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Topography and Geology

The wells are located in a valley running approximately north~south;
Bulman Road transects the floor of the valley. The north end of Bulman
Road stops at the approximate surface-water divide within the wvalley,

while the high ground to the east and west provide runoff from these

areas.

The valley is underlain by glacially derived materials. Sands and
gravels interbed with clays and silts and the beds pinch-out at diffgr-
ing intervals. The clay units are thought to act as impermeable or
semi-permeable barriers in the horizontal and vertical directions. The
wells derive most of their water from the more permeable sands and
gravels found at various depths. The deepest units probably consist of
pre-Salmon Springs deposits. It appears that the valley itself is a
glacial outwash channel probably of Vashon age created by the glacial
erosion with subsequent fluvial deposition of gravels, sands, and clays.
(Figure #1 depicts the geology of the Stockwell and Manchester wells as

recorded by drillers' logs.)
Aquifer Test

The drawdown part of the test was to start at 1200 hours on April 26,
1977. 1In preparation the Stockwell domestic well and the Leonard well
were hooked to the Manchester Water District #4 system at approximately
1500 hours April 22, 1977 so that the observation wells would be off for

some period prior to pumping, and would not be used during the test.



The Manchester well was turned off at 0900 on April 25. This would
allow the water level within the well to recover to static level or
apparent static level before the beginning of the test. The pre-pumping
water levels in the Stockwell and Leonard wells were 112.39 feet and
68.90 feet below land surface, respectively. The Manchester well water
level was 71.8 feet below land surface prior to test pumping. The COck
water level was 6.3 feet below the top of the casing and the artesian
well had a static level 2.10 feet above land surface (the casing in this
well stood 3.65 feet above land surface)., The difference in elevation
between the Stockwell, Leonard and Manchester wells would place the
water level in the Leonard well approximately 10 feet higher tham that
of the Manchester well while the Stockwell static level is nearly 17

feet lower than the Manchester static level.

The differences in the static water levels of the Stockwell, Leonard and
Manchester #4 wells are explained by the physical construction differ-
ences of the individual wells.. The Leonard well is 173 feet deep (see
Figure #2) and is open to a sand/gravel aquifer which shall be called
the "upper aquifer' in this report. The Stockwell well is 263 feet deep
and is perforated the final 6 feet thus tapping the "lower aquifer.”

The Manchester #4 well is screened from approximately the 190-212 foot
and 240-250 Foot levels of its total depth of 257 feet. Thus the
Manchester well draws water from both the "upper" and "lower" aquifers,
and the static water level is a composite of both the "upper" and
"lower" water levels. According to the report on comstruction of
Manchester Well #4 by Robinson and Noble, Inc., consultants, the upper

aquifer is the better producer (Robinson and Noble, 1973). The final



pumping and recovery data would have to be considered carefully and the

discrepancies in well construction taken into account.

Although the Manchester #4 well was to begin pumping at 1200 hours on
April 26, it was not until 12:08 that the actual pumping started.
Throughout the test, discharge was maintained between 90 and 100 gallons
per minute (gpm) and averaged 94.34 gpm. Twelve minutes after the
beginning of the test, effects were noted in the Leonard well. Another
6 minutes elapsed before drawdown occurred in the Stockwell water level.

The Ock and artesian wells were never affected by the pumping.

After 24 hours the water levels had declined 7.92 feet and 8.93 feet in
the Leonard and Stockwell wells, respectively. The maximum drawdown in
the pumped well was 35.38 feet. The wells were measured frequently the
first few hours of testing and then at hourly intervals after 5 hours.

The pump was turned off at 1200 hours on April 27, and recovery measure-

ments were maintained for 26 hours. (See Data Sheets)

Results

After 29 minutes of pumping the Manchester Water District #4 well, the
water level in the Leonard well declined at a rate faster than the
initial decline; this is shown by the semi-log plot of drawdown (s in
feet) versus time (t in minutes). See Figure #3. The t, shown is the
time of initial drawdown while tj and t, are the times of slope decline
changes. The increased drawdown is thought to be the result of bound-
aries when the cone of depression from the pumping well encounters

impermeable or less permeable units. 1In the Stockwell well, boundary



conditions appear after 48 (55) and 122 (132) minutes of pumping (Figure
#4). The second increase could be due to reflection or a second barrier.
The data from the Manchester well does mot show a change until after 92
(100) minutes of pumping (Figure 5) which would indicate the closest
barrier is probably in the direction of the observation wells (procedure

described in Johnson's Ground Water and Wells, 1972 and Bruin and

Hudson, Selected Methods for Pumping Test Analysis, 1955), Logs of the

Manchester and Stockwell wells imply that the upper aquifer pinches out
somewhere between the two wells. Therefore, the barrier for the Leonard
well could be the lensing-out of the gravel and sand aquifer which
supplies this well. Similar conditions may exist for the lower aquifer.
Figure #6 is a representation of possible boundary reflection loci for
the Stockwell and Leconard wells using a method described by Edward A,

Moulder in Shoxtcuts and Special Problems in Aquifer Tests (1963), Only

the first boundaries were evaluated from the information available.
There is a possibility of more than omne or.two boundaries present, and
the case for the use of leaky parallel-channel aquifer equations is
strong. However, since the Manchester well is to be pumped at a cyclic
rate of 200 gpm for 2 hours with a 6 hour idle period, it is sufficient
to calculate a transmissivity (T) and storage coefficient (S) using
equations for single boundary conditions with constant discharge from a

confined aquifer as described by Lohman in Ground-Water Hydraulics,

1972, A logarithmic curve is drawn of drawdown (SO) versus time (t in
days) for each of the observation wells (Figures 7 and 8). The plot of
the observed data is then superposed on the family of type curves
devised by R. W. Stallman in 1963 (plot of IW(u) versus 1/UP). The

points IW(u) = 1 and 1/Up = 1 are chosen to simplify the calculations



and then t days = 2.8 X 10“2 and 8, = 3.6 feet for the Stockwell well.

A K factor may be obtained from the graph to determine rj or distance

from the observation well to the image well. The "upper aquifer” image
well is approximately 700 feet from the Leonard well, the "lower aquifer”

image well is nearly 1070 feet from the Stockwell well. The method of

boundary reflection loci may then be used as shown in Figure #6.

Since part of the flow to the Manchester well is coming from both the
"upper" and "lower" aquifers, and the recharge potential of the '"upper

aquifer" is perhaps two times greater than that for the lower "aquifer,"

the Qo for the Leonard well would hbe g%.where Q is the average rate of
discharge of the pumped well, 94.34 gpm. Then Q, would be 63 gpm

(90,720 gpd) for the "upper aquifer" and 31.5 gpm (45,360 gpd) for the
' Qy Wlu)

"lower aquifer;" The equations T = i S may be used to calculate
o

4Ttui

transmissivity and S = ~ may be used to determine Storage where

r,2

i
u; = K2 Up. The transmissivity and storage coefficient for the Leonard
well then becomes 4,250 gallons per day/ft (568 ft2/day) and 8.1 X 10“4,

respectively. The "lower" aquifer transmissivity is 1,000 gpd/ft

(134 ftz/day) and the storage coefficient is then 7.3 X 107°.

The straight-line solution methods may also be used to solve for T and
S. Figures 3 through 5 are examples of the Jacob straight-line method
using drawdown versus time. However, to calculate the slope of the

curve when boundary conditions are present one must choose between the
data plotted during the early part of the pumping test before barriers

are encountered or the later data which reflect the actual boundary

effects. TFor this test, the later data were chosen. The possibility of



parallel-channel aquifer conditions or at the minimum, several bound-
aries would justify the use of the more conservative figures. The
Leonard observation well would then have a transmissivity of 3,540
gpd/ft (473 ft2/day) and a storage coefficient of 6.2 X 1074,

The "lower" aquifer would have a T of 1,100 gpd/ft or 147 ftz/day and an
S of 3.8 X 1072, 1In both cases the figures are quite comparable to the
curve-matching method. The T for the pumping (Manchester #4) well is
2,200 gpd/ft (294 ft2/day) using the straight-line method.

A plot of the straight-line recovery curve, shown in Figure #9, also
gives a T of 2,200 gpd/ft which would verify the results of the drawdown
curve and eliminates the factor of discharge fluctuation in the former.
The figures for the pumping well allow some control of the calculations

for the other wells since, at least, discharge from the combined aqui-

fers is a substantiated quantity.

Figures 10A, 11A, and 12A represent the individual drawdown and recovery
curves as well as the residual drawdown for the Manchester, Leonard and
Stockwell wells, reépectively. The Figures 10B, 11B and 12B illustrate
the resultant straight-line residual drawdown curves. It should be
emphasized that certain problems are inherent with these last curves.
The recovery curve as shown in Figure 9 for the Manchester well is
dependent on an equilibrium.or near-equilibrium drawdown situation. If
subsequent boundary conditions are encountered during the perilod of
extrapolation, the slope of the drawdown curve would increase rather
than level-off as shown by the graph: the recovery data would be in
error. Likewise, if water levels as originally measured, immediately

prior to pumping of the Manchester well, were not static levels as



originally thought, but rather rising levels, the residual drawdown data
would be in error. For these reasons the T and S values from the pump-
ing data will be used in evaluation of aquifer conditions in proximity
to Bulman Road. A transmissivity of 4,000 gpd/ft. and a storage coeffi-
cient of 7.1 X 10~% for the "upper" aquifer provide intermediate values
for the straight-line and Stallman matching-curve methods. A T of 1,050
gpd/ft. and an 8 of 5.5 X 10~2 should be sufficient in the "lower"
aquifer. A value of 2,200 gpd/ft. represents the combined aquifer

transmissivity.

CONCLUSIONS

It is apparent that the geohydrologic conditions in the Bulman Road
area are very complicated. The boundary conditions as well as the
separate aquifer and combined aquifer situations confuse the calcula-
tions and results. However, some conclusions may be made from the

available data.

Figure 13 demonstrates the probable drawdown within the Manchester well
if allowed to pump 200 gpm for 2 hours and recover for 6 hours. The n
shown is the number of 8 hour cycles and p (= 0.25) is the fraction of
the total cycle in which pumping is taking place. The column on the
right margin represents drawdown for a well pumping 200 gpm from an
aquifer with a T of 2,200 gpd/ft. After one cycle (pumping 2 hours and
recovering 6 hours), the drawdown within the well will be 2.4 feet,
after 100 cycles the drawdown will be 14+ feet and after 1000 cyeles the

drawdown will be 20+ feet. The resultant lowering of water level after



1, 5 and 9 years would be 20.4, 24.5 and 26.2 feet, respectively. The
Manchester well will never recover fully, but will pump from a depressed

water level.

The Leonard well will be drawn down 2.24 feet by the Manchester well
pumping 200 gpm over a period of 2 hours; the well will then probably
recover to within a foot of static water level after the pump has been
off for 6 hours. The water level will have been lowered 7=1/2 feet
after 1 year and 9-1/2 feet after 9 years (see Figure #14). TFigure 15
shows a similar reaction for the Stockwell observation well. It must be
mentioned that these figures are based on the equations derived by R. H.
Brown in USGS Water Suppl? Paper 1536-I. The procedure is designed for
a pumping well only. However, it has been applied to the two observa-
tion wells to give a rough idea of the possible drawdowns which might
occur. The observation wells should approximate the Manchester well,

with variations occurring due to boundary effects.

The pumping of the Manchester well will not allow full recovery of the
water levels in either the Leonard or Stockwell wells. However, draw-
down should not be excessive in either well. The Ock, Dotson, Endsley

and unused artesian wells should not be influenced.

RECOMMENDATIONS

If a permit is granted it is recommended that the fellowing be required:

1. A further test be conducted under the actual conditions

of pumpage. The water will be discharged at the rate of 200



gpm over a 2 hour period after which recovery will be measured

for 6 hours. This will be repeated over a 48 hour period.

Throughout the year, measurements shall be made of the pumping

and static water levels when all wells are pumping during

normal usage.

A general trend of ground-water decline can then be observed
and a new withdrawal pattern designed to accommodate the

conditions if changes are necessary.

A meeting of the various well owners and the Manchester Water

District be held to discuss possibilities.

If the Manchester Water Pistrict can provide water for the
various homes along Bulman Road, perhaps this would be the

best solution.
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