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A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers
With Completely or Partially Penetrating Wells
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A procedure is presented for calculating the hydraulic conductivity of an aquifer near a well from the
rate of rise of the water level in the well after 2 certain volume of water is suddenly removed. The
calculation is based on the Thiem equation of steady state flow 1o a well. The cffective radius R, over
which the head difference between the equilibrium water table in the aquifer and the water level in the well
is dissipated was evaluated with a resistance network analog for a wide range of system geometries. An
empirical equation relating R, to the geometry of the well and aquifer was derived. The technique is
apphcable 1o completely or partially penetrating wells in unconfined aquifers. it can also be used for
confined aquifers that receive water from the upper confining layer. The method’s results are compatible
with those obtained by other techniques for overlapping geometries.

With the slug test the hvdraulic conductivity or traps-
missibility of an aquifer is determined from the rate of rise of
the water level in a well after 2 certain volume or ‘slug” of
water is suddenly removed from the well. The slug test is
simpler and quicker than the Theis pumping test because
observation wells and pumping the well are not needed. With
the slug test the portion of the aquifer ‘sampled” for hydraulic
conductivity is smaller than that for the pumping test even
though with the latter, most of the head loss also occurs within
a relatively small distance of the pumped well and the resulting
transmissibility primarily reflects the aquifer conditions near
the pumped well.

Essentially instantaneous lowering of the water level in a
well can be achieved by quickly removing water with a bailer
or by partially or completely submerging an object in the
water, letting the water level reach equilibrium, and then
quickly removing the object. If the aquifer is very permeable,
the water level in the well may rise very rapidly. Such rapid
rises can be measured with sensitive pressure transducers and
fast-response strip chart recorders or x-y plotters. Also it may
be possible 10 isolate portions of the perforated or screened
section of the well with special packers for the slug test. This
not only reduces the inflow and hence the rate of rise of the
water level in the well. but it also makes it possible to deter-
mine the vertical distribution of the hydraulic conductivity.
Special packer techniques may have 1o be developed to obtain
a good seal, especially for rough casings or perforations. Effec-
tive sealing may be achieved with relatively long sections of
inflatable stoppers or tubing. The use of long sections of these
materials would also reduce leakage flow from the rest of the
well to the isolated section between packers. This flow can
occur through gravel envelopes or other permeable zones sur-
rounding the casing. Sections of inflatable tubing may have 1o
be long enough to block off the entire part of the well not used
for the slug test. High inflation pressures should be used to
minimize volume changes in the tubing due to changing water
pressures in the isolaled section when the head is lowered.

So far. solutions for the slug test have been developed only
for completely penetrating wells in confined aquifers. Cooper
ef al. [1967] derived an equation for the rise or fall of the water
level in a well after sudden lowering or raising, respectively.
Their equation was based on nonsteady flow to a pumped.
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completely penetrating well, and the solution was expressed as
a series of "type curves’ against which observed rates of water
level rises were matched. Values for the transmissibility and
siorage coefficient were then evaluated from the curve parame-
ter and horizontal-scale position of the type curve showing the
best fit with the experimental data. Skibirzke [1958] developed
an equation for calculating transmissibility from the recovery
of the water level in a well that was repeatedly bailed. The
technique is limited to wells in confined aquifers with suf-
ficiently shallow water levels to permit short time intervals
between bailing cycles {Lohman, 1972).

To use the slug test for partially penetrating or partially
perforated wells in confined or unconfined aquifers, some soiu-
tions developed for the auger hole and piezometer techniques
to measure soil hydraulic conductivity {Bouwer and Jackson,
1974] may be employed. However, the geometry of most
groundwater wells is outside the range in geometry covered hy
the existing equations or tables for the auger hole or piezome-
ter methods. For this reason, theory and equations are pre-
sented in this paper for slug tests on partiailly or completely
penelrating wells in unconfined aquilers for a wide range of
geometry conditions. The wells may be partially or completely
perforated. screened, or otherwise open along their periphery.
While the solutions are developed for unconfined aquifers,
they may also be used for slug tests on wells in confined
aquifers il waler enters the aquiler from the upper confining
layer through compression or leakage.

THEORY

Geometry and symbols of a well in an unconfined aquifer
are shown in Figure |. For the slug test the water level in the
well is suddenly lowered. and the rate of rise of the water level
is measured. The flow into the well at a particular value of y
can be calculated by modifying the Thiem equation to

0 = KL —— (1

In (R,/r,)
where @ is the flow into the well (length®/time). K is the
hydraulic conductivity of the aquifer (length/time). L is the
height of the portion of well through which water enters
(height of screen or perforated zone or of uncased portion of
well). y is the vertical distance between water level in well and
equilibrium water table in aquifer. R, is the effective radius
over which y is dissipated, andr, is the horizontal distance
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Fig. 1. Geometry and symbols of a partially penetrating, parually
perforated well in unconfined aquifer with gravel pack or developed
zone dround perforated section,

-

from well center to original aquifer (well radius or radius of
casing plus thickness of gravel envelope or developed zone).

The terms L, y, R,. and r, are all expressed in units of
length. The effective radius R, is the equivalent radial distance
over which the head loss y is dissipated in the flow system. The
value of R, depends on the geometry of the flow system, and it
was determined for different values of H, L, D, and r,, (Figure
1) with a resistance network analog, as will be discussed in the
next section. Equation (1) is based on the assumptions that (I}
drawdown of the water table around the well is negligible, (2)
Aow above the water table (in the capillary fringe) can be
ignored, (3) head losses as water enters the well (well losses)
are negligible. and (4) the aquifer is homogeneous and iso-
tropic. These are the usual assumptions in the development of
eguations for pumped hole techniques [Bouwer and Jackson,
1974, and references therein].

The value of r, in (1) represents the radial distance between
the undisturbed aquifer and the well center. Thus r, should
include gravel envelopes or ‘developed’ zones if they are much
more permeable than the aquifer iself (Figure ).

The rate of rise, dy/d1, of the water level in the well after
suddenly removing a slug of water can be related 10 the inflow
Q by the equation

dy/dt = — Q/xr? (2)

where xr.? is the cross-sectional area of the well where the
water level is rising. The minus sign in (2) is introduced be-
cause 3 decreases as ! increases.

The term r. is the inside radius of the casing il the water level
is above the perforated or otherwise open portion of the well.
If the water level is rising in the perforated section of the well,
allowance should be made for the porosity outside the well
casing if the hydraulic conductivity of the gravel envelope or
developed zone is much higher than that of the aquifer. In that
case the (open) porosily in the permeable zone must be in-
cluded in the cross-sectional urea of the well. For example, if
the radius of the perforuted casing 1s 20 cm und the cusing is

A}

surrounded by a 10-cm permeable gravel envelope with a
porosity of 30%, r. should be taken as [200 + 0.30(30® -
200))" ¢ = 23.5 cm to obtain the cross-sectional area of the well
thut reaies Qte gy O Tre vaive of rofor this wett seanon s
Hem

Combining (1) and (2 yields

1 2KL
YT T L)

which can be integrated to

2KLt

Iny = TR + constant 4)

Applying this equatiop between limits y, at ¢ = 0 and y, at ¢
and solving for K yield

rA I (R/r) 1,y
= e M ARIT) 2y Yo 5
K IL r )

This equation enables K to be calculated from the rise of the
water level in the well afier suddenly removing a siug of water
from the well. Since K, r.. r., R, and L in (5) are constants,
(1/1) In vo/y, must also be constant. Thus field data should
yield a straight line when they are plotted as In y, versus 7. The
term (/1) In »,/y, in {5) is then obtained from the best-fitting
straight line in a plot of In j- versus s (see the example). The
value of In R,./r, is dependent on H, D, L, and r, and can be
evaluated from the analog results presented in the next section.
The 1ransmissibility 7 of the aquifer 1s calculated by multi-
plying (5) by the thickness D of the aquifer or

2 ! )
;o Dre (Rl Y 6)
2L t Y

This equation is based on the assumption that the aquifer is
uniform with depth.

Equations (57 and (6) are dimensionally correct. Thus K and
T arc expressed in the same unils as the length and time
parameters in the equations.

EvalLATION OF R,

Values of R,, expressed as In R./r,., were determined with
an electrical resistance network analog for different values of
ro. L, H, and D (Figure 1), using the same assumptions as
those for (1). An axisymmetric sector of 1 rad was simulated
by a network of electrical resisiors. The vertical distance be-
tween the nodes was constant, but the radial distance between
nodes increased with increasing distance from the center line
(Figure 2), This yielded a network with the highest node
density near the well, where the head loss was greatest, and a
decreasing node density toward the outer reaches of the sys-
tem. For a more detailed discussion of graded networks for
representing axisymmetric low systems, see Liebmann {1950}
and Bouwer [1960].

The radial extent of the medium represented on the analog
was more than 60,000 times the largest r, value used in the
analyses. Thus the radial extent of the analog system was
essentially infinite, as evidenced by the fact that a reduction in
radial extent by several nodes did not have a measurable effect
on the observed value of R,.

The value of R, for an infinitely deep aquifer (D = =) was
determined by simulating an impermeable and then an in-
finitely permeable layer at a certain value of D. If this value of
D 1s taken 1o be sufficiently lurge, the low w the system when
the dayer at D is tuken as being impermeable is only shightly
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equipotentials) for system with L/r, = 625, H/r,, = 1000, and D/r,. = 1500. The numbers on the lefl and at the 1op of the
figure are arbitrary length units (note breaks in horizontal scale).

less than the flow when the laver is taken as being infinitely
permeable. The average of the two flows can then be taken as a
good estimate of the flow that would occur if the aquifer were
represenied on the analog as being uniform to infinite depth
{Bouwer, 1967). This average flow was used to caiculate R, for
D= o,

The analog analyses were performed by simulating a system
with certain values of r,, H, and D. The electrical current
entering the ‘well’ was then measured for different values of L,
ranging from near H to near 0. This was repeated for other
values of r,,, H, and D. The condition where L = H could not
be simulated on the analog because it would mean a short
between the water table as the source and the well as the sink.
The electrical current flow in the analog was converted to
volume per day, and In R,/r, was evaluated with (1) for each
combination of 7, /. L. and D used in the analog.

For a given geometry described by 7., H. and D, the current
flow Q, into the simulated well varied essentially linearly with
L and could be described by the equation

@ =mL +n (0]

Because of the linearity between Q, and L the resuits of the
analyses could be extrapolated 1o the condition L = H. The
values of m in (7) appeared to vary inversely with In H/r,. The
values of n varied approximately lincarly with In (D — H)/
r.], the slope A and intercept B in these relations being a func-
tion of L/r,. This enabled the derivation of the following
empirical equation relating In R,/r, to the geometry of the
sysiem:

R, _[__121 A+ Bln((D - m/r.l]"
b l.ln dr T Lfr. ®

In this equation, 4 and B are dimensioniess coefficients that
are functions of L/r,, as shown in Figure 3. If D >> H. an
increase in D has no measurable effect on In R,/r,,. The analog

results indicated that the effective upper limit of In (D — H)/
r.]is 6. Thus f D is considered infinity or (D — H)/r,, is so
large that in [(D — H)/r.] is greater than 6, a value of 6
should still be used for the term In {(D — H)/r,] in (8).

If D = H, the term In [(D — H)/r,] in (8) cannot be used.
The analog resuits indicated that for this condition, which is
the case of a fudly penetrating well, (8) should be modified to

1.1 Cc )"
In (H/r,) + L/r. ©)

InR,/r = <

where C is a dimensionless parameter that is a function of
L/r, as shown in Figure 3.

Equations (8) and (9) yvield values of In R,/ that are within
10% of the actual value as evaluated by analogif L > 0.4H and
within 258% if L << H (for example, L = 0.1 H).

The analog analyses were performed for wells that were
closed at the bottom. Occasionally, however, wells with open
bottoms were also simulated. The flow through the bottom
appeared (0 be negligible for all values of r,, and L used in the
analyses. If L is nol much greater than r, (for example, L/r,
<< 4), the system geometry approaches that of a piezometer
cavily [Bouwer and Jackson, 1974]. in which case the bottom
flow can be significant. Equations (8) and (9) can also be used
to evaluate In R,/r,. il a portion of the perforated or otherwise
open part of the well is isolated with packers for the slug test.

Equipotentials for the flow system around a partially pene-
trating. partially perforated well in an unconfined aquifer after
lowering the water level in the well are shown in Figure 2. The
numbers along the symmetry axis and the water table repre-
sent arbitrary length units. The numbers on the equipotentials
indicate the potential as a percentage of the total head differ-
ence between the water table (100%) and the open portion of
the well (0%) shown as a dashed line.

The value of R, for the case in Figure 2 is 96.7 fength units.
As shown in the figure, this corresponds approximately to the
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Fig. 3. Curves relfating coefficients 4, B.and Cto L7,

85% equipotential when R, is laterally extended from the cen-
ter of the open portion of the well. Thus most of the head loss
in the flow system occurs in a cylinder with radius R, which is
indicative of the horizontal extent of the portion of the aquifer
sampled for K or T. The vertical extent is somew hat greater
than L, as indicated by, for example, the 80% equipotential in
Figure 2.

To estimate the rate of rise of the water level in a well after it
is suddenly lowered, (S) can be written as

’32 R' Yo
P=agxL oy (19
By taking 3, = 0.9y, (10) reduces to
r’ R
o= —~—in — 11
Lo 0.0527 KL In . an

where fgoq, is the time that it takes for the water level to rise
90% of the distance to the equilibrium level. By assuming a per-
meable aquifer with K = 30 m/day, a well with 7. = 0.2 m and
L = 10m. and In (R./r.) = 3, (11) yiclds tgqq = 1.825. Thus if
yo is taken as 30 cm, it takes 1.8 s for the water level to rise 27
cm, another 1.8 s for the next 2.7 cm (90% of the remaining 3
cm), and another |.8 s for the next 0.27 cm, or a 1otal of 5.4 s
for a rise of 29.97 cm. Measurement of this fast rise requires a
sensitive and accurate transducer and a fast-response recorder.
The rate of rise can be reduced by allowing groundwater to
enter through only a portion of the open section of the well, as
can be accomplished with packers.

For a moderately permeable aguifer with, for example, K =
1 m/day, awell withr, = 0.1 mand L = 20 m, and In (R./r.)
=5, (11} yields 1 = 11.4s. In this case, it would 1ake the water
level 22.8 s to rise from 30 ¢cm 10 0.3 cm below static level.

EXAMPLE

A slug test was performed on a cased well in the alluvial
deposns of the Salt River bed west of Phoenix, Arizona. The
well, known as the east well, is located about 20 m eust of six

rapid infiltration basins for groundwater recharge with sewage
eflluent {Bouwer, 1970). The static water table was at a depth
of ImD=80m H=335m. L =45m,r. =0076m, andr,
was taken as 0.12 m 1o allow for development of the aquifer
around the perforated portion of the casing. A Statham
PMI3ITC pressure transducer was suspended about 1 m be-
low the static water level in the well (when trade names and
compuny names are included. they are for the convenience of
the reader and do not imply preferential endorsement of a
particular product or company over others by the U.S. De-
partment of Agriculture). A solid cylinder with a volume
equivalent to @ 0.32-m change in water level in the well was
ulso placed below the water level. When the water level had
returned to equibbrium. the cylinder was quickly removed.
The transducer output, recorded on a Sargent millivolt re-
corder, yielded the y-1 relationship shown in Figure 4 with y
plotted on a logarithmic scaie. The straight-line portion is the
valhd part of the readings. The actual y, value of 0.29 m
indicaled by the straight line is close to the theoretical value of
0.32 m calculated from the displacement of the submerged
¢ylinder.

Exiending the straight line in Figure 4 shows that for the
arbitrarily selected 1 value 0of 205, ) = 0.0025 m. Thus (1/1) In
yo/yr = 0.238 s7'. The value of L/r, = 38, for which Figure 3
yields 4 = 2.6 and B = 0.42. Substituting these values into (8)
and using the maximum value of 6 for In {(D — H)/r.] (since
In [(D — H)/r,} for the well exceeds 6) yield In (R./r,) = 2.37.
Equation (%) then gives K = 0.00036 m/s = 31 m/day. This
value agrees with K values of 10 and 53 m/day obtained
previously with the tube method on two nearby observation
wells [Bouwer, 1970). These K values were essentially point
measurements on the aquifer immediately around the well
bottoms, which were at depths of 9.1 and 6.1 m, respectively.

COMPARISONS

Piezometer method. The geometry to which (8) and {9) and
the coeflicients in Figure 3 apply overlaps the geometry of the
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piezometer method at the lower values of L/r,. With the
piczometer method a cavity is augered out in the soil below a
piezometer tube. The water level in the tube is abruptly
lowered. and K of the soil around the cavity is calculated from
the rate of rise of the water level in the tube [Bouwer and
Jackson, 1974]. The equation for K is

wxr, 1 Yo
== ~-In= (12)
K Ay ¢ n)’l .

where Ay is a geometry factor with dimension of length. Val-
ues of A, were evaluated with an electrolytic tank analog by
Youngs [1968], whose results were expressed in tabular form as
Ay/r, for different values of L/r, (ranging between 0 and 8),
(H- L)/r,, and (D - H)/r,.

Taking a hypothetical case where L/r, = 8, H/r, = 12, and
D/r, = 16, K calculated with (5) is 18% below K calculated
with (12). This is more than the 10% error normally expected
with (8) and (9) for the L/H value of 0.67 in this case. The
larger discrepancy may be due to the difference in method-
ology, or to the fact that the L/r, value is close to the lower
limit of the range covered on the resistance network analog.

An approximate equation for calculating K with the pie-
zometer method was presented by Hrorslev {1951). The equa-
tion, which is based on the assumptions of an ellipsoidal cavity
or well screen and infinite vertical extent (upward and down-
ward) of the flow system. contains a term {1 + (L/2r,)})""%
For most well-slug-test geometries, L/2r,. will be sufficiently
large to permit replacement of this term by L/2r,,. In that case,
however, Hvorslev's equation for Q yields R, = L, which is not
true. In reality, R, is considerably less than L. For example, if
L=40m,r, =04 m H =80m, and D = o, (8) shows that
R, = 1.9 m, which is much less than the value of 40 m
indicated by Hvorslev's equation. However, since the calcu-
lation of K is based on In (R,/r.) as shown by (5), the error in
K is less than the error in R, (i.c., 36 and 236%, respectively, in
this case).

If, for the above example, the top of the well screen or cavity
had been taken at the same level as the water table (H = 40 m),
R, would have been 8.6 m and Hvorslev's equation would have
vielded a K value that is S0% higher than K given by (5). The
larger error is probably due 1o Hvorslev's assumption of in-
finite vertical (upward) extent of the flow system, which is not
met when the cavity is immediately below the water table.
Using Hvorslev's equation for cavities immediately below a
confining layer would increase the error to 73%, but this, of
course, is due to the fact that a water table is not a solid
boundary. Hvorslev's equation for the confining layer case can
be shown to yield R, = 2L.

Auger hole method. The analog analyses for (8) and (9) and
Figure 3 were performed for L < H. because short circuiting
between the water table and the well prevented simuiation of
the case where L = H_ If the analog results are extrapolated to
L = H, however, the geometry of the system in Figure |
becomes similar to that of the auger hole technique, for which
a number of equations and graphs have been developed to
calculate K from the rise of the water level in the well [Bouwer
and Jackson, 1974). Boast and Kirkham {1971], for example.
developed the equation

K = Cax 32 (13)
where Cgx was determined mathematically and expressed in
tabular form for various values of L/r.. (D — H)/r,. and
yo/H. Since the rate of rise of the water level in the hole after
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Fig. 4. Plot of y versus 7 for slug test on east well.

the removal of a slug of water decreases with decreasing y.
Ay/At is not a constant and the value of K obtained with this
procedure depends on the magnitude of Ay used in the field
measurements. The general rule is that Ay shouid be relatively
small.

Taking a hypothetical case where y, = 2.5m, 3, = 24 m, Ar
=J0s,L=H=5m,D=6m,andr, =0.1 m,(S)yieldsa K
value that is 36% lower than K calculated with (13). However,
if y, is taken as 0.5 m, which should give At = 394 s according
to the theory that (1/1) In y,/y, is constant, the K value yielded
by (5) is 26% higher than K obtained with (13). If y, is taken as
0.9 m, (5) and (13) give identical resuits.

Slug test on wells in confined aquifers. The confined aquifer
for which the slug test by Cooper et al. [1967] was developed is-
an aquifer with an internal water source, for example, recharge
through aquitards or compression of confining layers or other
material. This situation is similar to that of the unconfined
aquifes presented in this paper because the water table is
considered horizontal, like the upper boundary of a confined
aquifer, and the water table is a plane source. Thus Kor T
calculated with (5) or (6) should be of the same order as K
calculated with the procedure of Cooper et al. [1967), which
involves plotting the rise of the water level in the well and
finding the best fit on a family of type curves. Cooper et al.
[1967) presented an example of the calculation of T for a well
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withre =, = 0076 m and L = 98 m. The resulting valueof T
wius 458 m? duy. Values of D and H for this well were not
given. However, since the well was 122 m deep and completely
penetrating (ut least theoretically), D und H must have been
Selween vy and 122 m. Assunung that both D and H were 100
Aot veids T2 628 me v, wiseh s campatiote with T
obluined by Cooper et al.

CONCLUSIONS

The hydraulic conductivity of an aquifer near a well can be
calculated from the rise of the water level in the well afier a
slug of waler is suddenly removed. The calculation is based on
the Thiem c¢quation, using an effective radius R, for the dis-
tance over which the head difference between the equilibrium
water table in the aquifer and the water level in the well is
dissipated. Values of R, were evaluated by electrical resisiance
network analog. An empirical equation was then developed to
relate R, to the geometry of the system. This equation is
accurate to within 10-25%, depending on how much of the
well below the water table is perforated or otherwise open. The
techmque 1s applhicable 1o parually or completely penetrating
wells in unconfined aquifers. It can also be used (o estimate the
hydraulic conductivity of confined aquifers that receive water
from the upper confining layer through recharge or compres-
sion.

The vertical distance between the rising water level in the
well and the equilibrium water 1able in the aquifer.amust yield a
straight line when it is plotted on a logarithmic scale against
time. This can be used to check the validity of field meusure-
ments and to obtain the best-fitting line for calculating the
hydraulic conductivity. Permeable aquifers produce rapidly
ising water levels that can be measured with fast-response
pressure trunsducers and strip chart recorders or x-y plotters.
The portion of the aquifer sampled for hydraulic conductivity
with the slug test is approximately a cylinder with radius R,
and a height somewhat larger than the perforated or otherwise
open section of the well.

Hydraulic conductivity values obtained with the proposed
slug test are compatible with those yicided by the auger hole
and piezomeler techniques where the geometries of the sysiems
overlap. and by a slug test for completely penetrating wellsan
contined ayusfers.
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WATER RESOURCES RESEARCI

Response of a Finite-Diameter Well to an Instantaneous
) Charge of Water*

HILTON H. COOPER, JR., JOHN D. BREDEHOEFT, AND
ISTAVROS S. PAPADOPULOS

Water Resources Division, U. S. Geological Survey, Washington, D. C.

Abstroet. A solution is presented for the change in water level in a well of finite diameter

" et & known volume of water is suddenly injected or withdrawn. A set of type curves com-

pwed {rom this eolution permits a determination of the transmissibility of the aquifer. (Key
varde: Aquifer tests; groundwater; hydraulics; permeability)

FIRST QUARTER 1967

INTRODUCTION

Frg and Knowles [1954] introduced a
for determining the transmissibility of
wgafer {from observations of the water level
+ well after a known volume of water is sud-
¥y mpected into the well. (See also Ferris
< {1262}), They reasoned that for practical
veurn the well may be approximated by an
asaecus line source in the infinite region,
»%eh the residual head differences due to
#y%etion are described by

h - (V/hTt)e-v'SIQTl_ (1)

B = change in head at distance r and time ¢

Juae to the injection;
- - from the line source or center of

d « time since jnstantaneous injection;
: * wiume of water injected;
¢ ® naswismibility of aquifer;

= mefficient of storage of aquifer.

»uoned further that the head H in the
*eld would be described closely by (1)
ra ’fl *qual to the effective radius r,
o IN-., P- 149] of the screen or open
] sioee 7, i8 small, the exponential ap-
Tty quickly, so that the equation

H = V/4xTt, which can be written

T = V(1/)/4xH 0)
e event

that the equation is valid for a
?w!!-*n wthorize

v ‘-‘..N;n-,‘.‘

d by the Director, U. S.

well of finite diameter, a1 determination of the
transmissibility can be obtained from the slope
of a plot of head H versus the reciprocal of-
time (1/¢).

Since the volume of water injected into the
well is =r.°H,, where r, is the radius of the cas-
ing in the interval over which the water level
fluctuates and H, is the initial head increase in
the well, equation 1 can be written

R/ Hy = (r}/4T0e” " /47" (3)
and equation 2 can be written
H/H, = r*/4Tt (4)

Recently Bredehoeft et al. [1966] demon-
strated by means of an electrical analag model
of a well-aquifer system that equation 3 gives a
satisfactory approximation of the head in an
injected well only after rhe time ¢ is larze
enough for the ratio /{. [/, to be very small
(see Figure 1). The observed discrepancy up-
pears to arise from the assumption that the mn-
jected well can be approximated by a line source.

We present here an exact solution or the
head in and aronnd a well of finite diameter
after the well is instantancously charged with a
known volume of water.

ANALYSIS

Consider a nonflowing well cased to the top of
a homogeneous isotropic artesian aquifer of uni-
form thickness, and screencd (or open) through-
out the thickness of the aquifer (Figure 2). 3np-
pose that the well is in<tantaneously charged
with a volume V of water. (We will consider
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Fig. 1. Comparison of analog results with curve

representing line-source solution.

an injection as a positive charge and a with-
drawal as a negative one.) The water level in
‘he well instantaneously moves to the height
I, = V/=r? above or below its initial level and
immediately begins to return to its initial level
according to some function of time H(¢). Mean-
while the head in the surrounding aquifer varies
according to h(r, t). Our objective is to find a
solution for A(r, t) and H(t). The inertua of
the column of water in the well will be negiected.
{See, in this connection, Bredehoeft et al.
[19667). Since the solution to be.obtained can
be superposed on any initial condition, we can

simplify the problem without loss of generality
by assuming that the head is initizlly uniform
and constant.

The problem is described mathematically by

*h/art + 1/r(ak/ar)

= S/T(3h/3¢) r>r) (5)
WMr, + 0.t = H(O (t> 0 (5a)
Mo, =0 (>0 (58

COOPER. BREDETILORET,

AND PAPADOPULOS
2m1, TOh(r, + 0, t))/0r
= ar (9 H(t)/dt)
h(r,0) = 0

(t> g
(r>r) f
H(0) = H, = V/ﬂ'.,

Equation 5 is the differential equation
ing nonsteady radial flow of confined g
water. (See, for example, Jacob, 1950, p. m ¥
Boundary condition 5a states that after the jak:
instant the head in the aquifer at the face of
well is equal to that in the well. Boundary »
dition 3b states that as r approaches S
the change in head approaches zero. E
3¢ expresses the fact that the rate of fow
water into (or out of) the aquifer is equal ta
rate of decrease (or increase) in volume of
within the well. The conditions 5d and 5
that initially the change in head is sero
where outside the well and equal to H, i
the well. ]
By applying the Laplace transform with
spect to time the problem is reduced to

FR/ar* + 1/r (3h/31) = (S/T) (B o _1he
h(=,p) =0 U S

[0k(r. + 0, p))/0r
= (r."/2r.T)[ph(r. + 0,2) — HJ]

tor which the solution is

“'..

-~

r.SH.K.(rq)
Tqlr.qKo(r.q) + 2aKolir,g)]
where ¢ = (pS/T)4, and « = r.’S/r..
The solution A(r, t) is the inverse t

which is available from the analogous
in heat flow [Carslaw and Jaeger, 1959, p.

Rir, py =

b= % f T S ToCur/r)
[ Yolt) — 2a¥i()] — Voluwrfrd ©
fudale) = 2@ e {

where 8 = Tt/r," and

= [wJo(w) — 225,
+ [uYo) — 2T

Alw)
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Ho T i A Head in aquifer
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fined groved- _ L_h(r,r) . —
1950, p. 31 - B Z " initial head
after the trw | in aquifer
he face of 134 e +— Well casing
loundary ~w :""
aches inf=cw N oz e
ero. Equatsa RS
te of forw : ‘ }«Well screen or
s equal ta o, o o wall of open hole
lume of w3 _Aq»urhr 3 Sy .- SR
! and 5S¢ stam o oo
to H. " 777 rd 7 re E T
¢ 2 Idealized representation of a well into which a volume V of water is suddenlv
‘orm with injected.
ced to
,/T\_/ 530\ twad A(t) inside the well, obtained by sub-  transmissibility determined from these data
ting r = r, in equation 8, is agreed fairly well with one obtained by another
' - method.)
4= (8Ha/x) f ™Y du/(u A(w)  (9) A family of type curves plotted on semilog-
3 ° arithmic paper, as in Figure 3, permits -a de-~
- H,)] o "hd H/H, computed by numerically in-  termination of the transmissibility. The method
SPmimg equation 9 are given in Table 1. Values  is similar to the Theis graphical method [Wen-
puted from the line-source solutions, eqma-  zel, 1042]. A test on a well near Dawsonvilie,
3and 4, are given in Table 2. In Figure 3 Georgia, will be used to demonstrate the method.
m Ytﬁn —frnm Table 1 are represented as n This well is cased to 24 m with 15.2-cm (8-inch)
Y, of five curves of H/H, versus the di- easing and drilled as a 152-cm open hole to a
3/t _ Pemmales time parameter B8 = Tt/r?, one depth of 122 m. Figure 4 is 2 repreduction of a
;u‘:’;“:‘: .‘ for rach of five values of the parameter chart showing the hvdrograph of the well after

s ; 7'8/r’. Also represented, by a dashed
10539, » *. are the values computed from equation
R e apparent from Tables 1 and 2 and from
3 that the line-source solutions 3 and 4
. b.V.l’erﬂ'l and Knowles [1954] give a
SPProximation of the finite-source solution
for large values of the time parameter
;"nn z‘pproximation seems to be accepta-
E.‘l?!'r' greater than 100 (or, equivalently,
_"m{ iean _}hnn abgut 0.0025). (In the test
- v City, Indiana, used by Ferris and
;’;. ' exemplify  their method, H/H,
3 moual v o ind the value of

ur/rJ)

the sudden withdrawal of a long weighted float
from the well. The weight of the float was 10.16
kilograms, and hence by the principle of Archi-
medes it had displaced a volume of 0.01016 m*
of water when floating in the well. Its with-
drawal was therefore equivalent to a negative
charge of ¥V = 0.01016 m*. From the relation
H, = V/=r} the initial head change is found to
be H, = 0.560 m.

The hvdrograph in Figure 4 was recorded
electrically from a pressure transducer, which
was suspended below the water surface in the
well. Tuble 3 hsts data {rom this ehart. To de-
1ermine the

iiter eonztangs che doa oo




ath cCoepbl, BREDEIIOEET. AND PADPADOPULOS

TABLL 1. Vuiues of II/H, ior a Well of Finite Diameter
{computed from equation Y)

- \
H/H,

Tt/r? a = 107t a =102 a = 1073 a = 107¢ a = 10
1.00 X 1073 0.9771 0.9920 0.9969 0.9985 0.9992
2.15 X 1073 0.9658 0.9876 0.9949 0.9974 0.9985
4.6+ X 1072 0.9490 0.9807 0.9914 0.9954 0.9970
1.00 X 107 0.9238 0.9693 0.9853 0.9915 0.9942
2,153 X 107 0.8860 0.9505 0.9744 0.9841 0.9888
4.64 X 1072 0.8293 0.9187 0.9545 0.9701 0.9781
100 X 10— ). 7460 0.8655 0.9183 0.9434 0.9572
2,15 X 107! 0.6289 0.7782 0.8538 0.8935 0.9167
1.0+ X 107 0.4782 0.6436 0.7436 0.8031 0.8410
1.00 X 11° 0.3117 0.4598 0.5729 0.6520 0.7
2.15 X 100 0.1663 0.2597 0.3543 0.4364 0.5038
+.64 X 10° 0.07415 0.1086 0.1554 0.2082 0.2620
7.00 X 100 0.04625 0.06204 0.08519 0.1161 0.1521
1.00 X 10 1).03065 0.03780 0.04821 0.06355 0.083
1.40 X 10t 0.02092 0.02414 0.02844 0.03492 0.04426
2,15 X 10t 1).01297 0.01414 ~ 0.01545 0.01723 0.01999
3.00 X 10t 0.009070 0.009615 0.01016 0.01083 0.01169
1.64 X 18 0.005711 0.005919 0.006111 0.006319 0.008554
T.00 X 10t 0.003722 0.003809 0.003884 0.003962 0.004046
1.00 X 102 0.002577 0.002618 0.002653 0.002688 0.002725
2.15 X 102 0.001179 0.001187 0.001194 0.001201 0.001208

plotted on semilogarithmic paper of the same With the arithmetic axes coincident, ﬁﬁ/
scale as that of the type curves in Figure 3, plot is translated horizontally to a post
and this plot is superposed on the tvpe curves. where the data best fit the type curves,

TABLE 2. Values of H/H, for Line-source Approximation of a Well

H/H, from equation 3

Tt/r? a = 107 a =10 a =107 a=10" a=10"
1.00 X 107 0.000000 2052 194.7 243.8 249.4
215 X 107 0.001035  36.35 103.5 115.0 116.2
4.64 X 107 0.2463 31.44 51.05 53.59 53.85
1.00 X 107 2.052 19.47 24.38 24.94 24.99
- 2.15 X 10 3.635 10.35 11.50 11.62 11.63
ol 4.64 X 107 3.144 5.105 5.359 5.385 5.388
B/ 1.00 X 107 1.947 2.438 2.494 2.499 2.500
¥ 2.15 X 107 1.035 1.150 1.162 1.163
-3 4.64 X 107 0.5105 0.5359 0.5385 0.5388
i 1.00 X 10° 0.2438 0.2494 0.2499 0.2500
¥ 2.15 X 10° 0.1150 0.1162 0.1163
] 4.64 X 10° 0.05359 0.05385 0.05388
7.00 X 10° 0.03558 0.03570 0.03571
1.00 X 10t 0.02494 0.02499 0.02500
1.40 X 10t 0.01783 0.01786
2.15 X 10t 0.01162 0.01163
3.00 X 10! 0.008326 0.008333
4.64 X 10! 0.005385 0.005388
7.00 X 10t 0.003570 0.003571
1.00 X 10 0.002499 0.002500
215 K 10t 0.001163
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Fig. 3. Type curves for instantaneous charge in well of finite diameter.
o, t~edE % in Figure 5. In this position the time The determination of T is not so sensitive to
eq t ¥ 2 Il we on the data coordinates is found to the choice of the curves to be matched. Whereas
-~ [ %% the nalue Tt/r? = 1.0 on the type-eurve  the determined value of S will change by an
as) 1  wefsates. Hence the transmissibility is com-
116 3 *md 5 be
NSERS] — .
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TABLIT oo Wiaer Level in Dhawsa
Wil afrer [nstantaneons Withrawad
o \\-"iuill(‘.l_i Float

¢t (zec) 1.t Head v H (m H. I,
-1 (.896

0 0.336 0.560 1.000
3 0.333 0.439 0.457 0.816
6 0.167 0.504 0.392 0.700
9 0.111 0.551 0.345 0.616
12 0.0833 0.588 0.308 0.550
15 0.0667 1.616 0.280 0.500
18 3.0556 ) 644 0.232 0.450
21 }).0476 ).672 0.224 0.400
24 0.0417 0.691 0.203 0.366
27 0.037 0 709 0187 0.334
30 0.0333 0.728 ).1638 0.300
33 0.0303 0.747 0. 149 }.266
36 ).0278 0.756 . 140 0.250
39 0.0256 0.763 0.131 0.234
42 0.0238 0.784 0.112 1.200
15 0.0222 0.788 0.108 0.193
48 0.0208 0.803 0.093 0.166
51 0.0196 0.807 0.089 0.159
54 0.0185 0.814 0.082 0.146
57 0.0175 0.821 0.075 0.134
60 .0167 6 8235 H.071 0.127
63 0.0139 0.831 ).065 0.116

order of magnitude when the data plot is moved
from one tvpe curve to another, that of 7' will
change much less. From a knowledge of the
geologic conditions and other considerations one
can ordinarily estimate S within an order of
magnitude and therebv eliminate some of the
doubt as ro what vaiue of a is to be used for
mareching the data plot.

Figure 6 shows the dat: from the test on the
Dawsonville well plotted according to the Fer-
ris-Knowles method. The points do not fall
along a straight line as postulated in this method
but, instead. fall along the trace of the type
curve for @ = 10~ which has been transferred
from Figure 5. Also shown is a straight line
through the origin whose slope, when used ac-
cording to the Ferris-Knowles method, will yield
the transmissibility of 5.3 ¢cm’/sec obtained by
matching the data to the type curves.

CONCLUSION

The judgment of an experienced hydrologist
is needed to decide the significance, if any, of a
determination of T by the method of instantane-

s
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Fig. 5. Plot of data from test at Dawsom
Georgia, superposed on type curve,

ous charge. As Ferris et al. [1962] propss
warned > Pr

the duration of a ‘slug’ test is very shat
hence the estimated transmissibility dets §§
mined from the test will be representatrm # s
only of the water-bearing material close to the &
well. Serious errors will be introduced niewr ¥
the . . . well is fully developed and coms JE ¥e
pletely penetrates the aquifer. -4

Few wells completely penetrate an aquifer, s~
it is nevertheless possible under some cire@ge.
stances for a hydrologist to derive usefd #%"
formation from a test on a partially penetrsi®
well. Since the vertical permeabilities of 2
stratified aquifers are only small fractios §
the horizontal permeabilities, the induced
within the small radius of the cone that S§g~:
velops during the short period of observatiss?
likely to be essentially 2-dimensional. The
fore, the determined value of T would repres®
approximately the transmissibility of that §
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Fig. 6. Data from test on weil of Dawsonville, Georgia, plotted according to the Ferris-
Knowles method.

4 13 aquifer in which the well is screened or
om, provided that the aquifer is reasonably
 *oogeneous and isotropic in planes parallel
® % bedding and provided that the effective
"wbas 7, can be estimated closely.
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On the Analysis of ‘Slug Test’ Data
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Methods of analyzing ‘slug test’ data are reviewed, and additional tvpe curves for the analysis
of test data from formations with very low storage coefficients are presented.

The ‘slug test’ as a method of estimating the
wansmissivity of an aquifer was introduced by
Ferria and Knowles (1954] (see also Ferris et al.
11982)). As is well known, the test consists of
ausing an instantaneous change in the water
irvel of a well either by suddenly introducing or
removing 8 known volume of water or by any
other possible means and observing the recovery
o the water level in the well with time. The
method proposed by Ferris and Knowles [1954]
{or analyzing the test data is based on a solution
that assumes a well of infinitesimal diameter
{mathematical line source) and that can be
expressed as

H/H, = /4Tt _ (1)
vhere

H. instantaneous head change in the well;

H, head in the well at time ¢t > 0;

«» radius of the well casing in the interval over
which the head change takes place:

T, transmissivity of the aquifer:

!, time since the instantaneous head change.

The transmissivity is determined from the slope
of an arithmetic plot of H or of H /H, against 1/¢.
Later wo [Cooper et al., 1967] presented a solution
ke 3 well of finite diameter and showed that the
fne Source approximation of Ferris and Knowles
s valid only for the relatively large times ¢ > 100
f."T, or, equivalently, when H/H, < 0.0025
‘see the dashed line in Figure 1).

Copyright © 1973 by the American Geophysical Union.

Our solution, which is applicable for all times ¢,
has the form

H/Hy = F(8, a) (2
where
g=Tt/r?
a=r28/r?;
r., effective radius of the well;
S, storage coefficiert of the aquifer;

F(8, a), afunction whose tables and graphs were
presented for five orders of &, 10-10"8,
and for 1073 < 3 < 215 X 10 (for
larger values of 8 the function is
closely approximated by equation 1).

On the basis of this solution a type curve method
for analyzing test data was proposed.

As both Ferris et al. [1962] and Cooper et al.
[1967] recognize, transmissivities determined
from the analvsis of slug test data are ‘represent-
ative only of the water-bearing material close to
the well.” The test provides, however, an
economical means of determining ‘point’ trans-
missivities. In some types of groundwater in-
vestigations a large number of such point
transmissivities are often of greater use than a
single value of the transmissivity obtained from a
long-term pumping test at the same cost. The
test has also been used as an indicator of the
effectiveness of well development (W. A.
Meneley, oral communication, 1972). In a
properly developed well the slug test trans-
missivity should be higher than the long-term
pumping test transmissivity. In the oil industry
the type curve method has been adapted to

1087
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TABLE 1. Values of H/H, for 2 Well of Finite Diameter

Tt/r? a = 107% a = 1077 a = 1078 a = 10"? a = )0~
0.001 0.9994 0.9996 0.9996 0.9997 0.9997
0.002 0.9989 0.9992 0.9993 0.9994 0.9995
0.004 0.9980 0.9985 0.9987 0.9989 0.999]
0.006 0.9972 0.9978 0.9982 0.9984 0.9986
0.008 .9964 0.9971 0.9976 0.9980 0.9982
0.01 0.9956 0.9965 0.9971 0.9975 0.9978
0.02 0.9919 0.9934 0.9944 0.9952 0.9958
0.04 1).9848 0.9875 0.9894 0.9908 0.9919
0.06 .9782 0.9819 0.9846 0.9866 0.9881
.08 1).9718 0.9765 0.9799 0.9824 0.9844
0.1 1).9655 0.9712 .9753 0.9784 0.9807
0.2 0.9361 0.9459 0.9532 0.9587 0.9631
0.4 ). 8828 ).8995 .9122 0.9220 0.9298
9.6 .3345 0.8569 0.8741 0.8875 0.8984
0.8 1}.7901 0.8173 }.5383 0.8550 0.8686
1.0 0.7489 0.7801 0.3045 0.8240 0.8401
2.0 0.5800 0.6235 0.6591 0.6889 0.7139
3.0 0.4554 0.5033 0.5442 0.5792 0.6096
+.0 0.3613 0.4093 0.4517 - 0.4891 0.5222
5.0 0.2893 0.3351 0.3768 0.4146 0.4487
6.0 0.2337 0.2759 0.3157 0.3525 0.3865
7.0 0.1903 0.2285 0.2655 0.3007 0.3337
8.0 1).1562 0.1903 0.2243 0.2573 0.2888
9.0 0.1292 0.1594 0.1902 0.2208 0.2505
10.0 0.1078 0.1343 0.1620 0.1900 0.2178

20.0 0.02720 0.03343 0.04129 0.05071 0.06149

30.0 0.01286 0.01448 0.01667 0.01956 0.02320

40.0 0.008337 0.008898 0.009637 0.01062 0.01190

50.0 0.006209 0.006470 0.006789 0.007192 0.007709

60.0 0.004961 0.005111 0.005283 0.005487 0.005735

80.0 0.003547 0.003617 0.003691 0.003773 0.003863

100.0 0.002763 0.002803 0.002845 0.002890 0.002938

200.0 0.001313 0.001322 0.001330 0.001339 0.001348

analyze drill-stem tests {Kohlhaas, 1972], most
of which ‘do not have production to the suriace,
either because of low formation productivity or
because of the limited duration of the flow period.’

In recent years the increased interest in
determining the hvdrologic properties of low
transmissivity formations, mostly in relation
with deep-well waste disposal studies, has also
increased the popularity of the slug test. The
vield of test wells in tight formations is often too
low to permit a pumping test of even relatively
short duration, and the slug test becomes one of
the few available field test methods. Some of
these tight formations because of their low
compressibility and low porosity, sometimes as
low as 0.1%, have also a very small storage
coefficient. Under these conditions the value of
the parameter a appearing in (2) is smaller than
10-5, and the test (ata cannot be matched to the
avaiiable tvpe curves. These conditions were

observed in data from tests conducted on od
shales at the Piceance Basin, Colorado, by J. D
Bredehoeft and R. G. Wolff of the U.S. Geo
logical Survey and were also reported to us by
several investigators conducting tests on sumuisr
formations elsewhere.

Therefore we are presenting here an extensos
to the previously available values of F(8, a), iss
of H/H,, for another five orders of a, 10-4-10~"
(Table 1). These values are plotted together with
the previously available type curves in Figure .
As can be noted in the figure, for thess small
values of @ the curves have a very similar shapa
run close to each other, and are almost
for most of their length. This fact indicates thab
when the storage coefficient is so small, tbe
recovery of the water level in the test vl
becomes very insensitive, even to order
magnitude changes in the storage coefficient
In Cooper ¢t ai. [1967] we stated that ‘a deter

H/H.-
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Fig. 1. Type curves for instantaneous change in a well of finite diameter.

mination of S by this method has questionable
reliability’; reliability becomes even more
uestionable when a is smaller than 10-5. Of
coune, the similarity of the type curves in this
ange of a also affects the determinations of
tanamissivity. Even the most carefully and
wcurately collected test data could easily be
matched with more than one of the type curves.
The best one could expect is to be within one or
w0 orders of magnitude of the actual a. An
analysis in the range @ < 10-¢ indicates that, if
the value of « for the chosen type curve is within

two orders of magnitude of its actual value, the

wror in the determined 7' would be less than
Ml 30%. This possible error should be kept in
z‘ﬂnd then one is making use of transmissivities
#ermined by this method.
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(Rising head test 1)

Slug Test Analysis - Bouwer
Client EPA

Site: Rosehill

Test by: K. Arena
Analysis:K. Arena

USER INPUT DATA WORKSHEET A=
Aquifer Thickness= 20.24 FIGURES B
Exposed Len. (Le) = 15 C
Well Length (Lw) = 13.22 R(eq) = 0.1873
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.333 Est. n
Sandpack Porosity= 0.270 log(Le/Rw)
Slug Volume = 0.025 1n(Re/Rw)
Static Level = 6.50 Max. Y(t)
Offset time = 0 Regr. Y(0)
Shape Factor = 24.8 Casing Y(0)
(F from est. Rw) ERR
ft/min
Bouwer & Rice -~ user porosity & Rw 2.7E-02
Bouwer & Rice ~ estimated porosity 3.5E-03
Bouwer & Rice ~ estimated Rw ERR
Hvorslev - user porosity and Rw 3.6E-02
Hvorslev - estimated porosity 4.7E-03
Hvorslev - estimated Rw ERR
Regression Output:
Constant 0.556636
Std Err of Y Est 0.018701
R Squared 0.936918
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) =-8.17235
Std Err of Coef. 0.865707
Indicate
Time level Drawdown 1n(Y) Regress.
(min) (£t) Y(t) ft Range
0 -1.77 1.77 0.5710 B
0.0033 -1.73 1.73 0.5481
0.0066 -1.63 1.63 0.4886
0.0099 -1.56 1.56 0.4447
0.0133 -1.56 1.56 0.4447
0.0166 -1.51 1.51 0.4121
0.02 -1.5 1.50 0.4055
0.0233 -1.46 1.46 0.3784 E
0.0266 -1.43 1.43 0.3577
0.03 -1.4 1.40 0.3365
0.0333 -1.36 1.36 0.3075
0.05 -0.98 0.98 -0.0202 b2
0.0666 -0.73 0.73 -0.3147
0.0833 -0.64 0.64 -0.4463
0.1 -0.58 0.58 -0.5447
0.1166 -0.5 0.50 -0.6931
0.1333 -0.44 0.44 -0.8210
0.15 -0.38 0.38 -0.9676
0.1666 -0.35 0.35 ~-1.0498
0.1833 -0.33 0.33 -1.1087

& Rice/Hvorslev’s Methods
Revised

Well ID:

Date:
Date:

2.7
0.42
2.4
0.0675

-0.023
1.5984
2.5053
1.77
1.74
1.15

cm/sec
5.3E-02
7.0E~-03
ERR
7.2E-02
9.3E~03
ERR

EST 1lnY

0.5566
0.5297
0.5027
0.4757
0.4479
0.4210
0.3932
0.3662
0.3393
0.3115
0.2845
0.1480
0.0124
-0.1241
-0.2606
-0.3963
-0.5327
-0.6692
-0.8049
-0.9414

(V2.4.5)
11/05/91
MW-01-01
10/28/91
11/25/91

ERR
ERR
ERR
ERR
ERR

ERR
ERR

DRAINED

ft/day
39.11
5.09
ERR
52.37
6.81
ERR



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

@ ~ o)) (3] > w [\8)
MOoOLUVLVLULLLULINUOOOULULLLdOWUN

©
e

-0.31
-0.29
-0.28
-0.27
-0.26
-0.25
-0.24
-0.24
-0.23
-0.21

~0.2
-0.19
-0.19
-0.18
-0.19
-0.18
-0.17
-0.17
=-0.17
-0.17
-0.17
~0.17
-0.17
-0.17
-0.17
-0.17
-0.17
-0.17
-0.17
-0.16
-0.16
-0.16
-0.16
-0.17
-0.17
-0.16
-0.16
-0.16
-0.16
-0.17
-0.17
-0.16
-0.16
-0.16
-0.17
-0.16

eNejoleNeNoolojoNoleNoNolNoloRoNeNeNoNoloeNeNoNoNo oo NojloeNeleoNe e NololoNoNoNo oo
[
~J

-1.1712
-1.2379
-1.2730
-1.3093
-1.3471
-1.3863
-1.4271
-1.4271
-1.4697
-1.5606
-1.6094
-1.6607
-1.6607
-1.7148
~1.6607
-1.7148
-1.7720
=-1.7720
-1.7720
-1.7720
-1.7720
-1.7720
=1.7720
-1.7720
-1.7720
-1.7720
-1.7720
-1.7720
-1.7720
-1.8326
-1.8326
-1.8326
-1.8326
-1.7720
-1.7720
-1.8326
-1.8326
-1.8326
-1.8326
-1.7720
-1.7720
-1.8326
-1.8326
-1.8326
-1.7720
-1.8326

e2

-1.0778
-1.2135
-1.3500
~1.4865
-1.6221
-1.7586
-1.8951
-2.0307
-2.1672
-2.8488
-3.5295
-4.2103
-4.8919
-5.5726
-6.2534
-6.9350
-7.6157
-8.2965
-8.9781
-9.6588
-10.3396
-11.0203
-11.7019
-12.3827
-13.0642
-13.7450
~14.4257
-15.1073
~15.7881
-19.8743
-23.9604
-28.0466
~32.1328
-36.2190
-40.3052
-44.3913
-48.4775
-52.5637
-56.6499
-60.7361
-64.8222
-68.9084
~-72.9946
-77.0808
-81.1670
-97.5117
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(First rising head
Slug Test Analysis

test)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-01-02
Test by: K.Arena Date: 10/28/91 —
Analysis:K.Arena Date: 12/03/91
USER INPUT DATA WORKSHEET A= 5.7 5.7
Aquifer Thickness= 300 FIGURES B 1.08 1.08
Exposed Len. (Le) = 46.69 C 6.4 6.4
Well Length (Lw) = 77.7 R(eq) = 0.2500 0.2500 0.2500
Casing Radius(Rc)= 0.250 Est. Rw 0.250
Well Radius (Rw) = 0.250 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 2.2713 2.2713
Slug Volume = 0.153 1n(Re/Rw) 3.8928 3.8928
Static Level = 6.31 Max. Y(t) 0.75
Offset time = 0 Regr. Y(0) 0.73
Shape Factor = 56.1 Casing Y(0) 0.78 UNDRAINED
(F from est. Rw) 56.1 A
ft/min cm/sec ft/day// v
Bouwer & Rice - user porosity & Rw 4.4E-05 8.7E-05 0.06¢ /ﬁUﬂ'
Bouwer & Rice - estimated porosity 4.4E-05 8.7E-05 0.06 lhp'
Bouwer & Rice - estimated Rw 4.4E-05 8.7E-05 0.06 °
Hvorslev - user porosity and Rw 6.0E-05 1.2E-04 0.09 ' .
Hvorslev - estimated porosity 6.0E-05 1.2E-04 0.09 ¥
Hvorslev - estimated Rw 6.0E-05 1.2E-04 0.09
Regression Output:
Constant -0.30993
Std Err of Y Est 0.005895
R Squared 0.908633 _
No. of Observations 10
Degrees of Freedom 8
X Coefficient(s) -0.01704
Std Err of Coef. 0.001911
Indicate
Time level Drawdown In(Y) Regress. EST lnY
(min) (ft) Y(t) ft Range
0 -0.75 0.73 -0.3147 -0.3099
0.0033 -0.73 0.7% -~0.2877 -0.3100
0.0066 -0.75 0.73 -0.3147 -0.3100
0.0099 -0.73 0.75 -0.2877 -0.3101
0.0133 -0.75 0.72 =-0.3285 -0.3102
0.0166 -0.72 0.7¢4 -0.3011 -0.3102
0.02 -0.74 0.73 -0.3147 -0.3103
0.0233 -0.73 0.73 -0.3147 -0.3103
0.0266 -0.73 0.74 -0.3011 -0.3104
0.03 -0.74 0.74 -0.3011 -0.3104
0.0333 -0.74 0.74 -0.3011 -0.3105
0.05 -0.74 0.74 -0.3011 -0.3108
0.0666 -0.74 0.74 -0.3011 -0.3111
0.0833 -0.74 0.74 -0.3011 -0.3114
0.1 -0.74 0.74 -0.3011 -0.3116
0.1166 -0.74 0.74 -0.3011 -0.3119
0.1333 -0.74 0.74 -0.3011 -0.3122
0.15 -0.74 0.74 -0.3011 -0.3125
0.1666 -0.74 0.74 -0.3011 -0.3128
0.1833 -0.74 0.74 -0.3011 -0.3131

- Bouwer & Rice/Hvorslev’s Methods (V2.4.5)



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667
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-0.74
-0.74
-0.74
-0.74
-0.74
-0.74
-0.74
-0.74
-0.74
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.72
-0.72
-0.72
-0.72
-0.72
-0.72
-0.72
-0.71
-0.71
-0.71
-0.71

-0.7
-0.69
-0.69
-0.69
-0.68
-0.68
-0.67
-0.67
-0.67
-0.66
-0.66
-0.65
-0.65
-0.64
-0.64
-0.63
-0.62

-0.6
-0.59
-0.57
-0.57
-0.56

0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.71
0.71
0.71
0.71
0.70
0.69
0.69
0.69
0.68
0.68
0.67
0.67
0.67
0.66
0.66
0.65
0.65
0.64
0.64
0.63
0.62
0.60
0.59
0.57
0.57
0.56
0.00

-0.3011
-0.3011
-0.3011
-0.3011
-0.3011
-0.3011
-0.3011
-0.3011
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3285
-0.3285
-0.3285
-0.3285
-0.3285
-0.3285
-0.3285
-0.3425
-0.3425
-0.3425
-0.3425
-0.3567
~-0.3711
-0.3711
-0.3711
-0.3857
-0.3857
-0.4005
-0.4005
-0.4005
-0.4155
-0.4155
-0.4308
-0.4308
-0.4463
-0.4463
-0.4620
-0.4780
-0.5108
-0.5276
-0.5621
-0.5621
-0.5798

ERR

-0.3133
-0.3136
-0.3139
-0.3142
-0.3145
-0.3148
-0.3150
-0.3153
-0.3156
-0.3170
-0.3185
-0.3199
-0.3213
-0.3227
-0.3241
-0.3256
-0.3270
-0.3284
-0.3298
-0.3312
-0.3327
-0.3341
-0.3355
-0.3369
-0.3384
-0.3398
-0.3412
-0.3426
-0.3440
-0.3526
-0.3611
-0.3696
-0.3781
~-0.3867
-0.3952
-0.4037
-0.4122
-0.4208
-0.4293
-0.4378
-0.4463
-0.4549
-0.4634
-0.4719
-0.4804
-0.5145
-0.5486
-0.5827
-0.6168
-0.6509
-0.6850
-0.7191
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(Rising Head test 1 MW-02-01)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

Client: EPA

Site: Rosehill
Test by: K.Arena
Analysis:K.Arena

USER INPUT DATA
Aquifer Thickness=
Exposed Len. (Le)
Well Length (Lw)
Casing Radius(Rc)
Well Radius (Rw)
Sandpack Porosity
Slug Volume
Static Level
Offset time
Shape Factor

(F from est. Rw)

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -

46.26
15
23.89
0.083
0.083
0.270
0.025
24.05
0.0066
18.1
18.1

WORKSHEET A=

FIGURES

R(eq) =

Est. Rw

Est. n

B
C
0.0833

log(Le/Rw)
1ln(Re/Rw)

Max.
Regr.

Y(t)
Y(0)

Casing Y (0)

user porosity & Rw
estimated porosity
estimated Rw

Hvorslev - user porosity and Rw
Hvorslev - estimated porosity
Hvorslev - estimated Rw

Regression Output:

Constant

Std Err of Y Est
R Squared

No.

of Observations
Degrees of Freedom

X Coefficient(s) -28.4950
Std Err of Coef. 1.300478
Time level Drawdown
(min) (ft) Y(t) ft
0 -0.54 0.54
0.0033 -0.71 0.71
0.0066 -0.8 0.80
0.0099 -0.68 0.68
0.0133 -0.53 0.53
0.0166 -0.41 0.41
0.02 -0.33 0.33
0.0233 -0.27 0.27
0.0266 -0.23 0.23
0.03 -0.2 0.20
0.0333 -0.17 0.17
0.05 -0.1 0.10
0.0666 -0.06 0.06
0.0833 -0.04 0.04
0.1 -0.03 0.03
0.1166 -0.02 0.02
0.1333 -0.02 0.02
0.15 -0.01 0.01
0.1666 -0.01 0.01
0.1833 -0.01 0.01

-0.73587
0.135850
0.983609
10

8

In(Y)

-0.6162
-0.3425
-0.2231
-0.3857
-0.6349
-0.8916
-1.1087
-1.3093
~-1.4697
-1.6094
-1.7720
-2.3026
-2.8134
-3.2189
-3.5066
-3.9120
-3.9120
-4.6052
~4.6052
-4.6052

ft/min
2.6E-02
2.6E-02
2.6E-02
3.4E-02
3.4E-02
3.4E-02

Indicate
Regress.
Range

B3

E3

Revised

Well ID:

Date:
Date:

5.6
1.05
6.3
0.0833

NA
2.2553
3.8715

0.41
0.40
1.15

cm/sec
5.0E-02
5.0E-02
5.0E-02
6.7E-02
6.7E-02
6.7E-02

EST 1nY

-0.7359
-0.8299
=-0.9239
-1.0180
=1.1149
~-1.2089
-1.3058
-1.3998
-1.4938
-1.5907
-1.6848
-2.1606
~2.6336
=3.1095
-3.5854
-4.0584
-4.5343
-5.0101
-5.4832
=-5.9590

(V2.4.5)
11/05/91
MW-02-01
10/30/91
11/26/91

5.6
1.05
6.3
0.0833
0.083

2.2553
3.8715

UNDRAINED

ft/day
36.77
36.77
36.77
49.32
49.32
49.32



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167
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(Rising Head test 1 MW-02-01)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-02-01
Test by: K.Arena Date: 10/30/91
Analysis:K.Arena Date: 11/26/91
USER INPUT DATA WORKSHEET A= 2.5 4.1
Aquifer Thickness= 46.26 FIGURES B = 0.39 0.65
Exposed Len. (Le) = 15 C = 2.2 4.1
Well Length (Lw) = 11.75 R(eq) = 0.1973 0.0985  0.0985
Casing Radius(Rc)= 0.083 Est. Rw 0.131
Well Radius (Rw) = 0.354 Est. n 0.023
Sandpack Porosity= 0.270 log(Le/Rw) 1.5208 1.9526
Slug Volume = 0.025 1n(Re/Rw) 2.2563 2.5936
Static Level = 24.05 Max. Y(t) 0.8
Offset time = 0.0066 Regr. Y(O0) 0.82
Shape Factor = 25.2 Casing Y(0) 1.15 DRAINED
(F from est. Rw) 19.9
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 2.5E-01 4.9E-01 361.22
Bouwer & Rice -~ estimated porosity 6.3E-02 1.2E-01 90.04
Bouwer & Rice - estimated Rw 7.2E-02 1.4E-01 103.51
Hvorslev - user porosity and Rw 3.3E-01 6.4E-01 469.78
Hvorslev - estimated porosity 8.1E-02 1.6E-01 117.10
Hvorslev - estimated Rw 1.0E-01 2.0E-01 148.18
Regression Output:
Constant 0.244255
Std Err of ¥ Est 0.025788
R Squared 0.996992
No. of Observations 6
Degrees of Freedom 4
X Coefficient(s) -67.0993
Std Err of Coef. 1.842521
Indicate
Time level Drawdown In(Y) Regress. EST 1lnyY
(min) (ft) Y (t) ft Range
0 -0.54 0.54 -0.6162 0.2443
0.0033 -0.71 0.71 -0.3425 0.0228
0.0066 -0.8 0.80 -0.2231 b ~0.1986
0.0099 -0.68 0.68 -0.3857 -0.4200
0.0133 -0.53 0.53 -~0.6349 ~0.6482
0.0166 -0.41 0.41 -0.8916 ~-0.8696
0.02 -0.33 0.33 +~1.1087 ~-1.0977
0.0233 -0.27 0.27 -~1.3093 e ~-1.3192
0.0266 -0.23 0.23 =-1.4697 -1.5406
0.03 -0.2 0.20 -1.6094 -1.7687
0.0333 -0.17 0.17 -1.7720 -1.9902
0.05 -0.1 0.10 -2.3026 -3.1107
0.0666 -0.06 0.06 -2.8134 -4,2246
0.0833 -0.04 0.04 -3.2189 -5.3451
0.1 -0.03 0.03 -3.5066 -6.4657
0.1166 -0.02 0.02 -3.9120 -7.5795
0.1333 -0.02 0.02 -=-3.9120 -8.7001
0.15 -0.01 0.01 -4.6052 -9.8206
0.1666 -0.01 0.01 -4.6052 -10.9345
0.1833 -0.01 0.01 -4.6052 -12.0551
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-13.1756
-14.2895
-15.4100
~-16.5306
=-17.6444
-18.7650
-19.8855
-20.9994
=-22.1200
=-27.7160
-33.3054
-38.8948
-44.4909
-50.0802
~-55.6696
-61.2657
-66.8551
~-72.4444
-78.0405
-83.6299
-89.2193
-94.8087
-100.4047
-105.9941
=111.5902
-117.1796
~122.7689
-128.3650
-133.9544
-167.5041
-201.0537
-234.6034
-268.1531
-301.7027
=-335.2524
-368.8021
-402.3517
-435,.9014
-469.4510
-503.0007
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(Rising head test 1 in MW-02-02)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-02-02
Test by: K.Arena Date: 10/30/91
Analysis:K.Arena Date: 11/26/91
USER INPUT DATA WORKSHEET A= 3.0 3.0
Aguifer Thickness= 46.87 FIGURES B = 0.46 0.46
Exposed Len. (Le) = 10 C = 2.7 2.7
Well Length (Lw) = 46.87 R(eq) = 0.0833 0.0833  0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.208
Well Radius (Rw) = 0.208 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 1.6812 1.6812
Slug Volume = 0.025 1n(Re/Rw) 3.8573 3.8573
Static Level = 23.70 Max. Y(t) 0.76
Offset time = 0.0233 Regr. Y(O0) 0.76
Shape Factor = 16.2 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 16.2
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.1E-02 2.1E~-02 15.23
Bouwer & Rice - estimated porosity 1.1E-02 2.1E-02 15.23
Bouwer & Rice - estimated Rw 1.1E-02 2.1E-02 15.23
Hvorslev - user porosity and Rw 1.1E-02 2.1E-02 15.28
Hvorslev - estimated porosity 1.1E-02 2.1E-02 15.28
Hvorslev - estimated Rw 1.1E-02 2.1E-02 15.28
Regression Output:
Constant -0.08512
Std Err of Y Est 0.022942
R Squared 0.998492
No. of Observations 16
Degrees of Freedom 14
X Coefficient(s) -7.89409
Std Err of Coef. 0.081986
Indicate
Time level Drawdown 1ln(Y) Regress. EST 1lnY
(min) (ft) Y (t) ft Range
0 -0.96 0.96 -~0.0408 -0.0851
0.0033 -0.93 0.93 -0.0726 -0.1112
0.0066 -0.9 0.90 -0.1054 -0.1372
0.0099 -0.87 0.87 -0.1393 -0.1633
0.0133 -0.85 0.85 -0.1625 -0.1901
0.0166 -0.83 0.83 -0.1863 -0.2162
0.02 -0.8 0.80 -0.2231 -0.2430
0.0233 -0.78 0.78 -0.2485 B -0.2691
0.0266 -0.76 0.76 =-0.2744 -0.2951
0.03 -0.74 0.74 -0.3011 -0.3219
0.0333 -0.71 0.71 -0.3425 -0.3480
0.05 -0.62 0.62 -0.4780 -0.4798
0.0666 -0.54 0.54 -0.6162 -0.6109
0.0833 =-0.47 0.47 -0.7550 -0.7427
0.1 -0.41 0.41 -0.8916 -0.8745
0.1166 -0.35 0.35 -1.0498 -1.0056
0.1333 -0.31 0.31 -1.1712 -1.1374
0.15 ~-0.28 0.28 -1.2730 -1.2692
0.1666 -0.24 0.24 -1.4271 -1.4003
0.1833 -0.22 0.22 -1.5141 -1.5321
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-0.19
-0.17
-0.15
-0.13
-0.11

~0.1
-0.09
-0.08
-0.08
~-0.04
-0.02
-0.02
-0.01
-0.02
-0.01
-0.01
-0.01
-0.02

-0.01
-0.01
-0.01
-0.01

-0.01
-0.01
-0.01
-0.01
=-0.01

-0.01

0.19
0.17
0.15
0.13
0.11
0.10
0.09
0.08
0.08
0.04
0.02
0.02
0.01
0.02
0.01
0.01
0.01
0.02
0.00
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.00
0.01
0.00

-1.6607
-1.7720
-1.8971
-2.0402
-2.2073
-2.3026
-2.4079
-2.5257
-2.5257
-3.2189
-3.9120
-3.9120
-4.6052
-3.9120
-4.6052
-4.6052
-4.6052
-3.9120

ERR

ERR
-4.6052
-4.6052
-4.6052
-4.6052

ERR
-4.6052

ERR

ERR
-4.6052
-4.6052
-4.6052

ERR
-4.6052

ERR
-4.6052

ERR

-1.6639
-1.7950
-1.9268
-2.0586
-2.1897
-2.3215
-2.4534
-2.5844
-2.7162
=-3.3746
-4.0322
-4.6897
-5.3481
-6.0057
-6.6633
-7.3216
-7.9792
-8.6368
=-9.2952
=-9.9527
-10.6103
-11.2679
-11.9263
-12.5838
-13.2422
-13.8998
~-14.5574
-15.2157
-15.8733
-19.8204
-23.7674
-27.7145
-31.6615
-35.6085
-39.5556
-43.5026
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(Rising Head Test 1)
Slug Test Analysis - Bouwer

& Rice/Hvorslev’s Methods (V2.4.5)

Revised 11/05/91
Well ID: MW-03-01

Client: EPA
Site: Rosehill
Test by: D.Berler Date:
Analysis:K.Arena Date:
USER INPUT DATA WORKSHEET A= 2.4
Aquifer Thickness= 44.42 FIGURES B = 0.38
Exposed Len. (Le) = 10 c = 2.1
Well Length (Lw) = 11.46 R{(eq) = 0.0833 0.0833
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.333 Est. n NA
Sandpack Porosity= 0.270 1log(Le/Rw) 1.4771
Slug Volume = 0.025 1n(Re/Rw) 2.2308
Static Level = 0.00 Max. Y(t) 1.26
Offset time = 0.0033 Regr. Y(O0) 1.26
Shape Factor = 18.5 Casing Y(0) 1.15
(F from est. Rw) 18.5
ft/min cm/sec
Bouwer & Rice - user porosity & Rw 3.5E-03 7.0E-03
Bouwer & Rice - estimated porosity 3.5E-03 7.0E-03
Bouwer & Rice - estimated Rw 3.5E-03 7.0E-03
Hvorslev - user porosity and Rw 5.4E-03 1.1E-02
Hvorslev - estimated porosity 5.4E-03 1.1E-02
Hvorslev - estimated Rw 5.4E-03 1.1E-02
Regression Output:
Constant 0.249496
Std Err of Y Est 0.009088
R Squared 0.999755
No. of Observations 6
Degrees of Freedom 4
X Coefficient(s) =-4.56813
Std Err of Coef. 0.035684
Indicate
Time level Drawdown In(Y) Regress. EST 1lnY
(min) (ft) Y (t) ft Range
0 -2.07 2.07 0.7275% 0.2495
0.0033 -2.51 2.51 0.9203 0.2344
0.0066 -0.8 0.80 -0.2231 0.2193
0.0099 -1.9 1.90 0.6419 0.2043
0.0133 -1.2 1.20 0.1823 0.1887
0.0166 =-1.46 1.46 0.3784 0.1737
0.02 -1.3 1.30 0.2624 0.1581
0.0233 -1.33 1.33 0.2852 0.1431
0.0266 -1.28 1.28 0.2469 0.1280
0.03 -1.26 1.26 0.2311 0.1125
0.0333 -1.23 1.23 0.2070 0.0974
0.05 -1.12 1.12 0.1133 0.0211
0.0666 -1.03 1.03 0.0296 -0.0547
0.0833 -0.94 0.94 -0.0619 -0.1310
0.1 -0.86 0.86 -0.1508 -0.2073
0.1166 -0.8 0.80 -0.2231 -0.2831
0.1333 -0.73 0.73 -=-0.3147 -0.3594
0.15 -0.67 0.67 -0.4005 -0.4357
0.1666 -0.62 0.62 -0.4780 -0.5116
0.1833 -0.57 0.57 -=0.5621 -0.5878

11/01
12/03
0

0.0
0.

1.4
2.2

/91
/91

2.4
.38
2.1
833
333

771
308

UNDRAINED

ft/day

5.
5.
5.
7.

7
7

10
10
10
77
.77
.77
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-0.06
-0.05
-0.03
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0.49
0.45
0.41
0.38
0.35
0.33
0.30
0.28
0.19
0.13
0.09
0.06
0.05
0.03
0.02
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.6349
-0.7133
-0.7985
-0.8916
-0.9676
-1.0498
-1.1087
-1.2040
-1.2730
-1.6607
-2.0402
-2.4079
-2.8134
-2.9957
-3.5066
=-3.9120
=-3.9120
-4.6052
-4.6052
-4.6052
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-0.6641
-0.7400
-0.8162
-0.8925
~-0.9684
-1.0447
-1.1209
-1.1968
-1.2731
-1.6540
-2.0346
-2.4151
~-2.7961
-3.1766
-3.5571
-3.9381
-4.3186
-4.6992
-5.0801
-5.4607
~-5.8412
-6.2217
-6.6027
-6.9832
-7.3642
-7.7447
-8.1253
-8.5063
-8.8868
-11.1708
-13.4549
-15.7390
-18.0231
-20.3071
=-22.5912
-24.8753
=27.1593
=-29.4434
=-31.7275
-34.0115
-36.2956
-38.5797
-40.8637
-43.1478
-45.4319
-54.5682
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(First rising head
Slug Test Analysis

test)

~ Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-03-02
Test by: D.Berler Date: 11/01/91
Analysis:K.Arena Date: 12/03/91
1.3
USER INPUT DATA WORKSHEET A= 3.0 3.0
Aquifer Thickness= 44.68 FIGURES B = 0.46 0.46
Exposed Len. (Le) = 10 C = 2.7 2.7
Well Length (Lw) = 43.03 R(eq) = 0.0833 0.0833 0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.208
Well Radius (Rw) = 0.208 Est. n NA
Sandpack Porosity= 0.270 1log(Le/Rw) 1.6812 1.6812
Slug Volume = 0.025 1n(Re/Rw) 3.4758 3.4758
Static Level = 1.72 Max. Y(t) 2.95
Offset time = 0.0033 Regr. Y(O0) 1.52
Shape Factor = 16.2 Casing Y (0) 1.15 UNDRAINED
(F from est. Rw) 16.2
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 3.7E-03 7.3E-03 5.35
Bouwer & Rice - estimated porosity 3.7E-03 7.3E-03 5.35
Bouwer & Rice - estimated Rw 3.7E-03 7.3E-03 5.35
Hvorslev - user porosity and Rw 4.1E-03 B8.2E-03 5.96
Hvorslev - estimated porosity 4.1E-03 8.2E-03 5.96
Hvorslev - estimated Rw 4,.1E-03 8.2E-03 5.96
Regression Output:
Constant 0.427261
Std Err of Y Est 0.017968
R Squared 0.998881
No. of Observations 6
Degrees of Freedom 4
X Coefficient(s) =-3.08077
Std Err of Coef. 0.051540
Indicate
Time level Drawdown In(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 -0.37 0.37 -0.9943 0.4273
0.0033 -2.95 2.95 1.0818 0.4171
0.0066 -2.2 2.20 0.7885 0.4069
0.0099 -1.97 1.97 0.6780 0.3968
0.0133 -1.7 1.70 0.5306 0.3863
0.0166 -1.52 1.52 0.4187 0.3761
0.02 -1.57 1.57 0.4511 0.3656
0.0233 -1.59 1.59 0.4637 0.3555
0.0266 -1.55 1.55 0.4383 0.3453
0.03 -1.51 1.51 0.4121 0.3348
0.0333 -1.5 1.50 0.4055 0.3247
0.05 -1.41 1.41 0.3436 0.2732
0.0666 -1.33 1.33 0.2852 0.2221
0.0833 -1.26 1.26 0.2311 0.1706
0.1 -1.19 1.19 0.1740 0.1192
0.1166 -1.13 1.13 0.1222 0.0680
0.1333 -1.07 1.07 0.0677 0.0166
0.15 -1.02 1.02 0.0198 -0.0349
0.1666 -0.96 0.96 -0.0408 -0.0860
0.1833 -0.91 0.91 -0.0943 -0.1374
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-0.86
-0.81
=-0.77
-0.73
-0.69
-0.66
-0.62
-0.59
-0.56
-0.43
-0.33
-0.25

~0.2
-0.15
-0.12
-0.09
-0.07
-0.05
-0.05
-0.04
-0.03
-0.03
-0.02
-0.02
-0.02
-0.01
-0.01
-0.02
-0.01
-0.01

-0.01
-0.01
~0.01

~0.01

~0.01

~0.01
~0.01

0.86
0.81
0.77
0.73
0.69
0.66
0.62
0.59
0.56
0.43
0.33
0.25
0.20
0.15
0.12
0.09
0.07
0.05
0.05
0.04
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.02
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.01
0.01

-0.1508
-0.2107
-0.2614
-0.3147
-0.3711
-0.4155
-0.4780
-0.5276
-0.5798
-0.8440
-1.1087
-1.3863
-1.6094
-1.8971
-2.1203
-2.4079
-2.6593
-2.9957
-2.9957
-3.2189
-3.5066
-3.5066
-3.9120
-3.9120
-3.9120
-4.6052
-4.6052
=-3.9120
-4.6052
-4.6052

ERR
~-4.6052
-4.6052
-4.6052

ERR
~4.6052

ERR

ERR
~-4.6052
-4.6052
~-4.6052

-0.1889
-0.2400
-0.2915
-0.3429
-0.3941
-0.4455
-0.4970
-0.5481
-0.5996
-0.8565
-1.1131
-1.3698
-1.6267
-1.8833
-2.1399
-2.3969
~2.6535
-2.9101
=-3.1671
~3.4237
-3.6803
~3.9370
~4.1939
~4.4505
~4.7075
~-4.9641
-5.2207
-5.4777
~-5.7343
=-7.2747
-8.8151
-10.3554
-11.8958
-13.4362
-14.9766
-16.5170
-18.0574
-19.5978
-21.1382
-22.6785
-24.2189
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(First Rising Head Test)

Slug Test Analysis - Bouwver
Client: EPA

Site: Rosehill

Test by: D.Berler
Analysis:K.Arena

USER INPUT DATA

Aquifer Thickness= 142.57
Exposed Len. (Le) = 90.5
Well Length (Lw) = 142.57
Casing Radius(Rc)= 0.250
Well Radius (Rw) = 0.250
Sandpack Porosity= 0.270
Slug Volume = 0.153
Static Level = 1.94
Offset time = 0.0066
Shape Factor = 96.5
(F from est. Rw) 96.5

Bouwer & Rice -
Bouwer & Rice ~-
Bouwer & Rice -
Hvorslev - user

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw

Hvorslev - estimated porosity

Hvorslev - estimated Rw

Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

~0.79546
0.013115

Time level Drawdown
(min) (ft) Y(t) ft
0 -0.02 0.02
0.0033 -1.2 1.20
0.0066 0.16 0.16
0.0099 -0.92 0.92
0.0133 -0.78 0.78
0.0166 -0.69 0.69
0.02 -0.75 0.75
0.0233 -0.73 0.73
0.0266 -0.72 0.72
0.03 -0.71 0.71
0.0333 -0.72 0.72
0.05 ~0.72 0.72
0.0666 -0.7 0.70
0.0833 ~0.69 0.69
0.1 -0.68 0.68
0.1166 -0.67 0.67
0.1333 -0.66 0.66
0.15 -0.65 0.65
0.1666 -0.64 0.64
0.1833 -0.63 0.63

& Rice/Hvorslev’s Methods
Revised
Well ID:
Date:
Date:
WORKSHEET A= 7.3
FIGURES B = 1.68
cC = 8.9
R(eq) = 0.2500 0.2500
Est. Rw
Est. n NA
log(Le/Rw) 2.5587
1n(Re/Rw) 5.0518
Max. Y(t) 1.2
Regr. Y(0) 0.73
Casing Y (0) 0.78
ft/min cm/sec
1.4E-03 2.7E-03
1.4E-03 2.7E-03
1.4E-03 2.7E-03
1.6E-03 3.2E-03
1.6E-03 3.2E-03
1.6E-03 3.2E-03
-0.31428
0.005783
0.998642
7
5
Indicate
In(Y) Regress. EST 1lnY
Range
-3.9120 -0.3143
0.1823 -0.3169
-1.8326 -0.3195
-0.0834 -0.3222
-0.2485 -0.3249
-0.3711 -0.3275
-0.2877 -0.3302
-0.3147 -0.3328
-0.3285 -0.3354
-0.3425 -0.3381
-0.3285 -0.3408
-0.3285 -0.3541
-0.3567 -0.3673
-0.3711 -0.3805
-0.3857 -0.3938
-0.4005 ~-0.4070
-0.4155 ~-0.4203
-0.4308 -0.4336
-0.4463 -0.4468
-0.4620 -0.4601

(V2.4.5)
11/05/91
MW-03~03
11/01/91
12/03/91

7.3
1.68
8.9
0.2500
0.250

2.5587
5.0518

UNDRAINED

ft/day
2.00
2.00
2.00
2.33
2.33
2.33



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

> w 8]
. -

(8]

™ ~
L) L]

0

N
[l andid . .
NOOUOVLLOLULINNULONLTULUS MWL

[eNeNoNoNoNoNoNeNeoNoNeNe

0.63
0.62
0.61
0.60
0.59
0.58
0.58
0.57
0.56
0.53
0.49
0.46
0.43
0.40
0.38
0.35
0.33
0.30
0.28
0.26
0.24
0.22
0.20
0.18
0.17
0.16
0.14
0.13
0.12
0.07
0.04
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.4620
-0.4780
-0.4943
-0.5108
-0.5276
-0.5447
~0.5447
~0.5621
=-0.5798
~0.6349
-0.7133
-0.7765
-0.8440
-0.9163
-0.9676
-1.0498
-1.1087
=1.2040
-1.2730
-1.3471
-1.4271
-1.5141
-1.6094
-1.7148
-1.7720
-1.8326
-1.9661
-2.0402
=-2.1203
-2.6593
-3.2189
-3.9120
-4.6052
-4.6052

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

ERR

-0.4734
-0.4866
-0.4999
-0.5132
-0.5264
-0.5396
-0.5529
~0.5661
-0.5794
-0.6458
-0.7120
-0.7783
-0.8446
-0.9109
-0.9771
=1.0435
-1.1098
-1.1760
-1.2424
-1.3086
=-1.3749
-1.4411
-1.5075
-1.5738
-1.6401
-1.7064
=1.7726
-1.8390
-1.9052
-2.3030
=-2.7007
-3.0984
=-3.4962
-3.8939
-4.2916
-4.6894
-5.0871
~-5.4848
-5.8826
-6.2803
-6.6780
-7.0758
~7.4735
-7.8712
~8.2690
-9.8599
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(Rising Head test 1 for Mw-04-01)

Slug Test Analysis -~ Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-04-01
Test by: K.Arena Date: 10/30/91
Analysis:K.Arena Date: 11/26/91
USER INPUT DATA WORKSHEET A= 2.4 2.4
Aquifer Thickness= 13.37 FIGURES B = 0.38 0.38
Exposed Len. (Le) = 10 C = 2.1 2.1
Well Length (Lw) = 10.05 R(eg) = 0.0833 0.0833  0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.333
Well Radius (Rw) = 0.333 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 1.4771 1.4771
Slug Volume = 0.025 1n(Re/Rw) 2.3194 2.3194
Static Level = 4.80 Max. Y(t) 1.21
Offset time = 0.0833 Regr. Y(0) 1.19
Shape Factor = 18.5 Casing Y(O0) 1.15 UNDRAINED
(F from est. Rw) 18.5
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.2E-03 2.4E-03 1.76
Bouwer & Rice - estimated porosity 1.2E-03 2.4E-03 1.76
Bouwer & Rice - estimated Rw 1.2E-03 2.4E-03 1.76
Hvorslev - user porosity and Rw 1.8E-03 3.5E-03 2.57
Hvorslev - estimated porosity 1.8E-03 3.5E-03 2.57
Hvorslev - estimated Rw 1.8E-03 3.5E-03 2.57
Regression Output:
Constant 0.296275
Std Err of Y Est 0.004530
R Squared 0.997178
No. of Observations 11
Degrees of Freedom 9
X Coefficient(s) =-1.51390
Std Err of Coef. 0.026842
Indicate
Time level Drawdown In(Y) Regress. EST 1lny
(min) (ft) Y(t) ft Range
0 ~-1.36 1.36 0.3075 0.2963
0.0033 -1.36 1.36 0.3075 0.2913
0.0066 -1.35 1.35 0.3001 0.2863
0.0099 -1.34 1.34 0.2927 0.2813
0.0133 -1.33 1.33 0.2852 0.2761
0.0166 -1.32 1.32 0.2776 0.2711
0.02 -1.32 1.32 0.2776 0.2660
0.0233 -1.3 1.30 0.2624 0.2610
0.0266 -1.3 1.30 0.2624 0.2560
0.03 -1.29 1.29 0.2546 B 0.2509
0.0333 -1.28 1.28 0.2469 0.2459
0.05 -1.25 1.25 0.2231 0.2206
0.0666 -1.21 1.21 0.1906 0.1954
0.0833 -1.18 1.18 0.1655 0.1702
0.1 -1.15 1.15 0.1398 0.1449
0.1166 -1.13 1.13 0.1222 0.1198
0.1333 -1.1 1.10 0.0953 0.0945
0.15 -1.08 1.08 0.0770 0.0692
0.1666 -1.04 1.04 0.0392 0.0441
0.1833 -1.02 1.02 0.0198 E 0.0188



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

2.

3.

MO wo

-0.99
-0.97
-0.95
-0.92

-0.9
-0.88
-0.86
-0.84
-0.83
-0.73
-0.65
-0.58
-0.52
-0.46
-0.41
-0.36
-0.33
-0.29
-0.26
~-0.23
-0.21
~0.18
~0.16
~0.15
-0.13
~-0.11

-0.1

-0.1
-0.08
-0.04
-0.02

[eNoNoNoNe

[eNoNoNeoloNoNoNoNe e RaleNeNoNeoNeNoloNooloNolooNooNoNeNoNeoNoRoNoNeNo ol

.99
.97
.95
.92
.90
.88
.86
.84
.83
.73
.65

58

.52
.46
.41
.36
.33
.29
.26
.23
.21
.18
.16
.15
.13

11

.10
.10
.08
.04
.02
.00
.00
.00
.00
.00

.0101
.0305
.0513
.0834
.1054
.1278
.1508
.1744
.1863
. 3147
.4308
.5447
.6539
. 7765
.8916
.0217
.1087
.2379
.3471
.4697
.5606
.7148
.8326
.8971
.0402
.2073
.3026
.3026
.5257
.2189
.9120

ERR

ERR

ERR

ERR

ERR

.0065
.0316
.0569
.0822
.1073
.1326
.1579
.1830
.2083
.3346
.4607
.5868
.7130
.8392
.9653
.0915
.2176
.3437
.4700
.5961
.7222
.8483
.9746
.10607
.2269
.3531
.4792
.6054
.7315
.4885
.2454
.0024
.7593
.5163
.2732
.0302
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(Rising head test 2 on MW-04-02)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

Client: EPA

Site: Rosehill
Test by: K.Arena
Analysis:K.Arena

USER INPUT DATA

Aquifer Thickness= 33.37
Exposed Len. (Le) = 10
Well Length (Lw) = 29.68
Casing Radius(Rc)= 0.083
Well Radius (Rw) = 0.333
Sandpack Porosity= 0.270
Slug Volume = 0.025
Static Level = 4.69
Offset time = 0
Shape Factor = 18.5
(F from est. Rw) 18.5

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -
Hvorslev - user

WORKSHEET

FIGURES

R(eq) =
Est. Rw
Est. n

log(Le/Rw)
In(Re/Rw)
Max. Y(t)

Regr.

Y (0)

Casing Y (0)

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw

Hvorslev - estimated porosity

Hvorslev - estimated Rw

Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-26.5804
0.185941

Time level Drawdown
(min) (ft) Y(t) ft
0 -0.81 0.81
0.0033 -0.74 0.74
0.0066 ~-0.68 0.68
0.0099 ~-0.62 0.62
0.0133 ~0.57 0.57
0.0166 ~-0.52 0.52
0.02 -0.48 0.48
0.0233 -0.44 0.44
0.0266 -0.41 0.41
0.03 -0.38 0.38
0.0333 -0.35 0.35
0.05 -0.24 0.24
0.0666 -0.13 0.13
0.0833 -0.09 0.09
0.1 -0.07 0.07
0.1166 -0.05% 0.05
0.1333 -0.04 0.04
0.15 -0.04 0.04
0.1666 -0.03 0.03
0.1833 -0.02 0.02

-0.21175
0.002584
0.999804
6
4

In(Y)

~0.2107
-0.3011
~0.3857
-0.4780
-0.5621
-0.6539
-0.7340
-0.8210
-0.8916
-0.9676
-1.0498
-1.4271
-2.0402
-2.4079
-2.6593
-2.9957
-3.2189
-3.2189
-3.5066
-3.9120

ft/min
.6E-02
.6E-02
.B6E-02
.1E-02
.1E-02
.1E-02

WWWwhhNoN

Indicate
Regress.
Range

b

Revised
Well ID:

Date:
Date:

2.4
0.38
2.1
0.0833

NA
1.4771
2.8202

0.81
0.81
1.15

cm/sec
.1E-02
.1E-02
.1E-02
.2E-02
.2E-02
.2E-02

[oa B Mo O IS IS )

EST 1nY¥

-0.2118
-0.2995
-0.3872
-0.4749
~0.5653
-0.6530
-0.7434
-0.8311
-0.9188
-1.0092
-1.0969
-1.5408
-1.9820
-2.4259
-2.8698
-3.3110
-3.7549
-4.,1988
-4.6401
-5.0840

(V2.4
11/05

10/30
11/26
0

0.0
0.

1.4
2.8
UNDRA

£t/

37.
37.
37.
45.
45.
45,

.5)
/91

MW-04-02

/91
/91

2.4
.38
2.1
833
333

771
202

INED

day
48
48
48
20
20
20



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1.0833
1.1667

1.25
1.3333
1.4166

1.5
.5833
1.6667

1.75
1.8333
1.9167

[

(%]
UL womN

-0.02
-0.02
~-0.02
-0.02
~0.02
-0.02
-0.03
~0.02
-0.02
-0.02
-0.02
-0.02
=0.01
-0.01
-0.02
~0.02
-0.02
-0.02
-0.02
-0.02
-0.02
~-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
~-0.02
-0.02
~-0.02
-0.02
-0.02
-0.03
-0.01
-0.01

jelejelejoNeoNoReeNoloNoNoNoNoNeoNoNoNoNoNoNoNeNoNoNeNeNoNoNoNoReNuRo e

.02
.02
.02
.02
.02
.02
.03

02

.02
.02
.02
.02
.01
.01
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.03
.01
.01

=-3.
-3.
.9120

9120
9120

9120

.9120
.9120
.5066
.9120
.9120
.9120
.9120
.9120
.6052
.6052
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.5066
.6052
.6052

.5278
.9691
.4130
.8569
.2981
.7420
.1859

6271

.0710
.2878
.5020
.7161
.9329
-1471
.3613
.5781
.7922
.0064
.2232
.4373
.6515
.8656
.0824
.2966
.5134
7276
.9417
.1585
.3727
.6629
.9531
.2434

5336
8238
1141
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Rising Head Test

1

Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

Client: EPA

Site: Rosehill
Test by: K.Arena
Analysis:K.Arena

USER INPUT DATA
Aquifer Thickness
Exposed Len. (Le)
Well Length (Lw)
Casing Radius(Rc)
Well Radius (Rw)
Sandpack Porosity
Slug Volume
Static Level
Offset time

Shape Factor

(F from est. Rw)

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -
Hvorslev - user

W

300
94.7
129.67
0.250
0.250
0.270
0.153
10.33
3
100.2
100.2

WORKSHEET

FIGURES

R(eq) =

Est. Rw

Est. n

A=

B

C
0.2500

log(Le/Rw)
In(Re/Rw)

Max.
Regr.

Y(t)
Y (0)

Casing Y (0)

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw

Hvorslev - estimated porosity
Hvorslev - estimated Rw

Regression Output:

Constant
Std Err of Y Est
R Squared
No.

of Observations

Degrees of Freedom
X Coefficient(s) =-0.02702
Std Err of Coef. 0.015605
Time level Drawdown
(min) (ft) Y(t) ft
0 -0.73 0.73
0.0033 -0.76 0.76
0.0066 -0.77 0.77
0.0099% -0.73 0.73
0.0133 -0.7 0.70
0.0166 ~-0.74 0.74
0.02 -0.76 0.76
0.0233 -0.76 .76
0.0266 -0.74 0.74
0.03 -0.72 0.72
0.0333 -0.72 0.72
0.05 -0.74 0.74
0.0666 -0.74 0.74
0.0833 -0.75 0.75
0.1 -0.75 0.75
0.1166 -0.74 0.74
0.1333 -0.74 0.74
0.15 ~-0.74 0.74
0.1666 -0.74 0.74
0.1833 -0.74 0.74

-0.21110
0.011034
0.75

3

1

In(Y)

~-0.3147
-0.2744
-0.2614
-0.3147
-0.3567
-0.3011
-0.2744
-0.2744
-0.3011
-0.3285
~0.3285
-0.3011
-0.3011
-0.2877
-0.2877
-0.3011
-0.3011
-0.3011
-0.3011
-0.3011

ft/min
.0E-05
.0E-05
.0E-05
.3E~05
.3E-05
.3E-05

(SN BN I~ =Y

Indicate
Regress.
Range

Revised
Well ID:

Date:
Date:

7.4
1.73
9.1
0.2500

NA
2.5784
4.4901

0.75
0.75
0.78

cm/sec
7.9E-05
7.9E-05
7.9E-05
1.0E-04
1.0E-04
1.0E-04

EST 1ny

-0.2111
-0.2112
-0.2113
-0.2114
-0.2115
-0.2115
-0.2116
-0.2117
-0.2118
-0.2119
-0.2120
-0.2125
-0.2129
-0.2134
-0.2138
-0.2143
-0.2147
-0.2152
-0.2156
-0.2161

(V2.4.5)
11/05/91

MW-04-03

11/01/91
12/19/91

7.4
1.73
9.1
0.2500
0.250

2.5784
4.4901

UNDRAINED

ft/day
0.06
0.06
0.06
0.08
0.08
0.08

-0.311
-0.311
-0.311
.311
311
.311
.311
.311
.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
~-0.311



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
l1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

2.

3.

(&)]
WOHoUdJuaaLLUuULbL NWON

9.5

-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.74
-0.74
-0.73
-0.74
-0.74
-0.73
~0.74
-0.73
-0.73
-0.73
~0.74
~0.74
~0.74
~0.73
~0.74
~0.73
~0.74
~-0.73
~0.73
-0.73
-0.73
-0.74
-0.73
-0.73
-0.75
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.73
-0.72
-0.72
-0.72
-0.73
-0.73
-0.72
-0.73
-0.72
-0.72
-0.72
=0.73
-0.72

0.75

0.74

0.73
0.73
0.73
0.73
0.73
0.73
0.74
0.74
0.73
0.74
0.74
0.73
0.74
0.73
0.73
0.73
0.74
0.74
0.74
0.73
0.74
0.73
0.74
0.73
0.73
0.73
0.73
0.74
0.73
0.73
0.75
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.72
0.72
0.72
0.73
0.73
0.72
0.73
0.72
0.72
0.72
0.73
0.72
0.75
0.74

-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3011
-0.3011
-0.3147
-0.3011
-0.3011
-0.3147
-0.3011
-0.3147
-0.3147
-0.3147
-0.3011
-0.3011
-0.3011
-0.3147
-0.3011
-0.3147
-0.3011
-0.3147
-0.3147
-0.3147
-0.3147
-0.3011
-0.3147
~0.3147
-0.2877
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
=-0.3147
-0.3147
~-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3147
-0.3285
-0.3285
-0.3285
~-0.3147
~-0.3147
-0.3285
~0.3147
~0.3285
~0.3285
~0.3285
~0.3147
-0.3285
~0.2877
-0.3011

B2

E2

-0.2165
~0.2170
-0.2174
~0.2179
~0.2183
~0.2188
~0.2192
-0.2197
~0.2201
~0.2224
-0.2246
-0.2269
-0.2291
-0.2314
-0.2336
-0.2359
-0.2381
-0.2404
-0.2426
-0.2449
-0.2471
-0.2494
~-0.2516
-0.2539
-0.2561
-0.2584
-0.2607
-0.2629
-0.2652
-0.2787
-0.2922
-0.3057
-0.3192
-0.3327
-0.3462
-0.3598
-0.3733
-0.3868
-0.4003
-0.4138
~-0.4273
-0.4408
-0.4544
-0.4679
-0.4814
-0.5354
-0.5895
-0.6436
-0.6976
-0.7517
-0.8057
-0.8598
-0.9138
-0.9679
=-1.0220
-1.0760
-1.1301
-1.1841
-1.2382
-1.2922

-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
=-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.311
-0.312
-0.313
-0.314
-0.3147



42
44
46
48
50
52
54

0.75
0.75
0.75
0.75
0.75
0.75
0.76

[=NeNolNeoNoNoNeol

.75
.75
.75
.75
.75
.75
.76

.2877
.2877
.2877
.2877
.2877
.2877
.2744

-1.3463
-1.4004
=1.4544
-1.5085
-1.5625
-1.6166
-1.6706
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods
RISING OR FALLING TEST: RISING TEST 1 (B1-El)

Client: EPA Revised
Site: ROSE HILL Well ID:
Test by: DANIEL H. BERLER Date:
Analysis:DANIEL H. BERLER Date:
USER INPUT DATA WORKSHEET A= 2.4
Aquifer Thickness= 23.33 FIGURES B =
Exposed Len. (Le) 10 c = 2.1
Well Length (Lw) = 11.53 R(eqg) = 0.0830 0.0830
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.333 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 1.4776
Slug Volume = 0.025 1n(Re/Rw) 2.5684
Static Level = 6.42 Max. Y(t) 1.01
Offset time = 0.0666 Regr. Y(0) 1.01
Shape Factor = 18.5 Casing Y(0) 1.16
(F from est. Rw) 18.5
ft/min cm/sec
Bouwer & Rice - user porosity & Rw 3.5E-03 6.9E~-03
Bouwer & Rice - estimated porosity 3.5E-03 6.9E-03
Bouwer & Rice - estimated Rw 3.5E-03 6.9E-03
Hvorslev - user porosity and Rw 4.6E-03 9.1E-03
Hvorslev - estimated porosity 4.6E-03 9.1E-03
Hvorslev - estimated Rw 4.6E-03 9.1E-03
Regression Output:
Constant 0.269926
Std Err of Y Est 0.006637
R Squared 0.998550
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) -3.95004
Std Err of Coef. 0.061447
Indicate
Time level Drawdown In(Y) Regress. EST 1nY
(min) (ft) Y (t) ft Range
0 -0.29% 0.29 -1.23787 0.2699
0.0033 =-3.39 3.39 1.220829 0.2569
0.0066 -0.99 0.99 -0.01005 0.243¢
0.0099 -0.84 0.84 -0.17435 0.2308
0.0133 -1.99 1.99 0.688134 0.2174
0.0166 -1 1 0 0.2044
0.02 -1.46 1.46 0.378436 0.1909
0.0233 -1.22 1.22 0.198850 0.1779
0.0266 -1.26 1.26 0.231111 0.1649
0.03 -1.22 1.22 0.198850 0.1514
0.0333 -1.19 1.19 0.173953 0.1384
0.05 -1.09 1.09 0.086177 0.0724
0.0666 -1.01 1.01 0.009950 Bl 0.0069
0.0833 -0.95 0.95 -0.05129 -0.0591
0.1 -0.88 0.88 -0.12783 ~0.1251
0.1166 -0.82 0.82 -0.19845 -0.1906
0.1333 -0.77 0.77 -0.26136 -0.2566
0.15 -0.72 0.72 -0.32850 ~-0.3226
0.1666 -0.68 0.68 ~0.38566 -0.3882
0.1833 -0.64 0.64 -0.44628 El -0.4541

(V2.4.5)

11/05/91
MW-05-01
10/30/91
11/19/91

2.4
0.38
2.1
0.0830
0.333

1.4776
2.5684

UNDRAINED

ft/day
5.03
5.03
5.03
6.67
6.67
6.67



0.2 -0.6 0.6 -0.51082 B -0.5201

0.2166 -0.57 0.57 -0.56211 -0.5857
0.2333 -0.54 0.54 -0.61618 -0.6516
0.25 -0.51 0.51 -0.67334 -0.7176
0.2666 -0.48 0.48 -0.73396 -0.7832
0.2833 -0.45 0.45 -0.79850 -0.8491
0.3 -0.42 0.42 -0.86750 -0.9151
0.3166 -0.4 0.4 -0.91629 -0.9807
0.3333 -0.38 0.38 -0.96758 -1.0466
0.4167 ~-0.29 0.29 -1.23787 -1.3761
0.5 -0.22 0.22 -1.51412 ~-1.7051
0.5833 -0.17 0.17 -1.77195 E -2.0341
0.6667 -0.13 0.13 -2.04022 -2.3636
0.75 -0.11 0.11 -2.20727 -2.6926
0.8333 -0.09 0.09 -2.40794 -3.0216
0.9167 -0.08 0.08 -2.52572 -3.3511
1 -0.06 0.06 -2.81341 ~-3.6801
1.0833 -0.05 0.05 -2.99573 -4.0092
1.1667 -0.06 0.06 -2.81341 -4.3386
1.25 -0.05 0.05 -2.99573 -4.6676
1.3333 -0.04 0.04 -3.21887 -4.9967
1.4166 ~-0.03 0.03 -3.50655 -5.3257
1.5 -0.04 0.04 -3.21887 -5.6551
1.5833 -0.04 0.04 -3.21887 -5.9842
1.6667 -0.04 0.04 -3.21887 -6.3136
1.75 -0.04 0.04 -3.21887 -6.6427
1.8333 -0.03 0.03 -3.50655 -6.9717
1.9167 -0.03 0.03 -3.50655 -7.3011
2 -0.03 0.03 -3.50655 -7.6302

2.5 -0.03 0.03 -3.50655 -9.6052

3 -0.03 0.03 -3.50655 -11.5802

3.5 -0.03 0.03 -3.50655 -13.5552

4 -0.03 0.03 -3.50655 -15.5303

4.5 -0.02 0.02 -3.91202 -17.5053

5 -0.03 0.03 -3.50655 -19.4803

5.5 -0.02 0.02 -3.91202 -21.4553

6 -0.03 0.03 -3.50655 -23.4304

6.5 -0.02 0.02 -3.91202 -25.4054

7 -0.02 0.02 -3.91202 -27.3804

7.5 -0.02 0.02 -3.91202 -29.3554

8 -0.02 0.02 -3.91202 -31.3304

8.5 -0.02 0.02 -3.91202 -33.3055

9 -0.02 0.02 -3.91202 -35.2805

9.5 -0.02 0.02 -3.91202 -37.2555

10 -0.03 0.03 -3.50655 -39.2305
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

RISING OR FALLING TEST:
Client: EPA

Site: ROSE HILL

Test by: DANIEL H. BERLER
Analysis:DANIEL H. BERLER

USER INPUT DATA

Aquifer Thickness= 23.58
Exposed Len. (Le) = 10
Well Length (Lw) = 22.14
Casing Radius(Rc)= 0.083
Well Radius (Rw) = 0.209
Sandpack Porosity= 0.270
Slug Volume = 0.025
Static Level = 6.71
Offset time = 0.0033
Shape Factor = 16.2
(F from est. Rw) 16.2

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -
Hvorslev - user

WORKSHEET

FIGURES

R(eq) =
Est. Rw
Est. n

RISING TEST 1

A=
B
C

0.0830

log(Le/Rw)
In(Re/Rw)

Max.
Regr.

Y(t)
Y(0)

Casing Y(0)

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw

Hvorslev - estimated porosity

Hvorslev - estimated Rw

Regression Output:
Constant
S5td Err of Y Est
R Squared

No. of Observations
Degrees of Freedom
X Coefficient(s) -4.04801
Std Err of Coef. 0.023079

Time level Drawdown
(min) (ft) Y(t) ft
0 -1.82 1.82
0.0033 -3.19 3.19
0.0066 -1.6 1.6
0.009¢9 -1.55 1.55
0.0133 -1.5 1.5
0.0166 -1.49 1.49
0.02 -1.45 1.45
0.0233 -1.41 1.41
0.0266 -1.38 1.38
0.03 -1.36 1.36
0.0333 -1.33 1.33
0.05 -1.23 1.23
0.0666 -1.13 1.13
0.0833 -1.04 1.04
0.1 -0.97 0.97
0.1166 -0.9 0.9
0.1333 -0.84 0.84
0.15 -0.78 0.78
0.1666 -0.73 0.73
0.1833 -0.69 0.69

0.365701
0.005189
0.999642
13
11

1n(Y)

0.598836
1.160020
0.470003
0.438254
0.405465
0.398776
0.371563
0.343589
0.322083
0.307484
0.285178
0.207014
0.122217
0.039220
-0.03045
-0.10536
-0.17435
-0.24846
~0.31471
=-0.37106

ft/min
.7E-03
.7E-03
.7E-03
.4E-03
.4E-03
.4E-03

[N IS R

Indicate
Regress.
Range

Revised
Well ID:

Date:
Date:

NA
.6809
.3632

ERR

1.42
1.16

w

cm/sec
.2E-03
.2E-03
.2E-03
.1E-02
.1E-02
.1E-02

= O WO WO

EST 1lnY

0.3657
0.3523
0.3390
0.3256
0.3119
0.2985
0.2847
0.2714
0.2580
0.2443
0.2309
0.1633
0.0961
0.0285
-0.0391
-0.1063
-0.1739
-0.2415
-0.3087
-0.3763

(V2.4.5)

11/05/91

MWO05-02

10/30/91
11/19/91

3.0
0.46
2.7
0.0830
0.209

1.6809
3.3632

UNDRAINED

ft/day
6.75
6.75
6.75
7.77
7.77
7.77



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1l
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

@® ~ (o) (8)] B w 3%
» .

0

e . . . . .
OCLYVLLIoOJUaUUOUe WU

=-0.

64

=0.6

.56
.52
.49
.46
.43

-0.4

.37
.27
.21
.15
.12

=-0.1

.08
.07
.06
.05
.05
.05
.04
.04
.04
.04
.04
.04
.04
.03
.03
.03
.03
.04
.03
.03
.03
.03
.03
.03
.03
.03
.04
.03
.03
.03
.03

0.64
0.6
.56
.52
.49
.46
.43
0.4
.37
.27
.21
.15
.12
0.1
.08
.07
.06
.05
05
.05
.04
.04
.04
.04
.04
.04
.04
.03
.03
.03
.03
.04
.03
.03
03
.03
.03
03
.03
03
.04
.03
.03
.03
.03

oeNsNeoNeoNe

[eNeNoNoNol

oo Bols oo NeNoloNeNoNeoNoNeNoNoNoNoNoNeNoNoNoNeoNoNoNoNoNoNoNo

-0.44628
-0.51082
-0.57981
-0.65392
-0.71334
-0.77652
-0.84397
-0.91629
-0.99425
-1.30933
-1.56064
-1.89711
-2.12026
-2.30258
-2.52572
-2.65926
-2.81341
-2.99573
-2.99573
-2.99573
-3.21887
-3.21887
-3.21887
-3.21887
-3.21887
-3.21887
-3.21887
-3.50655
-3.50655
-3.50655
-3.50655
-3.21887
-3.50655
-3.50655
-3.50655
-3.50655
-3.50655
-3.50655
-3.50655
-3.50655
-3.21887
~-3.50655
-3.50655
-3.50655
-3.50655

-0.4439
-0.5111
-0.5787
-0.6463
-0.7135
-0.7811
-0.8487
-0.9159
-0.9835
-1.3211
-1.6583
-1.9955
-2.3331
-2.6703
-3.0075
-3.3451
-3.6823
-4.0195
-4.3571
-4.6943
-5.0315
-5.3687
-5.7063
-6.0435
-6.3811
-6.7183
-7.0555
=-7.3931
=7.7303
=-9.7543
-11.7784
-13.8024
-15.8264
-17.8504
-19.8744
-21.8984
-23.9224
-25.9464
-27.9704
-29.9944
-32.0185
~34.0425
-36.0665
~38.0905
-40.1145
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA

(First Rising Head Test)
Site: Rosehill

Test by: D.Berler
Analysis:K.Arena

USER INPUT DATA WORKSHEET A=
Aquifer Thickness= 16.62 FIGURES B
Exposed Len. (Le) = 15 C
Well Length (Lw) = 14.32 R(eq) = 0.2279
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.417 Est. n
Sandpack Porosity= 0.270 1log(Le/Rw)
Slug Volume = 0.025 1n(Re/Rw)
Static Level = 5.30 Max. Y(t)
Offset time = 0.02 Regr. Y(O)
Shape Factor = 26.3 Casing Y(O0)
(F from est. Rw) 20.3
ft/min
Bouwer & Rice - user porosity & Rw 1.5E-01
Bouwer & Rice - estimated porosity 3.1E-02
Bouwer & Rice - estimated Rw 3.6E-02
Hvorslev - user porosity and Rw 2.1E-01
Hvorslev - estimated porosity 4.3E-02
Hvorslev - estimated Rw 5.6E-02
Regression Output:
Constant 0.367474
Std Err of Y Est 0.028848
R Squared 0.997870
No. of Observations 6
Degrees of Freedom 4
X Coefficient(s) -33.4538
Std Err of Coef. 0.772781
Indicate
Time level Drawdown ln(Y) Regress.
(min) (ft) Y (t) ft Range
0] -2.38 2.38 0.8671
0.0033 -1.15 1.15 0.1398
0.0066 -1.05 1.05 0.0488
0.0099 -1.3 1.30 0.2624
0.0133 -0.9 0.90 -0.1054
0.0166 -0.81 0.81 -0.2107
0.02 -0.79 0.79 -0.2357
0.0233 ~-0.68 0.68 -0.3857 Bl
0.0266 -0.59 0.59 -0.5276
0.03 -0.53 0.53 -0.6349
0.0333 -0.47 0.47 -0.7550
0.05 -0.26 0.26 -1.3471
0.0666 -0.16 0.16 -1.8326 El
0.0833 -0.11 0.11 -2.2073
0.1 -0.09 0.09 -2.4079
0.1166 -0.08 0.08 -2.5257
0.1333 -0.07 0.07 -2.6593
0.15 -0.06 0.06 -2.8134
0.1666 -0.06 0.06 -2.8134
0.1833 -0.06 0.06 -2.8134

Revised 11/05/91

Well ID: MW-06-01

Date: 10/31/91
Date: 12/03/91

2.5 4.3
0.40 0.69
2.2 4.4
0.1037 0.1037
0.145

0.023

1.5362 1.9941
2.4751 2.8996
0.79
0.74
1.15 DRAINED

cm/sec ft/day
.0E-01 216.26
.1E-02 44.79
.2E-02 52.47
.1E-01 298.91
.5E-02 61.91
.1E-01 80.13

= oobs 90w

EST 1nyY

0.3675
0.2571
0.1467
0.0363
-0.077%5
-0.1879
-0.3016
-0.4120
-0.5224
-0.6361
-0.7465
-1.3052
-1.8606
-2.4192
-2.9779
-3.5332
-4.0919
-4.6506
-5.2059
-5.7646



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

[e)] ()] o> w [\§]
OO0k wLON

~J

-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04
-0.04
-0.04
-0.04
~-0.04
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
~-0.03
-0.03
-0.03
-0.03
-0.02
-0.03
-0.02
=-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02

0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

-2.8134
-2.9957
=-2.9957
-2.9957
-2.9957
-2.93857
-2.9957
-2.9957
-2.9957
=-3.2189
=-3.2189
-3.2189
-3.2189
-3.2189
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.5066
-3.9120
=-3.5066
-3.9120
=-3.9120
=3.9120
=-3.9120
-3.9120
=-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120

-6.3233

-6.8786

-7.4373

-7.9960

-8.5513

-5.1100

-9.6687
-10.2240
-10.7827
-13.5728
-16.3595
-19.1462
~-21.9362
-24.7229
-27.5096
-30.2997
-33.0864
-35.8731
-38.6632
=41.4499
-44.2366
-47.0233
-49.8133
-52.6000
-55.3901
-58.1768
-60.9635
-63.7536
-66.5403
-83.2672
-99.9941

-116.7211
-133.4480
-150.1749
-166.9019
~-183.6288
-200.3557
-217.0827
-233.8096
-250.5365
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(First Rising Head Test)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-06-02
Test by: D.Berler Date: 10/31/91
Analysis:K.Arena Date: 12/03/91
USER INPUT DATA WORKSHEET A= 3.0 3.0
Aquifer Thickness= 30.29 FIGURES B = 0.46 0.46
Exposed Len. (Le) = 10 C = 2.7 2.7
Well Length (Lw) = 28.19 R(eq) = 0.0833 0.0833  0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.208
Well Radius (Rw) = 0.208 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 1.6812 1.6812
Slug Volunme = 0.025 1n(Re/Rw) 3.2489 3.2489
Static Level = 5.50 Max. Y(t) 1.14
Offset time = 0.0266 Regr. Y(O) 1.13
Shape Factor = 16.2 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 16.2
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.4E-02 2.8E-02 20.13
Bouwer & Rice - estimated porosity 1.4E-02 2.8E-02 20.13
Bouwer & Rice - estimated Rw 1.4E-02 2.8E-02 20.13
Hvorslev - user porosity and Rw 1.7E-02 3.3E-02 23.99
Hvorslev - estimated porosity 1.7E-02 3.3E-02 23.99
Hvorslev - estimated Rw 1.7E-02 3.3E-02 23.99
Regression Output:
Constant 0.453071
Std Err of Y Est 0.009126
R Squared 0.999445
No. of Observations 7
Degrees of Freedom 5
X Coefficient(s) -12.3946
Std Err of Coef. 0.130590
Indicate
Time level Drawdown In(Y) Regress. EST 1nY
(min) (ft) Y(t) ft Range
0 -1.86 1.86 0.6206 0.4531
0.0033 -1.96 1.96 0.6729 0.4122
0.0066 -1.69 1.69 0.5247 0.3713
0.0099 -1.49 1.49 0.3988 0.3304
0.0133 -1.38 1.38 0.3221 0.2882
0.0166 -1.31 1.31 0.2700 0.2473
0.02 -1.26 1.26 0.2311 0.2052
0.0233 -1.2 1.20 0.1823 0.1643
0.0266 -1.14 1.14 0.1310 B 0.1234
0.03 -1.09 1.09 0.0862 0.0812
0.0333 -1.04 1.04 0.0392 0.0403
0.05 -0.84 0.84 -0.1744 -0.1667
0.0666 -0.68 0.68 -0.3857 -0.3724
0.0833 -0.56 0.56 -0.5798 -0.5794
0.1 -0.46 0.46 -0.7765 E -0.7864
0.1166 -0.37 0.37 -0.9943 -0.9921
0.1333 -0.3 0.30 -1.2040 -1.1991
0.15 -0.25 0.25 -1.3863 -1.4061
0.1666 -0.21 0.21 -1.5606 -1.6119

0.1833 -0.17 0.17 -1.7720 -1.8189
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-0.14
-0.12

-0.1
-0.09
~-0.07
-0.06
-0.05
-0.05
~0.04
-0.02
-0.02
-0.01
-0.01

[eReloBooReoloNeNoNoNoNoNeNeloNoNoNoNoNoNaoNeoNoNoNoNoNoNoNoloNoNeoNoNoNoNoNeNoNoNoloNeNoNeNe]

.14
.12
.10
.09
.07
.06

05

.05
.04

02

.02
.01

01

.01
.01

.

01

.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01

01

.00
.00
.01
.01
.01
.00
.01
.00
.00
.00
.00
.00

-1.
.1203
.3026
.4079
.6593
.8134
.9957
.9957
.2189
.9120
.9120
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
. 6052
.6052
.6052
.6052
.6052
.6052
. 6052
.6052
.6052
.6052

9661

ERR
ERR

.6052
.6052
.6052

ERR

.6052

ERR
ERR
ERR
ERR
ERR

-42.

.0259
.2316
.4386
.6456
.8513
.0583
.2653
.4711

6781

.7118
.7443
.7767

8104

.8429
.8754
.9091
.9416
.9741
.0078
.0403
.0727
.1052
.1389
.1714
.2051
.2376
.2701
.3038
.3363

5336

.7309

9282

.1256
.3229
.5202
.7176
.9149

1122

.3096
.5069
.7042
.9015
.0989
.2962
.4935
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(Rising Head Test 1 MW-07-01)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

Client: EPA

Site: Rosehill
Test by: K.Arena
Analysis:K.Arena

USER INPUT DATA

Aquifer Thickness= 25.53
Exposed Len. (Le) = 15
Well Length (Lw) = 14.13
Casing Radius(Rc)= 0.083
Well Radius (Rw) = 0.417
Sandpack Porosity= 0.270
Slug Volume = 0.025
Static Level = 20.15
Offset time = 0.0166
Shape Factor = 26.3
(F from est. RwW) 18.3

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -
Hvorslev - user

Hvorslev - estimated Rw

Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-5.87581
0.168977

Time level Drawdown
(min) (ft) Y(t) ft
0 -1.28 1.28
0.0033 -1.19 1.19
0.0066 -1.19 1.19
0.0099 -1.18 1.18
0.0133 -1.14 1.14
0.0166 -1.12 1.12
0.02 -1.1 1.10
0.0233 -1.08 1.08
0.0266 -1.06 1.06
0.03 -1.04 1.04
0.0333 -1.02 1.02
0.05 ~-0.93 0.93
0.0666 -0.85 0.85
0.0833 -0.74 0.74
0.1 -0.63 0.63
0.1166 -0.53 0.53
0.1333 -0.46 0.46
0.15 -0.39 0.39
0.1666 -0.34 0.34
0.1833 -0.3 0.30

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw
Hvorslev - estimated porosity

Revised
Well ID:
Date:
Date:
WORKSHEET A= 2.5
FIGURES B = 0.40
C = 2.2
R(eq) = 0.2279 0.0841
Est. Rw
Est. n 0.001
log(Le/Rw) 1.5304
In(Re/Rw) 2.3547
Max. Y(t) 1.12
Regr. Y (0) 1.12
Casing Y(0) 1.15
ft/min cm/sec
2.5E-02 5.0E-02
3.5E-03 6.8E-03
4.2E-03 8.4E-03
3.6E-02 7.2E-02
5.0E-03 9.8E-03
7.2E-03 1.4E-02
0.214298
0.004371
0.994244
9
7
Indicate
In(Y) Regress. EST 1lnY
Range
0.2469 0.2143
0.1740 0.1949
0.1740 B 0.1755
0.1655 0.1561
0.1310 0.1361
0.1133 0.1168
0.0953 0.0968
0.0770 0.0774
0.0583 0.0580
0.0392 0.0380
0.0198 E 0.0186
-0.0726 -0.0795
-0.1625 -0.1770
-0.3011 -0.2752
-0.4620 -0.3733
-0.6349 -0.4708
-0.7765 -0.5689
-0.9416 -0.6671
-1.0788 -0.7646
-1.2040 -0.8627

(V2.4.5)
11/05/91
MW-07-01
10/31/91
11/26/91

5.4
0.98
6.0
0.0841
0.086

2.2141
2.8838

DRAINED

ft/day
36.62
4.99
6.11
52.50
7.16
10.30
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[Era

-0.26
-0.23
-0.21
-0.19
-0.17
-0.16
-0.15
~0.14
-0.13

-0.1
-0.08
-0.07
-0.06
-0.06
-0.05
-0.05
=0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05

-0.05
-0.05
-0.04
~-0.04
-0.04
-0.04
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
~-0.05
-0.05

el eleoleololojoloNoNeNeNelloNoNoNoNoNeNoNeNoNoNoNoNoNoNoNoNoNeNoNoNoNeNoNeNoNeoNoNeNoNoNoNoNo!

.26
.23
.21
.19
.17
.16
.15
.14
.13
.10
.08
.07
.06
.06
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.04
.04
.04
.04
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05

.3471
.4697
.5606
.6607
.7720
.8326
.8971
.9661
.0402
.3026
.5257
.6593
.8134
.8134
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.2189
.2189
.2189
.2189
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9957
.9857
.9957
.9957
.9957

.9609
.0584
.1565
.2547
.3522
.4503
.5484
.6460
.7441
.2342
.7236
.2131
.7031
.1926
.6820
.1721
.6615
.1510
.6410
.1305
.6199
.1094
.5994
.0889
.5789
.0684
.5578
.0479
.5373
.4752
.4131
.3511
.2890
.2269
.1648
.1027
.0406
.9785
.9164
.8543
.7922
.7301
.6680
.6059
.5439
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Rising Head test 1

Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-07-02
Test by: K.Arena Date: 10/31/91
Analysis:K.Arena Date: 12/05/91
USER INPUT DATA WORKSHEET A= 4.3 5.3
Aquifer Thickness= 300 FIGURES B = 0.70 0.94
Exposed Len. (Le) = 25 C = 4.4 5.8
Well Length (Lw) = 52.78 R(eq) = 0.1928 0.1658 0.1658
Casing Radius(Rc)= 0.167 Est. Rw 0.163
Well Radius (Rw) = 0.250 Est. n -0.009
Sandpack Porosity= 0.270 log(Le/Rw) 2.0000 2.1851
Slug Volume = 0.153 1n(Rc/Rw) 3.4433 3.6329
Static Level = 19.84 Max. Y(t) 1.79
Offset time = 0.1 Regr. Y(0) 1.77
Shape Factor = 265.9 Casing Y (0) 1.75 DRAINED
(F from est. Rw) 250.8
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 2.6E-03 5.1E-03 3.75
Bouwer & Rice - estimated porosity 1.9E-03 3.8E-03 2.77
Bouwer & Rice - estimated Rw 2.0E-03 4.0E-03 2.92
Hvorslev - user porosity and Rw 4.5E-04 B8.8E-04 0.64
Hvorslev - estimated porosity 3.3E-04 6.5E-04 0.48
Hvorslev - estimated Rw 3.5E-04 6.9E-04 0.50
Regression Output:
Constant 0.674256
Std Err of Y Est 0.036362
R Squared 0.726661
No. of Observations 11
Degrees of Freedom 9
X Coefficient(s) -1.01759
Std Err of Coef. 0.208034
Indicate
Time level Drawdown In(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 =-1.79 1.79 0.5822 0.6743
0.0033 -1.79 1.79 0.5822 0.6709
0.0066 =-1.79 1.79 0.5822 0.6675
0.0099 -1.78 1.78 0.5766 0.6642
0.0133 -1.78 1.78 0.5766 0.6607
0.0166 -1.78 1.78 0.5766 0.6574
0.02 -1.78 1.78 0.5766 0.6539
0.0233 -1.78 1.78 0.5766 0.6505
0.0266 -1.78 1.78 0.5766 0.6472
0.03 -1.78 1.78 0.5766 0.6437
0.0333 -1.78 1.78 0.5766 0.6404
0.05 -1.78 1.78 0.5766 0.6234
0.0666 -1.77 1.77 0.5710 0.6065
0.0833 -1.78 1.78 0.5766 0.5895
0.1 -1.78 1.78 0.5766 Bl 0.5725
0.1166 -1.61 1.61 0.4762 0.5556
0.1333 -1.74 1.74 0.5539 0.5386
0.15 -1.73 1.73 0.5481 0.5216
0.1666 -1.73 1.73 0.5481 0.5047
0.1833 -1.66 1.66 0.5068 0.4877
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-1.55
-1.55
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-1.42
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-1.21
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-1.21
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-1.21
-1.21
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0.4700
0.4511
.4383
.4383
.3577
.3784
.3507
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0.1906
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0.1989
0.1989
0.1989
0.2070
0.2070
0.2151
0.2151
0.2231
0.2231
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.4707
.4538
.4369
.4199
.4030
.3860
0.3690
0.3521
0.3351
0.2502
0.1655
0.0807
-0.0042
-0.0889
-0.1737
-0.2586
-0.3433
-0.4281
-0.5130
-0.5977
-0.6825
-0.7673
-0.8521
-0.9369
-1.0218
-1.1065
-1.1913
-1.2762
-1.3609
-1.8697
-2.3785
-2.8873
=-3.3961
=-3.9049
-4.4137
-4.9225
-5.4313
-5.9401
-6.4489
-6.9577
-7.4665
-7.9753
-8.4841
-8.9929
-9.5016
~-11.5368
~13.5720
-15.6072
~17.6424
~19.6776
~21.7127
~23.7479
-25.7831
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

RISING OR FALLING TEST:
Client: EPA

Site: ROSE HILL

Test by: DANIEL H. BERLER
Analysis:DANIEL H. BERLER

USER INPUT DATA

Aquifer Thickness= 10.89
Exposed Len. (Le) = 10
Well Length (Lw) = 8.4
Casing Radius(Rc)= 0.083
Well Radius (Rw) = 0.333
Sandpack Porosity= 0.270
Slug Volume = 0.025
Static Level = 6.86
Offset time = 0.05
Shape Factor = 18.5
(F from est. Rw) 13.1

Bouwer & Rice -
Bouwer & Rice -
Bouwer & Rice -
Hvorslev - user

Hvorslev - estimated Rw

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-6.11127
0.027871

Time level Drawdown
(min) (ft) Y(t) ft
0 -4.93 4.93
0.0033 -0.55 0.55
0.0066 -1.71 1.71
0.0099 -1.46 1.46
0.0133 -1.47 1.47
0.0166 -1.43 1.43
0.02 -1.4 1.4
0.0233 -1.37 1.37
0.0266 -1.34 1.34
0.03 -1.31 1.31
0.0333 -1.29 1.29
0.05 -1.16 1.16
0.0666 -1.05 1.05
0.0833 -0.95 0.95
0.1 -0.86 0.86
0.1166 -0.77 0.77
0.1333 -0.7 0.7
0.15 -0.63 0.63
0.1666 -0.57 0.57
0.1833 -0.52 0.52

user porosity & Rw
estimated porosity
estimated Rw
porosity and Rw
Hvorslev - estimated porosity

RISING TEST 1

(V2.4

.5)

Revised 11/05/91

Well ID:
Date:
Date:
WORKSHEET A= 2.2
FIGURES B =
Cc = 1.9
R(eq) = 0.1871 0.0827
Est. Rw
Est. n -0.001
log(Le/Rw) 1.4018
In(Re/Rw) 2.3321
Max. Y(t) 1.16
Regr. Y (O) 1.16
Casing Y (0) 1.15
ft/min cm/sec
3.0E-02 5.8E-02
5.8E-03 1.1E-02
7.7E-03 1.5E-02
3.6E-02 7.2E-02
7.1E-03 1.4E-02
1.0E-02 2.0E-02
0.455963
0.003010
0.999875
8
6
Indicate
In(Y) Regress. EST 1lnY
Range
1.595338 0.4560
-0.59783 0.4358
0.536493 0.4156
0.378436 0.3955
0.385262 0.3747
0.357674 0.3545
0.336472 0.3337
0.314810 0.3136
0.292669 0.2934
0.270027 0.2726
0.254642 0.2525
0.148420 B 0.1504
0.048790 0.0490
-0.05129 -0.0531
-0.15082 -0.1552
-0.26136 -0.2566
-0.35667 -0.3587
-0.46203 -0.4607
-0.56211 E -0.5622
-0.65392 -0.6642

10/29
11/18
0

0.0
0.

2.0
3.0
DRAIN

ft/

42.

8.
11.
52.
10.
14.

MW08-01

/91
/91

4.4
.71
4.5
827
081

151
762

ED

day
77
36
03
41
25
50
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-0.4

.38
.35
.33
.31
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.22
.18
.16
.14
.13
.11
.11

-0.1

.09
.09
.09
.07
.08
.07
.07
.07
.06
.06
.06
.06
.05
.05
.04
.04
.03
.03
.03
.03
.02
.02
.02
.02
.02
.02
.02
.02

0.48
0.44
0.4
.38
.35
.33
.31
.29
.28
.22
.18
.16
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=-0.
-0.
=0.
=0.
-1.
-1.
-1.
-1.
.27296
.51412
.71479
.83258
.96611
.04022

73396
82098
91629
96758
04982
10866
17118
23787

20727

.20727
.30258
.40794
-407%94
.40794
.65926
.52572
.65926
.65926
.65926
.81341
.81341
.81341
-81341
.99573
.99573
.21887
.21887
.50655
.50655
.50655
.50655
.91202
.91202
.91202
.91202
.91202
.91202
.91202
.91202

.7663
.8677
.9698
.0719
.1733
.2754
.3774
.4789
.5809
.0906
.5997
.1087
.6184
.1275
.6366
.1462
.6553
.1644
.6741
.1831
.6922
.2013
.7109
.2200
.7297
.2388
.7478
.2575
.7666
.8222
.8779
.9335
.9891
.0448
.1004
.1561
.2117
.2673
.3230
.3786
.4342
.4899
.5455
.6012
.6568
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

RISING OR FALLING TEST: RISING TEST 1
Client: EPA Revised 11/05/91
Site: ROSE HILL Well ID: MW-08-02
Test by: DANIEL H. BERLER Date: 10/29/91
Analysis:DANIEL H. BERLER Date: 11/19/91
USER INPUT DATA WORKSHEET A= 2.2 2.2
Aguifer Thickness= 300 FIGURES B = 0.35
Exposed Len. (Le) = 5 c = 1.9 1.9
Well Length (Lw) = 19.75 R(eq) = 0.0833 0.0833 0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.208
Well Radius (Rw) = 0.208 Est. n NA
Sandpack Porosity= 0.270 log(Le/Rw) 1.3809 1.3809
Slug Volume = 0.025 1n(Re/Rw) 3.0082 3.0082
Static Level = 8.05 Max. Y(t) 1.4
Offset time = 0.0666 Regr. Y(0) 1.40
Shape Factor = 9.9 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 9.9
ft/min cm/sec ft/day
Bouwer & Rice -~ user porosity & Rw 6.6E-03 1.3E-02 9.49
Bouwer & Rice - estimated porosity 6.6E-03 1.3E-02 9.49
Bouwer & Rice - estimated Rw 6.6E-03 1.3E-02 9.49
Hvorslev - user porosity and Rw 7.0E-03 1.4E-02 10.03
Hvorslev - estimated porosity 7.0E-03 1.4E-02 10.03
Hvorslev - estimated Rw 7.0E-03 1.4E-02 10.03
Regression Output:
Constant 0.545237
Std Err of Y Est 0.002933
R Squared 0.999637
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) -3.15460
Std Err of Coef. 0.022719
Indicate
Time level Drawdown ln(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 =-1.79 1.79 0.582215 0.5452
0.0033 -1.93 1.93 0.657520 0.5348
0.0066 -1.71 1.71 0.536493 0.5244
0.0099 -1.67 1.67 0.512823 0.5140
0.0133 -1.7 1.7 0.530628 0.5033
0.0166 -1.68 1.68 0.518793 0.4929
0.02 -1.65 1.65 0.500775 0.4821
0.0233 -1.63 1.63 0.488580 0.4717
0.0266 -1.61 1.61 0.476234 0.4613
0.03 -1.59 1.59 0.463734 0.4506
0.0333 -1.57 1.57 0.451075 0.4402
0.05 -1.48 1.48 0.392042 0.3875
0.0666 -1.4 1.4 0.336472 B 0.3351
0.0833 -1.33 1.33 0.285178 0.2825
0.1 ~1.26 1.26 0.231111 0.2298
0.1166 -1.19 1.19 0.173953 0.1774
0.1333 =-1.13 1.13 0.122217 0.1247
0.15 -1.07 1.07 0.067658 0.0720
0.1666 -1.02 1.02 0.019802 0.0197
0.1833 -0.97 0.97 -0.03045 -0.0330
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.08338 E
.13926
.18632
.23572
.28768
.34249
.38566
.43078
.49429
.73396
.99425
.27296
.51412
.77195
.04022
.30258
.52572
.81341
.99573
.21887
.50655
.91202
.60517
. 60517

ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

. 0857
.1381
.1907
.2434
.2958
.3485
.4011
.4535
.5062
.7693
.0321
.2948
.5579
.8207
.0835
.3466
.6094
.8722
.1352
.3980
.6608
.9236
.1867
.4495
.7125
.9753
.2381
.5012
.7640
.3413
.9186
.4959
.0732
.6505
.2278
.8051
.3824
.9597
.5370
.1143
.6916
.2689
.8462
.4236
.0009
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(Rising head test 1 for MW-09-01)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)
Client: EPA Revised 11/05/91

Site: Rosehill
Test by: K.Arena
Analysis:K.Arena

USER INPUT DATA WORKSHEET A=
Aquifer Thickness= 20.14 FIGURES B =
Exposed Len. (Le) = 10 C =
Well Length (Lw) = 17.91 R(eq) = 0.0833
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.208 Est. n
Sandpack Porosity= 0.270 1log(Le/Rw)
Slug Volume = 0.025 1n(Re/Rw)
Static Level = 17.59 Max. Y(t)
Offset time = 0 Regr. Y(O)
Shape Factor = 16.2 Casing Y (0)
(F from est. Rw) 16.2
ft/min
Bouwer & Rice - user porosity & Rw 3.8E-03
Bouwer & Rice - estimated porosity 3.8E-03
Bouwer & Rice - estimated Rw 3.8E-03
Hvorslev - user porosity and Rw 4.9E-03
Hvorslev - estimated porosity 4,9E-03
Hvorslev - estimated Rw 4.9E-03
Regression Output:
Constant 0.297528
Std Err of Y Est 0.004276
R Squared 0.999655
No. of Observations 12
Degrees of Freedom 10
X Coefficient(s) -3.65484
Std Err of Coef. 0.021456
Indicate
Time level Drawdown 1ln(Y) Regress.
(min) (ft) Y(t) ft Range
0 -1.46 1.46 0.3784
0.0033 -1.43 1.43 0.3577
0.0066 -1.4 1.40 0.3365
0.0099 -1.39 1.39 0.3293
0.0133 -1.37 1.37 0.3148
0.0166 -1.35 1.35 0.3001
0.02 -1.33 1.33 0.2852
0.0233 -1.31 1.31 0.2700
0.0266 -1.29 1.29 0.2546
0.03 -1.27 1.27 0.2390
0.0333 -1.25 1.25 0.2231
0.05 -1.17 1.17 0.1570
0.0666 -1.09 1.09 0.0862
0.0833 -1.02 1.02 0.0198
0.1 -0.95 0.95 -0.0513
0.1166 -0.89 0.89 -=0.1165
0.1333 -0.84 0.84 -0.1744
0.15 -0.78 0.78 -0.2485 B
0.1666 -0.73 0.73 -0.3147
0.1833 -0.69 0.69 -0.3711

Date:
Date:

3.0
0.46
2.7
0.0833

NA
1.6812
3.0193

1.46
1.35
1.15

cm/sec
7.5E-03
7.5E-03
7.5E-03
9.7E-03
9.7E-03
9.7E-03

EST 1lnY

0.2975
0.2855
0.2734
0.2613
0.2489
0.2369
0.2244
0.2124
0.2003
0.1879
0.1758
0.1148
0.0541
-0.0069
-0.0680
-0.1286
-0.1897
-0.2507
-0.3114
-0.3724

Well ID: MW-09-01

10/31/91
11/26/91

3.0
0.46
2.7
0.0833
0.208

1.6812
3.0193

UNDRAINED

ft/day
5.52
5.52
5.52
7.07
7.07
7.07



0.
0.

0.
0.

0.
O‘

0.
0.

1.
1.

1.
1.

1.
1.

1.
1.

0.2
2166
2333
0.25
2666
2833

0.3

0.3166
0.
0.4167

3333

0.5
5833
6667
0.75
8333
9167

1
0833
1667
1.25
3333
4166

1.5
5833
6667
1.75
8333
9167

[+ ~ [e)] (8] > w %)
(] [ ] L] L] L] [ ] *
NOOVLULOULLINUAATOLULLOLEOWLWOLN

"]
=

-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
=-0.01
-0.01
-0.01
-0.01
=-0.01

0.65
0.61
0.57
0.54
0.51
0.48
0.45
0.42
0.40
0.30
0.22
0.17
0.13
0.10
0.08
0.06
0.05
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

-0.4308
-0.4943
-0.5621
-0.6162
-0.6733
-0.7340
-0.7985
-0.8675
-0.9163
-1.2040
-1.5141
~-1.7720
-2.0402
-2.3026
-2.5257
-2.8134
-2.9957
-3.2189
-3.5066
-3.5066
-3.5066
-3.5066
-3.9120
=-3.9120
-3.9120
-3.9120
-3.9120
=-3.9120
=-3.9120
-4.6052
=-3.9120
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052

-0.4334
~-0.4941
-0.5551
-0.6162
-0.6769
-0.7379
-0.7989
-0.8596
-0.9206
-1.2254
-1.5299
-1.8343
-2.1392
-2.4436
-2.7480
-3.0529
-3.3573
-3.6618
-3.9666
-4.2710
-4.5755
-4.8799
-5.1847
-5.4892
-5.7940
-6.0984
-6.4029
-6.7077
=-7.0122
-8.8396
-10.6670
=12.4944
-14.3218
~16.1493
=-17.9767
-19.8041
-21.6315
-23.4589
-25.2864
-27.1138
-28.9412
-30.7686
-32.5960
-34.4235
-36.2509
-43.5606
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

RISING OR FALLING TEST:

RISING TEST 1

Client: EPA
Site: ROSE HILL
Test by: DANIEL H. BERLER
Analysis:DANIEL H. BERLER
USER INPUT DATA WORKSHEET A=
Aquifer Thickness= 30.56 FIGURES B
Exposed Len. (Le) = 10 C
Well Length (Lw) = 28.99 R(eq) = 0.0833
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.208 Est. n
Sandpack Porosity= 0.270 log(Le/Rw)
Slug Volume = 0.025 1n(Re/Rw)
Static Level = 8.51 Max. Y(t)
Offset time = 0.0033 Regr. Y(O0)
Shape Factor = 16.2 Casing Y(0)
(F from est. Rw) 16.2
ft/min
Bouwer & Rice - user porosity & Rw 1.2E-02
Bouwer & Rice - estimated porosity 1.2E-02
Bouwer & Rice - estimated Rw 1.2E-02
Hvorslev - user porosity and Rw 1.3E-02
Hvorslev - estimated porosity 1.3E-02
Hvorslev - estimated Rw 1.3E-02
Regression Output:
Constant 0.389842
Std Err of Y Est 0.019517
R Squared 0.998524
No. of Observations 10
Degrees of Freedom 8
X Coefficient(s) =-9.48606
Std Err of Coef. 0.128922
Indicate
Time level Drawdown In(Y) Regress.
(min) (ft) Y(t) ft Range
0 -1.68 1.68 0.518793
0.0033 -1.63 1.63 0.488580
0.0066 -1.83 1.83 0.604315
0.0099 -1.64 1.64 0.494696
0.0133 -1.44 1.44 0.364643
0.0166 -1.36 1.36 0.307484
0.02 -1.31 1.31 0.270027
0.0233 -1.26 1.26 0.231111
0.0266 -1.22 1.22 0.198850
0.03 -1.17 1.17 0.157003
0.0333 -1.13 1.13 0.122217
0.05 -0.94 0.94 -0.06187 B
0.0666 -0.79 0.79 =-0.23572
0.0833 -0.67 0.67 -0.40047
0.1 -0.57 0.57 -0.56211
0.1166 -0.48 0.48 -0.73396
0.1333 -0.41 0.41 -0.89159
0.15 -0.35 0.35 -1.04982
0.1666 -0.3 0.3 ~-1.20397
0.1833 -0.26 0.26 -1.34707

Revised

Well ID:

Date:
Date:

3.0

2.7
0.0833

NA
.6819
3.5178

ERR
1.43
1.15

=

cm/sec
.3E-02
.3E-02
.3E-02
.5E-02
.5E-02
.5E-02

NN

EST 1ny

0.3898
0.3585
0.3272
0.2959
0.2637
0.2324
0.2001
0.1688
0.1375
0.1053
0.0740
-0.0845
-0.2419
-0.4003
-0.5588
-0.7162
-0.8746
-1.0331
=1.1905
-1.3490

(V2.4.5)

11/05/91
MW10-01

10/30/91
11/19/91

3.0
0.46
2.7
0.0833
0.208

1.6819
3.5178

UNDRAINED

ft/day
16.68
16.68
16.68
18.37
18.37
18.37

—



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

w ~ [o)) (8] > w [ ]
gVwULoUI~Ua LU UE OWLON

[Xe]

-0.23

-0.2
-0.17
-0.15
-0.13
-0.12
-0.11

-0.1
-0.09
-0.05
-0.04
-0.03
-0.03
-0.03
-0.02
-0.02
-0.02

-0.02
-0.02
-0.02
-0.01
-0.01
-0.02
-0.02
-0.01
-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

-0.01
-0.01
-0.01
-0.01

-0.01
-0.01
-0.01
-0.01

0.23
0.2
.17
.15
.13
.12
0.11

0.1
0.09
0.05
0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.02
0.02
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

O O 0OO

.46967 E
.60943
.77195
.89711
.04022
.12026
.20727
.30258
.40794
.99573
.21887
.50655
.50655
.50655
.91202
.91202
.91202
.91202
.91202
.91202
.91202
.60517
.60517
.91202
.91202
.60517
.60517
.91202
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
.60517
-4.

60517

-1.5074
-1.6648
~1.8233
-1.9817
-2.1391
-2.2976
-2.4560
-2.6134
-2.7719
-3.5630
-4.3532
-5.1434
-5.9345
-6.7247
-7.5149
-8.3060
-9.0962
~-9.8864
-10.6775
-11.4677
-12.2579
-13.0481
-13.8393
-14.6294
-15.4206
-16.2108
-17.0010
-17.7921
-18.5823
-23.3253
-28.0683
-32.8114
-37.5544
-42.2974
-47.0405
-51.7835
-56.5265
-61.2696
-66.0126
-70.7556
-75.4987
-80.2417
-84.9847
-89.7277
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)
RISING OR FALLING TEST: RISING TEST 2
Client: EPA Revised 11/05/91
Site: ROSE HILL Well ID: MW11l-01
~ Test by: DANIEL H. BERLER Date: 10/31/91
Analysis:DANIEL H. BERLER Date: 11/21/91
USER INPUT DATA WORKSHEET A= 2.9 2.9
Aquifer Thickness= 40.7 FIGURES B = 0.45
Exposed Len. (Le) = 15 C = 2.6 2.6
Well Length (Lw) = 16.05 R(eq) = 0.0833 0.0833  0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.333
Well Radius (Rw) = 0.333 Est. n NA
Sandpack Porosity= 0.270 1log(Le/Rw) 1.6532 1.6532
Slug Volume = 0.025 1n(Re/Rw) 2.8781 2.8781
Static Level = 8.20 Max. Y(t) 1.09
Offset time = 0 Regr. Y(0) 0.95
Shape Factor = 24.8 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 24.8
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.3E-03 2.5E-03 1.85
Bouwer & Rice - estimated porosity 1.3E-03 2.5E-03 1.85
Bouwer & Rice - estimated Rw 1.3E-03 2.5E-03 1.85
Hvorslev - user porosity and Rw 1.7E-03 3.3E-03 2.44
Hvorslev - estimated porosity 1.7E-03 3.3E-03 2.44
Hvorslev - estimated Rw 1.7E-03 3.3E-03 2.44

Rw: If radius is thought to be variable
ESTIMATED POROSITY: If radius is thought to remain the same ove
screened length

W -1e2 1 9. 0666

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedon

X Coefficient(s)
Std Err of Coef.

-1.92508
0.097370

Time level Drawdown
(min) (Ft) Y(t) ft
0.0033 -0.92 0.92
0.0066 -3.36 3.36
0.0099 -2.48 2.48
0.0133 -1.1 1.1
0.0166 (4] 0
0.02 0.07 0.07
0.0233 -1.13 1.13
0.0266 -1.8 1.8
0.03 -1.75 1.75
0.0333 -1.07 1.07
0.05 -1.32 1.32
-1.09 1.09

0.0833 -0.85 0.85
0.1 -0.75 0.75
0.1166 -0.76 0.76
0.1333 -0.76 0.76
0.15 -0.74 0.74

-0.04849
0.021893
0.972628
13
11

In(Y)

-0.08338
1.211940
0.908258
0.095310

ERR
-2.65926
0.122217
0.587786
0.559615
0.067658
0.277631
0.086177
-0.16251
-0.28768
=-0.27443
=0.27443
-0.30110

Indicate
Regress.
Range

EST 1lnyY

-0.0548
-0.0612
-0.0675
-0.0741
-0.0804
-0.0870
-0.0933
-0.0997
-0.1062
=-0.1126
-0.1447
-0.1767
-0.2088
-0.2410
-0.2730
-0.3051
-0.3373



0.1666
0.1833
0.2
0.2166
0.2333
0.25
0.2666
0.2833
0.3
0.3166
0.3333
0.4167
0.5
0.5833
0.6667
0.75
0.8333
0.9167
1
1.0833
1.1667
1.25
1.3333
1.4166
1.5
1.5833
1.6667
1.75
1.8333
1.9167

[+ 4] ~ o (§)] > w (V]

0

[Sea .
CQCLULVLULOLIYNULOULLULU &L LN

=0.7
-0.67
~-0.64
~-0.63

-0.6
-0.58
-0.57
-0.55
-0.54
-0.52
-0.51
-0.46
-0.42
~0.39
-0.36
-0.34
-0.32

-0.3
-0.28
-0.27
-0.25
-0.23
-0.21

-0.2
-0.18
-0.17
-0.15
-0.14
-0.13
-0.12
-0.11
-0.07
-0.05
-0.04
-0.03
-0.03
-0.03
-0.03
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02

-0.35667
-0.40047
-0.44628
~-0.46203
-0.51082
-0.54472
-0.56211
-0.59783
-0.61618
-0.65392
-0.67334
-0.77652
-0.86750
-0.94160
-1.02165
-1.07880
-1.13943
-1.20397
-1.27296
-1.30933
-1.38629
-1.46967
-1.56064
-1.60943
-1.71479
-1.77195
-1.89711
-1.96611
-2.04022
-2.12026
-2.20727
-2.65926
-2.99573
-3.21887
-3.50655
-3.50655
-3.50655
-3.50655
-3.91202
-3.91202
=3.91202
-3.91202
-3.91202
-3.91202
-3.91202
-3.91202
-3.91202

-0.3692
-0.4014
-0.4335
-0.4655
-0.4976
-0.5298
-0.5617
-0.5939
-0.6260
-0.6580
-0.6901
-0.8507
-1.0110
-1.1714
-1.3319
-1.4923
-1.6527
-1.8132
-1.9736
-2.1339
-2.2945
-2.4549
-2.6152
-2.7756
-2.9361
-3.0965
-3.2570
-3.4174
-3.5778
-3.7383
-3.8987
-4.8612
~5.8238
-6.7863
-7.7488
-8.7114
-9.6739
-10.6365
-11.5990
-12.5616
-13.5241
-14.4867
=15.4492
-16.4117
-17.3743
-18.3368
=-19.2994
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(Slug Test for 1st rising head test in MW-11-02)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: ROSEHILL Well ID: MW-11-02
Test by: K.ARENA Date: 10/29/91
Analysis:K.ARENA Date: 11/21/91
USER INPUT DATA WORKSHEET A= 3.0 3.0
Aquifer Thickness= 41.94 FIGURES B = 0.46 0.46
Exposed Len. (Le) 10 C = 2.7 2.7
Well Length (Lw) 39.64 R(eq) = 0.0833 0.0833 0.0833
Casing Radius(Rc) 0.083 Est. Rw 0.208
Well Radius (Rw) 0.208 Est. n NA

.6812 1.6812
.4001 3.4001

Sandpack Porosity
Slug Volume

0.270 log(Le/Rw)
0.025 1n(Re/Rw)

w

Static Level 7.35 Max. Y(t) 0.43
Offset time 0.0133 Regr. Y(0) 0.43
Shape Factor 16.2 Casing Y (0) 1.15 UNDRAINED
(F from est. Rw) 16.2
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 3.7E-02 7.4E-02 53.88
Bouwer & Rice - estimated porosity 3.7E-02 7.4E-02 53.88
Bouwer & Rice - estimated Rw 3.7E-02 7.4E-02 53.88
Hvorslev - user porosity and Rw 4 .3E-02 8.4E-02 61.34
Hvorslev - estimated porosity 4.3E-02 8.4E-02 61.34
Hvorslev - estimated Rw 4.3E-02 8.4E-02 61.34
Regression Output:
Constant -0.41134
Std Err of Y Est 0.019563
R Squared 0.989796
No. of Observations 5
Degrees of Freedom 3
X Coefficient(s) -31.6923
5td Err of Coef. 1.857816
Indicate
Time level Drawdown 1n(Y) Regress. EST 1lny
(min) (ft) Y(t) ft Range
0 -0.53 0.53 -0.6349 -0.4113
0.0033 -0.5 0.50 -=0.6931 -0.5159
0.0066 -0.48 0.48 -0.7340 -0.6205
0.0099 -0.47 0.47 -0.7550 -0.7251
0.0133 -0.43 0.43 -0.8440 B -0.8329
0.0166 -0.39 0.39 -0.9416 -0.9374
0.02 -0.36 0.36 =-1.0217 -1.0452
0.0233 -0.32 0.32 -1.1394 -1.1498
0.0266 -0.28 0.28 -=1.2730 E -1.2544
0.03 -0.23 0.23 -1.4697 -1.3621
0.0333 -0.19 0.19 -1.6607 -1.4667
0.05 -0.1 0.10 -2.3026 -1.9960
0.0666 -0.1 0.10 -2.3026 -2.5221
0.0833 -0.1 0.10 =-2.3026 -3.0513
0.1 -0.1 0.10 -2.3026 -3.5806
0.1166 -0.1 0.10 -2.3026 -4.1067
0.1333 -0.09 0.09 -=2.4079 -4.6359
0.15 -0.09 0.09 -2.4079 -5.1652
0.1666 ~0.09 0.09 -2.4079 -5.6913

0.1833 -0.09 0.09 -2.4079 -6.2205
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(Rising head test 1)

Slug Test Analysis -~ Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-11~03
Test by: K.Arena Date: 10/29/91
Analysis:K.Arena Date: 12/04/91
USER INPUT DATA WORKSHEET A= 4.7 4.7
Aquifer Thickness= 78.15 FIGURES B = 0.79 0.79
Exposed Len.(Le) = 30 C = 5.0 5.0
Well Length (Lw) = 74.54 R(eg) = 0.1667 0.1667 0.1667
Casing Radius(Rc)= 0.167 Est. Rw 0.250
Well Radius (Rw) = 0.250 Est. n NA
Sandpack Porosity= 0.270 1log(Le/Rw) 2.0792 2.0792
Slug Volume = 0.153 1n(Re/Rw) 4.0031 4.0031
Static Level = 5.32 Max. Y(t) 1.83
Offset time = 0.03 Regr. Y(O0) 1.76
Shape Factor = 39.4 Casing Y(O) 1.75 UNDRAINED
(F from est. Rw) 39.4
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 7.6E-05 1.5E-04 0.11
Bouwer & Rice - estimated porosity 7.6E-05 1.5E-04 0.11
Bouwer & Rice - estimated Rw 7.6E-05 1.5E-04 0.11
Hvorslev - user porosity and Rw 9.1E-05 1.8E-04 0.13
Hvorslev - estimated porosity 9.1E-05 1.8E-04 0.13
Hvorslev - estimated Rw 9.1E-05 1.8E-04 0.13
Regression Output:
Constant 0.564232
Std Err of Y Est 0.004017
R Squared 0.997963
No. of Observations 14
Degrees of Freedom 12
X Coefficient(s) =-0.04085
Std Err of Coef. 0.000532
Indicate
Time level Drawdown In(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 -1.74 1.74 0.5539 0.5642
0.0033 -1.83 1.83 0.6043 0.5641
0.0066 -1.87 1.87 0.6259 0.5640
0.0099 -1.77 1.77 0.5710 0.5638
0.0133 -1.79 1.79 0.5822 0.5637
0.0166 -1.86 1.86 0.6206 0.5636
0.02 -1.8 1.80 0.5878 0.5634
0.0233 -1.78 1.78 0.5766 0.5633
0.0266 -1.83 1.83 0.6043 0.5631
0.03 -1.81 1.81 0.5933 0.5630
0.0333 -1.79 1.79 0.5822 0.5629
0.05 -1.83 1.83 0.6043 0.5622
0.0666 -1.79 1.79 0.5822 0.5615
0.0833 -1.8 1.80 0.5878 0.5608
0.1 -1.79 1.79 0.5822 0.5601
0.1166 -1.79 1.79 0.5822 0.5595
0.1333 -1.79 1.79 0.5822 0.5588
0.15 -1.79 1.79 0.5822 0.5581
0.1666 -1.79 1.79 0.5822 0.5574
0.1833 -1.79 1.79 0.5822 0.5567
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-1.64
-1.64
-1.63
-1.59
-1.56
-1.52
-1.49
-1.46
-1.43

-1.4
=-1.37
-1.34
-1.32

-1.3
=1.27
-1.25
-1.22

-1.2
-1.19
-1.11
-1.04
-0.98
-0.93

1.78
1.79
1.78
1.79
1.78
1.79
1.78
1.78
1.78
1.76
1.75
1.75
1.74
1.74
1.73
1.72
1.71
1.70
1.69
1.69
l.68
1.67
1.67
1.67
1.65
1.65
1.64
1.64
1.63
1.59
1.56
l1.52
1.49
1.46
1.43
1.40
1.37
1.34
1.32
1.30
1.27
1.25
1.22
1.20
1.19
1.11
1.04
0.98
0.93

0.5766
0.5822
0.5766
0.5822
0.5766
0.5822
0.5766
0.5766
0.5766
0.5653
0.5596
0.5596
0.5539
0.5539
0.5481
0.5423
0.5365
0.5306
0.5247
0.5247
0.5188
0.5128
0.5128
0.5128
0.5008
0.5008
0.4947
0.4947
0.4886
0.4637
0.4447
0.4187
0.3988
0.3784
0.3577
0.3365
0.3148
0.2927
0.2776
0.2624
0.2390
0.2231
0.1989
0.1823
0.1740
0.1044
0.0392
-0.0202
-0.0726

B1

El

B2

E2

0.5561
0.5554
0.5547
0.5540
0.5533
0.5527
0.5520
0.5513
0.5506
0.5472
0.5438
0.5404
0.5370
0.5336
0.5302
0.5268
0.5234
0.5200
0.5166
0.5132
0.5098
0.5064
0.5030
0.4996
0.4961
0.4927
0.4893
0.4859
0.4825
0.4621
0.4417
0.4213
0.4008
0.3804
0.3600
0.3396
0.3191
0.2987
0.2783
0.2578
0.2374
0.2170
0.1966
0.1761
0.1557
0.0740
=0.0077
-0.0894
-0.1711
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(Rising Head Test 1 MW-12-01)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: Mw-12-01
Test by: K.Arena Date: 11/01/91
Analysis:K.Arena Date: 11/26/91
USER INPUT DATA WORKSHEET A= 2.9 2.9
Aquifer Thickness= 44.94 FIGURES B = 0.45 0.45
Exposed Len. (Le) = 15 C = 2.6 2.6
Well Length (Lw) = 20.44 R(eq) = 0.0833 0.0833 0.0833
Casing Radius(Rc)= 0.083 Est. Rw 0.333
Well Radius (Rw) = 0.333 Est. n NA
Sandpack Porosity= 0.270 1log(Le/Rw) 1.6532 1.6532
Slug Volume = 0.025 1n(Re/Rw) 2.6780 2.6780
Static Level = 2.05 Max. Y(t) ERR
Offset time = 0 Regr. Y(O) 1.38
Shape Factor = 24.8 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 24.8

ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.4E-03 2.8E-03 2.02
Bouwer & Rice - estimated porosity 1.4E-03 2.8E-03 2.02
Bouwer & Rice - estimated Rw 1.4E-03 2.8E-03 2.02
Hvorslev - user porosity and Rw 2.0E-03 3.9E-03 2.88
Hvorslev - estimated porosity 2.0E-03 3.9E-03 2.88
Hvorslev - estimated Rw 2.0E-03 3.9E-03 2.88

Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedon

X Coefficient(s) =-2.26617
Std Err of Coef. 0.012574

Time level Drawdown
(min) (£t) Y(t) ft
0 -1.44 1.44
0.0033 -1.44 1.44
0.0066 -1.47 1.47
0.0099 -1.44 1.44
0.0133 -1.42 1.42
0.0166 -1.45 1.45
0.02 -1.4 1.40
0.0233 -1.38 1.38
0.0266 -1.37 1.37
0.03 -1.36 1.36
0.0333 -1.34 1.34
0.05 -1.28 1.28
0.0666 -1.23 1.23
0.0833 -1.18 1.18
0.1 -1.13 1.13
0.1166 -1.08 1.08
0.1333 -1.04 1.04
0.15 -1 1.00
0.1666 -0.96 0.96

0.1833 -0.93 0.93

0.324627

0.016322

0.999446

20

18

Indicate
In(Y) Regress. EST 1nY
Range

0.3646 0.3246
0.3646 0.3171
0.3853 0.3097
0.3646 0.3022
0.3507 0.2945
0.3716 0.2870
0.3365 0.2793
0.3221 0.2718
0.3148 0.2643
0.3075 0.2566
0.2927 0.2492
0.2469 0.2113
0.2070 0.1737
0.1655 0.1359
0.1222 0.0980
0.0770 0.0604
0.0392 0.0225
0.0000 -0.0153
-0.0408 B -0.0529
-0.0726 -0.0908
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0.01
0.01
0.01
0.01

-0.1165
-0.1625
-0.1985
-0.2357
-0.2744
-0.3285
-0.3567
-0.4005
-0.4308
-0.6349
-0.8210
-1.0217
-1.2040
-1.3863
-1.5606
-1.7720
-1.8971
-2.1203
-2.2073
-2.4079
-2.5257
-2.6593
-2.8134
-2.9957
-2.9957
-3.2189
-3.2189
-3.2189
-3.5066
-3.9120
-3.9120
-3.9120
-4.6052
-3.9120
-3.9120
-3.9120
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052
-4.6052

-0.1286
-0.1662
-0.2041
-0.2419
-0.27985
-0.3174
-0.3552
-0.3928
-0.4307
-0.6197
-0.8085
-0.9972
-1.1862
-1.3750
-1.5638
-1.7528
-1.9416
-2.1303
-2.3193
-2.5081
-2.6969
-2.8856
-3.0746
-3.2634
-3.4524
-3.6412
-3.8300
-4.0190
-4.2077
-5.3408
-6.4739
-7.6070
-8.7401
-9.8732
-11.0063
-12.1394
-13.2725
-14.4055
-15.5386
-16.6717
-17.8048
-18.9379
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(MW-12-02 rising head test 1)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)

Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-12-02
Test by: K.Arena Date: 11/01/91
Analysis:K.Arena Date: 11/26/91
USER INPUT DATA WORKSHEET A= 2.2 2.2
Aquifer Thickness= 44 .67 FIGURES B = 0.35 0.35
Exposed Len. (Le) 10 C = 1.9 1.9
Well Length (Lw) 44.67 R(eq) = 0.0833 0.0833  0.0833
Casing Radius(Rc) 0.083 Est. Rw 0.417
Well Radius (Rw) 0.417 Est. n NA

Sandpack Porosity 0.270 log(Le/Rw) 1.3802 1.3802
Slug Volume 0.025 1n(Re/Rw) 3.1970 3.1970
Static Level 2.64 Max. Y(t) 0.69
Offset time 0 Regr. Y(O) 0.69
Shape Factor 19.8 Casing Y(0) 1.15 UNDRAINED
(F from est. Rw) 19.8
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 2.3E-02 4.4E-02 32.44
Bouwer & Rice - estimated porosity 2.3E-02 4.4E-02 32.44
Bouwer & Rice - estimated Rw 2.3E-02 4.4E-02 32.44
Hvorslev - user porosity and Rw 2.2E-02 4,4E-02 32.25
Hvorslev - estimated porosity 2.2E-02 4.4E-02 32.25
Hvorslev - estimated Rw 2.2E-02 4.4E-02 32.25
Regression Output:
Constant -0.37675
Std Err of Y Est 0.005171
R Squared 0.998956
No. of Observations 7
Degrees of Freedom 5
X Coefficient(s) =-20.2943
Std Err of Coef. 0.293272
Indicate
Time level Drawdown In(Y) Regress. EST 1nY
(min) (ft) Y (t) ft Range
0 -0.69 0.69 -0.3711 B -0.3768
0.0033 -0.64 0.64 -0.4463 -0.4437
0.0066 -0.6 0.60 -0.5108 -0.5107
0.0099 -0.56 0.56 -0.5798 -0.5777
0.0133 -0.52 0.52 -0.6539 -0.6467
0.0166 -0.49 0.49 -0.7133 -0.7136
0.02 -0.46 0.46 -=0.7765 E -0.7826
0.0233 =-0.43 0.43 -0.8440 -0.8496
0.0266 -0.4 0.40 -0.9163 -0.9166
0.03 -0.38 0.38 -0.9676 -0.9856
0.0333 -0.36 0.36 -1.0217 ~-1.0526
0.05 -0.27 0.27 -1.3093 -1.3915
0.0666 -0.21 0.21 =1.5606 -1.7284
0.0833 -0.16 0.16 -1.8326 -2.0673
0.1 -0.13 0.13 =2.0402 -2.4062
0.1166 -0.11 0.11 -2.2073 -2.7431
0.1333 -0.09 0.09 -2.4079 -3.0820
0.15 -0.08 0.08 -2.5257 -3.4209
0.1666 -0.06 0.06 -2.8134 -3.7578
0.1833 -0.05 0.05 =2.9957 -4.0967
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.05
.05
.04
.04
.03
.03
.03
.02
.02
.02
.01
.01
.01
.01
.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

-2.
-2.
.2189
.2189
.5066
.5066
.5066
.9120
.9120
.9120
.6052
.6052
.6052
.6052
.6052

9957
9957

ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
ERR

.4356
.7725
.1114
.4503
.7872
.1261
.4651
.8019
.1409
.8334
.5239
.2144
.9070
.5975
.2880
.9806
.6711
.3616
.0542
.7447
.4352
.1257
.8183
.5088
.2013
.8919
.5824
.2749
.9654
.1126
.2598
.4070
.5541
.7013
.8485
.9956
.1428

2900

.4372
.5843
.7315
.8787
.0259
.1730
.3202
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)
RISING OR FALLING TEST: RISING TEST 1
Client: EPA Revised 11/05/91
Site: ROSE HILL Well ID: MW-13-01
Test by: DANIEL H. BERLER Date: 10/28/91
Analysis:DANIEL H. BERLER Date: 11/11/91
USER INPUT DATA WORKSHEET A= 2.2 4.1
Aquifer Thickness= 22.96 FIGURES B = 0.36 0.65
Exposed Len. (Le) = 10.02 Cc = 1.9 4.1
Well Length (Lw) = 8.39 R(eq) = 0.1871 0.0865 0.0865
Casing Radius(Rc)= 0.083 Est. Rw 0.094
Well Radius (Rw) = 0.333 Est. n 0.005
Sandpack Porosity= 0.270 log(Le/Rw) 1.4013 1.9488
Slug Volume = 0.025 1n(Re/Rw) 2.0717 2.4701
Static Level = 9.05 Max. Y(t) 1.1
Offset time = 0.05 Regr. Y(O) 1.06
Shape Factor = 18.5 Casing Y(0) 1.15 DRAINED
(F from est. Rw) 13.5
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 7.0E-02 1.4E-01 100.69
Bouwer & Rice - estimated porosity 1.5E-02 2.9E-02 21.50
Bouwer & Rice - estimated Rw 1.8E-02 3.5E-02 25.63
Hvorslev - user porosity and Rw 9.6E-02 1.9E-01 138.54
Hvorslev - estimated porosity 2.1E-02 4.0E-02 29.58
Hvorslev - estimated Rw 2.8E-02 5.5E-02 40.53
Regression Output:
Constant 0.871417
Std Err of Y Est 0.038965
R Squared 0.997024
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) -16.1772
Std Err of Coef. 0.360799
Indicate
Time level Drawdown In(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 0.34 -1.0788 0.8714
0.0033 1.1 0.0953 0.8180
0.0066 0.35 -1.0498 0.7646
0.0099 2.01 0.6981 0.7113
0.0133 0.47 -0.7550 0.6563
0.0166 1.34 0.2927 0.6029
0.02 1.47 0.3853 0.5479
0.0233 1.37 0.3148 0.4945
0.0266 1.31 0.2700 0.4411
0.03 1.23 0.2070 0.3861
0.0333 1.18 0.1655 0.3327
0.05 1.1 0.0953 B 0.0626
0.0666 0.8 -0.2231 -0.2060
0.0833 0.63 -0.4620 -0.4761
0.1 0.48 -0.7340 -0.7463
0.1166 0.34 -1.0788 -1.0148
0.1333 0.27 -1.3093 -1.2850
0.15 0.21 -1.5606 -1.5552
0.1666 0.17 -1.7720 E -1.8237



0.1833
0.2
0.2166
0.2333
0.25
0.2666
0.2833
0.3
0.3166
0.3333
0.4167
0.5
0.5833
0.6667
0.75
0.8333
0.9167
1
1.0833
1.1667
1.25
1.3333
l.4166
1.5
1.5833
1.6667
1.75
1.8333
1.9167
2

2.5
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.15
.13

0.1
.09
.08
.08
.07
.07
.06
.05
.04
.04
.03
.03

.03
.02

.02
.02
.02
.02
.02
.01
.01
.02
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01

.01
.01

o
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.8971
.0402
.2073
.3026
.4079
. 5257
.5257
. 6593
.6593
.8134
.9957
.2189
.2189
.5066
.5066
.5066
.5066
.9120
.9120
.9120
.9120
.9120
.9120
.9120
.6052
.6052
.9120
.6052
.6052
.6052
. 6052
.6052
.6052
. 6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
.6052
. 6052

ERR

ERR

ERR

ERR

ERR

ERR

ERR

.0939
.3640
.6326
.9027
.1729
.4414
.7116
.9817

2503

.5204
.8696
.2172
.5647
.9139
.2615
.6090
.9582
.3058

6533

.0025
.3501
.6976
.0452
. 3944
.7419
.0911
.4387
.7862
.1354
.4830
.5716
.6602
.7488
.8374
.9260
.0146
.1032
.1918

2804

.3690
.4576
.5462
.6348
.7234
.8120
.9006
.8714
.8714
.8714
.8714
.8714
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Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods

RISING OR FALLING TEST:
Client: EPA

Site: ROSE HILL

Test by: DANIEL H. BERLER
Analysis:DANIEL H. BERLER

USER INPUT DATA WORKSHEET A=
Aquifer Thickness= 22.86 FIGURES B
Exposed Len. (Le) = 9.5 Cc
Well Length (Lw) = 20.11 R(eqg) = 0.0833
Casing Radius(Rc)= 0.083 Est. Rw
Well Radius (Rw) = 0.333 Est. n
Sandpack Porosity= 0.270 log(Le/Rw)
Slug Volume = 0.025 1n(Re/Rw)
Static Level = 9.29 Max. Y(t)
Offset time = 0.0066 Regr. Y(O)
Shape Factor = 17.8 Casing Y (0)
(F from est. Rw) 17.8

ft/min
Bouwer & Rice - user porosity & Rw 1.2E-02
Bouwer & Rice - estimated porosity 1.2E-02
Bouwer & Rice - estimated Rw 1.2E-02
Hvorslev - user porosity and Rw 1.4E-02
Hvorslev - estimated porosity 1.4E-02
Hvorslev - estimated Rw 1.4E-02

Regression Output:

Constant 0.367349
Std Err of Y Est 0.018967
R Squared 0.999175
No. of Observations 11
Degrees of Freedom 9
X Coefficient(s) -11.3322
Std Err of Coef. 0.108506
Time level Drawdown In(Y)
(min) (ft) Y(t) ft
o -0.11 0.11 -2.2073
0.0033 -1.23 1.23 0.2070
0.0066 -2.09 2.09 0.7372
0.0099 -1.87 1.87 0.6259
0.0133 -1.41 1.41 0.3436
0.0166 -1.2 1.2 0.1823
0.02 -1.19 1.19 0.1740
0.0233 -1.19 1.19 0.1740
0.0266 -1.13 1.13 0.1222
0.03 -1.07 1.07 0.0677
0.0333 -1.03 1.03 0.0296
0.05 -0.81 0.81 -0.2107
0.0666 -0.67 0.67 =-0.4005
0.0833 -0.55 0.55 -0.5978
0.1 -0.46 0.46 -0.7765
0.1166 -0.38 0.38 -0.9676
0.1333 -0.32 0.32 -1.1394
0.15 -0.27 0.27 -1.3093
0.1666 -0.22 0.22 -1.5141

RISING TEST 1

Indicate

Regress.
Range

Well ID:

Date:
Date:

2.3

2.0
0.0833

NA
1.4553
2.8595

2.09
1.34
1.15

cm/sec
2.3E-02
2.3E-02
2.3E-02
2.7E-02
2.7E-02
2.7E-02

EST 1nY

0.3673
0.3300
0.2926
0.2552
0.2166
0.1792
0.1407
0.1033
0.0659
0.0274
=0.0100
-0.1993
-0.3874
-0.5766
-0.7659
-0.9540
-1.1432
-1.3325
~1.5206

(V2.4.5)

Revised 11/05/91
MW13-02

10/29/91
11/13/91

2.3
0.37
2.0
0.0833
0.333

1.4553
2.8595

UNDRAINED

ft/day
17.06
17.06
17.06
19.99
19.99
19.99



0.1833
0.2
0.2166
0.2333
0.25
0.2666
0.2833
0.3
0.3166
0.3333
0.4167
0.5
0.5833
0.6667
0.75
0.8333
0.9167
1
1.0833
1.1667
1.25
1.3333
1.4166
1.5
1.5833
1.6667
1.75
1.8333
1.9167

2.

> (W]
L] .
gL LIN

-0.18
-0.15
-0.13
-0.11
-0.09
-0.07
-0.05
-0.05
-0.03
-0.02

0.01
0.01
0.01
0.02
0.02
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

0.18
0.15
0.13
0.11
0.09
0.07
0.05
0.05
0.03
0.02

0.01
0.01
0.01
0.02
0.02
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

=-1.7148
-1.8971
-2.0402
-2.2073
-2.4079
-2.6593
-2.9957
=2.9957
-3.5066
-3.9120

ERR

ERR
-4.6052
-4.6052
-4.6052
-3.9120
-3.9120
-4.6052
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
-3.9120
~-3.9120
-3.9120
=-3.9120
=-3.9120
-3.9120
-3.9120
=3.9120
=-3.9120

-1.7098
-1.8991
-2.0872
-2.2765
=2.4657
-2.6538
-2.8431
=-3.0323
-3.2204
-3.4097
-4.3548
=-5.2988
-6.2427
-7.1878
-8.1318
-9.0758
-10.0209
-10.9649
-11.9089
-12.8540
~-13.7979
-14.7419
-15.6859
-16.6310
-17.5750
-18.5201
-19.4640
-20.4080
=-21.3531
-22.2971
=27.9632
-33.6293
-39.2954
-44.9616
-50.6277
~-56.2938
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(First Rising Head Test)
Slug Test Analysis - Bouwer & Rice/Hvorslev’s Methods (V2.4.5)
Client: EPA Revised 11/05/91
Site: Rosehill Well ID: MW-14-01
Test by: K.Arena Date: 10/29/91
Analysis:K.Arena Date: 12/03/91
USER INPUT DATA WORKSHEET A= 2.1 2.9
Aquifer Thickness= 11.1 FIGURES B = 0.34 0.46
Exposed Len. (Le) = 10 C = 1.8 2.7
Well Length (Lw) = 7.1 R(eq) = 0.1873 0.1056 0.1056
Casing Radius(Rc)= 0.083 Est. Rw 0.150
Well Radius (Rw) = 0.333 Est. n 0.040
Sandpack Porosity= 0.270 log(Le/Rw) 1.3284 1.6746
Slug Volume = 0.025 1n(Re/Rw) 2.0085 2.2926
Static Level = 28.10 Max. Y(t) 0.72
Offset time = 0.1666 Regr. Y(0) 0.71
Shape Factor = 18.5 Casing Y(0) 1.15 DRAINED
(F from est. Rw) 15.0
ft/min cm/sec ft/day
Bouwer & Rice - user porosity & Rw 1.3E-02 2.6E-02 19.25
Bouwer & Rice - estimated porosity 4.3E-03 8.4E-03 6.13
Bouwer & Rice - estimated Rw 4.9E-03 9.6E-03 6.99
Hvorslev - user porosity and Rw 1.6E-02 3.2E-02 23.15
Hvorslev - estimated porosity 5.1E~03 1.0E-02 7.36
Hvorslev - estimated Rw 6.3E-03 1.2E-02 9.09
Regression Output:
Constant 0.110892
Std Err of Y Est 0.008050
R Squared 0.994296
No. of Observations 7
Degrees of Freedom 5
X Coefficient(s) =-2.69507
Std Err of Coef. 0.091281
Indicate
Time level Drawdown ln(Y) Regress. EST 1lnY
(min) (ft) Y(t) ft Range
0 -1.25 1.25 0.2231 0.1109
0.0033 -1.25 1.25 0.2231 0.1020
0.0066 -1.21 1.21 0.1906 0.0931
0.0099 -1.2 1.20 0.1823 0.0842
0.0133 -1.2 1.20 0.1823 0.0750
0.0166 -1.17 1.17 0.1570 0.0662
0.02 -1.16 1.16 0.1484 0.0570
0.0233 -1.15 1.15 0.1398 0.0481
0.0266 -1.13 1.13 0.1222 0.0392
0.03 -1.12 1.12 0.1133 0.0300
0.0333 -1.11 1.11 0.1044 0.0211
0.05 -1.05 1.05 0.0488 -0.0239
0.0666 -1 1.00 0.0000 -0.0686
0.0833 -0.94 0.94 -0.0619 -0.1136
0.1 -0.89 0.89 -0.1165 -0.1586
0.1166 -0.84 0.84 -=0.1744 -0.2034
0.1333 -0.8 0.80 =-0.2231 -0.2484
0.15 ~-0.76 0.76 -0.2744 -0.2934
0.1666 -0.72 0.72 -0.3285 b -0.3381
0.1833 -0.68 0.68 -0.3857 -0.3831



0.2
0.2166
0.2333

0.25
0.2666
0.2833

0.3
0.3166
0.3333
0.4167

0.5
0.5833
0.6667

0.75
0.8333
0.9167

1
1.0833
1.1667

1.25
1.3333
1.4166

1.5
1.5833
1.6667

1.75
1.8333
1.9167

2.

3.

VDWW, OWLWON

~-0.65
~0.62
-0.59
~0.57
-0.55
-0.53
-0.52

-0.5
-0.48
-0.42
-0.39
-0.36
-0.35
-0.34
-0.33
-0.32
-0.32
-0.31
-0.31

~0.3

~-0.3
-0.29
-0.29
-0.29
-0.29

-0.29
-0.28
-0.28
-0.27
-0.26
-0.25
-0.25
-0.24
-0.24
-0.24
-0.23
-0.23
-0.23
~0.22
-0.22
-0.22
-0.21
~0.21
-0.21

-0.2
-0.19

0.65
0.62
.59
.57
.55
.53
.52
.50

.35
.34
.33
.32
.32
.31
.31
.30
.30
.29
.29

.29
.29
.29
.28
.28
.27
.26
.25
.25

.24

.23
.23
.23
.22
.22
.22
.21
.21
.21
.20
.19

[eNeNoNeoNeNoNeoNaNoleoNeNoNoNoNoNolsNoNeoNoNoNeNaoNoNoNoNeNoNoNoNoleNoReNeNoNeNojloNeNollolNo o)

.4308
.4780
.5276
.5621
.5978
.6349
.6539
.6931
.7340
.8675

9416

.0217
.0498
.0788
.1087
.1394
.1394
L1712
.1712
.2040
.2040
.2379
.2379
.2379
.2379
.2379
.2379
.2730
.2730
.3093
.3471
.3863
.3863
4271
.4271
.4271
.4697
.4697
.4697
.5141
.5141
.5141
.5606
.5606
.5606
.6094
.6607

.4281
.4729
.5179
.5629
.6076
.6526
.6976
.7424
.7874
.0121

2366
4611
6859
9104

.1349
.3597
.5842
.8087
.0335
.2580
.4825
.7070
.9317
.1562
.3810
.6055
.8300
.0548
.2793
.6268
.9743
.3219
.6694
.0170
.3645
.7120
.0596

4071

.7547
.1022
.4497
.7973
.1448
.4924
.8399
.2301
.6202
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ISOAQX (C) v2.70 --- FILE C:MW01-02.01
test # comb: 2

unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 3.00E-03
root mean squared error (ft) = -5.68E-03
transmissivity (ft**2/day) = 1.01
storativity (dimensionless) = 9.82E-03
initial head (ft) = 0.750
casing radius (ft) = 0.250
screen radius (ft) = 0.250
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ISOAQX (C) v2.70 --- FILE c:mw03a.01
test # comb: 1
unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 1.00E-03
root mean squared error (ft) = -2.02E-02
transmissivity (ft**2/day) = 396.98
storativity (dimensionless) = 5.64E-08
initial head (ft) = 0.780
casing radius (ft) = 0.250
screen radius (ft) = 0.250

Test  runm w?lé/\ (OVW\COZ&/ 0/5(715(
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ISOAQX (C) v2.70 --- FILE A:MW04-03.01
test # comb: 6

v —— ————— — ——  — ——— — —— = D A T - - - - ——— - —— W . W Y D D W WS e - -

unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 3.00E-03
root mean sgquared error (ft) = -2.29E-02
transmissivity (ft**2/day) = 6.31E-02
storativity (dimensionless) = 5.67E-02
initial head (ft) = 0.770
casing radius (ft) = 0.250
screen radius (ft) = 0.250

- —— T R e D S —— - - —— - —— - —— e - — = —
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‘ ISOAQX (C) v2.70 --- FILE A:MW07-02.01
test # comb: 7

. — - ——— o ——————— — i ————— —— —— - ——— - - - — - —— ——————————— ———— -

unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 3.00E-03
root mean squared error (ft) = ~-4.24E-01
transmissivity (ft**2/day) = 2.38E-01
storativity (dimensionless) = 3.56E-01
initial head (ft) = 1.790
casing radius (ft) = 0.250
screen radius (ft) = 0.250
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ISOAQX (C) v2.70 --- FILE A:MW08-02.01
test # comb: 1
unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 3.00E-03
root mean squared error (ft) = -4 .33E-02
transmissivity (ft**2/day) = 92.22
storativity (dimensionless) = 1.89E-04
initial head (ft) = 1.930
casing radius (ft) = 0.083
screen radius (ft) = 0.083
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Is0oAaQX (C) v2.70 --- FILE A:MW11-03.01
test # comb: 4

unbiased C-B-P SLUG TEST MODEL:
full analysis: all active data points used

using closure tolerance setting = 3.00E-02
root mean squared error (ft) = -2.10E-02
transmissivity (ft**2/day) = 3.72
storativity (dimensionless) = 1.69E-02
initial head (ft) = 1.870
casing radius (ft) = 0.250
screen radius (ft) = 0.250
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Gartner Lee, Inc.

January 22, 1992

Ms. Deborah Simone
Project Manager

105 Main S

Niaga?anFal‘Irse.el\tlY 14303 Metcalf & Eddy

Fax (716) 285-8275 P.O. Box 4043

(716) 285-5448 Woburn, MA 01888-4043

Dear Ms. Simone:

Professional Services
in Environmental

Management Re:  Geophysical Survey Results, Rose Hill Regional Landfill Superfund
it th Kin wn, Rhode Island

We are pleased to forward you this report for the above noted investigation.
The report contains the methodologies, results and conclusions of the
geophysical surveys performed May 21% through June 13™. The geophysical
survey data, presented in profile format, are located at the end of the report
and are referenced to your base map.

At the request of Metcalf & Eddy, the original seismic refraction data results
~ were re-processed and re-calibrated based upon additional borehole
information gathered during a recent Metcalf & Eddy drilling program. The
results of the re-calibrated seismic data are discussed in detail in Sections 1.0,
2.3, 3.4 and 4.4. The seismic refraction data indicates that bedrock
topography is variable throughout the study area and appears to deepen
towards the Saugatucket River.

On November 4" through 6", 1991 Lines 4 through 25 were voluntarily re-
surveyed at a 20 meter intercoil spacing with a Geonics EM34-3. The site
was revisited as a result of a mechanical problem with the equipment that
occurred during the initial survey. A discussion of the methodologies, results
and conclusions of the EM34-3 survey are in Sections 1.0, 2.1.1, 3.1 and 4.1.

The EM 34-3 survey identified 20 anomalies that may be due to the presence
of contaminated fill, soils or ground water. The anomalies are discussed in
detail in Sections 3.1 and 4.1. The background values of apparent
conductivity for the site were very low, between 0 and 2 milliSiemens per
meter (mS/m). When the values of apparent conductivity are very low, error




Page 2
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due to coil misalignment with the EM34-3 equipment can equal or exceed real changes
in conductivities that may result from subsurface contaminants or
stratigraphic/lithologic changes.

The VLF and near surface EM31-DL survey data are generally of good quality. VLF
data were collected along three survey lines at the site and identified three anomalies
that may be representative of north trending fracture zones or igneous intrusions
(Section 4.3). The near surface EM31-DL survey was performed along two profile
lines. The EM31-DL survey identified two anomalies that may represent contaminated
soils, fill or ground water contamination (Section 4.2).

We trust this information is sufficient for your needs. We would like to take this
opportunity to thank Metcalf & Eddy for involving us in this most interesting project. If
there are any questions, please feel free to contact us.

Respectfully submitted,
GARTNER LEE, INC.

FoR
David D. Slaine, M.S., C.G.W.P.

Principal
Hydrogeologist/Geophysicist
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1.0 In uction

On May 21% through June 13", 1991, a geophysical investigation was performed at the
Rose Hill Regional Landfill Superfund Site in South Kingstown, Rhode Island. The
geophysical surveys included electromagnetic profiling (EM34-3, EM31 and VLF) and
a seismic refraction survey.

All geophysical methods utilize interpretative techniques which can be significantly
impacted by varying site conditions. EM and VLF anomalies can only be identified if
they show recognizable patterns against data representative of background or natural
conditions. Seismic data relies upon borehole or testpit control to interpret bedrock
topography and overburden stratigraphy.

Upon completion of the geophysical surveys, limited borehole information was
available for use to calibrate the seismic refraction data and interpret the EM data.
The drilling data that did exist was generally of poor quality and somewhat suspect as
depth to bedrock was not confirmed by obtaining core samples.

Upon completion of the geophysical investigation, Metcalf & Eddy installed monitoring
wells and completed test borings at the site. Metcalf and Eddy then compared the
additional borehole information to the results of the seismic refraction survey. It was
determined that the additional borehole information could be used to re-calibrate the
seismic refraction data. Metcalf & Eddy requested that Gartner Lee re-interpret the
seismic data with the additional borehole information to attempt to achieve a more
accurate profile of subsurface conditions. Gartner Lee re-interpreted the seismic
refraction data and the revised data are presented herein.

The additional borehole information raised suspicions as to the validity of the 20 meter
intercoil EM34-3 data collected on the eastern portion of the site. The initial
interpretation of the EM data appeared to show a lithologic or stratigraphic change
occurring at or near the Mitchel Brook stream valley. The results of the Metcalf and
Eddy drilling program did not reveal a significant lithologic or stratigraphic change at
the site. As a result, Gartner Lee voluntarily remobilized the site with an EM34-3 on
November 4" through 6%, 1991. The site was revisited by Gartner Lee to test a
hypothesis of possible mechanical problems with the EM equipment during the initial
survey. The second EM survey revealed that a mechanical problem had occurred
during the initial survey with the 20 meter cable. The anomalous areas were resurveyed
at a 20 meter intercoil spacing and tied into the initial survey data. The results of the
revised survey data are presented herein.



Page 2

The following report discusses the methodologies, results and the conclusions of these
three geophysical surveys.

1.1 Background Information

According to on-site Metcalf and Eddy personnel, the Rose Hill Regional Landfill Site
is 70 acres in area. The site was previously utilized as a gravel quarry prior to initiation
of landfill operations. Three closed landfills currently exist on the 70 acre site. These
landfills are a solid waste landfill, a bulky waste landfill and a sewage sludge landfill.

The solid waste landfill is approximately 28 acres in area and accepted wastes from
1967 though 1983. The solid waste landfill is located along the western site boundary.

The bulky waste disposal area is approximately 11 acres in size and operated from 1978
to 1983. The bulky waste landfill is located in the southern portion of the site.

The limits of the sewage sludge landfill are currently unknown. The sewage sludge

landfill accepted sludges from 1977 to 1983. The sewage sludge landfill was located in
the northeast portion of the site.

The southern portion of the site is currently owned by the Town of South Kingstown
which constructed and operates a waste transfer station on-site. The remaining area of

the site is owned by a private citizen which operates a trap and skeet shooting facility
and a hunting dog training facility.

1.2 Purpose and Scope
The purpose of the geophysical surveys were to:

. map conductive zones around the periphery of the waste sites that may be
attributed to ground water contamination;

L] delineate areas of fill;
. map major bedrock features; and

. map bedrock topography and where possible, overburden stratigraphy.
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2.0 Methodologies

To meet the objectives of the investigation, Metcalf & Eddy requested an EM34-3
survey, an EM31-DL survey, a VLF survey and a seismic refraction survey to be
completed at the site. Data for each geophysical technique were collected and
presented as two-dimensional profiles. Geophysical survey line locations were
determined by Metcalf & Eddy personnel prior to Gartner Lee mobilizing to the site.
Gartner Lee adopted Metcalf & Eddy’s nomenclature for referencing the site survey
lines for the purpose of this report.

2.1 Electromagnetic (EM) Surveys
2.1.1 EM34-3 Survey

The EM-34-3 survey was performed along 27 profile lines (Lines 1 through 26, and S3)
from May 22" to June 13", 1991. The site was re-visited on November 4™ through 6%,
1991 to re-survey Lines 4 through 26 and S3 at a 20 meter intercoil spacing. Survey
lines were cleared, staked and labelled by Metcalf & Eddy personnel at 100 foot
increments.

Data were collected at 25 foot increments along profile lines 1 through 26, and S3 with
a Geonics EM34-3 Terrain Conductivity Meter and solid state data logger. The EM34-
3 device is equipped with a transmitter coil and a receiver coil that can be separated by
10, 20 or 40 meters intercoil spacings. Data were collected at the site with the coil’s

dipole oriented horizontally and vertically and at 10 and 20 meter intercoil separations.

The EM34-3 was used to measure the quadrature component of the electromagnetic
field at each station. The quadrature component data are a measurement of the
apparent ground conductivity collected in units of millisiemens per meter (mS/m). The
quadrature component data are representative of changes in the electrical conductivity
of pore fluids, the presence of buried metals and fills, changes in saturated soil types,
changes in bedrock lithology, and the presence of saturated bedrock fractures.

The depth of investigation of the EM34-3 is dependant upon the coil’s dipole
orientation and the intercoil spacing. The effective depth of investigation with the
dipoles oriented horizontally is equal to approximately 0.75 the intercoil separation.
The effective depth of exploration with the dipoles oriented vertically is equal to
approximately 1.50 times the intercoil spacing. The effective depths of exploration for
the site survey is as follows:
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. 10 meter intercoil spacing, horizontal dipole mode: surface to 7.5 meters.
. 10 meter intercoil spacing, vertical dipole mode: near surface to 15 meters.
. 20 meter intercoil spacing, horizontal dipole mode: surface to 15 meters.
. 20 meter intercoil spacing, vertical dipole mode: near surface to 30 meters.

Apparent conductivity data collected in the horizontal dipole configuration are more
representative of near surface conditions than apparent conductivity collected in the
vertical dipole configuration. Data collected in the horizontal dipole configuration are
less sensitive to the presence of buried metals, vertical fractures and data collection
error due to coil misalignment relative to data collected in the vertical dipole
orientation.

The data were digitally recorded with a solid state data logger. The data logger was
interfaced daily to a portable laptop computer and the data were transferred to a floppy
disk for subsequent processing an interpretation.

The EM34-3 was mechanically and electronically nulled daily following procedures
specified in the operations manual, however, data collected in May and June on the
east side Mitchel Brook were not tied into data collected on the west side of Mitchel
Brook. This resulted in a failure to identify an electrical problem after it had occurred
in the 20 meter cable. The damaged cable resulted in the 20 meter data collected on
the east side of Mitchel Brook to appear 20 to 30 mS/m above the values recorded west
of Mitchel Brook. The 20 to 30 mS/m offset was initially attributed to a lithologic or
stratigraphic change suspected to occur at or near the Mitchel Brook stream valley.
The data became suspect after results of the Metcalf & Eddy drilling program became
available and after speaking with Geonics, the equipment manufacturer. To examine
the validity of the 20 meter intercoil data collected at the site, Gartner Lee voluntarily
remobilized to Rose Hill in November and collected data along Lines 4 through 26 and
Line S3. The data recorded in November demonstrated that the 20 meter cable was
damaged and that the 20 meter data are similar on both sides of Mitchel Brook.

2.1.2 EM31-DL Survey

Data were also collected along survey lines S7 and Mitchel Brook (revised line 3) with a
Geonics EM31-DL and solid state data logger. The Geonics EM31-DL has a fixed
intercoil spacing of 3.67 meters. Quadrature and in-phase data were simultaneously
collected at approximately 2.5 foot intervals with the dipoles oriented vertically along
the two survey lines. The quadrature component data, as mentioned above, are a
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measurement of the apparent ground conductivity. Quadrature component data were
collected in units of mS/m. The EM31-DL also records the in-phase component of the
electromagnetic field measured in units of parts per thousand (ppt). The in-phase
component data are susceptible to the presence of highly electrically conductive
materials such as metals. All readings with the EM31-DL were taken with the
instrument oriented parallel to the direction of travel, in the vertical dipole mode and
with the instrument at waist height.

The EM31-DL was nulled prior to data collection following procedures specified in the
operations manual. Readings were automatically stored in a solid state data logger
during the survey. The data logger was interfaced to a portable computer and the data
were transferred to a floppy disk for subsequent processing and interpretation.

Both EM34-3 and EM31-DL data were edited and analyzed utilizing the Geonics
software package DAT34-3/DAT31Q and LOTUS 123. Data were then plotted and
presented utilizing the Golden Software package GRAPHER. The EM34-3 data are
presented as Figures 1 through 31. The EM31-DL data are presented as Figures 32 and
33.

2.2 Ve w Fr ncy (VLE v

A VLF survey was performed along three survey lines designated VLF 1, 2 and 3 (EM
survey Line 5, seismic Line 4 and EM Line 11). Data were collected at 12.5 foot station
intervals with an ABEM Wadi VLF instrument. VLF surveying utilizes the magnetic
components of the electromagnetic field generated by the VLF band (15 to 30 kHz)
military navigation radio transmitters. Buried electrically conductive material locaily
affects the direction and strength of the VLF transmitter signal (primary field). A
secondary field is generated around the buried conductor through electromagnetic
induction.

The Wadi VLF meter measures and records the ratio (in percent) of the horizontal and
vertical in-phase components of the total VLF field. This measurement is commonly
referred to as the in-phase or real part data. The in-phase or real data is equivalent to
tilt angle data which was measured by analog VLF meters. The device also measures
and records the ratio (in percent) of the out-of-phase components of the total VLF
field. This measurement is commonly referred to as the ellipticity, out-of-phase or
imaginary data.

The depth of penetration with the Wadi VLF instrument is dependant upon the
resistivity of the subsurface material and to a lesser extent the frequency of the VLF
transmitter. As the resistivity of the subsurface increases (terrain conductivity



Page 6

decrease) the depth of penetration increases. For the terrain conductivities observed at
the Rose Hill Landfill Site (approximately 3 to 20 mS/m or 330 to 50 ohm-meters) the
estimated depth of penetration was approximately 30 to 70 meters. Below this depth at
this specific site, the transmitted VLF signal becomes too weak to induce a secondary
field around a conductive body.

The Wadi VLF device also applies a Hjelt filter to the tilt angle and ellipticity data and
stores the data separately in the solid state memory. A Hjelt filter is similar to the more
familiar Fraser filter in that it was designed to be used with data that exhibits cross over
type responses. The Hjelt filter differs in that the filter attempts to determine current
flow and distribution responsible for producing the measured magnetic field. The error
introduced by this filter is believed to be less than 8%. The filtered in-phase or tilt
angle data is equivalent to the current density. Filtered tilt angle data always exhibits a
positive anomaly over a buried conductor. Filtered tilt angle anomalies tend to deviate
from zero dependant upon conductivity and depth of burial. The filtered imaginary or
ellipticity data can exhibit both positive and negative anomalies over a conductor.
Filtered and unfiltered imaginary data are less dependant upon conductivity, shape and
depth of burial. As a result, all interpretations were made based upon the filtered and
unfiltered tilt angle data.

For identifying buried bedrock fractures, the fractures should approximately trend
towards the transmitting station. A bedrock outcrop was visited north of the site along
Highway 138. This outcrop exhibited northerly tending fractures. As a result, the VLF
transmitter used for the Rose Hill Landfill survey was located in Cutler, Maine which
transmits at a frequency of 24.0 kHz. An attempt was made to use a transmitting
station located in Seattle, Washington to examine the presence of east-west trending
steeply dipping fractures This attempt was unsuccessful due to low 51gnal strength from
the Seattle, Washington transmitter.

2.3 Seismic Refraction Surve

A 24 channel EG&G 2401 Digital Instantaneous Floating Point (DIFP) seismograph
was utilized to collect seismic refraction data at the Rose Hill landfill Site.

Available site information, concerning depth to bedrock and overburden materials,
suggested that a refraction survey would be the most suitable seismic technique to
employ at the Rose Hill Landfill Site. Seismic data are collected by generating a shock
wave and recording the travel time and amplitude of the wave at nearby locations. The
shock wave travels downward into the earth and reflects/refracts back to surface off
geologic strata. The amplitude of the returning signal is measured as a function of time
with ultra-sensitive motion detectors (geophones), and transmitted through a cable to a
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digital recording device; a seismograph. After field acquisition of the data is
completed, Gartner Lee utilized the General Reciprocal Method (GRM) of seismic
refraction data analysis.

Seismic line locations were selected by Metcalf & Eddy to provide information on
overburden stratigraphy and bedrock topography at the Rose Hill Landfill Site. A total
of seven seismic lines were surveyed during the May/June work. These data were
collected using a geophone spacing of 16 ft (5 meters). All data were collected using a
single 14 Hz geophone per channel. A 10 pound sledge hammer and steel plate was
used as the seismic source. For each shot, data were stacked from 1-5 times. "Stacking"
of shots is used to improve the signal-to-noise ratio of the data. All shots were stacked
until good "first breaks" were observed on the QA/QC printout of the seismograph.
First breaks are the time of onset of the refracted wave arrival. The accurate
measurement of these first break times is crucial for quality refraction analysis.

The data for the Rose Hill landfill were collected using 24 channels per seismic spread.
Each spread was overlapped 4 geophones as the line progressed. For each spread, 9
shots were made at varying shot to geophone offsets. The far offset (typically 60 to 120
ft.) was chosen so that all first breaks measured for that shot were refractions off the
bedrock interface. This was necessary to provide complete GRM coverage of the
bedrock refractor. Data were collected and stored on a 24 channel engineering
seismograph. Each evening, data were transferred to a lap top computer and backed up
on floppy disks.

Due to the seismic noise caused by the transfer station located at the southern end of
the site, long delays in seismic data collection were encountered waiting for noise levels
to reduce such that data collection could commence. Twenty-four channel seismic data
collection in the immediate vicinity of the transfer station was only possible during early
morning hours and evening hours when the facility was closed.

At the completion of the survey, data were collected from shots along a "weathering
spread”. The weathering spreads were used to delineate the near surface velocity
variations. The geophone spacing for the weathering spreads was approximately 3 feet
(1 meter).

The first step in data interpretation involved selecting the "first break” arrival times
from the seismic traces. These measurements represent the arrival times of the p-wave
seismic energy refracted along layers exhibiting significant velocity contrast. From
these data, the number and velocities of the subsurface layers are determined.
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The GRM of analysis was used to convert the data from measurements of time to
measurements of layer thickness. The GRM allows for the interpretation of data from
a number of undulating refractors and was used to interpret the arrival times from each
layer. The technique accepts variation in both the surface topography and the velocities
of the upper layers.

Seismic data provides an estimation of layer thickness. The process of converting
refraction arrivals in units of time (milliseconds) to depth (feet) has an approximate
accuracy of */- 15%. The lithologic interpretation is based upon seismic velocities
correlated to geologic information obtained from borehole logs. Seismic profile data
should be used as relative estimates to evaluate changes in overburden stratigraphy and
bedrock topography between borehole locations.

Upon completion of the geophysical surveys, Metcalf and Eddy installed monitors and
test borings at the site. The additional information obtained from the recent Metcalf
and Eddy drilling program at the site was then used to re-calibrate the seismic data.

3.0 Results

3.1 EM34 Resul

The EM34 survey was performed along 27 survey lines. The purpose of the EM34-3
survey was to identify areas of contaminated soils and fill materials and to identify the
presence of groundwater contamination.

The EM results indicate that the soils and bedrock of the site are very resistive (low
conductivities). Values of background apparent conductivity observed at the site were
approximately between 0 and 2 mS/m. These values are indicative of coarse textured
soils and/or granitic bedrock.

It should be noted that the vertical data for some of the profiles presented are erratic or
"noisy” as a result of the presence of fill material or buried metals. Vertical dipole data
can also appear noisy or erratic as this dipole orientation is more sensitive to coil
misalignment.

The following is a discussion of pertinent physical features noted along each survey line
and the annotated anomalies observed during the EM34 survey. It should be noted that
anomalies annotated with a capital letter were observed when the dipoles were oriented
horizontally and anomalies annotated with small case letters correspond to anomalies
observed with the dipoles oriented vertically. An attempt was made to keep the vertical
and horizontal scales equal for comparison purposes. Exceptions were made for lines
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that contained erratic or noisy data such as Lines 3, 4 and 14 as well as along extremely
long survey lines such as the cumulative presentation of Lines 15 through 26.

Line 1 Horizontal Dipole Data (Figure 1

Line 1 was located on the west side of Rose Hill Road on the west side of the site. Data
were collected in a south to north direction. Dead trees were noted at station locations
175 to 200, 425, and 875 North. Overhead power lines were noted at locations 650 and
800. The presence of the overhead power lines may have resulted in some signal
interference at these locations.

A water table measurement taken at the completion of test boring X-2 was
approximately 26 feet. If the water table was approximately the same depth during the
survey, the 10 m horizontal dipole readings would have been performed in mostly
unsaturated overburden. Anomalies observed during data collection in the 10 meter
horizontal dipole mode are probably indicative of stratigraphic changes and possibly the
presence of fill materials at this survey line location.

Background apparent conductivities were approximately 2 mS/m and were observed
along the southern and northern extents of the line. The following anomalies were
observed:

(A) An anomaly of approximately 3 mS/m above background was noted in the 20
meter horizontal dipole data. A slight increase in elevation was noted at this location.
A dead tree was also noted at this location. This anomaly may be due to the presence
of ground water contaminants or a stratigraphic change.

(B) An above background anomaly of approximately 2 to 3 mS/m above background
was noted in the 10 and 20 meter horizontal dipole data. Overhead power lines were
noted in the vicinity and may have contributed to the observed response. This anomaly
may be due to the presence of overhead power lines, a stratigraphic change or the
presence of subsurface contaminants.

(C) An anomaly of approximately 2 mS/m above background was noted in the 10
meter horizontal dipole data. An anomaly of approximately 2 mS/m below background
was noted in the 20 meter horizontal dipole data. Dead oak trees were noted in the
vicinity of this anomaly. This anomaly may represent an area of near surface fill or a
stratigraphic change.
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(D) A broad anomaly of approximately 3 mS/m above background was noted in the 10
and 20 meter horizontal dipole data. This anomaly may represent the presence of
contaminated soils, contaminated ground water or a stratigraphic change.

Line 1 Vertical Dipole Data (Figure 2)

(a,b) Anomalies "a" and "b" were observed in the vicinity of overhead power lines. The
presence of the power lines are probably responsible for the erratic response observed
at these locations.

(c) A relatively high apparent conductivity anomaly, approximately 6 mS/m above
background, was noted at this location in the 20 meter vertical dipole mode. This
anomaly may be due to the presence of a buried conductor.

(d) Anomaly "d" was a low apparent conductivity anomaly approximately 2 to 5 mS/m
above background that corresponds to the anomaly D of Figure 1.

(e) Anomaly "e" was observed as a apparent conductivity low. A house was noted in
the vicinity of this anomaly as well as a mail box. This anomaly may represent a
stratigraphic change or noise due to surface anthropogenic features.

Line 2 Horizontal Dipole Data (Figure 3)

Line 2 was located on the southwest side of the site, south of the transfer station access
road. Data were collected in a hummocky and wooded area. During data collection,
surface debris were noted along the survey line. During the planting of geophones for
the seismic refraction survey, plastic and paper debris were unearthed. Data were
collected west to east.

(A) Anomaly "A" was approximately 3 to 5 mS/m above background and was noted in
the 10 and 20 meter horizontal dipole data. This anomaly corresponded with a
decrease in surface elevation. This anomaly may represent a change in topography,
stratigraphy or the presence of fill.

Line 2 Vertical Dipole Data (Figure 4

(a,b) These apparent conductivity lows were observed in the vicinity of surface debris.
The erratic responses observed at these locations are probably due to the presence of
fill and metallic debris.
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Line 3 Horizontal Dipole D igur

Data were collected at Line 3 along the northern toe of the solid waste landfill. An
anomaly of approximately 20 to 50 mS/m above background was observed at this
location that probably represents the presence of contaminated fill and buried metals.
Prior to performing the EM survey, it was thought that survey Line 3 was not located on
fill material.

As a result of Line 3 being located on conductive fill material, 20 meter dipole data
were not collected. A topographic expression marking the apparent eastern extent of
the landfill was noted at 475 east. Dead trees were noted north of Line 3 between 125
and 325 east. A crushed 55-gallon drum was noted at location 425 east. Near
background values were noted at the end of the line.

(A) Anomaly "A" was located between location 0 east and 525 east and likely
represents the presence of contaminated fill. The erratic response observed in the
vertical dipole data suggests that the fill may contain buried metals.

Line 3 Vertical Dipole Data (Figure 6)

(a,c) Anomalies "a" and "c" are approximately 10 to 20 mS/m below background.
These apparent conductivity lows probably represents contaminated fifll materials with
associated buried metals.

(b) Anomaly b, (approximately 50 mS/m below background) is an apparent
conductivity low which represents buried metals or other highly conductive materials.

Line 4 Horizontal Dipole Data (Figure 7)

Line 4 was located near the north eastern corner of the solid waste landfill. Above
background data was observed along Line 4 suggesting that it was located on or near
the toe of the landfill.

(A) Anomaly "A", was a relatively high apparent conductivity anomaly in the 10 meter
intercoil spacing and a conductivity low and 20 meter intercoil spacing, probably
represents the presence of contaminated fill material buried within the toe of the solid
waste landfill. The erratic noisy response observed in the vertical dipole mode (Figure
8) at this location supports the hypothesis of the presence of contaminated fill with
associated buried metals.
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(B) Anomaly "B", abroad 10 and 20 meter intercoil spacing apparent conductivity
high, may represent an area of contaminated fill or ground water contamination. The
erratic noisy response observed in the vertical dipole mode (Figure 8) at this location
supports the hypothesis of the presence of contaminated fill with associated buried
metals. The response may have also been affected by the presence of the landfill
located to the west of the survey line.

Line 4 Vertical Dipole Data (Figur

(a,b) Erratic, noisy responses were observed in both the 10 and 20 meter intercoil
spacings. This response is often indicative of the presence of fill material with
associated buried metals.

Line 5 Horizontal Dipole Data (Figure 9)

Line 5 data were collected in-between the solid waste landfill and the bulky waste
landfill in what appears to be an eroded stream valley that now contains Mitchel Brook.
A regional trend of decreasing apparent conductivity values was observed from south to
north. This decreasing trend may represent increasing elevation. A swampy area was
noted along the south of the survey line and Mitchel Brook was crossed twice during the
Line 5 survey.

(A,B) Anomalies "A" and "B" were observed south and north of Mitchel Brook,
respectively. Both anomalies were observed at a 10 meter intercoil spacing. Anomaly
A was observed near a swampy area in the vicinity of Mitchel Brook and may represent
the presence of porous near surface organic sediments. Anomaly B was observed along
the north bank of Mitchel Brook and may represent the presence of near surface fill
material.

(C) Anomaly "C" was a narrow high 20 meter intercoil spacing response. This anomaly
was measured while the receiver was in a small ravine (approximately 8 feet deep). As
this anomaly is defined by only one data point and only in the 20 meter intercoil
spacing, it probably represents an error in coil alignment due to steep topography in the
ravine.

(D) Anomaly "D" was observed in the 10 and 20 meter intercoil spacings. This nomaly
was observed north of a paved access road in the vicinity of Mitchel Brook. This
anomaly may represent the presence of fill or a change in topography.

(E) Anomaly "E" was observed as a narrow high response in the 10 meter intercoil
spacing data. This anomaly was observed near the banks of Mitchel Brook. As this
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anomaly is defined by only one data point and only in the 10 meter intercoil spacing, it
probably represents an error in coil alignment due to steep topography.

Line 5 Vertical Dipole Data (Figure 1

(a,b) Anomalies "a" and "b" were observed as conductivity lows in the 20 meter
intercoil data. These anomalies were observed in the vicinity of the banks of Mitchel
Brook and may represent topographic changes or coil misalignment due to steep
topography.

Line 6 Horizontal and Vertical Dipole D Figures 11 and 12

Line 6 was located on the west side of the bulky waste landfill. The survey line was
located in a wooded area. A soil mound was observed at the southern extent of the
survey line.

(A,a) Anomalies "A" and "a" were conductivity lows which were observed in the 10

meter horizontal and vertical intercoil data. These anomalies may represent buried
metallic debris. A soil mound was noted in the vicinity of these anomalies.

Line 7 Horizontal and Vertical Dipole Data (Figures 13 and 14

Line 7 was located on the northwest side of the bulky waste landfill. Line 7 was located
in an area vegetated with grasses and brush. The following anomaly was observed.

(A,a) Anomalies "A" and "a" were narrow apparent conductivity lows observed in the 10
meter horizontal and vertical data. These anomalies may represent an area of fill that
contains metallic debris.

Line 8 Horizontal and Vertical Dipole D Figures 15 and 1

Line 8 was located on the west side of the sewage sludge landfill. The following
anomalies were observed.

(A,a) Anomalies "A" and "a" were narrow apparent conductivity highs that may be
representative of a pocket of fill material or coil misalignment.

Line 9 Horizontal and Vertical D Fioures 17 and 18
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Line 9 was located on the north side of the sewage sludge landfill. A regional trend of
increasing apparent condictivities was noted in the vertical data as the survey trended
east. This regional trend may be representative of a decrease in elevation.

Line 10Q Horizontal and Vertical D Fi 19 and 2!

Line 10 was located on the northeast corner of the sewage sludge landfill. A regional
trend of increasing apparent conductivities was observed that may represent a decrease
in elevation. The following anomaly was observed.

(A) A noisy response was observed in the 10 meter horizontal data. This response may
represent the presence of near surface fill material.

Line 11 Horizontal Dipole Data (Figpure 21

Line 11 was located on the east side of the sewage sludge landfill in a wooded area.
The following anomalies were observed.

(A) Anomaly "A" was a broad, low frequency anomaly that may represent a
stratigraphic change or the possible presence of fill, or the presence of contaminated
ground water. This anomaly is observed in both the 20 meter horizontal and 10 meter
vertical intercoil spacing data.

(B) Anomaly "B" was a high frequency apparent conductivity low observed in the 10
meter data. This anomaly may represent the presence of near surface fill containing
metals or represents coil misalignment.

Line 11 Vertical Dipole Data (Figure 22)

(a) Anomaly "a" was observed in the 10 meter data as a narrow apparent conductivity
high. This anomaly may be the result of poor alignment of the transmitter and receiver
coils due to topography or the presence of fill material.

(b) Anomaly "B" was associated with anomaly "A" (Figure 21). This anomaly may
represent a stratigraphic change, the presence of fill or the presence of contaminated
ground water.

Line 12 Horizontal and Vertical Data (Figures 23 and 24)

Line 12 was located along the eastern side of the bulky waste landfill. Due to the close
proximity of the eastern toe of the landfill to the survey line, some signal interference
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may have occurred especially as the intercoil spacings were increased to 20 meters. The
following anomalies were observed.

(A,B,a) Anomalies "A", "B" and "a" were observed along Line 12. These anomalies may
represent the survey lines close proximity to the bulky waste landfill or the presence of
contaminated soils or ground water. A gradual decrease in apparent conductivity was
also observed as the line proceeded north and may represent an increase in elevation.

Line 13 Horizontal and Vertical Data (Figures 25 and 26)

Line 13 was located on or near the southern toe of the bulky waste landfill. The
presence of the landfill may have caused signal interference. The following anomalies
were observed.

(A,B,a) Anomalies "A", "B" and "a" may represent an area of fill, contaminated soils
and/or contaminated ground water. The erratic, noisy response noted in the vertical
dipole mode suggests the presence of fill at or near the survey line with associated
buried metals.

Line 14 Horizontal D Figure 2

Line 14 was located on and near the southern toe of the bulky waste landfill. The toe of
the landfill appeared to topographically end at, or near station 250 east. The following
anomalies were observed.

(A) Anomaly "A" is a broad conductivity high that may represent an area of
contaminated soils and fill. The erratic response observed in the vertical data suggests
the presence of fill with buried metals.

Line 14 Vertical Data (Figure 2

(a, b) Anomalies "a" and "b" are believed to be representative of fill with associated
buried metals.

Lines 15 though 26 Horizontal D Figure 29

Lines 15 through 26 were located in fields and wooded areas on the east side of the
Saugatucket River.

(A) Anomaly "A" was observed in the vicinity of a wire fence. This anomaly may have
been caused by a the presence of metal in a wire fence.
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Lines 15 through 26 Vertical D Figure 30

(a) Anomaly "a" was a conductivity low probably due to the presence of a power line
observed south of this location.

Lin Horizontal Data (Figure 31

Line S3 trended east from the eastern toe of the solid waste landfill to the western toe
of the bulky waste landfill. The following anomalies were observed.

(A, B) Anomalies "A" and "B" represent the approximate extent of contaminated fill at
the solid waste and bulky waste landfills respectively.

Lin Vertical Data (Figure 32

(a,b) Anomalies "a" and "b" represent the approximate extent of fill at the solid waste
and bulky waste landfills, respectively.

3.2 EM31-DL Results

ream Survey, Mitchel Brook (Figur

Due to the presence of fill materials along EM Line 3, a secondary line was chosen
north of the solid waste landfill that followed the stream bottom of Mitchel Brook. Iron
stained soils were observed in the vicinity of Mitchel Brook that were thought to
represent leachate seeps or the presence of near surface contamination. In order to
map these possible near surface contaminants, an EM31-DL survey was requested.
Background values of apparent conductivity were approximately 1 to 2 mS/m at this
location. The following anomalies were observed.

(A) Anomaly "A", a broad apparent conductivity high that was 1 to 3 mS/m above
background readings, may represent an area of soil or ground water contamination.
This anomaly may also represent a near surface stratigraphic change.

(B) Anomaly "B", a negative apparent conductivity, probably represents the presence of
metallic debris. An above background in-phase response was also observed at this
location.

(C) Anomaly "C", a negative apparent conductivity and in-phase response is probably
due to the presence of metals in a bridge located at the end of the survey line.



Page 17

Lin Figure 34

It was noted during the seismic survey that iron stained soils, possibly due to leachate
seeps, were present along the swampy, northern extent of the survey line. While the
EM31-DL equipment was available on-site, Gartner Lee volunteered to perform a
survey along seismic survey line S7. The EM31-DL survey was performed to further
define the presence of possible near surface contaminants. The following anomalies
were observed.

(A) Anomaly "A" was located along the northern area of the survey line in a swampy
topographic low area. This anomaly may correspond to a decrease in elevation and the
presence of near surface ground water contamination.

3.3 VLF Results

The VLF survey was performed along three survey lines designated VLF 1, VLF 2 and
VLF 3. The purpose of the VLF survey was to identify the presence of steeply dipping
bedrock fractures that may act as preferential pathways for contaminant migration.
Two plots were constructed for each profile line. These plots consist of (1) unfiltered
tilt angle and unfiltered ellipticity data; and (2) filtered tilt angle and filtered ellipticity
data. All data are presented in units of percent. The following are the results of the
survey.

Line VLF 1 (Figures 35 and

Survey Line VLF 1 was located in the Mitchel Brook stream valley that separates the
sanitary landfill and the bulky landfill. The following anomalies were observed:

(A, B, C) Anomalies "A", "B" and "C" may represent steeply dipping fractures or dipping
conductive intrusions that trend northwards. Anomaly B appears to correlate to the
EM34-3 anomaly "D" of Figure 9.

Line VLF 2 (Figure nd 38
Survey line VLF 2 was a west-east trending survey line that was located along seismic
Line S4. This survey line was located north of the bulky waste area. The following

anomaly was observed.

(A) Anomaly "A", represented as a strong positive peak in the filtered data, may
represent a steeply dipping bedrock fracture or conductive igneous intrusion.
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Line VLF 3 (Figur 9 and 40

There were not any VLF anomalies observed at this line location.

3.4 Seismic Refraction Results

Results are presented in the form of depth profiles denoting velocity contrasts in the
subsurface. These have been corrected for near surface variations in velocity and
variations in surface elevations. Surface elevations are referenced to a surveyed
elevation of 64.27 feet above sea level at the 0+00 stake of Seismic Line 2. A total of
seven seismic lines were surveyed at the Rose Hill Landfill Site. The locations of these
lines are shown on Plate 1. The seismic depth sections are presented in Figures 41
through 48. Our interpretations indicate that bedrock topography, depicted with arcs
on Figures 41 through 48, is variable across the study area. In general, bedrock appears
to deepen to the east of the site towards the Saugatucket River.

Initial interpretation of the seismic data indicated three refracting layers, interpretted
as unsaturated overburden, saturated overburden, and bedrock. The unsaturated
overburden layer was initially interpretted as being a uniformly thin (5 to 10 ft.) low
velocity layer. Subsequent borehole data provided by Metcalf & Eddy,Inc. indicated
discrepancies in the depth to bedrock determined through analysis of the seismic data.
This difference was most notable in the northeast portion of the study area. As a result
of this discrepency, the seismic data were re-interpretted utilizing the borehole data.
The re-interpretation indicated that in the northeast portion of the site, four refracting
layers could be distinguished: (1) a near surface, loose, unsaturated, low velocity layer:
(2) an unsaturated overburden layer: (3) a saturated overburden layer; and (4) bedrock.
The initial interpretation grouped layers (1) and (2) together, which resulted in an
underestimation of the depth to the water table and bedrock. Since the water table in
the northeast portion of the site is relatively deep (> 20 ft.) a careful review identified
refractions from the unsaturated sands and silts of layer (2) on several geophone
channels. Where the water table was shallow it was not possible to identify and
separate layers (1) and (2). The geophone spacing was not short enough to record
arrivals from these shallow, thin layers. Data from the "short spreads"” ( 1 meter
geophone spacing) were utilized to determine an average velocity for these near surface
layers and this velocity was used for depth calculations along Seismic Lines S1, S2, S3,
and S7.

Figures 41 through 48 present the results of the seismic survey. Three layers were
interpretted on Lines S1, S2, S3, and S7. On Lines S4, S5, and S6 it was possible to
distinguish four layers. Boreholes, in the vicinity of the seismic lines, as well as seismic
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tie locations, are plotted on the figures where appropriate. For the four layer case, the
following approximate velocities observed were:

Layer 1 150 - 300 m/s loose, slow, unsaturated overburden;
Layer 2 450 - 750 m/s unsaturated overburden;

Layer 3 1300 - 1700 m/s saturated overburden;

Layer 4 3800 - 4500 m/s bedrock.

For the three layer case, the following approximate velocities observed were:

Layer 1 250 - 500 m/s unsaturated overburden;
Layer 2 1300 - 1700 m/s saturated overburden;
Layer 3 3800 - 4500 m/s bedrock.

It is likely that if a weathered bedrock zone exists above competent bedrock, the depths
interpreted from a seismic refraction survey would represent the competent bedrock.

It should be noted that irregular surface topography at the Rose Hill Landfill Site
adversely affected the definition of the bedrock refractor. Surface layers have low
velocities relative to the bedrock velocity. Variations in the thicknesses or velocities in
these shallow layers produce time anomalies which are much greater than anomalies
produced by similar variations in bedrock topography. For unsaturated overburden and
bedrock velocities of 300 m/s and 4200 m/sec respectively, a change in
thickness/elevation of the overburden of 1 meter corresponds to a 6.6 millisecond time
anomaly. This same time anomaly, if interpreted as a change in bedrock topography,
would correspond to a 13.9 meter apparent change in bedrock topography. However,
for this survey, this possible source of error was minimized as follows:

. by collecting data from weathering spreads along lines to identify near surface
velocity variations;

. by surveying the elevations of seismic lines; and

. and thorough interpretation and comparison of multiple forward and reverse

shots using the Generalized Reciprocal Method (GRM) of seismic refraction
interpretation.
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4.0 Conclusions

41 EM34-3 D

Values of apparent conductivity at the Rose Hill Site were very low (very resistive).
When the values of apparent conductivity are low, error due to coil misalignment can
equal or exceed small changes in apparent conductivity values, which could possibly be
representative of the presence of low levels of contaminants or stratigraphic/lithologic
change. Geophysical equipment other than that requested in the work plan may have
been better suited for mapping the resistive subsurface conditions observed at the Rose
Hill Site. This equipment includes, VLF resistivity and/or Ground Penetrating Radar
(GPR) profiling. The extremely resistive soils and bedrock at the site would have been
conducive for a GPR survey. A GPR survey may have helped identify the presence of
boulders, the water table, fill and possibly provided supplimental data of the bedrock

topography.

A general regional trend of decreasing apparent conductivities was observed as survey
lines trended north. This trend is believed to be due to the northward increase in
elevation at the site. No attempt was made to remove this regional trend from the data
by applying a low cut filter as the trend was felt to be of minor importance.

Several areas of broad, above background anomalies were identified at the site that can
be representative of stratigraphic change, topographic change or the presence of
contaminated ground water or soils were observed at the site. The following anomalous
areas were identified in the 10 and 20 meter horizontal dipole data that may represent
areas of contaminated fill, soils and/or ground water.

Line 1, Anomalies A & D (Figure 1)
Line 2, Anomaly A (Figure 3)

Line 3, Anomaly A (Figure 3)

Line 4, Anomalies A & B, (Figure 7)
Line 5, Anomaly D (Figure 9)

Line 6, Anomaly A (Figure 11)

Line 7, Anomaly A (Figure 13)

Line 8, Anomalies A & B (Figure 15)
Line 10, Anomaly A (Figure 19)

Line 11, Anomaly A (Figure 21)

Line 12, Anomalies A & B (Figure 23)
Line 13, Anomalies A & B (Figure 25)
Line 14, Anomaly A (Figure 27)

Line S3, Anomalies A & B (Figure 31)
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4.2 EM31-DL Data

The EM31-DL survey identified two areas of broad, above background quadrature
component anomalies. These anomalies are inferred to represent areas of near surface
soil and/or ground water contamination. These areas were located north of the solid

waste landfill and south of the bulky waste landfill. The following anomalies were
observed.

Stream Survey, Mitchel Brook, Anomaly A (Figure 33)
Line S7, Anomaly A (Figure 34)

4.3 VLF Data

The VLF data identified several conductive anomalies that may represent large fracture
zones or conductive intrusions in the bedrock. The following anomalies were observed:

Line VLF 1, Anomalies A and B (Figures 35 and 36)
Line VLF 2, Anomaly A (Figures 37 and 38)

4.4 Seismic Refraction Data

The seismic refraction surveys at the Rose Hill Landfill Site appear to have been
successful at delineated relative changes in bedrock topography along the profile lines.

Our interpretations indicate that bedrock topography is variable beneath the seismic
lines. Bedrock appears to deepen to the east of the site towards the Saugatucket River.

Relative changes in bedrock topography interpreted along profile lines is believed to be
representative of true, competent bedrock topography.
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APPENDIX C
SOIL GAS SURVEY DATA

Handheld Instrument Sampling Data
Field GC Sampling Data

Reduced Sulfur Sampling Data

Data and Regression Analysis

Summary of Landfill Gas Data Calculations
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ROSE HILL REGIONAL LANDFILL
REDUCED SULFUR SAMPLING
Raw Sampling Data

flow rate Temperature  Vacuum
Time (sec/140mi) (degrees F) (in Hg)
BW(04+100)-6 14:40 3
14:50 3
15:00 3 50 13.6
15:20 3 50
15:34 3 50
Averages 3 50 13.6
flow rate Temperature  Vacuum
Time (sec/140ml) (degrees F) (in Ha)
S$5(08-000)-12 10:34/10:48 60 14
10:55 3.3
11:10 3.3 61 14.5
11:30 3.3 61 14.5
11:50 3.3 61 14
12:05 3.3 62 14
12:25 3.3 63 14.5
12:43 3.3 64 15
13:05 3.3 70 15
Averages 3.3 61.7 14.4
flow rate Temperature  Vacuum
Time (sec/140ml) (degrees F) (in Hg)
BW(05+500)-12 17:15 16
17:40 3 65
17:50 2
17:58 2
Averages 2.3 65 16
flow rate Temperature  Vacuum
Time (sec/140ml) (degrees F) (in Ha)
BW(13+300)-12 10:43 3 52 1
10:59 3.1 52 1"
11:14 3.2 54 11
11:30 3 54 1
11:45 3 53 1
12:02 3 52 11
12:15 3 52 1"
12:35 3 56 11.5
Averages 3.0 53.1 111



ROSE HILL REGIONAL LANDFILL
REDUCED SULFUR SAMPLING
Raw Sampling Data

flow rate Temperature  Vacuum
Time (sec/140ml) (degrees F) (in Hg)
BW(11+500)-5 15:37 3.1 64 13.5
15:51 3 62 13.3
16:13 2.8 63 13.2
16:34 2.8 64 13.3
16:56 2.8 64 13.4
17:10 29 64 13.5
17:30 2.8 66 13.5
18:00 25 61 13.6
18:07 2.5 60 13.6
Averages 2.8 63.1 13.4
flow rate Temperature Vacuum
Time (sec/140mi) (degress F) (in Hg)
SW(03+300)-6 09:59 25 62 14
10:12 25 60 13.4
10:30 2.5 60 134
10:45 2.5 60 13.5
11:05 2.5 60 13.5
11:30 25 70 13.5
11:45 2.5 70 13.5
11:59 2.5 70 13.5
Averages 2.5 64 13.5
flow rate Temperature  Vacuum
Time (sec/140mi) (degrees F) (in Hg)
BW(03+300)-6-DUP 12:12 2.5 70 13.5
12:32 2.4 74 134
13:03 2.5 76 135
13:30 2.6 73 13.5
13:48 2.5 76 13.5
Averages 2.5 73.8 13.48
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Field GC Results vs. Fixed Lab Results for VOCs in Soil Gas
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(Thousands)
Lab Results (mg/m3)
COMPOUND lab result  Field Result
mg/m3
Benzene 2.9 6.1
cis—1,2-Dichloroethene 1.5 8.7
cis~1,2-Dichloroethene 7100 3800
cie-1,2-Dichioroethene 17 4.3
cis~1,2-Dichloroethene 8100 12000
cis—1,2-Dichloroethene 43 101
Ethylbenzene 25 42
Ethyibenzene 12 18
Ethyibenzene 58 13
m,p-Xylene 24 20
m,p-Xylene 33 87
m,p—Xylene 41 84
Methylene Chiloride 8.3 180 Regression Output;
Toluene 83 109 Constant -30.8865
Toluene 21 3 Std Errof Y Est 600.68389 R
Toluene 71 140 R Squared 0.850304 0.926988
Toluene 21 a8 No. of Observations 82
Toluene 34 37 Degrees of Freedom &0
trans-1.2-Dichlorosthene 4 142
Trichloroethene 0.45 12 X Coefficient(s) 1.007830
Trichloroethene 38 20 Std Err of Coef. 0.052847
Trichloroethene 31 200
Vinyl Chioride 1300 85
Vinyl Chloride 1000 83

38 (0,0) points



Field GC Reguits vs. Fixed Lab Results for VOCs in Soil Gas

(Omitting the highest four data points)
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Lab Results (mg/m3)
COMPOUND lab result  Field Result
mgy/m3

Benzene 29 6.1
cie-1,2-Dichioroethene 1.5 6.7
cis—1,2-Dichloroethene 17 43
cie~1,2-Dichloroethene 43 101
Ethylibenzene 25 42
Ethytbenzene 12 18
Ethylbenzene 5.6 13
m,p-Xylene 24 29
m,p-Xylene 33 6.7
m,p-Xylene 41 64 Regression Output:
Methylene Chloride 83 180 Constant 7.989057
Toluene a3 109 StdErof Y Est 35.09335 R
Toluene 21 3t R Squared 0.400837 0.833117
Toluene 71 140 No. of Observations 58
Tolusne 21 38 Degrees of Freedom 56
Toluene 34 37
trans-1,2-Dichloroethense 4 142 X Coefficient(s) 1.727805
Trichloroethene 0.45 12 Std Err of Coet. 0.282285
Trichloroethene 38 20
Trichloroethens 31 200

38 (0.0) points



10

1

10°

10!

102

10°

10*

10°



Field GC Results vs. Fixed Lab Results for

cis—1,2-Dichloroethene i Soil Gas
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Lab Results (mg/m3)
COMPOUND Lab result  Fieid Result
mg/m3 Regression Output:
Constant -168.931
cis-1,2-Dichioroethene 1.5 8.7 SdEvolY Est 2188.979 R
cis—1,2-Dichlorosthene 48 101 R Squared 0.835430 0.914018
cis—1,2-Dichloroethene 17 4.3 No. of Observations []
cis~1,2-Dichloroethene 7100 3800 Degroees of Freedom 4
cis—1,2-Dichloroethene 9100 12000
one (0,0) point X Coefficient(s) 1.042549
Std Erv of Coef. 0.231350



Field GC Results vs. Fixed Lab Results

Toluene in Soil Gas
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Lab Results (mg/m3)
COMPOUND Lab resuit  Fieid Result
mg/m3 Regression Output:
Constant -1.00232
Toluene 21 38 SdErrof Y Est 19.74437 R
Toluene 21 31 R Squared 0.890577 0.943704
Toluene 34 37 No. of Observations 8
Toluene 71 140 Degrees of Freedom 4
Toluene 83 109
one (0,0) point X Coefficient(s) 1.5689825
Std Err of Coef. 0.275095
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At: ‘LAST NAE READY

A 8 ¢ [} E F
1 LAST NAME  LOCATION DATE HIRED SALARY  ASE
2  Percivel Boston U-Fe-87 2,200 &4
3 Stolper Boston 18-Dec-87 $19,200 3%
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Figure 4-26 /Data Query Unique eliminates duplicate records matching the criteria

Procedure

1. Before you use /Data Query Unique, you must specify an input range, a
criteria range, and an output range.

For more information, see “Required /Data Query Ranges” earlier in this
section.

2. Select /Data Query Unique.

1-2-3 copies to the output range the records in the input range that match your
criteria, eliminating any duplicate records in the output range. Like /Data
Query Extract, 1-2-3 keeps the records in the same order they were in in the
database.

1-2-3 displays an error message if you specified a multiple row output range
and there are more matching records than can fit in the range. Press ESC to
return 1-2-3 to READY mode. Use /Data Query Output to specifv an output
range with more rows, or if you have a lot of empty space below the output
range, specify just the row that contains the field names as the output range.

CAUTION If vou specify a single row output range, 1-2-3 erases all data in
the columns below the field names to the bottom row of the worksheet. Then
1-2-3 creates an output range that contains as many rows as needed to contain
the data. To avoid possible data loss, save the worksheet before using /Data
Query Unique. If you make a mistake when extracting records and the undo
feature is on, press UNDO (ALT-F4) immediately to restore the worksheet to its
original state.

/Data Regression

/Data Regression lets you perform a regression analysis on existing data. A
regression analysis is a statistical application used for predicting likely future data
based on current data.

/Data Regression 4-33




Use the following commands to perform a data regression:

Command Task

Go Calculates a data regression for the selected X range, Y range, and output
range.

intercept Determines whether 1-2-3 calculates the y-axis intercept automatically

(default) or uses zero as the intercept. The y-axis intercept appears in the
resuits as the constant.

Output-Range Specifies the range in which 1-2-3 piaces the results of the regression

analysis.

Quit Returns 1-2-3 to READY mode.

Reset Clears the X range, Y range, and output range; resets the intercept to
Compute.

X-Range Specifies the independent variables.

Y-Range Specifies the dependent variable.

Use /Data Regression to predict a value for a dependent variable based on the
values for one or more independent variables. /Data Regression also indicates the
statistical accuracy of these values. Figure 4-27 shows an example of /Data
Regression.

You can also use /Data Regression when vou have several sets of values and you
want to see how and whether one set is dependent on the others, and also to
determine the slope and the y-axis intercept of the best-fitting line for a set of
data points.

Al: "Day READY
f Y range
A 8 C 0 [3 f
1 Day {Ice cream sold Hours of Nidday Buses in
2 ing L
3
4
S
6 —- X range
7
8
L
10
n
1
13 Std €rr of Y Est o
14 R Squared 0.9721362
15 No. of Observations 6 b—  Output range
1? Degrees of Freedom 2
4
18 X Coefficient(s) 12.9028888 26.673577 26.23966058
19 WSS 9.480076774

20
01-Apr-89 09:00 AM
Figure 4-27  /Data Regression

How to Use This Section

+ “Terms You Need to Know” defines important terms that are used frequently
in this section.
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» ‘“Before You Use /Data Regression” explains procedures you must follow
before using the Data Regression commands.

¢ “The /Data Regression Settings Sheet” describes the status screen that appears
when vou select /Data Regression.

* “Performing Regression Analysis: An Example” provides an illustrated
example of performing regression analysis and using regression results. If you
are not familiar with data regression, follow these examples before you try
using /Data Regression.

* “"How to Use /Data Regression’ lists the steps you need to follow to complete
the command.

¢ The remaining subsections describe each of the Data Regression commands in
alphabetical order.

Terms You Need to Know

* An independent variable is a value used to determine a prediction.

¢ A dependent variable is the data for which vou have current information, but
which you want to predict.

* The intercept is the point at which the Y-axis is crossed by the predicted line.

Before You Use /Data Regression

Before you can use /Data Regression to perform a regression analysis, you need
to create three data regression ranges: an X range, a Y range, and an output
range. The X range contains the independent variables in the database. The Y
range contains the dependent variable in the database. The output range is where
1-2-3 will place the results of the regression analysis.

'
i
'

The /Data Regression Settings Sheet

When you select /Data Regression, 1-2-3 displavs a settings sheet like the one
illustrated in Figure 4-28. The settings sheet lists by cell address the location of
the X range, Y range, output range, and v-axis intercept. These are the settings
1-2-3 will use when you are ready to perform the regression with /Data
Regression Go.

A8z (H) TWE) 0.42183327%9 ENY
X-Range Y-Range Output-Range Intercept Reset Go Quit

Soecify independent varisbles, (X-range)
Regression Settings

X range: A3..A9 .
Y range: a3..819 ;

E
Output range: 62..&2 :
Intercept: Compute

8
9
10
1t

Figure 4-28 The /Data Regression settings sheet

i
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Performing Regression Analysis: An Example

You are the proprietor of an ice cream stand at a tourist location, and you want
to be able to predict in advance roughly how many quarts of ice cream you will
sell the next day. You believe that your sales are influenced by three key factors:
the number of hours of sunshine, the midday temperature, and the number of
buses in a nearby parking lot.

You created a database that contains the available information for a six day
period. (In practice, you would probably collect data for a much longer period to
get greater accuracy.) Figure 4-29 shows the sample database.

Atz “vey READY
A B C 13 € F
1 Gay Ice ¢ream sold Hours of Midday Buses in
2 ine i
3 1
L5 3 2 x
S e
& 4 4 =8 g
7 s 90
8 é 413 R
3 1
by ¥ range

Figure 4-29 Sample database

Before you can predict sales, you need to perform a regression analysis on the
existing data, as described in the steps below.

1. Select /Data Regression X-Range. The X range contains the independent
variables in the database (the variables you can estimate with some degree of
accuracy already). For the ice cream stand, the independent variables are the
number of hours of sunshine, the midday temperature, and the number of
buses in the parking lot (the range C3..E8).

2. Select /Data Regression Y-Range. The Y range contains the dependent variable
in the database (the variable you want to predict). For the ice cream stand, the
dependent variable is the amount of ice cream sold (the range B3..B8).

3. Select /Data Regression Output-Range to indicate the area of the worksheet in
which you want 1-2-3 to place the results of the regression analvsis. You need
to specify only the first cell of the range (the cell All).

4-36 The Data Commands
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4. Select /Data Regression Go. 1-2-3 automatically enters the following calculated

results (including labels) in the output range, as illustrated in the figure below:

O

At: “dey READY
A B [4 b E F

1 Day Ice cresm sold Mours of Riddey Buses in

2 ts) suwhine temp (F) perking lot

3 1 =l 3.2 8% [

4 2 45 5.0 bal 7.

S 3 - 4.3 » 8

6 4 [ 6.0 ] [

7 b B 5.8 %0 - 11

8 é (2] 7.1 » 1

% - AR -

1 T Y

T DU P

13 [Sed Err of Y st 087569 © . -

% 097221382 *

15 of Ghesrvetions [ b————————————  Qutput range

1? I""" of Freedos 2

1

18 !X toetticient(s) 2.9028888 26.875577 26.23984058

19 :Std Err of Coef. 18.22K9979 8.15571455 9.4AMIO76774

20

Ot-fpr—89 09:00 A

Figure 4-30 Results of data regression

Using the Regression Resulits

Now vou can use the regression data you have generated for the prediction.
Suppose the weather forecast tells you that tomorrow will be cloudy, with only
two hours of sunshine and a midday temperature of 84° F. You guess that no

more than five buses will visit. These are the predicted X values (independent
variables).

To predict the ice cream sales (Y value) for tomorrow, complete the following
steps.

1. Enter the predicted values (2, 84, 5) in cells C9..E9 of the database.

2. Enter the following formula in the cell where vou want to see the prediction.
(Enter the formuia in cell F9 so that the predxcnon is in sequence with actual
sales, but in a different column so that it is not confused with actual sales.)

+(C9*SC518) + (D9*$DS18) + (E9*SES18) + SDS12

This formula mav look complicated, but it is reallv only the sum of the
following:

¢ the first predicted x value multiplied by the first x coefficient, plus

¢ the second predicted x value multiplied by the second x coefficient, plus
o the third predicted x value multiplied by the third x coefficient, plus

¢ the constant

Use absolute references for the x coefficients and the constant because you
may want to copy the formula to other cells, and you do not want any
adjustment made in references to the coefficients or the constant.
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With labels added to cells B9, F1, and F2, the worksheet looks like this:

FO: (FO) [W11] (CPeSLS18)+(DIWSDSIB) + (EMSES1B)+508 12 READY
A 8 4 Y 3 f

1 Day lce cream sold Hours of Midday Buses in Estimated

2 (quarts) sunshine temp (F) parking tot sale

3 1 250 3.2 8 4

4 2 545 5.0 7 7 -

5 3 550 4.5 .4 8

6 3 450 6.0 -] é

7 5 &5 5.8 90 11

8 6 615 7.1 [ ] 1

9 Predictian: 2.0 % 5 270

10

11 Regressian Output:

12 Constant =217.3A34

13 $td Err of ¥ Est 34.0075604

14 R Soquared 0.97221362

15 No. of Gbservetions é

:g’ begrees of Freadom 2

18 X Coefficient(s) 12.9028838 26.675577 26.23986058

19 Std Err of Coet. 18. 2283979 8.1557455 9.480076774

20
01-Apr—89 09:00 M
Figure 4-31 Using the regression analysis

The prediction indicates that you should expect to sell approximately 270 quarts

of ice cream tomorrow.

Tip

* You can enter any number of values in each column of variables, assuming
that the number does not exceed the number of rows in the worksheet.

How to Use /Data Regression

NOTE You can select Reset at any time to clear the regression settings.
1. Select /Data Regression.

2. Select X-Range to specifv the independent variables.

Independent variables are the values needed to determine a prediction. You
can specify up to 16 independent variables.

3. Specify the X range and press ENTER.
4. Select Y-Range to specify the dependent variable.

The dependent variable is the variable for which you have current
information, but which vou want to predict in the future.

5. Specify the Y range and press ENTER.

NOTE The X range and Y range must have the same number of rows.
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. If vou select Intercept, select one of the foliowing options:

Compute Calculates the v-axis intercept automatically.

Zero Uses zero as the y-axis intercept. Do not select Zero unless your
data is such that when all of the independent variables equal zero
the dependent variable must equal zero.

. Select Output-Range.

8. Specify the output range in a blank area of the worksheet and press ENTER.

Use the cell address of the first cell in the range, a range name, or a range
address. If you select a range that is too small to contain the regression
calculations, 1-2-3 cannot perform the regression and displays an error
message when you select Go.

9. Select Go to calculate the regression or select Quit to return 1-2-3 to READY
mode without calculating the regression.

When you select Go, 1-2-3 enters the following information in the output
range:

arts item Description
Constant The y-axis intercept.
Degrees of freedom The number of observations minus the number of independent
variables minus 1.
g If you use a zero intercept, the degrees of freedom equal the
= number of observations minus the number of independent variables.
S No. of observations The number of rows of data in the X and Y ranges.
R squared The reliability of the regression (a value from 0 to 1, inclusive).
NOTE If 1-2-3 displays a value less than zero, you specified a
zero intercept when it was not appropriate to do so. Use /Data
J Regression Intercept Compute and then /Data Regression Go to
: recalculate the regression and adjust the R? value accordingly.
Std Err of Coef. The standard error of each of the x coefficients.
rou Std Err of Y Est The standard error of the estimated y values.
X coefficient(s) The slope for each independent variable.

/Data Regression Go

/Data Regression Go lets you calculate a data regression for the selected X range,
Y range, and output range.

Procedure

1. Before vou use /Data Regression Go, vou must specify the X range, Y range,
and output range.

For more information, see “How to Use /Data Regression’ earlier in this
section.

2, Select /Data Regression Go.
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/Data Regression Intercept

/Data Regression Intercept lets you determine whether 1-2-3 calculates the v-axis
intercept automatically or uses zero as the intercept. The v-axis intercept appears
as the constant in the results.

Procedure
1. Select /Data Regression Intercept.
2. Select one of the following options:

Compute Calculates the y-axis intercept automatically.

Zero Uses zero as the y-axis intercept. Do not select this unless vour data
is such that when all of the independent variables equal zero the
dependent variable must equal zero.

/Data Regression Output-Range

/Data Regression Output-Range lets you specify the range in which 1-2-3 places
the results of the regression analysis. For more information, see “How to Use
/Data Regression” earlier in this section.

Procedure

1. Select /Data Regression Output-Range.

2. Specify an output range in a blank area of the worksheet and press ENTER.

e If vou specify just one cell 1-2-3 will use that cell as the upper left cell of
the output range, and determine how big a range it needs.

+ If you specify a larger range but one which is not big enough to contain the
regression calculations, 1-2-3 will display an error message when vou select
Go.

/Data Regression Reset

/Data Regression Reset lets vou clear range address settings for the X range, the
Y range, and the output range, and resets the intercept to Compute.

Procedure

1. Select /Data Regression Reset.

/Data Regression X-Range

/Data Regression X-Range lets you specify the independent variables. For more
information, see “‘Performing Regression Analysis” earlier in this section.
Procedure

1. Select /Data Regression X-Range.

2. Specify the independent variables and press ENTER.

You can specify up to 16 independent variables (the values needed to make a
prediction).
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/Data Regression Y-Range

/Data Regression Y-Range lets vou specifv the dependent variable. For more
information, see '‘Performing Regression Analysis" earlier in this section.
Procedure

1. Select /Data Regression Y-Range.

2. Specify the dependent variable (the variable for which you have current
information, but want to predict in the future) and press ENTER.

The X range and the Y range must have the same number of rows.

/Data Sort

/Data Sort lets you arrange the data in a range in the order vou specify. The
range can be records in a database or rows in the worksheet.

Use the following commands to perform a data sort:

Command Task

Data-Range Selects the range you want to sort.

Go Sorts the data according to the current selections and returns 1-2-3 to
READY mode.

Primary-Key Determines the primary field for sorting records or rows. The data can be
in either ascending or descending order.

Quit Returns 1-2-3 to READY mode and does not sort the records or rows.

Reset Clears range address settings and sort keys.

Secondary-Key Determines the order for records or rows that have the same primary son
key entries. The data can be in either ascending or descending order.

How to Use This Section
» “‘Before You Use /Data Sort” explains procedures you must follow before
using the Data Sort commands.

s “The /Data Sort Settings Sheet” describes the status screen that appears when
you select /Data Sort.

e ““Sort Order”’ includes information about the order in which 1-2-3 will sort
both numeric and text data.

* “How to Use /Data Sort” lists the steps vou need to follow to complete the
command.

¢ The remaining subsections describe each of the Data Sort commands in
alphabetical order.
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