
 

Contents III

 

CONTENTS

 

Abstract ................................................................................................................................................................................. 1
Introduction ........................................................................................................................................................................... 2

Geographic Setting...................................................................................................................................................... 2
Geologic Setting.......................................................................................................................................................... 4

Pond Characteristics .............................................................................................................................................................. 4
Surface Geophysical Techniques................................................................................................................................. 5
Bathymetry and Morphometry .................................................................................................................................... 5
Thickness of Fine-Grained Bottom Sediments ........................................................................................................... 6

Pond-Aquifer Interaction....................................................................................................................................................... 8
Natick Springvale Wellfield......................................................................................................................................... 8
Geohydrology of Wellfield Area ................................................................................................................................. 10
Temperature Profiles and Stable Isotope Techniques.................................................................................................. 14
Vertical Ground-Water Flow and Vertical Hydraulic Conductivity of Pond-Bottom Sediments ................................ 15
Pond Leakance ............................................................................................................................................................ 19

Isotopic Composition of Pond Water and Ground Water .................................................................................. 19
Characterizing Interaction of Pond Water and Ground Water........................................................................... 23

Summary and Conclusions.................................................................................................................................................... 26
References Cited ................................................................................................................................................................... 28
Appendix A. Pond stage and water levels in piezometers and observation wells, South Pond of 

Lake Cochituate, Natick, Massachusetts................................................................................................................. 33
Appendix B. Water temperature in South Pond and in piezometers NCW83 and NCW85, September and 

October 1998, Lake Cochituate, Natick, Massachusetts ......................................................................................... 37
Appendix C. Temperature, specific conductance, delta deuterium, and delta oxygen-18 in water, 

February 1998 to July 1999, South Pond of Lake Cochituate, Natick, Massachusetts........................................... 41

 

PLATE
(in back pocket)

 

1. Map showing bathymetry and thickness of fine-grained bottom sediments, South Pond of 
Lake Cochituate, Natick, Massachusetts.

 

FIGURES

 

1. Map showing location and physical setting of the four ponds that form Lake Cochituate (South, Carling, 
Middle, and North), Natick public-supply wellfields, and the U.S. Army facility, Natick, Massachusetts .......... 3

2. Ground-penetrating radar record and interpretation (line of section 

 

A-A

 

′ 

 

shown on pl. 1), South Pond 
of Lake Cochituate................................................................................................................................................. 7

3. Continuous seismic-reflection record and interpretation (line of section 

 

B-B

 

′ 

 

shown on pl. 1), South 
Pond of Lake Cochituate ....................................................................................................................................... 8

4. Orthophotomap showing location of Natick Springvale public-supply wells, data-collection network, 
and selected observation wells and borings, South Pond of Lake Cochituate....................................................... 9

5. Graph showing daily pumping rates for each active public-supply well—NCW1, NCW2, and 
NCW3—and total daily pumping rate at the Natick Springvale wellfield from January 1998 to July 1999, 
South Pond of Lake Cochituate ............................................................................................................................. 11

6. Cross section showing lithology, public-supply wells, data-collection network and water levels on 
November 16, 1998 (line of section 

 

C-C

 

′ 

 

shown in fig. 4), South Pond of Lake Cochituate................................ 12
7. Hydrograph showing stage of South Pond and water levels in pond-bottom piezometers, 

Lake Cochituate ..................................................................................................................................................... 13



 

IV Contents

 

8–12. Graphs showing:
8. (

 

A

 

) Temperature of South Pond adjacent to NCW83, (

 

B

 

) measured bihourly temperature profiles 
in NCW83 for the 24-hour period beginning at 2 p.m. September 18, 1998, and (

 

C

 

) simulated 
temperature envelopes for vertical flow rates of 0, 0.5, 1.0, 1.5 feet per day, Lake Cochituate.................... 17

9. (

 

A

 

) Temperature of South Pond adjacent to NCW85, (

 

B

 

) measured bihourly temperature profiles 
in NCW85 for the 24-hour period beginning at 1 a.m. October 17, 1998, and (

 

C

 

) simulated 
temperature envelopes for vertical flow rates of 0, 0.5, 1.0 feet per day, Lake Cochituate........................... 18

10. Temporal variation in delta oxygen-18 of pond water, ground water, water from observation wells 
between South Pond and Natick Springvale wellfield, and water from the public-supply wells, 
February 1998 to July 1999, Lake Cochituate .............................................................................................. 20

11. Relation between delta oxygen-18 and delta deuterium in pond water, ground water, and water from 
the public-supply wells, South Pond of Lake Cochituate, and the local meteoric water line for 
Concord, Massachusetts, 1998–99 ................................................................................................................ 22

12. Mixing line based on a two-component mixing model using average isotope values for pond water, 
ground water, and water from the public-supply wells. Mixing-line result and uncertainty analysis 
indicate that 64 percent ±15 percent at the 95-percent confidence interval of water withdrawn at the 
Natick Springvale public-supply wells is derived from pond water ............................................................. 26

 

TABLES

 

1. Characteristics of the Natick Springvale public-supply wells, piezometers, and observation wells, South 
Pond of Lake Cochituate, Natick, Massachusetts ................................................................................................... 10

2. Sampling site characteristics and water-quality constituents in a ground-water inflow area to South Pond 
of Lake Cochituate, December 1997 and December 1998 ..................................................................................... 23

 

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

 

CONVERSION FACTORS

VERTICAL DATUM

 

Sea Level

 

: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum
of 1929. 

 

ABBREVIATIONS

 

Multiply By To obtain

 

calorie per cubic centimeter degree Celsius (cal/cm

 

3

 

-

 

˚

 

C) 62.43 British thermal unit per cubic foot degree Fahrenheit
calorie per second centimeter degree celsius (cal/s-cm-

 

˚

 

C) 243.9 British thermal unit per hour foot degree Fahrenheit
cubic foot per second (ft

 

3

 

/s) 0.02832 cubic meter per second
cubic foot per year (ft

 

3

 

/y) 0.02832 cubic meter per year
foot (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day
foot per nanosecond (ft/ns) 0.3048 meter per nanosecond

foot per second (ft/s) 0.3048 meter per second
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer

million gallons per day (Mgal/d) 0.04381 cubic meter per second
square foot (ft

 

2

 

) 0.09290 square meter
square mile (mi

 

2

 

) 2.590 square kilometer
Temperature in degrees Fahrenheit (˚F) can be converted to degrees Celsius (˚C) 

as follows: ˚C = 5/9 (˚F - 32).

cm

 

2

 

/s square centimeter per second
g/cm

 

3

 

gram per cubic centimeter
kHz kilohertz
MHz megahertz

 

µ

 

S/cm microsiemens per centimeter

 

δ

 

18

 

Ο

 

delta oxygen-18

 

δ

 

D delta deuterium
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