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APT REANALYSIS

SITE: Palm Springs, Forest Hil; Village Wellfield
Section i##, Township 443 Range iy2¢
"N‘%\ - o=
REPORT: CH2M-Hill, Hydrogeologic Report, Evaluation of Wellfield Facilities,
Village of Palm Springs, Palm Beach County, Florida, June 1983.

GEOLOGICDATA: pp.5-10

Well #5-  Drilling logs for pilot hole to 260’ below grade showing:

0-33sand 108-132 sandstone
33-46 sandstone/clay 132-139sand

46-71 sandstone 139-166 sandstone
71-83 shell 166-234 limestone
83-108 sand 234-260 clay/limestone

Geophysical, electricand gamma ray logs to 260’ below grade
Wells #1-4 - gamma logs
Based on drilling log and gamma logs, aquifer thickness estimated at 234".

The lithologic and geophysical logs show a good producing zone, probably the
Turnpike aquifer, from 120’ to 165 BG.

Site elevation is approximately NGVD.

WELL DESCRIPTIONS:

Diam. Total Cased Screen StatePlane Cobrds.
Well (in) Depth Depth /Open r
5 8 170 123 scr pump
2 8 scr 300
1 8 scr 372
3 8 scr 570
4 8 open 600

Depth to water: 5’

INFLUENCING FACTORS:

1) Lake Worth Drainage District canals E-3 and E-8, 350" and 600" from the
pumping wellyrespectively. Both canals are about 6’ deep.



APT:

Started: 4/13/83 at 0917

Duration: 48 hours

Discharge: 1600 GPM to E-3 (308,021 FT3/DAY)
Recovery:

Comments:

1)

2)
3)

Stevens recorders on wells 2, 3, and 4. Chalked steel tape on wells 1,5, and
canal.

Variation in Q at t = 8 hours, “quickly” corrected.

At 40 hours a 6" irrigation well located 3,000" from well #5 was pumped for
three hours at about 300 GPM.

CONSULTANT’'S ANALYSIS:

Method: Jacob - distance drawdown, time drawdown

Results (average):

Comments:

1)

2)
3)
4)

Pg. 6-7 Consultant corrected drawdown data for declining water level trend
based on eight hours of background data. The decline was obvious only for
the last two hours, 0600-0800. The decline was attributed to
evapotranspiration and barometric pressure change. The arguments are not
convincing.

Poor results for well #4.
Jacob analysis gave higher T's.
Analysis of recharge from canals made using Walton’s method. This analysis

seems inappropriate given that the method assumes a fully penetrating
boundary and the canals penetrate only 3% of the aquifer.

REANALYSIS:

Method: Neuman, 1975, Analysis of Pumping Test Data from Anisotropic

Unconfined Aquifers Considering Delayed Gravity Response.

Results:

T
Ft2/Day S [

Well
1 166,763 .0132 .0038
2 375,217 .0221 .0006
3 372,764 .0086 .0002
*Avg

374,000 015 .0004



Comments:
1)  Drawdown data was used as measured.

2)* Wells 2 and 3 had good type curve matches, fairly smooth drawdown curves
and similar results. The drawdown curve for well 1 was more erratic, the type
curve match was not as good, and the results did not agree well with results
from wells 2 and 3. Since well 1 was measured with chalked tape while wells 2
and 3 were measured with Stevens recorders, it is possible that the time-
drawdown measurements were not as accurate in well 1. Therefore, the
results from well 1 were not used in calculating the average aquifer
characteristics.

3) There was not sufficient late time data to calculate specific yield at these sites.

4)  Using the assumed thickness of the aquifer, 230’, and the average T, 374,000
FT2/DAY, the horizontal conductivity of the aquifer is 1,626 FT/DAY. This k IS 05

completely unrealistic for the sand and unsolutioned rock sections. 1

5)  Given the high K computed from this method and the likely presence of the
Turnpike aquifer, the Neuman method assuming a homogeneous unconfined
system is inappropriate.

Method: Modified Hantush

Results:
T
Well Ft2/Day S Beta
1 204,400 .000023 .02
2 169,100 .00014 .02
3 176,600 .00012 .02
*Avg. 172,800 .00013 .02
Comments:

1) There are two possibilities for semi-confined aquifer behavior at the site. First,
if the Turnpike aquifer at the site is sufficiently more permeable than the non-
solutioned zones above and below it, it would act as a semi-confined aquifer.-
Second, the sandstone/clay layer from 33-46 ft. at the site could act as a semi-
confining layer for the aquifer below it. In either case, a semi-confined
analysis is appropriate.

2) as1)fromabove.
3)* as 2) from above.

4)  The modified Hantush method assumes: 1) there is negligible drawdown in
the source bed above the semi-confined production zone and 2) water release
from storage in the semi-confining layer is appreciable. Since thre is no data
on the upper aquifer zones during the pump test, it is not possible to check
these assumptions.

5)  If the effective producing zone at the site is the Turnpike aquifer with a
thickness of 45’, the hydraulic conductivity of the zorﬁis 3,840 FT/DAY.

baseé on e a&:o\xe regy H3




6)  If the effective producing zone is the aquifer below the sandstone/clay layer,
with a thickness of 188, the hydraulic conductivity of the zong‘is 920 FT/DAY.

ba2d on Hhe abose cesols
Method: Hantush-Jacob on abovt res

Results:
T
Well Ft2/Day S Vv
2 188,600 .00015 .01
3 213,400 .00016 .02
*Avg. 201,000 .000155 .015

—_Lomments:
bll‘aﬂk % through 3f'as above.
ine_

4)  The Hantush-Jacob method assumes:
5) asabove exceptK =4,470 FT/DAY.
6) asabove exceptK=1,070 FT/DAY.

Method: Numerical Analysis using radial finite element method.

RECOMMENDED VALUES:

Comments:

REFERENCES:
Water Use Permit 50-00036, Staff Report
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FIGURE 2-1. |CHoM
Main Well Field—Well Location Map.
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Well No. MW-1

Date Completed 12/20/82
Casing Diameter 6 in.
Casing Depth 162 ft.
Open Hole 162-195 ft.

Final Pumping Test 12/20/82

Duration 2 hr

Pumping Rate 75 gpm

Static Water Level 15.75 ft

Maximum Drawdown 6.35 ft
—> Specific Capacity 12 gpm/ft

Well Completion Report—MW-1. |==HILL

FIGURE 5-5. |CHoM

PRC 1RS




’-Pq\ma Spcrings

Table 2-1

SUMMARY OF WELL DATA

Main Well Field

Well Field No. 1

Well Field No. 2

Well Field No.

3

Forest Hill Well Field

wWell No.
) Paramoters 1 3* 4 5 6 7 8 9 10 11 1 2 3 a s®
Construction Date 1957 1964 1967 1969 1969 1971 1974 1977 1977 1977 1959 1959 1959 41959 1983
futal Depth, ft 150 222 150 222 205 200 200 210 210 210 135 141 135 93" 170
Casing: Diameter, in 8 10 10 12 12 12 12 12 12 12 8 8 8 8 14
Depth, ft 140 182 110 183 165 161 - 160 104 102 104 100 113 109 90 115
Serven:  Material None Everdur Everdur Everdur Stainless Stainless Stainless Open Hole Open Hole Stainless Unk Unk Unk Unk Stainless
Size, Slot . -- 40 - - 35 40 - - 40 Unk Unk Unk Unk 80
Depth, ft - 182 110 i82 165 161 160 170 170 170 100-135 113-141 109-135 --
Pump: Manufacturer Peeriess Peerless Peerless Deming Deming Johnston Courbin Johnston Johnston Johnston None None None Hone None
Model BMA 10L8 10MA 15MBEL 20MBE1 GD3620 20MBE1 10Dbs 10DS 10DS - - - - -
well Yield, gpm 400 400 500 500 500 500 600 700 700 700 500 500 400 - 1,400
Static Water Level/ c

Date 8.4/1-83 10.0/1-83 7.3/1-83 14.5/1-83 5.3/1-83 7.2/1-83 6.2/1-83 8.0/1-83 10.3/1-83 8.7/1-83 5.35/1-83 6.92/12-82 8.65/12~82 - 5.05/4-83
pumped Water Level/

Date 27.2/1-83 40.0/1-83 34.6/1-83 41.3/1-83 22.7/1-83 42.1/1-83 28.2/1-83 10.6/1-83 17.9/1-83 18.2/1-83 14.15/1~83 10.67/12-82 11.58/12-82 -- 16.96/4-83
Maximum Drawdown, ft 18.8 30.0 27.3 26.8 17.4 34.9 22.1 2.6 7.6 9.5 8.80 3.75 2.93 - 11,91
Flow Rate, gpm 325 360 480 675 585 75 715 700 700 700 620 500 400 -- 1,600
specific Capacity, a a 4 a a

gpm/ft 17 12 18(20} 25(16) 34(42) 2 32(42) 269 92(110) 74 70 133 137 - 134

seldd

34ell No. 2, drilled in 1964, was abandoned in 1974, us

bWell No. 5 is recently constructed Test Production Well, TPW-1.

Csratic water level above the base of below-grade pump pit.

dNumber in parenthesis is original specific capacity given where data available.

Cwell logged to 93 feet, however, postulated to be deeper (see Fi

GNR61

ed as monitoring well with recorder 1980 to 1983.

gure 5-4). This well will be abandoned.
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The Forest Hill WF, located approximately 2 miles west of WF
No. 3, clearly develops water from the Turnpike aquifer.
This highly permeable section of the Anastasia Formation
probably extends from WF No. 3 westward through the Forest
Hill Village site, terminating in the vicinity of the
Florida Turnpike.

Aquifer Performance Test

During the rehabilitation of Forest Hill Village Wells

No. 1, 2, and 3, it became clear that the well yields at
this site were quite high (70 to 137 gpm/ft). Following the
rehabilitation of these existing wells, a new well was
constructed to complete the well field facility. This well,
identified as Well No. 5, was used as the pumping well
during a 48-hour APT conducted April 13 to April 15, 1983.

In order to conduct the test, a l2-inch vertical turbine
pump with diesel engine was installed in Well No. 5. A
total of 350 feet of 10-inch PVC pipe was laid from the well
eastward to LWDD Canal E-3 (see Figure 2-2).

A Stevens Type F continuous water level recorder was
installed at Well No. 2 one day prior to the planned start
of the test to collect background water level data.
However, the pen malfunctioned and no record was produced.
On April 12, 1983, Stevens recorders were installed at
Wells No. 2, 3, and 4 and gear ratios were set to run

4 hours at full time scale using a 1l:1 gauge scale ratio.
Static water levels in Wells No. 1 through 5 were measured,
as was the "static" water level in Canal E-3 adjacent to
Well No. 4. The test was officially started at 1446 hours
at a withdrawal rate of 1,800 gpm. Approximately 30 minutes
into the test, a. "familiar" pattern was observed on the
water level recorder charts. This pattern indicated that
the pump was cavitating and the resulting water level
response was a series of rapid, cyclic fluctuations. The
test was terminated and rescheduled for the next day after
determining a more suitable withdrawal rate (1,600 gpm).

The APT was restarted on April 13, 1983, at 0917 at the rate
of 1,600 gpm. Figure 6-1 illustrates the background water
level response at Well No. 2 (300 feet north of Well No. 5)
just prior to the start of the test.

Data collection during the test was accomplished with
Stevens recorders (Wells No. 2, 3, and 4) and chalked, steel
tape (Wells No. 1, 5 and the canal). At the start of the
test each well, the flow measuring device, and the engine
were manned. The start of the test was signaled at the
pumped well just after static water levels were measured
(all wells and canal). Simultaneously, stop watches were
started at all wells. The pumping rate quickly stabilized

PR35
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at 1,600 gpm. Flow was measured by an 8~inch orifice plate
attached to 1l0-inch pipe and piezometer.

Water levels in Wells No. 1 and 5 were measured using a
chalked, steel tape at regular (logarithmic) intervals.
Appendix C lists time-drawdown values obtained during the

test. At Wells No. 2, 3, and 4, equipped with Stevens
recorders, a different technique was used. Here, at time,
t = 0, the recorder pen was lifted off the chart. The pen
was subsequently dropped and lifted at t = 13, 30, 45, and
60 seconds. As the test proceeded, the pen was dropped at
1%, 2, 2%, 3, 4, etc., minutes for every minute until

10 minutes into the test. After marking 12, 15, and

17 minutes, the pen was dropped and raised every 5 minutes
uantil 40 minutes into the test, at which time the pen was
dropped and allowed to track a continuous record. At
approximately 4 hours into the test, recorder charts were
replaced and time scales changed to 24-hour, full scale.
Figure 6-2 illustrates the type of data this method
produces. During the initial portion of the test, when
water levels are dropping (or recovering) rapidly, a single
point at a known time is made. The drawdown can be
accurately scaled from the 1:1 chart, and the method results
in very accurate early time-drawdown/recovery data. Later
in the test, as water levels change less rapidly, the pen
can be dropped to produce a continuous record requiring only
periodic checking rather than continuous staffing. For
recovery, the reverse procedure is used, i.e., 24-hour
recorder gears are replaced with 4-hour gears, and the pen
dropping maneuver is employed at the cessation of pumping.

Throughout the test, recorders were checked at regular
intervals and the water levels in the pumped well, Well

No. 1, and the canal were measured. Also, flow rate from
the pumped well was checked periodically. The withdrawal
portion of the APT lasted approximately 48 hours, and
recovery was tracked for 4 hours. Appendix C also includes
time~-recovery data from the pumped well and observation
wells.

There are several pertinent observations that can be made
regarding the APT based on a review of the continuous water
level record at Well No. 3 (see Figure 6-2). These are as

follows:

1. The initial segment of the water level record
(just prior to the start of the test) traces a
slow, steady decline. This decline represents the
aquifer response to evapotranspiration. Although
no rainfall occurred during the test,
approximately 2 inches fell the previous week.
Since the shallow aquifer in eastern Palm Beach
County is recharged directly by rainfall,
continuous water level records plot the rise of

6-5
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the aquifer water levels after rainfall (and the
decline when no rain falls).

Extending the pre-test water level decline to the
end of the test results in the projection of a
0.5-foot decline in water level over 24 hours,
using the same slope as the initial segment. This
would be valid except that the water level decline
is influenced by other factors including
barometric pressure. Changes in barometric
pressure cause a water level response in aquifers.
Increases in pressure result in water level
decline. The amount of water level decline
attributed to barometric pressure changes can be
estimated by comparing the static water level at
the beginning and end of the test. Since the test

' was started and stopped at approximately the same

time, it can be assumed that the daily barometric
cycles were approximately equal at the beginning
and end of the test. Then, comparing the static
water levels at the beginning and end of the test,
there is approximately a 0.25-foot difference in
water level. Comparing this number to the
projected slope of the plot on the initial segment

suggests that half of the decline is therefore
attributable to daily cyclic barometric pressure
change and that the other half is attributable to.
aquifer response due to lack of rainfall.

At a point approximately 8 hours into the test,
the piezometer attached to the orifice which was
used to measure flow slipped down approximately

2 inches. This resulted in the appearance that
the flow rate had increased by approximately

100 gpm and therefore the engine was throttled
back. This error was quickly discovered and the
piezometer and flow rate subsequently adjusted to
the proper position. The result can be seen on
the continuous water level plot. There is a
slight recovery of the water level as the engine
(and therefore pumping rate) was throttled back
and a return to a steady-state drawdown condition
as the situation was corrected.

Approximately midway through the test, water
levels began to stabilize and even recover
slightly. This is due to the fact that at this
point, the cone of depression had stabilized and
discharge was balanced by recharge and inflow in
the production zone. Therefore, the plot
represents a "static" water level response
although at a lower elevation (approximately

1 foot lower). During this time segment, the



water level decline due to evapotranspiration is
balanced by the effects of cyclic barometer
pressure changes. bg

4, The water level plot has two "peaks," one at the
approximate midpoint of the graph, the other
approximately 24 hours later. If a line is drawn
connecting the crest of these two "peaks," the
scope of that line has the same slope as the
initial segment of the plot just prior to starting
the test. Again this suggests that punping has
been balanced by recharge and inflow and that the
pPlot represents aquifer "static" response.

5. At approximately 40 hours into the test, a water
level decline was observed at all observation
L » wells. After checking the flow rate, it was
QJ{ determined that another well must have been turned
O on. A thorough search of the area was made and a

© 6-inch irrigation well used to water grass and
shrubs was located. The well was pumping at

aggroximatelx 300 gpm and was located more than
3,000 feet from Well No. 5. This well caused
approximately 0.12 foot of drawdown at Well No. 5

The irrigation well discharged for approximately
3 hours

after which water levels at the Forest
Hill village site recovered.
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This drawdown-recovery due to the irrigation well
affected all of the observation wells, and there-
fore all subsequent data plots of time vs. water
level will depict this response. This can be seen
clearly at the end of the data plots illustrated
in this report. :

Figure 2-2 illustrates the areal relationships among the
pumped well, the four observation wells, and canals at the

APT site. Figure 6-3 illustrates the vertical relationship
of the wells and canal at the site.

DATA ANALYSIS

Time vs. water level data from the pumped well and observa-
tion wells were tabulated (Appendix C) and plotted on 3x5
cycle log/log and 5 cycle semi-log graph paper. Both time/
drawdown and time/recovery data were plotted. In addition,
distance/drawdown data at specific times were also plotted
on 5 cycle semi~log graph paper.

Figure 6-4 illustrates the plot of drawdown versus distance
from the pumped well at times of 100, 200, and 400 minutes
after the start of the test.



Only the observation wells were plotted at this scale and
aquifer transmissivity was calculated using the non- ‘
equilibrium formula developed by Jacob. Transmissivity was
determined using Equation No. 1:

- _ 528 Q
T = =3 (1)
where
T = Transmissivity (gpd/ft)
Q = Pumping rate (gpm)
As = Slope of the distance-drawdown graph expressed as

the change in drawdown per log cycle (ft)
From Figure 6-4, transmissivity was calculated as follows:

528 (1,600 gpm)
0.79 £t

T =

Ly , _ 1,070,000 gpd/ft or

VAR - T S22972%0-feidey (43,043 $*/lay

Z
143,016 7oy

Therefore, from the slope of the distance-drawdown graph,
transmissivity is calculated to be 22772760—ft2/day.

143,040 H*/day
In reviewing the distance-drawdown plots on Figure 6-4 two
major facts should be noted: first, drawdown at Well No. 4
was considerably less than would be expected based on the
plotted curves using Wells No. 1, 2, and 3. This could be
due to its proximity to the canal (~50 feet) and distance
from the pumping well (600 feet). However, it is more
likely a function of well construction. Recalling
Figure 5-4, Well No. 4 apparently has no screen and what
appears to be 1 or 2 feet of open hole. This results in a
very poor, inefficient hydraulic connection to the agquifer
which in turn results in a poor transmission of agquifer
water level change to the well. Due to this fact, distance
and time drawdown data obtained from Well No. 4 were not
used to formulate conclusions regarding aquifer
characteristics.

The second observation made from review of Figure 6-4 is
that distance from the canals, a line source of recharge,
was found to have no greater effect on those wells in close
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proximity than on those located farther away. Wells No. 2

and 3 were parallel to Canal E-3 but perpendicular to Canal

No. 8 (see Figure 2-2). Well No. 1 was located the furthest
from either canal.

Since the hydraulic gradient observed from drawdown measure-
ments made at Wells No. 1, 2, and 3 were approximately equal
in all directions, time versus drawdown plots were prepared
for the pumped well and observation wells (including Well
No. 4). Data were plotted on both log/log and semi-log
graph paper and used to calculate aquifer characteristics
using two different methods.

Semi-log graphical plots were used to calculate transmis-
sivity and aquifer storage using non-equilibrium equations
derived by Jacob. Equation No. 2 was used to calculate
transmissivity and Equation No. 3 was used to calculate
storage, as follows:

264 Q
T = As (2)

where
T = Transmissivity (gpd/ft)

Q = Pumping rate (gpm)

As = Slope of the distance-drawdown graph expressed as
the change in drawdown per log cycle (ft)
and
s=&# C (3)

where

S = Storage coefficient (dimensionless)

T = Transmissivity (gpd/ft)

t = Intercept of the straight line at zero

drawdown (days)

r = Distance from pumped well to the observation well
where drawdown measurements were made (ft)

Log/log plots were used to calculate aquifer characteristics
using graphical methods described by Hantush, Jacob, and
others. Equation 4 was used to calculate transmissivity,



Equation 5 to calculate storage, and Equation 6 to calculate
leakance, as follows:

£
1\7
~
3
&L
Nos
NI
¢ -. where
[
3 g T
~5 v
N
v X .
$ g :
NI
<
L(u,v)
and
where
s
T
t
r
1/u
and
where
k'/b?
T
v

— Q
T = y— L(u,v) (4)

Transmissivity (ft2/day)

Pumping rate (gpm)

Drawdown at match point (ft)

Leakance function of u,v; values obtained

from match point on the type curve
(dimensionless)

_ t/x2
S = 47T /o (5)

Storage coefficient (dimensionless)
Transmissivity (ft2/day)

Time from match point (days)

Distance from pumped well to the observation

well where drawdown measurements were made
(feet)

Values obtained from match point on the type
curve (dimensionless)

v
k'/b' = 4T E ¥} (6)

21
Leakance (day )
Transmissivity (ft2/day)

Values obtained from curve matrix to type
curve (dimensionless)

6-13



r = Distance from pumped well to the observation
well where drawdown measurements were made
(feet)

Figure 6-5 illustrates the time-drawdown plot from data
collected at the pumped well (No. 5). Although the pumped
well data is not the most appropriate application for the
above formulas, transmissivity can be calculated using
Equation No. 1. From this plot, there appear to be two
distinct trends to the points plotted. A best-fit line has
been drawn approximating the trend of both sets of points
and the slope per log cycle measured. The general shape of
the data points and the best-fit lines seems to indicate
that a recharge boundary has been reached by the expanding
cone of depression. This data plot, or at least the
best-fit lines through the points, resemble a typical
recharge boundary condition. That is, during the early time
(0 to 12 minutes) water is derived from the production zone
only, and the slope of this portion of the curve reflects
aquifer hydraulic characteristics accurately. After
approximately 12 minutes, the cone of depression created by
the pumping well begins to become distorted, expanding at a
much slower rate due to recharge. This recharge, either
from a line source (canal) or from induced infiltration,
results in the drawdown being less than it would otherwise
be and thus the later time sections of the curve have a much
flatter slope than the earlier segments. Since the later
time segment does not accurately reflect aquifer hydraulic
conditions alone, only the early time segment can be used to
determine aquifer characteristics. Table 6~1 lists aquifer
characteristics calculated from the data plot of
time/drawdown for Well No. 5 (Figure 6-5).

Figure 6-6 illustrates the time/drawdown plot from data
collected at Well No. 2. Again, aquifer characteristics
were calculated using Equation 1. The storage coefficient
can also be calculated from observation well data, whereas
it cannot be calculated from pumped well data. Equation 2
was used to determine storage, and the results are listed in
Table 6-1.

Figure 6-7 illustrates the time/recovery plot for Well

No. 2. In comparing the two curves, the time/drawdown curve
again results in a change in slope at approximately

12 minutes into the test, indicating a recharge boundary
condition. The time/recovery curve appears to be a smooth
plot, with the best-fit line having the same slope
throughout.

Figure 6-8 illustrates the time/drawdown data plotted on a
log/log scale water level response collected at Well No. 2.
These data, when matched to the type curves developed by



91-9

Pumped

Table 6-1

SUMMARY OF AQUIFER CHARACTERISTICS

Well Observation Distance® b o Match Point Values! Transmissivity Leakfgce
No. Well No. (ft) AS/Log Cycle (days) s, t, 1/u, L(u,v), v Method ft2/day Storage day
5 5 0.6 As) = 0.75 -- -- Jacob, DD 75,300 -- --
Asy = 0.33 171,100
5 1 372 bs, = 0.24 5x1076 -- Jacob, DD 235,300 2x107> -
As, = 0.10 564,700
5 1 372 -- -- 1.9, 12, 10, 10, 0.8 =3 Jacob-Hantush, DD 129,000 3x1073 2.3@1 —
5 1 372 As' = 0.22  9.7x107® -- Jacob, Recov 265,700 6x10"° - |
5 1 372 -- -- 1.0, 0.16, 10, 10, 0.02 Jacob~Hantush, Recov 245,100 7.9x10™° 2.8x1073
5 2 300 As, = 0.30 3.3x107° -- Jacob, DD 188,200 2x10™% -
: As, = 0.16 352,900
5 2 300 -- -- 1.5, 0.43, 10, 10, 0.02 ~» Jacob-Hantush, DD 163,400 21074 3x1073
5 2 300 As' = 0.2 2.0x10"® -- Jacob, Recov 282,400 1x10°° --
5 2 300 -- -- 1.04, 0.44, 100, 10, 0.005 Jacob-Hantush, Recov 176,300 2.4x107° --
5 3 300 Bst) =0.27 1x1074 -- Jacob, DD 209,200 5x107° --
As', = 0.18 313,700
5 3 570 -- -- 1.05,0.70, 10, 10, 0.02 ~ Jacob-Hantush, DD . 174,600 x107*  ox107#
5 3 570 As'y = 0.22 4x107° - Jacob, DD 256,700 7x107° -
As'y = 0.18 313,700
5 3 570 -- -- 1.2, 0.70, 10, 10, 0.02 Jacob-Hantush, Recov 152,800 9x107>  9x107¥
5 4 600 s, = 0.22 4x107% -- Jacob, DD 256,700 6x10™% --
As, = 0.13 434,400
5 4 600 -- -- 0.13, 0.33, 1, 1, 0.05 -—3 Jacob-Hantush, DD 188,600 5x107%  s5x1073

4pistance from pumped well to the

observation well where

bSlope of the time-drawdown graph expressed as change in

CIntercept of the straight line at zero drawdown.

drawdown per log cycle.

drawdown measurements were made.

dValues obtained from matching the log/log time/drawdown-recovery data to the type curve.
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Cooper, were used to calculate aquifer characteristics using
Equations 3, 4, and 5.

Similarly, time/recovery data were also plotted on a log/log
scale and matched to the type curve; aquifer characteristics
were then calculated (see Figure 6-9). Table 6-1 lists the

results of these calculations.

Using this methodology, aquifer characteristics were deter-
mined based on data collected from all the observation wells
used during the APT. Data plots for Wells No. 1, 3, and 4
are included in Appendix D. '

Table 6-1 summarizes the results of these time/drawdown
recovery calculations.

Aquifer characteristics determined from time/drawdown-—

recovery calculations were averaged, resulting in the
following approximation:

T

215,000 ft3/day

b
S =1,5x 10

-3 -1 '
k'/b! 2 x 10 day . Co.

Values obtained from distance/drawdown plots were:

T

143,000 ft2/day

4

S =4 x 10

The results using the average values calculated from time/
drawdown recovery rate do not compare well with distance/
drawdown values.

Comparing the average values for transmissivity for each
observation well regardless of the method used results in
the following:

Tave @ Well No. 1

'1‘ave @ Well Mo. 2

T .o @ Well No. 3 = 198,325 ft2/day

218,775 ft2/day
202,575 ft2/day

Comparing the average values for transmissivity for each
observation well for both log/log and semi~log methods
results in the following:




2

Tave @ Well No. 1 = 250,500 ft2/day (semi-log)
Tave @ Well No. 1 = 245,100 ft2/day (log/log)
Tave @ Well No. 2 = 235,400 ft2/day (semi-log)
T ve © Well No. 2 = 169,850 ft2/day (log/log)
T ,e @ Well No. 3 = 232,950 ft2/day (semi-log)
Tave @ Well No. 3 = 163,700 ft2/day (log/log)

Some observations can be made from these comparisons. 1In
general, a higher transmissivity is obtained using the semi-
log data plots and Jacob non-equilibrium equations. Also,
there appears to be little difference in transmissivity when
calculated from data taken at Wells No. 2 and 3. Distance
versus drawdown calculated transmissivity (143,000 ft2/day)
appears to compare well to the log/log calculated values
from data at Wells No. 2 and 3 (average = 166,800 ft2/day).

Comparing time-drawdown to distance-drawdown observations,
it appears that the transmissivity obtained from the average
value of log/log data plots is a reasonably good approxima-
tion. However, the storage coefficient determination using
this method is not accurate because of the effects of
recharge. Walton describes a procedure for calculating the
effect of a recharge boundary groundwater withdrawal.
Walton's method assumes that no drawdown occurs along an
effective line of recharge. Under this boundary condition,
water levels will drawdown at an initial rate under the
influence of the pumping well only. When the recharge
boundary begins to affect the production well; the time rate
of drawdown will change, continually decreasing until
equilibrium is reached. The APT site is bounded by two

partially penetrating recharge boundaries, and therefore

Walton' od may be somewhat in opriate for this site.
To applv this method to the Forest Hill Village site, these

two partially penetrating recharge boundaries (Canal E-3 and

8 are approximately 6 feet deep) are theoretically replaced
by one single, fully penetrating boundary which would

produce the same effect on the site.

Applying Walton's method, a determination of storage coeffi-
cient can be made and the results checked by trial and error
against actual data. For this analysis, observed drawdown
(stabilized) data for Wells No. 1, 2, and 3 were substituted
into Equation No. 7 to calculate a value for the distance
(a) from the pumped well to the effective recharge boundary
as follows:
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528 Q Log v4a2 + r=2
r (7)

s = T
where .
a = Distance to effective recharge boundary (ft)
r = Distance from observation well to pumped well (ft)
Q = Pumping rate (gpm)
T = Transmissivity (gpd/ft)

The results of these calculations were as follows:

Well Distance Drawdown a

No. (ft) (ft) {ft)
1 372 1.14 8,975
2 300 1,21 9,184
3 570 0.96 7,453

Average a = 8,537

Once a value is known for the distance to the effective
recharge boundary (a), the storage coefficient can be
determined by substitution using Equations No. 8, 9, 10, 11,

and 12.
s, =5 -5 =588 w)-w,)) (8)
where |
a = 1.87 ;Z S (9)
and
u = 1:87 xi2 s | (10)
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and
W({u) = -0.5772-Ln u (11)
and .
W(ui) = =-0,5772-Ln ug (12)
where
Sr = Drawdown in observation well (ft)

s = Drawdown due to pumped well (ft)
S. = Build-up to image well (ft)
= Pumping rate (gpm)

Transmissivity (gpd/ft)

nmn 3 O ¢
]

= Storage coefficient

a}
]

Distance from observation well to pumped
well (ft)

r, = Distance from observation well to image well
(ft)

-3
Using this method, a storage coefficient of 1 x 10 was
calculated using Wells 1, 2, and 3 (see Table 6-2).

Once aquifer characteristics are known, the percentage of
water being diverted from a source of recharge can be calcu-
lated using Equation No. 13 together with Figure 6-10 as
follows:

_1.87 a2 s
£ T (13)
where

a = Distance to effective recharge boundary (ft)

Storage coefficient

B O
#

Transmissivity (gpd/ft)

t = Time (days)



Table 6-2

SUMMARY OF STORAGE COEFFICIENT DETERMINATIONS

Drawdown

Drawdown

Well r (Calculated) (Actual)
No. (£t) ) u ui w(u) w(ui) (ft) (ft)

1 370 7.4 x 10°% 1.5 6.62 0.10 0.96 0.95

2 300 4.85 x 10 * 1.5 7.08 0.10 1.02 1.00

3 570 1.75 x 10 * 1.5 5.783 0.10 0.83 0.78
Note: ri = 17,074 feet

S =1x 103
GNR61
6-25 R 135



therefore

p = 1.87 (8,537)2 1 x 1073
£ 1,247,664 (0.278)

4

= 0.39
From Figure 6-10:
P = 40%
where

P $ of water diverted from a source of recharge

r

The sources of recharge are induced infiltration from the
overlying permeable sediments and leakance from the canal.
Since the canal is not fully penetrating, it recharges the
upper water table, which in turn recharges the production
zone.

No attempt was made to rigorously determine the actual
amount of recharge contributed by the canal. In other parts
of the County where transm1331v1ty of the Anastasia
Formation is much lower, a pumping well (or well field) will
cause a greater head differential between the canal and the
producing zone than was experienced at the Forest Hill
Village site. The head differential caused by the pumping
well (Well No. 5) during the APT at the closest canal was
less than 1 foot (see Figure 6-11). The reason for this is
that the producing zone at this site has much higher
transmissivity than is common for the Anastasia Formation.

A very rough approximation can be made regarding how much
water is obtained from canal recharge at the Forest Hill
Village. If we assume a very simple model, the site can be
replaced by a square having a discharge point at the center
to simulate the well field center of pumping. The square is
bounded on two adjacent sides by a line source of recharge
(LWDD canals 8 and E-3) which are considered fully penetrat-
ing for this discussion. Then, if 40 percent of the water
produced at the center comes from a recharge source, approx-
imately half would come from the canal. Since the model
described above does not exactly fit conditions at the site,
a reasonable assumption as to amount of water recharged by
both canals is 15 to 25 percent.

Having established a value for aquifer transmissivity,
storage, and leakance, a series of theoretical distance-
drawdown curves were constructed using steady-state leaky
artesian formulas. Figure 6-11 illustrates this series of
curves for various pumping rates including the rate used
during the APT.



Values used to calculate theoretical distance-drawdown
curves were:

T

166,800 ft2/day

S=1x 10 3

k'/b' = 2 x 10 3day !

Theoretical curves, if based on appropriate aquifer charac-
teristics, should predict aquifer response to pumping. A
comparison of theoretical versus actual distance-drawdown
relationships was made to determine if the aquifer charac-
teristics .arrived at were reasonable. Figure 6-12
illustrates the plot of the actual, stabilized
distance-drawdown relationship observed during the APT (the
solid line). The theoretical distance-drawdown curve (the
dashed line), calculated from the steady-state leaky
artesian formula at 1,600 gpm, plots almost directly over
the actual curve constructed after 48 hours of pumping.

It appears, therefore, that the aquifer characteristics
established for the Forest Hill Village site are reasonable
and that theoretical curves can be used to predict aquifer
response to pumping. Having developed these curves, it is
now possible to design a well field for the site. Had wells
not already been constructed on the site, the design would
focus on well spacing (location) and withdrawal rates which
would efficiently develop groundwater within the site
boundaries. However, since production wells have already
been located, well field design efforts will be directed
toward the establishment of withdrawal rates for the wells.

In selecting the pumping rate for a particular well, several
factors must be considered, including:

Aquifer characteristics
Available drawdown

Casing size

Screen conditions

Proximity to recharge boundary
Well efficiency/specific capacity
Need for water

0000O0OO0OO0

Aquifer characteristics determine the interference effects
among wells in the well field, which in turn affect well
spacing. Since well spacing has already been established,
interference effects can be mitigated only by adjustments to
the individual well pumping rate.
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Available down limits the water level to which
individuall wtlls can be reduced by pumping. In screened
wells, the maximum design pumping level including
interference effects is 10 to 15 feet above the top of the
screen.

Casing size limits the size pump which can be installed in a
particular well, which therefore limits the pumping rate.

Screen condition, which depends primarily upon the age,
type, and installation method, may limit the rate of
withdrawal. The higher the pumping rate, the higher the
likelihood that the well will pump sand if the screen is in
poor condition, improperly designed, etc.

Proximity to a recharge boundary might result in a well
being rated higher than wells remote from the boundary,
because induced recharge from a recharge source would reduce
the effects of pumping.

Well efficiency/specific capacity, which is a measure of
individual well performance, is a function of construction
and development rather than aquifer characteristics.
Therefore, a well having a low efficiency and/or specific
capacity would be rated lower than perhaps might be possible
given the aquifer characteristics.

Finally, after considering all of the above factors, the
actual water needed from a particular site must be
considered.

As discussed above, aquifer characteristics determined for
this site are:

Transmissivity = 166,800 ft2/day
-3
Storage = 1 x 10
-3 =1
Leakance = 2 x 10 day

Again referring to the theoretical distance-drawdown curves
constructed on the basis of aquifer characteristics (Figure
6~11), interference effects can be determined for various
pumping rates. Recalling that well spacing has already been
established, the determination of recommended withdrawal
rates then becomes an iterative process of assigning pumping
rates to each well and evaluating interference effects using
the theoretical distance-drawdown curves. As an example, if
Well No. 5 is assigned a rate of 1,600 gpm, then theo-
retically (from Figure 6-11) the drawdown at that well would
be approximately 2-1/2 feet, assuming that no other wells
were in use and that Well No. 5 were 100 percent efficient.
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Well No. 1

Date Completed 1957

Casing Diameter 8 in,

Casing Depth 140 ft.

Open Hole Section 140-150 ft.

Note: Geologic Log Developed
from Nearby Wells.

Screen Diameter N/A
Screen Slot Size N/A
Gravel Pack Size None
Pumping Test 1/83
Duration 3 hr,

Pumping Rate 325 gpm
Static Water Level 8.4 ft.

FIGURE E-1.
Well Completion Report—Well No. 1.

Maximum Drawdown 18.8 ft.
=3Specific Capacity 17_gpm/it.
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Casing Depth 140 ft.
Screen Section 140-170 ft.

Note: Geologic Log Developed
from Nearby Wells.
This Well is Abandoned.

Screen Diameter 8.in.
Screen Slot Size —
Gravel Pack Size None
Pumping Test —
Duration —ht.

Well Completion Report—Well No. 2.

Pumping Rate — gpm
Static Water Level — ft.
Maximum Drawdown — ft.
Specific Capacity — gpm/ft,
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Well No.3

Date Completed 1964
Casing Diameter 10 in.
Casing Depth 182 ft.
Screen Section 182-222 ft.

Note: Geologic Log Developed
from Nearby Wells.

Screen Diameter 10 in. Pumping Rate 360 gpm
Screen Slot Size — Static Water Level 10.0 ft.

Gravel Pack Size None Maximum Drawdown 30.0 ft.

Pumping Test 1/83 —> Specific Capacity 12 gpm/ft.

Duration 3 hr,

FIGURE E-3.|G

Well Completion Report—Well No. 3.
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Well No. 4

Date Completed 1967
Casing Diameter 10 in
Casing Depth 110 ft.
Screen Section 110-150 ft.

Note: Geologic Log Developed
from Nearby Wells.

Screen Diameter 10 in.
Screen Slot Size 35
Gravel Pack Size None
Pumping Test 1/83
Duration 3 hr.

Well Completion Report—Well No. 4.

Pumping Rate 480 gpm
Static Water Level 7.3 ft.

Maximum Drawdown 27 3 ft.
—» Specific Capacity 18 gpm/it.

FIGURE E-4.
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Well No. 5

Date Completed 12/69
Casing Diameter 12 in.
Casing Depth 183 ft.
Screen Section 183-223 ft.

Screen Diameter 12.in.
Screen Slot Size 40
Gravel Pack Size None
Pumping Test 3/70
Duration 2 br.

Well Completion Report—Well No. 5.

Pumping Rate 900 gpm

Static Water Level 7.8 ft.

Maximum Drawdown 55.6 ft.
— Specific Capacity 16 gpm/ft.
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Well No. &

Date Completed 12/69
Casing Diameter 12 in.
Casing Depth 165 ft.
Screen Section 165-205 ft.

Screen Diameter 12 in. TS
Screen Slot Size 40
Gravel Pack Size None
Pumping Test 12/69
Duration 3 hr.

Well Completion Report—Well No. 6.

Pumping Rate 1.000 gpm

Static Water Level 7.8 .

Maximum Drawdown 23.8 ft.
~2 Specific Capacity 42 gpm/ft.
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Well No. 7.

Date Completed 8/71
Casing Diameter 12 in,
Casing Depth 161 ft.
Screen Section 161-201 ft.

Screen Diameter 10in, TS
Screen Slot Size 35
Gravel Pack Size None
Pumping Test 1/83
Duration — hr.

Well Completion Report—Well No. 7.

Pumping Rate 75 gpm
Static Water Level 7.2 ft,
Maximum Drawdown 34.9 ft.

"—>-Specific Capacity 2 gpm/ft.
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Well No. 8
Date Completed 1974

Casing Diameter 12 in.

Casing Depth 160 ft.

Screen Section 160-200 ft.

Screen Diameter 12 in. TS
Screen Slot Size 40
Gravel Pack Size None
Pumping Test 1/83
Duration 3 hr,

Well Completion Report—Well No. 8.

Pumping Rate 715 gpm

Static Water Level 6.2 ft,

Maximum Drawdown 22.1 ft,
~> Specific Capacity 32 gpm/ft.
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Well No. 9, Screen Diameter N/A Pumping Rate 1,200 gpm

Date Completed 2/77
Casing Diameter 12_in.
Casing Depth 104 ft.
Open Hole Section 104-170 ft.

Note: Geophysical Logs from Well 10.

Screen Siot Size N/A
Gravel Pack Size N/A
Pumping Test 3/77
Duration 4 hr,

Static Water Level 8.1 ft.

Maximum Drawdown 10.

ft.

9 ft.

—> Specific Capacity 110 gpm/ft.

FIGURE E-9.

Well Completion Report—Well No. 9.

CHM
SR HILL

PRC

135




FC50100.E0

GAMMA RAY
WELL CONSTRUCTION Counts/Sec. RES()I?\:;:;/ ITY
Depth GEOLOGIC 20 80
in Feet LOG —_— 0 20
Pump
04 Pit — T
-
4
25 . '.S d V
- .Sand "I, FPen
. <a/ Off
50 = d "-"’-:
an 1.
4 and <)
: Shell <l
—Sand—- -q
—and = |.
75 _Clay . L
-'.,“_._:q: >--'
- Sand ."[." -
Do e e -
-
125
150-
= |
175 N ib—
2004 \ I | I S
Well No. 10 Screen Diameter N/A Pumping Rate 1,200 gpm

Date Completed 3/77

Casing Diameter 12 in.
Casing Depth 102 ft,

Open Hole Section 102-170 ft.

Screen Slot Size N/A
Gravel Pack Size N/A
Pumping Test 12/76
Duration 23 hr.

Well Completion Report—Well No. 10.

Static Water Levei 8.1 ft.
Maximum Drawdown 10.9 ft.
-— Specific Capacity 110 gpm/ft.
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Date Completed 4/7/77
Casing Diameter 12.in.
Casing Depth 104 ft.
Screen Section 110-150 ft.

Note: Geophysical Logs from Well 10.

Screen Slot Size 40
Gravel Pack Size None
Pumping Test - 4/28/77
Duration 12 hr.

Static Water Level 9.8 ft.
Maximum Drawdown 4.6 ft.
—> Specific Capacity 217 gpm/ft.

FIGURE E-11. &M
Well Completion Report—Well No. 11.
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7 — BHIOE+O4 » CGOOOE+O0 b} — ROFOE+O4L » QOOOE+O0 & - RH1TOE+0O4 » OOOOE+O0

10 - HLA0OE+O4 « QOOOE+QO0 i1 - EZLA0E+04 - OODOE+O0 12 e Z1AOESD4 » QOOOE+O0
A - 21 40OE+04 » OOOOE+OO0 14 - 31 40E+04 » QOOOE QO 15 o w1 0E+04 » QOOOE+QO0
1é o Db 10E+O4 - QOOOE+DO 17 - 1570E+04 » QOOOE+OO

TIME VALUE = » 1S00E-+00

TIME STEF NO. 1 COMFLETED

TIME STEF NMUMBER = 2

SOLVING FOR DEFENDENT VARIABLE 1
FRINT CHECE NDFLX-FVAL-BVAL

i - PFOQOE+O4 . QOOOE+Q0 o - A1 BOE+O4 . QOOOE+Q0 s - BHLHOE+0O4 . QOOOE+O0
4 - B A0OE4+04 » COOOE+O0 = - EBLAQE+O4 » QOOOE+QO é - BLAQOEAO4 » OOO0OE+00
7 — BHIOE+O4 » QOOGE+DD e — BOGOE+04 » DOOOE 400 ] - 2ELOE+O4 » OOOE Q0
10 - B AQOE+OQ4 . OOOOE+0O0 il — EZLAOE+O4 . OOOOE+O0 12 - BLA0OE+O4 » QOOOE4+00
A - H1A40E+QO4 « QOOOE+QQ 14 - 3140E+D4 o QOOOE+QO0 15 - ZHI0E+Q4 » QOOOE+O0
1é - 2H1O0E+O4 » QOOOE+O0 17 - 1 B70OE+O4 » OOOOE+O0

TIME VALUE = » AT EBOEA+OD
TIME STEF NO. 2  COMPLETED

TIME STEF NUMBER = =

SOLVING FOR DEFENDENT VARIABLE 1

FRINT CHECE NDFLX-FVAL-~GVAL



e B14OE+O4 » QGOOOE+OO0
-y el 1TOEA0 « OOOOE+QD
- 1 40E+04 « OOOOE+O0
o 2b 1 OE+O4 « DOOOE 400

4 . BLAOE+O4 » DOOOE+OO - B14OE Q4 » COQOE 00
7 - RHETOE+O4 » OOOOE+O0 - ROQOE+04 » QOOOE+O0
10 ~u Bl 4OE+-Q4 » QUOOOEAOD 11 ~ 0 31 40E+O4 2 DOQOE+OO
13 . Sl 40E+04 « QOQOE-+QO 14 - dLA0E+O4 o QOOOEAOO
1é& e 2B 10E+04 o QOOOESDO 17 o LVE7OE+D4 « DOOQOE+OQ0

owm
Mmoo

TIME VALUE = » 71EBE+OD

TIME STEF MO, I COMPLETED
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TIME STEF MUMBER = 4

SOLVING FOR DEFENMDENT VARIABLE 1

FRINT CHECE NDFLY~FVAL-~GVAL

i W BOQOE+O4 » DIOOOE +00) by - A1 BOFE+04 o CHOOOE O 3 - o nbSHOE+04 - OOCOOE 00

- BLAOE+O4 » OOOOE+00
— FeHIOE+0O4 » QOOOE+00
- B140E+04 W OO0 400
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4 N B1A0E+04 « DOOGE4QO = o B1AOE 404G o GOOOE+GO
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10 - R140E+04 « DOOOESO0 11 e BLAOE+O4 « DOOOE+00
13 -l 4OE+Q4 W« QOOOE OO0 14 - 1 A40E+04 W QOOOE+QD

16 o 2O I0OE+04 » QOOOE QD 17 ~a 1570E+04 - QOGOE-+HO0

U1 k3 3 O

TIME VALUE = «1219E+01

TIME STEF NO. 4  COMFLETED

TIME STEF NUMBER = 5

SOLVING FOR DEFENDENT VARIABLE 1

FRINT CHECE NDFLX~FVal-0VAL
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NUMBER OF FROBLEMS TO BE SOLVED = 1

FROBLEM NUMRER 1

seftran trial palm springs apt
MATERIAL FPROFERTY LIST
MATL. . NO. EXX EYY XY 58

1 » GOOESOD « SOOEADOX w QOOE+DO « 2OOE 400 o R AEREOR

NUMEER OF NODES . . o & v o & & = & & o = 272
NUMBER OF ELEMENTS. . . « + o & « « « « = 240
MUMEBER OF TIME STEFS. « + + & o v &« &« & = 5
NUMBER OF DEFPENDENT VARIABLES . . . +« « = 1
NUMBRER OF NODES FER ELEMENT . . . . +. . = 4
NUMBER OF DIFFERENT MATERIALS . . . . « = 1
NUMEBER OF FPROFERTIES. « . o &0 o o o & . = 5
I.C. NONMUNIFORMITY INDEX. « o & o o & » = C

INITIAL TIME STEF S8IZE . . « « « « .« . - 1H00
INITIAL TIME VALUE . . « & & & o « o . « QOO0
TIME MULTIPLIER + & &+ « & v & & o & a 1. 500
MAX. VALUE OF TIME S8TEF . .« o « « o« & & ¢ F. 000
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DEFAULT INITIAL VALUES (HEAD OR CONCENTRATION)
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FROBLEM FORMULATION CODE. . . . « . . . = 1
TIME STEFFING INDEX . . + .+ & & & & o o == 1
NO.OF NODES FOR WHICH I1.C.I8 TO BE READ = 0
FRINT QUT DELETION CODE . . . & & & o . = i
NUMBER OF DIRICHLET BOUNDARY CONDITIONS = i

NUMBER OF FLUX BOUNMDARY CONDITIONS. . . = =

FLUX BOUNDARY CONDITION DATA
NODE  # D.O.F. # B.C. CODE FLUID FLUX

b 1 Q —u 12ZOE+0O5 » QQOOE+O0

= 1 O o~ 1EBE+DS
b 1 Q - EEEOE+05 « CHOOO0F +00
& i QO -, 2E5E+05

7 1 O - L 2EOE4OS « QOOOE+0O0
1

MAXIMUM FULL BANDWIDTH = X7

TIME STEF NUMBER = i

FRINT CHECKE FOR ELEMENT NO. 1

FMXXA = » GOOOE+O4 PMYYA = 2 TEOOE+04  FMXYA = « QDOOE+O0
a85A = « BTO4E+02 THETA = » LOQOE+O]

ELEMENT MATRIX: AA - CC - AL - EIi

- 2648E+04 ~a 1676E4+04 =a 121 5E+04 S 741E+OT
-« 1676E+04 » 2648E+04 P 74 1E+OE ~ o 1213E+04
=« L213E+04 W S74LE+OE « 2648E+04 =« 167 6E+04

@ S74LE+OT -« 1213E+04 ~. 1676E+04 - 264BE+04

» 1AQIE+OX L TAOTE+ODR A S7O4E+OR o THOTEADD
« 7A0TEFOR «1481E+0E « 7AOTE4OZ « STO4E+O2
W S704E+O2 - 7TAOTE+QR « 14BIE+O3 « TAQTE+O2
W 7R0OT7E4OD W ST 0O4E+OR o TAOTEAOZ « 1A481E+O3
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SOLVING FOR DEFENDENT VARIABLE 1

FRINT CHECK NDFLX-FVAL-~EVAL
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TIME VALUE = « 1300E+00

TIME STEP NO. 1 COMFLETED

TIME STEF MUMBER = 2

SO0LVING FOR DEFENDENT VARIABLE 1

FRINT CHECE NDFLX-FVAL-GVAL

= -y 1 2B0OE+0O5 » DOOOE 400 & - ZEEOE+0O% » OO0 OO0 7 - P EZROEAOS » DODOE 400
TIME VALUE = . s 2 O0E+Q0
TIME STEF NO. 2 COMPLETED
TIME STEP NUMRER = A
SOLVING FOR DEFENDENT VARIARLE 1
FRINT CHECKE NDFLX-FVAL-GVAL,
) - 1 ZEOE+ON .ﬂQQOE+QD & — o DB Y « DOOOE+O0 7 o 1 ZEROE+O « COOOOE 400

TIME VALUE = - 7125E+00
TIME STEF NO. 3 COMPLETED

TIME STEF NUMBER = 4
SOLVING FOR DEFENDENT VARIARLE 1
FRINT CHECKE NDFLX-~FVAL-GVAL
] - L 230OE+05 « OOOOE 4O & - EEOE 0 « OOOE +00 7 e JEROE+DOS » OOOE 40D

TIME VALUE = » 121FE4+01

TIME STEF MO, 4 COMFLETED
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BOLVING FOR DEFENDENT VARIABLE 1
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RECGUIRED INFORMATION AT OBSERVATION NODES
OESERVED NODE NUMEBER = 142
TIME VERSUS NODAL VALUE OF DEFENDENT VARIABLE (HEAD OR CONCEMTRATION)

» 1E00E+00 o BOO0E~O9 o STTBOE+O0 o SAFOE~O& - 7125E+00 -. 1884E-04 « 1219E+O]L ~. 2051E-0%
» 1978E+O1 ~u 1B92E-02

OBSERVED NODE NUMEBER = 161
TIME VERSUS NODAL VALUE OF DEFENDENT VARIABLE (HEAD OR CONCENTRATION)

e LH0O0E+QO0 ~ . QRAZE-O9 - STBOE+O0 -0 ZAFGE O « 71 28E+00 —u 194GE~-04 « LEIFEHOL — o 262TE~OF
« 1978E+01 -. 1632E-032

(JBSERVED NODE NUMBER = 179
TIME VERSUS NODAL VALUE OF DEFENDENT VARIAERLE (HEAD OR CONCENTRATION)

« 1S00E+00 ~u L 3HO6E-O9 - Z7HOE+O0 » 1418E-07 « 712BE+00 . 2REFE-QG « LE1FE+O —. 2081E~-04
» 1978E+(Q] —a 2S10E~Q3

OBRSERVED NODE NUMBER = 2173

TIME VERSUS NODAL VALUE OF DEFENDENT VARIABLE (HEAD OR CONCENTRATION)

« LTEOOE+OO - 91 3E~11 o BTSOE+00 - 1490E~0% « 7 LAGE+00 ~s 1061E-09  1219E+OL -« 7448E--09
« 1978E+0Q] » G8EHFE-06

OBSERVED NODE NUMBER = 214

TIME VERSUS NODAL VALUE OF DEFENDENT VARIABLE (HEAD OR CONCENTRATION)

o LEDOQE OO ~AF19E-11 o B7HOEAQ0 - 1425E-0% » 7 L2EEAO0 ~« 1131E-08 - 1219E+01 o 277 HE~10
« 1978E+01 o 74F4E 06
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