

The transmittal sheet and its associated charts are forwarded to the Data

Management Division, Technical Services Department, for digitizing.
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10 * L
Close | . N N PP PSP i a1 Depth
Survey
Chart Hell Station [.D Date No. Digitized By:
Mo, 1.0. County Hell Ne. Mo, 10a.|¥r I Type )
o b 000G101E/R
Start [T [ I
Depth | .., ., | 0tsnn RIS PAPETEE & S P PP & S P SN =X
Scale
left | e 10900 ) e B PR LA WP P B
Scate
Right | ISP PRI T ._..I_A_A_I..JL‘..,,A__L,,._EY WS BTEEPE L A ST BT 4
[ 1 End
cose Lo Lo AL T ] P T
SUTYEY
Chart | W:l? Station I.D. Date No. Digitized By:
o. [.D. County Well No. Mo, {Da.| ¥r Type
DOONIC1E/R
Start | [
Depth |, . . [ Q0sng FEPEPEPE IO L. S PP IS - O IO I =
Scate
Left o, . . | 0gi0¢ PP BPEPEP | IPEESUTITEE I EPETAY ol B PP . =Y
Scale
Right | o o v ades PR SN p N BPETES 4 PP I O
oo [T AT T [T e
e p— P B FEPEPE EPRPET FPEPIPE PP h

FIGURE 10a - Transmittal form for semi-manually digitized data
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Chart l Well

|

’ Survey
Date

Station 1.0, No. Digitized By:
_Me, | 1.0 Count Well No. Mo fDa.j¥r. | Type
——— —— . ﬁLL 000C101E/R L
Start Iﬁ- e - B
Depth | vq 1+
Scale 06100 Y’,_l__,__t | Y=,_._ PUTI BT
Y= L IET S W § - Y{_’—.Jv-l-—l—__‘ Y;——L_,b.._l.,-o-._ S PR W - |
A _w:{:%
Y= ‘(2 ' A S x= s A A o A
. Closirg
¥ Y=L_;- PESHNE ERpPYEE DN RSP | x%.a—.x_...n..._...__;_._ k| Dei’} th
| Survey
Chart Well Station 1.D. Date No, Digitized By:
ol
No, 1.0 County Hell No, Moy DaJ Yr.[ Type
Q0001QE/R
Start
Depth Q0500 _| 4 DN T »
Left
Scale 0¢io00 ¥ L ]y . o
Y= Y%__LnL-&_L_J_L_L-*hL— Yo . "
Y= s SRR P B« I s
= L IO - Ly PR - Closirg
¥= v L . , X o I L Depth
DATE RETURNEG TO GROUNDWATER Q.C. By DATE APPROVED?
DATA PROGRAM TAPE _ RUN
STATUS USED No. HAME SEq. | DATE ] TivE
DIGITIZED PLTPT DIGITIZED-BATCH-
CONVERTED E200 E200-BATCH-
MERGED MERGTAPE E20G- CUMUL -BATCH-
UPDATED E201 WELL-SURVEY-~MASTER-
PIrSE o Recelved 0K — COMAENTS
To Carr. Received QK

DATE RECEIVED

SENT TO GROUNDWATER

FIGURE 10b - Transmittal form for semi-manually digitized

data page 2 of 2
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Data Management enters header information-Station [.D., survey
date, and survey type on the strip chaft digitizer keyboard, followed by
begfnning depth of the survey, the appropriate Y amplitude scale or
scales and the respective digitizer values for each. The survey is
then digitized according to normal operating procedures. Ending depth
and corresponding digitizer values are again keyed after the log is digi-
tized. This process is répeated until all surveys for a given batch have
been completed.

Data Management submits each paper tape and a "Requisition for
Computer Work" to Data Processing to be run as input to program £200.
Program E200 is the initial program of the WLAS and will accept paper
tapes bearing digitized data describing the analog output of a strip
chart recorder to produce:

(1) An edited 1isting of the input paper tape records, with any format
errors flagged.

(2) An edited listing of any corfection cards designed to eliminate
errors found under (I) above, with any errors flagged.

(3) A listing of the digitized values converted from digitizer units

to survey units.

{(4) A plot of the corrected digitized data for quality control purposes.
(5) A tape file bf survey units data for further processing.

The magnetic tapes created by Program E200 are assigned by Data
Processing, noted on the return copy of the "Requisition for Computer
Work," and the tape numbers transcribed by Data Management onto the

transmittal sheet in the appropriate space provided.
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If no format errors occurred in the creation of the paper tapes,
a set of quality control plots will be produced by Data Processing
and sent to Data Management. Should format errors be detected in the
paper tape records by program E200; they will be-f1agged on the
digitized data survey Tisting. When format errors are detected, no
. further processing is performed and E200 must be rerun with the optional
correction card input. Three types of record correction options are
available: (1) deletion, (2) replacement, or (3) insertion (for details
see Appendix III, Page 6). When all format errors have been eliminated,
program E200 will produce plots of the digitized charts showing the data
trace with X and Y scales (depth and amp]itude} at the same scales as
the original Tog. Once the quality control plots are obtained, the trace
and scales are checked for accuracy by overlaying the plot onto the
original. Should there be errors in either direction (X or Y) a record
correction card must once again be created and E200 rerun until an error
free set of plots is produced. The package of pIoté; charts, printout,
and transmittal sheets is returned to the Groundwater Division for a
final quality control chéck. If the digitizing is approved, the Groundwater
Division incorporates this new data into the cumulative master file through

program E210.

" Machine Digitized Data

Machine digitizing of data is accomplished with the Data Acquisition
System (DAS), a field digitizing unit which converts electrical recorder
impulses into digital format and récords them on 2-track Phillips-type
cassette tapes. With this equipment, four channels of data along with

depth can be recorded concurrently. The cassette tape with digitized
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data is read on a memodyne reader linked to the computer system, and
the data copied to magnetic tape.

The Program E200 options form (Figure 11) is filled out in the field.
Log number, survey numbers, station I.D., date, survey type, and the
number are recorded as the various surveys are run, The depth offset
is used when probes with multiple sensors at different points along
the length of the tool are utilized so that a correct depth point for
all values surveyed can be established. Intercept and slope values
are used to convert from relative units (e.g., cps) to physical units
{e.g., volts). A1l values are recorded without decimal points. If
decimal places are required, input of the decimal points can be obtained
by designating the number of significant decimal places in Column 46
(Figure 11). Plot scales (columns 62-75) are used for the E200 quality
control plots and must be at the same scale as the original for a quality
control overlay. Plot scales must be right justified or with decimal
points. Variable scale survey options are used to establish accurate
scales on the non-linear Caliper log and to output temperature values
in the desired units.

The magnetic tape and the proper E200 option cards are then run through
program E200. Program E200 flags errors in the cassette data on the printout
, and records only the correct records onto a magnetic tape in the WLAS format.
To input correct values for the records discarded by the E200 program,
correction cards can be created (Figure 12) for that data and rerun with
£200. Asvin the semi-manual data, a plot tape is generated for the data
values. The plot is then overlayed on the original strip chart log for
accuracy checks. Should there be errors, correction cards must be created

and E200 rerun with the corrected data. This process continues until the

-56-



elep 2339SSeDd Syg J40j wMmoj suoildo

0023 weubodd - L1 JuN9I4

i oem ey s . ) - e
T T T 17T T T 17 T T _” T T T T LA B | [ LI J U B | . WJ _ml N. _q- qplﬂ..ﬁ.m-ﬂ .¢._..¢ ~.u.|.D~.‘ zo_—+m.mmn_ s_.mﬁm- T A
- — - =
LR B . B L T 1 1 ) T T T 1T 177 LI T [ LEL L L 1 L] [ ) mrrrrrrr T T 71 ] ) Ll | I T —TT | T LI T T T L T m
INHA[ 3N THA [ ELRI'TY TR ELNCTY EETRETY I ITHAT an Al “ATTOA| INVHAL] "ON -J33J] "ON - J3d|A “ON
6n10Y | 0NN [ N | gu0d3y [ THNLId | 003N u# 4N 38| oEod3¥ 60438 0¥0238 ON3 Nja3g|s a07
X TL [K: [ = A3 £y g T [3 &1 £l L 1
{IUNOIidO) A 3 A ¥NS 3178I2S -3 V18V Ii¥YHA HIHI uop 4
- ve s (A & g) +4 = m:~¢m>| *NDISHIAND I
LMY, 0] ON) MOILISQ4 THID0 = da b YO GE ‘21 '1GHOD3Y WAVG WI) "ON MOXLISOJ ASANS = AS
= - = .
¥ 1 1T °F 7T rTrrrri ) T T ¥ 17T 7177 LI L I A | T T T 7T ¥ 1T ] L] r 1 L) 1 T F Fr mrr¥rrrvrr [ t 0 T F L] LI L | r¥ T 17
T T 7T 17 T1TT L LA H T r7r171vT T 1T 17T TrT 1T 7T T v 71 H L] T T L] LI A I AL T H LI L ¥ LI L | F T 17T
LI | LI B B | Frrx T T H ¥ ¥ 1T T 77T T U ¥r rrrT Fr1rrrrT - 1 1 ] Ll ¥ LI L L LB I L § | v F T L] LI B § LR R
LI | L] T LI L] T T H T F 1 T LI § ¥ r r 1 51 LI L A A ) ” L] T H L] T TrITTr rvyrrrr17 v ” ¥ 1 1m v T 1T T LI B L
L) L} T L] ¥ L LI T T L T ” L) L] L] ¥ ¥ ¥ T T T T T T Ll T 7T 1 L] H L L] L T L T T T F 1 T L H 1 L] T 1 T T ¥ L L] T
L | L L L T Fr7¥ 177 [ L) T T T T T 1T T ¥ T 1 T T T - ¥ L2 L] ¥ L] 1 177 LI L] = T 1 177 T Frr 1 L)
- - -
1 LI L T T 11 T T T 1T 1 LERALI LI LI LI T T T 17 LIS ] T L) T 1 T T I T rrTrr1 ] LR Li mryT L] L
T T T T 1T 7 T T 1 T LI ” T T T 17T L § T L] ¥ T T L] T L] T T H L) T T T ¥ L] L L L] T L) L) L) - 1 1 L L) L) 1 L] T T T L T
T T 17 7T ) L T T T T T 1 - £) L) T L] L] T T T T 1 7T 1 T L) L] T T ¥ - T L L] T L) ] ) 1 T L] ¥ 171 - L NN A | T L] L) 1 L] ) 1 L L)
- = - 1
rTrrrrror LI ] [ ] ) T 7T T & L e A ) 11T LA J > t L) L] T L] T ¥V 1T r¥yryv 17 ] LR AL LU ¥ ¥ T
] -
LB LI S B | T 1 1 T T T T 7T T T vV T17 LI LA ) ] ¥ LA N R ] 1 1 T 1 i r7r7¥Yrrvrrvrr1v7v - LR AL T 1 LI | T T F 1
- [—
LELELELIR B L R | T || T T 1T 1 F 1 LELEE L | T LI | LI ] L] L] L) 1 ry T 7 ¥ 71T 717 ] LI L T T T 7 1 LR L L
TRONT73019A)] (HINT/713347T | TR134075 [ (W1 IJIJUIINT 4 UI33T [ OR[4AT [ 8Xjx0a] oH O T 0N 335 ON - J3d(A TON
3TWIS-A 107d4] 3THIS-X 104 =NOIS¥3ANDD| =NCISy3aNDd |a| 135440 HiJI0 n#zag AAS NoTiBls ] ON3 Nio38|s ap
SL 69 -{: ¥ 3 [ 9L Pt ¢t Ot B 31 L i
HJHY 3 404

TGN O L I

AR AN AN A AR ESEF NN AN EE SN AN AN EN AR NN

L 3
- - n
-HI1¥8-1Nd1N0-0023 =
| | - = = -

- o= x =Ho3lH@"
~HJLY8-1NdNI-0023 =
[

smmmm oo = (03¥
13847 .
[
E

tAIND
SNOIT 1L 4080 - 00 ¢ 3

(GIWING3d 3N0)} 9 0 1

3113

-57-



PR OGR

C

R M

0 R

E
R

C

2 00

T I 0O NGO

f CRASSETTE [ NPUT ONLY)
51 NGL RECORD CORRECTIONS (OPTIONAL)
| 14 20 6 32 35
w|RECORD DEFPTH YALUE - YALUE - YALUE VALUE -
AING. VALUE SRYY | SRVY 2 SRVY 23 SRYY 4
L i L 1 L 1 [ 1 i 1 1 1 1 1 1 i 1 .l L b1 1
] L [l [ J 1 | ] i L i1 1 1 1l [ I [ 1 1 L
1t 1 | i 11 L L 1 L R . | L 1 1 L L 1 L1
L 4 1 i | . L i L FI 1 i i i I 1 'l [ I 1 ]
1 1 1 L i 1 L L ] 3 i 1 i 1 1 L 1 L Il 1 | T
1 L 1 1 - | 1 i A 1 1 1.l i i | 1 ] ] k L 1 1
1 1 1 1 i 1 1 ' L 1 1 1 L L [ L 1 L 1 i i
P F 11 | i P | 1. 1 1 PR B | J T |
1 L 1} 1 1 1 A 1 L L l‘l L L 1 ] i 1 1 1
L1 | - § I T L L L ey Lt i 1 1 il [ P 1}
L S I | i L i i ] L. L 1 L L i 1 1.1 1 1 L 4
1 L_L 1 L1 1 1 1 L i 1 1 1 L i L i L | O . Y
- L.l 1 L 1 [} L ] T i 1 [ | L - | L L L1 1
i L [l 1 1 l‘ ) ] L L 1 i 1 1 [ 1 L1 i 21 L
L L1 L Ll [ L | I . L1 1 L [ 1 i _] 1 L 'l
S | L Iy 1 [ i I3 ) S | L L L i L L L 1} 1 ] 1 L
) R I . L 1 L i [ il I 1 L L L i L ] L
. | L ' 1 L [ i A ] L [ L 1l 1 i I [ ] Nl L 1
(1 L Ll 1 L i 1 1 il L i 1 1 L L L L [ L 1 1
T | Li . b 1 _ .
AT TON TBE TO=0ELETE REREPLATE. T=INSERT RFTERD
MULTIPLE RECORD
DELETTIONS (DPTIONAL)
1 1
RECORD RECORD
NQ . NO .
) 1 TIO . [ 1
oy . FIGURE 12 - Program E200
correction card
D, 000, form for DAS
D T T_D T S cassette tape
il l_l_TIU |1 I i L
i L [ 'y L 1 L [
- ) i TlO ' [ | .

-58-



plotted data meet quality control standards and can be merged into the

master file by program E210.

Master File
" The master file is a compilation of digitized well log survey
records in the WLAS format (see Appendix II, Page 2).

The master file records are sorted from major to minor on county code,
well number, survey date-year, survey date-month, survey date-day, survey
type, and depth.

The master file was originally created and is continually updated
by merging raw breakpoint data tapes created by programs E200 and E209
with the data on the master file.

This task is accomplished with WLAS pfogram E210. Program E210 sorts
the raw data tape on the same fields as the master file. Then the old
master tape records are read and merged with the sorted raw data tape
records onto a new master tape file. In addition to the new master file
magnetic tape, a ]{sting of the Station I.D.'s (county code through survey
type} for all surveys on the tape is printed.

Should a duplicate record appear during the merge, an error message
will appear and only the record from the old master file will be retained
on tape. A duplicate record is an additional Y amplitude value for any
well where the county code through depth va]ues'are identical. This
indicates that either there is an error in the header information for
that survey or that a particular survey has been digitized more than once.
It is the data managers job to decide which of these conditions exist
and to rectify the situation. Corrections to the header and elimination

of duplicate data can be most easily accomplished with the use of program
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E208. Program E208 is a general purpose utility program for listing
and/or copying selected tape records with the WLAS format. There is

also an option of changing records for the purpose of correction. Program
E208 will be discussed in greater detail within the retrieval techniques

section of this report.
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RETRIEVAL OF DIGITIZED BOREHOLE GEOPHYSICAL DATA

Two types of data are manipulated and retrieved by the District's
WLAS, they are (1) descriptive header data, and (2} digitized analog
values.

There are two non-production programs that currently Tist selected
data from the descriptive data header cards. In addition there are
six (6) production programs for manipulation and extraction of digitized
geophysical survey data.

Information and instructions in the use of the above mentioned programs

and examples of their output are described in this section.

Descriptive Information

At the present time there are two non-production interim programs to
print selected data from the well station identification and well survey .
report forms. Examples of the output from these programs are shown in
FTgures 13 and 14. Figure 13 shows well locations and descriptive data
Th1s information is recalled using cards numbered 1, 2, 31, vsim,
and "61" from the well station identification form (card numbers are
found in card columns 17-19 of the keypunched data cards). The above
named cards for each well must be together but do not have to be in numerical
sequence.

Figure 14 1ists the well location and survey names for the geophysical
surveys logged for a well. This program utilizes the "11" and "12" cards
from the well station identification form and the "71" card from thé well
survéy report. Again all cards for any given well must be together but

do not have to be in numerical order.
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Continued development of a master file for the descriptive data,
along with capabilities of a generalized extraction program, are essential
to the efficient quality control of the descriptive data and retrieval

of desired parameters.

Digitized Geophysical Survey Data

Once geophysical survey data have been digitized and stored by one
of the methods previously discussed, manipulation and presentation of
that data are the next steps in utilization of the data. The following
is a brief discussion of the extraction programs.

(1) Program E208 provides a general purpose utility program to list,
copy, and/or correct any tape in the WLAS format.

(2) Program E211 will convert one or more sets of breakpoint well survey
data to equal depth value {common depth point) data.

~(3) Program E212 will synthesize a new set of survey data from one or
more common depth point surveys.

{4) Program E213 will plot surveys from any WLAS magnetic tape.

(5) Program E214 will plot multiple surveys on a single depth axis.

(6) Program E215 will plot the values of two surveys. for a series of

common depth points against each other.

Program E208

This program is used as a general purpose utility program using option
cards to control the listing of data, copying of data to a new tape, the
format for displaying the data, and the selection or correction of specific
data féom any tape in the well log analysis system format. The basic

options are list, copy, select, reject, and modify. A complete explanation
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of the "Select Procedure" is contained within the Management Information
System (MIS) documentation.

During the processing E208 reads, prints, and edits altl aption cards
flagging any errors. If no errors are found, the program then reads
each record from the input tape, checks it against the selection criteria,
-and displays and/or copies it based upon option card requirements.

An example of the "Select Procedure" set up criteria is shown in
Figure 15. The subsequent printout from that criteria is shown in
Figures 16 and 17. A magnetic tape was created with the selected data,
and additional well log analysis procedures can be carried out using
that tape. A sample requisition for computer work along with option

card selections are available in Appendix II, pages 7a and 7b.

Program E211

Program E211 will convert one or more sets of breakpoint well survey
data to common depth point data. Program E211 requires an input tape in
the WLAS format and a set of option cards. The option card format sheet
(Figure 18) is filled out, one line for each survey being manipulated.

The county code and well I.D. number in Columns 1-9 are the .same as the
stqtion I.D. assigned by the geophysical logging project manager. The
.month, day, and year the survey was made, along with the survey Eype (codes
" on form), are filled in Columns 10-17. The depth at which the common depth
interval data is to begin is inserted in Columns 41-50, while the depth

at which the common depth point is to end is inserted in Columns 51-60.
Finally, the desired interval for the common depth point data is indicated

in Columns 61-70. The example shown for the option cards on Figure 18 will
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take data for MF-20 {Station 1.D. - 085000044), the Caliper (01) and
Flowmeter {02) surveys and create new Y-amplitude values every 2 feet.
After keypunching and submittal to the computer, processing commences
with the reading of all depth conversion option cards. CEach survey on
the input tape is screened against the option cards to see if depth
conversion is required. New data point values are created by a Tinear
interpolation between the two adjoining breakpoint data points. The
new data points (depth and values) are output to_magnetic tape. A
listing for each survey processed, showing the original breakpoint data
and the equal interval data points generated, is created in addition to
the magnetic tape. A sample page of this output is shown in Figure .19.
{imitations to this process and a sample requisition fof computer work

are outlined in Appendix II, page 11.

Program E212

Program E212 synthesizes a new set of survey data for one to. four
common depth point surveys. Single survey calculations do not have to
have common.depth intervals. Figure 20 is the option card format form
for this program. The survey type for survey A is the same survey type
as the synthesized output data. A maximum of 300 option cards are
" allowed per run with a total maximum survey count of 600. Columns 79-80
are for the index number of the calculation to be used to synthesize the
data from the surveys indicated. In processing, all option cards are
read first, then the surveys used in the calculations are copied from
the tape to a work disk. Each new survey is then synthesized and the data
points created are written onto the output tape. A listing is generated
for each survey created, showing at each common depth interval the first

and last 10 values for the input surveys and the value calculated. Zero
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data values are treated as missing data and no new value is calculated
for that depth nor is that data printed. Only depth intervals with
data for all surveys used in the calculation are synthesized. Current
calculations available are shown in Table 3. Figure 21 is an example
of the E212 Tisting output as a result of the options selected on the
option card form (Figure 20). The common depth point of every 2 feet
is used for the Flowmeter and Caliper surveys to obtain a Flowmeter
log corrected for borehole diaméter. These data can then be plotted

or used in any other WLAS programs.

Program E213

This program will plot survey data stored on magnetic tape in the
WLAS format. The E213 option‘card format is shown on Figure 22. The
survey I.D., county code through survey type,and the X and Y scale ratios
must be specified for each plot. The minimum and maximum X and Y values
are optional. During processing, all survey scale cards are read first.
Next, the input tape is read and each survey requested is output to a
plot tape. The plot tape is processed by an off-line plotter. The survey
data plot shown in Figure 23 is the result of the options selected on the
option card form in Figure 22.

There is no output 1isting for E213, simply one line with the words

"plot generation completed."

Program E214

Program E214 is designed to plot multiple surveys for a single depth

axis. It allows the user to control axes sizing, labelling and coloring.
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TABLE 3

E212 CALCULATIONS CURRENTLY IN THE WLAS

Calculation Number Calculation Description

01 Corrected Flowmeter
(((B/2.0) ** 2.0) * 3.14159) * A

02 : Corrected Resistivity (Farenheit)
1.5 - (.02) * {5/9 (A - 32)) * 10000/8

03 Conductivity

‘ 10000/A

04 Corrected Resistivity (Centigrade)
1.5 - (.02) * A * 10000/8

05 7 A = no calculation (copy as is)

06 ‘Temperature (degrees F to degrees C)
(A-32) * (5/9)

07 Temperature {degrees C to degrees F)
((A*38)/5)+32

08 Conversion from CPS to APl - some neutron
Togs A * 1.92

09 "~ LOGE (A)

10 LOGI0 (A)
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FIGURE 23 - Output plot from Program E213 {plot reduced photographically
for printing)
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The formats for the option cards are shown in Figure 24. The option
card form is se1f—expianatory with options for most codes explained
under the card type. ‘A detailed options list is shown in Table 4.

In processing, all input option cards are read, printed, and edited
with any errors flagged beneath the card image (Figure 25). Surveys
required are then copied from the input tape to a work file disk.
Default values are supplied for options that were omitted and a sorted
list of all plot options is printed (Figure 26}. The program then
produces the requested plots on a plot tape and, if requested, a list
of all input data records can be produced. The plot tape is processed
by an off-1line plotter.

The plot seen in Figure 27 is the result of the options selected
on the exampie E214 option card form in Figure 25. The multiple-survey

plot program printout (Figures 25 and 26) accompany this plot.

Program E215

This program plots two surveys at common depth intervals against
one another. The horizontal axis {abscissa) will show the survey values
for the independent variable, X, in the following equation:

Y = f(X)
The vertical axis (ordinate) will show the corresponding values of the
dependent variable, Y.

The data points are plotted in descending depth order and may be
optionally annotated as to the sequence in which they are plotted
Program E215 allows the user to control the axes sizing, labelling,
and coloring. The representation of data points may be controlled

through a choice of the plotted symbol, its size and its color.
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TABLE 4

E214 OPTION CARD OPTIONS

*E214 Card:

Field Req./0pt. Explanation

*E214 Required Card Identifier (I1st field)

LAXES Optional Plot depth (X-scale) axis for each
survey, in addition to master depth
axis.

,LIST Optional List values for plotted records.

»OUMP Optional Provides map and dump of program
variables.

Master Depth Axis Card:

Card Column
1-3
4-8
9-15
16-21

22-27

28-33

34-36

37-41

42-80

Description of Field

Plot Number
<DEPTH>
Depth scale, in feet/inches (required)

Beginning depth in feet (optional: program
computes if omitted)

Ending depth in feet (optional: program
computes if omitted).

Tic mark interval (optional: program computes
if omitted).

Letter size, in hundredths of inches (optional:
Default is 0.10 inch).

Pen color (<BLACK>, <RED>, <BLUE>, <GREEN>),
(Optional: default is <BLACK>).

Unused,
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....TABLE 4 {Continued)

Plot Title Card {one per title line, 0-9 title Tines per plot):

Card Co]umn

1-3
4-8

9
10-40
41-71

Description of Field

Plot number.

<TITLE>

Title line number (1-9).

Left hand side of title line.

Right hand side of title line.

NOTE: The following fields are taken from the first title line card only.

72-74
75-79

80

Letter size, to two decimal places.

Pen color (for title only). <BLACK> is the
default; <RED>, <BLUE>, or <GREEN> may also
be specified.

Title location {<C> for centered, <R> for right

justified, <L> for left justified, default is <C>).

Survey Card (one per survey per plot):

Card Column

1-3
4-12

13-14
15-16
17-18
19-20
21-22
23-27

28-32

Description of Field

Plot number.

Station I.D. number._

Survey date - month.

Survey date - day.

Survey date - year.

Survey type code.

Run number.

X-offset, in inches of relative origin of plot from
relative origin of depth axis (negative offset =
shift up}.

Y-offset, in inches 6f relative origin of plot from
relative origin of X axis (positive offset = shift
right}.
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....TABLE 4 (Continued)

Card Column
33-38
39-41

42-47
48-53
54-59
60-62

63-67

68-70

71

72

Description of Field

Y scale, in units/inch (reguired).
Units code number.

Two digit unit codes correspond to the survey
type code numbers and are the defaults in this
field if blank.

Three digit units codes are used to change the
standard (default) units to new units; the
acceptable values are:

101 = counts/second

102 = velocity (feet/second)
103 = API

104 = degrees centigrade

105 = ohm m2/m

Beginning Y-scale values, in survey units
(optional: program computes if omitted).

Ending Y-scale value, in survey units (optional: |
program computes if omitted).

Tic mark interval value, in survey units (optional:
program computes if omitted).

Letter size, in hundredths of inches (optibna]:
default is 0.10 inch).

Pen color, left justified chosen among the
following: <BLACK>, <RED>, <BLUE>, or <GREEN>.
<BLACK> is the default.

Data Point symbol code, se]ected‘frdm the Tist in
appendix six of the SFWMD computer system manual,
if code is blank or zero, no symbol will be plotted

- at each data point; if the code is negative no Tine

will connect the data point symbols.

Heading location code (optional)

L = Teft justify
R = right justify
C = center (default value)

 Heading print control well number (1=print line,

0=do not print line, default: Tline does not print).
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....TABLE 4 {Continued)

Card Column

73
74
75
76

77-78
79-80

Description of Field

Heading print control - survey date (1=print Tine,
0=dc not print line, default: 1line does not print).

Heading print control - survey type {1=print line,
O=do not print line, default: Tline prints).

Heading print control - survey run number {1=print,line
O=dc not print line, default: 1line does not printj.

Heading print control - survey units (I=print line,
0=do not print line, default: 1line prints).

Unused.

Not used on input, reserved for use by the program.
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Thé formats for the E215 option cards are shown in Figure 28.
Each format and fie?d‘has some option selections beneath it. For a
complete Tist of optiéns and defaults for program E215 see Table 5.
A sample "Requisition for Computer work" is shown in Appendix II,
page 16C.

In processing, all input cards are sequentially read, printed
and edited, with any errors flagged immediately beneath the card images.
If there are no errors, the required surveys are then copied from the
input tape to a work disk file. Defaults for any omitted options are
then suppiied by the program and a printed listing of all plots and
associated options is produced in piot number sequence. A listing of
the plotted points is available if requested. A plot tape is also
created to be ﬁrocessed by an off-line plotter.

An example of the optioﬁs selected from the options form in Figure 28
is shown in the printout (Figures 29 and 30) and a plot of the survey

data in Figure 31.

Linked Jobs

A full data analysis may be produced in one job by assembling a deck
made up of program I.D. cards and their appropriate option cards. Linked
jobs may start with Program E209 and run through E211, E212, and E213
consecutively, or they may start and stop anywhere along that chain, with
jobs being omitted in the middle. Examples of 1inked jobs and the
appropriate option cards and requisitions for submittal are shown in

Appendix II, pages 17-19.
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*E215 Card:
Field
<*E275>
<,LIST>
<,DUMP>

Plot Control Card

Card Column
1-3
4-8
9

10-12

13-15

16-20

21-26
27-32
33-38

39-80

TABLE 5

E275 OPTION CARD OPTIONS

Req./0pt. Explanation

Required Card identifier (first field)

Optional List values of plotted records.

Optional Provide map and dump of program
variables.

Description of Field

Plot number.
<DEPTH>

Annotation code (if non-blank, points will be numbered
in sequence plotted).

Symbol code used to represent points plotted; see
appendix six of SFWMD computer system manual for valid
code numbers (if code is negative, a Tine will connect
points in order plotted).

Letter size, in hundredths of inches (optional default
is 0.10 1inch).

Pen color (for plotted points only, axes colors may be
selected independently. <BLACK> is the default, <RED>,
<BLUE> or <GREEN> may also be selected.

Beginning depth, in feet (optional: program computes if
omitted).

Ending depth, in feet (optional: program computes if
omitted).

Depth interval, in feet (optional; program computes if
omitted).

Unused.

Plot Title Card (one per title line, 0-9 title lines per plot)

Card Column
1-3
4-8

Description

Plot number.

<TITLE>
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....TABLE 5 (Continued)

Card Column Description
g Title line number (1-9)
10-40 Left hand side of title line.
41-71 Right hand side of title line.

NOTE: The following fields are taken from the first title card only.
72-74 Letter size, to two decimal places.

75-79 Pen color for title. <BLACK> is the default. <RED>,
<BLUE> or <GREEN> may be specified.

80 Title location (blank or <C> for centered; <L> for
left justified; <R> for right justified).

X-Axis (ébscissa) Plot Card (one/plot)

Card Column Description of Field

1-3 Plot number.

4 the Tetter <X>

5-13 Station ID number.
14-15 Survey date - month.
16-17 | Survey date - day.
18-19 : Survey date - year,
20-21 Survey type code.
22-23 Survey. run number.
24-29 Y-scale, in units/inch.
30-32 _ Survey units code, from the following list: two digit

units code corresponds to the survey type code number
and are the defaults if this field is blank. Three
digit units codes are used to change the standard
(default) units to new units: the acceptable values are:

101 = counts/second. 4
102 = velocity (feet/second)
103 = API

104 = degregs centigrade

105 = ohm m&/m
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....TABLE 5 (Continued)

Card Column Description of Field
33-38 Beginning Y-scale value, in survey units {optional,
program computes if omitted).
39-44 Ending Y-scale value, in survey units {optional, program
computes if omitted).
45-50 Tic mark interval, in survey units (optional, program
computes if omitted).
51-53 Letter size, in hundredths of inches (optional, default
is 0.10 inch). _
54-58 Pen color (<BLACK>, <RED>, <BLUE>, <GREEN>} (Optional,
default is <BLACK>).
59 Heading location code (optional)
L = left - justify
R = right - justify
C = center (default for a blank field)
60 Heading print control - well number (I=print line, |
0=do not print line, default - line does not print). 5
61 Heading print contirol - survey date (I1=print line, |
0=do not print line, default - line does not print}.
62 Heading print control - survey type (1=print line,
0=do not print line, default - line prints).
63 Heading print control - survey run number (1=print Tine,
0=do not print line, default - line does not print).
64 Heading print control - survey units (1=print line,
0=do not print 1ine, default - Tine prints).
65-78 Unused.
79-80 Not used on input, reserved for use by program.

Y-Axis (ordinate) Plot Card (one/plot)

Same options as the X-axis plot card except Card Column 4 would contain the
letter <Y> instead of <X>. :
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INTERPRETATIVE TECHNIQUES AND CASE HISTORIES - SOQUTH FLORIDA HYDROGEOLOGY

The stratigraphy and hydrogeology of south Florida offer many good
opportunities for application of geophysical borehole 1ogging techniques
to groundwater investigations. The absence of surface exposures of most
of the rock units, the complex stratification, the presence of usable
groundwater supplies in deep strata, vertical and lateral variations in
groundwater quality and temperature, and the development of secondary
permeability through fractures and solution openings afe some of the
features which make these techniques especially applicable.

Basically the subsurface units encountered in boreholes in this area
consist of sands, clays, shell beds, sandstone, marls, limestones, and
dolomite. The near-surface rdcks comprise the "Shallow aquifer" system,
consisting of interbedded sands, clays, shell beds, sandstones, maris, and
silt, and are characterized by complex facies changes. Saline water
occurs in some parts of this system. This system is separated from the
deeper "Floridan aquifer" by a thick (up to 500 ft.) layer of phosphatic
mar] iﬁterbedded with clay, shell, marl, silt, and sand. The Floridan
aquifer consists of porous and cavernous limestones and dolomites character-
ized by development of vertically isolated high permeability zones. MWaters
of varying salinities and temperatures occur in this aquifer system
(Parker, et.al., 1955).

The following case histories illustrate the use of single or muitiple

survey data in the investigation of some properties of these aquifers.
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Case History No. 1 - Borehole Geophysical Survey Signatures of Different
Lithologies Comprising the Upper Floridan Aguifer System in the Upper
East Coast Planning Area '

The Floridan aquifer, first defined by Parker, Tncludes; "parts or
all of the Middle Eocene (Ocala LTmeStone), 0ligocene {Suwannee Limestone),
and Miocene (Tampa Limestone) and permeable parts of the Hawthorn formation
that are in hydrologic contact with the rest of the aquifer" (Parker,
et al., 1955). In the Upper East Coast Planning Area (UECPA) the Floridan
aquifer system consists of a number of producing zones of different
hydroTogic properties separated by semi-permeable zones in a sequence of
lower 0ligocene {unknown, possible Suwannee Limestone), and Upper and
Middle Eocene (Ocala Limestone and Upper Avon Park formation) carbonate
sediments (Brown and Reece, 1979).

Borehole geophysical surveys including Borehole Fluid Resistivity,
Temperature, corrected Flow Meter, Natural Gamma Ray, Neutron Porosity,
and electric logs were used in a regional investigation of this area.

Logs were obtained in 23 wells.

The objective of this study'was to identify the top and base of the
Floridan aguifer system and to Tocate zones of high permeability
(producing zones) within the system. The methodology used was to identify
and correlate geophysical signatures which correspond to spécific marker
beds of known geclogy, based on detailed }ithologic and paleontologic
study of the well cuttings and to correlate these "type logs" with Togs.
from wells at other locations within the area.
| Figure 32 shows the lithology and a suite of logs from the selected
"type well” in the UECPA. Based on lithology, the top of the Floridan

aquifer is placed at the top of a tan to white sandy fossiliferous limestone
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containing silt size phosphorite. Geophysica] signatures at this depth
are:
(1) A change from high to low gamma radiation with considerable damping
of fluctuations on the log. High gamma radiation is typical of
the Hawthorn formation which is clayey and contains phosphorite.
(2) A marked increase in electrical resistivity, due to the change from
Tess resistive clayey beds to a limestone.
{3) An increase in the neutron log correlatable with transition from

the highly porous clay to the limestone.

In addition thé corrected flow log indicates a marked contribution
to the artesian flow of the well just below this interface, indicating
a producing zone. This zone is designated Producing Zone 1.

Producing Zone 2 is marked by a decrease in the gamma ray intensity
and a small flow contribution indicated on the flow log. The top of this
zone is correlated with the interface between a white, very clean, micro-
fossiliferous 1imestone above, and a less pure, chalky limestone with
few fossils below. Producing Zone 2 grades into a light gray to tan,
hard, well cemented, subcrystalline 1imestone or dolostone. A decrease
in neutron counts is observed at this transition. |

Producing Zones 2 and 3 were identified in relatively thick, discrete
beds of gray to blue crystalline dolomite within massive limestone beds.
Within this'bed, a significant increase both in resistivity and natural
gamma radiation is observed on the logs, along with a marked decrease in
neutron log response.

Based on these identifications a table was prepared, linking formation
name, series, faunal assemblages, and geophysical signaturés with the

hydrogeoiogic units {Figure 33). The chart was then used, along with
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geophysical and geologic logs from other wells to produce a regional
picture of the hydrogeologic units.
Case History No. 2 - Borehole Geophysical Methods In Defining Major Water

Producing Zones and Accompanying Water Quality Within the Floridan Aquiter
System, Upper East Coast Planning Area

This case history is an extension of the studies detailed in Case
History No. 1. The objective of this study is to further define the
hydrogeologic properties of the Producing Zones as follows:

(1) Further delineate the Producing Zones, using continuous borehole
temperature data, based on observed differential temperatures as
great as 0.44°C across these zones, as we1l as Fluid Resistivity
logs.

(2) Calculate guantities of water entering the borehole from each of
the Producing Zones, using Continuous Borehole Flowmeter Surveys
made while the well was discharging under artesian pressure, along
with Caliper Togs. ‘

(3) Calculate chemical parameters of the water from each producing zone

using Borehole Fluid Resistivity and Temperature surveys.

Figure 34 shows Temperature and Fluid Resistivity Logs 6f the interval
previously identified as containing producing zones in Case History 1.
.The tops and bottoms of the Producing Zones are correlated with gradient
changes in the logs. These changes are caused by inflow of waters of
different temperatures and chemical composition. A mass balance technique
requiring borehole flow and borehole water quality above and below a
ﬁroducing zone was used to estimate total dissolved solids content (TDS)

of the water in each producing zone. Water quality observed at the wellhead
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FIGURE 34 - Borehole ﬁ1uid Resistivity and Temperature surveys
used to locate water producing zones for opoint sampling
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of a Floridan well in the Upper East Coast Planning Area is a composite
of the formational wafer gquality of the various producing zones penetrated
by the open portion of the borehole. Relative borehole flow at any point
in the well was calculated from the Flowmeter log and the Caliper log

in the following manner:

B = A * Veottieiieunneroanennesnenosnssonuansoeannuornonnssns (15)
Where,

Q = fiow (in relative units of cps—inz) in the borehole.

A = area (inz) of the borehole assuming a circular borehole.

v = velocity (cps) of the borehole fluid.

Corrected Flowmeter logs were computed at constant depth intervals of
two feet. A typical Caliper log, Flowmeter log and computed corrected
Flowneter log are shown in Figure 35. A best fit 1ine is drawn through
constant flow portions of thé Flowneter log. Where a producing zone
contributes water, flow increases, reflecting the cumu]ati#e flow of
all producing zones below the point of measurement. The relative flow
contribution of each producing zone is the ratio of the difference in
flow across the producing zone to the total flow of the well.

Fluid Resistivity logs were used to estimate borehole water quality
for most wells. Fluid Resistivity is related to specific cﬁhductance

by the following equation:

¢ = 10000 (16)
Where,

C = specific conductance in micromhos/cm

R = fluid resistivity in ohm-meters

Fluid Resistivity data used in this study were compensated for fluid

temperature and corrected to a constant temperature of 25°C.  Wellhead
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water sample analyses from all monitoring wells were used to calculate

the following regression equation for TDS and specific conductance:

TDS = 631 K C 4+ 57,5 it ittt it i e eanann {(17)
Where,
TDS = total dissolved solids in mg/1
C = conductivity in micromhos/cm

A linear correlation coefficient of 0.92 was found for TDS and
specific conductance.
The following mass balance equation was used to estimate TDS values

for the water of each producing zone:

_ Q,T0S, - Q,TDS
TDSZOne = “ATFCA B "B

Where, .
the bhorehole flow and borehole fluid TDS values,

QA’ TDSA - respectively, above the producing zone.
Q Tps. = the borehole flow and borehole fluid TDS value,
B? B respectively, below the producing zone.

Generally, only one significant flow contribution was found within
a sing]e producing zone of a well. A1l flow contributions within a single
producing zone were integrated to give a single TDS value for that producing
zone. More than one flow contribution was detected within a single producing
zone in only a few cases.

Five wells in the UECPA were samplied at different depths to determine
the reliability of the above technique. Depths at which samples were
collected by the downhole point sampler were determined from the Borehole
Fluid Resistivity and Temperature surveys. Samples were collected above

and below eéch producing zone away from any possible mixing (Figure 34).
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The chemical characteristics of the water entering the borehole at each
water producing zone were determined uﬁing the above mass balance technique.

Figures 36 and 37 show a hydrogeologic section reflecting both
calculated water quality and chemical analysis results of the samples
collected and the geographic location of the cross-section.

Case History No. 3 - Neutron Log Responses in Boreholes with Varying Hole
Diameter '

Neutron surveys in irregular boreholes require special interpretative
techniques. In large liquid-filled boreholes, many neutrons are captured -
near the source, resulting in generally low count rates. Variations in
the log due to hole enlargement may therefore be erronecusly interpreted
as high formation porosities.‘ Also, Neutron surveys lose their resolution
in boreholes with diameters greater than about 10 inches and shou]d not
be used quantitatively.

Figure 38 shows Neutron and Caliper surveyé for a well with varying
hole diameter. The correlation between hole diameter, at the washout
zones as shown on the Caliper log, and the apparent porosity as shown
on the Neutron log may be controlled by three factors: (1) the hole size
which results in greater volumes of water adjacent to the probe, (2) a
possible higher formation porosity in this zone, {3) a combination of 1 and
2 above. Lithologic and stratigraphic studies indicated that washout
zone 1 is within the Ocala Group, which is a white, foraminifera-coquina
biocalcilutite, having a very high vuggy porosity. Washout zones 2 and 3
are in the Avon Park formation, which is a 1ight tan to 1light gray limestone
with sdcrosic texture, interbedded with dolomites. The dolomites, which
behave competently, do not wash out like the limestone, aﬁd also have lower

bulk porosity.
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NEUTRON AND CALIPER LOGS
WELL NUMBER SLF-14

CALIPER
DERIH BOLE GIRMETER U INCHES )
JFeEn 5,00 15.00 25.00

eo0 T

NKEUTRCON POROSITY
AP

0.c £00.0 400.0 600.0
| L ! L i

100.06 4

200.00 o

300.00 +

400 .00 +

500.00

E00.06 ~

7G0.00 ~

s L ——

800 .00

500.00

1000:00

1100.00 ~

1200.00 -

1300.00Q

FIGURE 38 - Neutron and Caliper logs for a well with varying hole
diameter .
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Although the variations on the Neutron logs seem to be affected
by hole diameter, it is this author's interpretation that it is the bulk
porosity of the rock that is the major controiling factor in the variations
on the Neutron log, in spite of the significant hole size variations in
the uncased portion of the hole.

As seen on the Caliper log, hole diameter below the casing is never
less than 7 inches, with washout zones having diameters greater than
17 inches. Quantitative log interpretation in this hole would probably
not yield useful information although corrections for large hole size
changes may be he1pfu1_in general qualitative 1ithologic and stratigraphic
interpretations.

Case History No, 4 - Use of Fluid Resistivity and Temperature Logs to Detect
Groundwater Circulation in Non-Flowing Wells

A technique for investigating interborehole circuiation, flow, and
location df producing zones involves the use of 1ogs run under "static"
and "dynamic" conditions. In practice, the first lTog is made with the
borehole "static" or not discharging and in equilibrium with the surrounding
formations. The well is then allowed to discharge and a second set of logs
run.

Figure 39 shows two sets of Togs run under these conditions. The
obvious differences between these logs may be interpreted in terms of

the induced flow of groundwater into and up the borehole.
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FIGURE 39 - Fluid Resistivity and Temperature Surveys made under "static"
and "dynamic" borehole conditions
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N INTERIM WELL LOG ANALYSIS SYSTEM

GENERAL

The Interim Well Log Analysis System (IWLAS) provides a semi-integrated meth-
odology for examining the borehole geophysical logs. Data for individual
surveys (e.g., fluid resistivity, lateral resistivity) are extracted from

the analog borehole logs and stored on magnetic tape as a series of digital,
breakpoint values., The resulting magnetic tapes are merged to maintaina single
Master Tape as survey data is accumulated. Data for one or more surveys may
be converted from breakpoint values to ‘common depth (CDP) values. The CDP-
value surveys may be further processed to synthesize new or adjusted surveys
for analyses.

Survey data may be plotted and/or displayed in tabular form regardless of its
nature, breakpoint or CDP, or its origin, raw or synthesized. The plots may
be sequential (i.e., on separate depth axes) or may share a common depth axis.
When data for two surveys are available at common depth (CDP) values, a cross-
plot showing the values for each depth point may be produced to study survey
relationships.
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Interim Well Log Analysis System

MAGNETIC TAPE FORMAT

All input and output magnetic tapes within the IWLAS are identical in format.
They are labeled and written at 800 BPI density in BCD mode. Each logical
record is twenty (20) words long (8G BCD characters). Sixteen (16) logicul
records are contained in a phyrsical record or block. The record format is
shown below:

BCD Characters Ficld Description
1-3 USGS County Codce .
4-9 Well 1.D. No. Station I.D.
10-11 Survey date - month
12-13 Survey date - day
14-15 Survey date - year
16-17 ' Survey type, where

' 01 = Caliper

02 = Flowmeter
03 16-inch normal resistivity
04 = 64-inch normal resistivity
. 05 = Neutron porosity
06 = Natural gamma
07 = Fluid resistivity
08 = Gamma gamma density
09 = Casing collar locator
1¢ = Fluid sampler
11 = Temperature gradient
12 = Delta temperature
13 = Spontaneous potential
14 = P~int resistance
15 = 6-foot lateral resistivity
16 = Sonic travel time
, 17 = Acoustic amplitude
18-19 Run No. '

20 unused (blank)
21-30 X-value (depth)
31-40 Y-value (amplitude)
41-80 ' unused (blank)

02/13/81:pc (previous 06/15/79) ()



Interim Well Log Analysis System

DATA CAPTURE AND STORAGE

Digital, breakpoint data for each of the survevs on a borehole log may be cap-
tured in any of three ways:

1. Manually, by reading the X, Y breakpoint coordinates from the boreknle
log, entering them on a keypunch form in the same format as the mag-
netic tapes, and processing the keypunched cards as input to Program
E209 (ex-CRDTOTAP).

2. Semi-manually, by reading the survey breakpoints with a digitizer,
producing a paper tape record for each breakpoint, and processing the
resulting paper tape(s) as input to Program E200.

3. Automatically, by producing a cassette tape record showing digital
values of survey data at specific depths and by processing the result-
ing cassette as input to Program E200.

Both programs, E200 and E209, will produce a Raw Data Tape in the standard IWLAS
format. Depending upon the amount of input data available at run time, one or
more surveys will be stored on the magnetic tape.

Program E210 (ex-MERGTAPE) is Used to combine a new Raw Data Tape with the pre-
vious (or Old) Master Tape to create a current (or New) Master Tape. Program
E210 will sort the data records into ascending order by County Code, Well No.,
Year, Month, Day, Survey Type and Depth.

The current Master Tape produced by Program E210 will normally be used as input
when beginning any analyses, since it will contain all available breakpoint sur-
vey data.

A pictorial representation of the preceding data capture and storage process is
shown as Flowchart 1.
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Interim Well Log Analysis

DATA ANALYSIS

A full data analysis, shown in Flowchart 1[, will normally include:
1. Conversion of survey data from breakpoint values to CDP-values;

2. Synthesis of a new set of survey CDP-values based upon some
fixed equation; and

3. Plotting of the synthesized survey.

These steps of a full data analysis are performed using, consecutively, Programs
E211 (ex-NUINTRVL), E212 (ex-NUSURVEY} and £E213 (ex-LOGPLOT). The programs are
automatically linked to one another in the previously described sequence, so

that only one job need be submitted on a Requisition for Computer Work (Form
DP-1). The subsequent jobs will be executed provided the prior program conpleted
successfully and option cards are present for the next program. The intermediate
magnetic tapes produced as output from one program to be input to the next program
are all in the IWLAS format and may be designated, at the user’s discretion, as
scratch tapes or as output tapes to be saved.

Saving the output tape created by Program E211 would enable the user, at a later
date, to perform additional syntheses of new sets of CDP-values and subsequently
plot them. This would be accomplished by executing Program E212 (ex-NUSURVEY)
which in turn would link to execute Program E213 (ex-LOGPLOT).

Program E213 (ex-LOGPLOT) may be individually executed with any magnetic tape in
the standard IWLAS format. Thus, plots may be obtained of:

1. Raw, breakpoint survey data {(using output tapes produced by
Programs E200, E209 and/or E210);

2. Common depth point (CDP) survey data (using output tapes
produced by Program E211); or

3. Synthesized survey data (using output tapes produced by
Program E212).

More formal presentations of data analyses, suitable for inclusion in reports,
may be created through the use of Program E214 (not shown in Flowchart II).
Program E214 may be run using any IWLAS-format magnetic tape, as discussed above
for Program E213, Program E214 plots one or more surveys using a single depth
axis. It may be used to plot all or selected surveys for one well in one plot
for viewing together. It may also be used to plot similar surveys for differing
wells on the same plot. The user can control the vertical and horizontal place-
ment of the surveys to indicate differences in datums between wells (vertical
displacements) or to show relative locations on’'a cross-sectional view of some
geographical area (horizontal displacements). Program E214 may also be used

in place of Program E213, though somewhat more complicated input options are
required.
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Interim Well Log Analysis System

DATA ANALYSIS (continued)

Another type of data analysis is the plotting of values of one survey against
those of another survey for corresponding depth points. This 1is accomplished
by the use of Program £215. The input tape used by E215 must have been pro-
cessed by Program E211 at some point prior to the use of E215 to insure that
common depth points exist for both surveys.
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Interim Well Log Analysis System

SAMPLE SINGLE JOB SET-UPS

E200 - Capturing Machine-Digitized Data

This program is a part of the final Well Log Analysis System and is documented
as a separate production program. Copies of the documentation may be found in
the Data Processing Production Library.
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Interim Well Log Analysis System

PROGRAM E208 - Well log Data Retrieval and Cerrection Program

This program permits the selective listing and/or copying of any IWLAS-format
tape data records, Corrections may also be made in individual records or record-
fields at the time of the run.

The program has four main categories of options available for user control:

a} a LIST option (specifying which types of records are to be listed:
Selected, Rejected, Modified or All records);

b) a COPY option {specifving which types of records arc to be copied
to a new IWLAS-format tape: Selected, Rejected, Modified or
All records);

¢) a DISPLAY option (permitting the display, on the listing, of complete
data for each record of listed surveys; the normal, default
DISPLAY option only shows the 20-character survey ID, while the
complete data also includes all depth and corresponding survey
values); and

d) a comprehensive SELECT option which permits selection or rejection of
records by specific values or ranges of values for any of the
individual fields within a record (Station ID, Survey Date,
Survey Type, Run No., Depth Value or Survey Value); this option
also includes provisions for modifying any or all of these
fields prior to listing or copying the record selected.

The first three options above arc each controlled by a separate input card and the
SELECT option is controlled by a set or group of input cards. The input card
options are shown on the following page. The Requisition for Computer Work (form
DP-1) for Program E208 would be completed as shown below and submitted with the
option cards and label:

REQUISITION FOR COMPUTER WORK | """
SUBMITTED BY TEL. NO. LOCATION 1. D. ACCOUNT CODE EST. TIME (MIN)
Fran Fixitt 227 201 8216-306 30
CATEGORY [] PROGRAM DEVELOPMENT 408 RUN NC. SEQ. NO.
[ ] SYSTEMor R/T [X] PRODUCTION RUN E208
i — e — ——
INPUT TAPES (RING OUT) "~ JOUTPUT TAPES (RING IN} TIME IN
01 = 2409 02 = (if COPY used)
SCRATCH TAPES (RING IN} DISKS
3001, 3006, 3997,6501
= TIME OUT
(X PRINT T PUNCH [ ]pPLOT [] PAPER TAPE 1
‘
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR) nR  win | seed
OQutput tape label attached FORM.DP-1 '
{(if COPY used) . Rev. 1.78 f—— AL ;
(iuse BALL POINT PEM or PENCIL |

02/13/81:pc _ (74)




Interim Well Log Analysis System

E208 OPTION CARDS

Control Cards (One required; both permitted)

[ L SFLECTED (default)

*£208 ,LIST ) ,REJECTED
JMODIFIED

}AI—L

[ ,SELECTED (default)

*O08 ,CUPY J ,REJECI—ED
,MODIFIED

LUALL

Listing Format Card (Optional; if missing, listing defaults to SURVEY)

*£208 ,CISPLAY ,SURVEY (default)
,RECORD

Select Procedure Cards (Optional; default is all records)

*SELECT , (required)

*REJECT (optional)

*MATCH (optional, if *RANGE not used)
(match data card) (required if *MATCH used)
*RANGE (optional, if *MATCH not used)
(range data cards) (required if *RANGE used)
*ODIFY (optional)

(modify data card) (required if *MIDIFY used)

*ENDSEL (required)

(See M.I.S. documentation for a fuller discussion of Select
procedure usage.) '

02/13/81:pc (78)
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Interim Well Log Analvsis System

E209 - Capturing Manually-Digitized Data

The card format for manually-digitized data is shown in Figure 1,
‘data values, depth and amplitude, may be entered either right-justified without

All survey

a decimal point or may be placed anywhere in their respective fields as long as
a decimal point is present. The Requisition for Computer Work (Form DP-1) for
Program E209 (ex-CRDTOTAP) would be completed as shown below and submitted with
the keypunched cards and an appropriate magnetic tape label:

REQUISITION FOR COMPUTER WORK

PRIORITY

EST. TIME {MIN.)

1gse BALL POINT PEN or PENCIL)

SUBMITTED BY TEL. NO. LOCATION t. D. ACCOUNT CODE
[6ARY EROUNDWATER.| .34 0 22/ §2/6-3006 10
CATEGORY [ | PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ ] SYSTEM or r/T ) PRODUCTION RUN E209
INPUT TAPES (RING QUT) QUTPUT TAPES (RING IN) TIME IN
SCRATCH TAPES (RING IN} DISKS é 5 O l 3 D O b
— ‘ 2 TIME QUT
> PRINT || PUNCH [ ] pLoT [ ] PAPER TAPE
REMARKS (sPECIAL INSTRUCTIONS FOR OPERATOR] HR MIN. 1 SEC,
OUTPWT TAPE LABEL ATTACHED FOsM ?Py'; MACH. INITIALS

Program E209 produces a listing of the survey data values copied to magnetic

tape.

06/15/79:ets
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Interim Well Log Analysis System

E210 - Merging Raw Data Tapes

The Raw (breakpoint) Data Tapes produced by Programs E200 and E209 may be
merged with the Old Master Tape to create a New Master Tape. This is performed
by Program E210 (ex-MERGTAPE) and the Requisition for Computer Work (Form DP-1)
would be completed as shown below and submitted with an appropriate magnetic
tape label:

REQUISITION FOR COMPUTER WORK _|™°™
SUBMITTED BY TEL. NO. LOCATION . D. ACCQUNT CODE EST. TIME (MIN.)
da&&g_dzmecfsr 350 223 g2/~ 3006 /5
CATEGORY | PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ ] SYSTEMor r/T 3 PRODUCTION RUN E2/0
INPUT TAPES (RING OUT) IOUTPUT TAPES (RING IN} TIME IN
|01 =/234, 02:-5678 03 =
SCRATCH TAPES (RING iN) DISKS
6501, 3006
TIME OUT
% PRINT - [] punNcH [ ] pLoT [} PAPER TAPE
REMARKS (spcCiAL INSTRUCTICNS FOR OPERATOR) HR. MIN. ] SEC.
ourpur TAPE (ABEL ATTACHED ' FO:M ?P?'; MACH. INITIALS
IUse BALL POINT PEN or PENCIL,

Program EZ10 produces a listing of the surveys for which data are available
on the New (output) Master Tape.

Note: The Raw Data Tape is input on Logical Unit 01; the Old Master Tape is input
on Logical Unit 02; and the New Master Tape is output on Logical Unit 03,

06/15/79:ets (10)




Interim Well Log Analysis System

E211 - Creation of Common Depth (CDP)} Data Values

Program E211 (ex-NUINTRVL) will create a new set of data values for a survey

specified on an input card.
depth values and a depth interval.
input, but any IWLAS-format magnetic tape may be used.

The input card also specifies beginning and ending

The current Master Tape is normally used as

The Requisition for

Computer Work (Form DP-1) shown below is submitted along with the input cards
and an appropriate magnetic tape label:

REQUISITION FOR COMPUTER WORK

PRIORITY

SUSMITTED BY

TEL. NO.

LOCATION I.D. ACCOUNT CODE

EST. TIME (MIN.)

waiLtY WateemaN | 370 216 ¥2]6-3006 /5
CATEGORY [ ] PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
] SYSTEMor R/T X PRODUCTION RUN E2ll
JINPUT TAPES (RING OUT) [OUTPUT TAPES {RING IN) TIME IN
/0= 9876 /= |
SCRATCH TAPES (RING IN) DISKS
& 501
TIME OUT
X PRINT [} PUNCH [ ] pLOT [] PAPER TAPE
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR) Hi MIN. | SEC.
OUTPUT TAPE LABEL ATTALHED FO:M ?PJ—; o TS
e BA1 S POIMT EPER oo DERNCLLL
The format for the input cards for Program E211 is shown in Figure 2. The data

values for beginning and ending depths and for intervals may be entered gither
right-justified without a decimal point or may be placed anywhere in their
respective fields as long as a decimal point is present.

Program E211 (ex-NUINTRVL) produces a listing for each CDP survey showing the
breakpoint data values and their associated depths on the left-hand side of the
page and the intervening CDP depths and interpolated values on the right-hand

side of the page.

06/15/79:ets
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Interim Well Log Analvsis Svstem

E212 - Synthesis of New Survey Data Values

Program E212 (ex-NUSURVEY) will create a new set of survey data values from one,
two, three or four common depth point (CDP) surveys based upon standard calcula-
Caleulations with multiple CDP survevs
must have data values at matching depths (e.g., 100 feet, 105 feet, 110 feet)},
thus permitting only IWLAS-format tapes created by Program £211 (ex-NUINTRVL) to
be used as input magnetic tapes. Synthesized survey data values will not be
created at a specific depth if one or more of the CDP surveys does not have data
at that depth (i.e., beginning or ending depths that do not coincide among the

tions stored within the program logic.

surveys will not produce new survey data points).

The format for the input cards for Program E212 is shown in Figure 3.

calculation number must be entered in columns 79-80.

A valid
A list of valid calculations

is shown in Appendix A. An appropriate set of survey I.D.'s, county code through

survey type, must be entered on the remainder of the card line.

This set of

survey I.D.'s must agree in number, type and order with the calculation require-

ments shown in Appendix A,

The Requisition for Computer Work (Form DP-1) shown below is submitted along with
the keypunched cards and an appropriate magnetic tape label for the optput tape:

" REQUISITION FOR COMPUTER WORK

PRIORITY

{Use BALL POINT PEN or PENCIL)

SUBMITTED BY TEL. NO. LOCATION I. D. ACCOQUNT CQODE EST. TIME (MIN.}
ey LosceR | 335 | 241 | §21b- 300 20
CATEGORY | PROGRAM DEVELOPMENT = | JOB RUNNO. SEQ. NO.
[} SYSTEMor R/T 3¢ PRODUCTION RUN E212
INPUT TAPES (RING OUT) OUTPUT TAPES (RING IN} TIME N
/1= 5432 =
SCRATCH TAPES [(RING IN) DISKS
L5010, 30006
TIME QUT
X PRINT || PUNCH ] pLOT [} PAPER TAPE
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATORI HR Mih 1 SEC.
OUTPWT TAPE LABEL ATTRCHED FO:M ?p?; S S -

A listing is produced by Program E212 showing each input survey value for a given
depth and the resultant value calculated for the new, output survey.
survey I.D., county code through survey type, is the same as that of the first,

or ""A" surveyv; this means that syntheses which will produce identical survey I.D.'s

The output

must be processed in separate runs.

07/25/79:ets (13)
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Interim Well Log Anaivsis System

E213 - Plotting of Survey Data Values

Any survey contained on an TWLAS-format magnetic tape may be plotted by use of
Program E213 (ex-LOGPLOT). The format of the option cards for controlling the
size and scale of the plot are shown in Figure 4. The survey [.D., county code
through survey type, and both the X- and Y-scale ratios must be specified for
each plot. The other data items, X and Y ranges, are optional. A sample
Requisition for Computer Work (Form DP-1) is shown below:

- PRIORITY
| REQUISITION FOR COMPUTER WORK M —
SUBMITTED BY TEL. NO. LOCATION I. D. ACCOUNT CODE . .
Porry PLoTTER | 492 232 £2/6- 306
CATEGORY [] PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ ] SYSTEMor /T 5 PRODUCTION RUN E213
INPUT TAPES (RING OUT) OUTPUT TAPES (RING IN) - TIME [N
SCRA;CH TAPES (RING IN} DiSKS é 50 I
TIME QUT
X PRINT |7} PUNCH ] pLoT [] PAPER TAPE
HR. MIN. SEC.

REMARKS (sPECIAL INSTRUCTIONS FOR QPERATOR)

FORM DP-1

MACH. INITIALS

Rev. 1-79
{Use BALL POINT PEN or PENCIL)

Each survey may be plotted only once in a single run of E213; multiple runs would
be required to plot the same survey at differing scales.
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Interim Well Log Analysis System

E214 - Plotting of one or More Surveys on a Single Depth Axis

| Any single survey contained on an IWLAS-format magnetic tape may be plotted by
use of Program E214. The resulting plot will be considerably more presentable

than would be a similar plot produced by Program E213.

Program E214 allows

the user to control axes' sizing, labelling and coloring which are-all rela-

‘tively fixed within E213.

Multiple surveys may also be plotted showing a single depth axis using Program

E214.

The formats of the option cards for Program E214 are shown in Figure 5. A
sample ‘Requisition for Computer Work (Form DP-1) is shown below:

PRIORITY

SUBMITTED BY — ] TEL. NO. LOCATION . D, ACCOUNT CODE EST. TIME (MIN.)
Manny Prorz | 281 23l | 8216 =30 20
CATEGORY [] PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[] SYSTEM or R/’ PRODUCTION RUN E2 14
INPUT TAPES (RING OUT) OUTPUT TAPES (RING IN) TIME IN
/2= 471493
SCRATCH TAPES (RING IN) BISKS '
3001, 300k, 50|
TIME OUT
X PRINT [ ] PUNCH D prLoT ] PAPER TAPE
REMARKS (SPECIAL INSTRUGTIONS FOR OPERATORI HR. MIN._| SEC
FORM DP-1 -MACH. INITIALS
Rev. 1-79

{Use BALL POINT PEN or PENCIL)

Multiple plots, with multiple surveys on each plot may be made in a single
run of Program E214. The same survey may also be used in more than one plot

within a single rum.

05/29/80
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Interim Well Log Analysis System

E215 - Plotting of One Survey Versus Another

Program E215 will plot points showing data values for any two surveys whose
depth values are identical. The horizontal axis is the abscissa and will
show the survey values for the independent variable, X, in the following
equation:

Y=£(X)

The vertical axis is the ordinate and will show the corresponding values of
the dependent variable, Y.

The data points are plotted in descending depth order and may optionally be
annotated as to the sequence in which they are plotted. Program E215 allows
the user to control the axes' sizing, labelling and coloring. The represen-
tation of data points may be controlled through a choice of the plotted
symbol, its size and its color.

The format of the option cards for Program E215 are shown in Figure 6. A
sample Requisition for Computer Work (Form DP-1) is shown below:

REQUISITION FOR COMPUTER WORK |
SUBMITTED BY TEL. NO. LOCATION I.D. ACCOUNT CODE EST. TIME (MIN.)
Wyande HEYR 377 | 2327 B2l -390 2o
CATEGORY [[] PROGRAM DEVELOPMENT JOB RUN NO. ' SEQ. NO.
[7] SYSTEM or R/TSg PRODUCTION RUN | £215
INPUT TAPES (RING OUT} [OUTPUT TAPES (RING IN) TIME IN
12 = L34
SCRATCH TAPES (RING IN) DISKS
3001, »000L , bS50/
TIME QUT
X PRINT [] PUNCH X proT ] PAPER TAPE
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR) , ‘ HR. | MIN_§ SEC.
FORM OP-1 —Gten, INITIALS
Rev. 1-79
{Use BALL POINT PEN or PENCIL) o

Multiple plots may be made in a single run of Program E215. The same survey
may be used in more than one plot within a single run.

05/29/80 (160)
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Interim Well Log Analysis Systen

RUNNING LINKED JOBS

A full data analysis, as shown in Flowchart II, may be produced in one job by
assembling a deck made up of the following cards and submitting it with the
requisition shown below:

1. E211 option cards
2. A card with *E212Z in columns 1-5
3. E212 option cards
4, A card with *E213 in columns 1-5

5. E213 option cards

. PRIORITY
REQUISITION FOR COMPUTER WORK |
SUBMITTED BY = |TEL,NO. LOCATION . D. ACCOUNT CODE EST. TIME (MIN.)
"RANDY RuNoN | 377 | 213 §21b-3006 30
CATEGORY | PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ ] SYSTEMor R/T ¢ PRODUCTION RUN 211
INPUT TAPES {RING OUTI ‘OUTPUT TAPES (RING IN) TIME IN
/0= /3577 —
SCRATCH TAPES (RING IN) -
/=, /2= 650/ TIME OUT
& PRINT ] PUNCH 5 pLOT [] PAPER TAPE
HR. MIN. SEC.

REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR!

FORM DP-1

MACH, INITIALS

Rev. 1-72
tUse BALL POINT PEN or PENCIL!

If either the CDP tape, Logical Unit 11, or the New Survey Tape, Logical Unit 12,
is desired to be saved by the user, it should be shown as an output unit rather
than a scratch unit in the example and an appropriate magnetic tape label(s)
should be provided with the requisition.

If no plot is desired, only items (1}, (2}, and (3), above, need be supplied and
the requisition would omit Logical Unit 12 -and the mark in the "PLOT" box.

06/15/79:ets (17)



Interim Well Log Analyvsis Syvsten

If a CD¥ Tape has already been ~reated by a previous [21! run and has been
saved by the user by designatiry 1t as an output tape, a different survey
calculation may be performed and plotted by submitting the following card deck
and requisition:
1. E212 option cards
2. A card with *EXI3 in columns 1-5
3. E213 option cards
REGUISITION FOR COMPUTER WORK | ™™™
SUBMITTED BY TEL. NO. [LOCAT!ON i. D. ACCOUNT CODE EST, TIME |
SAM SYNTHES:26R_ 277 | 408 _$216- 306 20
CATEGORY . | PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ SYSTEMor r/T 3 PRODUCTION RUN E212
IMPUT TAPES (RING OUT] [OUTPUT TAPES (RING IN) TIME IN
/= 4967 S
SCRATCH TAPES (RING IN} DISKS
/;Z,: éBEFC)I '
_ s = TIME OUT
K} PRINT .| puncH X pLoT [ PAPER TAPE
) i
REMARKS E 1AL M TRLCTI I bt AL QATONT T HA_ T MIN
FORM {:P-1 MACH.
Hey 119 .
(s BALL POINT PEN 0r PEMNCILy

e’ 07/25/7% ets (183
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Interim Well Log Analysis System

Any run of Program E209 (ex-CRDTOTAP)} may be linked to Programs E211, E212,
and/or E213. The manually digitized data cards for Program E209 are followed
by a card with either *E211, *E212, or *E213 in columns 1-5; this card is
then followed by the corresponding program's data and/or option cards.

The following card deck and requisition will copy manually-digitized survey
data to tape and automatically plot the data:

1. E209 data cards
2. A card with *E213 in columns 1-5

3. E213 option cards

REQUISITION FOR COMPUTER WORK_ |~
[SUBMITTED BY TEL. NO. LOCATION 1" D. ACCOUNT CODE EST, TIME (MIN.}
IoLA INPUTTER | 350 1243 §A16-306 <0
CATEGORY [ ] PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[] SYSTEM or R/T 5 PRODUCTION RUN Eao9 -
INPUT TAPES (RING OUT) OUTPUT TAPES (RING IN) TIME IN
' ol=12=
SCRATCH TAPES (RING IN) DISKS
TIME OUT
] PRINT ] PUNCH X pLoT [ ] PAPER TAPE
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR) HR | MIN, 1 SEC.
OUTPUT TAPE LABEL ATTACHED FO::?F;; MAGCH. INITIALS
- (Use BALL POINT PEM ar PENCIL

11/27/79:ets (previous 07/25/79)  (19)




Interim Well Log Analysis System APPENDIX A

CALCULATIONS AVATILABLE FOR PROGRAM E212

INPUT SURVEY TYPES

CALCULATION

NO, A B C D CALCULATION

o1 02 01 n/a n/a CORRECTED FLOW LOG =
A*(({(B/2)**2)*3,14159)

02 11 07 n/a n/a CORRECTED RESISTIVITY (FAHﬁENHEIT)
1.5-(.02)*(5/9(A-32)}*10000/B

03 07 n/a n/a n/a CONDUCTIVITY = 10000/A

04 11 07 n/a n/a CORRECTED RESISTIVITY (CENTIGRADE)
1.5-(. 02} *A*10000/B

05 Any n/a n/a n/a COPY SURVEY AS IS

06 11 n/al n/a n/a TEMPERATURE CONVERSION
{FAHRENHEIT TO CENTIGRADE) =
(A-32)*(5/9)

07 11 n/a n/a n/a TEMPERATURE CONVERSION
(CENTIGRADE TO FAHRENHEIT) =
{(A*9) /5)+32

08 05 n/a n/a .n/a CPS TO API = A*1.92

09 Any n/a . n/a n/a LOGe = LDGe(A)

10 Any n/g n/a n/a LOG10 = LOGIO(A)

02/13/81:pc (previous 07/25/79) (20)
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WELL SURVEY SYSTEM - PROGRAM E200

Survey Data Conversion and Editting

Programmer
Dick Hazlett
Data Processing Division

Department of Technical Services

Revised: February 13, 1981
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Program E2Q0

TADBLE QF CONTENTS

GENERAL

PAPER TAPE INPUT
DATA PREPARATION AND INPUT .
QUALITY CONTROL PROCEDURES .
RUN OPTION CARD
CORRECTION CARD . ;
REQUISITIONS FOR LOMPUTFR hORK .
PAPER TAPE RECORD LAYOUTS
Label/Header Records
“Scale Records
Survey Data Records
Sample Paper Tape Layout
SAMPLE GQUTPUTS
Survey Data Listing (Edited Digitizer Values)
Correction Card Listing

Survey Data Listing (Actual & Dlgltlzed Values)f

Quality Control Plot

CASSETTE INPUT

RECORD FORMAT AND TYPES

OPTION CARD FORMATS
*E200 Card
- Log-Survey Card
Variable-Scale Survey Cards
Correction Cards .

INPUT DECK MAKE-UP .

JOB SUBMISSION

SAMPLE OQUTPUTS
General
Option Card Llstlng .
Variable-Scale Card Liqtlng
Data Listing . .
List of Survay Seoments Plotted

02/13/81:pc (1)
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Program E200

GENERAL

This initial program of the Well Survey System will accept paper tapes bearing
digitized data describing the analog output of a strip-chart recorder and will

produce:

1)

2)

a)

5)

An edited listing of the input paper tape records, with any orrors
flagged;

An edited listing of any correction cards designed to eliminate
errors tound under 1)}, above, with any errors flagged,

A listing of the digitized values converted from digitizer units
to survey-units;

Plots of the corrected digitizer data for Quality Control functions;
and

A tape file of the survey-units data for processing by the Interim
Well Log Analysis System.

Program E200 will also accept cassette recordings of digitized data produyced
by an analog-to-digital conversion device attached to the well survey instru-

ments.

1

2)

3)

4)

For cassette input, the program output is:

An edited listing of the option cards required to identify and
define the data contained on the tape, with any input errors
flagged; '

An edited listing of the cassette data tape records, with any
errors flagged and any corrections {made by input cards) shown;

Plots of the data for each survey for Quality Control functions;
and :

A taéﬁ file of the data for processing by the Interim Well Log
Analysis System.

02/13/81:pc (1)



Program E200

PAPER TAPE INPLT

DATA PREPARATION AND INPUT

Groundwater creates analog recordings of survey parameters in the field
using a strip-chart recorder. Up to four surveys may be recorded on the
same physical chart, depending upon the number of survey tools used simul-
taneously. A translucent Well Log form (WMD 60} is completed and attached
to the top of the appropriate chart and the chart is annotated with the
appropriate scale(s). A blue-line copy of each chart is produced and all
such copies for a single well are gathered together and recorded on a

Well Log Transmittal (Figure 1). The transmittal sheet and its associated
charts are forwarded to Data Munagement for digitizing. :

As each survey is digitized, the person performing the digitizing initials
the appropriate line on the transmittal sheet. Each paper tape produced
during digitizing shall be marked at its beginning with: Chart No., Batch
No., Station I.D., Date and Survey (Type) No. The Chart No. should be
circled. The paper tapes thus produced, one for each survey, are accumu-
lated until all surveys on the transmittal have been digitized. Data
Management then submits the paper tapes, and a Requisition for Computer
Work, to Data Processing to be run as input to Program EZ200.- The magnetic
tapes created by Data Processing are noted on the returned copy of the
Requisition for Computer Work and these are transcribed by Data Management
onto the transmittal sheet.

If no format errors have occurred in the creation of the paper tapes, a

set of quality control plots for each survey is prepared by Data Processing
and returned to Data Management, These plots arc then placed over the
corresponding survey's charts and discrepancies are noted on the transmittal
sheet and on the plot itself,

If no data errors are found through comparisioncof the plots and survevs,
the "Q. C. By" and "DATE" portions of the transmittal sheet are com-
pleted by Data Management and the package of plots, charts, printout and
“transmittal sheet is returned to Groundwater. Data Management retains the
paper tapes.

Groundwater records the date the package is returned and performs a finul
quality control check of the plots and the original charts. If the digiti-
zing is approved, Groundwater runs program MERGTAPE to incorporate the new
data onto the Interim Cumulative Master File, noting the new magnetic tape
number on the transmittal. :

| V]
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Program E200

PAPER TAPE INPUT (continued)

QUALITY CONTRCL PROCEDURES

Format errors may be detected in the paper tape records by Program E200;
these will be flagged on the Digitized Survey Data listed produced by
Program E200. The flags will appear in two places: directly under the
incorrect record and underneath the Line No. which appears at the extreme
left of the listing. If format errors are detected, no further processing
is performed by Program E200 and it must he rerun with the optional cor-
rection card input (see "CORRECTION CARDS™).

If the correction cards are subsequently found to huve format errors, the
errors will be flagged immediately beneath the card image shown on the
Correction Card Listing produced by Program FE200.

{Note: Errors in the no. of scale-box records are fiagged with "B"s placed
beneath the ninth subsequent record.)

When all format errors have been eliminated from the paper tape and correc-
tion card records, Program E200 will produce plots of the digitized charts

showing the data trace and X- and Y-scale lines. The plot is to be checked
as follows: '

1) Align the plotted data trace atop the appropriate chart and
circle any incorrect break-points; these must he corrected
with correction cards and Program £200 must be rerun,

2) Two vertical dashed-lines are shown on the plot; one for the
leftmost X-scale point (which may coincide with the lefthand,
or zero, digitizer Y-axis} and one for the rightmost X-scale
point. Each vertical scale-line shows a chart X-value immedi-
ately beneath it on a line beneath the digitizer X-values.
These two X-values must agree with those on the chart at the
respective points. If they disagree, the appropriate scale-box
records must be corrected by correction cards.

3) Two or more horizontal dashed lines are shown on the plot;
these are the Y-scale points and their values will be shown
to the left of the digitizer Y-values. (The lowest dashed
line may coincide with the digitizer's lower, or zero, X-axis.)
As for the X-scale vulues, the Y-scale values must coincide
with those on the original chart; incorrect values must be
corrected. '
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Program E200

PAPER TAPE INPUT {continued)

RUN OPTION CARD

The Run Option Card must be present to run Program E200; it consists of
"*E200" in card columns 1-4 and one or more of the following options in the
remainder of the card in any order:

,DIGTZR

, INPUT LIST
, BATCH=nnn
» DUMP

If ",DIGTZR" is not present, Program E200 wiil process the input paper tape
using an ASCIT code-conversion table. If ',DIGTZIR" is present, the tapes
will be processed using the code-conversion table used by the program prior
to the availability of ASCII-punched tape.

1f ', INPUT LIST" is not present, none will be printed when the run is error-
free. If errors occur, the error listing will be printed regardless of
options. ',DUMP" should be used only be a programmer; it provides an octal
dump of all variables in the program at the end of each program link and will
consume excessive amounts of paper if not needed.

The "nnn" of ",BATCH=nnn; should coincide with that on the Well Log Transmittal,
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Program E200

- PAPER TAPE INPUT (continued)

CCRRECTION CARDS

The optional correction cards are punched in the following format:

Col. 1 Action Code (D=delete, R=replace, I=insert)
Cols. 2-06 Paper Tape Record No.
Cols. 7-31 New or Corrected Paper Tape Record Image

The correction cards must be in sequence on columns 2-6 and are placed

immediately behind the *E20( Run Option Card.

If a large number of records are to be deleted, the following format may

he used: :
Col. 1 Action Code (D=delete)
Cols. 2-6 Beginning Paper Tape Record No.
Cols. 7-8 TQ
Cols. 9-13 Ending Paper Tape Record No.
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Program E2Z00
PAPER

TAPE INDPUT (continued)

REQUISITIONS FOR COMPUTER WORK

The initial Requisition for Computer Work (form DP-1) is completed as shown

below.
in the Remarks section of the form.
the magnetic tape assignments in the areas provided on the form.

Actual magnetic tape labels may be attached in lieu of the notes
The computer operator will indicate

“REQUISITION FOR COMPUTER WORK

PRICRITY

———
EST. TIME (MIN.]

SUBMITTED BY TEL. NO. LOCATION |. D. ACCOUNT CODE
Wally G. Water 350 108 8216-306 20
CATEGORY — PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
[ ] SYSTEMor r/T ] PRODUCTION RUN E200
INPUT TAPES {RING OUT] ]OUTPUTkifPES(RINGlNl TIME N
SCRATCH TAPES (RING IN} DISKS
6501, 3001, 3006 (IME OUT
[X] PRINT T PUNCH X] pLOT PAPER TAPE
— [ MiN._| SEC.
REMARKS (SPEC:AL INSTRUCTIONS FOR OPERATCR: i - Batcl HR | MiN
Label Paper Tape Images: Well-Log, Digitized - Batci_g
Label Output Tape: Well-Log, EZ00 - Batch-7 ‘m’ FO:M DWP";Q T TITIALS
ey, -

If the initial data (i.e., paper tape input only) contains errors, nu mag-
netic tapes will be assigned to the Output Tape (07=) or to the Plot tape.

A magnetic tape will be assigned to the Paper Tape images.

After the

Correction Cards are prepared, the Requisition for the rerun should look

like that shown heclow.
tape images.

Input Tape unit 30 is the tape containing the paper

REQUISITION FOR COMPUTER WORK

PRIORITY

SUBMITTED BY TEL.NO. __ |LOCATION I. D. ACCOUNT CODE EST. TIME (MIN.)
Wally G. Water 350 108 8216-306 20
CATEGORY S PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
] SYSTEM or R/T X] PRODUCTION RUN E200
INPUT TAPES {RING QUT) OUTPUT TAPES (RING IN) TIME IN
30 = 1234 07 =
SCRATCH TAPES {RING IN} DISKS ,
6501, 3001, 3006
: TIME OUT
X} PRINT . PUNCH X pLov [] PAPER TAPE
REMARKS (SPECIAL INSTRUCTIZNS FOR OPERATOR! HA. MIN. | SEC:
lLabel output tape: Well-log, E200 - Batch-7
FORM DP-1 ‘
- MACH. INITIALS

Rey 1-79
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Program E200

PAPER TAPE INPUT (continued)

PAPER TAPE RECORDS LAYOUTS

Label /Header Records

One label record per survey, beginning the first paper tape:

Characters Type Data Field Contents
1-9 A/N Station ID
10-11 N Survey Date - Month
12-13 7 N Survey Date - Day
14-15 N Survey Date - Year
l6-17 N

Survey Type/No. (from the list
shown below): :

01 = Caliper
02 = Flowmeter
03 = 16-inch normal resis.

04 = 64-inch normal resis.
05 = Neutron porosity

06 = Natural gamma

07 = Fluid resistivity

(08 = Gamma gamma density
09 = Casing collar locator
10 = Fluid sampler

11 = Temperature gradient
12 = Delta temperature

13 = Spontaneous potential
14 = Point resistance
15 = 6-foot lateral resis.
16 = Sonic travel time
17 = Acoustic amplitude
18 N No. of decimal points in data values
19-21 Zeroes Reserved for expansion
22 N Digitizer scale code for X-axis

0 = 248.60 digitizer units
per inch on X-axis
1 = 246.32 digitizer units
per inch on X-axis
23-24 N Paper tape no.
) End-of-record character
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Program L2000

PAPER TAPE INPUT (continucd)

PAPER TAPE RECORD LAYOUTS {continued)

Scale Records

Scale records contain pairs of chart values and their corresponding digitizer
values. The values may be either four-digits or five-digits in length and
either of the following alternative record formats may be used interchangeably
(even within an individual survey):

Character(s) in Record

d-Char-Field 5-Char-Field

Data Field Contents Type Format Format
Chart Value N ) i-4 1-5
Slash (Field Separator) </ 5 6
Digitizer Value

Corresponding to the

Chart Value N 6-9 Co7-11
End-of-Record Character <} 10 12

The beginning scale record of each scale-box, defining a fixed set of survey
data records, provides the X-values for beginning {leftmost side) of the scale-
box. The next scale records before the beginning of the survey data records
provide the Y-values for the scile-box. The Y-value scale records are input
beginning with the lowermost and cnding with the uppermost. 1f only onc Y-
scale exists between the lowermost and uppermost points of the survey chart,
only two Y-value scale records need be input. If the scale changes between
the lowermost and uppermost points, a Y-value scale record must appear for
each such scale change point in its relative sequence between the lowermost
and uppermost scale change records. A scale change record with X-values for
the ending (rightmost side) of the scale-box must immediately follow the
survey data records. (See Sample Paper Tape Layout, Page 11.)
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Program L2000

PAPER TAPE INPUT (continued)

PAPER TAPE RECORD LAYOUTS (continued)

Survey Data Records

One Survey Data Record is punched for each (X, Y} point digitized. As for
the Scale Records, the digitizer values may be either four-digit or five-
digit fields. The alternative formats for the l8&-character Survey Data
Records are shown below:

Character(s) in Record

4-Char-Field 5-Char-Field

Data Field Contents iype Format Format
Depth Range (in hundred

feet) N 1-2 1-2
Slash (Field Separator) </ 3 3
X-Scale Digitizer

Value (Depth) N 4-7 4-8
Slash (Field Separator) <f> 8 g
Y-Scale Digitizer

Value (Amplitude) N 9-12 10-14
Slash (Field Separator) </> 13 15
Unused (Zeroes) N 14-17 16-17
End-of-Record Character <J» 18 18
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Program EZ00

PAPER TAPE INPUT {continued)

PAPER TAPE RECORD LAYOUTS (continued)

Sample Paper Tape Layout

A well survey system paper tape will contain the following sequence of record
types:

Label/Header Record

Scale Record (X-Values, Leftmost Point)

Scale Record (Y-Values, Bottommost Point)

Scale Record (Y-Values, Intermediate Point of Scale Change}
Scale Record (Y-Values, Tntcermediate Point of Scale Change)

Scale Record {(Y-Values, Intermediate Point of Scale Change]
Scale Record (Y-Values, iUppermost Point)

Survey Data Record

Survey Data Record

Survey Data Record
Survey Data Record :
Scale Record (X-Values, Rightmost Point)

Scale Record (X-Values, Leftmost Point)

Scale Record (Y-Values, Bottommost Point)

Scale Record (Y-Values, Intermediate Point of Scale Change)
Scale Record (Y-Values, Intermediate Point of Scale Change)

Scale Record (Y-Values, Intermediate Point of Scale Change)
Scale Record (Y-Values, Uppermgst Point)

Survey Data Record

Survey Data Record

Survey Data Record
Survey Data Record .
Scale Record (X-Values, Rightmost Point)
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[continued)

PAPER TAPE

SAMPLE QUTPUTS

(12)
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Program E200

CASSETTE INPUT {continued)

OPTION CAR. FORMATS
*E200 Card

The *E200 card (Run Option Card) is similar to that used for processing
digitized paper tapes. It must begin with "*E200" in columns i-4. The
~option ',CASSETTE'" must also bte included to identify the type of input data
to be processed. The option ",BATCH=nnn", where nnn represents a three-
digit Batch No., should alsc be included. A sample Run Option Card might be:

*E200,CASSETTE, BATCH=521

The "',DUMP" option described under PAPER TAPE INPUT is also available, but
should only be used by a programmer for debugging purposes. (The two other
paper tape options, " ,DIGTZER" and ",INPUT LIST", are not utilized for cas-
sette tape processing.)

This card format and those of the Log-Survey and Variable-Scale cards are
shown on the Program E200 - Options (Cassette Input Only} form on the following

page.
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Program E200

CASSETTE INPUT (continued)

OPTION CARD FORMATS (continued}

Log-Survey Card

At least one Log-Survey Card is reguired for each Log Control Record on the
cassette tape. If more than one survey is recorded for a log {or traverse
of the well), one lLog-Survey Card is required for each survey.

The Log Nos. should correspond with those recorded on the cassette in Log
Control Records. The Survey Position No. {card column 7) is a value from
one to four (1-4) indicating the location of the survey values in the data
record. The Survey Identification is entered in card columns 19-37. The
Depth Offset of the sensor from the top of the tool or probe is entered in
card columns 39-45, either with a decimal point included or right-justified.

Survey data values may be adjusted by three conversion methods:

1. the decimal point, assumed to be after the right-most digit
of the data value, may be shifted up to nine positions to the
left by the use of card column 46;

2. the data values may be subjected to a linear conversion by spec-
ifying the intercept and slope of the straight-line equation; and

3. the data values may be subjected to non-linear conversion by the
use of Variable-Scale Survey Cards (sce next section).

The Log-Survey Card also contains a provision for specifying the scale for
guality control plots (card columns 62-75). If scales are not specified,
no plot will be produced for that survey.

If the values of the recording parameters change during the course of a

single traverse or log, card columns 8-17 may be used to differentiate the
changes by record numbers within a survey.

{1,



Program EZ00

CASSETTE INPUT (continued)

OPTION CARD FORMATS {continued)

Variable-Scale Survey Cards

Non-linear conversion of survey dat: values must be accomplished by the use
of Variable-Scale Survey Cards. The format for these cards is shown at the
bottom of the Program E200 - Options (Cassette Input Only) form on Page 18.
Multiple cards may be created for a single log-survey combination. These
‘cards are placed together in a group behind the Log-Survey Cards in the input
deck.

The Log No., Survey Position M.., and Beginning and Ending Record No. fields
are defined the same as for the Log-Survey Cards. At least two pairs of
Record Actual Values must be present. The Record Value is the four-digit
value created by the recording equipment, without any conversion. The Actual
Value must either contain a decimal point or be right-justified.

(20)



Program LE200

CASSETTE INPIT {continued)

OPTION CARD TIRMATS (continued)

Correction Cards

The formats for Correction Cards is shown on the Program E200 - Corrections
(Cassette Input Only) form on the following page.

An Action Code (D = delete; R = replace; or I = insert after) is entered in
card column 1. The appropriate Record No. is entered in card columns 2-6,
Values for the corrected Depth and Survey Data are enterced as shown, without
any conversions (i.e., as they would have been recorded by the logging equip-
ment) .

Deletion of a range of records may be accomplished by use of the format shown
at the bottom of the form,

{21)
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Program E2G0

CASSETTE INPUT {continued)

INPUT DECK MAKE-UFP

The cards punched from the two forms shown on Pages 18 and 22 are asscmbled
into in input deck in the order shown below:

1. *E200 Card - this must be the first card

2. Log-Survey {or "L'} Cards - these may be in any order, but must
be grouped together '

3. Variable-Scale Survey (or "S") Cards - these may be in any log-
survey order, but must be in ascending order by Record Values if

multiple cards are present for an individual log-survey.

4. Correction Cards - these may be in any order



Program E200

CASSETTE INPUT {continued)

JOB SUBMISSION

The initial Reguisition for Computer Work {form DP-1) is to be completed
as shown below. ‘ctual magnetic tape 1:bels mav be attached in lieu of the

notes in the Remarks section of the form.

The computer cperator will indi-

cate the magnetic tape assignments in the areas provided for output tapes
- (i.e., output, plot and cassette tapes). The requisition is to be submitted
to Data Processing Operations along with the input card deck and the cassette.

REQUISITION FOR COMPUTER WORK | ™"
SUBMITTED BY TEL. NC. LOCATION 1. D. ACCOUNT CODE EST. TIME (MIN.)
Casey Cassette 516 219 B216-306 20
CATEGORY [ PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.
] SYSTEMor R/T [X] PRODUCTION RUN E200
INPUT TAPES (RING OUT) ]OUTPUS_;APES (RING IN) TIME IN
SCRATCH TAPES {RING IN} DISKS
3001, 3006, 6501. TIME OUT
(] PRINT T} PUNCH PLOT
CASSETTE
,
REMARKS (sPeCiai iNSTRUCTIONS F3R OPERATORI BR._| MIN | SEC
Label cassette tape: Well Log, Cassette - Batch 5.1
Label output tape: Well Log, E200 - Batch 521 FO:Ngii; TR, ITTALS
ev. 1-

Load side A only, 12" plot; black pen

(Use BALL POINT PEN or PENCIL




Program E200

CASSETI[E INPUT [continued)

JOB SUBMISSION (continued)

If the initial run shows data errors or if it was necessary to determine a
correspondence between survey depth and record nos., a second tun will be
necessary. This second run will not require a reloading of the cassette
records onto a standard (reel-type) magnetic tape. Input Tape 30 becomes
the cassette image tape for the second run, as shown on the requisition
below.

REQUISITION FOR COMPUTER WORK |

SUBMITTED BY TEL. NO. LOCATION I. 0. ACCOUNT CODE EST. TIME (MIN.)
Randy Redeux 516 219 8216-306 20
CATEGORY . | PROGRAM DEVELOPMENT JOB RUN NO. SEQ.NO.
|| SYSTEM or R/T 3] PRODUCTION RUN £200
[TNPUT TAPES (RING OUT) |0U?PUT TAPES (RING IN) TIME IN
30 = 5678 07 =
SCRATCH TAPES (RING IN} DISKS
3001, 3006, 6501
TIME OUT
[ PRINT __ PUNCH PLOT ] PAPER TAPE
REMARKS SPECIAL INSTRUCTIONS FOR QPERATOR! aa MinN. { SEC,
Label output tape: Well Log, E200 - Batch 521 CoRM DR
12" Plot; black pen : ' MACH. INITIALS
Rev. 1.79
1Use BALL POINT PEN or PENCILY




Program EI00

CASSETTE INDUT {continued)

SAMPLE QUTPUTS
General

Samples of the printed output from Program E2¢2 are shown on pages 27-30, The
quality control plot would be similar to that produced for paper tape input
(page 15), but would not include the dashed lines; the axes would be labelled
in actual values, rather than in digitizer values.

The Option Card Listing (page 27} shows all Log-Survey (L") cards in ascending
sequence by Log No. and Survey Fosition No, The warning messages at the bottom
of the sample merely indicate logs which do not have survey data indicated for
consecutive Survey Position Nos, beginning with one {1).

The Variable-Scale Card Listing (page 28) will be printed if any "S" cards are
submitted for the run. They will be printed in ascending sequence by Log No.
and Survey Position No. If multiple cards are submitted for an individual
log-survey, they will be shown in the sequence subhmitted.

The Data Listing (page 29) shows two surveys for Log No. 91278 in Survey Posi-
tion Nos. 2 and 3. Several errors are shown in the right-hand column and their
corresponding records are printed on the same line in-hetween the brackets

{< and >}.

The List of Survey Segments Plotted (page 30) shows all plots produced during

a run. If no plot scales are input on a Log Survey card, no plot will be
produced.

02/13/81:pc (20)
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FORM DI=J

REV. 1/80
USER DOCUMENTATION
SYSTEM Well tog DATE  6/30/78
PROGRAM E200 ' REVISED 2/13/81
AUTHOR Dick ilazlett MAX, EST. TIME 60 Minutes

SCOPE / PURPOSE: Captures geophysical well log data produced by either:

1. machine digitizing of break-point data onto paper tapes or
2. fixed-interval rccording of digital values onto cassette (magnetic) tape.

INPUT:

PAPER TAPE OPTION - Paper Tape(s) (Required); *E200 Option Card (Requifcd);
Correction Card(s) (Optional)

CASSETTE TAPE OPTION - Cassette Tape (Required); *E200 Option Cafd (Required);

Log-Survey Card(s} (1 Required)}; Variable-Scale Survey
Card(s) (Optional); Correction Card(s) (Optional)

PROCESSING:

1. Reads and edits raw data records.

2. Converts raw data values to actual values,
3. Creates quality control plots.

4. Creates output tape in IWLAS - format (Interim Wecll Log Analysis System)

5. Provides correction of raw data values when required.

QUTPUT:

1. Corrected and edited listing of raw data values.

2. Listing of converted survey values.

%L Quality control plots.

4, IWLAS - format magnetic tapé_of converted (actual) survcy.valucs.
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PROGRAM 11200

ERROR MESSAGES AND ACTION:

Errors are generally sclf-descriptive and preceded by a Severity Code (I = infor- .
mative, processing continues; D = destructive, processing ccases). Fields in
error are flagged immediately beneath the field image.

SAMPLE REQUISTION: (See additional documentation for 4 samples.)

REQUISITION FOR COMPUTER WORK ™™
SUBMITTED BY TEL. NQ, ~ JLOCATION . D. ACCOUNT CODE EST. TIME {MiN.)
CATEGORY [7] PROGRAM DEVELOPMENT JOB RUN NO. SEQ. NO.

[ ] SYSTEMor R/T[] PRODUCTION RUN
INPUT TAPES (RING QUT) OUTPUY TAPES (RING IN) TIME IN __
SCRATCH TAPES (RING IN) DISKS

— , J TIME OUT
[} PRINT | PUNCH [ ] prLoT [] PAPER TAPE
REMARKS (SPECIAL INSTRUCTIONS FOR OPERATOR) ' HR ] MIN_ T SEC.
FORM DOP .
MACH. INITIALS
Rev. 1-78 -
{Use BALL POINT PEM or PENCIL)

RECOVERY PROCEDURE:

Rerun with .no changes.

RESTRICTIONS:

Restricted to Data Management, Groundwater and Data Processing personnel.

02/13/81:pe-
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PROGRAM EZ00 _ PROGRAMMER: Dick Hazlett

RESTRICTION: Data Management, Groundwatcr or flata Processing personnel only
PURPQOSE: To edit Well Loy dnta |

DISKS: 6501, 3001, 30086

TAPES: LUN 30 - Paper Tapeor Cassette Tape Images (Input)

LUN 07 ~ Well Log Data Tape (Output)
LUN 13 - Plot Tape (Optiocnal Qutput)

CONTROL CARDS:  $JOB,8216-306,E200-RUN,60,30000, , E200
$CTO,PROGRAM USES NOMORE THAN 2 TAPES AT ONE TIME
$RONL, 854/6501
$RRAT, 854/ 6501

SFET,WELL-LOG,WELL-SURVEY-PAPER-TAPE, 1280
SRELEASE ALL

SALLOCATE, B1000, 991231
S$FET,WELL-LOG,MAINSUB-AUX

SOPEN, 25 .

$AUX, 25

SE200A

CARD INPUT: Batch control card (Required)
Lop-Survey {ards (Optional)
Variable-Scale Survey Cards (Ontional)
Correction cards (Optional)

OPERATIXG

INSTRUCTIONS: Run as a normal job,

RECOVERY

PROCEDURES: Rerun as neecded.

TIMING: Approximately 30 minutes for lorge hatch.
QUTPUT : 50,000 lines for a large hatch.

2/153/81:pe (previous U7/ 24749












	Table of Contents
	Acknowledgements
	Introduction
	Purpose and Scope
	Applications
	Description of Equipment
	Description of Surveys
	6 Foot Lateral Resistivity Survey
	Spontaneous Potential Survey
	Borehole Fluid Resistivity Survey
	Flowmeter Survey
	Borehole Fluid Temperature Survey
	Casing Collar Locator Survey
	Caliper Survey
	Natural Gamma Ray Survey
	Neutron Porosity Survey
	Gamma Gamma Density Survey
	Acoustic Velocity Survey
	Quality Control
	Capture and Storage of Borehole Geophysical Data
	Descriptive Information
	Survey Data
	Manually Digitized Data
	Semi-Manually Digitized Data
	Machine Digitized Data
	Master File
	Retrieval of Digitized Borehole Geophysical Data
	Descriptive Information
	Digitized Geophysical Survey Data
	Program E208
	Program E211
	Program E212
	Program E213
	Program E214
	Program E215
	Linked Jobs
	Interpretive Techniques and Case Histories - South Florida Hydrogeology
	Case History No. 1
	Case History No. 2
	Case History No. 3
	Case History No. 4
	References Cited
	Appendix I
	Appendix II
	Appendix III

