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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SD

For readers who prefer to use SI Units, conversion factors for terms used in this report follow:

Multiply inch-pound units By To obtain SI Units
ineh (in) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi?) 2.590 square kilometer (km?)
inch per year (in/yr) 25.40 millimeter per year (mm/yr)
foot per day (ft/d) 0.3048 meter per day (m/d)
foot squared per day (ft?/d) 0.0929 meter squared per day (m?/d)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m?3/s)
cubie foot per second cubic meter per second

per square mile [(ft®/s)/mi? ] 0.02832 per square kilometer [(m?®/s)/km? ]
gallon per minute (gal/min) 0.0630 liter per second (L/s)
million gallons per day (Mgal/d) 0.0438 cubic meter per second (m?3/s)

micromhos per centimeter
at 25 degrees Celsius
(1 mhos/em at 25°C)

microsiemens per centimeter
at 25 degrees Celsius
(1 mhos/em at 25°C)

NGVD of 1929 (National Geodetic Vertical Datum of 1929): A geodetic datum derived from a
general adjustment of the first-order level nets of both the United States and Canada, called

NGVD of 1929, is referred to as sea level in this report.
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Aquifer hydraulic conduectivity times 2.0 (2xKa): Doubling the hydraulic conduc-
tivity of the aquifer results in a 3- to 5-foot decrease in head on the east and
west sides of the model area and up to a 10 foot decrease in head in the north-
west part of the model area. The effeet was equivalent to partial desaturation
of the aquifer. A small increase (3 percent) in the total amount of ground-water
discharge occurs due to additional contribution of water from the constant-head
boundaries in the northeast part of the model area. Raising the hydraulic con-
ductivity by a factor of 2 increased model errors significantly, causing nodes to
go dry and numerical solution problems to ocecur.

Aquifer hydraulic conductivity times 0.5 (0.5xKa): Halving the hydraulic conduc-
tivity of the aquifer had an effect on the model opposite to that of doubling the
value. The aquifer was made relatively impermeable, and head increases up to
20 feet occurred; particularly in the most sensitive areas of the model where
steady-state values of hydraulic conductivity were low initially. Total ground-
water discharge, through the constant-head boundaries, decreases 3 percent.
Decreasing hydraulic conductivity introduced larger errors than those caused by
increasing hydraulic conductivity indicating the model is more sensitive to lower
rather than higher values.

Aquifer hydraulic conductivity set at 150 ft/d: Hydraulic conductivity through-
out the aquifer was set at a uniform value of 150 ft/d. The sensitivity analysis
was not completed due to large numerical oscillation and econvergence problems.
However, interim results of simulations that were terminated several iterations
before simulation failure indicated that computed heads and ground-water dis-
charge were similar to those in the steady-state model. This suggests that a
uniform model value of hydraulic conductivity may be reasonable, time-saving,
and sufficient for some modeling applications if the numerical problems can be
overcome.

Streambed hydraulic conductivity times 10.0 (10xKs): Increasing the hydraulic
conductivity of the streambed had little or no effeect on computed heads and
ground-water discharge. As shown in the profiles in figure 16, the computed
(10xKs) heads were almost identical to those of the steady-state model. Differ-
ences between computed (10xKs) and observed heads at the 41 observation wells
were actually smaller than those of the steady-state model indicating a rela-
tively better fit. The insensitivity of the model shows that the streambed in the
steady-state model does not control ground-water discharge to the river. This
was confirmed by further analysis as described in (6) below.

Streambed hydraulic conductivity times 0.1 (0.1xKs): The greatest sensitivity of
model results to changes in input parameters were produced when streambed
hydraulic conductivity values were decreased by a factor of 10. Ground-water
discharge to the river decreased by 7 percent, and heads throughout the model
area increased by an average of 3 feet. As in previous simulations, the computed
heads in areas of low hydraulic conductivity were most sensitive to the change in
the value of the parameter. Ground-water discharge rates at streambed nodes
differed from those in the steady-state model by up to 50 percent.

Leaky streambed boundary changed to constant-head boundary: The effect of
changing the river from a leaky boundary to a constant-head boundary also was
evaluated. The change had either little or no effeet on computed heads and
ground-water discharge and the results matched the steady-state model results
very closely. The insensitivity of the model suggests, as in (4) above, that the
leaky boundary in the steady-state model effectively is a constant-head bound-
ary. The result of this determination is that a constant-head boundary condition
along the river may be sufficient for some modeling applications in which
stresses far from the river are evaluated. In cases where the impacts of pumping -
stresses are evaluated at wells near the river, a constant-head boundary con-
dition will result in significant errors in simulated aquifer heads and well
drawdowns.
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DEPARTURE OF COMPUTED HYDRAULIC HEAD FROM OBSERVED MAY 1982 HEAD
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Figure 16. -- Effects of varying aquifer and streambed input values
on the results of the steady-state model.
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Summarizing the results of the steady-state sensitivity analysis, it is clear from figure 16
that the departure of the steady-state computed heads from the May 1982 observed heads could
be reduced by increasing and decreasing one or more of the parameters in different areas,
within the ranges shown. A better fit of computed and observed heads could be obtained with
more adjustments in various parts of the model area. The close spacing of the profiles along
row 15 and in the middle of columns 31 and 53 show that computed heads in the center of the
valley are relatively insensitive to changes in the values of input parameters. This is consistent
with the general conclusion that model results are most sensitive to lowered input parameter
values. Progressively larger errors are introduced in the model when a progressively less
permeable aquifer and (or) streambed are simulated.

Transient Conditions

Simulation of aquifer tests (1952-82)

Since 1952, aquifer tests of Mattapoisett, Fairhaven, and Marion well sites have been
conducted using large-diameter wells. Tests at six sites have lasted as long as 7 days and have
yielded numerous data on the hydraulic properties of the stratified-drift aquifer. Because of
the lack of long-term, water-level data for the model area, a parameter estimation procedure
was followed using the pumping-well and observation-well data gathered during aquifer tests at
each site. The objective of the procedure was to improve model capability to simulate aquifer
behavior in response to transient pumping stress.

Aquifer tests at each site were simulated individually. The simulations were done in the
chronological order of the tests and only the well at the test site, and wells elsewhere in the
valley existing at the time of the test, were modeled. The initial conditions were May 1982
observed head, recharge, and constant-flux boundary conditions. The specific yield of the
unconfined aquifer was set at a constant value of 0.30, which is representative of medium-
grained sand materials (Todd, 1980; p. 38). This value was checked with an analytical model by
computing drawdowns at observation wells at aquifer test sites using different values of
specific yield, and comparing those drawdowns with the observed drawdowns. The 0.30 value
most closely represents the lithology of the aquifer in those areas of clean, medium-grained
sand, such as north of the Marion test-well site near New Bedford Road, and in the Snows
Pond-Snipatuit Pond area. The value is high for other areas which contain coarser and finer
grained sediments.

The storage coefficient of the confined part of the aquifer in the Wolf Island Road area
was set at 3.0 X 10~°. This value was revised during transient model runs from an initial
value of 5.0 X 10~° determined from aquifer tests at the Fairhaven three-well site
(Wright-Pierce, Inc., 1981; Wright-Pierce, Inc., 1982). The storage coefficient of the leaky
confining bed was set during model runs at 1.0 X 1073,

Computed heads in the well, in the well node, and in the adjacent nodes were compared
with the aquifer-test data. The computed head for a well node represents an average hydraulic
head for the block and is not the head in the well. In the model, an equation is used to
extrapolate from the average head in the node to the head in a well at a known well radius.
Thus, model input requires data on municipal well radii and model output consists of hydraulic
head in both the well and the well node. In the case of withdrawal, the head in the well is
always lower than the head in the node.

The results of the parameter estimation procedure for the transient model are shown in
table 7. Adjustments to the model were made only to values of aquifer hydraulic conductivity
in well nodes and adjacent nodes. For clarity and simplicity, detailed results of the transient
simulations are not shown in table 7, and only the computed and observed drawdowns in the
wells and well nodes are compared. The following discussion summarizes the results of the
relatively long and complex modeling procedure.
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Table 7.--Aquifer-test sites, model conditions, and simulated
drawdowns in pumping wells; transient model

Mattapoisett well 3
11/29/52-12/2/52

Mattapoisett well &4
8/24/70-9/1/70

Model node 15,12 Model node 16,13
Well diameter 0.50 foot Well diameter 0.67 foot
Saturated thickness 60.00 feet Saturated thickness 63.00 feet
Pumping rate variable Pumping rate variablel!
Hydraulic conductivity: Hydraulic conductivity:
Aquifer test 170 ft/d Aquifer test 200 ft/d
Model 150 ft/d Model 125 ft/d
Observation well total drawdown: Observation well total drawdown:
At 4 feet 5.50 feet At 2 feet 6.50 feet
At 100 feet 3.10 feet At 80 feet 2.50 feet
Drawdown in node? 2.2 feet Drawdown in node? 2.2 feet
Time Pumping Drawdown in well, Time Pumping Drawdown in well,
since rate, in in feet since rate, in in feet
pumping gallons pumping gallons
began, per Observed? Model began, per Observed! Model
in minutes minute in minutes minute
7.2 440 7.00 8.69 30.8 305 5.30 6.39
23.5 440 7.78 8.72 50.0 305 5.52 6.41
60.0 440 8.40 8.78 110.0 350 6.74 7.47
148. 465 9.52 9.46 190.8 402 8.06 8.73
347.9 465 10.11 9.73 430.0 402 8.53 8.95
796 .4 465 10.69 10.19 1200.0 402 9.13 9.38
1200.0 465 10.98 10.48 2159.7 402 9.47 9.69
2300.0 457 11.24 10.86 5000.0 402 9.95 10.24
3007.1 476 11.90 11.56 9200.0 402 10.31 10.82
4108.6 476 12.13 11.86 10,920.0 430 11.13 11.78
5100.0 476 12.28 12,07

!Mattapoisett well 3, located 1,200 feet south, was alternately on and off.

2Nodes 15,12 and 16,13 are 208 X 832 feet.

3 pumping well water-level data not available; drawdown computed from field data
under Theis nonequilibrium aquifer conditions (Walton, 1970) and verified with

available observation—-well data.
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Table 7.--Aquifer-test sites, model conditions, and simulated
drawdowns in pumping wells; transient model (continued)

Marion well Wolf Island Road

Marion test well New Bedford Road

7/24/75 11/5-10/80
Model node 19,29 Model node 15,40
Well diameter 2.00 feet Well diameter 0.66 feet
Saturated thickness 59.00 feet Saturated thickness 60.70 feet
Pumping rate constant Pumping rate variable
Hydraulic conductivity: Hydraulic conductivity:
Aquifer test 195 ft/d Aquifer test 160 ft/d
Model 130 ft/d Model 35 ft/d
Observation well total drawdown Observation well total drawdown:
At 3 feet 15.20 feet At 2 feet 20.00 feet
At 100 feet 10.00 feet At 125 feet 2.20 feet
Drawdown in node" 3.60 feet Drawdown in node" 1.50 feet
Time Pumping Drawdown in well, Time Pumping Drawdown in well,
since rate, in in feet since rate, in in feet
pumping gallons pumping gallons
began, per Observed® Model began, per Observed® Model
in minutes minute in minutes minute
6.2 710 7.80 10.90 5.0 200 17.00 17.08
20.1 710 9.40 10.97 32.0 225 43.00 19.72
51.4 710 10.35 11.12 430.0 243 44.00 21.93
122.0 710 11.75 11.44 530.0 180 - 15.29
280.5 710 12.95 12.10 1127.6 180 -- 15.41
637.3 710 14.31 13.34 1500.0 180 -- 15.49
1440.0 710 15.17 15.34 2424.2 220 42.00 19.95
3000.0 220 42.00 20.14
7290.0 239 46.00 24.14

“Node 19, 29 is 208 X 416 feet; node 15, 40 is 208 X 832 feet.

>R. E. Chapman Co., unpublished data, written commun., 1975.

®Camp, Dresser and McKee, Inc., 1980. Water-level measurement problems occurred
throughout the test, broken air line and poor well efficiency.
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Table 7.--Aquifer-test sites, model conditions, and simulated
drawdowns in pumping wells; transient model (continued)

Mattapoisett test well 11-6

11/5-10/80
Model node 19,29
Well diameter 0.66 foot
Saturated thickness 70.00 feet
Pumping rate variable
“Hydraulic conductivity:
Aquifer test 150 ft/d
Model 100 ft/d
Observation well total drawdown:
At 2 feet 11.00 feet
At 50 feet 5.00 feet
Drawdown in node’ 4,50 feet
Time Pumping Drawdown in well,
since rate in feet
pumping in
began, gallons Well 11-6 Marion well®
in per
minutes minute Observed® Model  Observed!® Model
5.0 195 4.00 4,08 - -
32.0 195 4.00 4,04 -= -
430.4 195 5.50 4,28 - -
530.0 0 - .20 - -~
1127.6 421 14.00 10.22 - -
1500.0 421 14.00 10.69 - -
2424.2 421 14.00 11.62 13.20 12.59
3000.0 421 14.00 12.07 14,70 13.84
7290.0 412 15.00 13.94 - .52
7350.0 412 15.00 13.97 12.20 10.70
7530.0 412 15.00 14.04 14.70 11.30

"Node 19,29 and 17,23 are 208 X 416 feet.

8Marion well alternately on (650 gal/min) and off.

9Dufresne—Henry, Inc., 1981, data are approximate, well
shut down temporarily at 430.0 minutes,

1°Unpublished data in the files of the Massachusetts
Office of the Survey.
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Table 7.--Aquifer—test sites, model conditions, and simulated
drawdowns in pumping wells; transient model (continued)

Fairhaven test well 20-79

5/25-31/81
Model node 17,23
Well diameter 2.00 feet
Saturated thickness 68.00 feet
Pumping rate constant
Hydraulic conductivity:
Aquifer test 41 ft/d
Model 50 ft/d
Observation well total drawdown:
At 3 feet 18.50 feet
At 100 feet 13.00 feet
Drawdown in node’ 19.90 feet
Time Pumping Drawdown in well,
since rate in feet
pumping in
began, gallons Well 20-79 Marion well®
in per
minutes minute Observed'! Model Observed'? Model
8.5 300 31.15 44,21 -— -=
51.7 300 47 .41 47.54 - ——
270.0 300 49.65 51.20 - -
390.4 300 51.17 54.60 13.00 10.28
1000.0 300 53.08 56.42 13.00 12.15
1700.0 300 52.03 58.22 - 1.30
2350.0 300 53.57 59.00 13.00 13.20
3100.0 300 52.33 59.42 - 1.95
3210.0 300 52.47 59.53 13.00 12.53
3765.0 300 53.53 59.64 13.00 13.89
5685.0 300 52.03 59.84 —— 1.57

"Node 19,29 and 17,23 are 208 X 416 feet.

8 Marion well alternately on (650 gal/min) and off.
11Wright—Pierce, Inc., 1981.

'2Estimate from previous, similar pumping conditions.
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Table 7.--Aquifer test sites, model conditions, and simulated
drawdowns in pumping wells; transient model (continued)

Fairhaven-Marion Test, Wolf Island Road

10/13-18/

Fairhaven wells!?®

82

Marion wel

11‘0

20-79 8-79 11-81
Model node 17,23 17,24 17,25 19,29
Well diameter 2.0 feet 1.5 feet 1.5 feet 1.5 feet
Saturated thickness 68.5 feet 67.5 feet 59.0 feet 59.0 feet
Pumping rate constant variable constant constant
Hydraulic conductivity:
Aquifer test 41.0 ft/d 80.0 ft/d 91.0 ft/d 195 ft/d
Model 50.0 ft/d 80.0 ft/d 40.0 ft/d 130 ft/d
18.0 ft/d 20.0 ft/d 15.0 ft/d -
Observed drawdown at 100 feet - -- -- -
Drawdown in node!® 15.6 feet 17.5 feet 12.2 feet 8.0 feet
Time
since Well 20-79 Well 8-79 Well 11-81 Marion
pumping
began, Pump- Drawdown  Pump- Drawdown  Pump- Drawdown  Pump- Drawdown
in ing Ob- Model 1ing Ob- Model ing Ob- Model 1ing Ob- Model
minutes rate served rate served rate served rate served
4.3 239 31.11 33.09 278 26,38 34.89 180 14.89 31.27 650 - 9.88
26.3 239 33.95 34.54 278 38.20 36.55 180 30.00 32.16 650 - 9.96
40.0 239 36.88 35.02 278 39.24 37.09 180 31.42 32.47 650 - 10.02
144.7 239 39.55 38.31 282 43.10 41.34 180 33.99 34.62 650 — 10.41
210.0 239 40.57 38.92 282 43.64 42.03 180 34.79 35.06 650 11.00 10.65
731.6 239 42.63 42.30 285 46.49 47.37 180 37.05 37.54 650 14.80 12.28
1410.0 239 43.46 43.31 285 47.38 47.57 180 37.99 38.36 650 16.90 13.87
1893.9 239 43.81 44.45 282 47.75 48.50 180 38.56 39.25 650 17.25 14.79
4343.6 239 44.55 45.40 282 48.80 49.61 180 39.67 40.07 650 18.50 17.72
5870.0 239 45.14 45.65 282 49.07 49.91 180 40.04 40.30 650 19.00 18.95
6429.,1 239 45.20 44.78 275 48.37 49.04 180 40.10 40.41 650 19.30 19.37
7300.0 239 45.37 45.83 275 48.51 49.06 180 40.33 40.45 650 19.42 19.97

13Wright-Pierce, Inc, 1982.
1%Ray Pickles, Marion Water Department, written commun., 1983.
15Nodes 17,23, 17,24, 17,25, and 19,29 are 208 X 416 feet.
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Only minor adjustments were made to the steady-state model values of hydraulic conduc-
tivity. At well nodes, values were decreased from 0 to 20 percent, and at adjacent nodes
smaller changes were made. The average difference between final, accepted model values and
initial input values estimated by private consultants is 33 percent, which is approximately the
probable range of error in the hydraulic conductivity data for these types of sediments. One
exception was the Marion test-well site near New Bedford Road. The difference between the
model value and the estimated value of hydraulic conductivity exceeded the likely range of
error for that parameter. Equipment problems and poor well efficiency plagued the aquifer test
(Camp, Dresser and McKee, 1980) and an extremely large drawdown in the pumping well
occurred. These problems, together with related information, suggest that the observed draw-
downs were excessive and that the departure of model hydraulic conductivity and computed
drawdown from estimated hydraulic conductivity and observed drawdown may be due more to
aquifer-test problems than to a defect in the model.

Pumping rates varied during most aquifer tests, and the model was designed accordingly
to simulate multiple pumping periods and variable pumping rates as accurately as possible.
Computed maximum drawdowns in pumping wells finished in the unconfined aquifer and located
next to the river (Mattapoisett wells 3,4,11-6) were within 1 foot of the observed drawdown. As
a general rule at these sites, aquifer tests that last 5 to 7 days with pumping rates in the range
400 to 500 gal/min resulted in pumping-well drawdowns ranging from 11 to 15 feet. Observed
drawdowns in both the pumping well and the observation wells that are located near the river
were small relative to the drawdowns in those wells at sites located far from the river. The
small drawdowns occurred because of induced infiltration from the river in the later stages of
the aquifer tests.

In 1981, the first tests of the confined aquifer in the Wolf Island Road area, using
large-diameter wells, were conducted. A 5-day test of Fairhaven well 20-79 caused a maximum
drawdown in the pumping well of over 50 feet. The Marion well, located 2,500 feet north of
well 20-79, was pumped 6 to 12 hours daily during the aquifer test and imposed up to 2.2 feet of
drawdown at the Fairhaven well (Wright-Pierce, Inc., 1981). In the model, the computed
drawdown in well 20-79 was 10 to 15 percent greater than the observed drawdown, and the
rising and falling of water levels during the test, recording the on-off cycle of the Marion well,
was simulated satisfactorily but not precisely. Another indication of how closely the model
simulated aquifer behavior was the difference between computed and observed interference
effects. For example, at 400 feet north of well 20-79 the observed interference was 3.0 feet;
the computed interference was 4.2 feet.

Because of great concern about potential interference and lowered sustained yields of
wells in the confined aquifer, a 5-day, joint aquifer test was conducted in November 1982 at the
Fairhaven and Marion well sites. During the test, the three Fairhaven wells (20-79, 8-79, and
11-81) were pumped at relatively low rates, and the Marion well was pumped at its normal
operating rate. Drawdown in the Fairhaven wells ranged from 40 to 49 feet, and drawdown in
the Marion well exceeded normal drawdown levels (13 to 15 feet) by several feet. The model
simulated the well drawdowns accurately: Differences between computed and observed total
drawdowns ranged from 0.1 to 0.5 foot. Computed drawdowns in the well nodes ranged from 8.0
feet at the Marion site to 17.5 feet at the site of well 8-79 and compared closely with the
drawdowns measured in observation wells located within 100 feet of each pumping well. The
computed interference between the Fairhaven and Marion well sites ranged from 0.5 to 2.0 feet.

Transient response time of the stratified-drift aquifer

Although the aquifer responds to seasonal and short-term variations of recharge, the
response time is not instantaneous. In the case of long-term reduced recharge due to a drought,
storage changes in a stratified-drift aquifer may take from either weeks to months (Wilson and
Scheiber, 1982). Knowledge of how fast an aquifer responds to a change in recharge is
important, particularly in modeling studies, because it indicates how long the real conditions
would have to last to equal the results of the steady-state model. Therefore, to use a steady-
state model for prediction purposes, it is necessary to test aquifer-response time.
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Aquifer response to reduced recharge can be measured by evaluating change in storage.
Ideally, the time it takes for the aquifer to re-equilibrate to the reduced recharge condition,
and thus storage changes to cease, is the aquifer-response time. For practical purposes, a
reasonable estimate of response time is the time it takes for 75 percent of the total storage
change to occur. The transient model was used to test aquifer-response time by simulating a
long-term drought. Precipitation data from 1965 were used to estimate a reduced recharge
rate and a corresponding reduced rate of till leakage. Results of the model simulation showing
the computed change in storage during long-term conditions of reduced recharged are illus-
trated in figure 17.

Approximately 75 percent of the total storage decline takes place in 360 days, and further
decreases in storage take place, but at progressively smaller rates. The response time of the
aquifer is significantly slower than the 45-day response time estimated for the aquifer on Cape
Cod (Wilson and Scheiber, 1982), and this result may be interpreted in one of two ways. Either
the response accurately reflects the relatively lower permeability of the stratified drift in the
Mattapoisett River valley, or the predicted response is too slow because the average value of
the specific yield of the aquifer used in the model (0.30) is too high. Should the latter inter-
pretation be correct, a lower average value for specific yield would result in a response time
which more closely compares with the Wilson and Scheiber value. In either case, the 360-day
value may be considered a reasonable first estimate of the response of the stratified-drift
aquifer which should be further defined as data become available. Aquifer response varies over
the model area, as indicated by the curves of head decline in figure 17. Heads in the aquifer
respond more quickly in areas of high hydraulic conductivity (node 4,12; K = 90 ft/d) than in
areas of low hydraulic conductivity (node 27,37; K = 10 ft/d).
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Figure 17.-- Rate of aquifer storage change and head decline under
reduced recharge conditions.
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The purpose of this analysis is to show that steady-state model predictions must be care-
fully evaluated when monthly, weekly, and especially daily variations in recharge conditions are
simulated. Assuming that model values of specific yield and storage are representative of the
aquifer, real, long-term, reduced recharge conditions would have to last at least 1 year for most
of the total storage change to occur, and thus for steady-state model predictions to be
realized. In 1 month of significantly reduced recharge, the aquifer will respond rapidly, but not
completely, to the change in stress, and effects due to withdrawal may be partly hidden by
transient aquifer response. As a result, steady-state model predictions are conservative and are
applicable chiefly to seasonal and annual recharge conditions.

Predicted Effects of Ground-Water Withdrawals During Drought

The digital model was used to simulate drawdown in the vicinity of wells and decreased
ground-water discharge to the Mattapoisett River resulting from projected withdrawals by
municipal wells. In addition, the simulations were used to assess the impact of withdrawals
under reduced recharge conditions. Estimates of projected withdrawals for the period 1983-90+
were incorporated into the model, and the effects of withdrawals were considered both
separately and in combination. Surface-water withdrawals by cranberry bog operators were
assumed to affect streamflow only, and the impacts of these users were not simulated.

The model was designed and tested under average annual 1982 recharge conditions;
however, of most concern is the impact of withdrawals during drought conditions. To use the
model to predict impacts under drought conditions, it was necessary to find answers to several
important questions: (1) What are the drought conditions under which pumping impacts are to
be evaluated? (2) What model adjustments are needed to simulate drought conditions? and (3)
What are the projected pumping scenarios that are to be simulated?

Model Adjustments to Simulate Drought Conditions

Two reduced recharge conditions were chosen for simulating drought:

1. A "dry" condition representative of 1965 average annual recharge, in which
streamflow of the Mattapoisett River equals the 85 percent duration of flow;

2. A "severely dry" condition representative of the driest period of 1965, in which
streamflow of the Mattapoisett River equals the 99.7 percent duration of flow.

For the dry condition, an average annual recharge rate of 9.2 inches was used in model
simulations. This rate was estimated from the 1965 total precipitation at Rochester, Massachu-
setts. The dry condition is assumed to reflect a long-term recharge rate that is intermediate
between average and zero recharge.

For the severely dry condition, a recharge rate that is equivalent to an annual rate of 5.6
inches was used in the model simulations. Although there were periods of zero recharge in
1965, a model recharge rate greater than zero was used because it was assumed that some
recharge occurred during the year. In terms of discharge to the Mattapoisett River, the
recharge rate is equivalent to 2.0 ft3/s which is the estimated 7-day, 10-year low flow at the
River Road stream gage (table 1).

Lowering the recharge rate was not the only model adjustment required to simulate
drought conditions. Several other adjustments were made, in part because it was necessary to
change the conceptual model to more accurately define the aquifer under reduced recharge
conditions, and in part because of limitations in the way in which the digital model ecomputes
hydraulic head at constant-head and at leaky confining-bed nodes. The model adjustments were
as follows:

1. The hydrauliec head in the stream nodes representing the Mattapoisett River and
its tributaries was lowered by an average of 0.8 foot below that on May 18,
1982. The lowered head values correspond to stream stage at 7-day, 10-year low
flow. Although small tributary streams would actually dry up during a drought,
this change closely represents the decline in stage in the main stem of the river.
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2. The hydraulic head in the confining bed beneath the Wolf Island Road area was
lowered 2 feet. This change is relatively small considering the range of average
annual water-table fluctuation in the area. The effect of this change is to lower
water levels and decrease the vertical head gradient across the confining bed
which, in turn, decreases the leakage to the confined part of the aquifer.

3. The hydraulic head of the constant head nodes representing Snipatuit Pond and
Snows Pond was lowered 1 foot. Pond levels are regulated, but a decline during
drought conditions is assumed.

4. Leakage rates along the till boundary were lowered. For the dry condition, the
leakage rate was lowered 45 percent. For the severely dry condition, it was
assumed that a very low water table in the till effectively stops leakage. This
assumption is based on the general experience gained in till-covered areas in
Massachusetts during the 1965 drought when very large well drawdowns were
observed and streams and wetlands went dry. Accordingly, the leakage rate was
set to zero.

Municipal Well Pumping Scenarios and the Modeling Procedure

As explained earlier in this report, three of the four towns in the study area either have
tested or propose to test new well sites to meet these demands. To determine the impact of
these pumping wells on both the aquifer and the river, the projected increased pumping rates
for the current and the proposed wells were formulated in a series of pumping scenarios and
were incorporated into the model (table 8). Because of the importance of evaluating maximum
demands under driest conditions, three levels of pumping demand were estimated, corresponding
to the 3-month summer average, the high-month average, and the maximum daily consumption.
The projected pumping rates listed in table 8 were obtained from the towns; the Massachusetts
Department of Environmental Management, Division of Water Resources; and information on
proposed well sites supplied by the towns' consultants.

Pumping scenarios 1 to 3 represent the demands of the current, pre-1983 wells. Scenarios
4 to 6 represent the demands of the current wells plus the demands of the Fairhaven three-well
system which is proposed to begin operation in mid-1983. Additional proposed wells are not
scheduled to begin operation until after 1990. Therefore, scenarios 7 to 10 are designed to
simulate the demands of the current wells plus the progressive start-up of the proposed wells.
The proposed wells in scenarios 7 to 10 are arranged in order of their current stage of testing
and development.

The modeling procedure consisted of two steps:

1. The transient model was adjusted for drought conditions according to the
changes described above. Starting from the computed May 1982 steady-state
heads, and using a reduced recharge rate, the transient model was run until head
and storage changes equilibrated under the new recharge condition and
steady-state was reached.

2. Using the reduced recharge rates, each of the 10 scenarios was simulated using
the new steady-state model, and the computed results were evaluated.

Steps 1 and 2 were followed for both the dry and the severely dry reduced recharge con-
ditions. Results of the modeling runs are presented primarily in tables showing the predicted
drawdown in the pumping wells and the resulting total ground-water discharge of the Mattapoi-
sett River as measured at its outfall to the ocean. Also provided are contour maps showing
simulated changes in hydraulic head as compared with average annual conditions. For illus-
tration purposes in this report, the results of Scenarios 2, 5, and 10 are compared.

-56 -



Table 8.--Ten steady-state pumping scenarios

(Pumping rates, in cubic feet per second)

Current and Current and
Current proposed proposed
withdrawal, withdrawal withdrawal,
1982 1983-90" 1990+°
Well
Summer Maxi-  Summer Maxi-
aver- ngh mum aver- High mum High High High High
age3 month” da11y age month daily month month month month
Scenario number 1 2 3 4 5 6 7 8 9 10
Fairhaven:

River Road 0.50 0.56 1.11 0.50 0.56 1.11 0.56 0.56 0.56 0.56
Mattapoisett 2 .00 .00 .23 .00 .00 .23 .00 .00 .00 .00
Mattapoisett 3 .23 .23 1.24 .23 .23 1.24 .23 .23 .23 .23
Mattapoisett 4 .54 .68 1.55 .54 .68 1.55 .68 .68 .68 .68
Marion:

Wolf Island Road .62 .81 1.24 .62 .81 1.24 .81 .81 .81 .81
Fairhaven 20-79° - -- - 733 %41 Y.s57 /S RS S A |
Fairhaven 8-79 - - - .37 .46 .64 .46 .46 W46 .46
Fairhaven 11-81 - - - .24 .31 .43 .31 .31 .31 .31
Mattapoisett 11-6  —- - - -- - - %97 17 a1 .77
Marion:

New Bedford Road - - - — - -- - %60 .60 .60
Fairhaven:

Tinkham Lane -- - -= - - -- -= - 10097 .77
Mattapoisett 11-2 -- -- -- -- -- - - -= -— 1077

Total 1.89 2.28 5.37 2.83 3.46 7.01 4,23 4,83 5.60 6.37

'Assume 1982 withdrawals at current wells.

21982 pumping rates for high month; proposed withdrawals in order of current sta
of development.

June, July, August.

July.

Max1mum daily withdrawal rate assumed equal to pumping capacity.

®percent of total withdrawal by each well: 20-79, 35 percent; 8-79, 39 percent;
11-81, 26 percent.

80 percent of 1982 approved pumping limit (Massachusetts Department of Environ-
mental Quality Englneerlng, written commun., 1982),

81982 approved pumping limit (Massachusetts Department of Environmental Quality
Engineering, written commun., 1982).

%90 day safe discharge (Wright-Pierce, Inc., 1982; p. 15).

10 Approximately 50 percent of the proposed pumping capacity.
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Dry Conditions

Table 9 shows the combined effects of both reduced recharge under dry conditions and
projected withdrawals. For each scenario, the predicted drawdown in each well is listed along
with the total withdrawal rate and the total ground-water discharge from the aquifer. For
comparison, the estimated available drawdown at each well is also listed.

With the exception of several wells in Scenarios 3 and 8, the predicted drawdown in each
well, in all of the pumping scenarios, is less than the estimated available drawdown. Scenarios
3 and 6 simulate extremely high withdrawal rates and in each case the predicted drawdowns at
a number of wells exceed the available drawdowns (indicated in parentheses). In Scenario 3,
predicted drawdowns are exceeded in Mattapoisett well 4. In Scenario 6, predicted drawdowns
are exceeded in this well and in each of the three Fairhaven wells that are located on Wolf
Island Road. Furthermore, the available drawdown limit is nearly reached in the Marion well.
The drawdowns for the wells in Scenarios 7 to 10 show the progressive impact on aquifer head
and ground-water discharge as each well is turned on. For example, turning on the proposed
Fairhaven well off Tinkham Lane (Scenario 9) results in a predicted change in drawdown in the
nearby Mattapoisett well 4 from 10.49 to 11.80 feet and a decrease in flow of the Mattapoisett
River, as measured at the ocean outfall, from 2.92 to 2.15 ft3/s.

Reviewing all the data, total withdrawal removes from 25 percent (Scenario 1) to 90
percent (Scenario 6) of the available ground-water discharge of the aquifer. Under these dry
conditions, the predicted results show that some ground-water discharge is maintained in the
Mattapoisett River, even during the heaviest municipal withdrawals.

The combined effects of reduced recharge and municipal withdrawal are clearly illus-
trated in figures 18 to 20. The effects of reduced recharge are especially evident along the
east and west boundaries and in the northern part of the model area where simulated water
levels are more than 9 feet lower than average levels. Also, the saturated thickness of the
aquifer decreases to zero in a few widely scattered areas where the aquifer is thin. In general,
the predicted water-level declines are within the range of observed water levels and seem to be
representative of dry recharge conditions. As for the additional stress due to withdrawal, the
impaects of the current wells (Scenario 2, fig. 18), the current wells plus the new Fairhaven wells
(Seenario 5, fig. 19), and all the current and proposed wells (Seenario 10, fig. 20) are shown by
the increased water-level declines in the vieinity of each well. The broadest and deepest cones
of depression form at wells constructed beneath and adjacent to the confining bed at Wolf
Island Road. As seen from real experiences, wells that are located in the unconfined aquifer
adjacent to the Mattapoisett River, but have construction designs and withdrawal rates that are
similar to those of wells in the Wolf Island Road area, create much smaller cones of depression.
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Table 11.--Steady-state model results-—-induced infiltration and intercepted
ground-water discharge by wells adjacent to the Mattapoisett River

(Withdrawal rates and streamflow, in cubic feet per second)

Marion Matta- Fairhaven Mattapoisett wells Fairhaven
test Junction poisett test River Road
site with test site (North (South

New Bedford Branch site Tinkham 4 3 11-2 2 well well
Road Brook 11-6 Lane field) field)

DRY CONDITIONS (85 PERCENT FLOW DURATION)
Scenario 2

Streamflow upstream
of well field 3.69 5.41 4.87 5.30 5.30 5.01 4.91 5.43 5.75 5.57

Total withdrawal - .81 - - .68 .23 - - .37 .19

Withdrawal derived from
induced infiltration - .57 - - .29 130 - - .18 .09

Withdrawal derived from
intercepted ground-
water discharge - 24 - - .39 .10 — - .19 .10

Streamflow remaining
downstream of well
field 3.69 4.84 4.87 5.30 5.0l 4.88 4.94 5.43 5.57 5.48

Scenario 5

Streamflow upstream
of well field 3.69 4.88 3.66 4,10 4.10 3.81 3.74 4.23  4.55 4.38

Total withdrawal - 1.99 - - .68 .23 - - .37 .19

Withdrawal derived from
induced infiltration - 1.24 - - .29 .13 - - .17 .09

Withdrawal derived from
intercepted ground-
water discharge - .75 -- -- .39 .10 —- - .20 .10

Streamflow remaining
downstream of well
field 3.69 3.64 3.66 4.10 3.81 3.68 3.74 4.23 4.38 4.29

Scenario 10

Streamflow upstream
of well field 3.69 4.26 2.77 2,70  2.10 1.75 1.54 1.32 1.64 1.47

Total withdrawal .60 1.99 .77 77 .68 .23 a7 - .37 .19

Withdrawal derived from
induced infiltration .27 1.49 .09 .60 .35 .21 43— .17 .09

Withdrawal derived from
intercepted ground-
water discharge .33 .50 .68 .17 .33 .02 .34 ~-- .20 .10

Streamflow remaining
downstream of well
field 3.42 2.77 2.68 2.10 1.75 1.54 1.11 1.32 1.47 1.38
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Table 11.--Steady-state model results--induced infiltration and intercepted ground-
water discharge by wells adjacent to the Mattapoisett River (continued)

Marion Matta- Fairhaven Mattapoisett wells Fairhaven
test Junction poisett test River Road
site with test site (North (South

New Bedford Branch site Tinkham 4 3 11-2 2 well well

Road Brook 11-6 Lane field) field)
SEVERELY DRY CONDITIONS (99 PERCENT FLOW DURATION)
Scenario 2
Streamflow upstream
of well field 1.97 2.66 2.11 2.20 2.20 1.85 1.67 1.83 1.88 1.61
Total withdrawal - .81 - - .68 .23 == - .37 .19
Withdrawal derived from
induced infiltration -- .57 - - .35 .18 '.o1 '.09 .27 .13
Withdrawal derived from
intercepted ground-
water discharge - .24 - - .33 .05 -- @ -- .10 .06
Streamflow remaining
downstream of well
field 1.97 2.09 2.11 2.20 1.85 1.67 1.66 1.74 1.61 1.48
Scenario 5
Streamflow upstream
of well field 1.97 2.48 0.94 1.02 1.02 0.67 0.49 0.65 0.70 0.42
Total withdrawal - 1.99 -- -- .68 .23 -- - .37 .19
Withdrawal derived from
induced infiltration - 1.55 - - .35 .18 '.o1 .09 .28 .12
Withdrawal derived from
intercepted ground-
water discharge - A - - .33 .05 - - .09 .07
Streamflow remaining
downstream of well
field 1.97 .93 .94 1.02 .67 .49 .48 .56 42 .30
Scenario 10 (negative values indicate streamflow deficit)

Streamflow upstream 1.97 1.87 0.06 -0.31 -1.00 -1.35 -1.63 -2.07 =-2.21 -2.48
of well field
Total withdrawal .60 1.99 .77 .77 .68 .23 .77 - .37 .19
Withdrawal derived from
induced infiltration .27 1.81 .06 .00 .00 .00 .00 - .00 .00
Withdrawal derived from
intercepted ground-
water discharge .33 .18 .68 .08 .33 -- .26 -- .10 .06
Streamflow remaining
downstream of well
field 1.70 0.06 -0.03 -1.00 =-1.35 -1.63 -2.14 -2,35 =2.48 -2.61

!Natural leakage from stream.
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For Scenario 10, table 11 also includes the amounts of deficit streamflow necessary to
maintain the simulated withdrawals in the remaining downstream wells. The deficit values are
minimum streamflows: if the deficit at a well site is made up by some other source of water,
the withdrawal of that well site will be fully satisfied. However, streamflow will still be zero
and only an amount of made-up water greater than the deficit will result in positive stream-
flow. If the amount of streamflow upstream of the current and proposed wells is reduced for
any reason, streamflow deficits indicated in table 11 will increase by a proportional amount. If,
under real conditions, the streamflow deficits are not made up by another source of water,
withdrawals will have to be reduced to decrease the amount of induced infiltration.

To summarize the predicted streamflow of the Mattapoisett River under dry and severely
dry conditions, the streamflows according to Scenarios 2, 5, and 10 are illustrated as discharge
profiles in figure 24. The discharge profiles show predicted streamflows along the entire length
of the river for both drought conditions, given the withdrawals of each scenario. Also shown,
for ecomparison, is the streamflow of the river under no-pumping conditions. By way of brief
review, the model conditions include high-month withdrawal rates and no surface-water inflows.

From a water management point of view, the discharge profile under no-pumping con-
ditions may be considered a "best case" alternative because it represents the total amount of
available ground-water discharge from the Mattapoisett River valley aquifer. Similarly, the
discharge profile under Scenario 10 pumping conditions may be considered a "worst case" alter-
native in that it represents the available streamflow that remains after all the current and
proposed wells have removed water from the river and from the aquifer. Any proposed distribu-
ted pumping plan for water management will cause impacts on streamflow that fall between the
best case and worst case alternatives if all the assumptions upon which these scenarios are
based remain valid. If, on the other hand, one or more of the assumptions are invalidated, for
example, higher withdrawals (such as increased withdrawal rates and more wells), then with-
drawals will cause greater impacts than those illustrated in figure 24.

Appraisal of Model Results

The model simulations are based on available information about current and proposed
municipal withdrawals. The pumping scenarios (table 8) were not designed to econform with any
water-level or streamflow criteria. The results provide new information for those who wish to
evaluate their own comprehensive water resources management plans for the region and provide
an example for those who wish to use the model to test their own pumping plans. In view of the
large amount of information given in this report, a brief appraisal may help to clarify the
results and limitations of the model.

The modeling work represents an initial effort to integrate all the geologic and hydrologic
characteristics of the aquifer that affect water levels and streamflow and to determine the net
effects of municipal withdrawals on a regional scale. Precise simulation of well interference on
a small scale was not an objective of the modeling work; consequently, the model was designed
to assess regional rather than local processes.

The withdrawal rates simulated in the pumping scenarios cover an extensive range of well
development and give a relatively complete picture of the proposed withdrawal of water from
the stream-aquifer system in the study area. For the purposes of this study, these scenarios
were used to: (1) Explain the operation of the digital model, and (2) provide illustrative
examples of the cause-and-effect relations of municipal withdrawal, streamflow, and hydraulic
head.

The real condition which the model was adjusted to simulate was a long drought (2 to 3
years) in which water levels, ground-water discharge, and streamflow are much less than
average, but are assumed to be at steady-state. The pumping scenarios were run under
steady-state conditions to allow direct comparisons of the pumping impacts. Proper interpreta-
tion of the results of this modeling approach requires knowledge of the response time of the
aquifer, and the transient model runs of this study show that real recharge and withdrawals
would have to operate continuously for at least 1 year to realize the model predictions. An
alternate modeling approach would have been to simulate the pumping scenarios in a series of
transient model runs in which recharge and pumping stresses are simulated over a time period
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MATTAPOISETT RIVER DISCHARGE, IN CUBIC FEET PER SECOND
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beginning at a known point (May 1982 average conditions) and ending at some point representa-
tive of steady-state (drought) conditions. This approach is an appropriate and often preferred
modeling method; however, it was not followed in this study because of the difficulty of clearly
separating impacts due to pumping from impaets due to the change in recharge. Regardless of
the approach, it should be emphasized also that starting conditions for drought simulations were
May 1982 average annual conditions and these conditions may not be completely representative
of worst-case situations. A real drought may be preceded by a year or more of relatively dry
conditions which makes starting conditions worse, as was the case in 1965.

The potential model user should remain aware of other limitations of the current model.
For example, values for aquifer hydraulic conductivity at model nodes were adjusted during
steady-state calibration, and a good match between computed and observed hydraulic heads was
obtained in most, but not all, of the model area. A poor match was obtained in some areas
along the model border, partly because these are areas in which there often is significant
vertical flow which the model cannot simulate, and partly because these areas are in corners of
the active model which cause unique computational problems. Further attempts to refine the
calibration in these areas may not significantly improve the model results.

The storage coefficient values were adjusted slightly during transient model calibration,
and only constant values for the aquifer and confining bed were used. No attempt was made to
assign and adjust individual storage values to the nodes near wells to improve the match
between calculated and observed drawdowns (table 7). Although the calculated and observed
drawdowns match very well indicating accurate calibration of hydraulic conductivity and stor-
age coefficient values, the match only indicates that this combination of values produces an
acceptable answer, not necessarily the correct answer. A prerequisite of future transient
modeling analysis is the addition to the model of distributed values for aquifer specific yield
and storage and a sensitivity test of those values.

In cases where there is little ground-water discharge from the aquifer to the stream, the
stream effectively goes dry. A major limitation of the model arises when pumping wells near
the "dry" stream are simulated. The user may adjust the stage of stream in the current model
to a level which accurately represents either low flow or no flow. In actuality, no streamflow is
available for induced infiltration by the wells, and leakage through the streambed is zero.
However, the model does not account for a dry streambed and maintains a positive rate of
leakage, based on the assigned stage of the river. As a result of this leakage, simulated
hydraulic head in the aquifer and drawdowns in the wells will be incorrect; real aquifer heads
will be lower, and well drawdowns will be greater than the predicted values. The impact of this
limitation on model results will be greatest in situations where wells with shallow sereens are
located next to a stream and a major portion of the yield of the well is derived from induced
infiltration. Correction for this model limitation requires revision of the computer program to
stop leakage through the streambed when calculated heads fall below the bottom of the bed.

Estimates of ground-water flow from the till to the stratified drift should be refined when
baseflow data from till-covered basins in the region become available. Under severely dry con-
ditions, the flux rate across the till/stratified-drift boundary may be greater than the zero rate
used in model simulations. Many sections of the model boundary, particularly along the east
and northwest sides of the study area, are in wetland areas. In reality, the fluxes across these
boundaries are head-dependent in the sense that the rate of flux across the boundary depends on
the average head in the wetland on the other side of the boundary. Potential model users may
also want to add this model capability to the computer program.

Experience has shown that pumping impaects at current and proposed wells do not extend
laterally to the till/stratified-drift boundary. For wells finished in the unconfined parts of the
aquifer, drawdowns are generally small (approximately 15 feet), and the influence of the wells
extends hundreds, not thousands, of feet. In almost every case, the yields of the wells are
related to local factors, such as the hydraulic conductivity of both the aquifer and the nearby
streambed. For wells finished in the confined part of the aquifer near Wolf Island Road,
drawdowns tend to be large (approximately 40 feet) and the influence of the well may extend
thousands of feet. Some evidence for an influence of this magnitude was gathered during this
study when the on-off cycle of a pumping well was clearly recorded by water-level-observation
equipment attached to a well located 3,600 feet away. If new wells are added to future model
simulations, care should be taken not to place the wells near the border of the active model
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area where their influence may impinge on the model boundary. Simulated drawdowns in wells
near the boundaries will be inaccurate, reflezting the limitations of the constant-flux boundary
conditions and the level of model calibration in that area.

Finally, the post-1990 simulated withdrawal rates are rough estimates at best. None of
the wells proposed by the towns have been constructed, and only estimates of proposed town
water needs are currently available. Nevertheless, the model results can be used to obtain a
sense of the magnitude of changes in water levels and streamflow that could be expected on a
regional basis if the proposed withdrawals take place. The impacts of Rochester water supply
needs will also have to be analyzed in future model simulations if a municipal well system is
constructed.

SUMMARY

An area of 8 mi? in the Mattapoisett River drainage basin, Plymouth County, Massachu-
setts, was modeled to simulate changes from 1982 to 1990+ in water levels and streamflow due
to proposed increases in municipal well withdrawals. The ground-water-flow model was con-
structed and calibrated with hydrologic data gathered during this study and data from previous
Survey and private studies.

Ground water in the study area occurs in stratified-drift sediments which form a high-
water-yielding, unconfined aquifer in the Mattapoisett River valley. The unconfined aquifer is
composed mostly of sand and gravel, is underlain by bedrock, and is bordered by till. Ground
water derived from infiltration of precipitation to the aquifer and from leakage from adjacent
till moves through the aquifer and discharges to the Mattapoisett River.

Thickness of the sand and gravel sediments ranges from zero at the till/stratified-drift
boundary to over 110 feet at one location in the center of the valley. The altitude of the water
table ranges from near zero at the seacoast at the south end of the valley to over 90 feet in the
upland areas at the north end of the valley. The average seasonal water-table fluctuation is 3
to 5 feet. Aquifer thickness generally ranges from 25 to 75 feet and hydraulic conductivity
ranges from about 2 to 350 ft/d. In the center of the valley, a small confining layer composed
of clay and silt is interbedded with the stratified drift and separates the aquifer into an upper
unconfined part and a lower confined part.

Total recharge to the aquifer simulated in the model, based on 1982 water year data, was
15.9 inches. Leakage from till was approximately 6.8 inches and was determined by applying a
rate of 0.5 (ft3/s)/mi? of contributing dramage area. Total baseflow of Mattap01sett River,
as determined during five measurements in 1982, ranged from 5.4 to 43.4 ft*/s. Withdrawal
rate from wells in May 1982 was 1.80 ft3/s.

Water quality at seven well sites and at three stream-gage sites is soft, slightly acidic,
and low in dissolved solids. High iron and manganese concentrations are common, and some
contamination by salt was detected at one roadside well. The water samples collected in
1981-82 also were analyzed for 55 insecticide, pesticide, and volatile organic compounds. Some
solvents, herbicides, and insecticides were detected in a few wells.

A digital model of two-dimensional ground-water flow was used to compute water-table
elevations, rates of induced stream infiltration, and rates of ground-water discharge to the
Mattapoisett River. The till/stratified-drift boundary was modeled as a constant-flux boundary,
and the Mattapoisett River and its tributaries were modeled as leaky boundaries. The active
model area consists of 1,068 nodes and includes a 56-node confining bed. A parameter
estimation procedure, which was used to refine the model, was based on data from May 1982
steady-state hydrologic conditions and from transient conditions that existed during six
short-term aquifer tests conducted at the major municipal well sites.

The difference between computed and observed May 1982 water levels was less than 4
feet at 80 percent of the model nodes; the maximum difference was 10.5 feet.. A poorer fit
between computed and observed values was accepted in some model areas, particularly in areas
adjacent to the boundaries, because of the sparsity of the observed data, the coarseness of the
grid, and the model limitations concerning horizontal flow. The transient simulations of the
aquifer tests showed that the model is capable of computing well drawdowns accurately over
time.
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A sensitivity analysis of the model indicated that the departure between computed and
observed heads could be reduced by increasing and decreasing values of both aquifer and
streambed hydraulic conductivity. Further adjustments do not significantly improve the model.
The analysis further showed that the leaky, streambed of the Mattapoisett River acts as a
constant-head boundary and does not effectively retard leakage. The model results are most
sensitive to decreases in the hydraulic conductivity values of the aquifer and the streambed.

The response of the aquifer to changes in recharge is not instantaneous. According to the
results of transient model runs simulating 1965 reduced recharge conditions, approximately 75
percent of the total expected storage decline in the aquifer takes place in the first year, and
further decreases in storage take place at progressively slower rates. The estimate is conserv-
ative, and may either reflect the lithology of the aquifer materials or the optimistic value of
specific yield used in transient model simulations. Knowledge of the aquifer response time is
particularly important in steady-state model analysis using variable recharge rates because it
indicates how long the real stress conditions must last for the model results to be realized.

Steady-state model runs were used to assess the impacts of present and proposed
withdrawals on water levels and streamflow. Ten pumping scenarios, which consist of 1982,
1982-90, and post-1990 projected withdrawal rates, were devised for simulation. The scenarios
were run in the order of the expected startup of the wells. Impacts of the withdrawals were
evaluated under two reduced recharge conditions that simulate drought:

1. A "dry" condition representing 1965 average annual recharge; and

2. A "severely dry" condition representing 7-day, 10-year low flow of the
Mattapoisett River.

Under dry conditions, the predicted impacts on water levels due to reduced recharge are
greatest along the till/stratified-drift boundaries and in the northern part of the model area
where simulated water levels are more than 9 feet lower than average levels. For most of the
scenarios, the predicted drawdowns in present and proposed wells are within the estimated
available drawdown. In two scenarios which simulate the highest withdrawal rates, the avail-
able drawdown is exceeded in four wells. Even at the highest withdrawal rates, at least 10
percent of the total ground-water discharge from the aquifer enters the Mattapoisett River.

Under severely dry conditions, the predicted water levels in the aquifer declined up to 19
feet, and several relatively thin areas of the aquifer became desaturated. The model results
show that the estimated available drawdown is exceeded in five wells in two scenarios which
simulate withdrawal rates, and that the withdrawal rates of six out of the ten scenarios inter-
cept all the ground-water discharge from the aquifer. The predicted results vary depending on
the distribution and rate of simulated withdrawal. Nevertheless, the results indicate that there
is no net increase in streamflow due to ground-water discharge in the southern half of the
valley under most pumping plans.

The predicted impacts of other pumping plans should fall between the best case and worst
case alternatives simulated by these scenarios if the assumptions of scenarios remain valid. If
new pumping plans are devised which invalidate the model assumptions, then the impacts likely
will be greater than those predicted by the present model.
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