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original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope D 4750 Test Method for Determining Subsurface Liquid

1.1 This test method covers an analytical procedure for Levels in a Borehole or Monitoring Well (Observation
determining the transmissivity of a confined aquifer. This test Well)?
method is used to analyze data from the recovery of wat
levels following pumping or injection of water to or from a L
control well at a constant rate. 3.1 Definitions: _

1.2 The analytical procedure given in this test method is 3-1-1 aquifer, confined-an aquifer bounded above and
used in conjunction with the field procedure in Test MethodPelow by conflnlng beds and in which the static head is above
D 4050. the top of the aquifer.

1.3 Limitations—The valid use of the Theis recovery 3-1.2 confining bee-a hydrogeologic unit of less perme-
method is limited to determination of transmissivities for @Plé material bounding one or more aquifers.
aquifers in hydrogeologic settings with reasonable correspon- 3:1.3 control well—a well by which the aquifer is stressed,

=} Terminology

dence to the assumptions of the Theis theory (see 5.1). for example, by pumping, injection, or change of head.
1.4 The values stated in Sl units are to be regarded as 3.1.4 drawdown—vertical distance the static head is low-
standard. ered due to the removal of water.

1.5 This standard does not purport to address all of the 3:1.5 hydraulic conductivity (field aquifer testsjhe vol-
safety concerns, if any, associated with its use. It is thd!Mme of water at the existing kinematic viscosity that will move
responsibility of the user of this standard to establish appro" @ unittime under unit hydraulic gradient through a unit area
priate safety and health practices and determine the applicaméasured at right angles to the direction of flow.

bility of regulatory limitations prior to use. 3.%.6 observation well-a well open to all or part of an
aquifer.
2. Referenced Documents q3.1.7 piezometer-a device used to measure head at a point
2.1 ASTM Standards: in the subsurface.
D 653 Terminology Relating to Soil, Rock and Contained 3-1.8 residual_drawdown—The difference between the pro-
Fluidg jected prepumping water-level trend and the water level in a
D 4043 Guide for Selection of Aquifer-Test Method in Well or piezometer after pumping or injection has stopped.
Determining Hydraulic Properties by Well Technig@ies 3.1.9 specific storage-the volume of water released from

D 4050 Test Method (Field Procedure) for Withdrawal andOf taken into storage per unit volume of the porous medium per
Injection Well Tests for Determining Hydraulic Properties Unit change in head. o _
of Aquifer System$ 3.1.10 step-drawdown tes_%a testin whlgh a cor)trol v_veII is

D 4105 Test Method (Analytical Procedure) for Determin- PUmped at constant rates in “steps” of increasing discharge.
ing Transmissivity and Storage Coefficient of Nonleaky Each step is approximately equal in duration, although the last
Confined Aquifers by the Modified Theis Nonequilibrium Stép may be prolonged. _
Method? 3.1.11 storage coefficiertthe volume of water an aquifer

D 4106 Test Method (Analytical Procedure) for Determin- féleases from or takes into storage per unit surface area of the
ing Transmissivity and Storage Coefficient of Nonleaky aduifer per unit change in head. For a confined aquifer it is

Confined Aquifers by the Theis Nonequilibrium MetRod €qual to the product of specific storage and aquifer thickness.
For an unconfined aquifer, the storage coefficient is approxi-

mately equal to the specific yield.

1 This test method is under the jurisdiction of ASTM Committee D18 on Soil and 3.1.12 transmissivity—the volume of water of the prevail-

Rock and is the direct responsibility of Subcommittee D18.21 on Ground Water and

Vadose Zone Investigations. ing kinematic viscosity transmitted in a unit time through a unit
Current edition approved Oct. 10, 1996. Published June 1997. Originalywidth of the aquifer under a unit hydraulic gradient.
published as D 5269 — 92. 3.2 SymbolsSymbols and Dimensions:

2 Annual Book of ASTM Standardéol 04.08.
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3.2.1 b [L]—aquifer thickness. 4.3 At a control well, observation well, or piezometer, for

3.2.2 K [LT ~Y—hydraulic conductivity. large values of timet, and small values of radius, the Theis

3.2.2.1 Discussior—The use of the symbd( for the term  equation reduces, as shown by Cooper and J&&amnd Jacob
hydraulic conductivity is the predominant usage in ground<3) to the following:

water literature by hydrogeologists, whereas the synkbial Q
commonly used for this term in rock mechanics and soil §' =z InWt) 3
science.
3.2.3 K,—hydraulic conductivity in the plane of the aquifer,
radially from the control well. where.

t
t'

the time after pumping began and

3.2.4 K,—hydraulic conductivity in the vertical direction. X ; L
Znyarau Hetivity | vert recti the time after pumping ceases. From which it can be

3.2.5 In—natural logarithm.

3.2.6 logs—logarithm to the base 10. shown that:
3.2.7 Q [L3*T Y—discharge. 1.2 @
3.2.8 r [L]—radial distance from control well. 4mAs’
3.2.9 r. [L]—equivalent inside radius of control well.
3.2.10 S [nd]—storage coefficient. where:
3.2.11 s [L]—drawdown. As' = the measured or projected residual drawdown over
3.2.12 s; [L]—drawdown corrected for the effects of reduc- one log, cycle oftit'.
tion in saturated thickness. 4.4 A similar analysis (see 4.3) may also be used for a
3.2.13 §, [nd]—specific yield. step-drawdown test in which a well is pumped at a constant
3.2.14 ¢’ [L] —residual drawdown. rate for an initial period, and then the pumping rate is increased
3.2.15 As' [L]—change in residual drawdown over one 10g through several new constant rates in a series of steps. Harrill
cycle oftt’. -~ o (4) shows that:
3.2.16 T [L?T Y—transmissivity. b o oa .
3.2.17t [T]—time since pumping or injection began. g = '4T$1 <| gmt_}> + ng <|ogmt_?> (5)
3.2.181t' [T]—time since pumping or injection stopped.
3.2.19 u—dimensionless parameter, equalrt&/4Tt. L 230, <|og t_n)
3.2.20 u'—dimensionless parameter, equalrt&/4Tt'. AT 1
4. Summary of Test Method where:

R PV the elapsed times since either pump-
ing was begun or the discharge rate
was increased,

the well discharge rates, and

the incremental increases in discharge.

4.1 This test method describes an analytical procedure fortl
determining transmissivity using data collected during the
recovery phase of a withdrawal or injection well test. The field . Q
test (see Test Method D 4050) requires pumping or injecting aA(ljl, ZQz--- AQ,
control well that is open to the entire thickness of a confined
aquifer at a constant rate for a specified period. The water- Eq 5 can be rewritten as follows:
levels in the control well, observation wells, or piezometers are
measured after pumping is stopped and used to calculate the T= %mgmf(t, Q) (6)

. . . . . TS
transmissivity of the aquifer using the procedures in this test
method. Alternatively, this test method can be performed by
injecting water into the control well at a constant rate. With Where:
some modification, this test method can also be used to analyze QA AQWQ:
the residual drawdown following a step test. This test method ft,Q) = v ™
is used by plotting residual drawdown against either a function
of time or a function of time and discharge and determining the
slope of a straight line fitted to the points. T= ﬁ @)

4.2 Solution—The solution given by Theig1)3 can be AmAs’y

expressed as follows:

Q e where: _
s=z71J), Tdy ) As',, = the residual drawdown over one log cycle of the
expressiorf (t, Q) in Eq 6.
and: Eq 8 can also be used to analyze the residual drawdown
: following a test in which discharge varies significantly, so long
r’s as the discharge can be generalized as a series of constant-
U= am @ discharge steps.

5. Significance and Use

3 The boldface numbers given in parentheses refer to a list of references at the 5.1 Assumptlorts_
end of the text. 5.1.1 The well discharges at a constant r@teor at steps of
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constant rat®),, Q,... Q. 6.2 Construction of Control WelkInstall the control well in
5.1.2 Well is of infinitesimal diameter and is open throughthe aquifer and equip with a pump capable of discharging water

the full thickness of the aquifer. from the well at a constant rate, or several steps at constant
5.1.3 The nonleaky aquifer is homogeneous, isotropic, andate, for the duration of the test. Preferably, the control well

areally extensive. should be open throughout the full thickness of the aquifer. If
5.1.4 Discharge from the well is derived exclusively from the control well partially penetrates the aquifer, take special

storage in the aquifer. precautions in the placement or design of observation wells
5.1.5 The geometry of the assumed aquifer and well arésee 5.2.1).

shown in Fig. 1. 6.3 Construction of Observation Wells and Piezometers
5.2 Implications of Assumptions Construct one or more observation wells or piezometers at a

5.2.1 Implicit in the assumptions are the conditions of radialdistance from the control well. Observation wells may be open
flow. Vertical flow components are induced by a control wellthrough all or part of the thickness of the aquifer.
that partially penetrates the aquifer, that is, not open to the 6.4 Location of Observation Wells and Piezometeks/ells
aquifer through the full thickness of the aquifer. If vertical flow may be located at any distance from the control well within the
components are significant, the nearest partially penetratingrea of influence of pumping. However, if vertical flow
observation well should be located at a distangeheyond components are significant and if piezometers or partially
which vertical flow components are negligible. See 5.2.1 ofpenetrating observation wells are used, locate them at a
Test Method D 4106 for assistance in determining the minidistance beyond the effect of vertical flow components. If the
mum distance to partially penetrating observation wells andquifer is unconfined, constraints are imposed on the distance
piezometers. to partially penetrating observation wells and the validity of
5.2.2 The Theis method assumes the control well is okarly time measurements (see 5.2.1).
infinitesimal diameter. The storage in the control well may
adversely affect drawdown measurements obtained in the earfy Procedure
part of the test. See 5.2.2 of Test Method D 4106 for assistance 7.1 The overall procedure consists of conducting the field
in determining the duration of the effects of well-bore storageprocedure for withdrawal or injection well tests (described in

on drawdown. Test Method D 4050) and analysis of the field data, which is
5.2.3 Application of Theis Recovery Method for Unconfinedaddressed in Section 8.
Aquifers

5.2.3.1 Although the assumptions are applicable to artesia® C@lculation and Interpretation of Results
or confined conditions, the Theis solution may be applied to 8.1 The Theis recovery method gives satisfactory results
unconfined aquifers ifA) drawdown is small compared with when properly used. However, the method is valid only for
the saturated thickness of the aquifer or if the drawdown ismall values ol, that is:

corrected for reduction in thickness of the aquifer aBiithe for confined aquifers:
effects of delayed gravity yield are small. See 5.2.3 of Test ' 25
Method D 4106 for guidance in treating reduction in saturated U =77 9)
thickness and delayed gravity drainage in unconfined aquifers.
6. Apparatus or for unconfined aquifers:
6.1 Analysis of data by this test method from the field g oS (10)
procedure given in Test Method D 4050 requires that the 4Tt
control well and observation wells meet the requirements
specified in the following subsections. Note 1—The limiting value foru of less than 0.01 may be excessively

restrictive in some applications. The errors for small valuesi,dfom
Kruseman and De Ridd€b) are:

o

T Error less than, % 1 2 5 10

‘ o Croundsurface, For u smaller than 0.03 0.05 0.1 0.15

| 8.1.1 This test method allows only the calculation of trans-
L s missivity, T, not storage coefficient5 or specific yield,S,.

Static level

Py,
My ing "
e/

Therefore, to determine whether the assumption in Eq 9 or Eq
10 has been violated it is necessary to estimate a value for

r storage coefficient for confined aquifers or specific yield for
Impermeable bed unconfined aquifers. If data are available during the pumping

period, the storage may be computed using the procedures in
Test Method D 4105. Storage coefficients can be estimated as
about 3 X 10°b, where b is aquifer thickness in meters.
Whereas the specific yield of unconfined aquifers averages
\ Impermeable bed \ about 0.2 according to Lohma¢6). After calculating T,
FIG. 1 Cross Section Through a Discharging Well in a Nonleaky substitute the appropriate values into Eq 9 or Eq 10 and solve
Aquifer for u'. It is not adequate to simply note that the data described

L
Screen =] Aquifer
=
——
——




Ay D 5269

a straight line on semi-log graph paper. 6 0- 49 m3/d

8.2 Plot either residual drawdowsl, or water level, on the -
arithmetic axis of semilogarithmic graph paper versus either 5[~ T- 230 u)r(_TZ- 913d) = 64mYq
t/t’ (for recovery from a constant-discharge test) (see Fig. 2) o€ [ wlsi. WOK4m)

f(t, Q) (for recovery from a step-drawdown test) (see Fig. 3) on& .
the logarithmic axis. Fit a straight line to the linear part of the f i
data plot, usually at smaller values thf . Extend the straight
line to intercept the/t’ = 1 axis. Att/t’ = 1, residual drawdown
should be approximately equal to zero, or if water levels wereg .
plotted, the intercept should be equal to the prepumping wateg

levels corrected for prepumping water-level trends. Substituté& '
the values forAs' or As',, in Eq 4 or Eq 8 and solve for

drawdow
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transmissivity. Check that all values tffor the points used in ° 10 100 1000
defining the straight line meet the criterion that< 0.01 (Eq f1(1.Q)

9 and Eq 10), as described in 8.1. FIG. 3 Example Analysis Using Harrill's Method

9. Report

Odepth of screened interval, and location of control well and
pumping equipment, and the construction, diameter, depth, and
screened interval of observation wells or piezometers.

9.1 Prepare a report including the information describe
below. The report of the analysis will include information from

the field testing procedure. 9.1.3.2 Instrumentatior—Report the field instrumentation

9.1.1 Introduction—The introductory section is intended to for observing water levels. pumpind rate. barometric chanaes
present the scope and purpose of the Theis recovery method for 9 » PUMpINg ' ges,

C o P ! . and other environmental conditions pertinent to the test.
determining transmissivity in a confined nonleaky aquifer. : : . )
) - . ” .~ ‘Include a list of measuring devices used during the test, the
Summarize the field hydrogeologic conditions and the fiel

: . U ; : anufacturer's name, model number, and basic specifications
equipment and instrumentation including the construction OP;

' . r each major item, and the name and date of the last
the control well and observation wells and piezometers, th% libration. if applicable
method of measurement of discharge and water levels, and th(gl9 13 3T,estinpp Procedure&State the steps taken in con-
duration of the test and pumping rates. Discuss rationale for ~ =" 9 P
ducting pretest, drawdown, and recovery phases of the test.

selecting the Theis recovery method. )
i . ; . . Include the frequency of measurements of discharge rate, water
9.1.2 Hydrogeologic Setting-Review the information ) . )
. ; R level in observation wells, and other environmental data
available on the hydrogeology of the site. Include driller's logs ) )
- - . . recorded during the testing procedure.
and geologist’s description of drill cuttings. Interpret and : ;
describe the hvdrogeoloav of the site as it pertains to the 9.1.4 Presentation of Interpretation of Test Results
ydrog ay P 9.1.4.1 Data—Present tables of data collected during the

selection of this method for conducting and analyzing ANest. Show methods of adjusting water levels for barometric

aquifer test. Compare the hydrogeologic characteristics of th((?hanges and calculation of drawdown and residual drawdown.

site as it conforms and differs from the assumptions in the 9.1.4.2 Data Plots—Present data plots used in analysis of

solution to the aquifer test method. . ; :
9.1.3 Scope of Aquifer Test _the data. Show (/leita pI(_)ts with straight line segments and
intercepts of the/t’ = 1 axis.

9.13.1 Equment Rep.ort th(_a field |nstallat|on_ and CaUP- "9 1.4.3 Evaluate qualitatively the overall accuracy of the
ment for the aquifer test, including the construction, diameter, . ; .
test on the basis of the adequacy of instrumentation and

observations of stress end response, and the conformance of

51—
- L the hydrogeologic conditions and the performance of the test to
s sp Q- 67 m3/d the assumptions of the test method (see 5.1) and the implica-
E . .
L v tions of the assumptions (see 5.2).
= . 1. 202360 050 prions (see 5.2
£ I raS 14) (117m) 10. Precision and Bias
B . . . - .
g 3k . 10.1 Itis not practicable to specify the precision of this test
g - . method because the response of aquifer systems during aquifer
b AS =147 m tests is dependent upon ambient system stresses. No statement
= i can be made about bias because no true reference values exist.
.
B l I 11. Keywords
ot 1ol oo g G0 ifers: aquifer tests; confined aquifers; control wells;
ut ground water; hydraulic properties; observation wells; step
FIG. 2 Example Analysis Using the Theis Recovery Method tests; transmissivity; unconfined aquifers
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