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· HYDROGEOLOGIC INVESTIGATION/BACKGROUND DATA REVIEW

THE IMPACT OF SAND AND GRAVEL MINING
ON GROUNDWATER RESOURCES

August 12, 1988

I. INTRODUCTION

BCI has completed a Hydrogeologic Investigation of the impact of sand and gravel
mining on groundwater resources. The intent of this investigation was to evaluate whether
or not the excavation of gravel above and below the water table has or has not been
detrimental to groundwater quality and quantity. BCl's work was based on a
comprehensive systematic review of eXisting studies and data that would provide scientific
evidence for either scenario.

This study was divided into three parts which include the following:

1) A comprehensive scientific literature review to identify any previously
completed hydrogeologic research related to the impacts of gravel mining on
groundwater resources.

2) A review of interviews conducted with 40 Water Superintendents who manage
groundwater resources in New Hampshire which are proximal to gravel
mining activities.

3) An investigation of the impacts that gravel mining has had on New Hampshire
municipal groundwater supplies.

II. INFORMATION SOURCES

A) Uterature Research

In order to minimize the redundancy of completing work that may have already been
accomplished elsewhere, this project began with a systematic computer library search of
available documents related to gravel mining and groundwater resources. Since we did not
anticipate discovering substantial local research that was relevant to this project's
concerns, we expanded our computer search service to cover both national and
international data bases.

QCI GEONETICS, INC.



Sources of information used in this investigation includes the following:

1) United States Soil Conservation Service (SCS)

2) NERAC. Inc.
NERAC. Inc. is a NASA-sponsored technology transfer service established in.
1966 to provide American industry access to technical and business
information drawn from NASA and other government agencies, as well as
professional and academic organizations worldwide. NERAC is the world's
largest university- based computerized information retrieval center and has
one of the most complete document retrieval and forwarding services
available. Through NERAC's services. BCI obtains reports, periodicals,
conference papers, annual reports, product literature, and test reports, as well
as U.S. and foreign patent information, from major libraries and information
centers worldwide.

3) National Ground Water Information Center (NGWIC)
The National Ground Water Information Center Data Base. Ground Water On­
line (GWOL) is a computerized bibliographic data retrieval service operated
by the National Water Well Association. Users of GWOL can design and
conduct customized searches of over 50,000 documents pertaining to
groundwater and related fields. Indexed documents include trade and
technical journals and newsletters. significant books. and government
documents. with special emphasis on EPA project reports. State publications,
university reports. and proceedings of national and international conferences
and symposia are also cited.

4) U.S. Bureau of Mines

5) United States Geological Survey (USGS)

6) State groundwater and mining regulatory agencies in New Hampshire,
Massachusetts. New York. Maine. Connecticut. Vermont. and Ohio.

Only fifteen documents were identified through these computerized data base
searches that were related to impacts of gravel mining on groundwater resources.
Appendix I lists the identified reference materials BCI had available for review. We found
relatively few documents which describe observed hydrogeologic impacts on groundwater
related to active gravel mining operation. Many references focus primarily on the use of
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gravel pits after operations have ceased. Furthermore, we found no scientific
documentation containing evidence that the activity of mining cravel above or below the
wateriable was detrimental to an underlving aquifer,

The following provides a brief description/summary of several of the most reievant
documents.

Landberg, J., 1982, Hydrogeologic Consequences of Excavating Gravel Pits Below
the Water Table in Glaciofluvial Deposits.

This paper, submitted as a doctoral thesis in Sweden, represents a fairly
comprehensive study on the relationship between gravel pit lakes and groundwater with
respect to impacts on groundwater flow, Landberg developed a mathematical mcdel cf the
groundwater budget for gravel pit lakes based upon two shape factors which relate the
geometry of the lake to horizontal and vertical groundwater flow, Combining this model with
the specific hydrogeological characteristics of each site. the groundwater inflow and outflow
of gravel pit lakes was estimated. Hydrogeologic data collection included the emplacer;;em
of monitoring wells which documented the effects on groundwater gradients,

Landberg suggested that a possible effect of a gravel pit lake on the hydrologic
system would be the modification of the groundwater gradient. He had gathered
information from German studies that indicated that a bUild-up of sediment developed along
the down-gradient margin of such lakes, thus resulting in the raising and lowering of the
weter table on the downstream and upstream margins of the lake, respectively, In Sweden,
however, he could not document any significant sediment build-up even on 25 year-old
gravel pit lakes. Landberg attributes this to the high permeability of the sediments in his
study area. His work concludes that the impacts on groundwater gradients in gravel pit
excavations in permeable sand and gravel deposits (common to most aggregate
excavation operations) is likely to be negligible.

Svedarsky, W. Daniel, Crawford, Richard D., eds, 1982, Wildlife values of gravel pits'
symposium proceedings, June 24-26, 1982.

The symposium proceedings describes numerous examples and approaches to the
u1ilization of gravel pit lakes as a wildlife refuge. This pUblication serves as an invaluable
source of information on all aspects of wildlife development in gravel pit ponds and lakes
created by gravel mining activity. In Gustav Swanson's summary of the symposium he
states,

BCI GEONETICS, INC.



•,

Page 4

"sand and gravel mining is a temporary land use. When the aggregate has been
mined, the area will simply be abandoned or put to some other use. The
abandonment, so usual in earlier days occurs much less often today because so
many states and local governments have reclamation requirements. Our interest at
this meeting is that the potential for fish and wildlife, being the "other use: shall be
recognized and considered."

Gustav Swanson goes on to say,

"For a bit of historical perspective we must go to Britain where they have accurate
information on the sand and gravel industry as early as the last century. The wildlife
values of gravel pits were widely recognized rather suddenly in 1931 when a
nationwide census of the rare and spectacular Great Crested Grebe revealed that
many of them were using gravel pits. Later that same decade the first nesting
record for Britain of the Little Ringed Plover was at a gravel pit. The latest census of
these two exceptionally interesting species showed 22% of the Great Crested
Grebes and 70% of the Little Ringed Plover inhabiting gravel pits. It is clear that the
availability of the gravel pits has contributed substantially to the increase of these
two species."

"Thus, the British experience with gravel pits as wildlife habitat, both managed and
unmanaged, is much longer than ours here in the States, so it is fortunate for us that
Dr. Tydeman could be here to describe it to us. His description of the sequence of
events in Britain is helpful, because we, a few decades later, will be going through
the same general sequence and we should be able to learn from their experience."

"The four phases which Tydeman recognized in Britain's historical sequence are just
as applicable here: First is ignorance of the value of pits to wildlife, then awareness,
then conflict, and finally cooperation. We are still largely in the ignorance phase, and
we hope that this symposium will help bring us along to the awareness phase so that
progress can be accelerated."

This symposium had thirty-six papers submitted related to the positive impacts that
gravel pits had on wildlife development. Gustav Swanson summarized and lists sixteen
management recommendations for maximizing wildlife development in gravel pit lakes and
gravel pit excavations.

&CI GEONETICS, INC.
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Mulamoottil, A. and Robert Farvolden, 1975, Planning for the rehabitation of gravel
pits, Water Resources Bulletin, Vol. 11, No.3, pp 599-604.

A paper by Mulamoottil and Farvolden (1975) indicates that no variation in natural
groundwater flow rates or the total water budget were detected as a result of the creation of
gravel pit lakes.

Karn, Richard W., 1977, Reclamation of open-pit quarries for multiple uses, Journal
of Urban Planning and Development Division, Vol. 103, No. UP1, pp 127-135.

Karn (1977) provides examples of former gravel operations being used as artificial
groundwater recharge zones. One water district has been using artificial recharge for 30
years and plans to expand the operation.

B) Case Studies - Impacts of Sand and Gravel Mining

BCl's data research also identified several undocumented case histories of mining
activities and their impact on groundwater resources.

1) Dover, New Hampshire

A municipal well field in Dover, New Hampshire, depends on the artificial recharge
caused by a nearby sand and gravel wash operation to supply the necessary water for
extraction. When the sand and gravel mining and wash operation shut down for a period of
years, one of the wells dewatered to a point where no more water could be extracted
without damaging the pump. After operations at the wash operation started up again,
artificial recharge increased the water available to the wells, thus increasing potential well
yields. As a result of the wells' dependency on the sand and gravel wash operation for
recharge, the City of Dover now artificially recharges the aquifer when the sand and gravel
mining operation is not operating.

To date, the water quality in the well field is excellent, with no indication that the sand
and gravel operation on which the weils depend has degraded the groundwater quality in
anyway.

QCI GEONETICS, INC.
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2) Dayton, Ohio

The City of Dayton, Ohio enhances the total capacity of its well field considerably
through artificial recharge via surface water bodies created by excavating sand and gravel
resources (personal communication, Mr. Ben Parquette, Dayton Water Department, 1988).
The total potential yield of the well field exceeds 100 million gallons per day from 53 wells.
In addition, American Aggregates Corporation has excavated over 350 acres of lakes in or
proximal to the Dayton, Ohio well field, creating a multiple-use facility for recreation and
groundwater recharge (personal communication, Gary Johnson, American Aggregates,
1988). A quote from a report concerning the Dayton, Ohio, Mad River Well Field states that
"The construction of man-made lakes, ponds, and aqueduct systems has caused more
than a two fold increase in available quantity of water, while generally not compromising the
quality of the water supply," (Bonded Concrete, 1987).

The operation of the well field begins with the diversion of water from the Mad River
into a series of ponds excavated by sand and gravel mining operations. The water is
naturally cleansed as it infiltrates through the sand and gravel, and it is then removed
through a series of wells for treatment (the water is treated for hardness, because of the
naturally high concentration of calcium and magnesium) and eventual consumption. Gravel
mining has occurred since the 1920's in and around the Dayton, Ohio well field with no
detrimental impact on water quality. In fact, regular dredging of the ponds to remove silts
deposited by the diverted surface water is accomplished while the well field is in operation
with no evidence of water quality degradation.

Ordinarily, the specific yield of a sand and gravel aquifer is around 0.20 or 20% of
the volume of the subsurface material that is available to store water. The creation of an
open water body allows 100% of that volume to be used for water storage thereby
increasing the specific yield of the aquifer. A review of the historical performance of the
Dayton well field clearly illustrates that the creation of ponds and lakes, via gravel mining,
has provided the City of Dayton with positive benefits by increasing the groundwater
withdrawal capacity of the aquifer.

3) Bonded Concrete, Rotterdam, NY

Bonded Concrete, Inc. of Watervliet, New York, operates a sand and gravel mine in
Rotterdam, New York, near the Mohawk River. They have conducted a detailed
hydrogeologic investigation on the impact of the operation on nearby wells, with special
emphasis on the impacts of gravel mining on water quantity and quality relative to the
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expansion of a pond (Bonded Concrete, 198?). The results of their study demonstrate that
the expansion of the pond will increase the flow rate through the aquifer in the vicinity of the
well by 130 to 250 percent. This is a significant expansion of the capacity of the aquifer to
provide water to pumping wells.

The geometry of the aquifer and the location of the pumping well causes water from
the Mohawk River to flow into the aquifer. This increases the availability of water, but also
represents the introduction of relatively dirty surface water into the aquifer. The study by
Bonded Concrete (198?) indicates that the natural filtering capacity of the sands and
gravels left in place is sufficient to purify any water which is entering the operation from the
Mohawk River, even though there is a decreased filtering capacity caused by the removal
of the excavated material. The creation of a lake within the aquifer minimizes the
concentration of harmful micro-organisms because they are not likely to survive in the
physical and chemical setting of a gravel pit lake. Those that do exist are filtered by the
remaining material, so that the lake-aquifer system acts as a double filter system which
acts to purify aquifer water better than the natural cover which was previously in place
(Bonded Concrete, 198?).

4} For Ossipee Aggregates facility, Ossipee, New Hampshire, see Appendix III.

III} New Hampshire Groundwater Supplies -- A Study of Potential
Impacts of Sand and Gravel Mining on Municipal Wells

A} Geographic Location Review

In order to determine the geographic relationship between New Hampshire sand and
gravel excavations and New Hampshire public supply wells a thorough map review was
undertaken. Latitude and longitude data for public supply wells were taken from Reference
No. 1*. These well location data were then plotted on to 1:24.000 scale U.S. Geological
Survey Topographic Maps. These maps were reviewed to determine the number of sand
and gravel excavations within a one half mile radius of the wellhead. The resufts of this
review are summarized below.

* 232 Public Supply wells were identified comprising ?4 water supply systems.
There are a total of 116 water supply systems in the state.

* There are 91 wells with one or more gravel excavations within a one half mile
radius.

·Reference NO.1: New Hampshire Water Supply and Pollution Control Commission, 1983, Pubfic Water
Supplies Facifities and Policy Summary, Concord, New Hampshire
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• There are 28 wells with one or more gravel excavations within a 1000 foot
radius.

There are 17 wells with one or more gravel excavations within a 500 foot
radius.

• 41 of the 63 topographic quadrangie maps utilized were updated between
1978 and 1987.

• 29 of the 63 topographic quadrangle maps utilized were updated between
1984 and 1987.

Given the age of the data utilized in this analysis these statistics are fairly
representative. However, many of the newer operations are not highlighted on topographic
maps and some of the older ones are developed or have been reclaimed with vegetation.
Because the number of public supply wells has increased since 1983 and the number of
new gravel excavation locations has also increased, the number of wells proximal to gravel
excavations is likely to be greaterthan the statistics above indicate.

B) Water Superintendent Interviews

In order to gain some perspective on this issue from the water suppliers point of
view, seventy-four (74) water systems were identified for contact by reviewing Reference
No.1. The identified water systems were listed as having one or more wells. Of the
seventy-four systems identified, forty (40) water superintendents were contacted and asked
the following questions:

• Do you know of any active or inactive gravel mining operations within one-half
mile of your well(s)?

• Do you know of any water quality trends in your well(s) that you think may be
attributable to sand and gravel mining operations?

• Do you feel that sand and gravel mining may have a detrimental impact on
groundwater quality?

A summary of the statements made by the New Hampshire Water Superintendents
during the interview are included below:

• There are a total of 110 wells that are part of the 40 water systems contacted
(some of the wells are part of a well field).

BCI GEONETICS, INC.
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• 34 of the 110 wells were reported to have an active or abandoned gravel
operation within a one-half mile radius.

• No water superintendents reported any water quality trends that they
attributed to impacts from sand and gravel operations.

• 5 water superintendents feel that sand and gravel min:::g operations may
pose a threat to groundwater quality - with particular concem about on-site
operation practices.

• One water superintendent was concerned with the potential for groundwater
quantity reductions from sand and gravel mining operations.

IV. GROUNDWATER QUALITY INVESTIGATIONS RELATIVE TO NEW
HAMPSHIRE MUNICIPAL WATER SUPPLIES

Water quality data for 18 gravel-packed or naturally- developed gravel municipal
wells located within 1000 feet of an active or abandoned gravel mining operation were
obtained from the State of New Hampshire. Department of Environmental Services. Our
review of this information, along with the histories of the mining operations, was performed
in an attempt to identify any documented water quality data that suggested gravel mining
activities had detrimentally impacted municipal water supplies.

A) Selection of Municipal Wells Proximal to Mining Operations For Analysis

Information collected during the Geographic Location Review and the Water
Superintendent Interviews was used to locate wells within 1000 feet of existing or
abandoned gravel pits. A field visit to each of the locations confirmed the existence of the
mining operations and their proximity to municipal wells or well fields. Eighteen (18)
municipal gravel-packed or naturally-developed gravel wells were identified in eleven (11)
well fields. These well field are located within ten (10) different communities (Figure 1).
The characteristics of individual wells and associated mining operations are listed in Table I.

The municipal wells are located an average of approximately 500 feet away from the
mining operations, and have operated an average of 26 years each. Sixteen (16) of the
municipal wells are located downilradient from the gravel mining operations under natural
groundwater flow conditions (Table I). However, because of the transmissive nature of
sand and gravel aquifers, all of the wells will create a cone of depression under pumping
conditions which will extend beneath the gravel pits. Therefore, some of the water which is
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being removed from the aquifer is being contributed from the area of the mining operation
in each case. The actual amount being contributed to each well is site specific and is
dependent on the pumping rate, the transmissivity of the aquifer, natural flow conditions,
and the size of the mining operation. Most contributing areas to a well or well field are
large when compared to the size of many gravel pits, so that if changes in water chemistry
occurred, they would be minor.

The gravel mining operations have been operating for an average of about 23 years
and have an average size of 40 acres. However, only five (5) of the mining operations
have areas greater than or equal to twenty acres. The activity at each operation varies
from a simple sand borrow operation with no trucks stored on site to large-scale mining
operations including mining, crushing, and washing with the storage of trucks and fuel on
site (Table I).

B) Water Quality Results

In general, the water quality results (which the State of New Hampshire has on file)
suggest that the water quality is excellent in all eighteen (18) wells. Some violations of
secondary drinking water standards can be found, but no parameters can be found above
standards which present a health risk. Furthermore, it was found that the limited number of
violations in secondary standards were not associated with the activity of excavating sand
and gravel. The number of samples taken from a well since 1975 depends on the age of
the well and varies between one and nine, most wells have had at least six samples taken.
A total of 114 different samples were collected by the State of New Hampshire from the
eighteen (18) wells over the period of sampling. Some samples contained a limited number
of parameters and others included an entire suite of water quality parameters. No sample
results were obtained for wells which do not exist near gravel pits. All water quality data
has·been included in Appendix II.

1) Primary Drinking Water Standards

Primary Drinking Water Standards have been established for parameters which
present a health risk to water users. A total of 104 water quality samples which included at
least one primary pollutant were taken from the 18 municipal wells since 1975 and the
results are as follows:

• No volatile organic compounds (Voe) were detected in any of the wells
throughout the sampling period. Volatile organic compound contamination from petroleum
products (fuel, hydraulic fluid, etc.) is among the largest concems of operating a mining

~CI GEONETICS, INC.



SELECTED MUNICIPAL :LLS PROXIMAL TO GRAVEL PITS
NEW HAMPSHIRE

NUMBER OF
WATER APPROX.

YEARS OF QUALITY DISTANCE UPOR SIZEOF YEARS OF
WELLFIELD TESTS FROM DOWN OPERATION PIT TYPE OF FUEL

TOWN NAME OPERATION COMPLETED PIT GRADIENT (ACRES) OPERATION OPERATION STORAGE
Dover Griffin 12 9 100' Down 60 33 Sieve, Crush, Washing Yes

Dover Ireland 28 7 200' Down 60 33 Sieve, Crush, Washing Yes

Dover' Calderwood 16 9 300' Down 5+ 15+ Borrow Pit No

Newmarket Bennell 14 4 400' Up 5 10+ Abandoned No

Somersworth GPW 1 53 2 500' Down 6·7 10·20 Sand Borrow Pit No

Somersworth GPW 2 50 5 500' Down 6·7 10·20 Sand Borrow Pit No

Franconia McGowen 350' 37 7 700' Down 2.5 40+ Borrow Pit No

Pembroke GPW2 24 6 1000' Down 20 2 Sand Borrow, Truck Storage No

Pembroke GPW3 37 6 1000' Down 20 2 Sand Borrow, Truck Slorage No

Hooksell GPW Route 3 32 8 200' Down 200+ 30-40 Sieves, Crushers No

Hooksell Manchester Gravel 23 9 200' Down 200+ 30-40 Sieves, Crushers No

Hooksell Industrial Park 32 8 200' Down 200+ 30-40 Sieves, Crushers No

Concord GPWl 60 7 600' Down 5 2 Sand Borrow Pit No

Concord GPW5 11 6 600' Down 5 2 Sand Borrow Pit No

Concord GPW7 11 6 900' Down 5 2 Sand Borrow Pit No

Belmont GRW 2(newer) 9 8 800' Down 100 40 Sand Borrow Pit No

Hanover Well #1 22 6 50' Up 2·3 50 Sand Borrow PII, Truck Slorage No

Durham GPW·Lee 2 1 400' Down 15 ? Sand Borrow Pit No
Table I



NEW HAMPSHIRE COMMUNITIES WITH
MUNICIPAL WELLS NEAR GRAVEL PITS,
INCLUDED IN THE STUDY

Belmont
Concord
Dover
Dumam
Franconia
Hanover
Hooksett
Newmarket
Pembroke
Somersworth \-

....NE

Figure 1
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operation. but it has never appeared in any samples from the eighteen municipal wells near
the mining operations.

* None of the eighteen (18) municipal wells showed primary water quality
parameters above Drinking Water Standards for an elctended period of time. Only three (3)
of the eighteen wells had isolated samples with heavy metal (arsenic. selenium, and
mercury) results above standards. but later tests showed all parameters were back below
standards. These instances are likely attributed to analytical error in the laboratory.
Arsenic, selenium. and mercury are not associated with any aspects of the operation of
gravel mining.

Three wells each had one isolated occurrence of coliform bacteria above primary
drinking water standards. but the bacteria was undetected in later tests.

2) Secondary Drinking Water Standards

Secondary Drinking Water Standards have been established for water quality
parameters which do not pose a threat to the health of water users. but do create
annoyances (Le.• staining of fixtures, color. taste). The three (3) major secondary
parameters which are a problem in New Hampshire are iron. manganese. and pH.

a) Iron

High concentrations of iron occur naturally in New Hampshire sand and gravel
deposits. because many of the minerals which are found in the sand and gravel deposits
contain iron. Although it is a common problem. only seven samples out of seventy-five (75)
in the state files showed iron above secondary standards (Figure 2). These seven samples
came from four wells and one well. Belmont GPW 2. had four of them. The well field in
Concord. New Hampshire. illustrates the variation of iron concentrations in space and time.
Concord well. GPW #7. had the highest concentration of iron observed from all eighteen
wells (2.2 mgll). yet three other samples from the same well are below standards (0.3 mgll).
The additional Concord wells in the same well field. GPW #1 and GPW #5, had a total of
eight samples taken and not one showed iron concentrations above standards.

There is no evidence to suggest that iron concentrations have been increased by
gravel mining operations existing adjacent to municipal well fields. There are no consistent
trends among the wells to show a degradation of water quality over time in wells located
near gravel mining operations. The variation in iron concentrations is likely a function of
local geologic conditions. rather than the land use proximal to a well field.

QCI GEONETICS.INC.



STATE OF NEil\' HAMPSHIRE WATER QUALITY DATA
MUNICIPAL WEllS NEAR GRAVEL PITS
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b) Manganese

Manganese occurs in similar environments as iron and is a common problem for
many water suppliers in the State of New Hampshire. Uke iron, manganese is often found
above secondary standards and is variable in space and time (Figure 3). Pembroke Well
GPW #2 and Concord Well GPW #7 have the highest concentrations of manganese out of
all eighteen (18) wells, yet the gravel mining operations proximal to each have only been
operating for two years. All of the samples at Concord were taken before the mining
operation began. Only one sample was taken from Pembroke Well GPW #2 after mining
began. This sample showed the lowest concentration of manganese ever measured in that
well. It is evident that elevated levels of manganese in the water were not influenced by the
excavation of sand and gravel in these two cases.

Overall, no water quality trends could be identified relative to manganese
concentrations in these municipal water supplies. One-half of all the wells which data was
obtained for showed levels of manganese above standards. Again, local hydrogeologic
conditions are likely responsible for the variable, and sometimes unexpectedly high levels
of manganese in groundwater.

c) pH

There is concern that gravel mining operations reduce the buffering capacity of
subsurface materials by removing the soil layer from an area. The reduction in buffering
capacity makes the groundwater sensitive to pH change and with the advent of acidic
precipitation, groundwater pH values might be expected to be lowered.

The pH measurements collected from the State of New Hampshire show wide
variations in the same well and between different wells (Figure 4). No water quality trends
can be inferred from the data which suggest that pH values from wells near gravel mining
operations are increasing or decreasing over time.

d) Other Secondary Standards

There were no other secondary standards (out of 13 others designated by the EPA)
tested by the State of New Hampshire which showed a change in water quality from wells
located near sand and gravel mining operations. Alkalinity and total hardness (Figures 5
and 6) did vary over time in several wells, but showed no trends. Both parameters
remained well within the range expected of good quality drinking water in New Hampshire.

&CI GEONETICS, INC.



STATE OF NEW HAMPSHIRE WATER QUALITY DATA
MUNICIPAL WELLS NEAR GRAVEL PITS
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Values for total hardness did not exceed 140 mg/l in any well, the recommended EPA Safe
Drinking Water Standard is 250 mg/l. The acceptable range for alkalinity ranges from a to
500 mgtl; the values of the eighteen wells ranged from 3 to 120 mg/l.

V. SUMMARY AND CONCLUSIONS

After an extensive computer literature search, BCI has identified numerous papers
and abundant reference material regarding the operation and subsequent closure and
restoration of sand and gravel operations. Many of these references were concerned
primarily with the use of gravel pits after mining had ceased. We found that relatively few
publications were available which documented hydrogeologic impacts related to active
mining operations. Furthermore, we found no scientific documentation containing evidence
that excavating gravel above or below the water table was detrimental to an underlying
aquifer.

Regulating agencies at various state government levels throughout the Northeast
and Midwest have taken diversified and sometimes opposing positions with respect to the
acceptability of mining sand and gravel beneath the water table, yet have no documented
studies to support their positions.

BCI also collected, compiled, and analyzed data available through the State of New
Hampshire, Department of Environmental Services, for eighteen (18) wells located within
1000 feet of an active or abandoned gravel mining operation. BCI has found no evidence
to suggest that the excavation of sand and gravel has detrimentally impacted municipal
groundwater supplies in New Hampshire.

~CI GEONETICS. INC.
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~ tf\••2t:t\lDr~tytwlny1
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NEw.....RKET WATER WORKS

GPWRTE 152. Be'NNEn

1731016 r-!!?~~a: 1731016 1731016..... 26'23: ...... 4.67.«S

03--07.&4 OS-l5-&4 : ........ 00-0""
cO.01 ...., c 0.005

cO.

c 0.000

cO:OO.."", 0..0::2; c 0.01 0.015......
1_.' 3-

cO.... c 0.005 0....
co..,

0... c 0.10 c 0.1 ,

0.05:

O-002j
1ei

0.01:

~:

4.:

..a. j

0.05;

1:
0.01:

L_d

~:'!L-
f~.NC)2.NC3. N--S_
F_

EPA NUMBER
S-.u.Pi-E Nij-MBER
SAMPLING OA.TE

1700

TcIhIlt~~.- - ..
S<>-. ......

RodM

R«I'um 226
UranIUm

~,

pCi/I.!

CJCII.:' 20000:
~! s:
,;ai.' ,-t---f---+---f---1

c 0.05 D_

c 0.03 cO.03

...
~

.. 0.1

0.1 0.'
.. 0.03! co.

..7 •.
,",21 1

<i3f ••
201 22.•

':t ~

"a.lSi; •
D." cD.

D"i unll1l: e.

~:~~~?O31 - -~+ -- ~t
A!Il.alIn tC.C03\ rj",: 1~

~~~_~.~~ uM~! 157
Sod...m • ;;;;'"i'i' 2siT- 16

S",II..,. t.: 2!£': e.1

~~~ ~+.-_~-+-_..:0"'.0,,7!---...;--====t--==
VanaolUfn ""il'~:

Cl'lionoe ._~'!-.~._._~~~__ 37
Color unItS: 15:

ColJper 1:
IrO" .~;. 0.3: .. 0.0:3
t.lanpa_ rtlQfI... D.OSi' < O.C3;

P~l'hal•• 0".011110. P ""G"!-:

~:~~;!~~i·r--·t··--·~i·-sei··-t·-_·--t----+----!----l
CillOun'! ........1.: 0.05: j

~~~~~--...--l-··_··~}.~--+···t···_--

""NO

·Z.4Z!6, ".1Z225

< 100.00 .. 100.00

----+---'0--

...,.-':.-.m'---"- --;;;;;;;.+-+--t----
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~luOlOt.l_nane....•.•......•..•....•....•••. -
DictllorodllulcWoM.ltI.-n
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I!.~ ~!
Aert*I.. ~;_ -,
~!!'-~"":'!.!""'L f--~~
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ND
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NO
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~e1h~. 1-QII)'1 ~..!--.. -=~;
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EPA NUMBER
SAMP-LE'NLiM8ER
SAIoilPLING DATE

A_C

B.""""
~.~~~
Cl'lrOll'.nn

I02·2S-80 C'1-1J-83

Wet. 'I I-;;;;;:r- o.05j-r c o.oos1 c 0.005

.: 1: c 0.011 c O.~

~j O.?': ~~l c O.~
mgll.: 0.011 c O.C'3

!~!.!!!~~=_+- ~1l:
Screen Ajpr\A oClII.:

RaClOO'O o.u DCIt\.: :ooסס2

~~~_~ DO'\.: s:
Ulan"," ;clilj'

I

All.lrntll.lm

V...-c:l ....m

Mol~."um

-f

~!
'U

__~:::L
T'I'l9''l:

i ,

~.!._----t.._._~~~._-~j_ ... --'~!.~~1·_·_~·~

eoc..o.r 1, 0.1 c 0.10

l:~9;';;;;;------ ··__···~~··O"~j-·+--li~'--·-;O-~
...;,., I.Inll~i 6,1 ! ..-:J

:~~~~=;;;~?1 ·_~t·-+- ---1---~~
A• .a~n"V ICaC031 m;;.'i..i ~ 1

,~'c=.5~~.~_ --~'~~i--~.-t--~t._----
Su"~. rng.'l..: 250: f

~~~:~~~;;~;;6~-1~-t·_···~i~----500j--t-----t--
CaIClum 0.05:
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~.:~~:..~~ ~~
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1 u!t)<DrTy
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hQ/"l-eQlltQrtl"
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I
c ,.001- < '_00
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1.2Dic:hlOroefl'lY"". c+ ug.1l:

i:;;;:-~ -~~
CyClOl>e"l'_ UQI'k:
~._~~!!_~ __ "9:'"
OidllOrodlfl.llc.-o....1hAn. U9/'k:
Doenlorolrll'I.IOl'OEIl'lAn. uoIk:

f':-";;':::o=l:":"n:....----i--'~I
~Ilr_ uoIki

Ettlet2chao-tyl¥inyl ~:1-'_=......="'_..""..",...=''''---i---=UOfJ
Iot-.tr.ane. cno'O 1IQIk:

s,oea--Ioleothane. dlChlor&-

U,...,..... triel'Ilon>



~.:'.~-~~~~~~--",,---t._---;---;-
SAMPLE NUMBER

S,I,.MPLING O,l,.'E

_J.~~_1_?_:.~~_2~·~_!.~~!!~·~~~·~·~rl'-?.:'~~~:'?f.2~~.:~!..~
.Q9723e! -99723:1: .~7?J~ ·;97230' lilHJ2<l.

10-15-77 C2·25-B:J: 01.-25-80 02~3·aJj 01·06·8B

c: 0.005
c 0.03

O.HI

..eL
A~ruc moll: 0.05:
B.rlum l'nQ.t1..' 1;

~= ~; o~~__
L~ l'nQ.tt.; 0.05:

~_~.~ .:;;-:;- ~~..E.:.~_
Nrtroo.n. N02.N03. N rt"CIL~ 10:

S._nlum C.01:

:=.,. ~'!-~ 0'0:;

.j .. 1
c O.~ <: 0.0051 .., 0.005 .., 0.005

c 1.001 c 0.::111 c 0.50' c O.!:oC

--;}~ C_D':O~+~-:~~~t--c.;.b~
c O.osJ c 0.011 c 0.01 < 0.005

~~l__-_: c O·~.U.~~~l_~~
0.11 c o.OS: 0.071 .., C.Z~

c 0.01 I 0.0051 < 0.0051

~ ~:~.!L ... ?-~l
..,0.101 cO.10: cO.10r--;0.1",

:'~_!l~.~_
Sere.n AIDI\lI

R~~

.~L
pClI!.:

cCoIl.; 20000:

I
--~

c 1.~ c 1.00 c 1.00

BOO

pClIl.: !>'
POii1 .

<o_~

c: 001

c 0.01

-_.H
1..:

~~"'._ .._---' .._~'L_!-_'._-!- __:.--t--
"""!'l"'O">1 i ,";it:' I :

J !

~~.•------ --~~j"-~i---~~·-·~·-·~t~~~~~~t--~~~t----~
CoPPs' mg/L: 1: cO.1~ <o.loi <0_101 0.1

I".~...__. . ..__~'!:L._ ..~~l .._L.__~;~l_.__~~_l.L.__-?~~J.__~R;.~?l .._. E;.~

Mang_ "'9"'-: 0.05: c 0.05-1 0.01: O_OH < 0.031 c 0.0'3

oM unrt!l; 6.6-: 61: 6.31 7.6J 6.2

~;~~~~~~.~+---~~.---t- i ~ ···--~r---~;t·--2i~
A...lontty ICaCC)l i mQ.-'l.: 17: 10: lil 12t 1iI.7

~~~·~~·-t--l!!:'~i-25Ci- .----.+.----t---.15t..---.t--..!;~~
5 ...1:;;'1. ..: 250, 6

~~;;,-~------t---~~- i-+-·--t 0.00

PhO!op",.I•. O •.Om'>oP , 1: I

f

~~~Z:;;!~~~f··-t·-·_··_~~-·---~1--+----t--·_--·-j---_·_--t---·-·-·t-----
C.uo\,lm 1 me/l: C 05: j !
~:!9~_u"!_ I ~1..:: i 11- .-0.:- -1._. T ! 'j
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~; NO
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c 0.10
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NO

-_.

·2.3616

···--~~t-----;-j·-·_--..,l~oot-·---~,:oot-----·
7'l'J1 ! C

~!~X~~:..'!.~.~ ...
Ethyle.... t.nactllDro

1.201C"'lOrDe'!nY"len. c.

Noneor'aslV. L. .'<e' S.l.!

&:':··T·~~-----+·ct;i;·~;t·..--·ii···-
"'IO'1-Co'ilo·m ! et!ll10Cm;': 20~: I

a;:;kl~;;;-·-----·t---··~+-+-
VOC". I

s.........
C~• .".
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..ethane. tne!'llDrc>-
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NO

NO
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P£I_ NOT DETE



T
I FR ....NCONA VILLAGE WATER I
TUCOOWEN··WEU";SO:· -

~-~~-~~~~~~-.- L __-!---~__l ~·!~~·~Tl_~!_I?_~~j__~!.?~-~L~-!?':.~l--~-!-~·:?:·_--..~:.~.!_~L_...!'!_!?':_~
SAMPLE NUMBER 1 ; i~'a99921 ·9999';1: -Sl99'il:?Oi -999918; ~86: -Q87'2221 969C()

SAMl"tING O....TE 05-~7B I O~-'3-Bl 11·18·81 1•.'012-83 12-12-83; 1;;:0·12·83 i ru-06-S8

"".-rIC .~C~.05: hoJ .: 00005
1

,",0.0151 c 0.005

..anum '1..: 1, < 1.00l c 0.10 en < C.so

~~urn ~'!:L. 0.01 i _L < ~:~~! c:.;~.,·0C5.';';;'T! • ~ '"' 0.001
Chro<--.m moll:: I < a.cs; ~ ...., 01 ,",o,cw.
le.ld mc;.'L: 0 OS, c O_O~ c 0.01 c 0.011 0.007

zr~~M5·:?N03.N _~~_E'~~o~Jt c<~~t-;-o.-~----i----t~~
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....u um: _
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I i
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~:;·~;;;;;_----·t--·_··:!,H·····o~i·-t---~·~:~t···--·--i----~-cto~t-·····;o~1-----------f···-·-·····-._..._~{~
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Ca'CIU," "'arc~. . rn;;IL: : r : 1 .2! : . 55
AIlo..~n.w 1~31 1.; 59! ~l j 56

~;;·~~~·-1·--_·~~~j----2501-··+-·---7~~·---~-·---7t·-·~~;*---··--+_·------·t----.!~;
5 ....".ICI 2'50: I 5.i I 6

~~:;;;--_._. -··-··~j·_i····~--t·----+-·_+_~·~Et--·-·+·---· --'-"-'
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~:9.~~~~--·---t·--·'?/o\--++--+-·· "---1--+--- ---.e....-...-+--
No"corrDS"'•. Lanoe."", S.J.: -0.£2591 .. )
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t t t--
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...~".".. etllc:lrn
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T~~

0.0.
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'. t· 1~~~.~~.t?!':~ __~_~!ER WORKS
lapW2 CONCORD

EPA NU~BER....................
SAMPLE NuuafR

,~mourn

rC~-;~m

1861012: 186,012-- __.;
.sl'i7i/.c 1 ; "840:36

t 09·200-77 O2·05-8C: 01·23-81 02-28-83

•'--.:..•.:'.:9,0·-.05'.. -1----,.,."Y~ c 0.0$ < 0.0051 c 0.005 0.011

_. 1: ,",1. c 0.10: c 0.50, 0( 0.50

!.!!if.'l.: a,o'i. < O~~lj c o~~~+. -j_ o.an
1'nQ.~~: c 0.051' .., 0.01. c O.03i c 0.D3

L_C ntp.1..' 0.05: c C.O'5J c o.o,! c 0.01 c 0.01

s...n'l./m mo."..: 0.010 c 0.01 c O.OO5~ D.0'11 c 0.005

'T.:i
cC4l,.:

pCl!'_: 20000:
tlC~.... ; s:
DCiA:1

< '.001 c: 1.001 ,",1.00

c:JO

t .~"L
"9"-;

1..:
...~:.-c

u., I
___.f --!~<O.20

;O~Ol

c 0.01

c 0.03

cDC'

I I

t~~----·--·1·-···--~~~t--?-~~····t-·---!:4~··--~·----~t-----·~l------i-·---~
COOC"'l" 11..: 1, o,n- 0.1, O.[)(;l 0.1

~~.--.-._---------J..-.--~~.i ~:?~ _~.E;~.~!__.~-~;.:?~ ~·~~--._~~l_--~..~..?~:.~
M~a_ I """.... , 0.05: 0.5! 0.74: o.~! D.!.'] : 0.28

:)Pi unlt_: 64 6.3: 71 fl. 6.18

~~~S;~;::;~~·~·~~t··- --;:~~..-.- ~...+-.-. ~t·-- ~ ~t-··-· z2~t -....-..~;~~
"",..hnlty lCa::;o:n "~; I 21 PO 11· 13: 13

i:!~-~·~·~···-·t·--··~~~~··-25C+···t-----i7···_--~···--;;t------J----i--~

.. ~:;::~~·---·_···-·t······--~~~--~i--t·-·---t----~·----~.---- ----~-.-.- ..?.:~
IPn~p.... ! •. DII.Ol"l1'>O j:> '1..: I

~~t;ti~~~;·s·,~·-t··_·····;;;~J·_~; t-··---+·-··-····-·i···-·---·t----- -._--;._-_.
C-aou""'. i MI;O-'I..' C:-S'
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'D
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33 N:l
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---:--t--·
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~: I
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l%"~~~~~".~. --~t--~-
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: NO-_..- --'-i--ND
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;;:; -----·-I--~t__+_
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~~~~~!!tyIvl" ~;.
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""'''a1~N

s,~
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I
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I

,ES'::"~-P~lUE·~NflEU··~·.-ER--J-----!---;-L-~.~_l.~!.~l.-'.!?~~.?i_~~~C!:?rl..2_~·:~~i-_:~-~~~!_?L~~!_~_!~
I:.... .... -r I -5l'il7Q.t5; ~~J; .gg~ .gg7~ ·$97939: 5£007

1s.-.1oIp!"1P.;(i DATE 109-16-'77 102-06-80 : 01-28-81 03·01·83 0!>-1~-8J; 08·20-S7

h....me: ·+--,,;;..~~~O.05~ -f--;o~cSt .. 0.005, c O.OO5t O.OO!l

.. 0.005

c 0.03

c 0.10

~~ f ~'-:. CJ~~?i ~:~1 <c~:OOlL ,!__~.~.:1 .. 0.001
INn!'D9_fl. N02.N03. N m;.,,~: 10: 1.031 O.ai; ,r--O.Q5.1
IS......IUfn ~.. : 0.01, .. 0.011 D..022 0.008

S_ ~f.; O_~, H~:~l =. c O:?..!~C!.OO!
FlUO!'iooo rnl]::" AT ...."1 .. 0.10: c 0.10 c 0.1

!~~!.!.~~
5..-A_

-~

t
t

~,

DC;.'\..:
DCV';.: 2'0000;

.. 1.00! .. 1.00 1.'
750

~~-~~~
hlanaolUm t·+.~~!-
lMOl~""'" I mo."::

~;:;;~y-------t··_·····;;:~~·---t--

< 0.20

" 0.01

" 0.01

-------·1------+----- ·--t---4---;·~':;;
I I ,

Z;~!.----.-.....- ·-··-·~i~i---·?~!--t_---~···---~;.~j---··:!?T-----~t-·------i---------~
CooPeoI ne'\.: 1= 0.'1 0.1. O.C:-: C.2

VOf' ._~._•••••~;..-;••-E:?;.-t--~..'::~?f.-.-~-~;-~?;--<C.~::~i---~-~?~----~--~:!
t.l~a_ I m;!'.: O,~: j "O.~: 0.01: 0.021 cO.Oj! : O,OJ

1D'"l \,I....a' :! fi 11 7"; 7) 6~1 ~i8

~~~~~;~~·~:t··-·-·-~~!·---j·-t·--·--~t··--···~-···---3:?t----W------+---~~
,&,ll<ahnrTV rCa.C03t i mc-1..; i 1si 1~ 13: ~l 10.2

~~:-~~·~·--t----~~z:~---i5C~·-·t_·--·--,-J._·--·-2~~·----iit-·---1J---------·1---)·~
ISun~. I P'(l.1.'~; I 6

}~~-;;~;;·---·-····---t··-····-::~j..·-----1---- --···-·-···t····----·--·~····--·-_t-·--t---·~·-·-·~O.:~
I p_01'lal•. O•.O"f\O ~ l'Te' :

~~;,;;:;:;g~·~···t·-····;;:~:i···--500~--·t-----·-·- ---------.-+--.-.--.-+.--.-.-. . ---~.-----
ICa.IOU.... ""G".. : O.~: I

t~;i!9.~-~-~--------t------~~+--·--··-!·-+···-·-····--t··-·····---·i--···----·-·t-----·------t-···-··--···--~--.....-.._...
t ..one>()f.OS ..... , L• ...,.""..l 5.1.: I j -3.508971 -3.7'335

}~~--T-;---··-·t-~;;;·~~-··-_;~-·+·---·~-~:~:t-··---·;-;-ooi··-----t---·-;,:~-----·-·-·-+---·-·_--
...._-eO"lor"Tl C"sI100"Tll: 7J': I !

..._._..__.,._._.._...
: .. 0.03

3\ NJ; 33 NO

-t "1:~:_ + 1-
"'9' ,

;.2DoC~IO'oe'lI'>""". e... i l.>Q- :

E••,_.~~ t-~. . t t· t - NO;:;;;;;;;;----=-- ----;;,;d----t- --- ---f---- --- ---+--NO
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Executive Summary/Conclusions

BCI Geonetics, Inc. was contracted by the Boston Sand &Gravel Company on June
22, 1987, to conduct Phase II of a hydrogeologic investigation specifically targeted to
evaluate existing and/or potential impacts that active gravel mining, occurring at the
Ossipee Aggregates Facility in Ossipee, New Hampshire, has had on local groundwater
quality/quantity conditions. The Ossipee Aggregates facility overlies eX1ensive sand and
gravel glacial drift deposits which have been identified by the United States Geological
Survey (USGS) as an area in Ossipee that is highly favorable for groundwater
development. (Availability of groundwater in the Saco River Basin, East Central New
Hampshire, USGS WRI39-74.)

The need to conduct a study such as this had arisen from recent increased public
awareness and concern for maintaining high quality groundwater supplies. Since sand and
gravel excavation operations, such as the Ossipee Aggregates facility, are often located in
areas deemed favorable for developing potable groundwater supplies (due to their
similarities in geologic environment), conflicts in use between local governing agencies and
private gravel industries have evolved. Many of these conflicts are based upon the premise
that sand and gravel excavation activities serve to degrade groundwater resources which
they overlie.

Based upon the results of a detailed hydreologic investigation which included the
installation of 20 observation wells on site and the collection and analysis of 80 water
quality samples over a period of twelve months, BCI concludes the following:

A) The Ossipee Aggregates facility overlies a substantial water-bearing aquifer capable
of yielding three-to-four million gallons per day of potable groundwater on site.

aCIGEONETICS, INC.
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B) Groundwater flows in a general northwest direction. No changes in groundwater
flow rate or direction were observed between August. 1987. and July. 1988.
Furthermore. a study conducted by BCI in the spring of 1983 relative to groundwater
table elevations also showed groundwater flowing to the northwest. Continued
monitoring of the local groundwater table demonstrates that gravel mining activities
has not significantly impacted groundwater movement below the site (Plate I.
Appendix A).

C) The average groundwater gradient is .0058 to .0167 ftlft. Hydraulic conductivities
calculated for subsuriace sand and gravel deposits range from 13 to 26 feet/day.
The average groundwater flow rate (seepage velocity) of groundwater beneath the
Ossipee facility ranges from .77 ftlday to 2.23 ftlday. This indicates that if
contaminants entered the groundwater environment. it would likely take between
224 to 650 days to travel 500 feet under static water level conditions.

D) The established groundwater monitoring program already in place will act as an
adequate early warning system 0f properly monitored) should contaminants ever
enter the groundwater regime. Remedial action could then be promptly initiated.

E) The closest and only significant user of groundwater adjacent to the Ossipee facility
is the Salmon Rearing Facility on Rou1e 10. Water quality tests conducted at the
fish hatchery indicate that the active mining operation has not detrimentally impacted
groundwater quality at the hatchery.

F) Based upon the results of nineteen volatile organic compound (VOC) analyses
which evaluated 57 organic chemicals (included as part of a list of EPA's "priority
pollutams"). it was found that no volatile organic compound contamination of any
kind was detected in the groundwater underlying the Ossipee facility. These
samples were generally taken within the excavation area and down-hydraulic
gradient of the site between August. 1987. and May. 1988. Such results indicate
that past and present gravel mining operational activities have not contaminated
local aroundwater resources with volatile organic compounds.

G) Based uoon the water quality data presented to date. concentrations of iron in
groundwater generally improve (decrease) in active or previously mined areas. Iron
concentrations observed in groundwater located up-hydraulic gradient of the active
excavation area averaged nearly 2.5 parts per million (ppm) whereas groundwater
sampled within the excavation area during the study period averaged only 0.108
ppm. This represents a very substantial improvement (I.e.• order of magnitude) in
groundwater quality. (The recommended limit for iron concentrations in drinking
water is 0.30 ppm.)

aCI GEONETICS. INC.'
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H) Manganese concentrations observed in all the sampled wells were extremely
variable. 87.5 percent of all groundwater samples taken between August, 1987, and
May, 1988, in the study area, exceeded recommended levels for manganese
concentrations. Elevated manganese concentrations were determined to be a
locally natural phenomena as high concentrations of manganese were found in
groundwater samples in areas up-hydraulic gradient from the excavation area, within
the excavation area, and down-hydraulic gradient of the excavation area. The
results of this study indicate that elevated concentrations of manganese in
groundwater are not related to gravel mining activities.

I) pH values for groundwater were found to be moderately to slightly acidic, ranging
from 4.0 to 6.5 when measured directly in the field. The average pH value for all
groundwater samples as measured in the field was 5.2. However, all samples were
also analyzed in several New Hampshire Department of Environmental Services'
state-approved laboratories. pH values measured in the laboratory resulted in
substantially higher pH values, ranging from 5.6 to 8.9. The average pH as
measured in the laboratory for all groundwater samples analyzed during the year
was 7.0 (neutral). This is generally considered as an ideal value for groundwater
quality. In general, pH analyses completed for all sample points during the year
were very irregular, ranging by as much as 2 pH values in a single monitoring point.

J) pH values for oroundwater measured directly in the field and in the .laboratory were
found to be most favorable in the aravel excavation areas. The average pH for
groundwater samples in the excavation area was 5.6 (field) and 7.1 (laboratory).
The average pH for sampling points measured directly in the field and up gradient of
the Aggregates facility was 5.3. The average pH for down gradient sampling points
was 4.9 (field).

K) pH measurements for surface water sources within the Ossipee Aggregates facility
area were found to be more favorable in ponds located within the active mining
operation. Average pH for the excavated surface water sources was 6.3 (field) and
7.6 (lab). The average pH value measured during the period of study for all other
natural surface water bodies was 5.6 (field) which represents more acidic waters
which are less favorable.

L) All groundwater samples analyzed during this study period were devoid of coliform
bacteria contamination.

&CI GEONETICS, INC.
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M) Surface water sources located within the excavated pit area maintained lower
bacteria levels (higher quality) than natural surface water sources outside the
excavation area. For example, seven of nine samples taken within the excavation
area met drinking water standards with regard to levels of coliform bacteria, whereas
twelve out of sixteen samples of surface water outside the excavation area
maintained unacceptable levels of coliform bacteria.

N) BCI collected and analyzed 80 water quality samples representing thirteen (13)
groundwater monitoring points and thirteen (13) surface water samples over the
course of twelve months (May 1987 - May 1988). The results of these analyses
from groundwater resources found underlying the operating gravel pit. in all cases,
meet primary drinking water standards, in accordance with EPA's Safe Drinking
Water Act of 1976 and as amended in 1986. With the exception of coliform bacteria,
all surface water sources sampled were found to meet EPA's Primary Drinking
Water Standards. (Note: VOC's were not evaluated for all sample points.)
Secondary standards (those associated with aesthetic concerns but not hazardous
to health) are generally good to excellent in areas proximal to or within the mining
area.

0) The results of this hydrogeologic investigation indicate that gravel mining operations
present at the Ossipee Aaareaates Facility can safely occur within the identified
favorable groundwater environment (as defined by the USGS in Ossipee. New
Hampshire) without dearading groundwater resources and can in fact improve
groundwater quality with respect to certain water quality parameters.


