INVESTIGATION AND PREDICTIVE MODELING OF
WATER QUALITY CHANGES WITHIN THE
YORKTOWN AQUIFER,

DARE COUNTY, NORTH CAROLINA

VOLUME |

PREPARED FOR:
COUNTY OF DARE
WATER PRODUCTION DEPARTMENT

600 MUSTIAN ST.
KILL DEVIL HILLS, NC 27948

APRIL, 1992

Prepared by:
Missimer & Associates, Inc.
428 Pine Island Road, S.W.
Cape Coral, Florida 33991

Project Number

CHO0-401
Bevr S L NP s i
Brian J. Peck &~ W. Kirk Martin, P.G!
Hydrogeological Modeling Senior Hydrogeologist

Specialist North Carolina Registered

Professional Geologist #1112



TABLE OF CONTENTS

TABLE OF CONTENTS . ... .. e e
LISTOF FIGURES ... .. .. . i e
LISTOFTABLES ... .. .. .. i P
LISTOF APPENDICES ... .. ... .. . i
. CONCLUSIONS AND RECOMMENDATIONS .....................

. INTRODUCTION .. . . . e e e e i
Project HiStOry . . .. .o e e
ProjeCt SCOPE . . . vt ittt e e
Acknowledgements . ... .. ... ...

. HYDROGEOLOGY AT KILL DEVILHILLS ............ .. .. ... ...
INtroduction . . . . .. e e
Aquifer Hydraulic Parameters .. ........... .. ... ... ... ....

IV. WELL DATA ANALYSIS ... ... . . . . i i
INtroduction . . . . .. e
Supply Well PumpingRates . ................. .. ... .. .. ...
Supply Well Pumping Levels  .............. ... ... ... ......
Supply Well Specific Capacities . . . ............... .. ... ...
Observation Well Water Levels ... .......... ... ... ... ... ....
Total Dissolved Solids in Supply Wells . ... ...................
Total Dissolved Solids in Monitor Wells ... ...................

V. GROUNDWATER MODELING . ......... ... ... ... .. ..
ObJeCtives . . . . . e
Data Availability . ... ... .

VI. MODEL SELECTION AND CONSTRUCTION ...................
Model Selection . .. ... ..
Hydrogeologic Framework . ........... ... ... . .. i,
Model Construction .. ...... . . i i

Vil. THREE DIMENSIONAL HYDRAULIC AND SOLUTE TRANSPORT
MODELING .. ... . e e e e
Initial ConNditioNS . . . . . 0t e e e e e e e e

ii




‘ Boundary Conditions . . ...« 64

Hydraulic Calibration . ........ ... ... ... 67
Solute Transport Calibration . ......... ... ... ... .. ... ..... 70
Predictive SCeNarioS . . . v v v vt e et e e e e e e 77
Discussion of RESUIS . . . v o it i i it e e e e e e e e e 80
Vill. WELLFIELD CONFIGURATION PLANNING ................... 85
X, REFERENCES ... .ttt it e e e e e e e e e e e e 87
X. GLOSSARY OF TERMS .. .. ..t e e e e e i ie e 89

iii




FIGURE

2-1.

2-2.

LIST OF FIGURES

GENERAL LOCATION MAP OF NORTHERN DARE COUNTY

AND OUTER BANKS. .. ... i
WELLFIELD LOCATION MAP. ... .. ..o

HYDROGEOLOGIC SECTION OF DARE COUNTY BAUM TRACT
WELLFIELD. . . . i

R.O. WELL 1 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-890 THROUGH 10-81. ... ... .. ... .

R.O. WELL 2 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-89 THROUGH 10-91. ... ... . . e

R.O. WELL 3 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-89 THROUGH 10-91. ... . .. ... o i

R.O. WELL 4 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-89 THROUGH 10-91. . ... ... ...

R.O. WELL 5 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-89 THROUGH 10-G1. . ... ... ... .. ..

R.O. WELL 6 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-89 THROUGH 10-91. .. ... ... . .. i

R.O. WELL 7 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 9-88 THROUGH 10-G1. .. ... ... ... i

R.O. WELL 8 TOTAL DISSOLVED SOLIDS CONCENTRATION
AND MONTHLY AVERAGE PUMPING RATE FOR THE PERIOD

FROM 98-80 THROUGH 10-91. . .. ......... ... ... ot

iv

PAGE

e 7

.. 8

17

.. 18

.. 18

.. 20

Lo 21

.. 22

.. 23

.. 24



LIST OF FIGURES (CONTINUED)

FIGURE

4-8.

4-10.

4-11.

4-12.

4-13.

4-14.

4-15.

4-16.

4-17.

4-18.

REPORTED R.O. WELL 1 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-89 THROUGH 10-G1. . . . . ..o 25

REPORTED R.O. WELL 2 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-88 THROUGH 10-81. . .. ... ... it 26

REPORTED R.O. WELL 3 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-81. . ... .. ... oo 27

REPORTED R.O. WELL 4 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-81. . ... ... i 28

REPORTED R.O. WELL 5 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-91. . . .. .. . i 29

REPORTED R.O. WELL 6 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-81. . . .. .. ... 30

REPORTED R.O. WELL 7 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-81. .. ... ... i 31

REPORTED R.O. WELL 8 DRAWDOWN AND MONTHLY
AVERAGE WELLFIELD PUMPING RATE FOR THE PERIOD
FROM 9-80 THROUGH 10-91. . ... ... . e 32

AVERAGE REPORTED WELLFIELD DRAWDOWN AND
PUMPING RATE FOR ALL WELLS DURING THE PERIOD
FROM 9-88 THROUGH 10-81. . ... ... . e 34

REPORTED DRAWDOWN IN THE OCEAN MONITOR WELL
FOR THE PERIOD FROM 9-88 THROUGH 10-81 . ............ 36




. LIST

Fl

4-19.
4-20.
4-21.
4-22.
4-23.

4-24,
. 4'25.
4-26.
4-27.
4-28.

4-28.

OF FIGURES (CONTINUED)
RE

REPORTED DRAWDOWN IN MONITOR WELL OBS-300
FOR THE PERIOD FROM 9-89 THROUGH 10-81 .............

REPORTED DRAWDOWN IN MONITOR WELL OBS-600
FOR THE PERIOD FROM 9-89 THROUGH 10-81 .............

REPORTED DRAWDOWN IN MONITOR WELL MW-310
FOR THE PERIOD FROM 8-88 THROUGH 10-81 .............

REPORTED DRAWDOWN IN MONITOR WELL MW-410
FOR THE PERIOD FROM 98-80 THROUGH 10-61 .............

REPORTED DRAWDOWN IN MONITOR WELL MW-510
FOR THE PERIOD FROM 9-89 THROUGH 10-91 . ............

REPORTED DRAWDOWN IN MONITOR WELL MW-610
FOR THE PERIOD FROM 9-89 THROUGH 10-91 .............

AVERAGE WELLFIELD TOTAL DISSOLVED SOLIDS
CONCENTRATION AND CUMULATIVE GALLONS PUMPED
THROUGH TIME FOR THE PERIOD FROM 9-89

THROUGH 10-91 . ... e

MEASURED TOTAL DISSOLVED SOLIDS CONCENTRATION
IN THE OCEAN MONITOR WELL FOR THE PERIOD FROM
9-80 THROUGH 10-91 .. .. .. . i i

MEASURED TOTAL DISSOLVED SOLIDS CONCENTRATION
THE MONITOR WELL MW-310 FOR THE PERIOD FROM
g-80 THROUGH 10-91 ... ... .

MEASURED TOTAL DISSOLVED SOLIDS CONCENTRATION
THE MONITOR WELL MW-410 FOR THE PERIOD FROM
98-80 THROUGH 10-91 ... ... e

MEASURED TOTAL DISSOLVED SOLIDS CONCENTRATION
THE MONITOR WELL MW-510 FOR THE PERIOD FROM
98-80 THROUGH 10-91 .. ... .. . i s

vi




. LIST OF FIGURES (CONTINUED)

FIGURE PAGE

4-30. MEASURED TOTAL DISSOLVED SOLIDS CONCENTRATION
THE MONITOR WELL MW-610 FOR THE PERIOD FROM
g-80 THROUGH 10-91 . ... . e e 52

6-1. HYDROGEOLOGIC SECTION OF DARE COUNTY BAUM
TRACT WELLFIELD WITH CORRESPONDING MODEL LAYER
CONSTRUCTION . .. e e e e e 59

6-2. MAP SHOWING MODEL GRID LOCATION AND CONSTRUCTION . 82

7-1. TIME-DRAWDOWN DIAGRAM FOR OBS-300 RESULTING
FROM A SIMULATION OF A THREE DAY TRANSIENT
PUMPTEST OF R.O. WELL 1 AT A RATE OF 515 GALLONS
PER MINUTE . . . . . e e 73

7-2. TIME-DRAWDOWN DIAGRAM FOR OBS-600 RESULTING
FROM A SIMULATION OF A THREE DAY TRANSIENT
PUMPTEST OF R.O. WELL 1 AT A RATE OF 515 GALLONS
. PER MINUTE . .. . . e e e e e s 74

7-3. MODEL PREDICTED CHANGES IN AVERAGE WELLFIELD
TOTAL DISSOLVED SOLIDS CONCENTRATION AT THE
CURRENT AVERAGE ANNUAL WELLFIELD PUMPING RATE
OF 2.36 MILLION GALLONS PER DAY. . ....... ... ... .. 78

7-4. MODEL PREDICTED CHANGES IN WELLFIELD TOTAL
DISSOLVED SOLIDS CONCENTRATION RATE-OF-CHANGE-
PER-DAY, THROUGH TIME, AT THE CURRENT AVERAGE
ANNUAL WELLFIELD PUMPING RATE OF 2.36 MILLION
GALLONS PER DAY . . . i e e e 79

7-5. MODEL PREDICTED CHANGES IN TOTAL DISSOLVED SOLIDS
CONCENTRATION FOR TWO NEW WELLS PUMPING AT AN
AVERAGE ANNUAL RATE OF 0.86 MILLION GALLONS PER DAY. . 81

7-6. MODEL PREDICTED CHANGES IN TOTAL DISSOLVED SOLIDS
CONCENTRATION RATE-OF-CHANGE-PER-DAY, THROUGH
TIME, FOR TWO NEW WELLS PUMPING AT AN ANNUAL
AVERAGE RATE OF 0.86 MILLION GALLONS PER DAY

vii




LIST OF FIGURES (CONTINUED)

FIGURE

7-7.

8-1.

A-1.

A-2.

A-10.
A-11.
A-12.

A-13.

MODEL PREDICTED TOTAL DISSOLVED SOLIDS CONCENTRA-
TION FOR TWO WITHDRAWAL SCENARIOS: 1) PUMPING
FROM THE BAUM TRACT WELLFIELD AT THE CURRENT
ANNUAL AVERAGE WITHDRAWAL RATE OF 2.36 MGD UNTIL
THE YEAR 2003; AND 2) PUMPING 2.36 MGD FROM THE
BAUM TRACT WELLFIELD UNTIL 1/93, THEN DECREASING
THE WITHDRAWAL TO 1.5 MGD UNTIL 2003, AND PUMPING
0.86 MGD FROM TWO NEW WELLS FROM 1/83 UNTIL THE
YEAR 2003 . .ottt e e e

MAP SHOWING EXISTING AND RECOMMENDED WELL
LOCATIONS . .

R.O. WELL 1 SPECIFIC CAPACITY VERSUS PUMPING RATE . . ..

R.O. WELL 2 SPECIFIC CAPACITY VERSUS PUMPING RATE .. ..

R.O. WELL 3 SPECIFIC CAPACITY VERSUS PUMPING RATE .

R.O. WELL 4 SPECIFIC CAPACITY VERSUS PUMPING RATE . . ..

R.O. WELL 5 SPECIFIC CAPACITY VERSUS PUMPING RATE ..
R.O. WELL 6 SPECIFIC CAPACITY VERSUS PUMPING RATE . ..
R.O. WELL 7 SPECIFIC CAPACITY VERSUS PUMPING RATE .
R.O. WELL 8 SPECIFIC CAPACITY VERSUS PUMPING RATE .

R.O. WELL 1 SPECIFIC CAPACITY VERSUS TIME

R.O. WELL 2 SPECIFIC CAPACITY VERSUS TIME

R.O. WELL 3 SPECIFIC CAPACITY VERSUS TIME

R.O. WELL 4 SPECIFIC CAPACITY VERSUS TIME

R.O. WELL 5 SPECIFIC CAPACITY VERSUS TIME

...........

viii

g5
96
97
o8
99
100
101

102




LIST OF FIGURES (CONTINUED)

B-2.

R.O. WELL 6 SPECIFIC CAPACITY VERSUS TIME .. .........
R.O. WELL 7 SPECIFIC CAPACITY VERSUS TIME .. ... ......
R.O. WELL 8 SPECIFIC CAPACITY VERSUS TIME . .. ........
TOTAL DISSOLVED SOLIDS PROFILE BEFORE WELLFIELD
START-UP, AND AFTER 2 YEARS OF PUMPING AT AN

ANNUAL AVERAGE RATEOF 236 MGD . .................
CHLORIDE CONCENTRATION AS A FUNCTION OF TOTAL

DISSOLVED SOLIDS. DATA SET COLLECTED BETWEEN
9/89 AND 10/91 .. .. i

ix




7-3

7-4

7-5

B-1.

B-2.

C-1.

C-2.

LIST OF TABLES

PAGE

WELL CONSTRUCTION DETAILS AND MONITORING SCHEDULE 15

MONITOR WELL DRAWDOWN MAXIMA AND MINIMA FOR THE
PERIOD OF RECORD (AUGUST 14, 1989, TO OCTOBER 23,
1991), INFEET .. ..o 44

INITIAL HYDRAULIC PARAMETERS USED PRIOR TO MODEL
CALIBRATION

STEADY STATE DRAWDOWNS AND SUMMER/WINTER HEAD
DIFFERENCES GENERATED BY THE MODEL AFTER
HYDRAULICS CALIBRATION ... ... . i 69

STEADY STATE DRAWDOWNS AND SUMMER/WINTER HEAD
DIFFERENCES GENERATED BY THE MODEL AFTER
SOLUTE TRANSPORT CALIBRATION . ... ... ... it 72

MID-YORKTOWN AQUIFER COEFFICIENTS DETERMINED BY

THE HANTUSH-JACOB METHOD (1955) FROM A SIMULATED

THREE DAY TRANSIENT PUMPTEST USING THE CALIBRATED
MODEL . .ottt e e e 75

HYDRAULIC COEFFICIENTS BEFORE AND AFTER MODEL
CALIBRATION . .. i e e e e 76

DEPTHS TO STATIC WATER IN THE R.O. SUPPLY WELLFIELD . 112

NUMERICAL PARAMETERS AND OPTIONS USED IN FTWORK
MODEL (VERSIONDCO53) . .. ..ottt 113

CHANGES TO MODEL LAYER 1 STEADY STATE HEADS RESULTING
FROM SYSTEMATIC CHANGES IN THE HYDRAULIC PARAMETERS IN
EVERY MODEL LAYER . .. . . ... e 119

CHANGES TO MODEL LAYER 2 STEADY STATE HEADS RESULTING
FROM SYSTEMATIC CHANGES IN THE HYDRAULIC PARAMETERS IN
EVERY MODELLAYER . . ... ..o i 120




LIST OF TABLES (CONTINUED)

TABLE

C-3.

C-4.

C-8.

PAGE

CHANGES TO MODEL LAYER 3 STEADY STATE HEADS RESULTING
FROM SYSTEMATIC CHANGES IN THE HYDRAULIC PARAMETERS IN
EVERY MODEL LAYER . ... ... . e 121

CHANGES TO MODEL LAYER 4 STEADY STATE HEADS RESULTING
FROM SYSTEMATIC CHANGES IN THE HYDRAULIC PARAMETERS IN
EVERY MODEL LAYER . ... ... . . i 122

CHANGES TO MODEL LAYER 5 STEADY STATE HEADS RESULTING
FROM SYSTEMATIC CHANGES IN THE HYDRAULIC PARAMETERS IN

EVERY MODEL LAYER ... ... . . i 123
SUMMARY OF MAXIMUM DRAWDOWN VALUES FOR EACH LAYER
FOR ALL SENSITIVITY ANALYSIS MODEL RUNS . ........... 124

SUMMARY OF EFFECTS OF PARAMETER CHANGES ON THE
VERTICAL LEAKAGE FROM THE MID-YORKTOWN AQUITARD (LAYER
3) TO THE PRODUCTION ZONE (LAYERS 1AND 2) ......... 126

SUMMARY OF EFFECTS OF PARAMETER CHANGES ON THE
VERTICAL LEAKAGE FROM THE LOWER-YORKTOWN AQUIFER
(LAYER 4) TO THE PRODUCTION ZONE (LAYERS 1 AND 2) ... 127

xi




‘ LIST OF APPENDICES

APPENDIX PAGE
A SPECIFIC CAPACITY DIAGRAMS . ... ... ... . i 94
B MISCELLANEOUS TABLES AND FIGURES . ............... 111
C. HYDRAULIC SENSITIVITY ANALYSIS . . .. .. oo 116
D SAMPLE FTWORK MODEL INPUT FILES . ........... VOLUME |l
E. SAMPLE FTWORK MODEL OUTPUT FILES .......... VOLUME I

xii




|. CONCLUSIONS AND RECOMMENDATIONS

The current annual average withdrawal rate from Baum Tract wellfield is 2.36 million
gallons per day. Upward leakage of water of higher salinity from beneath the
wellfield has increased total dissolved solids by approximately 1.4 milligrams per liter
per day, or about 500 milligrams per liter per year, during the first two years of
production from the wellfield. Solute transport modeling indicates that for this
wellfield configuration, the total dissolved solids concentration increases will continue
at rates depending on wellfield pumpage and the distribution of wellfield withdrawals.
If potable demand and water quality changes continue at present rates, the Reverse
Osmosis Water Treatment Plant will experience declines in production efficiency,
accompanied by increasing operational costs, until feedwater quality changes
(approximately 6000 milligram/liter total dissolved solids) necessitates substantial
modification of the R.O. facility by late 1997. If demand for potable water increases,
the rate of water quality change will also increase, and Treatment Plant operational
costs will rise accordingly. It is imperative that mitigation of these effects by
implemention of the outiined recommendations be undertaken as soon as possible
in order to maintain treatment plant capacity, to minimize future capital costs, and
to minimize on-going operational costs.

To minimize deterioration of feedwater quality, drawdown in the Baum Tract wellfield
should be reduced. Limiting the annual average groundwater withdrawals to
approximately 1.5 million gallons per day, and holding the peak demand pumpage
to approximately 2.3 million gallons per day, will allow efficient treatment of Baum
Tract water at the present R.O. facility until around the turn of the century. R.O.
supply wells 4, 5, and 6 have the highest total dissolved solids concentrations.
These wells should be removed from primary use status in order to reduce the
overall wellfield pumpage to the recommended 1.5 million gallons per day annual
average. Primary withdrawals should be transferred to wells with the greatest well

spacings and lowest total dissolved solids concentrations. Supply wells 4, 5, and
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6 should be maintained in ready status for emergency stand-by or back-up
production capacity. Water quality sampling should continue in these wells. If the
total dissolved solids concentration in any of the five supply wells changes in time
and significantly exceeds the concentration monitored in wells 4, 5, or 6, the standby
status should be rotated to the well with the highest concentration, and pumpage
should continue from the wells with the lowest total dissolved solids concentrations.
An alternative pumping scheme would be to reduce the maximum pumping rates
from each well and operate more wells concurrently to meet a given feedwater
requirement. This would distribute the pressure reduction over a larger area,
reducing the pressure gradients under individual wells, and minimizing the rate of
water quality decline. This may require using three wells to supply each R.O. train

instead of the existing configuration of two wells per train.

The 1.2 million gallons per day feedwater requirement created by this withdrawal
limitation on the existing wellfield should be made up using two new well sites
located approximately one to two miles south of the R.O. plant. The new wells
should be placed in a linear configuration parallel to the coast with a well spacing
of at least 1500 feet. Kill Devil Hills and Nags Head municipal property adjacent to
Fresh Pond are recommended for the new well sites.

Prior to installation of the new supply wells, two four-inch diameter test wells should
be installed at the new wellfield site. Data collected during the installation of these
wells be used to determine any lateral changes in the lithology or water quality within
the Yorktown Aquifer, determine the total dissolved solids profile at the site, and help
determine the optimal production zone interval. These wells will serve as monitor
wells after installation of the new supply wells, and serve as observation wells during
aquifer testing of the new wells, allowing for determination of aquifer parameters at
the new site.

When expansion of raw water facilities is required to meet increasing demand, then
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additional wells should be installed along this alignment to the southeast, using a
well spacing of approximately 1500 foot spacing as site availability dictates.
Assuming that the water quality at the new sites is similar to that at the Baum Tract,
installation of the new wells should significantly extend the Baum Tract wellfield life
by providing the R.O. plant with an improved quality feedwater blend after mixing
with the relatively fresh water from the new wellfield. Using the combination of
wellfields, the feedwater mix should remain within R.O. plant operational criteria
(6000 milligrams per liter total dissolved solids) until approximately 2005. Before the
6000 milligram per liter feedwater total dissolved solids concentration occurs, the
wellfield should be expanded, R.O. plant modifications should be made, or
technology improvements should be implemented to assure an uninterrupted supply
of treated water.

Depending on the site-specific geology and the total dissolved solids profile at the
new well sites, new well screens may be limited to lengths of under 100 feet, and
the screens should be accurately positioned at the top of the mid-Yorktown aquifer.
Any reductions in screen lengths may require slight downsizing of the individual
pump capacities. A shallower setting for the base of the screened interval will put
a greater thickness of sediment between the production zone and the higher salinity
water occurring deeper in the aquifer system. It may also tap a fresher interval,
initially resulting in production of water with a total dissolved solids concentration of
less than 2000 milligrams per liter. Together with the increased well spacing, these
changes will significantly decrease the rate at which total dissolved solids
concentrations change.

Water quality data should be collected in monitor wells OBS-300 AND 0OBS-600 to
provide background data on the quality of the Yorktown Aquifer in the area between
supply wells. These data will be useful for determining the site specific nature of the
saline water upconing by revealing the extent to which upconing is occurring

immediately beneath the supply wells, as opposed to upward leakage of saline
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water into the production interval over the entire wellfield zone of influence.

Production well pumping status (on/off and rate) at the time water level
measurements are made and should continue to be recorded. Water level
measurements in all supply and monitor wells in the wellfield should be sampled on
the same day if possible. A minimum of three well volumes of water should be
purged from the monitor wells prior to sampling. This is particularly important for
OBS-300, OBS-600, and the Ocean Monitor Well, because these wells have screens
which fully penetrate the Yorktown Aquifer production zone, and density stratification
within the well casings can cause falsely low total dissolved solids measurements

to be made if they are not sufficiently purged.

To improve the water level data set, a land survey of all supply well and monitor well
measuring points to National Geodetic Vertical Datum (N.G.V.D) should be
performed. This will permit depth to water measurements to be converted to
absolute water levels. Water level measurements after periods of wellfield shutdown
will allow determination of the recovery of aquifer pressure. Differences between

these water levels and the pre-development water levels wiIlAimprove understanding

of the true hydraulic boundary conditions.




