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1. Scope

1.1 This test method describes the procedures for mea-
suring the level of liquid in a borehole or well and deter-
mining the stabilized level of liquid in a borehole.

1.2 The test method applies to boreholes (cased or
uncased) and monitoring wells (observation wells) that are
vertical or sufficiently vertical so a flexible measuring device
can be lowered into the hole.

1.3 Borehole liquid-level measurements obtained using
this test method will not necessarily correspond to the level
of the liquid in the vicinity of the borehole unless sufficient
time has been allowed for the level to reach equilibrium
position.

1.4 This test method generally is not applicable for the
determination of pore-pressure changes due to changes in
stress conditions of the earth material,

1.5 This test method is not applicable for the concurrent
determination of multiple liquid levels in a borehole.

1.6 The values stated in inch-pound units are to be
regarded as the standard.

1.7 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Document

2.1 ASTM Standard:
D653 Tgrminology Relating to Soil, Rock, and Contained
Fluids

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 borehole—a hole of circular cross-section made in
soil or rock to ascertain the nature of the subsurface
materials. Normally, a borehole is advanced using an auger,
a drill, or casing with or without drilling fluid.

3.1.2 earth material—soil, bedrock, or fill.

3.1.3 ground-water level—the level of the water table
surrounding a borehole or well. The ground-water level can

! This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D18.21 on Ground
Water and Vadose Zone Investigations,
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be represented as an elevation or as a depth below the ground
surface.

3.1.4 liquid level—the level of liquid in a borehole or well
at a particular time. The liquid level can be reported as an
elevation or as a depth below the top of the land surface. If
the liquid is ground water it is known as water level.

3.1.5 monitoring well (observation well)—a special well
drilled in a selected location for observing parameters such as
liquid level or pressure changes or for collecting liquid
samples. The well may be cased or uncased, but if cased the
casing should have openings to allow flow of borehole liquid
into or out of the casing. :

3.1.6 siabilized borehole liquid level—the borehole liquid
level which remains essentially constant with time, that is,
liquid does not flow into or out of the borehole. .

3.1.7 top of borehole—the surface of the ground sur-
rounding the borehole,

3.1.8 water table (ground-water table)—the surface of a
ground-water body at which the water pressure equals
atmospheric pressure. Earth material below the ground-water
table is saturated with water.

3.2 Definitions:

3.2.1 For definitions of other terms used in this test
method, see Terminology D 653.

4. Significance and Use

4.1 In geotechnical, hydrologic, and waste-management
investigations, it is frequently desirable, or required, to
obtain information concerning the presence of ground water
or other liquids and the depths to the ground-water table or
other liquid surface. Such investigations typically include
drilling of exploratory boreholes, performing aquifer tests,
and possibly completion as a monitoring or observation well.
The opportunity exists to record the level of liquid in such
boreholes or wells, as the boreholes are being advanced and
after their completion,

4.2 Conceptually, a stabilized borehole liquid level reflects
the pressure of ground water or other liquid in the earth
material exposed along the sides of the borehole or well,
Under suitable conditions, the borehole liquid level and the
ground-water, or other liquid, level will be the same, and the
former can be used to determine the latter. However, when
earth materials are not exposed to a borehole, such as
material which is sealed off with casing or drilling mud, the
borehole water levels may not accurately reflect the ground-
water level. Consequently, the user is cautioned that the
liquid level in a borehole does not necessarily bear a
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relationship to the ground-water level at the site.

4.3 The user is cautioned that there are many factors
which can influence borehole liquid levels and the interpre-
tation of borehole liquid-level measurements. These factors
are not described or discussed in this test method. The
interpretation and application of borehole liquid-level infor-
mation should be done by a trained specialist.

4.4 Installation of piezometers should be considered
where complex ground-water conditions prevail or where
changes in intergranular stress, other than those associated
with fluctuation in water level, have occurred or are antici-
pated.

5. Apparatus

5.1 Apparatus conforming to one of the following shall be
used for measuring borehole liquid levels:

5.1.1 Weighted Measuring Tape—A measuring tape with
a weight attached to the end. The tape shall have graduations
that can be read to the nearest 0.01 ft. The tape shall not
stretch more than 0.05 % under normal use. Steel surveying
tapes in lengths of 50, 100, 200, 300, and 500 f (20, 30, 50 or
100 m) and widths of % in. (6 mm) are commonly used. A
black metal tape is better than a chromium-plated tape.
Tapes are mounted on hand-cranked reels up to 500 ft (100
m) lengths. Mount a slender weight, made of lead, to the end
of the tape to ensure plumbness and to permit some feel for
obstructions. Attach the weight to the tape with wire strong
enough to hold the weight but not as strong as the tape. This
permits saving the tape in the event the weight becomes
lodged in the well or borehole. The size of the weight shall be
such that its displacement of water causes less than a 0.05-ft
(15-mm) rise in the borehole water level, or a correction shall
be made for the displacement. If the weight extends beyond
the end of the tape, a length correction will be needed in
measurement Procedure C (see 7.2.3).

5.1.2 Electrical Measuring Device—A cable or tape with
electrical wire encased, equipped with a weighted sensing tip
on one end and an electric meter at the other end. An electric
circuit is completed when the tip contacts water; this is
registered on the meter. The cable may be marked with
graduations similar to a measuring tape (as described in
5.1.1).

5.1.3 Other Measuring Devices—A number of other re-
cording and non-recording devices may be used. See Ref. (1)
for more details.?

6. Calibration and Standardization

6.1 Calibrate measuring apparatus in accordance with the
manufacturers’ directions.

7. Procedure

7.1 Liquid-level measurements are made relative to a
reference point. Establish and identify a reference point at or
near the top of the borehole or a well casing. Determine and
record the distance from the reference point to the top of the
borehole (land surface). If the borehole liquid level is to be
reported as an elevation, determine the elevation of the

3 The boldface numbers in parentheses refer to the list of references at the end
of this standard.

reference point or the top of borehole (land surface). Three
alternative measurement procedures (A, B, and C) are
described.

NoTE 1—In general, Procedure A allows for greater accuracy than B
or C, and B allows for greater accuracy than C; other procedures have a
variety of accuracies that must be determined from the referenced
literature (2-5).

7.2 Procedure A—Measuring Tape:

7.2.1 Chalk the lower few feet of tape by drawing the tape
across a piece of colored carpenter’s chalk.

7.2.2 Lower a weighted measuring tape slowly into the
borehole or well until the liquid surface is penetrated.
Observe and record the reading on the tape at the reference
point. Withdraw the tape from the borehole and observe the
lower end of the tape. The demarcation between the wetted
and unwetted portions of the chalked tape should be
apparent, Observe and record the reading on the tape at that
point, The difference between the two readings is the depth
from the reference point to the liquid level.

NoTe 2—Submergence of the weight and tape may temporarily

cause a liquid-level risc in wells or borcholes having very smail
diameters. This efTect can be significant if the well is in materials of very
low hydraulic conductivity.
" Nore 3—Under dry surface conditions, it may be desirable to pull the
tape from the well or borehole by hand, being careful not to allow it to
become kinked, and reading the liquid mark before rewinding the tape
onto the reel. In this way, the liquid mark on the chalked part of the tape
is rapidly brought to the surface before the wetted part of the tape dries.
In cold regions, rapid withdrawal of the tape from the well is necessary
before the wet part freezes and becomes difficult to read. The tape must
be protected if rain is falling during measurements.

NotE 4—In some pumped wells, or in contaminated wells, a layer of
oil may float on the water. If the oil layer is only a foot or less thick, read
the tape at the top of the oil mark and use this reading for the water-level
measurement. The measurement will not be greatly in error because the
level of the oil surface in this case will differ only slightly from the level
of the water surface that would be measured if no oil was present. If
several feet of oil are present in the well, or if it is necessary to know the
thickness of the oil layer, a water-detector paste for detecting water in oil
and gasoline storage tanks is available commercially. The paste is
applied to the lower end of the tape that is submerged in the well. It will
show the top of the oil as a wet line and the top of the water as a distinct
color change.

7.2.3 As a standard of good practice, the observer should
make two measurements. If two measurements of static
liquid level made within a few minutes do not agree within
about 0.01 or 0.02 ft (generally regarded as the practical limit
of precision) in boreholes or wells having a depth to liquid of
less than a couple of hundred feet, continue to measure until
the reason for the lack of agreement is determined or until
the results are shown to be reliable. Where water is dripping
into the hole or covering its wall, it may be impossible to get
a good water mark on the chalked tape.

7.2.4 After each well measurement, in areas where pol-
luted liquids or ground water is suspected, decontaminate
that part of the tape measure that was wetted to avoid
contamination of other wells.

7.3 Procedure B—Electrical Measuring Device:

7.3.1 Check proper operation of the instrument by in-
serting the tip into water and noting if the contact between
the tip and the water surface is registered clearly.

NoTE 5-—In pumped wells having a layer of oil floating on the water,
the electric tape will not respond to the oil surface and, thus, the liquid
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FIG. 1 Example of a Borehole or Well Schedule Form

level determined will be differeni: than would be determined by a stec!
tape. The difference depends on how much oil is floating on the water. A
miniature float-driven switch can be put on a two-conductor electric
tape that permits detection of the surface of the uppermost fluid.

7.3.2 Dry the tip. Slowly lower the tip into the borehole or
well until the meter indicates that the tip has contacted the
surface of the liquid.

7.3.3 For devices with measurement graduations on the
cable, note the reading at the reference point. This is the
liquid-level depth below the reference point of the borehole
or well.

7.3.4 For measuring devices without graduations on the
cable, mark the cable at the reference point. Withdraw the
cable from the borehole or well. Stretch out the cable and
measure and record the distance between the tip and the
mark on the cable by use of a tape. This distance is the
liquid-level depth below the reference point.

7.3.5 A second or third check reading should be taken
before withdrawing the electric tape from the borehole or
well,

7.3.6 Decontaminate the submerged end of the electric
tape or cable after measurements in each well.

Note 6—The length of the electric line should be checked by
measuring with a steel tape afier the line has been used for a long time or
after it has been pulled hard in attempting to free the line. Some clectric

FIG. 2 Exampie of a Liquid Level Measurement Form

lines, especially the single line wire, are subject to considerable perma-
pent stretch. In addition, because the probe is usually larger in diameter
than the wire, the probe can become lodged in a well, Sometimes the
probe can be attached by twisting the wires together by hand and using
only enough electrical tape to support the weight of the probe. In this
manner, the point of probe attachment is the weakest point of the entire
line. Should the probe become “hung in the hole,” the line may be
pulled and breakage will occur at the probe attachment point, allowing
the line to be withdrawn.

7.4 Procedure C—Measuring Tape and Sounding Weight:

7.4.1 Lower a weighted measuring tape into the borehole
or well until the liquid surface is reached. This is indicated by
an audible splash and a noticeable decrease in the downward
force on the tape. Observe and note the reading on the tape
at the reference point. Repeat this process until the readings
are consistent to the accuracy desired. Record the result as
the liquid-level depth below the reference point.

Note 7—~The splash can be made more audible by using a
“plopper,” a lead weight with a concave bottom surface.

7.4.2 If the liquid level is deep, or if the measuring tape
adheres to the side of the borehole, or for other reasons, it
may not be possible to detect the liquid surface using this
method. If so, use Procedure A or Procedure B.

8. Determination of a Stabilized Liquid Level
8.1 Asliquid flows into or out of the borehole or well, the



¢ o 4750 _—

$17¢ NO.
BOREHOLE OR WELL SCHEIULE FORM
Recorded by Dote o
Chect One —— 2 Y

GENERAL SITE DATA (0)

l-umu.[1lltj llllllzl] ucmm- v r‘.iAD - V’]
L]

s8¢ doiors maddv verrind

S S ST e ENCR TG fy--~] KIS

lurlv-[ €

P rp——ep—————— e i fuaid enouh 0d. wnehoss od
—  hale,  wh, - oo, -
v 4 . County . ‘e
PUE SR YR S l; Owireet{ S ! 4 "] lw[ v i d ot tewnl _
ra— " T v . . P Lat-Long ¥ T e
u-m["' M U i) Lonyr Lleed 1) Viels BT MY,
Geq Wmea  wme L1} Ll ot s, P 18 ses Moa
Lond S me—— ¢ et emt——
Locat v2e . B Not N I3 . 1 4 LY . .
Y - M o , —— e t—— ot — = — it et
w.__-_ P T T S NS WO Qe Ey VS VRS TS AU B iR o e domis rirrv e

ey, = o ey
18 [T
Seale L e

— g e et i —— . ————

Lecsvon '
LY L S VS T VT S GOE RPN S

USRI R U

r Y 1 Mythad ot ! 'l .—
Awee VT, Lodey '] " N7 A ¢ PSS S S
et teser, e
- i e s e
: v roion : L.
g [0cTa 0 ¢ o x r o wwe v M _o r 5 T U v W e e T2 .
Mhwes Ghove, SWEOM dnguen Bunse, M, n-nh-l iy Bengroue 011 Bed el 1010061, uRGUieRg, veitey . wpiond
o ton, shonnel wen, | Slon, w9, Smemp e, Tow o, et Sow
—_ T Lecongery Tortarw § 2 7
o i3 A € D £ G W M o * n $ T U _w x : el Ste re (BT IR eV Tt B
Sure [N u—q‘ Eor, S e hast, Ser. SENS G S0, 194RSINE. ITPIEN. 1081, wAVIE, BHE. watle, SPVIIO) 4
v emot ——n L™ PITTIR
”'
Uusl i2ec a8 ¢ o t F w1 s « M° N P O n [} ¥ vy v 1 't
- wer  eem ®0  eoen, lwe, o4 e il men e eI sweik, saue T mtAviea, At
tong . thag mererd woe, m—viat,  gotven,  iowsimgl e, N, Y qigee o
e— b d
Secendary "o} Tervary Une Oeont of- i Oemin ot | ; ‘e Sewrce of
woe e 230 0T etwens | I']m e e T s 17 owmDwe 2L T
v L=
Watesr Level B°'| ad o4 a1 J'] Dere e : /. /. A 3 ”' i
meath [ 211 L1
T e
Methed of M i34=) A 8 3 [ 4 H L ) L L] L 2 v LR
sutong, m“m metal, e, SN, OSR YIS, FUrPMEE, RS ret. 1RINIed, SeN, SORA, SN, Hhe
We? menwemy R ouge LY L
—— — —
1
v EXR I PG w [ ;N [ ’ n [} 1 v w x -
By, eaetty, Iwu, TENOT. RASBy SN, why LW, TEAL, CUUNGEIIBA, GMmay tecenth, Ameby,  MEISY. leren el —tiege wetet  OIRE
owny Howeny ioamiy M0 Swese Sasen. Pemert  Pumpey 19NN whuenss SmWeved gltarsy
- Dawe of F
Seurce of = v me—— v o Fartt
$e . Dcu® 138§ l-‘ .3‘., .. Conttructson’i 29 ¢ A I‘]

P Cempieven

OWNER IDENTIFICATION (1]
[a=1s0 o} [ reia 0 wmis} °‘"" [15.:‘1 VPR 4.]

age. duicis. mesity monin ay yea

-3.] ;m.[“z.l Lol FUNED D S U SO W :.J Imitial {“1.T_;.:

M:mr“‘=T-~xl"111]‘-'

OVMER SITE IDENTIFICATION NUMBERS (V]
l..|..i-J [y.FA ) u'-]

298 dotere, modity

lmcl"°=] — L;]A...w,[‘i'"i L et
[pwerwwrraereeal

Mow Cord Same A& T s KT

SITE VISIT DATA (1)

[evess] a0 s °""'[1n-' /7 D

000, durere. maery -gar ooy veer

FIELD WATER QUALITY MEASUREMENTS 11
fRveae] [oTa” o wie) L Dwael /7 1] G:""lus i,

244, Seiete, magdy menih doy veer

[(Feoes ] | weelooo vofe] o fm T
. Iul: 0.0,0 O,Sl'l _M[""“ TR W1 uu

Owher (STORET) -
O ok I v.“[ur-l Ly i e te]
Other (STORET) < i
(LT . ie v‘"m'l . ey I‘l
FOOTY NOTES
Q@ Seurer of Dors Codes
“ ] G [§ ~ ] a H z
S ——— . otner cour: tung P
[} eWR e agry

FIG. 3 Exampie of a Borehole or Well Schedule Form




i

o

(b o 4750

liquid level will approach, and may reach, a stabilized level.
The liquid level then will remain essentially constant with
time.

NoTe 8—The time required to reach equilibrium can be reduced by
removing or adding liquid until the liquid level is close to the estimated
stabilized level.

8.2 Use one of the following two procedures to determine
the stabilized liquid level.

8.2.1 Procedure 1-—Take a series of liquid-level measure-
ments until the liquid level remains constant with time. As a
minimum, two such constant readings are needed (more
readings are preferred). The constant reading is the stabilized
liquid level for the borehole or well.

NOTE 9—If desired, the time and level data could be plotted on graph
paper in order to show when equilibrium is reached.

8.2.2 Procedure 2—Take at least three liquid-level mea-
surements at approximately equal time intervals as the liquid
level changes during the approach to a stabilized liquid level.

8.2.2.1 The approximate position of the stabilized liquid
level in the well or borehole is calculated using the following
equation:

n?
h=>

where:

h, = distance the liquid level must change to reach the
stabilized liquid level,

y, = distance the liquid level changed during the time
interval between the first two liquid-level readings, and

y, = distance the liquid level changed during the time
interval between the second and the third liquid level
readings.

8.2.2.2 Repeat the above process using successive sets of

three measurements until the 4, computed is consistent to

the accuracy desired. Compute the stabilized liquid level in

the well or borehole.

NOTE 10—The time span required between readings for Procedures |
and 2 depends on the permeability of the earth material. In material
with comparatively high permeability (such as sand), a few minutes may
be sufficient. In materials with comparatively low permeability (such as
clay). =any hours or days may be needed. The user is cautioned that in
clayey soils the liquid in the borehole or well may never reach a
stabilized level equivalent to the liquid level in the ecarth materials
surrounding the borehole or well.

9. Report
9.1 For borehole or well liquid-level measurements, re-

port, as a minimum, the following information:

9.1.1 Borehole or well identification.

9.1.2 Description of reference point.

9.1.3 Distance between reference point and top of
borehole or land surface.

9.1.4 Elevation of top of borehole or reference point (if
the borehole or well liquid level is reported as an clevation).

9.1.5 Description of measuring device used, and gradua-

tion.

9.1.6 Procedure of measurement.

9.1.7 Date and time of reading.

9.1.8 Borehole or well liquid level.

9.1.9 Description of liquid in borehole or well.

9.1.10 State whether borehole is cased, uncased, or con-
tains a monitoring (observation) well standpipe and give
description of, and length below top of borehole of, casing or
standpipe.

9.1.11 Drilled depth of borehole, if known.

9.2 For determination of stabilized liquid level, report:

9.2.1 All pertinent data and computations.

9.2.2 Procedure of determination.

9.2.3 The stabilized liquid level.

9.3 Report Forms—An example of a borehole or well-
schedule form is shown in Fig. 1. An example of a liquid-
level measurement form, for recording continuing measure-
ments for a borehole or well, is shown in Fig. 2. An example
of a borehole or well schedule form designed to facilitate
computer data storage is shown in Fig. 3.

10. Precision and Bias

10.1 Borehole liquid levels shall be measured and re-
corded to the accuracy desired and consistent with the
accuracy of the measuring device and procedures used.
Procedure A multiple measurements by wetted tape should
agree within 0.02 ft (6 mm). Procedure B multiple measure-
ments by electrical tape should agree within 0.04 ft (12 mm).
Procedure C multiple measurements by tape and sounding
weight should agree within 0.04 ft (12 mm). Garber and
Koopman (2) describe corrections that can be made for
effects of thermal expansion of tapes or cables and of stretch
due to the suspended weight of tape or cable and plumb
weight when measuring liquid levels at depths greater than
500 ft (150 m).

11. Keywords

11.1 borehole; electrical measuring device; ground water;
liquid level; measuring tape; well
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