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ABSTRACT

Determining the hydraulic parameters of the vadose zone is becoming increasingly
important in many hydrologic and engineering studies. Currently borehole infiltration
tests are the only method available for determining in-situ saturated hydraulic conduc-
tivity and related soil parameters at any depth within the vadose zone. There are
many steady state models used to determine saturated hydraulic conductivity from con-
stant head borehole infiltration tests. In this study the single head borehole per-
meameter solutions of Glover (1953), Stephens (1979), Stephens et al. (1987),
Reynolds et al. (1986), and Philip (1985) and the duel-head borehole permeameter so-
lution of Reynolds et al. (1986) are evaluated to determine prediction capabilities in

the vadose zone.

Computer simulation was used to evaluate the sensitivity of the single head solu-
tions of Glover (1953), Stephens (1979), Stephens et al. (1987), and Philip (1985) and
the duel-head solution of Reynolds et al. (1986) to input parameters in determining
in-situ saturated hydraulic conductivity in the vadose zone. Field data from 27
borehole infiltration tests conducted in a medium textured, uniform sand was used to

further evaluate the solutions.

Statistical evaluation demonstrated that the five single head solutions and the duel-
head solution essentially predict the same mean saturated hydraulic conductivity for the
Sevilleta site. The mean saturated hydraulic conductivity predicted using borehole per-

meameter solutions was less than that predicted using other methods.

Use of the single head borehole permeameter solutions are preferred over the duel-
head borehole permeameter solution of Reynolds et al. (1986) when determining satu-

rated hydraulic conductivity in the vadose zone. It was concluded from this study that



the variance associated with the duel head borehole permeameter solution of Reynolds
et al. (1986) is greater than the variances of the single head borehole permeameter so-

lutions and thus results in a wider range of predicted saturated hydraulic conductivities.

It was concluded that the duel-head solution of Reynolds et al. (1986) does not ac-
curately predict capillary properties of the soil. The Philip solution does not accurately
predict the geometry of the saturated bulb surrounding the borehole during borehole
permeameter tests. As a consequence of the importance of capillarity on flow rate
from the borehole, the Reynolds et al. duel-head solution and the Philip solution may

not produce reliable estimates of saturated hydraulic conductivity.

- xii -



CHAPTER 1

INTRODUCTION

Determining hydraulic parameters of the vadose zone is becoming increasingly
necessary when solving many agricultural, hydrological, and environmental prob-
lems. Quantifying groundwater recharge and characterizing the movement of pol-
lutants through the vadose zone is of concern to water resource and environmental
agencies. Many of the models used to make predictions about water and solute
transport require accurate estimation of the hydraulic parameters and coefficients
of the porous media. Some of the hydraulic parameters and coefficients of interest
in the vadose zone are saturated hydraulic conductivity ( Xs ), matric flux potential
(¢m), soil sorptivity ( ), and the q-parameter (a) of the exponential hydraulic
conductivity—pressure head relationship (Gardner, 1958). Often X; is considered
the most important of these properties. The borehole permeameter test, or shal-
low well pump-in method is a procedure for determining hydraulic parameters and
coefficients of an insitu porous media, in particular ks, at any depth, in the ab-

sence of a water table.

For the borehole permeameter test an auger hole is drilled to a desired depth.
Well screen, but sometimes gravel, is emplaced in the borehole if caving of the
borehole is a concern. Water is added at a rate necessary to maintain a constant

depth of water ( # ) in the borehole. The test is complete when a final steady

infiltration rate ( Qs) is reached.

The original steady state analytical solutions for borehole permeameter tests
are based on free surface theory and include Glover (1953), Nasberg-Terletskaya

(1951), Zanger (1953), and Cornwell (1953). The free surface is the outer bound-
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ary of the flow field along which the pressure is equal to atmospheric. Within the
free surface region flow is radial and downward in response to pressure and grav-
ity gradients. Inside the free surface region the soil is assumed to be completely
saturated and outside the free surface region the soil is assumed to be completely

dry. Solutions that are based on the existence of a free surface ignore capillarity

and do not accurately predict insitu X (Philip, 1985).

However, it was recognized that Qs for borehole permeameter tests depended
not-only on K but also on the capillary properties of the soil. A second generation
of steady state analytical solutions for borehole permeameter tests which account
for the effects of capillarity were recently developed by Stephens (1979), Stephens
et al. (1987), Philip (1985), and Reynolds et al. (1986). These solutions are based
on the premise that the flow field is completely saturated only near a small area
close to the borehole (Philip, 1968, 1969; Stephens and Neuman, 1982b, c;
Stephens et al., 1983a, b). A bulb-shaped region of saturated soil located adjacent
to, and extending below, the borehole exists. The geometry of the saturated bulb
is directly related to water depth H in the borehole, the radius of the borehole

( 7 ), and the capillary properties of the soil. With recognition of the influence of

capillarity, more accurate predictions of insitu s can be made.

In addition to predicting &s from borehole permeameter tests, the solution of
Reynolds et al. (1986) allows for the determination of a and S by solving simulta-
neous equations relating a measured Qs and H with another measured Qsand H
in the same borehole. It is also possible to apply the multi-head approach to
determine a using other models such as Stephens (1979) and Stephens et al.
(1987).  Reynolds et al. (198'6) claim their approach yields accurate determina-

tion of the capillary properties.



When tensiometers can be used to map the hydraulic head field surrounding a
borehole a flow net method allows for determination of capillary properties from a

single head borehole permeameter test (Stephens, 1985).

Philip’s (1985) solution predicts the shape of the saturated bulb surrounding
the borehole during constant head borehole permeameter tests when a is known.
To do this Philip proposed simultaneously solving equations relating flow in the
saturated bulb to flow in the unsaturated region surrounding the bulb. Currently
this is the only solution that can be used to determine the geometry of the satu-

rated bulb surrounding the borehole.
SCOPE OF INVESTIGATION

There are major differences in the approaches used by Stephens (1979),
Stephens et al. (1987), Reynolds et al. (1986), and Philip (1985) in accounting for
the effects of capillarity in determining X;. The solutions of Stephens (1979) and
Stephens et al. (1987) for X; are based on numerical simulation of fully saturated-
unsaturated flow, coupled with multiple linear regression analysis. The Reynolds
et al. solution is analytical, although the C-parameter quantifying flow from the
borehole can be determined numerically as well as analytically. The Reynolds et
al. solution combines the influence of the inner saturated zone with the outer un-

saturated envelope and the initial pressure head in determining an expression
for K;. Philip’s solution is quasi-analytical and accounts for both saturated and

unsaturated conditions in determining ;.

The purpose of this study is to critically evaluate the reliability of Glover's
(1953) solution, Stephens’ (1979) solution, Stephens et al’s (1987) solution,
Reynolds et al.’s (1986) solution, and Philip’s (1985) solution for predicting X

from borehole permeameter tests. The study will also examine the accuracy and
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reliability of the Reynolds et al. solution for determining S and a of the porous
media and Philip’s solution for predicting the geometry of the saturated bulb sur-

rounding the borehole.

Chapter 2 contains detailed descriptions of Glover’s (1953), Stephens (1979),
Stephens et al. (1987), Philip’s (1985), and Reynolds et al.’s (1986) borehole per-
meameter solutions as well as a discussion of the methodology used in evaluating
the solutions. The evaluation of each model requires determining the sensitivity of
the solution to borehole geometry and capillary parameters on dimensionless flow
rate ( Qq) into the soil. For instance, the sensitivity of Philip’s solution ¢ to in
determining saturated bulb geometry will be examined. Also, the solution by
Reynolds et al. (1986) is examined to identify the sensitivity of Os’s to X5, @, and S
for a given value of H. A discussion of the results of the sensitivity analysis is
presented in Chapter 3. In Chapter 4 X; will be determined using the four previ-
ously mentioned steady-state closed-form analytical expressions with field data
obtained from constant head borehole permeameter tests at the Sevilleta National
Wildlife Refuge (Watson, 1983). The saturated bulb geometry as determined by
Philip’s solution will be compared to field measured saturated bulb geometry. The
~ Reynolds et al. solution will be used to determine a and S from field data when
possible. Conclusions and recommendations are discussed in Chapters 5 and 6
respectively. The Appendices contain the computer codes used to evaluate the

solutions and the computer codes associated outputs.



CHAPTER 2
METHODS OF ANALYSIS

Capillarity is characterized by a relative hydraulic conductivity-pressure head
( Xr-¥) relationship that is unique for each soil. Relative hydraulic conductivity
( Xr ) is the ratio of hydraulic conductivity at a given pressure head, K(¥), to X;.
When ¥ is greater than or equal to atmospheric pressure, Xr equals one. When ¥
is less than atmospheric, as is expected in the vadose zone, K- ranges from one to
perhaps 10~%or less. To accounf for capillarity in borehole permeameter solutions
in a simple manner the X,-¥ relationship is often reduced to one or two index
parameters. Often the symbol ¢, representing the exponential hydraulic conduc-
tivity-pressure head relationship (Gardner, 1958), is used to denote capillary prop-
erties. Different researchers have different methods of computing a. Other char-
acteristic parameters are uséd to represent capillarity and include sorptivity ( ),
length of the capillary fringe ( 4: ), air entry pressure head ( W»), as well as the

parameters of van Genuchten (1980) obtained by a fit to moisture retention data.

The chapter begins with a discussion of the determination of a. Following this
the steady-state, analytical, constant-head borehole permeameter solutions of
Glover (1953), Stephens (1979), Stephens et al. (1987), Reynolds et al. (1986), and
Philip (1985) are described in detail. For simpicity the Reynolds et al. solution will

be refered to as the Reynolds solution from this point on.



DETERMINATION OF THE o-PARAMETER OF THE EXPONENTIAL
HYDRAULIC CONDUCTIVITY-PRESSURE HEAD RELATIONSHIP

The exponential hydraulic conductivity—pressure head relationship (Gardner,

1958) is an inherent characteristic of soil that reflects the capillary properties of
that soil. The e value for a soil is approximately equal to the inverse of the
thickness of the capillary fringe ( 4 ) of that soil (White and Sully, 1988). In fine
soils with strong capillary effects @ tends to be small, and in coarse soils with
capillary effects less important a tends to be large. White and Sully (1988) and
Philip (1985) state that for a wide range of soils it is not unreasonable to suggest
that a range between 0.0 and 10.0 m™', with 5.0 m™ a typical value. However
Talsma (1987) states that he is not aware of any reported values of a less than
1.0 m™. Stroosnijder (1976) listed values of twenty Dutch soils ranging from 1.7
to 22.4 m™, Scotter et al. (1982) measured a values between 2.0 and 90.0 m™ .-
For this study the solutions that considered capillarity were evaluated for a be-

tween 1.0 and 10.0 m™'. Table 2.1 shows a;s values computed by Stephens et al.
(1987) for various soils which are described in a catalog of soils by Mualem

(1976).

;

Although it is universally recognized that a represents a parameter specifying
the capillary properties of the soil, the definition of @ is not universally agreed
upon. Stephens (1979) defines a as the slope of the In(X,) -¥ curve taken be-
tween K equals 1.0 and X; equals 0.5. Stephens’ a will be denoted a;. Reynolds’
(1986) defines a as the slope of the In(X;) -¥ curve and will be denoted a,. Philip
(1985) defines a as the inverse of the area under the X,-%¥ curve, from ¥ equal

zero to infinity, and will be denoted ay.



Table 2.1: g Values for Various Soils

Soil

Del Monte fine sand

Yoly light clay

Silt loam G.E. 3

Coarse sand

Gilat loam

Ida silt loam

Mualem

Catalog as

Number m1
4108 1.2
3102 4.0
3310 1.0
4107 4.6
3402 1.8
3305 198.0 |

from Stephens et al. (1987)



For a soils, those soils where the In(X;) -¥ curve is a straight line, as, ar and ap

]

will be equal. Figure 2.1 shows In(X;) -¥ and X,-¥ curves for an ” a soil”, ap-
proximated from an exponential model, where as, a- and @, equal 5.0 m™. Figure
2.2 shows In(X;) - ¥ and X,-W curves for a "non- a soil”, the Sevilleta sand. The
Sevilleta sand is typical of most soils in that the In(X,) ~¥ curve is not a straight
line. The values of as, @, and a, were calculated to be 5.6 m™!, 8.0 m™!, and

9.0 m™ respectively., Figure 2.2 demonstrates that the same soil can be character-

ized by as, ar, and ap of different values.

In practice determination of a is not always easy. The slope of the In(X;) -¥
and X,-¥ curves can be quite variable. a could be determined from the slope at
the wet end, middle, or dry end of the In(X;) -¥ curve. Upon linearization of the

In(X,) -¥ curve, Ks may no longer be on the linearized curve; that is, the intercept

at ¥ equal zero may not always be at X, equal to one.
SOLUTIONS TO BOREHOLE PERMEAMETER TESTS
Glover Solution

The solution of Glover (1953) is obtained by superimposing a series of verti-
cally aligned point sources on a gravity flow field. The point source strengths are
assumed to increase in strength linearly with depth, simulating the increase of
hydrostatic pressure head in the borehole. The effects of capillarity are ignored.

For Glover’s solution :

Kg[__wH_w] @.1)

rH| sinh™!(Hp) -1



In(Kr)
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Figure 2.1. In(X,)-¥ and K,-¥ curves for an a soil where as, ar, and ap
equal 5.0 m™,
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Figure 2.2. In(k,)-¥ and K,-¥ curves for an non @ soil where as equals

5.6 m?, a, equals 8.0 m™, and a, equal 9.0 m™.
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Interms of dimensionless flow rate, ( Qs), where Qu = Qs/KsrH :

__ 2=(Hp)
Qa = sinh1(Hp) - 1 (2.2)
where: Hp = dimensionless height of water in the borehole = H/r [L/L]

H = height of water in borehole [L]
r = borehole radius [L]
Ks = saturated hydraulic conductivity [L/t]
Qs = steady infiltration rate [L3/t]
Qa= dimensionless infiltration rate [L3/L3]
Note Qu equals Cu of Stephens (1979), Stephens et al. (1987), and Glover
(1953).

For a detailed examination and discussion of this solution see Stephens (1979)

or Stephens and Neuman (1982a).
Stephens I and Stephens II Solutions

The Stephens (1979) solution and Stephens et al. (1987) solution, refered to as
the Stephens I and Stephens II solutions respectively, are based upon the results of
finite element and integrated finite difference computer modeling techniques. Us-

ing the results of numerical simulations, a multiple linear regression analysis was
applied to derive empirical relationships between the dimensionless flow rate, Qa,
borehole geometry factors # and r, and various as values characterizing

the K,- V¥ relationship.

- 11 -



The Stephens I solution is:

K= & 10—[0.658 log(HD)—o.zss ag-0.398 log H+1.342] (2.3)
rH '

and:

Qa=1 0[0-658 log(H )-0.238/a5-0.398 log H+1.342] (2.4)

1

where a; is in m™ and H and r are in m.

The 95% confidence limits on the coefficients of the empirical relationship
between Qu, H, r, and as are plus or minus 0.029, 0.029, 0.051, and 0.063 respec-
tively (Stephens ,1979). In this work, values of as ranged from about 1.0 m™ to

4.6 m™' (Table 2.1).

Stephens et al. (1987) added two more soil types to the multiple linear regres-

sion analysis to obtain a more broadly applicable solution than that of equation
2.2. Values of as representing the Gilat loam and Ida silt loam are 1.8 m™'and

198.0 m™, respectively (Table 2.1). The Stephens II solution is:

K =_rQ7{S_10«-[0.486log(HD)+0.4as-0.454logH+(].019 /HD+o.sza] R2 = 0.983 (2‘5)
and:
Q4= 10[0.486 log(HD)+0.4a5-0.454 log H+0.019 /HD+O.828] (2.6)

- 12 -



1

where as is in m™ and H and r are in m.

The 95% confidence limits on the coefficients of the empirical relationship
between Q4, H, r, and a; are plus or minus 0.114, 0.086, 0.061, 0.073, and 0.008

respectively (Stephens et al., 1979).

For the Stephen I and Stephen II solutions:

Hp = dimensionless height of water in the borehole = H/r [L/L]
H = height of water in borehole [L]
T = borehole radius [L.]

Ks

saturated hydraulic conductivity [L/t]
Qs = steady infiltration rate [L3/t]
Qa4 = dimensionless infiltration rate [L3/L3]

as = o-parameter of the /n(Xy) - ¥ relationship [1/L]

An important observation concerning Stephens’ solution is that a; must be ob-

tained through some independent measurement.

Stephens et al. (1987) also developed a similar solution to equations 2.3 and
2.5 in terms of the van Genuchten/Mualem parameters a» and N, which are ob-
tained from #-¥ curves. For a more detailed discussion of the borehole per-

meameter solutions obtained by numerical simulation and regression analysis, re-

fer to Stephens et al. (1987)
Reynolds et al. Solution

The basis of the Reynolds et al. (1986) solution for constant head borehole
permeameter tests is that steady flow out of the borehole can be seperated into

pressure and gravity induced fluxes. The affects of gravity and capillary on flow
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from the borehole are assumed to be additive. This approach contrasts sharply
with Stephens (1979) multiple linear regression analysis where pressure and grav-
ity affects are assumed to be inseperable and hence non-additive. A detailed
derivation of the Reynolds et al. (1986) solution is contained in Appendix L. To
avoid repetition, only the equations derived by Reynolds et al. (1986), for deter-
mining X5, ar, and §, from single and duel-head borehole permeameter tests,
will be presented in this section. For a more detailed discussion of the Reynolds
single and duel-head borehole permeameter solutions see Reynolds et al. (1983)

and Reynolds et al. (1986).

Reynolds et al. (1986) found for the single head borehole permeameter solution

that:

K= CQs - 2nH¢m (2.7)
2:1]-1’[1 +% (Hp) "]
h §* » 2.8
where: m =5 (2.8)
2nHK,

ar =

CQ;s - 2}#1(,[1 +% (HD)-Z] (2.9)

C 1
Ae[cgs-zszKs[l +7(HD>'1]T (2.10)

aH
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_ _ _ 2
Hz[(HHw Sinh-l[(Hr b)]_ \ﬁHD)-u[ﬁﬁQ] +Hb‘] (2.11)

C=

(H-b)?

Notice that to determine Xs , ar, and S using the Reynolds single head

borehole permeameter solution, ¢= must be determined independently.

By maintaining two depths of water, A1 and ., in a borehole of constant r,

two steady flow rates, @n and QOs2, can be obtained. By assuming X5 , ar, and S are

constant in the region surrounding the borehole the two H’s and Qs’s can be used

to write two simultaneous equations which can be evaluated to obtain the saturated

hydraulic conductivity and capillary parameters. Reynolds et al. (1986) found for

the duel-head borehole permeameter test that:

K= GzQsz - GIQSI

_ M3Qs2 - MO
NzQS?. - NlQSl

ar

S = JAO(J,Qs2 - J1051)

where: G, HaCy

B Al 2HHy(Hy - Hy) +r*(H,C;, - HyCy))

G, H\Cy

T w[2H Hy(Hy - Hy) + 13 (H,C2 - HyCy))

_ (2H: +r*C2) C,
Z[2H \Hy(Hy - Hy) +r*(H,Cy - H Cy))

Ji

_ QH? + 12C) C;
#[2HHy(Hy - Hy) + r*(H,Cy - HiCy)]

Ja
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(2.15)

(2.16)
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M]_ =2H2C1 (2.19)

M, =2H,C, (2.20)
Ny = - (2HE 4+ rCy)C, (2.21)
Np=-(QHE+7C))C; (2.22)
o] [ T 4]

H, r H1 H, H, (2.23)

€= H =57
H%[m———(H’,;zb’) sinh"[m—m(H’; b’)] - [ G [——~———(H’,;2b’) ]2 + 7‘%} (2.24)

G= (H - by)?

H; = height of water test 1 [L]

H; = height of water test 2 [L]

r = borehole radius [L]

by = length of line source test 1 [L]

bz = length of line source test 2 [L]

Qs1 = steady infiltration rate test 1 [L3/t]

Os2 = steady infiltration rate test 2 [L3/t]

K, = saturated hydraulic conductivity [L/t]

ar = a~parameter of the exponential Kr - ¥ relationship [1/L]
S = sorptivity [L/t1/2]

®m = matric flux potential [L2/t]

A6 = 0O ~ 0;; 0 = final volumetric water content [L3/L3]

6; = initial volumetric water content [L3/L?]

Reynolds et al. (1986) state that the multiple linear regression relationship of

Stephens and Neuman (1983b) and Stephens et al. (1983a) suggests a dependency

of Qa on H, r, ks, and . Equation 2.7 predicts the same dependency.
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Philip Solution

Philip’s (1985) solution takes account of the existence of a bulb-shaped region
of saturated soil located adjacent to, and extending below, the borehole during
constant head borehole permeameter tests. Figure 2.3 is a schematic representa-
tion of the saturated bulb surrounding the borehole. The existence of the saturated
bulb is a result of the capillary properties of the soil (Philip 1968,1969; Stephens
and Neuman 1982b,c). The dimensions of the saturated bulb remain constant

under steady state condition

Philip’s procedure is to equate saturated flow inside the bulb with unsaturated
flow outside the bulb using Richards equation for steady flow in a homogeneous
isotropic soil. Flow inside the saturated bulb takes place under a gradient exceed-
ing that of gravity and pressure alone, because of capillary effects operating out-
side the saturated bulb. Flow outside the saturated bulb is composed of two dis-
cernible parts, one due to gravity and the other due to capillarity. By relating the
flow inside the saturated bulb to flow outside the saturated bulb, estimations of
saturated hydraulic conductivity and saturated bulb geometry can be made. As
indicated by Stephens (1979), Stephens et al. (1987), and Philip (1985), a must be

determined by an independent measurement. For Philip’s solution:

3 & 3.
0. 1 () THp(1 - HE) 2)5C,
Ks= +
In(Hp + JHY - 1) - J1-HE (Aln(Hp+ /H}-1)

]ﬂ (2.25)

N
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. Figure 2.3. Schematic representation of constant head permeameter test in the
vadose zone showing the bulb of saturation (from Philip 1985).
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and:

3.& 3.
ar JHy-1 (E)<3)HD(1 -H7) 2(5)(3)Cp
Qd = + (2.26)
H In(Hp + JHy-1) - J1-HE Aln(Hp+/H}-1)
where: Cp=0.56+0.35Hp (2.27)
A=1/2a,r (2.28)
and: Hp = dimensionless height of water in the borehole = H/r [L/L]

H = height of water in borehole [L]
r = borehole radius {L]
Ks = saturated hydraulic conductivity [L/t]
Qs = steady infiltration rate [L3/t]
Qa= dimensionless infiltration rate [L3/t]

ap = o-parameter of the K- W relationship [1/L]

Philip’s solution (eq. 2.26) was coded (Appendix C) for the purpose of making
subsequent sensitivity analysis more convienient. The code was verified by com-
paring its prediction of Qv vs Hp with results in Phiiip (1986; Figure 8). The exact
agreement of the plots (Figure 2.4) indicates that the computer code produces

valid results.
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Figure 2.4. Comparison of Figure 8 from Philip (1985) with computer code in
Appendix E. Log dimensionless discharge equals U, and log
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The geometry of the saturated bulb is defined by:

1
znr—ii[ In[Hp +,/(HY - 1)] ][1 In coth(-1) ] (2.29)

lncoth(—;—q) - sech () ln[HD*"/Hf)" 1]

Z.2

=) ] (2.30)

32
R= inh? Z)3(HY - 1) -
T sin ”[(2) (Hp-1) cosh?p

where: Cp=0.56+0.35Hp
A =1/2apr

Hp = dimensionless height of water in the borehole = H/r [L/L]
H = height of water in borehole [L]

r = borehole radius [L]

ap = a-parameter of the exponential K~ ¥ relationship [1/L]

Z = distance down from water level in borehole [L]

R = radial distance from borehole [L]

7 = eccentricity of the saturated bulb {~]

For a fixed H, r, and ap, by varying 7, in equation 2.29, Z values can be
determined and substituted into equation 2.30 to determine R for the
same 7 value. This process generates Rand Zdata pairs that, when connected,
represent the saturated bulb surface where ¥ equals zero. Philip’s solution for
determining saturated bulb geometry (egs. 2.29 and 2.30) was coded for the pur-
pose of comparing predicted saturated bulb geometry to saturated bulb geometries
measured in the field. Figure 2.5 demonstrates the agreement of the saturated
bulb geometries generated by the code with the saturated bulbs in Philip (1986;

Figure 3)
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Figure 2.5. Comparison of Figure 3 (from Philip 1985) with computer code in
Appendix E. # from Philip = Hp = 10.0
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CHAPTER 3
SENSITIVITY ANALYSIS

INTRODUCTION

The main objective of borehole permeameter tests is to obtain an estimate of X
for the soil surrounding the borehole. When conducting constant head borehole
permeameter tests the parameters measured in the field are Qs, 7, H, and some-
times 6. When needed, a can be estimated from X--% curves. The constant
head borehole permeameter solution of Glover (1953) requires input of Os, 7,
and H to estimate X;. The Stephens (1979) and Stephens et al. (1987) solutions
requires values of Qs, r, H, and as to predict X;. The solution of Philip (1985)
requires knowledge of Qs, r, H, and ap t0 estimate Xs and saturated bulb geometry.
The Reynolds (1986) single head solution requires values of Qs, T, H, and ¢mto
predict X;. Reynolds’ (1986) duel-head solution requires measurements of r,
two H’s and resulting Qs’s in the same borehole to predict Xs and a,. When deter-
mining §using the Reynolds duel-head solution initial moisture content (6), and
final moisture content (67) must be known. Table 3.1 is a summary of the applica-
bility and input requirements needed by the various borehole permeameter solu-
tions to determine Xs, S, ar, and saturated bulb geometry. The accuracy of the
single head and duel-head solutions in predicting s is a function of the solution

itself, the degree to which the assumptions in the model are satisfied in the field,
and the accuracy of the rﬁeasured input parameters. The sensitivity of the solu-
tions to accurately predict X; given various combinations of the input parameters
needs to be investigated. Philip’s (1985) solution also predicts the shape of the

saturated bulb given inputs of H, r, and a,. The predicted saturated bulb shape is
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Table 3.1 : Summary of Solutions Required Input Parameters and Applicability

Number of Required Solution Determines
Borehole Input Parameters
Permeameter
Solution H r a bm Qs Ks S a %ﬁ%rated
Geometry
Glover 1 1 NA NA 1 Yes No No No
Stephens I 1 1 1 NA 1 Yes No No No
Stephens 11 1 1 1 NA 1 Yes No No No
Philip 1 1 1 NA 1 Yes | No No Yes
Reynolds 1 1 NA 1 1 Yes No No No
Reynolds 2 1 NA NA 2 Yes Yes Yes No

NA - not applicable
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of interest because it allows for quantification of the size of the flow field sampled,
as well as a possible inverse method for obtaining ap insitu. The sensitivity of
Philip’s solution to ap in accurately predicting saturated bulb geometry will be ex-
amined. Reynolds’ duel-head solution predicts Xs, S, and ar by solving simultane-
ous equations relating a measured Qs and H with another measured Qs and A in
the same borehole. Qs is a function of the soil characteristics in the region being
tested. If the soil is heterogeneous how are the two Qs's affected for a given H's
and how does this impact predictions of X;, §, and a;? The sensitivity of
Reynolds’ duel-head solution to varying ©s’s in predicting X, S, and a, will be

explored.

EFFECT OF Hp ON DIMENSIONLESS FLOW OUT OF THE BOREHOLE

The steady discharge rate, @s, into a borehole is controlled by X5, H, r, and a.
By holding ks, r, and a constant while varying # the sensitivity of Qa4 to Hp,
where Qa4 = Qs/KsrH |, and Hp=H/r, can be evaluated for solutions developed by
Glover (1953) (eq. 2.2), Stephens (1979) (eq. 2.4), Stephens et al. (1987)

(eq. 2.6), and Philip (1985) (eq.2.26). Qa is the same as the Glover (1953),
Stephens (1979), and Stephens et al. (1987) Cu parameter. Because Qu is directly
proportional to K, the relationship of Q« to borehole geometry and capillarity is
important to quantify. Different Hp values can be obtained by changing # or 7,
or both # and r. In this study either A or r was kept constant while the other
varied. For the sensitivity analysis at constant radius, - = 0.1 m, H ranged be-
tween 1.0 and 10.0 m, and at constant head, # = 1.0 m, r ranged between about
0.001 and 0.1 m. With this borehole geometry Hp ranges from 10 to 100 when

is constant, and from 10 to 1000 when H is constant. Four values of a were
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examined which represent soils having strong capillary properties, ¢ = 1.0 m™,

1

!, weak capillary properties, a = 5.0 m™,

average capillary properties, a = 2.5 m”
and essentially no capillary properties, ¢ = 10.0 m™. The w-parameter is not used
in Glover’s solution because capillarity is ignored. The range for Hp was selected
because Glover’s solution has reasonable validity at Hp greater or equal to 10.0
(Glover, 1953) and the borehole infiltration data collected at the Sevilleta Site is
primarily for Ap greater than 10.0. An r value of 0.1 m was used because this

approximately corresponds to the radius of an 8-inch-diameter hollow stem auger

commonly used in hydrological, environmental, and geotechnical studies. The
computer code used to evaluate the solutions sensitivity to Ap in predicting Qua is

contained in Appendix A.

Figure 3.1 is a graphical representation of logioQa vs logioHp for the single
head borehole permeameter solutions of Glover (1953), Stephens (1979), Stephens
et al. (1987), and Philip (1985) when H varies, r = 0.1 m, anda = 1.0 m™,
2.5m?, 5.0 m?, and 10.0 m ™. The curves in Figure 3.1 were generated using the
computer code contained in Appendix A. Each curve in the figure is comprised of
100 data points. The Stephens (1979) and Stephens et al. (1987) solutions will be
refered to as the Stephens I and Stephens II solutions respectively, in this, and all

subsequent figures. As expected all four solutions show an increase in flow out of
the borehole as the Hp ratio increases over the given values of a. Glover’s solu-
tions appears to be most sensitive to varying Hp ratios, when r is censtant and #
varies, in predicting Q« followed by Philip’s solution. Qu is least sensitive to vary-
ing Hp ratios for the Stephens I and Stephens II solutions over the expected range

of a values. As Hp increases Glover’s solution predicts that the flow into the

borehole will increase faster than the other solutions
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Figure 3.1.
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Dimensionless discharge vs dimensionless head for the borehole

permeameter solutions of Glover, Stephens I, Stephens 1I, and
Philip when H varies and 7 = 0.1 m.
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Figure 3.2 is a graphical representation of logio Qa vs logioHp for the single
head borehole permeameter solutions of Glover (1953), Stephens (1979), Stephens
et al. (1987), and Philip (1985) when r varies, H = 0.1 m, anda = 1.0 m™},
2.5 m?, 5.0 m?, and 10.0 m™. The curves in Figure 3.2 were generated using the
computer code contained in Appendix A. Each curve in the figure is comprised of

500 data points. As in Figure 3.1 all four solutions show an increase in flow out of
the borehole as the Hp ratio increases over the given values of a. The solutions
all appear equally sensitive to varying Hp ratios in predicting Qs when H is con-
stant and r varies. This suggests that the solutions have the same sensitivity to
changing r values, and have different sensitivity to changing H values in predict-

ing Qa.

Figures 3.3 through 3.5 are a comparison of logieQa vs logieffp for the

Stephens I, Stephens II, and Philip solutions when r is constant, and when H is
constant. As before, the curves in Figures 3.3 through 3.5 were generated using

the computer code contained in Appendix A. Figures 3.3 and 3.4 demonstrate that
the Stephens I and Stephens II solutions are more sensitive to r than # in predict-
ing Q4. Figure 3.5 shows that the Philip solution is more sensitive to r than H in
predicting Q4 at relatively low Hp values, and becomes equally sensitive to r

and H at relatively high Ap values.

EFFECT OF CAPILLARITY ON DIMENSIONLESS FLOW OUT OF THE
BOREHOLE

The single head borehole permeameter solutions of Stephens (1979) (eq. 2.4),

Stephens et al. (1987) (eq.2.6), Reynolds et al. (1986) (eq. 2.7), and Philip (1985)

(eq. 2.26) recognized the effects of capillarity on Q4. Capillarity is incorporated
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into the solutions of Stephens (1979) (eq. 2.4), Stephens et al. (1987) (eq.2.6), and
Philip (1985) (eq. 2.26) by use of the a -value of the exponential hydraulic con-
ductivity—pressure head relationship. The Reynolds et al. (1986) (eq. 2.7) solution
incorporates capillarity into the solution through use of matric flux potential,, Pm.
The o-parameter and ¢m are determined from X,-v curves obtained through labo-

ratory procedures or regression models.

For each X,-v curve for a soil, there are different methods to represent it by a
single parameter a . Because of the uncertainty associated with a , it is important
to quantify the sensitivity to this uncertainty. By maintaining r, and H constant
the solutions sensitivity to a in predicting Qs can be evaluated. For the sensitivity
analysis r = 0.1 m, and H is assigned values of 1.0 m, 2.0 m, 5.0 m, and 10.0 m,
These H values correspond to Hp values of 10, 20, 50, and 100 respectively. The

computer code used to evaluate the solutions sensitivity to a in predicting Qua is
contained in Appendix B. The curves, representing the four solutions, in Figures

3.6 and 3.7 are comprised of 50 data points each.

Figure 3.6 is a graphical representation of Qs vs @ when Hp équals 10.0, 20.0,
50.0, and 100.0. Glover’s (1953) solution neglects capillarity and does not change
with different @ values. The solutions of Stephens (1979), Stephens et al. (1987),
and Philip (1985) demonstrate Qa is inversely proportional to @ . As a increases,

corresponding to diminishing capillary effects, @« decreases.

Figure 3.7 demonstrates that the Stephens I, Stephens II, and Philip solutions
are sensitive to a , for Hp between 10.0 and 100.0, in predicting Qas. The Stephens
I solution is sensitive to all values of a whereas the Stephens II and Philip solu-

1

tions, when a is greater than about 2.5 m™, predicts essentially the same Qa
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Figure 3.6. Dimensionless discharge vs a for the borehole permeameter solu-
tions of Glover, Stephens I, Stephens II and Philip when

r=0.1m.
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al laase, independent study, 6 october 1988
KhkhkkhhkhkhkkkhkhkkhkhkhkkhhkkhkkhkkhhkkXhkkkkkhkhkkhkhkhkkhhkhkkhkkhhkhhhkkdrhkhkdhkdkkhik
this program determines the sensitivity of stephens (1979),
and philip's (1985) solutions to alpha in predicting
dimmensionless discharge from the borehole.
kkkkdkkrkhkkhkhhhkhkdkhkhkhdkhkhkhkrkhkhhkhhkkkhkhkkhhkhhkkhkkhkdhkdhkxhkhkdkhxkixk

variable dictionary

h = height of water in borehole (L)

r = borehole radius (L)

ks = saturated hydraulic conductivity (L/t)

gqd = dimmensionless discharge ( )

alpha = sorptive number (1/L)

dalpha = incremental change in alpha (1/L)

x1,x2,...,xn = variables to aid in calculation

I T2 ST RS XS R LSS TEIE SRS TEES S SRS LSE LRSS SRS S S SIS LSS LS LSS S S 24

define variables

real h,r,ks,alpha,dalpha

character *30 alphafile
I 2 2222232 XX EXEELE LIS S ERSESALER IS SRS E LSS SE S SRS LSS S LSS &8N

enter data from screen

write(*,*)' enter constant height of water in borehole '
read(*,*)h

write(*,*)' enter constant borehole radius '

read(*,*)r

write(*,*)' enter saturated hydraulic conductivity '

14
read(#*,*)ks
write(*,*)' enter data file name for varing alpha
read(*,*)alphafile

Akhkhkkkhkhkhkhkrhkhkhkhkkhkhkhkhkhhhhkhhhkkhkhkkhhkkhkhkhkkkhkhkkxhkkhkhkhkxhhhkrkkkhkkhkkkikik
opening data file

open(unit=21,file=alphafile,status="'unknown')
kXA EERI KA AI A RART AT A AR TR Ihhdkkhkkhkhkkhhkhkhkhhhkhhkhkkdhhhkkrk

glover's solution

alpha=0.0

dalpha=0.2

do 5 i=0,250
alpha=alpha+dalpha
qd=(2*3.1416*(h/r))/(log((h/r)+sqrt((h/r)**2.0+1.0))-1.0)
xgd=alogl0(qd)
write(21,11)alpha,xqgd

continue

2 R P R S P R SRS E S SR TS LSS S LTS EESSE L L LSS LS SR &

put blank line in data file

write(21,*)
khkhhkhkhkhkhhkhkhkrhkhkkrhkRhhkhhkhkhhhkhkdhhhbhhkrhkkhhkhhhxhkthkrhhkrhhhhdki

stephens I solution:sensitivity of gd to alpha

alpha=0.0

dalpha=0.2

do 10 i=0,250
alpha=alpha+tdalpha
x1=0.658*alogl0O(h/T)
x2=—0,238*sgrt(alpha)
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x3=—0.398*alogl0(h)
X4=x1+x2+x3+1.342
gd=10**x4
xgd=alogl0(qd)
write(21,11)alpha,xqgd
continue
2 2222222223 FE R TT LTS ESIESLLELSSSTSSE S LSS S AL SRR RS s ol s s

put blank line in data file

write(21,%*)
I T E TR XS ST SIS SIS LS EE LSS ES RS ESSEEL S S S S S SRS SRR SRS &S E LS &

stephens II solution:sensitivity of gqd to alpha

alpha=0.0

dalpha=0.2

do 15 i=0,250
alpha=alpha+dalpha
x1=0.486*alogl0(h/r)
x2=0.4/(alpha)
x3=—0.454*alogl0(h)
x4=0.019*sqrt(h/r)
X5=x1+xX2+x3+x4+0.828
gd=10**x5
xqd=aloglO(qd)
write(21,11)alpha,xqd

continue
AR A A AR NI AR AR AR A KA Ak hkhk kA khkkhkhkhkhkhkhhkhkhkhkkdhhkhkdhrkhkhhkhkkkhkhkhhhkkkxkkk,k*k

put blank line in data file

write(21,%*)
[ I F XX T TSR EZ RSN SES ST SR SL S S RAS SRR SRS SRR RS SRS SRR E R R EEEEEEESE LSS

philip's solution:sensitivity of gd to alpha

alpha=0.0

dalpha=0.2

do 20 i=0,250
alpha=alpha+dalpha
hr=h/r
x5=(3.1416*r*sqrt(hr**2.0~1.0))/h
X6=(3.0/2.0)**(2.0/3.0)*hr*(1.0—(hr**(-2.0)))
x7=(log(hr+sqrt(hr**2.0-1.0))-sqrt(1.0-(hr**(-2.0))))
%X8=2.0*%(3.0/2.0)**(1.0/3.0)*(0.56+(0.35/hr))
x9=0.5*alpha*r*log(hr+sqrt(hr**2.0-1.0))
qd=x5*( (xX6,/xX7)+(x8/%9))
xqd=alogl0(gd)
write(21,11)alpha,xqd

continue

3233233228222 838882 s d e d st il a ittt s s st S Sttt ad i s o

format statement

format(fl12.8,1x,£16.8)

hhkhkdkhkkkdkhkdhkkhkhkdkkdkkkkhkhkhkhkkkkhkkkkhkkhkkhkdhkdhkdkhkkhkhhkkhhhkhhkhhkdkkhx

stop
end
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kA kR ER kAT R Ak AR A KA A I A AR AT A TR A AR AT AT A A AR A RN A I AT A Ak dd Kk
al laase, independent study, 16 october 1988

AR IAAKRAEARXAIIARKR KA KRR AAKTAA A ARk hkhkdkhkkhkhhkhkkkhkhxhkhkhkkhkhkkkxkhkhhkhk ki
this program uses equations from "approximate analysis of
the borehole permeameter in unsaturated soil" j.r. philip
water resources research, vol. 21, no. 7, pages 1025-1033,
july 1985. this is a preliminary study designed to
determine the relationship between sorptive number and
maximumn dimensionless bulb depth and bulb radius.

EEEKAk KA Rk KA Ak Ak kA kKA KA AkKA kXA kTR kTR XXXk A XXX hhkhkhhkdhkkhkhkkhkkxhkkkk

variable dictionary

head - dimensionless height of water in borehole
borehead — height of water in borehole

radius — radius of borehole

cdiva - dimensionless constant

z — dimensionless depth of the saturated bulb

r - dimensionless radius of the saturated bulb

eq — entered discharge

g — discharge

dqg - dimensionless discharge

dz - dimensioned depth of the saturated bulb

dr - dimensioned radius of the saturated bulb

nu - an angle related to the saturated bulb

dnu - incremental value of nu

c - dimensionless constant dependent on head

a ~ dimensionless constant dependent c and z

rmax — dimensionless maximum bulb radius

rmin - dimensionless minimum bulb radius

zmax — dimensionless maximum bulb depth

drmax - dimensioned maximum bulb radius

drmin - dimensioned minimum bulb radius

dzmax — dimensioned maximum bulb depth
x1,x2,...,xn - dummy variables used in calculations
kX - counter variable

m — counter variable

n - counter variable

filename - alpha vs hydraulic conductivity filename
plotname - alpha vs bulb depth filename

plotfile — alpha vs bulb radius filename

outname -~ alpha vs c¢/a filename

KK IR I I AR IR AL T RK IR AKRE AR KRR ARk R R R R R A ARk A A A kA Ak hkk k&

defining varibles

dimension z(300,2500),r(300,2500),dz(300,2500),dr(300,2500)
real head,radius,cdiva,nu,dnu,rmax,zmax,a,c

real ks,eq,ck

integer k,n,m

character *30 plotname,plotfile

2RSSR R A S AR LSS R LSS LSRR LSS LS L RS E S S SRR LSS T LS ETIELEEE L LR S

reading input data

write(*,*)' enter radius of borehole (m) '

read(*, *)radius

write(*,*)' enter height of water in borehole (m) '
read(*, * Yborehead

write(*,*)' enter discharge rate (liters/min) '

read(*, *)eq

write(*,*)' enter alpha vs bulb depth output file name '
read(*, *)plotname
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write(*,*)' enter alpha vs bulb radius output file name '
read(*, *)plotfile

kAR hkhkdkhkhkhkhkkkkhkhkhkkhkk kI kI Ak k Ak dhkhkhAhkAhkkhkrxhhkhkrihkkkhkhkkx*x

opening output and plot files

open(unit=22,file=plotname, status="unknown')
open(unit=23,file=plotfile, status='unknown')

AKEERAKIAAEK AT kAR kAT AT R IRk T Ak kkrkdrhkhkdkkhhhkhkkhkhbhhhkrxhkkkdhx
calculates the saturated bulb shape using equation 17 and
19. calculates alpha using equations 8, 19, and 31. all
equations from philip article

head=borehead/radius
do 5 i=1,20
zmax=0.0
rmax=0.0
alpha=0.5+alpha
a=0.5*alpha*radius
¢=0.56+(0.35/head)
cdiva=c/a
m=0
n=0
k=1
nu=0.0
dnu=0.002
do 10 j=1,2500
nu=nu-+dnu
xl1l=log{head+sqrt(head**2.0-1.0))
xX2=sqrt(l.0-(head**(—-2.0)))
x3=log((1l+cosh(nu))/sinh(nu))
x4=1.0/cosh(nu)
z(i,jy=cdiva*((x1-x2)/(x3-x4))Y*(1.0-(x3/x1))
dz(i,j)=z(i,]j)*radius
if(z(i,]).gt.0.0)then
%5=((3.0/2.0)**(2.0/3.0)*((head**2.0)-1.0))
xX6=(z(i,J)**2.0)/(cosh(nu)**2.)
X7=(sinh{(nu))**2.0
X8=xX5-x6
if(x8.1t.2.0.and.m.eq.0)then
dnu=dnu/5,0
m=1
end if
if(x8.1t.0.5.and.m.eqg.1l)then
dnu=dnu/10.0
m=2
end if
if(x8.1t.0.1l.and.m.eg.2)then
dnu=dnu/10.0
m=3
end if
1f(x8.1t.0.0001.and.m.eq.3)then
dnu=dnu/100.0
m=4
end if
if(x6.gt.x5)goto 500
r{i,j)=sgrt((x5-x6)*x7)
dr(i,j)=r(i,j)*radius
if(z(i,j).gt.zmax)then
zmax=z(1i,7)
end if



if(r(i,j).gt.rmax)then
rmax=r(i,Jj)
end if
k=k+1
end if
n=n+l
10 continue
500 ' continue
x9=sqrt((head**2.0)-1.0)
x10=log (head+(sgrt((head**x2.0)-1.0)))
x1l1l=4.117*head* (1.0~ (head**(-2.0)))
Adg=x9*((x11/(x10-x2))+(cdiva*(7.192/x1)))
g=(dg*ks* ( (radius*100.0)**2.0))*(60.0,/1000.0)
ck=(eq/(dg*( (radius*100.0)**2,0)))*(1000,0/60.0)
dzmax=zmax*radius
drmax=rmax*radius
xck=1ogl0(ck)
write(*,*)

write(*,*)' number of data points = ',k
write(*,*)' c/a = ',cdiva
write(*,*)' alpha ' alpha
write(*,*)' hydraulic conductivity (cm/s) = ',ck
write(*,*)' log hydraulic conductivity = ', ,xck
write(*,*)' maximum bulb depth (m) = ',dzmax
write(*,*)' maximum bulb radius (m) ' ,drmax

write(22,11)zmax,alpha

write(23,11)rmax,alpha
5 continue

IS SRR E RS EE RS S SR LTSRS E L LS R SRS LSRR LSS LS SRR R SRR LSRR LS LA EE S S S
11 format(1lx,£f12.8,3x,£f12.8)

stop

end
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AE A AT KA Rk R A A AR A AT A A A A A AR AR AT T Tk kkkkhkhkRkhkhkhkhkhkhkhkhkdkhkhkkhkhkrkhkkkkhkhkkkkhkx

al laase, independent study, 6 october 1988
Ahhkhkkkhkhkkrkhkkrhkhhhhkkkhkhhkhrkhhhkhhohkkhkkhhkhhkhkhhdkxdhhhkhhddhkhkhkhhhkkhkhkhkhkhkkhkk
this program uses equations from "the constant head well permeameter:
effect of unsaturated flow" w.d. reynolds, d.e. elrick, and b.e.
clothier, soil science, vol, 139, no. 2, pages 172-180, february 1986.
making use of two constant head values in the same borehole saturated
field hydraulic conductivity, sorptivity, and alpha parameter.
khkhkkkkkdkkdkkkkhkhkhkkhkkhhhkkhkhkhkdkkdkhdkhkkhkhhbhkhkdhrkhkhhrrkdhkhRhkdhkhkhdhakhkhhkkkkdx

variable dictionary

hl - constant head value associated with first borehole test
h2 - constant head value associated with second borehole test
gl - fiow rate into borehole associated with first borehole test
g2 - flow rate into borehole associated with second borehole test
dg - change in flow rate g2

radius — radius of borehole

depth - depth of borehole

bl - length along borehole before line source test 1

b2 - length along borehole before line source test 2

openl —- open length of borehole test 1

open2 — open length of borehole test 2

kfs - field saturated hydraulic conductivity

lkfs - log field saturated hydraulic conductivity

s - sorptivity

sl — used in calculating sorptivity

alpha — alpha number

theta - moisture content

dtheta - change in moisture content

stheta - saturated moisture content

pli - as related to circle

cl,c2 - used to determine kfs,s,alpha

gl,g2 - used to determine kfs

31,32 — used to determine s

ml,m2 - used to determine alpha

nl,n2 - used to determine alpha

wl,w2,...,wn - dummy variables used in calculations
x1,x2,...,xn - dummy variables used in calculations
vl,v2,...,yn — dummy variables used in calculations
z1,22,...,zn — dummy variables used in calculations

ksfilename - plotfile ks vs qr

sfilename ~ plotfile s vs gr

alphafilename - plotfile alpha vs qr

n - counter variable

IS S S S SRR E SRS S E LRSS ST LSS SRS S S LT SR LEESEEALE ST LR L RS SILLE LS L RS ESTSELES S S S & &

defining variables

real hl,h2,ql1,q92,radius,bl,b2,kfs,s,alpha,dtheta,cl,c2,9l,92,31,j2
real ml,m2,nl,n2,theta,pi,depth,stheta,dq,lkfs

integer n

character *30 ksfilename,sfilename,alphafilename

pi=3.14159

EhkhkkhkhkdkhkhkhkhkhkhkhkhkhkkRhkhk Rk kA khkkhkhkhkhkrhkkAhkxhhkhkhhkhkhkhrkhkrhkhhhkdkkhkdthkrkdrhkhkkkhkhkkx
reading input data

write(*,*)' enter radius of borehole (m) '

read(*,*)radius

write(*,*)' enter depth of borehole (m) '

read(*, *)depth

write(*,*)' enter length along borehole before screen test 1 (m) '



Qa0

naao

a0

aaao

Q00aQ

read(*, *)bl
write(*,*)' enter constant head for test 1 (m) '

)
write(*,*)' enter length along borehole before screen test 2 (m) '
read(*,*)b2
write(*,*)' enter constant head for test 2 (m) '
read(*,*)h2
write(*,*)' enter initial moisture content of soil '
)

write(*,*)' enter saturated moisture content of soil '

read(*, *)stheta

write(*,*)' enter Q1/02 vs Ks output file name '

read(*,*)ksfilename

write(*,*)' enter Q1/Q2 vs S outout file name '

read(*,*)sfilename

write(*,*)' enter Q1/02 vs alpha output file name '
read(*,*)alphafilename

A KA AR A A A AR AR AT R AT AR A A AR AR AR I A A AT A A A AR AR AN A AR AT A A kAR AT,k hdkdhkhkxkhkhkkkrkkhhxdxx

opening output file

open(unit=21,file=ksfilename,status="'unknown')
open(unit=22,file=sfilename, status="'unknown')

open(unit=23, file=alphafilename, status='unknown')

KRR KR AR A K AR A A A R R R R A A AR A A A A A A A A A R R AR A A A KN T A XX AR AT AR AR KT A kT A ATk ko hkkhkhkX

calculate cl using equation 29

x1=h1**2,0

x2=(hl1-bl)/hl

x3=(hl-bl)/radius
x4=(radius/hl)**2.0

X5=x2**2,0

x6=radius/hl

x7=(hl-bl)**2.0
Xx8=log(x3+sqrt((x3**2.0)+1.0))
cl=(x1*((x2*x8)—sqrt(x4+x5)+x6))/x7
hkkhkhkkkkhhkhkkhkhkkhhkkhkhhkkhkhkhkkhkhkhbkhkhhkhkhkhkhbhkhkhhkkhkhkkhkhhkhkhkhkhhkkhkhkkkhkhkhkhkhkdkhkkhkkkhkhhkkhxx
calculate c2 using equation 29

yi=h2**2.0

y2=(h2-b2)/h2

y3=(h2-b2)/radius
yv4=(radius/h2)**2.0

¥5=y2**2.0

y6=radius/h2

y7=(h2-b2)**2.0
y8=log(y3+sqrt((y3**2.0)+1.0))
c2=(yl*((y2*y8)~sqrt(y4+y>5)+y6))/y7

AAKIAKEKRIAKRRKR IR RR A RI I A AT Rk kA Ak Ak kA hkhkhhk kA kdhhh ko rhkhhkhkdhhkhkhhkdhrhhkrrhhtx

calculate gl using equation 38

z1l=h2*cl

z2=2*hl1*h2*(h2-hl)
z3=((radius)**2.0)*((hl*c2)—(h2*cl))
gl=z1/(pi*(z2+23))

hkhkkkkhkhkhkhkhkhkkkkhkhkhkkhkkkkkkhkhkkhkdhkhkhkhkhkhhkhkhkhkhkhkhkhkhkdhkkhhkhkhhkkkkhkkhkhhkkkhkkdkkkkkkx*x
calculate g2 using eguation 38

z4=hl*c2
z5=2*hl1*h2*(h2—-hl)
z6=(radius**2,.0)*{ (hl*c2)—-(h2*cl))
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g2=z4/(pi* (25+z6))

hkhkkhkhkhkhkkkhkhkhkkhkhkdhhkdhkkhkkkhkkkhkhhkkkhkkkhkkkhkkhkkkhkkkhkkkhkxkhkhkhkkkkkkkkkkkkkkkkkkk
calculate jl using equation 39

wl=((2.0*(h2**2.0))+((radius**2.0)*c2))*cl

w2=2,0%*h1*h2*(hl1-h2)

w3=((radius)**2.0)*((h2*cl)-(hl*c2))

jl=wl/(pi*(w2+w3))
kkkkkkkkkkkhkhkkkhkkkkkhhkkkhkkkhkhkkkhkkkkkkkkkkkkkkkhkkkkxkkkkhkkkkkkkkkhkkkhkkkkkkkkhkkkk
calculate j2 using equation 39

wi=((2.0*(hl1**2.0))+({radius**2,0)*cl) )*c2
j2=w4/(pi* (w2+wW3))

KR KAKKKR KRR KRR ARRARREREA AR AR AR RR R kb kA Ak kkh Ak hkkkkhkhkhkhhhkhkkhkkkkkk
calculate ml and m2 using equation 40

ml=2.0*h2*cl
m2=2.0*hl*c2

It R R S R L R E SRS SR AR R R S ER R R R R SR SR A AR E AR E R SR A LR L RS R RS SR ELEL SRS S S E L E L& &Y
calculate nl and n2

nl=-cl*{(2.0*x(h2**2.0))+((radius**2.0)*c2))
n2=-c2*((2.0*(h1**2, 0))+((radius**2,0)*cl))

Ak khkhk kA AhAIhhk b hkhhkhhkhhkdxhhrkhkhhkhkhkhkhhrdkhdhrhhkdhhbhkhbhhkhkhkhhkhkhkhhohkhkkhkhkhhbhkhkhhkhkkhk
calculate kfs,s, and alpha using equations 38,39,40

q2=100.00

ql=1.0

dg=1.0

n=0

dtheta=stheta—theta

do 10 i=1,2000
kfs=((g2*g2)-(gl*gl))*(1000.0/60.0)*(1/10000.0)
lkfs=aloglO(kfs)
sl=(dtheta* ((j2*q2*(1000.0/6000.0))—(jl*gql*(1000.0,/6000.0))))

s=sqrt(sl)
alpha=((m2*g2)-(ml*ql))/((n2*q2)—-(nl*ql))
qr=ql/q2
if(gr.gt.1.0)goto 500
write(21,11)1lkfs,qgr
write(22,11)s,qr
write(23,11)alpha,qgr
g2=g2—dg
if(gqr.gt.0.30.and.n.eq.0)then
dg=0.01
n=1
end if
if(gr.gt.0.40.and.n.eq.1l)then
dg=0.005
n=2
end if
if(gr.gt.0.50.and.n.eq.2)then
dg=0.001
n=3
end if
if(gqr.gt.0.60.and.n.eq.3)then
dg=0.0005
n=4
end if

if(gr.gt.0.70.and.n.eq.4)then



dg=0.00001
n=5
end if
if(qr.gt.0.701178.and.n.eq.5)then
dg=0.000001
nh=6
end if
if(gr.gt.0.701186.and.n.eq.6)then
dg=0.0000001
n=7
end if
if(gr.gt.0.701187.and.n.eq.7)then
dg=0.00000008
n=8
end if
if(gr.gt.0.701187950.and.n.eq.8)then
dg=0.00000001
n=9
end if
10 continue
500 continue

C A KK KA A KA A A AT LR A AR A A A A A A AR A A A AT A A A A A A A A AR AR R R AR KRR AR A R KA AR ARk ARk Nk kkhhhxk
c format statement
<
11 format(£12.6,1x,£18.12)
(o] KA AR KA A AR AR ET R KA AR KA A ARk A kT kA Xk kA Ak Ak Rk hhhkkhhkkkhkdhkkhhkhkkhkhkkhkhkhkhkkkkhkhkhkhkhkkwk
stop

end
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khkkkhhkrkhkhdhhhhhdk kb hhdkkddkhkhhkkhhkhkhhhkdhhhbhhkkhhhkhdhkdkhkhhkhkhkhbrohkhkhhhhhk
al laase, independent study, 6 october 1988

ek kAR Rk kR kR Ak Ak kR kA kA kA k bk ks kA khhkkhkhkhkhkhkhhrhhkhhhkhhhkhkhkhkdhkkhkk
this program uses equations from "the constant head well permeameter:
effect of unsaturated flow" w.d. reynolds, d.e. elrick, and b.e.
clothier, soil science, vol. 139, no. 2, pages 172-180, february 1986.
making use of two constant head values in the same borehole saturated
field hydraulic conductivity, sorptivity, and alpha parameter,
hhkhkkhkhhhkhhkhkhkhkhkhhkhkhhkh bk kA Xk Ak h kA khkkhkhkhkhkhkdhhkhhkhrhkkkdhhkhhhhkhkhhkkk

variable dictionary

hl - constant head value associated with first borehcle test
h2 - constant head value associated with second borehole test
ql - flow rate into borehole associated with first borehole test
g2 - flow rate into borehole associated with second borehole test
dg - change in flow rate g2

radius - radius of borehole

depth - depth of borehole

bl - length along borehole before line source test 1

b2 - length along borehole before line source test 2

openl — open length of borehole test 1

open2 — open length of borehole test 2

kfs - field saturated hydraulic conductivity

lkfs - log field saturated hydraulic conductivity

s — sorptivity

sl - used in calculating sorptivity

alpha - alpha number

theta - moisture content

dtheta - change in moisture content

stheta - saturated moisture content

pi - as related to circle

cl,c2 - used to determine kfs,s,alpha

gl,g2 — used to determine kfs

31,32 — used to determine s

ml,m2 - used to determine alpha

nl,n2 - used to determine alpha

wl,w2,...,wn — dummy variables used in calculations
x1,x2,...,%n — dummy variables used in calculations
vl,¥2,...,yn — dummy variables used in calculations
zl,22,...,zn — dummy variables used in calculations

ksfilename - plotfile ks vs qgr

sfilename - plotfile s vs gr

alphafilename - plotfile alpha vs gr

n — counter variable
khkkhkhkhkhkkhkkkdhhkhkdrhhhhkrhkhkdhbhkhkkdhrhhkhhbhkhhkkkkhkhrhhhkhkhhrkhkhkhkkhkbhkdkhkhkhrhkhkhkhkrhkhkhkkhhx

defining wvariables

real hl,h2,9ql,92,radius,bl,b2,kfs,s,alpha,dtheta,cl,c2,91,92,41,32
real ml,m2,nl,n2,theta,pi,depth,stheta,dq,lkfs

integer n

character *30 ksfilename,sfilename,alphafilename

pi=3.14159

Tkhkkkkkkhkrhkhkkhkhkhhkrhkhkhbkhhkhhkhhhkhkrhhdrrhhhkdhhkdbhkrkhkhkhkhkrdkhdohkhkkhkhkhhbkhkhrkdhkrkxhkxk
reading input data

write(*,*)' enter radius of borehocle (m) '

read(*,*)radius

write(*,*)' enter depth of borehole (m) '

read(*, *)Ydepth

write(*,*)' enter length along borehole before screen test 1 (m) '
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read(*, *)b

write(*, *)' enter constant head for test 1 (m) '
read(*,*)hl

write(*,*)' enter length along borehole before screen test 2 (m) '
read(*,*)b2

write(*,*)' enter constant head for test 2 (m) '
read(*,*)h2

write(*,*)' enter initial moisture content of soil '
read(*, * )theta

write(*,*)' enter saturated moisture content of soil '
read(*, )stheta

write(*,*)' enter Q1/02 vs Ks output file name '

read(*, )ksfllename

write(*,*)' enter Ql/Q2 vs S outout file name '

read(*, )sfllename

write(*,*)' enter Q1/02 vs alpha output file name '
read(*,*)alphafilename

(RS R EE SRS TS LSS S S EETEESTSELESTSLEES LSS L LSS LS LSS SS S SRR LSS LRSS RN REREEEEEEEE SN

opening output file

open(unit=21, file=ksfilename, status="'unknown')
open(unit=22,file=sfilename, status="'unknown')

open(unit=23, file=alphafilename, status="'unknown')

I ZE R E R TR RS EES TSR T IS S LTSS LIEEEEISSEL S LSS L SRS S SIS LESEREE SIS S LR SRS LSS S E SRS LSS &

calculate ¢l using equation 29

x1=hl#*%2.0

x2=(hl-bl)/hl

x3=(hl-bl)/radius
x4=(radius/hl)**2.0

X5=x2**2.0

x6=radius/hl

x7=(hl-bl)**2.0

X8=10g (X3+sgrt ((x3**2.0)+1.0})
cl=(x1*{(x2*x8)—sqrt(x4+x5)+x6)) /X7
IS SRS RS RS TS SRS SR TSRS LSS SRS EL S EL SRR R E R R SsS R RS RS SRR E R LS EELEEEEEEEES S
calculate c¢2 using equation 29

y1l=h2**2.,0

y2=(h2-b2)/h2

y3=(h2-b2)/radius
y4=(radius/h2)**2.0

yo=y2**2.0

y6=radius/h2

y7=(h2-b2)**2.,0
y8=log(y3+sqrt((y3**2.0)+1.0))
c2=(yl* ((y2*y8)—sqrt(y4+y5)+y6))/y7
I Z 32 S XS 2SS SRS RS S S SIS LR ISR RS S RIS LIS ES LSS A SIS RS LS LRSS L LSS NS4 &
calculate gl using equation 38

zl=h2*cl

z2=2*hl1*h2*(h2-hl)
z3=((radius)**2.0)*{(hl*c2)-(h2*cl))
gl=zl1/(pi*(z2+z3))

22 ST RS EEET LSS S EE S LSS L LSS SIS SEEEEELI LSRR EE L LSS S L LS RS EEE LS RS ELLESE &S S S SN
calculate g2 using equation 38

z4=hl*c2
z5=2*hl1*h2*(h2-hl)
z6=(radius**2.0)*({(hl*c2)—-(h2*cl))
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g2=z24/(pi*(z5+26))

AR KA KRR KRR KT R KRR A A AR R R R A AR EAITARRKRERRITREARAR IR AA R RA A A AR R IAIARRkhA Rk hkhhkhkhhhkkdhhkkkk
calculate jl using equation 39

wl=((2.0%(h2#*2.0))+((radius**2.0)*c2))*cl
w2=2.0%h1*h2*(hl-h2)
w3=((radius)**2,0)*((h2*cl)—-(hl*c2))
Jl=wl/(pi*(w2+w3))

KEKKKKE KA KA AR KRKAIT A AR A A T A Ak khkhkkhkhkk kb kkk kA Ak hkhhkhhkhkkhkhkhkkkhkhhkhk
calculate j2 using equation 39

Wa=((2.0*(hl**2.0))+((radius**2,0)*cl))*c2
j2=w4/(pi*(w2+w3))

khkkhkkhkhkhkhkhhkdhhkkhkdkhkkdkhhhhkhkhhdkkhkkhkhkkhkhhdhdkhkhhkhkkhkhdkhdhhkkkhkdhhkhkhkhkhkhkhkkhkkhkdkkhkkkhkhk
calculate ml and m2 using equation 40

ml=2.0*h2*cl

m2=2,0*hl*c2

It S E S S RS S A S LSS S E S L LS ELE L SRS LTSS L LS LT LSS LRSS R RS L SRS E S E S S SRS A LSS LSS S
calculate nl and n2

nl=—cl*x((2.0*(h2**2,.0))+((radius**2.0)*c2))
n2=—c2*((2.0*(h1**2.0))+((radius**2.0)*cl))
3 S S SRS R R RS SRR SRS EE NSRS RS S S SRS SRS St SRS RS RS SRS EEEEEESEEEEEEEE S S

calculate kfs,s, and alpha using equations 38,39,40

dgr=0.000001
gr=0.353975
n=0
dtheta=stheta-theta
do 10 i=1,2000
ql=1.0
g2=ql/qr
gr=qr+dgr
kfs=((g2*q2)—(gl*qgl))*(1000.0/60.0)*(1/10000.0)
lkfs=aloglO(kfs)
sl=(dtheta*((j2*g2*(1000.0,/6000.0))—(j1*ql*(1000.0/6000.0))))
s=sqrt(sl)
alpha=((m2*q2)—(ml*gl))/((n2*q2)—(nl*ql))
if(gr.gt.1.0)goto 500
if(gr.gt.0.35398.and.n.eq.0)then
dgqr=0.0001
n=1
end if
if(gr.gt.0.354.and.n.eq.1l)then
dgr=0.01
n=2
end if
write(22,11)s,q9r
write(23,11)alpha,qr
continue
continue
KA AR A R T R A A R KA R A A A A R A A A A A A R A AR A A A A A A R X A A AT A AR A XA A A AR AR AT AR AT ATk, khk**

format statement

format(£12.6,1x,£f18.12)

(S A S S S S S SRR LSRR S LRSS SR LRSS SR EREEE RS R RS SRS LR SRS SRR LSRR EEEEEEEE LSS

stop
end
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al laase, independent study, 31 january 1989
kkkhkkkhhkhkkkhkkhkkhdhkkkhhhkkhkhkhkdkhhhkkhkhkhkkhkhkrkhkhrhhkhrrhkdhhhhkhhkhkkkhdkkixk
this program uses equations from glover(1953), stephens(1979)
stephens et al.(1987), philip(1985), and reynolds et al.(1986)
to determine saturated hydraulic conductivity from single head
borehole permeameter tests.

KEAA AR K KRR KA AR Ak kA Ak kk kb rd bk kdkhkkkhxhkkkkkkxkd

variable dictionary

head - dimensionless height of water in borehole

borehead - height of water in borehole

radius - radius of borehole

cdiva - dimensionless constant

z - dimensionless depth of the saturated bulb

r — dimensionless radius of the saturated bulb

eq - entered discharge

dq — dimensionless discharge

gd - dimensionless discharge

ks - saturated hydraulic conductivity

pck - philip's calculated saturated hydraulic conductivity
sckl - stephensl' calculated saturated hydraulic conductivity
sck2 - stephens2' calculated saturated hydraulic conductivity
gck — glover's calculated saturated hydraulic conductivity
rck — reynolds calculated saturated hydraulic conductivity
rmfp — matric flux potential

cr - constant used in reynolds solution

b - length along screen from top of water level to screen
cu — dimensionless discharge divided by dimensionless head
hr - head in borehole divided by radius of borehole

dz - dimensioned depth of the saturated bulb

dr - dimensioned radius of the saturated bulb

nu — an angle related to the saturated bulb

dnu - incremental value of nu

¢ - dimensionless constant dependent on head

a — dimensionless constant dependent ¢ and z

ealpha - philip's entered sorptive number

salpha - stephens' entered sorptive number

rmax —~ dimensionless maximum bulb radius

rmin - dimensionless minimum bulb radius

zmax — dimensionless maximum bulb depth

zrmax - dimensionless depth of maximum radius

perzrmax ~ dimensionless % total borehole depth of zrmax location
drmax — dimensioned maximum bulb radius

drmin - dimensicned minimum bulb radius

dzmax - dimensioned maximum bulb depth

dzrmax - dimensioned depth of maximum radius

dperzrmax - dimensioned % total borehole depth of zrmax location
x1,x2,...,%¥xn — dummy variables used in calculations

k - counter variable

m — counter variable

n — counter variable

filename - output filename

plotfile - dimensioned plot filename

testname — borehole permeameter test name

IS SR 2 EE RS S S S S RS SRS S SR EES S SRS R S S SRS R RS S LSRR SRR L SRS R E SRR

defining varibles

dimension z{2500),r(2500),dz(2500),dr(2500)
real head,depth,radius,cdiva,nu,dnu, rmax,zmax,zrmax,a,C
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real perzrmax,hr,eq,pck,sckl,sck2,gck,rck,b,cr

real ealpha,salpha
integer k,n,m

,dq,qd, rmfp

character *30 filename,plotfile,testname

pi=3.14159

Khkhkdkkkhkkkkhkhkhkkhk A hkhkhkhhkkhkhkhkhkrkhkhkhkhkhkhkhkhkhhkkkhkhkkkdhrrhxkhrhkhhkhkkx

reading input data

write(*,
read(x,*
write(*,

)' enter
radius
)' enter
4

write(*,*)' enter
read(*,*)plotfile
write(*,*)' enter
read(*, *Ytestname

hkkhkhkhkkdkdhdkhkdhkhkkhkkhdkhkhhhhkhhkhdhkhhkdkhhdhkhhkhkhkhkhhkhhhhhkhkhkdhdbhhhkhkkhkd

radius of borehocle (m) '

depth of borehole (m) '

height of water in borehole (m) '

length along borehole before screen '
discharge rate (liters/min) '

stephens sorptive number (1/m) '

philips sorptive number (1/m) '

reynolds matric flux potential (cm**2/s)
output file name '

bulb shape plotfile name '

borehole test name '

opening output and plot files

open(unit=21,file=
open{unit=23,file=

hhkkhhkhkhkkhkhkhkhkhkkhkkhkhkhhkhhkhhkhhkkhkhkkhhdhdkddhkdkddkddk dddok gk gk gk k% dkkkdk

filename, status='unknown')
plotfile,status="'unknown')

calculates the saturated bulb shape using equation 17 and
19 from philip article.

957
QO

Zmax=0.0

rmax=0.0

zrmax=0.0
perzrmax=0.0
head=borehead /radi

us

a=0.5*ealpha*radius

c=0.56+(0.35/head)
cdiva=c/a
dnu=0.002
write(*,*)
write(*,*)' calcul
write(*,*)
write(*,*)' dnu =
do 10 i=1,2500
nu=nu+dnu
x1=log(head+sqr

ating bulb shape '

', dnu

t(head**2.0-1.0))

x2=sqrt(1.0-(head**(-2.0)))

x3=1og( (1l+cosh(

nu))/sinh(nu))

L]
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x4=1.0/cosh(nu)

z(i)=cdiva* ((x1-x2)/(x3-x4))*(1.0—-(x3/x1))

dz(i)=z(i)*radius

if(z(i).gt.0.0)then
X5=((3.0/2.0)**(2.0/3.0)*( (head**2.0)~1.0))
x6=(z(i)**2.0)/(cosh{nu)**2,)
xXx7=(sinh(nu))**2.0

XB=X5-X6
if(x8.1lt.2.0.and.m.eq.0)then

dnu=dnu/5.0

m=1

write(*,*)' dnu = ',dnu
end if

if(x8.1t.0.5.and.m.eq.l)then
dnu=dnu/10.0
m=2
write(*,*)' dnu = ',dnu
end if
if(x8.1t.0.1.and.m.eq.2)then
dnu=dnu/10.0
m=3
write(*,*)' dnu = ',dnu
end if
if(x8.1t.0.0001.and.m.eq.3)then
dnu=dnu/100.0
m=4
write(*,*)' dnu = ',dnu
end if
if(x6.gt.x5)goto 500
r{l)=sqrt((x5-x6)*x7)
dr(i)=r(i)*radius
if(z(i).gt.zmax)then
zmax=z (1)
end if
if(r(i).gt.rmax)then
rmax=r(i)
zrmax=z (1)
end if
if(r(i).lt.r(i-1))then
rmin=r(i)
end if
k=k+1
end if
n=n+1
continue
continue
perzrmax=(zrmax/2max)*100.0
Ak khkhkhkk kA A Ak kA kA hkkkhkhkkhkdkxkhkkbhkhkhkkhkrhhkkrthkhkhkrkrkddhhhhkkhhkhkdkx
calculate saturated hydraulic conductivity and cu and h/r
values using equations 18, and 33 from philip article.

x9=sqrt((head**2.0)-1.0)

x10=1log (head+ (sgrt((head**2,0)-1.0)))
x1ll=4.117*head*(1.0—-(head**(—-2.0)))
Agq=x9*((x11/(x10-x2))+(cdiva*(7.192/x1)))
pck=(eq/(dg*( (radius*100.0)**2.0)))*(1000.0/60.0)
cu=dqg/head

hr=borehead/radius

khkkkhkhkkkkhhkkhkhkhkhkhkkhkhkhkkkkhkdkhhkkhhkhkdkkhkhkrhkkhkkhkhkhthhhhkhrxhkdhkhhhxx
calculate saturated hydraulic conductivity using glover's
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40

(1953) borehole permeameter solution.

qd=(2*pi=*(hr))/(log((hr)+sqrt((hr)**2.0+1.0))-1.0)
gck=(eq*(1000.0/60.0))/(gd*borehead*100.0*radius*100.0)
KREERER AR R AN A A A A AR R AT A ARk Tk dT kA Ak kk Ak rhkhkhhkkhkhkkkk
calculate saturated hydraulic conductivity using stephens'
(1979) borehole permeameter solution. (stephens I)

x12=0.658*alogl0(hr)

X13=-0.238*sqgrt(salpha)

x14=-0.398*alogl0(borehead)

X15=x12+xX13+X14+1,342

gdl=10.0**x15
sckl=(eq*(1000.0/60.0))/(gdl*borehead*100.0*radius*100.0)
khkkhkhkkkhkAkhkhkkhkhAXkhkkhhhkrhkhkhhkkhkhkhkhkhkhkhhkhkhkhkkdhkhkhkhkhkhkkhhhkhkkkhkkhkk
calculate saturated hydraulic conductivity using stephens'
(1987) borehole permeameter solution. (stephens I1I)

x16=0.486*alogl0(hr)

x17=0.004/(salpha/100.0)

x18=—0.454*alogl0(borehead)

x19=0.019*sgrt(hr)

®20=%16+x17+%x18+x19+0.828

qd2=10**x20
sck2=(eqg*(1000.0/60.0})/(qgd2*borehead*100.0*radius*100.0)
A A A A A A A A AR AT A A A A A A A A A A AR A XA AT R A AT AT AR A A AT Ak Ak kA hkhkhkk*x*%x
calculate saturated hydraulic conductivity using reynolds
et al.'s (1986) borehole permeameter solution.

x21=borehead**2,0

x22=(borehead-b) /borehead

x23=(borehead-b)/radius

x24=(radius/borehead)**2.0

X25=x22**2.0

x26=radius/borehead

x27=({borehead-b)**2.0

x28=log(x23+sqrt((x23**2.0 + 1.0)))
Cr=(X21*((x22*X28B)—sqrt(x24+x25)+x26))/x27
x29=(cr*(eq*1000.0/60.0))—(2.0*pi*borehead*100.0*rmfp)
x30=2,0*pi*((borehead*100.0)**2,0)
x31=(1+((cr/2.0)*(((radius*100.0)/(borehead*100.0))**2.0)))
rck=x29/(x30*x31)

hkE kI k kAR A ARk Ak kA kR ks r Ak ke hkhkhkhkhkkxdhhkhkhhkhkdkkx
convert dimensionless values to dimensioned values

dzmax=zmax*radius

drmax=rmax*radius

drmin=rmin*radius

dzrmax=zrmax*radius

AT AR I KT AT A A A KA T A KA KRNI KRR A A AT AR ARk AR ARk Rk Rk Rk rhkhdhxhkxx

write bulb shape to plotting file

do 40 i=1,n
if(z(i).gt.0.0)then
write(23,16)dr(i),dz (i)
end if
continue
LSRR R A SR AR S RS SRR A AR AR R R E RS EE S S S RS E LSS S S E L LR SRS RS EEEEEEE

determine coordinates for plotting borehole
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write(23,%*)

write(23,16)0.0,0.0
write(23,16)radius,0.0
write(23,16)radius,borehead
write(23,16)0.0,borehead

hkhkhkhkhkhhkhkkhkkhkkhkhkkhkdkhkkkhkhdkddkkhhkhhkkhhkktkkkdkdhdxkkhhhkdhkk
print out results

write(21,11)
write(21,12)
write(21,17)
write(21,13)
write(21,14)
write(21,18)
write(21,*)'
write(21,*)

write(21,*)'
write(21l,*)’'
write(21,*)

write(21,*)"'
write(2l,*)

write(21,*)’'
write(2l,*)'
write(21,*)'
write(21,*)"'
write(21,*)'
write(21,*)

write(21,*)"
write(21l,*)

write(21,*)"'
write(21,*)'
write(21,*)"'
write(21,*)

write(2l,=*)'
write(21l,*)

write(21,*)'
write(21l,*)'
write(21,*)"
write(21,*)'
write(21,*)’
write(21,*)

write(21,*)"
write(21l,*)

write(21,*)'
write(21,*)"’
write(21l,*)"'
write(2l,*)'
write(21,*)"'
write(21,*)

write(21,*)"'
write(2l,*)

write(21,*)'

borehole permeameter test identification = ', testname
output file name = ', filename
bulb shape plotfile = ',plotfile
*xx borehole parametersg *** !

radius of borehole (m) = ',radius
depth of borehole (m) = ',depth
constant head in borehole (m) = ' ,borehead
h/r = ', hr
discharge into borehole (liters/min) = ', eq

*** goill parameters **x !

stephens sorptive number (1/m) = ',salpha
philips sorptive number (1/m) = ',ealpha
reynolds matric flux potential (em**2/s) = ',rmfp

*** calculated hydraulic conductivity =*#** '

glovers solution (cm/s) = ',gck
stephens I solution (cm/s) = ', ,sckl
stephens II solution (cm/s) = ',sck2
philips solution (cm/s) = ',pck
reynolds solution (cm/s) = ',rck

*** bulb shape *** '

maximum bulb depth (m) = ' dzmax
maximum bulb radius (m) = ', drmax
depth of maximum bulb radius (m) = ',dzrmax

% of total depth max bulb radius = ',perzrmax
minimum bulb radius (m) = ',drmin

*** information on data points for bulb shape *** '

total number of data points = ' k

I P S e E R E R RS E SR L SR L L LS L LS LS LS LSS L SR LSS AR AL R LS REE LR R LR EEEE LR
format statements

format(/,3x,

'al laase, independent study, borehole research',/)

format(3x, 'equations from glover(1953), stephens(1979),')
format (5%, 'stephens(1987),philip(1985), and reynolds(1986)')

format(/, 3x,

'borehole input data and results',/)

format(3x, 'sorptive numbers, matric flux potential,')
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format(5x, 'radius, head, and discharge are known',/)
format(1lx,£f12.8,1x,£12.8)
hhkhkhkhkhkhkkkhkhkkkkhkkhkhkhkhkrbhkhkhhkhbhkkhkhhkhhkhkhkhkkhkhbhkhkkkhkhkkkhkkkkdkx
stop

end
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al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynoclds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

in

*** borehole parameters **x*

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

TR [ I |

*** goil parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

o

*** calculated hydraulic conductivity *=*x*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reyneclds solution (cm/s)

o nn

*** bulb shape **x

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

LI I |

sitl

tl.o0ut
tl.plot

3.20000e-02
3.000000
1.130000
35.31250
3.100000

5.600000
9.000000
2.00000e-02

.08783e-03
.39211e-03
.59688e-03
.78751e-03
.93626e-03

NN

1.810837
0.7501982
0.994725
54.,93177
7.50655e-02

*** information on data points for bulb shape *=**

total number of data points =

422



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

**% borehole parameters **x*

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

*** goll parameters ***
stephens sorptive number (1/m)

philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity **x*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape **x*

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

I

[ LI T I I |

B % n

o n K u

s2tl

t2.o0ut
t2.plot

4.70000e-02

3.000000
0.602000
12.80851
2.200000

5.600000
9.000000

2.

Wk www

00000e~-02

.61470e~03
.2%9104e-03
.21249%e-03
.40506e-03
.37940e-03

0.809325
0.360226
0.504306
55.45940

6.07872e-02

*** jnformation on data points for bulb shape ***

total number of data points

358



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s2t2
output'file name = t3.out

bulb shape plotfile = t3.plot

*%% borehole parameters *x**

radius of borehole (m) = 5.10000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.914000

h/r = 17.92157
discharge into borehole (liters/min) = 5.100000

*** gsoil parameters ***

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.000000
reynolds matric flux potential (cm**2/s) = 2.00000e-02
*** calculated hydraulic conductivity =**=*

glovers solution (cm/s) = 4.17787e—-03
stephens I solution (cm/s) = 4.38378e-03
stephens II solution (cm/s) = 4.50992e-03
philips solution (cm/s) = 5.43793e-03
reynolds solution (cm/s) = 4.03036e-03
*** bulb shape **x*

maximum bulb depth (m) = 1.487253
maximum bulb radius (m) = 0.632947
depth of maximum bulb radius (m) = 0.799940

% of total depth max bulb radius = 53.78644
minimum bulb radius (m) = 4.37774e-02

*** jinformation on data points for bulb shape ***

total number of data points = 420



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters *x*x

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

banono

**x goil parameters *xx*

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

o

*** calculated hydraulic conductivity *x*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II1 solution (cm/s)
philips soclution (cm/s)
reynolds solution {(cm/s)

I T A |

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

I I I

s2t3

t4.o0ut
t4.plot

4.70000e-02
3.000000
1.030000
21.91489
3.400000

5.600000
9.000000
2.00000e-02

.36401e~-03
.58527e-03
.71799e-03
.11984e-03
.20126e-03

W N N

1.695290
0.725893
0.912615
53.83236
1.00571e-03

*** information on data points for bulb shape *x*

total number of data points =

440



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s2t4

output file name = t5.out

bulb shape plotfile = t5.plot

**x* borehole parameters *xx*

radius of borehole (m) = 5.70000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.920000

h/r = 16.14035
discharge into borehole (liters/min) = 4.000000

*x* goil parameters ***

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.000000
reynolds matric flux potential (cm**2/s) = 2.00000e-02
*** calculated hydraulic conductivity *=**

glovers solution (cm/s) = 3.10316e-03
stephens I solution (cm/s) = 3.28275e-03
stephens II solution (cm/s) = 3.34965e-03
philips solution (cm/s) = 4.05183e-03
reynolds solution (cm/s) = 2.94669%e-03
*x* bulb shape **x

maximum bulb depth (m) = 1.513471
maximum bulb radius (m) = 0.658534
depth of maximum bulb radius (m) = 0.813677

% of total depth max bulb radius = 53.76232

minimum bulb radius (m) 9.6733%e—-02
*** jnformation on data points for bulb shape **=*

total number of data points = 426



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

oo

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

***x goll parameters *xx

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

(1S

*** calculated hydraulic conductivity *=**

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

mwnna

*** bulb shape **x

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

e

s2t5

t6.0ut
t6.plot

8.90000e-02
3.000000
0.940000
10.561797
4.200000

5.600000
9.000000
2.00000e-02

.58805e-03
.88056e-03
.82922e-03
.43222e-03
.46534e-03

B WK

1.659729
0.771170
0.856575
51.60931
5.78976e—03

**% information on data points for bulb shape ***

total number of data points =

497



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)
constant head in borehole (m)
h/r

discharge into borehole (liters/min)

**x goll parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)

reynolds matric flux potential (cm**2/s)

**x* calculated hydraulic conductivity **=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynclds sclution (cm/s)

*** bulb shape **=*

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
¥ of total depth max bulb radius
minimum bulb radius (m)

]

I I I | "

[

e k0o

s3tl

t7.o0ut
t7.plot

€.00000e-02

3.000000
0.900000
15.00000
5.700000

5.600000
9.000000

2.00000e~02

N T I G NN

.48423e-03
.72565e-03
.78586e-03
.84566e~03
.35841e-03

1.492653
0.649425
0.795115
53.26855

2.2883%e-03

*** jinformation on data points for bulb shape *x*

total number of data points

448



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s3t2

output file name = t8.out

bulb shape plotfile = t8.plot

*** borehole parameters ***

radius of borehole (m) = 8.90000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.965000

h/r = 10.84270
discharge into borehole (liters/min) = 5.800000

*** goil parameters **x

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9,000000
reynolds matric flux potential (cm**2/s) = 2.00000e-02
***x calculated hydraulic conductivity =*x=x

glovers solution (cm/s) = 3.43437e-03
stephens I solution (cm/s) = 3.84850e-03
stephens II solution (cm/s) = 3.79547e-03
philips solution (cm/s) = 4.56696e-03
reynolds sclution (cm/s) = 3.34168e-03
*** bulb shape ***

maximum bulb depth (m) = 1.710781
maximum bulb radius (m) = 0.796816
depth of maximum bulb radius (m) = 0.881509

% of total depth max bulb radius = 51.52670
minimum bulb radius (m) = 5.46304e-03

*** information on data points for bulb shape ***

total number of data points = 495



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

**x* borehole parameters **x*

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

L I

*** 501l parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity =**=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

[/ | I

*** bulb shape **=*

maximum bulb depth (m)

maximum bulb radius (m)

depth of maximum bulb radius (m)
§ of total depth max bulb radius
minimum bulb radius (m)

oo

s3t3

t9.o0ut
t9.plot

8.90000e-02
3.000000
0.965000
10.84270
8.500000

5.600000
9.000000
2.00000e-02

.03312e-03
.64005e-03
.26233e-03
.69296e-03
.24090e-03

(S N NS S N ;]

1.710781
0.796816
0.881509
51.52670
5.46304e-03

**x* jnformation on data points for bulb shape **=»

total number of data points =

495



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

**%* borehole parameters ***

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

**x* g50il parameters ***
stephens sorptive number (1/m)

philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity **=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

I I I

s3t4

t10.0ut
t10.plot

8.90000e-02
3.000000
0.965000
10.84270
6.700000

5.600000
9.000000
2.00000e-02

.96729e-03
.44568e-03
.38442e-03
.27562e—03
.0875%e—03

U1 W

1.710781
0.796816
0.881509
51.52670
5.46304e-03

*** jinformation on data points for bulb shape ***

total number of data points

495



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

**%x goil parameters ***
stephens sorptive number (1/m)

philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity **=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
$ of total depth max bulb radius
minimum bulb radius (m)

o L I nu

LI I

oo

s3tb6

tll.out
tll.plot

8.90000e-02
3.000000
0.965000
10.84270
15.20000

5.600000
9.000000
2.00000e~-02

.00041e-03
.00857e-02
.94676e-03
.19686e-02
.53376e-03

W0 W

1.710781
0.796816
0.881509
51.52670
5.46304e-03

**x jnformation on data points for bulb shape ***

total number of data points

495



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters **x

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

wononn

*** goll parametersg ***

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity **x

glovers solution (cm/s)
stephens I sclution (cm/s)
stephens I1 solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

Founn ok

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

o nu

s3t7

tl2.o0ut
t12.plot

8.90000e-02
3.000000
0.965000
10.84270
9.400000

5.600000
9.000000
2.00000e-02

.56604e—-03
.23723e—03
.15128e-03
.40162e-03
.81755e-03

U~Jovagvn

1.710781
0.796816
0.881509
51.52670
5.46304e-03

- *** information on data points for bulb shape ***

total number of data points =

495



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynclds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

**x* borehole parameters ***

radius of borehole (m)

depth of borehcle (m)
constant head in borehole (m)
h/r

discharge into borehole (liters/min)

*x* goil parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)

reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity **x*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape ***

maximum bulb depth (m)

maximum bulb radius (m)

depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

on

It

il

n e

s4t2

t13.out
tl3.plot

5.80000e-02

3.000000
0.914000
15.75862
6.900000

5.600000
9.000000

2.

anthn

00000e—-02

.37112e-03
.67576e—-03
. 77758e—03
.01002e~03
.26031e~-03

1.506568
0.656166
0.809560
53.73535

8.83857e-02

***x jnformation on data points for bulb shape *=*x

total number of data points

427



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

i

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

(I T I I |

*** goil parameters **x*

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

Nk

*** calculated hydraulic conductivity **=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

[ T | O A |

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

tunn K

s4t3

tl4.0ut
ti4.plot

5.80000e-02
3.000000
0.914000
15.75862
1.300000

5.600000
9.000000
2.00000e-02

.01195e-03
.06935e-03
.08853e-03
.32073e-03
.14375e—04

00 b

1.506568
0.656166
0.809560
53.73535
8.83857e-02

*** information on data points for bulb shape ***

total number of data points =

427



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehocle permeameter test identification = s4t4

output file name = t15.o0ut

bulb shape plotfile = t15.plot

*** borehole parameters *=*=*

radius of borehole (m) = 5.80000e—-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.229000
h/r = 3.948276
discharge into borehole (liters/min) = 0.300000

*** g50i] parameters *x*

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1,/m) = 9.000000
reynolds matric flux potential (cm**2/s) = 2.00000e-02
*** calculated hydraulic conductivity **x

glovers solution (cm/s) = 1.64204e-03
stephens I solution (cm/s) = 1.41155e-03
stephens II solution (cm/s) = 1.14297e-03
philips solution (cm/s) = 1.70894e-03
reynolds solution (cm/s) = 1.06074e-03
*** bulb shape ***

maximum bulb depth (m) = 0.332533
maximum bulb radius (m) = 0.136996
depth of maximum bulb radius (m) = 0.167236

% of total depth max bulb radius = 50.29157
minimum bulb radius (m) = 5.12972e~04

*** jnformation on data points for bulb shape **x

total number of data points = 550



al laase, independent study, borehole research

eguations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)
constant head in borehole (m)
h/r

discharge into borehole (liters/min)

***x goil parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)

reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity *x*x

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

I | U A

/I I I |

ounnunn

s5t3

tl16.out
tl6.plot

5.80000e-02

3.000000
0.762000
13.13793
8.000000

5.600000
9.000000

2.00000e-02

w0 mww®

.29647e-03
.27549e-03
.20470e-03
.05657e—-02
.24564e-03

1.227242
0.519354
0.659753
53.75897

3.77416e-03

**x* jnformation on data points for bulb shape **=*

total number of data points

419



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters **x

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

*** goil parameters *x*x
stephens sorptive number (1/m)

philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity ***

glovers solution (cm/s)
stephens I solution {(cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*%% bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

I

o o wn I

muw nau

Bogonanw

s5t4

tl7.out
tl1l7.plot

5.80000e-02

3.000000
0.762000
13.13793
4.900000

5.600000
9.000000

2.

B oynun

00000e-02

.08159%9e-03
.06874e-03
.02538e~03
.47152e-03
.94943e-03

1.227242
0.519354
0.659753
53.75897

3.77416e-03

*** information on data points for bulb shape ***

total number of data points

419



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(19

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification s

t
t

output file name
bulb shape plotfile

|

*** horehole parameters **x*

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

*** goil parameters ***

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

i

*** calculated hydraulic conductivity *#*=

glovers solution (cm/s)
stephens I sclution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

L (I

*** bulb shape **=*

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

*** information on data points for bulb shape

total number of data points = 4

86)

5t5

18.out
18.plot

5.80000e-02
3.000000
0.762000
13.13793
6.600000

5.600000
9.000000
2.00000e-02

.84459e-03
.82728e-03
.76888e~-03
.71674e-03
.75703e-03

OOy

1.227242
0.519354
0.659753
53.75897
3.77416e-03

* k%

19



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s5t6

output file name = t19.0ut

bulb shape plotfile = t19.plot

*** borehole parameters **x

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.762000
h/x - 13.13793
discharge into borehole (liters/min) = 6.800000

**x* so0il parameters **x

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.,000000
reynolds matric flux potential (cm**2/s5) = 2.00000e-02
**x* calculated hydraulic conductivity *x**

glovers solution (cm/s) = 7.05200e-03
stephens I solution (cm/s) = 7.03417e-03
stephens II solution (cm/s) = 6.9739%e-03
philips solution (cm/s) = 8.98089%e-03
reynolds solution (cm/s) = 6.96969%e-03
*** bulb shape *x**

maximum bulb depth (m) = 1.227242
maximum bulb radius (m) = 0.519354
depth of maximum bulb radius (m) = 0.659753

% of total depth max bulb radius = 53.75897
minimum bulb radius (m) = 3.77416e-03

*** information on data points for bulb shape ***

total number of data points = 419



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

LI

*** borehole parameters **x

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

0w

*** goil parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

[

*** calculated hydraulic conductivity #***

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (¢m/s)
reynolds solution (cm/s)

I I

*** bulb shape **x

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

wnn ¢

sbt7

t£20.0ut
t20.plot

5.80000e-02
3.000000
0.762000
13.13793
6.900000

5.600000
9.000000
2.00000e~-02

.15571e-03
.13761e-03
.07655e-03
.11296e-03
.07602e-03

~ W T~ D

1.227242
0.519354
0.659753
53.75897
3.77416e-03

*** information on data points for bulb shape ***

total number of data points

419



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*xx borehole parameters **x

radius of borehole (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

LI T I

*x* goll parametersg *=*x

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

o

*** calculated hydraulic conductivity *x*=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

LA T T |

*** bulb shape **x

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
$ of total depth max bulb radius
minimum bulb radius (m)

e nwon

s5t8

t21.0ut
t21.plot

5.80000e-02
3.000000
0.762000
13.13793
9.000000

5.600000
9.000000
2.00000e-02

.33353e~03
.30993e-03
.23029e-03
.18865e-02
.30893e-03

W HWWwWw

1.227242
0.519354
0.659753
53.73897
3.77416e-03

*** information on data points for bulb shape *=*x

total number of data points =

419



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s6tl
output file name = t22.0ut
bulb shape plotfile = t22.plot
*** borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 1.550000
h/r = 26.72414
discharge into borehole (liters/min) = 18.30000
*** goll parameters ***

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.000000

reynolds matric flux potential (cm**2/s) 2.00000e-02

*** calculated hydraulic conductivity ***

glovers solution (cm/s) = 6.01917e-03
stephens I solution (cm/s) = 7.73750e-03
stephens II solution (cm/s) = 8.42996e-03
philips solution (cm/s) = 8.31100e-03
reynolds solution (cm/s) = 7.00605e-03
**% bulb shape ***

maximum bulb depth (m) = 2.816760
maximum bulb radius (m) = 1.324852
depth of maximum bulb radius (m) = 1.474992

% of total depth max bulb radius = 52.36486
minimum bulb radius (m) = 0.177056

*** information on data points for bulb shape *#*x

total number of data points = 504



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s6t3
output file name = t23.0ut
bulb shape plotfile = t23.plot
***x borehole parameters *=*»*

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 1.210000
h/r = 20.86207
discharge into borehole (liters/min) = 9.100000
**¥*x goil parameters ***

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.000000

reynolds matric flux potential (cm**2/s) 2.00000e-02

*** calculated hydraulic conductivity **=*

glovers solution (cm/s) = 4.50366e-03
stephens I solution (cm/s) = 5.25653e-03
stephens II solution (cm/s) = 5.55703e-03
philips solution (cm/s) = 6.07235e-03
reynolds solution (cm/s) = 4.40146e-03
*** bulb shape **x*

maximum bulb depth (m) = 2.090127
maximum bulb radius (m) = 0.949572
depth of maximum bulb radius (m) = 1.111053

% of total depth max bulb radius = 53.15722
minimum bulb radius (m) = 0.149899

*** jnformation on data points for bulb shape **=*

total number of data points = 467



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),
stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification = s6t4

output file name = t24.out

bulb shape plotfile = t24.plot

*** borehole parameters **x

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
constant head in borehole (m) = 0.580000

h/r = 10.000000
discharge into borehole (liters/min) = 0.800000

*** goil parameters ***

stephens sorptive number (1/m) = 5.600000
philips sorptive number (1/m) = 9.000000
reynolds matric flux potential (cm**2/s) = 2.00000e-02
*** calculated hydraulic conductivity **=*

glovers solution (cm/s) = 1.26051e-03
stephens I solution (cm/s)- = 1.16718e-03
stephens II sclution (cm/s) = 1.10960e-03
philips solution (cm/s) = 1.53954e-03
reynolds solution (cm/s) = 9.65515e—-04
*** bulb shape ***

maximum bulb depth (m) = 0.901912
maximum bulb radius (m) = 0.369806
depth of maximum bulb radius (m) = 0.486490

% of total depth max bulb radius = 53.93987
minimum bulb radius (m) = 2.39190e-03

*x* jnformation on data points for bulb shape ***

total number of data points = 417



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

[

borehole permeameter test identification

]

output file name
bulb shape plotfile

*x* borehole parameters *x*x

radius of borehcle (m)

depth of borehole (m)

constant head in borehole (m)

h/r

discharge into borehole (liters/min)

/I I |

*** goil parametersg **x

stephens sorptive number (1/m)
philips sorptive number (1/m)
reynolds matric flux potential (cm**2/s)

BN

*** calculated hydraulic conductivity *=**

glovers soclution (cm/s)
stephens I solution (cm/s)
stephens II sclution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

U T

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

nunn

s6tb

t25.0ut
t25.plot

5.80000e-02
3.000000
0.570000
9.827586
3.000000

5.600000
9.000000
2.00000e-02

.85185e~03
.47390e-03
.24144e-03
.90892e-03
.68714e-03

W U ks s

0.884599
0.362084
0.477507
53.98005
1.939%967e—03

*** information on data points for bulb shape **x*

total number of data points =

401



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1287),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehole permeameter test identification

output file name
bulb shape plotfile

*** borehole parameters ***

radius of borehole (m)

depth of borehole (m)
constant head in borehole (m)
h/r

discharge into borehole (liters/min)

x** goll parameters *=*x

stephens sorptive number (1/m)
philips sorptive number (1/m)

reynolds matric flux potential (cm**2/s)

*** calculated hydraulic conductivity =*xx

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape ***

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
% of total depth max bulb radius
minimum bulb radius (m)

0w

[ A |

Eonouonn

s6t6

t26.out
t26.plot

5.80000e-02

3.000000
0.914000
15.75862
3.000000

5.600000
9.000000

2.00000e-02

B Wb

.33527e-03
.46772e-03
.51199%e-03
.04783e~03
.26817e-03

1.506568
0.656166
0.809560
53.73535

8.83857e-02

*** information on data points for bulb shape **x

total number of data points

427



al laase, independent study, borehole research

equations from glover(1953), stephens(1979),

stephens(1987),philip(1985), and reynolds(1986)

borehole input data and results

sorptive numbers, matric flux potential,
radius, head, and discharge are known

borehcle permeameter test identification

output file name
bulb shape plotfile

***x borehole parameters ***

radius of borehole (m)

depth of borehole (m)
constant head in borehole (m)
h/r

discharge into borehole (liters/min)

**x* goll parameters **x

stephens sorptive number (1/m)
philips sorptive number (1/m)

reynolds matric flux potential (cm**2/s)

**x* calculated hydraulic conductivity **=*

glovers solution (cm/s)
stephens I solution (cm/s)
stephens II solution (cm/s)
philips solution (cm/s)
reynolds solution (cm/s)

*** bulb shape **x*

maximum bulb depth (m)
maximum bulb radius (m)
depth of maximum bulb radius (m)
$ of total depth max bulb radius
minimum bulb radius (m)

o nwnon o

o oronon

Bouononon

s7tl

t27.out
t27.plot

0.152000
3.000000
0.914000
6.013158
15.00000

5.600000
9.000000

2.

~JWw 0o~

00000e-02

.11544e-03
.87499%e-03
.18005e-03
.74183e—-03
.45357e-03

1.764188
0.887896
0.868222
49.21370

5.20889e-03

***x jnformation on data points for bulb shape ***

total number of data points

643
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al laase, independent study, 26 august 1988

kAT KKAK I KA RA AT AKX XA ARk ATk T hkhkkhkhkhkhdkhkkhkhkkhkhhhdhhkkhkkhkkhkhkhkkhkhkhkhkhkhkhhhk
this program uses equations from "the constant head well permeameter:
effect of unsaturated flow" w.d. reynolds, d.e. elrick, and b.e.
clothier, soil science, vol. 139, no. 2, pages 172-180, february 1986.
making use of two constant head values in the same borehole saturated
field hydraulic conductivity, sorptivity, and alpha parameter.
kkhkkkIkkIkhkhhkhkhhkdehkdkhkhkhhkhkkkrRhkhAhkkkhkRkkdkhkkhkdhkdkhhkrdhkhkrkkkxkkkhkkkrkhkxrdkhkkkikkkxkkkx

variable dictionary

hl - constant head value associated with first borehole test
h2 - constant head value associated with second borehole test
h3,h4,h5 - dimensionless heads

hrl,hr2 - head/radius

gl - flow rate into borehole associated with first borehcle test
g2 - flow rate into borehole associated with second borehole test
gq3,g4,95 — dimensionless discharge

radius - radius of borehole

depth ~ depth of borehole

bl - length along borehole before line source test 1

b2 - length along borehole before line source test 2

openl - open length of borehole test 1

open2 - open length of borehole test 2

kfs - field saturated hydraulic conductivity

s — sorptivity

sl - used in calculating sorptivity

alpha - alpha number

theta - moisture content

dtheta - change in moisture content

stheta - saturated moisture content

pli - as related to circle

cl,c2 - used to determine kfs,s,alpha

gl,g2 — used to determine kfs

j1,32 — used to determine s

ml,m2 - used to determine alpha

nl,n2 — used to determine alpha

wl,w2,...,wn — dummy variables used in calculations
x1l,x2,...,%xn - dummy variables used in calculations
¥v1,¥2,...,yn — dummy variables used in calculations
z1,z2,...,2n — dummy variables used in calculations

filename - output filename

testl - identification for borehole test 1

test2 — identification for borehole test 2

Ak Rk kR Rk Ak kA kT kk kA Ak kAR A AR A A Ak Ak khk kR kAR kdkhkhkhkhhkkhhrkhkhkhhkhhhkhkrhkxxk

defining variables

real hl,h2,ql,q2,radius,bl,b2,kfs,s,alpha,dtheta,cl,c2,91,92,31,]2
real ml,m2,nl,n2,theta,pi,openl,open2,depth,stheta,h3,h4,h5

real hrl,hr2,q3,q4,q95,sl

character *30 filename,testl,test2

pi=3.14159

KKK A KA AR A AR E KA A AR AR A A A A AR R A KA AR AR A T AR AR KRR AR A A AT A A Ak kA kA kkkhkkkkihxi
reading input data

write(*,*)' enter radius of borehole (m) '
read(*, *)radius

write(*,*)' enter depth of borehole (m) '
read(*, *)depth

write(*,*)' enter test 1 identification number '
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read(*, *)testl
write(*,*)' enter length along borehole before screen test 1 (m) '
read({*,*)bl

write(*,*)' enter constant head for test 1 (m) '
read(*,*)hl

write(*,*)' enter discharge rate test 1 (liters/min) '
read(*,*)ql

write(*,*)' enter test 2 identification number '
read(*, *)test2

write(*,*)' enter length along borehole before screen test 2 (m)
read(*, *)b2

write(*,*)' enter constant head for test 2 (m) '
read(*,*)h2

write(*,*)' enter discharge rate test 2 (liters/min) '
read(*,*)g2

write(*,*)' enter initial moisture content of soil '
read(*,*)theta

write(*,*)' enter saturated moisture content of soil

read(*, *)stheta

write(*,*)' enter output file name '

read(*,*)filename

R AR SRS LSS RS R SR AR L RS L LS LSRR SRR RS RS E RS S LA SRS S S LSS S ST TSRS EE TR S L

opening output file

open(unit=21,file=filename, status='unknown')
KhkkkrkrkkkhkrkkhkhkkrkTkhkhkhkhk ko h bk hk kA A Ak kA Ak kA A AR A AR A A ARk A kA khkdkhhkkdkhk

calculate open area for each test

openl=hl-bl
open2=h2-b2

(eSS e RS S SRS e LSRR LRSSl L RS ER L LS RS RS SRS R LSS I LRSS ELE S LTRSS SR L EEEE LS ST L
calculate ¢l using equation 29

X1=hl**2,0

x2=(hl1-bl)/hl

x3=(hl-bl)/radius
X4=(radius/hl)**2.0

%x5=x2*%2.,0

x6=radius/hl

x7=(hl-bl)**2.0
X8=log(x3+sqrt((x3*x*2.0)+1.0))
Cl=(x1*((x2*%X8)—sqgrt(x4+x5)+x6))/x7
kkkhkkbkhkhkhkkhhkhkhkkkhkhhkhhkhkhkhkhhkhkhkhkkhkhkhkhkdhhkhkdhhkhkhhkkkrkrxhkhkkhkdkhhhkrkhxhkhkhkhkrkhrkhdk
calculate c2 using equation 29

yl=h2**2_.0

y2=(h2-b2)/h2

y3=(h2-b2)/radius
v4=(radius/h2)**2.0

y5=y2**2.0

y6=radius/h2

y7=(h2-b2)**2.0
yB=log(y3+sqrt((y3**2.0)+1.0))
c2=(yl*((y2*y8)—-sqrt(y4+y5)+y6))/y7
LE R SR RS S A RL SRS SRS SRS ARt E Rt LS s AL IR SRR R L R R R R RS R
calculate gl using equation 38

zl=h2=*cl
z2=2*h1*h2*(h2-hl)
z3=((radius)**2,0)*((hl*c2)—(h2*cl))
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gl=zl/(pi*(22+23))

AR R R R KA R AR R R A A A Ak AR A R R R AR T AR A A A A AR AR AR A AR AT A R A AR R R AR RRR AR R A ARk k
calculate g2 using equation 38

z4=hl*c2

25=2*hl1*h2* (h2-hl)

z6=(radius**2,0)*((hl*c2)—(h2*cl))

g2=z4/(pi*(z5+26))
KhkAKRXhkAkAhhkrhkhhkkhkhhkkhhdhhkkhhrhkhobhkhkhkdxdkhhokhhkhkkhdrhkkdhkhkhkkkhhkhkhkhkhkrkkkkk
calculate jl using equation 39

wl=((2.0*(h2**2.0))+((radius**2.0)*c2))*cl

w2=2.0*h1*h2*(h1-h2)

w3=((radius)**2,0)*((h2*cl)—(hl*c2))

Jl=wl/(pi*(w2+w3))

Ak kR Rk kR kR R AR R KA R R R R AR R AR A R K KA I KRR R KA R AR KAk Ak A Ak kA kA Ak kA kA kA kk kA kkkhk
calculate j2 using equation 39

wa=((2.0*(hl1**2.0))+((radius**2.0)*cl))*c2
j2=w4/(pi* (w2+w3))

ok khhkhkkkkkkk kAR kA A AR KR AR IR A AR Rk kT ARk ARk ko kkkkhkkkkkhkkhhkkkkkkkhkkkkkkhkkx
calculate ml and m2 using equation 40

ml=2.0xh2*cl
m2=2.0*hl*c2

I RS S RS SRS S SR S S SR ST RS R RS SR RS R E RS AR R E R R R R R R RS Y R YR
calculate nl and n2

nl=—cl*((2.0*(h2**2,0))+{(radius**2.0)*c2))
n2=—-c2*((2.0%(hl**2.0))+{(radius**2.0)*cl}))

(XSS S S S SRS S S E Sttt R R R LSRR RS RS R R R RS LSS S SIS EE SIS S LSS LS LTRSS LT
calculate kfs,s, and alpha using equations 38,39,40

dtheta=stheta-theta
kfs=((g2*q2)—(gl*gl))*(1000.0/60.0)*(1/10000.0)
sl=(dtheta*((j2*g2*(1000.0/6000.0))—(jl*gl*(1000.0/6000.0))))
s=sqrt(sl)

alpha=((m2*q2)-(ml*ql))/((n2*g2)-(nl*qgl))

A KAk ARk ARk kA AR TR ARk Ak Ak hkkh ko khkhkkk kk kA k kA kA kA A ARk kA kA ARk kAR XAk Kk %k
determine possible parameters of interest

h3=hl/h2

h4=(h2-hl)/h2

h5=(h2-hl)/radius

hrl=hl/radius

hr2=h2/radius

q3=ql/q2

q4=(q2-ql)/q2

g5=((g2—gl)/(h2-hl))*radius

Ik krhhkhkhhkkkhhkhhkrhhkhkhkh kb hkhh bk hdhhdkhhkdhdhkrhhkhkdhhkhhkhhhhhhkhkkhkrhkkhkhkhkdk
print out results

write(21,11)
write(21,12)
write(21,13)
write(21,14)
write(21,15)
write(21,16)
write(21,17)
write(21,*)



write(21,*)' output file name = ', filename
write(21,%*)

write(2l,*)' *** borehole parameterg *xx* ‘!

write(21,*)

write(21,*)' radius of borehole (m) = ',radius
write(21,*)' depth of borehole (m) = ', ,depth
write(2l, *)

write(21l,*)' *** test 1 parameters **x* !

write(21,*)

write(21,*)' borehole test identification = !',testl
write(21,*)' constant head in borehole test 1 (m) = ',hl
write(21,*)' discharge test 1 (liters/min) = ',ql
write(21l,*)' open interval of borehole test 1 (m) = ',openl
write(21l,*)

write(21,*)' *** test 2 parameters ***x '

write(21, *)

write(2l1,*)' borehole test identification = ',test2
write(21,*)' constant head in borehole test 2 (m) = ', h2
write(21,*)' discharge test 2 (liters/min) = ' g2
write(21,*)' open interval of borehole test 2 (m) = ', open2
write(21,*)

write(21l,*)' *** soil parameters **x* '

write(21,*)

write(21l,*)' initial moisture content before test = ',theta
write(21l,*)' final moisture content after test = ',stheta
write(21,*)

write(21,*)' *** calculated soil parameters ***x '

write(21,*)

write(21,*)' saturated hydraulic conductivity (cm/s) = ', kfs
write(21l,*)' sorptivity (1/s**0.5) = ',s
write(21,*)' before taking square root for s = ',sl
write(21,*)' alpha (1/m) = ',alpha
write(21,*)

write(21,*)' *** calculated constants *** '

write(21,*)

write(21,*)' cl = ',cl
write(21l,*)' c2 = ' c2
write(21,*)' gl (1/m**2) = ' gl
write(21,*)' g2 (1l/m**2) = ',g2
write(21,*)' §1 (1/m) = ',J1
write(21,*)' j2 (1/m) = ',j2
write(21,*)' ml (m) = ', ml
write(21,*)' m2 (m) = ' m2
write(21,*)' nl (m**2) = ',nl
write(21,*)' n2 (m**2) = ',n2
write(21,*)' Q1/02 = ', q3
write(21,*)' H1/H2 = ',h3
write(21,18)

write(21,*)' page 2'
write(21,*)

write(21,11)

write(21,*)

write(21,*)' output file name = ', filename
write(21,*)

write(21,*)' ***x calculated parameters *** !

write(21,*)

write(21,*)' hl/h2 = ', h3
write(21,*)' (h2-hl)/h2 = ',h4
write(21,*)' (h2-hl)/radius = ',h5
write(21,*)' hl/radius = ',hrl



a0

write(21,*)' h2/radius = ', hr2
write(21,*)' ql/q2 = ',q3
write(21,*)' (g2-ql)/q2 = ',q4

write(21,*)' radius*(q2-ql)/(h2-hl) (liters/min) = ', g5
KhkhkAhkhkhkhhkRhkkkkhkhhkhkhkhhkhkhdhkhkhkhkkkdhhkhhhkhkhkhkkhkhhkkhhkhkkkhkhkhkhkkhkhkhhkhhhkhkkhkkdkkk
format statement

format(/,3x,'al laase, independent study, borehole research',/)
format(3x, 'equations from reynolds, elrick, and clothier')
format(3x, 'soil science, wvol 139, no. 2, 1986',/)

format(3x, 'borehole input data and results', /)

format(3x, 'two seperate tests in same borehole')

format(3x, 'heads, discharge rates, initial moisture content')
format(3x, 'and final moisture content known ')

format(/,/)

AR T AT A A kA Ak A kA Ak kAT A A A A AR AT A A I T F A AT AT Ik Ik Ak hhk bk xRk rkhdkxhkkhkkx
stop

end
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al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
solil science, vol 139, no. 2, 1986

Lorehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = rl.out
*** borehole parameters **x

radius of borehole (m) = 5.80000e—-02
depth of borehole (m) = 3.000000
*** test 1 parameters **=*

borehole test identification = s4t4
constant head in borehole test 1 (m) = 0.229000
discharge test 1 (liters/min) = 0.300000
open interval of borehole test 1 (m) = 0.229000
*** test 2 parameters ***

borehole test identification = s4t3
constant head in borehole test 2 (m) = 0.914000
discharge test 2 (liters/min) = 1.300000
open interval of borehole test 2 (m) = 0.914000
*** g0il parameters ***

initial moisture content before test = 0.125000
final moisture content after test = 0.350000
*** calculated soil parameters ***

saturated hydraulic conductivity (cm/s) = 7.27945e-04
sorptivity (1/s**0.5) = 0.112129
before taking square root for s = 1.25728%e-02
alpha (1/m) = 2.605416
**x* calculated constants **»*

cl = 1.303790
c2 = 2.512986
gl (1/mx=*2) = 1.332456
g2 (l/m**2) - 0.643465
il (1/m) = -2.448054
j2 (1/m) = -0.307031
ml (m) = 2.383328
m2 (m) = 1.150948
nl (m**2) = -2.189384
n2 (m*x*2) = -0.274589
01/02 = 0.230769
H1/H2 = 0.250547



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier

soil science, vol 139, no. 2, 1986
borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content

and final moisture content known
output file name
*%* borehole parameters #***

radius of borehole (m)
depth of borehcle (m)

*x%* test 1 parameters ***

borehole test identification
constant head in borehole test 1 (m)
discharge test 1 (liters/min)
open interval of borehole test 1 (m)

**x*x tegt 2 parameters ***

borehole test identification
constant head in borehole test 2 (m)
discharge test 2 (liters/min)

open interval of borehole test 2 (m)
*** goil parameters **%

initial moisture content before test
final moisture content after test

*** calculated soil parameters ***
saturated hydraulic conductivity (cm/s)
sorptivity (1/s**0.5)

before taking square root for s

alpha (1/m)

*** calculated constants **x

cl

c2

gl (1/m**2)
g2 (1l/m**2)
jl (1/m)

12 (1/m)

ml (m)

mz2 (m)

nl (m**2)
n2 (mx*2)
Q1/Q2

H1/H2

I | nn

o G ono

o wn

([ T 1 I |

r2.out

5.80000e-02

3.000000

s4t4
0.229000
0.300000
0.229000

s4t2
0.914000
6.900000
0.914000

0.125000
0.350000

6.73361e~03

NaN

-5,19036e-02

-5.837988

1.303790
2.512986
1.332456
0.643465
2.448054
0.307031
2.383328
1.150948
-2.189384
~-0.274589

4.34783e—-02

0.250547



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = r3.out

*x* borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
*** test 1 parameters **x*

borehole test identification = s5t5
constant head in borehole test 1 (m) = 0.762000
discharge test 1 (liters/min) = 6.600000
open interval of borehole test 1 (m) = 0.762000
*** test 2 parameters ***

borehole test identification = s5t7
constant head in borehole test 2 (m) = 0.762000
discharge test 2 (liters/min) = 6.900000
open interval of borehole test 2 (m) = 0.762000
*** gsoil parameters ***

initial moisture content before test = 0.130000
final moisture content after test = 0.350000
*** calculated soll parameters x**

saturated hydraulic conductivity (cm/s) = NaN(1)
sorptivity (1/s**0.5) = NaN(1l)
before taking square root for s = NaN(1)
alpha (1/m) = -1.303487
*** calculated constants ***

cl = 2.343319
c2 = 2.343319
gl (1/m**x2) = Inf

g2 (l/mx*2) = Inf

31 (1/m) = Inf

32 (1/m) = Inf

ml (m) = 3.571218
m2 (m) = 3.571218
nl (m*x*2) = -2.739740
n2 (m**2) = =-2.739740
Q1/02 = 0.956522
H1/H2 = 1.000000



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = r4.out
*** borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
*** test 1 parameters ***

borehole test identification = s6t3
constant head in borehole test 1 (m) = 1.210000
discharge test 1 (liters/min) = 9.100000
open interval of borehole test 1 (m) = 1.210000
***x test 2 parameters **x*

borehole test identification = s6tl
constant head in borehole test 2 (m) = 1.550000
discharge test 2 (liters/min) = 18.30000
open interval of borehole test 2 (m) = 1.220000
*** goll parameters ***

initial moisture content before test = 9.00000e-02
final moisture content after test = 0.350000
*%x% calculated soil parameters **x*

saturated hydraulic conductivity (cm/s) = 1.63055e-02
sorptivity (1/s**0.5) = NaN

before taking square root for s = ~0.740993
alpha (1,/m) = —1.144256
***x caloulated constants x**

cl = 2.778440
c2 = 3.539954
gl (1/m**2) = 1.074939
g2 (1/m*x*2) = 1.069139
i1 (1/m) == —3.340570
Jj2 (1/m) = -2.595576
ml (m) = 8.613162
m2 (m) = B.566689
nl (m**2) = —-13.38349
n2 (m**2) = -10.398782
01/Q2 = 0.497268
H1/H2 = 0.780645



al laase, independent study, borehcle research

equations from reynolds, elrick, and clothier

soil science, vol 139, no. 2, 1986
borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content

and final moisture content known
output file name
*** borehole parameters **x

radius of borehole (m)
depth of borehole (m)

*** test 1 parameters **x*

borehole test identification
constant head in borehole test 1 (m)
discharge test 1 (liters/min)
open interval of borehole test 1 (m)

*** test 2 parameters ***

borehole test identification
constant head in borehole test 2 (m)
discharge test 2 (liters/min)
open interval of borehole test 2 (m)

***% goll parameters ***

initial moisture content before test
final moisture content after test

**x* calculated soil parameters *x*x

saturated hydraulic conductivity (cm/s)
sorptivity (l1/s**0.5)

before taking square root for s

alpha (1/m)

**x* calculated constants ***

gl (1/m*x*2)
g2 (l/m*x*2)
J1 (1/m)

j2 (1/m)

ml (m)

m2 (m)

nl (m*x*2)
n2 (m**2)
Q1,02
H1/H2

|

[ | rnnn

LI VI [ |

T I

rs5

3

.out

5.80000e~-02
.000000

sét4

0
0
0

.580000
. 800000
.580000

s6tl

1
1
1

0

NaN
-0
-1

PO OOWN

-10.

-2

0

.550000
8.30000
.220000

9.00000e-02
. 350000

1.06641e-02

.285172
.944565

.093235
.539954
.593524
.375590
.844483
.440244
.489029
.106347
082922
.406608
4.37158e-02
.374194



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier

soil science, vol 139, no. 2, 1986
borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content

and final moisture content known
output file name
***x borehole parameters ***

radius of borehole (m)
depth of borehole (m)

*** test 1 parameters ***

borehole test identification
constant head in borehole test 1 (m)
discharge test 1 (liters/min)
open interval of borehole test 1 (m)

***x test 2 parameters ***

borehole test identification
constant head in borehole test 2 (m)
discharge test 2 (liters/min)
open interval of borehole test 2 (m)

*** gojl parameters *xx

initial moisture content before test
final moisture content after test

**% calculated soil parameters ***

saturated hydraulic conductivity (cm/s)
sorptivity (1/s**0.5)

before taking square root for s

alpha (1/m)

**x* calculated constants ***

gl (1l/m**2)
g2 (1l/m**2)
jl (1/m)

i2 (1/m)

ml (m)

m2 (m)

nl (m**2)
nz2 (m*x*2)
QL/Q2

H1/H2

[l o onono [

LI | | | | A O A

ré6.out

5.80000e-02
3.000000

s6t4
0.580000
0.800000
0.580000

s6t3
1.210000
9.,100000
1.210000

9.00000e—-02
0.350000

7.60905e-03
NaN
-0.192066
-2.060075

2.093235
2.778440
0.914945
0.582130
2.221234
0.682339
5.065629
3.222990
-6.148977
—-1.888899
B.79121e-02
0.479339



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier

soll science, vol 139, no. 2, 1986
borehocle input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content

and final moisture content known
output file name
***x borehole parameters x*x*

radius of borehole (m)
depth of borehole (m)

*** fest 1 parameters ***

borehole test identification
constant head in borehole test 1 (m)
discharge test 1 (liters/min)
open interval of borehole test 1 (m)

**x test 2 parameters ***

borehole test identification
constant head in borehole test 2 (m)
discharge test 2 (liters/min)
open interval of borehole test 2 (m)

*** goil parameters **x*

initial moisture content before test
final moisture content after test

*** calculated soll parameters ***

saturated hydraulic conductivity (cm/s)
sorptivity (1/s8**0.5)

before taking square root for s

alpha (1l/m)

*** calculated constants **x

gl (1/m*=*2)
g2 (1l/m**2)
jl (1/m)

j2 (1/m)

ml (m)

m2 (m)

nl (m**2)
n2 (m**2)
Q1/Q2

H1/H2

I

nnn nn

[ T |

I I I |

[/ I |

r7.out

5.80000e-02
3,000000

s6t4
0.580000
0.800000
0.580000

s6t6
0.914000
3.000000
0.853000

9.00000e~02
0.350000

4.56247e-03
NaN
=9.,92196e~-02
-2.391145

2.093235
2.623388
1.726167
1.372806
3.172101
1.609122
3.826434
3.043129
~3.515833
-1.783488

0.266667

0.634573



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = r8.out

*** borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
*** test 1 parameters **xx*

borehole test identification = s6t5
constant head in borehole test 1 (m) = 0.570000
discharge test 1 (liters/min) = 3.000000
open interval of borehole test 1 (m) = 0.570000
*** test 2 parameters **x*

borehole test identification = s6tl
constant head in borehole test 2 (m) = 1.550000
discharge test 2 (liters/min) = 18.30000
open interval of borehole test 2 (m) = 1.220000
*** goll parameters ***

initial moisture content before test = 9.00000e—-02
final moisture content after test = 0.350000
*%*% calculated soil parameters ***

saturated hydraulic conductivity (cm/s) = 8.37250e-03
sorptivity (1l/s**0.5) = NaN

before taking square root for s = -0.100009
alpha (1/m) = -4 ,353313
*** calculated constants *x*=*

cl = 2.077510
c2 = 3.539954
gl (1/m**2) = 0.593305
g2 (1/m**2) = 0.371771
3l (1/m) = -1.843805
j2 (1/m) = -0.428378
ml (m) = 6.440279
m2 (m) = 4.035548
nl (m**2) = =10.007174
n2 (mxx2) = -2.325002
Q1L/Q2 = 0.163934
H1/H2 = 0.367742



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
so0il science, vol 139, no. 2, 1986

borehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = r9.out

**% borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000

*** test 1 parameters ***

borehole test identification = s6t5

constant head in borehole test 1 (m) = 0.570000
discharge test 1 (liters/min) = 3.000000
open interval of borehole test 1 (m) = 0.570000

*** test 2 parameters **x*

borehole test identification = s6t3

constant head in borehole test 2 (m) = 1.210000
discharge test 2 (liters/min) = 9.100000
open interval of borehole test 2 (m) = 1.210000

*x* gol]l parameters **x*

initial moisture content before test = 9.00000e—-02
final moisture content after test = 0.350000

*** cglculated soil parameters ***

saturated hydraulic conductivity (cm/s) = 4.,14337e-03
sorptivity (1/s**0.5) = 0.163373
before taking square root for s = 2.66909e-02
alpha (1/m) = 8.072240

*** calculated constants ***

cl = 2.077510

c2 = 2.778440

gl (1/m**2) = 0.909600

g2 (l/m**2) = 0.573057

jl (1/m) = -2.208259

j2 (1/m) = -0.660311

ml (m) = 5.027574

m2 (m) = 3.167421

nl (m**2) = -6.102782

n2 (m**2) = -1.824848
Q1/02 = 0.329670
H1/H2 = 0.471074



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehcle input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = rl0.out
*** borehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
*** test 1 parameters **x*

borehole test identification = s6t5
constant head in borehole test 1 (m) = 0.570000
discharge test 1 (liters/min) = 3.000000
open interval of borehole test 1 (m) = 0.570000
**x*x test 2 parameters *xx

borehole test identification = s6t4
constant head in borehole test 2 (m) = C0.580000
discharge test 2 (liters/min) = 0.800000
open interval of borehole test 2 (m) = 0.580000
*** goil parameters ***

initial moisture content before test = 9.00000e-02
final moisture content after test = 0.350000
*** calculated soll parameters **x*

saturated hydraulic conductivity (cm/s) = —-0.214745
sorptivity (1/s**0.5) = 2.565995
before taking square root for s = 6.584327
alpha (1/m) = -1.695959
*** calculated constants ***

cl = 2.077510
c2 = 2.093235
gl (1/m**2) = 58.35886
g2 (1/mx*2) = 57.78680
j1 (1/m) = -68.40480
j2 (1/m) =  -66.58548
ml (m) = 2.409911
m2 (m) = 2.386288
nl (m**2) = -1.412377
n2 (m**2) = -1.374813
01,/02 - 3.750000
H1/H?2 = 0.982759



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name = rll.out
*** horehole parameters ***

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
***% test 1 parameters ***

borehole test identification = s6t5
constant head in borehole test 1 (m) = 0.570000
discharge test 1 (liters/min) = 3.000000
open interval of borehole test 1 (m) = 0.570000
*** tegt 2 parameters **¥

borehole test identification = s6t6
constant head in borehole test 2 (m) = 0.914000
discharge test 2 (liters/min) = 3.000000
open interval of borehole test 2 (m) = 0.853000
*** goil parameters ***

initial moisture content before test = 9.00000e-02
final moisture content after test = 0.350000
*** cglculated soil parameters ***

saturated hydraulic conductivity (cm/s) = -1.79852e-03
sorptivity (1/s5**0.5) = 0.452441
before taking square root for s = 0.204703
alpha (1/m) = -0.456874
*** calculated constants ***

cl = 2.077510
c2 = 2.623388
gl (1/m**2) = 1.692693
g2 (1l/m*x*2) = 1.332988
91 (1/m) = —-3.110585
j2 (1/m) = -1.535950
ml (m) = 3.797688
m2 (m) = 2.990662
nl (m**2) = -3.489420
n2 (m**2) = -1.723011
Q1/Q2 = 1.000000
H1/H2 = 0.623632



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier

soll science, vol 139, no. 2, 1986
borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial moisture content

and final moisture content known
output file name
*** borehole parameters **x

radius of borehole (m)
depth of borehole (m)

*** test 1 parameters *xx

borehole test identification
constant head in borehole test 1 (m)
discharge test 1 (liters/min)
open interval of borehole test 1 (m)

*** test 2 parameters **=*

borehole test identification
constant head in borehole test 2 (m)
discharge test 2 (liters/min)
open interval of borehole test 2 (m)

*** soil parameters **x*

initial moisture content before test
final moisture content after test

*** calculated soil parameters **=*

saturated hydraulic conductivity (cm/s)
sorptivity (1/s**0.5)

before taking square root for s

alpha (1/m)

*** calculated constants ***

gl (1/m**2)
g2 (1/m*x*2)
Jj1 (1/m)
j2 (1/m)
ml (m)

m2 (m)

nl (m**2)
n2 (m**2)
Q1,02
H1/H2

i

=~ nnn E R

U I |

| O

[ 1 1 |

rl2.out

5.80000e-02
3.000000

sS6t6
0.914000
3.000000
0.853000

s6tl
1.550000
18.30000
1.220000

9.00000e-02
0.350000

1.38615e-02
NaN
-0.543518
-1.326171

.623388
.539954
. 719372
.572405
.235581
.051883
.132502
6.471036
-12.63662
-5.945767
0.163934
0.589677

OCHMNOOWN



al laase, independent study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results

two seperate tests in same borehole

heads, discharge rates, initial meisture content
and final moisture content known

output file name " = rll.out

*** borehole parameters **+*

radius of borehole (m) = 5.80000e-02
depth of borehole (m) = 3.000000
*** test 1 parameters **x*

borehole test identification = s6t6
constant head in borehole test 1 (m) = 0.914000
discharge test 1 (liters/min) == 3.000000
open interval of borehole test 1 (m) = 0.853000
*** test 2 parameters **xx*

borehole test identification = s6t3
constant head in borehole test 2 (m) = 1.210000
discharge test 2 (liters/min) = 9.100000
open interval of borehole test 2 (m) = 1.210000
*** golil parameters **x*

initial moisture content before test = 9.00000e-02
final moisture content after test = 0.350000
***x calculated soil parametersg **»*

saturated hydraulic conductivity (cm/s) = 1.10452e-02
sorptivity (1/s**0.5) = NaN

before taking square root for s - —-0.408956
alpha (1/m) = =1.404425
*** calculated constants **x*

cl = 2,623388
c2 = 2.778440
gl (1/m**2) = 1.548331
g2 (1/m**x2) = 1.238691
j1 (1/m) = ~3.758922
j2 (1/m) = -2.276288
ml (m) = 6.348598
m2 (m) = 5.078987
nl (m**2) = -7.706324
n2 (m**2) = ~4.666714
Ql1/02 = 0.329670
H1/H2 = 0.755372



APPENDIX I
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khkhkhkhkkhkhkhkhhkdkhkkkdkhkhkhhkkhkhkkhkhkkrthhkdkhkhkkhhkhkhkhhrkhkhhkhkhkhkkhkhhdhkhx
al laase, independent study, 1 february 1989

(122 RS A SRR RS R AR R S SRS SR LR SRR LR R RS SR RS RS EL SRS SR EEEL S S LR

this program determines t—-values for t-tests
khkhkkhhkkhhkkhkhkhkkkhkkhkkkkrdrhkhdhkrrhddkbhkhkhkhkhkhhkhkrkhhkhkkhhdbrrkrk

variable dictionary

solutionl - first solution

solution?2 - second solution

meanl - mean of first solution

mean2 — mean of second solution

varl — variance of first solution

var2 — variance of second solution
sizel - sample size of first solution
size2 - sample size of second solution
varall — combined variance

se - standard error of mean

dfree - degrees of freedom

khkkAhkhkhkhkhk Ak hkhhkhkrhaxhhkhkkhk bk hAkA khkhkhkbhkhxhkhhhhkhkhkhkhdhhxhkhhkhkkhkhkhhkkhhkdx

define wvariables

real meanl,mean2,varl,var2,sizel,size2,varall,se,dfree
character *30 solutionl,solution2,output
KhkKhkKkkhkkhkkkxhkArhkkhkkkhkhhhkhkhkhkkhkhkdhkhhkdkkhkkkhkhkkkhkkdkhkhkhkkhkhkhkhhkhkhkikkx

read input data

write(*,*)' enter output file name '

read(*, *)output

write(*,*)' enter solution 1 name '

read{*, *)solutionl

write(*,*)' enter mean of solution 1 '

read(*, *)meanl

write(*,*)' enter variance of solution 1 '
read(*,*)varl

write(*,*)' enter sample size for solution 1 '
read(*,*)sizel

write(*,*)' enter solution 2 name '

read(*, *)solution2

write(*,*)' enter mean of solution 2 '

read(*, *)mean2

write(*,*)' enter variance of solution 2 '
read(*, x)var2

write(*,*)' enter sample size for solution 2 '
read(*,*)size2

I3 S E S ST F S SR TS ST S ST SR LSS S AR LSS LSS SSESE S S S E L LS LSS E L L SR L LS LR
open output file

open(unit=21, file=output, status='unknown')
I3 3 SRR R S LRSS SRS AR S AL S E S S LR R LSRR EEE LR R R LSS SRS S SR NS R LRSS LS

calculate t wvalue

dfree=sizel+size2-2.0
varall=(((sizel-1.0)*varl)+((size2-1.0)*var2))/dfree
se=sqrt(varall)*sqrt(((1.0/sizel)+(1.0/size2)))

t=(meanl-mean2)/se
I E S S EEE SR LT EE ST SIS E LSS RS S S AR S SS S S S RRE S LR EEEEE SRS EESER]

print out results

write(21,*)



write(21,*)

write(21, *)

write(21,*)' al laase, independent study '
write(21,*)

write(21l,*)' comparison of calculated mean hydraulic conductivity'
write(21,*)

write(21l,*)' t-test analysis '

write(21l,*)

write(21l,*)solutionl

write(21,*)' vs '

write(21l,*)solution2

write(21,*)

write(21,*)' borehole permeameter solution 1 '
write(21,*)

write(21l,*)' mean hydraulic conductivity 10**(-3) cm/s) = ', meanl
write(21,*)' variance = ', varl
write(21,*)' sample size = ' sizel
write(21,%*)

write(21,*)' borehole permeameter solution 2 '

write(21,*)

write(21,*)' mean hydraulic conductivity 10**(-3) cm/s) = ',mean2
write(2l,*)' variance = ', var2
write(21,*)' sample size = ',size2
write(21,*)

write(21,*)’ t—test results '

write(21l,*)

write(21,*)' t-value = ',t
write(21,*)' degrees of freedom = ', dfree

Fhhkkkkhkkkhkhkkkkdkhkkhhrhkdhkkhkhhkkdhkdkhkhkkdkhkhkrrrdhkdxhkdrhkrkhkhkhrhkkhkkhkrrxhkxkhkrkkx

stop
end



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

glover

vs

stephensI

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 4.,720000

variance = 5.440000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 5.020000

variance = 6.420000

sample size = 27.00000
t—-test results

t-value = —0.452648

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

glover

vs

stephensII

borehcle permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 4,720000

variance = 5.440000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 5.010000

variance = 6.320000

sample size = 27.00000
t—test results

t-value = —-0.439417

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t—test analysis

glover

vs

philip

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 4.720000

variance = 5.440000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 6.120000

variance = 9.350000

sample size = 27.00000
t-test results

t-value = -1.891585

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

glover

vs

reynolds

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 4.720000

variance = 5.440000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 4.960000

variance = 6.030000

sample size = 27.00000
t—test results

t-value = -0.368224

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

stephensI

vs

stephensII

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 5.020000

variance = 6.420000

sample size - 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 5.010000

variance = 6.320000

sample size = 27.00000
t~test results

t—value = 1.45575e-02

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

stephensI

Vs

philip

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 5.020000

variance = 6.420000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 6.120000

variance = 9.350000

sample size = 27.00000
t-test results

t-value = -1.439324

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t—test analysis

stephensl

vs

reynolds

borehole permeameter solution 1

mean hydraulic conductivity 10**({-3) cm/s) = 5.020000

variance = 6.420000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 4.960000

variance = 6.030000

sample size = 27.00000
t—test results

t-value = 8.83584e-02

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity

t-test analysis
stephensI
Vs
reynolds 2 head
borehole permeameter sclution 1
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
borehole permeameter solution 2
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
t-test results

t-value
degrees of freedom

| H Bt

5.020000
6.430000
27.00000

4.800000
9.540000
4.000000

0.158032
29.00000

e Bk ¢ et —



al laase, independent study

comparison of calculated mean hydraulic conductivity
t-test analysis

sterphensII

vs

philip

borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 5.010000

variance = 6.320000

sample size = 27.00000
borehole permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 6.120000

variance = 9.350000

sample size = 27.00000
t~test results

t—-value = —1.457036

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity
t—-test analysis

stephensII

vs

reynolds

borehcle permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s) = 5.010000

variance = 6.320000

sample size = 27.00000
borehcle permeameter solution 2

mean hydraulic conductivity 10**(-3) cm/s) = 4.960000

variance = 6.030000

sample size = 27.00000
t-test results

t-value = 7.3929%e-02

degrees of freedom = 52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity

t-test analysis
stephensll
vs
reynolds 2 head
borehole permeameter solution 1
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
borehole permeameter solution 2
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size

t—-test results

t-value
degrees of freedom

o

5.010000
6.320000
27.00000

4.800000
9.540000
4.000000

0.151963
29.00000
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al laase, independent study

comparison of calculated mean hydraulic conductivity

t-test analysis
philip
vs
reynolds
borehole permeameter solution 1
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
borehole permeameter solution 2
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
t-test results

t-value
degrees of freedom

0o

nn

6.120000
9.350000
27.00000

4.960000
6.030000
27.00000

1.536957
52.00000



al laase, independent study

comparison of calculated mean hydraulic conductivity

t-test analysis
philip
vs
reynolds Z head
borehole permeameter solution 1
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size
borehole permeameter solution 2
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size

t—test results

t-value
degrees of freedom

B 0o [ |

6.130000
9.350000
27.00000

4,800000
9.540000
4.000000

0.811000
29.00000
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al laase, independent study

comparison of calculated mean hydraulic conductivity

t-test analysis
reynolds | head
Vs
reynolds 2 \wad
borehole permeameter solution 1

mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size

borehole permeameter solution 2
mean hydraulic conductivity 10**(-3) cm/s)
variance
sample size

t—-test results

t-value
degrees of freedom

I

4.960000
6.030000
27.00000

4.800000
9.540000
4.000000

0.118112
29.00000

e
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aQan

acaaoadc

aaa

an

a0

aQao

10
89

20
99

Kk RKRAKRKKAKKIIRKIX KA R KRKI Ak xIhkhkhkkhkhkkhkkhkhkthkhhkhkkhkhhkhkhhkkkhhkkik

al laase, independent study, 1 february 1989

kkkhkkhkhhkhkkkhkkhkkdkdhkhkhkhkkhkhkhkkhhhkhkhkhkkhkkhkhkhkhkhkhkhhkhkhkdkhhkkhhkkhkkhkkhkx

this program determines u values for u-—-tests
v ok % %k kK ok Kk gk ke ke ke vk vk ke e e ke ke ke ks vk vk ok ok o ke ok ke sk ok ok gk ok ke ke ok ke ke ke vk ke ke ke ke ke ke ok ok e e ke ke ke ke ke

variable dictionary

u - u-value
khkkkhkhkhkhkkkkkhkkkhkhkhkhkhkhkhkkhkhhkhkkhkhdhkhkhhkhhhkhkxhdkhkhkhkkgkhkkkdhkdirkikxi

define variables

dimension valuel(100),value2(100),value(100),type(100),rank(100)

integer n,m

character *30 filenamel,filename2,output

character *30 solutionl,solution2, flag

sk ke kg K Kok ok de ko %k gk ke ok ko ok e sk ke ok ok ok ok vk e ok ok ok e ok gk ok ke g ok e ok sk ok gk e Y sk ok ke vk ok ke e e e R e e ok

input data

write(*,*)'enter borehole permeameter solution 1'
read(*, *)solutionl

write(*,*)' enter data filename for solution 1'
read(*, *)filenamel

write(*,*)'enter borehole permeameter solution 2'
read(*, *)solution?2

write(*,*)' enter data filename for solution 2'
read(*, *)filename2

write(*,*)' enter output file name'

read(*, *)output

I EE EEE R RS EETE SRS RS S S LS LS LTS ETSEEEI SRS SR SR SL SRS SRS EER S & & &
open data files

open(unit=21,file=filenamel, status="'unknown')
open{unit=22,file=filename?2, status="'unknown')
open{unit=23, file=output, status='unknown')

Ak kR kKR AR AR R A ARk R AR R T A AT RA A AT RAET AR A AR AR A A AR A AR A A KAk hkkh*x

read datafile for solution 1

n=0
sizel=0.0
do 10 i=1,100
read(21l,*,end=89)valuel(i)
n=n+1
sizel=sizel+1l.,0
continue
continue
hkhkkhkkhkhkhkhkhkhkhkkdrhhkhkdhkhkhkkhkhkhkhkxhkhkhkhhkhhkhkhkhdhkhrhdohhkhbdhkhhrohkrkhkhkhdxxhkxihx
read datafile for solution 2
size2=0.0
m=0
do 20 i=1,100
read(22,*,end=99)value2 (i)
m=m+1
size2=size2+1.0
continue
continue
KA KRk kR A kA AR Ak AR R A AR AR A A A A A A A A A AT A A AT AR AKX AR AT T TR bk hkhkhkkhkk k%

combine data files

do 30 j=1,n
value(j)=valuel(j)



30

Qa0

Qa0

aaa

40

60

50
500

100
110

120

90
140

continue
do 40 j=l+n,m+n
value(j)=value2(j-n)

type(j)=?.0
rank(j)=]
continue

KA AR KRR AR KR AR RR A AR AR R Ak khkkk ok Ak khhkdhkkkkhkhkhkdhkhkkhdhkkhkkxhkxk
sort values from low to high

do 50 i=n+m,2,-1
flag='off"
do 60 j=1,n+m-1
if(value(j).gt.value(j+1))then

temp=value(j)
hold=type(3j)
value(j)=value(ij+1)
type(j)=type(j+1)
value(j+l)=temp
type(j+1l)=hold

flag='on'
end if
continue
if(flag.eq.'off')goto 500
continue
continue

khkhkkIkhkhkhkhhkkrhhkhkhkkhkhkkrk Ak Ak khkhhhhkhkohkhh sk kkh gk ddkdhkdkhkskkdkhdkkdx
average ranks

ii=1
do 90 i=1,n+m
obser=value(ii)
kount=1
sum=rank(ii)
do 100 j=ii+1,n+m
if(value(]j).eqg.obser)then
kount=kount+1
sum=sum+rank(j)
else
goto 110
end if
continue
if(kount.gt.l)then
do 120 ji=ii,j-1
rank(jj)=sum/kount
continue
end if
ii=j
if(ii.eq.n+m)goto 140
continue
continue
hkhkhkdhdkhkhhhkhhkhkhkkhkhhkhkhhkhrkhkhkhhkhkhkkhkrkhhkkhhkkrdkhohrrhhkhkhkrhkhkhdx

determine u value

sum=0, 0
do 150 j=1,n+m
if(type(j).eq.1l.0)then
sum=sum+rank(j)
end if



150

160

QoL

0

11
12

continue

u=sizel*size2+((sizel*(sizel+l))/2.0)—sum
xmean=0.5*sizel*size2
var=(sizel*size2*(sizel+size2+1.0))/12

std=sqrt(var)

z=(u-xmean)/std

dfree=sizel+size2-2.0
hkhkkdkkkhkdkhkkhkhkhkdkrxhkhdhkhkhkhkkhkdkhkhkhhhkdhhkhkdhkhkkkhkkkkhhkhkhkhkkhkkdhdhkhkhkhkkk

print out results

write(23,11)

write(23,*)' u-test results '

write(23,%*)

write(23,*)solutionl,' (solution 1) '
write(23,*)' vs '

write(23,*)solution2,' (solution 2) '
write(23,*)

write(23,*)' **x* yvalues **x !
write(23,*)

write(23,*)' u-value = ', u
write(23,*)' mean = ',xXmean
write(23,*)' variance = ',var
write(23,*)' rl = ', ,sum
write(23,*)' z-value = ',2

write(23,%*)
write(23,*)' rank solution hydraulic conductivity '
write(23,*)' 10**(-3) cm/s '
write(23,%*)
do 160 j=1,n+m
write(23,12)rank(j),type(3) ,value(j)
continue
TR A KK I XTI A AR T XA A A ANk kdhkdhkkhhdhhhhkdhdhhkhkdhhhhhkhkhhkhhhk¥k

format statements

format(/,/./,3%x,'al laase, independent study',/)
format(3x,£5.2,4%,£3.1,9x%,£5.2)

IR R RS E SRS S S S SRS LSS S E R RS ESE LSS LSS ST LSS S SRR RS EEEE SRS S
stop

end



al laase, independent study

u—test results

testl {sclution
vs
test2 (solution

**x* yalueg ***

u-value
mean
variance
rl
z-value

rank solution  hydraulic conductivity
10**(-3) cm/s

1.00 1.0 0.10
3.00 1.0 0.20
3.00 1.0 0.20
3.00 2.0 0.20
5.00 1.0 0.40
6.00 1.0 0.60
7.50 2.0 0.70
7.50 2.0 0.70
9.00 1.0 0.80
10.50 1.0 0.90
10.50 2.0 0.90
12.00 1.0 1.30
13.00 2.0 1.50
14.00 2.0 1.70
15.00 2.0 2.60
2.0 3
1.0 5
2.0 7.
2.0 5.

e
Woo~IN
o
O
',_.I

1)
2)

i nnn

68.50000
45.00000
150.0000
66.50000
1.918767



al laase, independent study

u-test results

glover (solution 1)
vs

stephens L (solution 2)

*%x* sralues **x

u—-value = 386.5000
mean = 364 .5000
variance = 3341.250
rl = 720.5000
z-value = 0.380599

rank solution hydraulic conductivity
10**(-3) cm/s

1.00 1.0 1.01
2.00 2.0 1.07
3.00 2.0 1.17
4.00 1.0 1.26
5.00 2.0 1.41
6.00 1.0 1.64
7.00 1.0 2.10
8.00 1.0 2.34
9.00 1.0 2.36
10.00 2.0 2.39
11.00 2.0 2.47
12.50 1.0 2.59
12.50 2.0 2.59
14.00 2.0 2.88
15.00 1.0 3.10
16.00 2.0 3.28
17.00 2.0 3.29
18.00 1.0 3.43
19.00 1.0 3.62
20.00 2.0 3.85
21.00 1.0 3.97
22.00 1.0 4.18
23.00 2.0 4.38
24.00 2.0 4.45
25.00 2.0 4.47
26.00 1.0 4.49
27.00 1.0 4.50
28.00 2.0 4.73
29.00 1.0 4.85
30.00 1.0 5.03
31.00 2.0 5.07
32.00 1.0 5.08
33.00 2.0 5.26
34.00 1.0 5.37
35.00 1.0 5.57

2.0 5

2.0 5

1.0 6



39.00
40.00
41.00
42.00
43.00
44.00
45,00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00

2.0 6
2.0 6
1.0 6
2.0 7
1.0 7
1.0 7
2.0 7
1.0 7
2.0 7
2.0 8
1.0 8
2.0 8
1.0 9
2.0 S
1.0 9
2.0 10

s e PG, s
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al laase, independent study
u—-test results

glover

vs

stephensll

u—-value

mean

variance

rl

z—value

rank

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

WO~ W

[
B o

Iy
W

POHMNNHFRPNHBONRPRENNRFEHNHEHEONRENNOREO R FFE DD R
CO00000OCO0D0C0000OO0DOODOODOO00C0000000O0O0O

solution

AU BB B DD E B WWWWWWWRNNNMNNODNNNNRERERERERE

*x*x yvalues x*xx

.01
.09
.11
.14
.26
.64
.10

{solution

(solution

hydraulic conductivity
10**(-3) cm/s

1)
2)

387.5000
364.5000
3341.250
719.5000
0.397899



39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54,00
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al laase, independent study

u—-test results

glover
vs
philip

u-value

mean

variance

rl

z—value

rank

.00
.00
.00
.00

WO~-I10Ud WP
Q
o

HNNNDHNNFRPORNFERRODEERODHEODRERORENR NN HE R RN
[c¥e¥oRoXoRoRol ool ol eloloNo oo oo Yool o RafaRoRoRoRefoRoRoRoReRoRoRoRoRoke]

solution

AUV B RS R B WWWWWWWRNNDNNRERFERE R

**x yalues ***

.01
.26
.32
.54
.64
.71

(solution

(solution

hydraulic conductivity
10**(—-3) cm/s

1)
2)

wenrwu

461.5000
364.5000
3341.250
645.5000
1.678098



NNNNPRPOREDODONEFENNRFRERFERN
OO0 VOO0 O0OO0OO0O0O0COOO0

7.01
7.05
7.12
7.16
7.40
8.30
8.31
8.72
8.98
9.00
9.11
9.33
9.74
10.57
11.89
11.97
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al laase, independent study

u-test results

glover (solution
vs
reynolds (solution

**x% yalues ***

u—-value
mean
variance
rl
z—value

rank solution hydraulic conductivity
10**(~-3) cm/s

1.00 2.0 0.97
2.00 1.0 1.01
3.00 2.0 1.06
4.00 1.0 1.26
5.00 1.0 1.64
6.00 2.0 1.94
7.00 1.0 2.10
8.00 2.0 2.20
9.00 2.0 2.27
10.00 1.0 2.34
11.00 1.0 2.36
12.00 2.0 2.47
13.00 1.0 2.59
14.00 2.0 2.95
15.00 1.0 3.10
16.00 2.0 3.34
17.00 2.0 3.38
18.00 1.0 3.43
19.00 1.0 3.62
20.00 1.0 3.97
21.00 2.0 4.03
22.00 2.0 4.09
23.00 1.0 4.18
24.00 2.0 4.36
25.00 2.0 4.40
26.00 1.0 4.49
27.00 1.0 4.50
28.00 2.0 4.69
29.00 1.0 4.85
30.00 2.0 4.95
31.00 1.0 5.03
32.00 1.0 5.08
33.00 2.0 5.24
34.00 2.0 5.26
35.00 1.0 5.37

1.0 5

2.0 5.

1.0 6.

1)
2)

378.0000
364.5000
3341.250
729.0000
0.233550



WHNHRERENNNNNEFERPNREDDODREN
OCOO0OCOO0O0O0O0O0OOOCO0O0O

6.76
6.85

WWWOWWOWOOO-~~l~d]
et
>



al laase, independent study

u—test results

stephens T (solution 1)
vs
stephensIL (solution 2)

*%*% values ***

u-value = 361.5000
mean = 364.5000
variance = 3341.250
rl = 745.5000
z—value = -5.1899%e-02

rank solution  hydraulic conductivity
10**(-3) cm/s

1.00 1.0 1.07
2.00 2.0 1.09
3.00 2.0 1.11
4.00 2.0 1.14
5.00 1.0 1.17
6.00 1.0 1.41
7.00 1.0 2.39
8.00 1.0 2.47
9.00 2.0 2.51
10.00 1.0 2.59
11.00 2.0 2.60
12.00 2.0 2.72
13.00 2.0 2.83
14.00 1.0 2.88
15.00 2.0 3.21
16.00 1.0 3.28
17.00 1.0 3.29
18.00 2.0 3.35
19.00 2.0 3.80
20.00 1.0 . 3.85
21.00 2.0 4.24
22.50 1.0 4.38
22.50 2.0 4.38
24.00 1.0 4.45
25.00 1.0 4.47
26.00 2.0 4.51
27.00 1.0 4.73
28.00 2.0 "4.79
29.00 2.0 5.03
30.00 1.0 5.07
31.00 1.0 5.26
32.50 2.0 5.56
32.50 2.0 5.56
34.00 1.0 5.64
35.00 1.0 5.68
36.00 2.0 5.78
37.00 2.0 6.15
38.00 1.0 6.24



39.00
40.00
41.00
42.00
43.00
44 .00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00

54.00

.t * o«

FNRNHNHONERNRORN
oYoRofol-RoRofoRoRoRoRaRaRoNo o]

6.77
6.82
6.97
7.03
7.08
7.14
7.74
8.18
8.20
8.28
8.43
8.88
9.23
9.31
9.95
10.09



al laase, independent study
u—-test results

stephens T

vs
philip

u—-value

mean

variance

rl

z—value

rank solution

.00
.00
.00
.00
.00
.00
.00
.00
.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00

LoJaundWwoP

NNV NNRERNORDRERERENHEREDREDEORERENOREDBER RN NP
oY elelolofololcfoloRofoRoRolololefololoNofofeleleRaRoRoNoRoloRoReloRoRoR ol el

St b b DB D WWWWWWIRINNDNONREFEREFEFERF

k% yalues ***

.07
.17
.32
.41
.54
.71
.39
.47
.59
.79
.88
.05
.12

(solution

(solution

hydraulic conductivity
10**(—-3) cm/s

1
2)

442.0000
364.5000
3341.250
665.0000
1.340748
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al laase, independent study
u—test results

stephens I

vs

reyholds

u-value

mean

variance

rl

z—value

rank

.00
.00
.00
.00
.00
.00
.00
.00
.00

WO UTd WK

NENEPHOREOVRPNRORERFOROROORNROHERNRHELDFERED DO F DN
o¥oNoNoYoNoFoNoYoNoNoNaYoRoNocNololaoleeoRoReloRoleYoRolotolefeRoRofoRoReRo ol

solution

AT UTUTUT T LI b B b b B b B B B W W WWWRMNNODMNNNND R RO

**k% yvalues k%%

.97
.06
.07
.17
.41
.94
.20
.27
.39

(sclution 1)

(solution 2)

U A

hydraulic conductivity
10**(—3) cm/s

354.5000
364.5000
3341.250
752.5000
-0.173000



39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48,00
49.00
50.00
51.50
51.50
53.00
54.00

. s

HONRREREDOHENENHEDNR
CO0O0O0CDOOOOOOO00O0O0

6.82
6.97
7.01
7.03
7.08
7.14
7.45
7.74
8.14
8.25
8.28
8.88
9.31
9.31
9.53
10.09



al laase, independent study

u—-test results

stephensTl (solution
vs
philip (solution

*k* yalues ***

u-value
mean
variance
rl
z-value

rank solution  hydraulic conductivity
10**x(-3) cm/s

1.00 1.0 1.09
2.00 1.0 1.11
3.00 1.0 1.14
4.00 2.0 1.32
5.00 2.0 1.54
6.00 2.0 1.71
7.00 1.0 2.51
8.00 1.0 2.60
9.00 1.0 2.72
10.00 2.0 2.79
11.00 1.0 2.83
12.00 2.0 3.05
13.00 2.0 3.12
14.00 1.0 3.21
15.00 1.0 3.35
16.00 2.0 3.43
17.00 1.0 3.80
18.00 2.0 4.05
19.00 1.0 4,24
20.00 1.0 4,38
21.00 2.0 4.41
22.00 1.0 4.51
23.00 2.0 4.57
24.00 1.0 4.79
25.00 1.0 5.03
26.00 2.0 5.28
27.00 2.0 5.44
28.50 1.0 5.56
28.50 1.0 5.56
30.00 1.0 5.78
31.00 2.0 5.85
32.00 2.0 5.91
33.00 2.0 6.07
34.00 1.0 6.15

2.0 6

2.0 6

1.0 6

1.0 6.

1)
2)

I 1 I |

444 .,0000
364.5000
3341.250
663.0000
1.375348
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al laase, independent study

u—test results

stephens T (solution
vs
reynolds (solution

***x values ***

u-value
mean
variance
rl
z—value

rank solution hydraulic conductivity
10**(-3) cm/s

1.00 2.0 0.97
2.00 2.0 1.06
3.00 1.0 1.09
4.00 1.0 1.11
5.00 1.0 1.14
6.00 2.0 1.94
7.00 2.0 2.20
8.00 2.0 2.27
9.00 2.0 2.47
10.00 1.0 2.51
11.00 1.0 2.60
12.00 1.0 2.72
13.00 1.0 2.83
14.00 2.0 2.95
15.00 1.0 3.21
16.00 2.0 3.34
17.00 1.0 3.35
18.00 2.0 3.38
19.00 1.0 3.80
20.00 2.0 4.03
21.00 2.0 4.09
22,00 1.0 4.24
23.00 2.0 4.36
24.00 1.0 4.38
25.00 2.0 4.40
26.00 1.0 4.51
27.00 2.0 4.69
28.00 1.0 4.79
29.00 2.0 4.95
30.00 1.0 5.03
31.00 2.0 5.24
32.00 2.0 5.26
33.50 1.0 5.56
33.50 1.0 5.56
35.00 1.0 5.78
36.00 2.0 5.82
1.0 6
2.0

6.76

1)
2)

356.0000
364.5000
3341.250
751.0000
=0.147050
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al laase, independent study

u—test results

philip (solution 1)
vs
reynolds (solution 2)

*%k* yalues **x%

u-value = 283.5000
mean = 364.5000
variance = 3341.250
rl = 823.5000
z-value = -1.401298

rank solution hydraulic conductivity
10**(—-3) cm/s

1.00 2.0 0.97
2.00 2.0 1.06
3.00 1.0 1.32
4.00 1.0 1.54
5.00 1.0 1.71
6.00 2.0 1.94
7.00 2.0 2.20
8.00 2.0 2.27
9.00 2.0 2.47
10.00 1.0 2.79
11.00 2.0 2.95
12.00 1.0 3.05
13.00 1.0 3.12
14.00 2.0 3.34
15.00 2.0 3.38
16.00 1.0 3.43
17.00 2.0 4.03
18.00 1.0 4.05
19.00 2.0 4.09
20.00 2.0 4.36
21.00 2.0 4.40
22.00 1.0 4.41
23.00 1.0 4.57
24.00 2.0 4.69
25.00 2.0 4.95
26.00 2.0 5.24
27.00 2.0 5.26
28.00 1.0 5.28
29.00 1.0 5.44
30.00 2.0 5.82
31.00 1.0 5.85
32.00 1.0 5.91
33.00 1.0 6.07
34.00 1.0 6.47
35.00 1.0 6.69
36.00 2.0 6.76
37.00 2.0 6.97
1.0 7
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aoooaoaoaaaoaoaaoaacanan Qanaa

nnoa

QaQn

QaQa

Q000

10
99

LS R AR S S S S R RS S SR SR SR SRR R R RS RSR SRS RS RE R RS ESEE R R R RS S & EEY
al laase, independent study, 1 february 1989
dhkhkkhkkkhkhkhkkkhkhkhrrkkkhhkrkhkhkkhkhkbdhkdkddkhkdkhkrhkkkddkhkhkkihkkkk
this program determines the mean, variance, standard
deviation, range, high, and low of a group of values.
Akkkhkkkkhkhkkkkkhhkkkkkkkhkkkkkhkhkkkkkhkkkkkkkkkkkhkkkkkhkkkkkkkhkkxkkkk*x%k

variable dictionary

mean — mean of group

var - variance of group

std — standard deviation of group

range - range of group

high — high of group

low - low of group

size - sample size

sum — sum of values

value — number value
hhkhkkhkhkhkkhhkkkhkhkhkkhhkkhhkhhkhkhkbhkhhkhkhkhhkhkkhhkhhhkhhkthkhhdhkhhkhkhdhhhrhhhhkkhkhkk

define variables

dimension value(100)

real mean,var,std,range,high,low,size,sum

integer n

character *30 filename,output,solution, flag
khkkhkkhkkkhkkkkkhkkkhkkhkkhkhkkkkhkhkhkhkrdxhkhkxhkkkhkkhxxhhkhkhkhkkhkkhkdxhkhkhkhkkkhhkhkkkkxx

input data

write(*,*)'enter borehole permeameter solution'

read(*, *)solution

write(*,*)' enter data filename'

read(*,*)filename

write(*,*)' enter output file name'

read(*, *)output
kkkkkkhkhkkkkhkdkhkkxhkdhhkkhkhkhkdkhkdrhkkhkrhkhrhhhkkhohkhkkkhkdhkhkhkkhxhkrhhrhkoxhdbxhkhkx
open data files

open(unit=21,file=filename, status="'unknown')
open(unit=22, file=output, status="'unknown')
tE RS R E S S S SRR SRR LR EE SRS EE SRS EEE L SRS A SRR EEE RS SRS S EE A S

read datafile

n=0
size=0.0
do 10 i=1,100
read(21,*,end=99)value(i)
n=n+1
size=gize+1.0
continue
continue
kkkkkkkhkkhkkkkhkkkkhkkhkkhkhkkkhkhkhkkrhkhkhkhkhkhrhxhhkkhhkhkhkhkkhkhkrAkrxhknxhkhhkkkkrix

sort values from low to high

do 20 i=n,2,-1
flag='off’
do 30 j=1,n-1
if(value(j).gt.value(j+1l))then

temp=value(j)
value(j)=value(j+1l)
value(j+1l)=temp
flag='on'



oQOoOn

Q00

Qa0

30

500

40

50

60

11

end if

continue

if(flag.eq.'off')goto 500
continue
continue
ThkEkkKIkrThkAkTkhkAkhrkkhkrhhhhkkdhkhhbkhkhkhkkdkhkhkkhkhkhkkkhkrxkkkhkhk
determine mean, variance, standard deviation, range
high and low of wvalues

sumdiff=0.0
diff=0.0
sum=0.0
do 40 j=1,n
sum=value(j)+sum
continue
mean=sum/size
do 50 j=1,n
diff=(value(j)-mean)**2.0
sumdiff=sumdiff+diff
continue
var=sumdiff/(size-1.0)
std=sqgrt(var)
high=value(n)
low=value(l)
range=high-low
khkkkhkkkhkAhkhAAhkkhkhhkhkkAhkA Ak khkhkhkhkhhkrhdhkkhkhkhhkhkhkhkhkhhhkkkkhhrkkkkkd
print out results

write(22,11)

write(22,*)' borehole permeameter solution = ',solution
write(22,*)
write(22,*)' *%% gtatistical evaluation *** !
write(22,*)' **x* hydraulic conductivity *=** '
write(22,*)' *x* 10**(—-3) cm/s *xx !
write(22,*)
write(22,*)' mean = ',mean
write(22,*)' variance = ',var
write(22,*)' standard deviation = ',std
write(22,*)' range = ', range
write(22,*)' high = ', high
write(22,*)' low = ',low
write(22,*)' sample size = ',size
write(22,%*)
write(22,*)’ ***x yalues ***x !
write(22,*)
write(22,*)' rank hydraulic conductivity '
write(22,*)
k=1
do 60 j=1,n

write(22,12)k,value(j)

k=k+1
continue

AkkhkkhhkkhkkhkhkhkiktxkhkhhkhkhkhkAiddkhkhhhhkhkhdbhkdhhkdhdrhhhkhhbkhkhkrrhkdrhkrtrthkhkhhdxk
format statements

format(/,/,/,3%,'al laase, independent study',/)
format(7x,i2,12x,£12.8)

I E SRS SR XSS S S S ESEE SRS EL LSS RS SRS S S S S ER SRR S S SRS LSS S eSS E S
stop

end



al laase, independent study

borehole permeameter solution = glover

*** gtatistical evaluation ***
*x* hydraulic conductivity *=**

* %k ok 10**(—3) cm/s * % %k
mean = 4,715556
variance = 5.440564
standard deviation = 2.332502
range = 8.320000
high = 9.330000
low = 1.010000
sample size = 27.00000
**x*x yvalues **x*
rank hydraulic conductivity
1 1.00999999
2 1.25999999
3 1.63999999
4 2.09999991
5 2.33999991
6 2.35999990
7 2.58999991
8 3.09999991
9 3.43000007
10 3.61999989
11 3.97000003
12 4.17999983
13 - 4.,48999977
14 4.50000000
15 4.84999991
16 5.03000021
17 5.07999992
18 5.36999989
19 5.57000017
20 6.01999998
21 6.84999991
22 7.05000019
23 7.11999989
24 7.15999985
25 8.30000019
26 9.00000000
27 9.32999992



al laase, independent study
borehole permeameter solution = stephensI

*** statistical evaluation **=*
**x* hydraulic conductivity #*x*

% %k % 10**(—3) cm/s *x %%
mean = 5.022592
variance = 6.424958
standard deviation = 2.534750
range = 9.020000
high = 10.090000
low = 1.070000
sample size = 27.00000
*%k% yvalues ***
rank hydraulic conductivity
1 1.07000005
2 1.169999%6
3 1.40999997
4 2.39000011
5 2.47000003
6 2.58999991
7 2.88000012
8 3.27999¢97
9 3.28999996
10 3.849992991
11 4 .38000012
12 4.44999981
13 4,46999979
14 4.73000002
15 5.07000017
16 5.26000023
17 5.63999987
18 5.67999983
19 6.23999977
20 6.82000017
21 7.03000021
22 7.13999987
23 7.73999977
24 8.27999973
25 8.88000011
26 9.31000042
27 10.09000020



al laase, independent study
borehole permeameter solution = stephensII

*%x*% statistical evaluation *xx*
*x% hydraulic conductivity *=*=*

*k %k 10**(—3) cm/s * Kk k
mean = 5.006296
variance = 6.315801
standard deviation = 2.513126
range = 8.860000
high - 9.9850000
low = 1.090000
sample size = 27.00000
k*x* yvalues **x*
rank hydraulic conductivity
1 1.09000003
2 1.11000001
3 1.13999999
4 2.50999999
5 2.59999991
6 2.72000003
7 2.82999992
8 3.21000004
9 3.34999991
10 3.79999995
11 4,23999977
12 4.38000012
13 4.51000023
14 4.78999996
15 5.03000021
16 5.5599999%4
17 5.55999994
18 5.78000021
19 6.15000010
20 6.76999998
21 6.96999979
22 7.07999992
23 8.18000030
24 8.19999981
25 8.43000030
26 9.22999954
27 9.94999981



al laase, independent study
borehole permeameter solution = philip

**x* gtatistical evaluation **x*
*x* hydraulic conductivity ***

* kK 10**(-3) cm/s * kK
mean = 6.125926
variance = 9,349555
standard deviation = 3.057704
range = 10.65000
high = 11.97000
low = 1.320000
sample size = 27.00000
k%% yvaluesg *x*
rank hydraulic conductivity
1 1.32000005
2 1.53999996
3 1.71000004
4 2.78999996
5 3.04999995
(] 3.1199998¢9
7 3.43000007
8 4.05000019
9 4.40999985
10 4.57000017
11 5.28000021
12 5.44000006
13 5.84999991
14 5.90999985
15 6.07000017
16 6.46999979
17 6.69000006
18 7.01000023
19 7.40000010
20 8.31000042
21 8.72000026
22 B8.87999954
23 9.10999965
24 9.73999977
25 10.56999970
26 11.89000030
27 11.97000030



al laase, independent study
borehole permeameter solution =  reynolds | Le.d

**x* gtatistical evaluation **=*
*** hydraulic conductivity **=*

* % % 10**(-3) cm/s * %k %
mean = 4.960001
variance = 6.025484
standard deviation = 2.454686
range = 8.559999
high = 9.530000
low = 0.970000
sample size = 27.00000

*kk yvalues x*xx

rank hydraulic conductivity
1 0.97000003
2 1.05999994
3 1.94000006
4 2.20000005
5 2.26999998
6 2.47000003
7 2.95000005
8 3.33999991
9 3.38000012
10 4.03000021
11 4.09000015
12 4,36000013
13 4.,40000010
14 4.69000006
15 4.94999981
16 5.23999977
17 5.26000023
18 5.82000017
19 6.76000023
20 6.96999979
21 7.01000023
22 7.07999992
23 7.44999981
24 8.14000034
25 8.25000000
26 9.31000042
27 9.52999973



al laase, independent study

borehole permeameter solution = reynolds 7 head

**x* statistical evaluation **x*
***x hydraulic conductivity *=*=*

* %Kk 10*%(-3) cm/s * kK
mean = 4.802500
variance = 9.540492
standard deviation = 3.088769
range = 6.880000
high = 7.610000
low = 0.730000
sample size = 4,000000
**k% values **x%x
rank hydraulic conductivity

1 0.73000002

2 4.13999987

3 6.73000002

4 7.61000013

B T s T TRy
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Derivation of Reynolds et al’s (1986) borehole permeameter solution

Description_of steadv flow out of a well

Steady flow out of a well can be described in terms of pressure and gravity-induced fluxes. Water
flows from the well by; radial pressure~induced flux ( ¥rp), through the wall; vertical pressure induced

flux ( Vsp), through the base; and vertical gravity—induced flux( Vg ), through the base. The above fluxes
can be described in terms of the Darcy-Buckingham relationships of the form:

v .
vrp=—K(\I!)a_rIr=o r (1)
aw -
Top == K(¥) [z =0 i 2)
and 7 = - K(¥) a;ifz 220 &=-Kd 3)

where ¥: is the elevation head defined relative to the base of the borehole. 7 and 2 (positive up) are

radial and vertical coordinate directions respectively. 7 and %k are unit vectors in positive 7 and z
directions. Equations (1) and (2) represent the combined influence of the inner field-saturated zone, the
outer unsaturated envelope, and the initial pressure head. Ks replaces K(¥) in eq.(3) because Vg at z =

0 is dependent only on K at z = 0.

Equations (1) and (2) can be linearized using the flux potential ¢ defined by (Gardner, 1958)

W
¢ = j K(W)dw (4)
¥
Thus Vrp:Z—?'rzrb F (5)
and
- _%e
=gy 20 (6)

respectively



Multiplying the fluxes by the area across which they flow gives the discharge rate from the borehole.

Tp
Qz=2er2|: j L sz 4 #r [ 2 v 2 (;j)] )
0

Equation (7) can be rewritten
1 Kfrp (8)
= 2 H? — =S| L

Ty -1

* 1
C ‘[ j 00 Ir-rbd +— H? J‘%lhordf] ©)

0

If gravity flow is ignored, the last term on the RHS of Eq.(7) is dropped, and Eq.(8) simplifies to

2 H*?

ol (10)

0=

where Q represents only pressure-induced flow. Estimates of C can be obtained by numerical or ana-
lytical means.

Analvtical evaluation of C

Combined saturated-unsaturated flow in a homogeneous isotropic porous medium may be described
by Richards equation:

V- [KW)VW] =0 . (11)

in symemetric, spherical coordinates Richards equation is:

J
i[gzx(ql) ﬁ] =0 (12)
de de
where © is the radius from the origin. Substituting Eq.(4) into Eq.{12) yields:
0 — d¢ =0 (13)
de de



For a point source of strength ¢ [ L*/t | where ¢ approaches 0 as @ approaches ©, it can be shown
that:

= (14)
In symmetrical cylindrical coordinates Eq.(14) is:
where £ equals the linear strength distribution.
q

= 15
47 Jrt+ (z-h)? (13)

Eq.(15) can be used to represent a well by integrating a series of point sources along the well axis to
produce a point source. The source strength gradient of the line source can be described by:

_20[(H-b)-h] (16)
dg = == T dh

Substituting Eq.(16) into the differential form of Eq.(15) and integrating between h equals 0,
and 4 = (H -b) produces,

27 (H - b)2g

[z- (H—b)][:Sinh'lli—z;(—i[—_—Q} - sinh‘l(%)] VP4 [z- (H=b) ]2 +Vrt+ 2 (17)

Q=

Because the boundry conditions at the well are

W=H at z=0, 0<r<rp (18)
Y=(H-z) at r=0, 0<z<H (19)

the finite line source representation of the borehole (Eq.17) can be exact at only one point. This point is
arbitrarily chosen to be

WY=H at r=rp 2=0 (20)
Therefore
2nH*(H = b)*¢r, 0

Hz{(H——b) sinh"l[(H—r-él]—\/rZ+ (H—b)2+rb} (21)
b

Q:

where @r, 0 is the flux potential at point ( 75,0 ).

-3 -



An expression for C’can now be obtained by comparing Eq.(10) and Eq.(21) yielding

Hz{(H— b) sinh‘l[-(!-{;-—b)-] -Jri+ (H-b)* + fb} (22)
. b

C'=
(H =)y, 0

Along the borehole wall ¢ may be expressed as

\psz
'

0
r,z = f KW)d¥ = KW, ; + fK(\P’)d‘I’ (23)
w. v,

il 1

where @r,.z and ¥r, z are the flux potential and pressure head respectively, for 0 <z < H.

Equation (23) can be rewritten in the form

$rz = Pp * Pm (24)
where
pressure flux potential = ¢p = Ksllf,b,o (25
0
matric flux potential = ¢, = jK(‘P)d‘I’ (26)
w,

1

At point ( 0, 75) Eq.(24) becomes

¢rb,0 = Kslprb.0+¢m = KH+¢m (27)

Equations (8) and (10) can now be solved in terms of the physically well-defined parameters in
Eq.(27).

Extended constant head well permeameter (CHWP) theory

When Eq.(27) is substituted into Eq.(22)

o HC
" KoH + ¢m (28)



where

(H-b) . .| (H-b) L (H-b) P
Aegalee] [T ET4]

(H-b)*

C=
Substituiting Eq.(28) into Eq.(8) produces the case of combined pressure and gravity flow.

CQ; - 2.7'[H¢m

(30)
2nH2[1 + 5(—”’)2]
\H

Ks'—-

For pressure only flow.

_CQ-2nHpm

= 1
KS 2.7?:H2 (3 )

Equations (26), (29), (30), and (31) constitute an extended CHWP theory that accounts for the
combined effects of field-saturated and unsaturated flow around a well. The effects of unsaturated flow

are embodied in the ¢m term defined in Eq.(26).

Estimation of sorptivity |

Sorptivity can be defined in terms of ¢m and an assumed diffusivity-water content function.

0 b
52 s?
bm = fK(\p)dtp - jD(G)dG o=y (32)
v, 2

1 4

where 07 is the final volumetric water content, ¢; is the initial water content, and A@ is the difference
between the final and initial volumetric water content.

Equation (30) can therefore be expressed

Clrs V ;
AB[CQ, - 2::H2K5[1 +?(Eb) :” | (33)

nH

S=



Estimation of a

The extended CHWP theory is completely general with respect to the K(¥) relationship and can be

therefore be used to estimate the @ -parameter of the exponential K(¥) function.
K(¥) = K;e'® (34
where @ is constant and depends on soil properties.

Substituting Eq.(34) into Eq.(26) produces

0
bm = (K@Y = TE{i-em

v

(33)

For many soils initially at "field capacity” or drier, e << 1, and thus Eq.(35) reduces to

K (36)

Substituting Eq.(36) into Eq.(30) and solving for ¢ produces

2nHK;

C r'p : (37)
CQ, - 2H2K5[1 +7(ﬁ) ]

Application of extended CHWP theorv

o=

Equations (30), (31), (33), and (37) all contain two unknowns and can not be solved directly. By
using two water levels in a single borehole two simulataneous equations can be obtained. Two steady flow

rates Us1and Os: are obtained by successively ponding two depths of water, H: and Ha, in a single well.

Because K5, ¢m, S, and @ are constant the two Os and H values can be used to write simultaneous
equations from each of Equations (30), (33), and (37).

For calculating Ks, ¢m is eliminated from the simultaneous equations based on Eq.(30) producing

WhCI‘EZ Ks = G2Q52 - GlQ:l (38)
G = HyCy
YT al2H \Hy (Hy - Hy) + 13 (H,C3 - HoCh) )
H.C
GZ 1%-2

" a[2H\Hy(Hy ~ Hy) + 1*(H,Cy - HyCy) |



(Hi=by) | Hi=b) | [ r, | H=-b)F r
and H%[ Hy sinb 1[ 4 :I (H1) +[—H1—] +H1]

©= (H, b7
(Hz=by) . . 4| (Ha-b3) r (Ha=by) [F r
H%[“"‘"—}};——Slnh l[f]— (Fz)z'i'[T] +‘§‘2‘:]
2= ZEraE

Sorptivity is estimated by eliminating £s from the two simultaneous equations based on Eq.(33)

S = JAO(2Q52 ~ J1051) (39)

where 7= (2H§ + rzcz) C,
VT ®(2HHy (Hy - Hz) + 12 (H2Cy - H,C3))

- (QH? +r2C))C,
2T Z(2HHy(Hy - Hy) + 12 (H2C1 — H1C)]

The required A8 value in Eq.(39) must be estimated or measured.

The @ -parameter is obtained by eliminating Ks from the two simultaneous equations based on
Eq.(37)

_ M2Qs2 - M0

. (40)
NaQs2 = N1Qn

where My = 2H,C,
M, =2H,C,

Ny =~ (QH:+13C2)Cy

No=-(2H*+ r},Cl)Cz
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al laase, independeﬁt study, borehole research

equations from reynolds, elrick, and clothier
soil science, vol 139, no. 2, 1986

borehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

output file name samplel.out

*** borehole parameters *x*

radius of borehole (m) = 0.100000
depth of borehole (m) = 3.000000
*** tegt 1 parametersg **x

borehole test identification = sample
constant head in borehole test 1 (m) = 1.000000
discharge test 1 (liters/min) = 1.000000
open interval of borehole test 1 (m) = 0.500000
*** tegt 2 parameters ***

borehole test identification = sample
constant head in borehole test 2 (m) = 2.000000
discharge test 2 (liters/min) = 1.670000
open interval of borehole test 2 (m) = 1.000000
*%* goll parameters *x*x

initial moisture content before test = C.

final moisture content after test = 0.250000

*** calculated soil parameters ***

saturated hydraulic conductivity (cm/s) 1.36003e—-04

sorptivity (1/s**0.5) = 0.180809
before taking square root for s = 3.26917e-02
alpha (1/m) = 0.20800°%
*** calculated constants **=*

cl = 2.985269
c2 = 4.186471
gl (1l/m**2) = 0.477249
g2 (1/m**2) = 0.3346472
31 (1/m) = -1.918987
j2 (1/m) = -0.679273
ml (m) = 11.94108
m2 (m) = 8.372941
nl (m**2) = —-24.00713
n2 (m**2) = -8.497918
Q1/02 = 0.598802
H1/H2 = 0.500000
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borehole input data and results
two seperate tests in same borehole

heads, discharge rates, initial moisture content
and final moisture content known

I

output file name sample2.out

*** borehole parameters #**%*

radius of borehole (m) = 0.100000
depth of borehole (m) = 3.000000
*** test 1 parameters ***

borehole test identification = sample
constant head in borehole test 1 (m) = 1.000000
discharge test 1 (liters/min) = 1.000000
open interval of borehole test 1 (m) = 0.500000
**% test 2 parameters *#**

borehole test identification = sample
constant head in borehole test 2 (m) = 2.000000
discharge test 2 (liters/min) = 1.430000
open interval of borehole test 2 (m) = 1.000000
*** goll parameters **x*

initial moisture content before test = 0.

final moisture content after test = 0.250000

*** calculated soil parameters ***

saturated hydraulic conductivity (cm/s) 2.14676e-06

sorptivity (1/s**0.5) = 0.198707
before taking square root for s = 3.94845e-02
alpha (1/m) = 2.71845e-03
*** calculated constants ***

cl = 2.985269

c2 = 4.186471

gl (1/m**2) = 0.477249

g2 (l/m**2) = 0.334642

31 (1/m) = —-1.918987

32 (1/m) = -0.679273

ml (m) = 11.94108

m2 (m) = 8.372941

nl (m**2) = -24.00713

n2 (mx*2) = —-8.497918
Q1/02 = 0.699301
H1/H2 = 0.500000



