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" HYDROGEOLOGIC INVESTIGATION/BACKGROUND DATA REVIEW

THE IMPACT OF SAND AND GRAVEL MINING
ON GROUNDWATER RESOURCES

August 12, 1988

L 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 grave! 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 proximai to gravel
mining activities.

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

1. INFORMATION SOURCES

A) Literature 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. Sincse 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
intermnational data bases.

MR BCI GEONETICS, INC.
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Sources of information used in this investigation includes the following:

1)

2)

4)
5)

€)

United States Soil Conservation Service (SCS)

NERAC, Inc.

NERAQC, 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 worid'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, periodicais,
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.

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 Naticnal Water Well Association. Users of GWOL can design and
conduct customized searches of over 50,000 decuments 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.

U.S. Bureau of Mines
United States Geological Survey (USGS)

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 { lists the identified reference materials BC! had available for review. We found
relatively few documents which describe observed hydrogeologic impacts on greundwater
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 ng scientific
documentation containing evidence that the activity of mining gravel gbove or below the
water table was detrimental {0 an underlving aguifer.

The foliowing provides a brief description/summary of several of the most relevant
documents.

Landberg, J., 1982, Hydrogeologic Consequences of Excavating Grave! Pits Below
the Water Table in Glaciofiuvial Deposits.

This paper, submitted as a doctoral thesis in Sweden, represents z fairly
comprehensive study on the reiationship between gravel pit lakes and groundwater with
respect 16 impacts on groundwater flow. Landberg developed a mathematical medel ¢cf the
groundwater budget for gravel! pit iakes based upen two shape factors which relate the
gecmetry cf the lake to horizontal and vertical groundwater flow. Combining this mods! with
the specific hydrogeological characteristics of each site, the groundwater inflow and outfiow
of gravel pit lakes was estimated. Hydrogeologic data coliection included the emplacament
of monitoring wells which documented the efiects on groundwater gradients.

tandberg suggested that a possible effect of 2 grave! 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 buiid-up of sediment developed zalong
the down-gradient margin of such {akes, thus resulting in the raising and lowering of the
water table on the downstream and upsiream margins of the lzke, respectively. In Sweden,
however, he could not decument 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 grave! pit
excavations in permeable sand and gravel deposits (common to most aggregats
excavation operations) is likely to be negligible.

Svedarsky, W. Daniel, Crawford, Richard D., eds, 1882, Wildlife values of gravel pits’
symposium proceedings, June 24-28, 1282,

The symposium proceedings describes numerous examples and approaches to the
utilization 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 iakes
created by gravel mining activity. In Gustav Swanson's summary of the symposium he
states,

BCi GEOHETICS, INC,
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"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 otheruse. 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 10 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 gravei pits were widely recognized rather suddenly in 1231 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. 1t 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 conilict, 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.
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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 Mulamocttil and Farvolden (1875} indicates that no variation in natural
greundwater 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 cpen-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
grouncdwater recharge zones. One water district has been using artificial recharge for 30
years and plans to expand the operation.

8) Case Studies - Impacts of Sand and Gravel Mining

BClI'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 arificial 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 antificially 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

any way.
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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 (perscnal communication, Mr. Ben Parguette, 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 divenied surface water is accomplished while the well field is in operatlon
with no evidence of water quality degradation.

Ordinarily, the specific yield of a sand and grave! 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% cf 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 grave! 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

;'-)’ 2
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expansion of a pond (Bonded Concrete, 1987). 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 aquiter 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 (1887) 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 maienal, so that the lake-aquifer system acts as a double filter system which
acts to purify aguifer water better than the natural cover which was previocusly in place
(Bonded Concrete, 1887).

4) For Ossipee Aggregates facility, Ossipee, New Hampshire, see Appendix Il1.

)  New Hampshire Groundwater Supplies -- A Study of Potential
Impacts of Sand and Gravel Mining on Municipat Welis

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 {0 determine the number of sand
and gravel excavations within a one half mile radius of the wellhead. The results of this
review are summarized below.

. 232 Public Supply wells were identified comprising 74 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, Public Water
Supplies Faciiies and Policy Summary, Concord, New Hampshire

2% BCI GEONETICS, INC.
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° There are 28 wells with one or more gravel excavations within a 1000 foot
radius.

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

. 41 of the 83 topographic quadrangle maps utilized were updated between

1978 and 1887.

® 29 of the 63 {opographic guadrangle maps ulilized were updated between
1984 and 1887.

Given the age of the data utilized in this analysis these statistics are {fairly
representative. However, many of the newer cperaticns are not highlighted on tepographic
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 1883 and the number of
new gravel excavation locations has also increased, the numbaer of wells proximal to gravel
excavations is likely to be greater than the statistics above indicate.

B) Yater Superintendent Interviews

In order to gain scme perspective cn this issue from the water suppliers point of
view, seventy-four (74) water systems were identified for contact by reviewing Reference
Ne. 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 grave! mining operations within one-half
mile of your weli(s)?

. Do you kKnow of any water quality trends in your well(s] that you think may be
attributable 1o 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 b y 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 parn of a well fieid).

BCI GEONETICS, IHC.
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. 34 of the 110 wells were reported to have an active or abandoned gravel
operation within a one-half miie 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 mining operations may
pose a threat to groundwater quality - with particular concern about on-site
operation practices.

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

V. 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. Qur
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 Proxima! 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 down-gradient from the gravel mining operations under natural
groundwater fiow conditions (Table 1). Howaever, 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, sorme of the water which is

LE2BClI GEONETICS, INC.
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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 aqguifer, 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 cperations 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 f).

B) Water Quality Results

In general, the water quality results (which the State of New Hampshire has on file)
suggest that the water gquality is excellent in all eighteen {18) wells. Some viclations 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 penod 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 plts All water quality data
hasbeen inciuded in Appendix Il

1) Primary Drinking Water Standards

Primary Drinking Water Standards have been established for parameters which
present a health risk to water users. Atotal 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 (VOC) were detected in any of the wells
throughout the sampling period. Volatile organic compound contamination from petroleum
products (fuel, hydraulic fluid, ete.) is among the largest concems of operating a mining

B2 BCI GEONETICS, INC.



TOWN
Dover
Dover
Dover
Newmarket
Somersworth
Somersworth
Franconia
Pembroke
Pembroke
Hookselt
Hooksalt
Hooksett
Concord
Concord
Concord
Belmont
| Hanover

Durham

NEW HAMPSHIRE
NUMBER OF |
WATER  APPROX,
YEARS OF QUALITY DISTANCE UPOR SIZE OF
WELLFIELD TESTS FROM DOWN  OPERATION

NAME OPERATION COMPLETED  PIT  GRADIENT  (ACRES)
Griffin 12 g 100' Down 60
Ireland 28 7 200' Down 60
Calderwood 16 9 300 Down 5+
Bennelt 14 4 400 Up 5
GPW 1 53 2 500' Down 6-7
GPW 2 50 5 500" Down 6-7
McGowen 350' Y4 7 700 Down 25
GPW 2 24 6 1000’ Down 20
GPW3 37 6 1000’ Down 20
GPW Route 3 32 8 200 Down 200+
Manchester Gravel 23 9 200° Down 200+
Industrial Park 32 8 200 Down 200+
GPW 1 60 7 600' Down 5
GPW5 1) 6 600’ Down 5
GPW7 1 6 900" Down 5
GRW 2 (newer) 8 8 800 Down 100
Well #1 22 6 50 Up 2-3
GPW-Lee 2 1 400 Down 15

SELECTED MUNICIPAL

:LLS PROXIMAL TO GRAVEL PITS

Table I

YEARS OF
PIT
OPERATION

33
33
154
10+
10-20
10-20
40+
2
2
3040
3040
30-40

40
50

TYPE OF
OPERATION

Sieve, Crush, Washing
Sieve, Crush, Washing
Borrow Pit
Abandoned
Sand Borrow Pit
Sand Borrow Pit
Borrow Pit
Sand Borrow, Truck Slorage
Sand Borrow, Truck Storage
Sigves, Crushers
Sieves, Crushers
Sieves, Crushers
Sand Borrow Pit
Sand Borrow Pit
Sand Borrow Pit
Sand Borrow Pit
Sand Borrow Pit, Truck Storage

Sand Borrow Pit

FUEL
STORAGE

Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No -
No
No
No
No



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

Belmont
Concord
Dover
Durham
Franconia
Hanover
Hooksett
Newmarket
Pembroke
Somersworth
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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 extended 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 (i.e., 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 dbove 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 concenirations in space and time.
Concord well, GPW #7, had the highest concentration of iron cbserved from all eighteen
wells (2.2 mg/l), yet three other samples from the same well are below standards (0.3 mg/l).
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.
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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. Like 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
ali 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 he 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.

¢) 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, grecundwater 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 gravsi 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 gocd quality drinking water in New Hampshire.

SEE BCI GEONETICS, INC.
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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/. The acceptable range for alkalinity ranges from 0 to
500 mg/l; the values of the eighteen wells ranged from 3 to 120 mg/.

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 detrimentai 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 o support their positions.

BCI also coliected, 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.

B8 BCI GEONETICS, INC.
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WATER QUALITY DATA
COLLECTED BY
THE STATE OF NEW HAMPSHIRE
FROM 18 WELLS
WITHIN 1000 FEET OF
ACTIVE OR ABANDONED
GRAVEL MINING OPERATIONS



DOVYER WATER WORKS

i I {aPw amFAaN { H
i H H i
EPA NUMBER 6510763 €51015:  E510150  @A51015] 6510151 @51015  651015: 651015 653015
[SAMPLE NUMBER 9e8815] -Ge8sE0:  -weBSay] -GE717B] 998531  S6BE7|  S6RBa:  B3ETII G209
SAMPLING DATE 03-01.77 1 C2-1%-BD : 0D.18-81 | 03-18-87 | T2-17-82 1 D5-08-85 | D5-08-BE | 0R-04-B6 1 [1.12-BB
raemc « 0.05] H < D05 H
L+ BRI « 1,00 H « DDt H
Cadrmum < 0.0 i <« Doos H
Chremmum < 0.05 H « GO i
Lmms « 005 H 0015
Waroury «< 0.001 HEA:E
Nnrogen, NC2+NO3, N H 0.33 0.25: 026 H
Samninam mgli  0.0%: « Q.01 P« 00O
Sitver mpl:  D.05: « 0.05: H < 0.0%
F woroe ot 4 < 010 < 010 < .10
3 H H i
Total whaomethanes [ o H
Scraen Apha i, 3] « 3.0 1.8 H 1.02!
Aacon pas pCiL! 20000 i 380:
Radwm 226 pCin [t :
Uranigm povL H
Adutrunim moA : H : < 5L25%
Vanadum mel : i i < D01
WDlyDoenum gl : H H < D.0%
et mgL: : : « 0.0
hArmrnony gl i H H <00
i i 1 : : ! i ;
Chioncs Mol 250 {1000 11 21.5 27
.(.;ow wonts! 15 3 & T H H
Copoer ma/l, IH < 0.15 < 0.10! i < 01
non e 0.3 0.11 c.2 0.1 0.4
Wanganess meli Q0S5 < 0051 o0 b.03 H 02!
o unny ; & 5i a: 7.8 : 128
Tota) haroness (Cato3) AL i 501 80 48 736!
Casonm Haroress At H i H | H 328
Ak aunry {CaTO3 Al H 18! a5 b H 3520
Spectiz Conguannce UMHOS! H 253
Soamm mgii 250 2e: 19 i 15
Sunaie el 2500 H H 7
Tinc mgii i : « 0.03:
tPoassum mati H : H B
iFnosprate. Ds Orng P marli | H i
Prospromnus, Total, P
Torar tmeranie (TDS) f H H
Caigur- : i { H |
Magnesum : | |
: H H : [
NONCOIIORIVE, LANCRNer 5.1 : H H 1 BG4
Turaty NTU: i 1 i H
Cotoem, Tot, cta/100CmE 1A < 1.0 H H
Non-Cokferm curtbom: 20 ! : i : i
H i H 1
Berylium oL H H
wOoC's H H H J1 N 32 NS 2% ND
Ethyiene. Inchiors ey 0 SCUD0 <500 ND
Ethviene tetrachiorn vok i H ¢ SC000 500 ND)
1.20choron tywne uaki H i 5C 0.00] < 5.0
£inywne, Chioo uo: i S5C D00 ND
Styrene ot R : iIosCpod ND ND
Cycionazans o : : 5C .00 ND N
ChiomtuoroMerhane v H : i SCE.00 ND ND
| DichiorogituioroMethang k. : P sTom ND N
DrenotatrtivorcEtnane uok: H i ST o ND
T nabnsm mp’Lf H < D.'[Gé
| y———y upfk? H
Azryonirhe o +
EtharZchicroetninyl uph :
Mytnane, bromo r
Meihane, Shiloro [
Muethyl Lbutyl et wph: ND
[NErste-N medi 10
Siscy gLl i
Banzete g k ND
‘eitane. dichioro uph ND
rihane. Wichioro- upf H ND
. cluene ugk, ND
: : : 5C - SCREENED NG = NOT DETECTED)




: IDOVER WATER WORKS :
TIGPW IRELAND i
EF A NUMBER : 851017 E51017: 851017 £51017 651017 851y 851037
SAMPLE NUMBER H -998575 -9985747 -POBSTH -857180 55889 BIE74 o706
SAMPLING DATE H i 03-01-77 § €2-11-BO { §3-18-8Y § B3-18-87 | D5.0B.BE } Q9-04-BE | Oy-13-B2
] MCL :
jC ¥ moli  D.05 « 0.05] P 0005 0.o0s
Aanurr mofi. 1 < }.0Cx H < 010 H < 00.50!
Canmium mgli Dot < 0.01 i <0005 i < 0.005]
Crv ormem mgi i < .05 H < 0.01 i < 010!
Land ol < 0.0% : o.os P« DO0S
Marcury ol < 401 f € 0.001 < D.03Y
Nrirogen, NO2+NC3, N meli 1D 0.34 [FETE 0.35 < 025
Semenium mgli 0. < 0.0 P« D.005 < 0.005
Siiver mgl: 005 « 005 oo « 003
Lumrutn moti & 0.13 « 0.10 < 0.10 H « 0,10
Towal trihaiomel nanes : : :
Screen Alpha i « 1.00; H 1.4 i «< 1.00
FAGON pas i H i 700
Regum 226 eI Y H H
L aRnsm BT H B
Aturrmnut: me/l : H « 0025
{vanasum A : <001
WOIVDORNLM mal H H < 0.0
Nicne! el < 0.10
hA‘;mmony mgl H i « 0O?
: : : ! 3
| Crionoe mgll 250! 15; 12.5: 12 12]
Sowor unna: 152 5 H ]
Copoe! Al 13 < 0.18 < 0.1 I« .10
mon meli  0.30 < 016 < 0.90] <90 HI X
Manoaness meni  0.06 < 0.05] a.01i c.0t} i < D03
B unnsi i 8.1 B: 8.31 P »10.00
Total Aaroness [Cas0D35) mali 52i 4D 3! H e
Cacwm Hardness mon i H H | H 15
Amahnry (CaSO3! [ : 43 45 45! : 56 1
Sowcric Conoudance UMHCR: : H 201
| Sodwm A ' = 24 H =
Sultate gL H H 10
Zing il : : I
{Prrassium W’Ls : H B
"RoRDiuie. s UHTho P oL 3 H
| Pnosonormns, Tow:. P mgA:
Teixt rertane (TDS) mg/i 500 H H
e~ - .05 H H !
{magresnum meL j :
NORCOIIDY VD, Langoiher | S.1: H i i O BDS1
Turpaty i MTUE 0.12; H
Cororm. Tat. b c18/100mi 1 < 1.067 < 1.067 3 o
- gurgrem 115 100mE Pl H : : ol
Haryiivm oLl H H H « 0.03
VT s H H a2 ND: 32 ND
Ethvieng. tiohior v/ H NI
Eihviena, teiachiom ik H H WD
1.20ucniorosnyviene - § L/} :
Eihyimne, chio [y ND ND
Styrena ugfki H ND: ND ND
Cvoonesans o : ND: NO ND
Cmorol woroMetnane g/ : N WD ND
DienxoditvireMathana s i i ND:! ND ND
DwhwrotrfiuorpEthane ok H WD NO
T naium my/L H 0.t
ACTOMNT gtk ‘
Acrmonnrie e i i
Etnme 2chioroatybnyl ugh
Mathane, bromo upk
Metnane, oo wvph
setnyl i-outyt sther ol ND)
Nirme-N o/l 10
ek oL B i
Bonzena u9.‘h§ ND
ssihane. thohinro- upk: ND.
nEra, HCnoR- upd: H ND
e aihod ugk H ND
i i ND = NOTDETECTED




H IDOVER WATER WORKS 1 H i
H i |GPW CALDERWOOD {HOPPERS) H i
Eoa NUMBER B51012 E51012: 651012 651012 6510172 651012 6851012
| SAMPLE NUMBE R 9OBBAT| G0BEAS . -99B64E| -Ba7175] -PUB6LA: -posca2| -987i74
SAMPLING DATE 03-01-77 | §2-11-8C { 03-18-81 | 03-18-81 § OB-10-82 : O«4-06-83 1 04-06-83
MCL i
Arsmnic il O.05E « 005 < 0.05 H
LRNUM meli 1: < 1.0C1 H « 0.10 H
Caameom ol DOt: <001 T < D.00S H
Crromaum mgii H < Q05 H < 0.0t i
Leas i 005 « 0.05; H c.o1s H
Marcury mpiL: 0.0G2: « 0.0 i =000
tirogen, NOE+NTI N menLs 0% C.0R 0.054 008
Semtuurm moftl 007 « 0.0 I« 0.00%
| Sutvmr Mol 0.05; < 0.05 Y
Fuorce mg} 4 0.1 04 < D10
LF_I_:I_‘EI haIomelnahes g F H ¢ D 0 H
Screen Alpna [ ] < 1.004 H < 1.00 1.2 036!
Raoon paz pCi: 20000 15008
Fagumn 226 PCin s [t :
Uranum pCVL H
Alumanum : H « 0.025;
Vanadnm i < 0.0
Aovboenurn + « 0.0:
LY H ‘; « D.13:
Argrrerny H H < Do
Crionow ] 1650 14 15
Covor [ i ; } i
Coooer < 0.101 i <D0 H < 010}
iron < 8.1 ['XH 0.1 H < 0.10:
Manganess « 0058 0.02% 0.03 H 0.04:
[l ? 7.6; 74 H b
Toral mamoness (CaCO3) 504 &= 38 : 37.6:
Caicrnm maroness : H 17.5:
A axnsy {Cal03) 2% 45: 40 i 27.7:
Spechc Conductance : 147:
Sodtam 26! 21 H 13
Sutare H H 13:
TTne < D.03:
Sotasaum H H H
tProspnate, e Omhe. P H i :
Erosohorous, Towat P
Tota! tHazane (TDS) H H
Caicum H H
Magnesium F :
NOnCo rosve, Labgeier 1 H H -t B35
Turodny 014 H
oo Tot <16 s Boi i [
Son-Comorm ] i H ! &
H L :
Sy ham i 1 < 0.C3
voOC's 31 ND: 31 ND 3 ND X2 NDE
Emymwns, morion i H H ND
Ethviena, Wfrachom i i H H H ND
1,20 orosthvene Cel i H : : H
Emymna. ctio v | : N
Siyrens wpki HIlL H S1=R ND
Cvtioharane ok H ND: ND
ChiuwolwomMeinane i H NG: ND)
Dichorpoiuiorokathane ki [ ND
DichicrotriliuoroE Inane gL H WD
Tnahium mgh i : « 0,10
ACTOean e B H
Acryvoniirie wo/h: H
Etnar2chioroetyiviny! wok
MEnane, oWorD uaA
Meinyt oyl ather A ND
NErmeN mgd. i
Sk mal
Benzens o ND
Waihane, gichioro- vk e
wnane. Inchiom- wak; H ND
wens ug«'k: : H WD,
[ : : H N « NG DETECTED!




HEWMARKET WATER WORKS
QPw RTE 152, BENNETY
E£PA NUMBER 17016]  1TTRIOS: TTIIDI6) 173G
SAMPLE NUMBER ZI044 26420 45005 ABT45
SAMPLING DATE H 03-D7-B4 | 05 15-84 i OB-20-85 | O0-05-85
MCL
Sramnic mptio 0.05: « 0.0% 093 « DOOS
anum L] 1 < 0.50]
Camairmien mgl:  0.0%: « 0.005]
Creomun mgf i H « 0.0
Laad mgfi:  D.05: BOss 0.0 < 007 0.015
o Ty mll 0o Aooas
Narogen, NO2+NC3. N oA 10 1.5 141 31054
err— moAl D01 < 0.005 « 0.005 0.505
Sirvae meii Q.05 « 0.03
Fonde mo/L di 0.06; <010} <010
Total trihaomethanes vpk
Screen Apha Pl
| Racion gas pCi I 200001 1700
Racwem 226 plil 5
Uranum pCiL i
Alurmum ot 0.07] < 0.05 0085/
vanacwm moiL: i H
Molvbosnum gl H < 0.0 H
Nt gL « 0.0 H < 0.03 « 0.03|
Antimony mp/L < 0.0 R
Chionoe melc 250: a7 485, 25
Covor unns: 15
Copper 1 « 0.1
fron 0.3 « 0.0 o1 o1
| Mangarese 0.05 < 0.C3 < .03 < 0.0
oH 8.5 H 8.7 8.9
Yotal Hamness {CalD3) £8 H 592 107
Caicurt Haroness &1 425 7]
Aalntty ({CaCO3} 19 20 22 B}
Spactiic Conductance 157 el 435
Sodum 250 16 20| n
Suftae 2501 £.1 H 8.69 8.7]
Tine 3 « 0.10 : 0.0 < 0.03]
Potassmm H
Fhozohste, Da.Orno P H
Phosohomous, Tolal, P H H
Totat tisrabe (TOS) 8001 H
Carcom 0.05:
M ASTHRILT H
NONCOTTOsve, LAnomier 5.7 R -2.7085 P 24826 ~1.9225
Turbadity NTU:
Coutomn. Tet. £13/100mt 1 o o
Non-Coltorm e/t 00me 2013 « 100.001 « 10C.0C
Barylum moL H i
vOCs H 30 KO H X2 N
| Etvysmne. tonioro o
£thyiens. teirachioro sk H
1.20chioroethywne sy ugA:
Ethywra, chioro ugh NC
Styrers wp/ki
Cycrohexare e H
CworolwomMethane - wpi
DichiorodifuloroMathanel wgA:
DuchiorotrisuoroEtnare wghl H
Trabum me/l
Acroien [ ND
Acrylonhria R H ND
Ethaw2chioroetyiviny ek WD
Meinane, bromo ugk NDH
Meinane, chioro ok ND
Mipthyl -yl ther ugh
Nirme-N mglL: 10,
Sikca meh.
{Benrens o
Matnane. dichiono- Lok
vnans, trichiomn- vg
Aung m'
i KD « NOT DETECTED




| SOMERSWORTH

H H GPwW
EPA NUMBER 2ISICT1! 215101)
SAMPLE NUMBER H -9GTI5G1  -P9T258

SAMPLING DATE

02-25-80 | 01-13-83

MCL 3

Arsenic g/l DDSD « 0.00%- = 0005
Baaum Mol 1 « 0.0t « 0.50
Cacmium moil D01 <0005 <0008
Chromesmm mgti i ooy «<poa
Luanst moli  0.05: « G0 < 501
Mwrcury meni 0.0023 <0001 « 0.0
Nrtrogen. NC2+MNO3. N frgLi 10 0.18 0251
Sewnmum __madi 0.0 « D005 0.006]
Sirvet myLl 00S: < 0.011 < 0.00%
o e mpl 4i « 0.101 « 010
Total trihalomethanes vk

Screen Alphs pCinLE < 1,00 T
Racon oxs ol 200001

Racium 228 oCiti [

Urasan pCHLE

Alurranum fng,n,,;
P g gt H

Molytaenum mal:

ool mol: |

Antrony ™oLl H

Chionde meAl 280t < 10.00 < 10.00)
Comor unmai 15¢

Cotcer o/ 1: 0.1 < 0.10
[ron roAl 0.3 02 02
: Manganess mgli 008 0.03 « 003
H unnsi : 6.1} £33
{otal Hardness (CaCOT) mo/L H 20 24
,Calcum Haroress i H 12
Akawndy (CaCO3 s H H 13
Speciie Conduzance uhtOn: :

Sodum mgii 2507 4B E
Sultaie mpli 250

2irc W'L-

Polassum mg i

Phogonate. Oa. Ontho P meils H

Phospnorows. Total. P "‘9’1. H

Tota tesracwe {TDS) Mol i 500z

Caicium moli  0.05

Magnesium moiLi

Noncorroswve. Langeusr St : -2 9960
Turoaty NTU: H

Coltorm, Tot. wre/ 100mt IH « 1.00¢ « 1.00
Non-Comorm cts/100mi 201

Bopryliurh i 45

vOC's H H

Ethylena. tretuoro wgk: H

Ethviere. le1tachiomn wgk! H

1,2Dichiotovthyiens t+f ek H

Einymone. Chiors wpk

Slyraee i

Cychazans g

Criorotayorohiel nane g/

Chichioroddularn Methan e o

DhenicrotrituoroE thane uphi

Thasm e
JAcrOMmn o

Acryionfiris ugA:

Ethac2chioroatywinyl uoAk !

Marthane. chiono Lo

Methyl 1-Cutyl ether o

NEme-N oLl 10

Sica mot:

enrene o/

Methare, cchiom- ]

Metnane, trichiorno- U

Terivwrw ugh

trfponifrregens

MO = MOT DETEC TED




SOMEASWORTH WATER WORKS
arw H
EPA NUMBER : 21510121 1 510‘!23_21 51012] 151012 2151012
SAMPLE NUMBER ~QGTIE S97233;  -99TS -B9T234 91824
SAMPLING DATE 10-15771 £2-25-80: O4-25-80; 02-C3-83101-06-88
Arsenue « 0.05 « £.005 < 0005 « 0.005
Banum « .00t « 0.21] < 350 « 0.50]
Casrmeum : < 0. « 0.005 < 0.005 « 0.001
[ Chromesm i « 0.053 0.01 <003 < 0Of3
Laas il Q05! « 0.05] H « 0.01 « 0.01 < D.0G5
premm ol 0.0027 < 0.0C2 i <0001 <0001 <000%
Nrtroger, NO2+NO3. N L " A H 0.07 « 0.25
Sawnium mfLi  entl < 0.01 i 0005  « 0005 < 0.00S
Slver moi:  0.05: of : 0.0t < 0.05: < 0.0
Frooros g/l al « 010 < 0.10: < B0 « 0.1 218
Tota! trihaorhet hanes g
Screen Aipha BOVL: < 1.0C% H < 1.00 « 1.0} < 1.00
Aanon gas pCL: i 800
Aadiurn 226 pCiLi H
Uranien pCvL: H H
Alyrranger ﬂ'\g}Lv H H < 0.0%]
Venasum mL: i < 0.01
Molysdsnum el « D.01
e mel : <0.°3
Anntanny medi H <00
1 i B
Chionce et 250: « TC.UC: < 10001« 10.00i 5]
Coior wnas: 15 5 : 1
Coooe: moss 1% < 010 H < Q.10 « {103 0.
Iron mel: O3 %) ] 0.1 < 0.1 o1
|4 angancse moAi | 0.08 « 0.053 0.01% D0 <DU3H <003
ol uns: : 6.5 61: 83 7.6} 5.2
Toral Hamoness (LalO3) mQIL: : 04 26 20 24 156
Caicumn Haraness mgh: H H 12 6.2
Auaisnny (CaCC3I menl : 17 108 ) 121 8.7
Spactc Conductancs UMHOS! H 8.6
Sodmm L 250 4 &4 15 F 5
Suraw mon i 250t : 8
Zinc mgA: 0.03
Potassum e i H
Phosphate. e . Ortho P mg i H :
f‘hmﬂm. Tota, P mg.'L- H ;
Tolat hnersbw (TDS) ml 500 H
Caioum mgAl DDA T
Mag resium mgil
Nencoreave  Langaner S1: H -2.36516
Turbeiny NTL H c.3
Cairprm, Tor, erg/tD0m I 1 < 1.00 < 1.00; of
Non-Coitorm 12100 mi 201 i mi C
; }
Baryium mg/LE :
vOC's B H
Etnywene, miohorn A ' ND
Ethywne, tetrachion vk H i ND
1.2Dwnarowinviens el oA H
Ehvmsne. thiond \QA' _: NDI
Styrene vpk i : ND
Cvcionezane oA L%
ChiorothioromMet hane g/ i ND
| Dcharodfuiora e ane g NDH
DichiorotrittuoroE thane s ND
Thatium oAt < 0.10
ACrrhain g
Acrysonittia b
EtharZehioroatytviny ug/k
Mathane, Bremo g i i
Meihanae. chicro ik H
Mathyt t-butyt sther g ND
Niirate-N A 10 0.06)
Sikca mo/Li
Ganzens Lok, ND
Methane. chiomo- /S ND|
Mathane, trchion- ki H ND|
Toluers u;.k' ND.
H i NO » NOT DETECTEDS




H : |FRANCONIA VILLAQE WATER H
i {MCGOWEN WELL 350 H
i : H
EPA NUMBER Bayg1a 841013 B41013 B41032 BL1073:  BATDEY L1013
SAMPLE NUMBER -999921]  -GeU10;  -Pe0RP0i -GUUF1B] -999EB6’  -waroor pry
SAMPLING DATE 05-09-78 § 02-13-81 : 11-18-81 | 12-12-83 1 12-12-83 ! 12.12.83 | (4-D6-93
MCL ©
Arsenic molli 0.5 « .05 I e DOOS < D.O15 H < 9.005
Banum meLi 1 < 1.00¢ i <000l [ i « .50
Caomeum melli 0.0 « 0.0 < 0.005 0 : « 0.001
Chromeam mealt i H < 0.0%; < 0.03 o H « 0.0
L wad metl 0 OS5t < 0.051 < 0.01 « D.0% H ©.007
Mercury mgii 0.0C2 0.007 <« 0.001 o « 0,001
Nitrogen, NO2+NO3J. N moli 0 0.521 « 025 « 0.25] H
Semniusm mal:  0.01% < £.01 £.008, < 0005 H < 0.005
Silver mei i  0.05: < 005 < 0.03{ [+ H = 0.03
Florce oL 4t 6.17] 3 0.85] i 11
Total triraceret bt voh: H [
Screen Alpha it 9.3 15: : [
Rason gas plvli 20000 H i 6000 2500
Radium 226 pCIL [ « 0104 4.1 < 0.104
Lranngm pCli H 128 H
Alurmmurn ol .02t
Vanacwm gLl B « 0.004
MolvDasnum mpiLt H < 002
Ncua! me/Li < C.BS: < 0.8
Anumony me/Li 3 « 001 H « C Ot
H i i : i
Chionos 2501 164 P« 1000 « 10.00), 5
Coior 15 i i H
Capoet 1: « 0101 H < 010 i « 0.10
\ean 0.3: < 010} H 0.1} [X) < 0.101
Marg anese Q.05 « 005§ i < 0.01f « 0.03 i < £.03
o : Lol 8 1: 81 : 8.05
Totas Hargness (CaCOMN : E=] &0 604 56
Caicwum marcness i an i 55
Al aunny (Calld 204 55 31 H 55.21
Specthic Conduwaance H 148.5% : 143
Soomm 2507 7.1 H 7| ks H 5
Suttmie 2501 H 5 H &
Zinc : « 003 01
Potassium B H H
Fresphate, Cas Onne P : : H
Phosonorous, Towu, P H
[ Torar feracme oS 500! H H
Sacium 008! : i H
Magnesur
NorDorosive. Lanceusr -D0.€259 H
Turbeity :
P(‘:‘;iﬂmﬂ, Ton et/ 100me i < 1.0 L [}
Non-Coitorm - cts/100mi: 201 ] : C
Barvhium H'vJ'LE H :
VOC's H H 31 NG
Ethylone, trchioes ok :
Ethviens. lstrachioro wgki i
1.20wniotowtnyene oy v H H
Ethywna, criomn ok H H
Styrene ey : :
Cycionezars gl H i
Chionot oM stnane ek ! H H
Dichiwrogi uioroMethans e i NDj
DicrorotrdtuorcE thane wo i
T habwsm /L
ACTolein o
Acrvonitrie Vo H
Ethwr2chgrostytvinyt o
Methane, troms voki
Mathane, chiorg vk :
Meathyl HGutyt iher wghi £ i
Neraie-N e 10 0.0%)
Sikcn /L i H
Banzrens o/ H ND:
Mathane, dchion- g i i ND
Malthane. WChoro: Lo/ H H NO|
Tormne ughi WD

ND = NOT DETECTE DS




1 H : JPEMBROKE WATER WORKS H
i I |GPW2 CONCORD :
CPA NUMBER H 186I012] 18630127 1B5101Z| 186I012] 1BEIO1Z: 1B&1OIZ
SAMPLE NUMBER i H ~F9704 8 GUTRME:  -9R7SMT| .SQTEEZ]  BETRMY: BLADG
SAMTUING DATE H 09.-20-77 | C2-05-80 | O1-23-81 | 02-2B-83 | 0%-D4-833 ! DB-20-B7
A SwnIC « 005 i <« D.005 « 0.005 [sXe18]
Largm « 1.00! i < 0.18 «< 0.50 : < 8.50
Laamum < 0.01 I « QOO « 0.005 H .bo1
PEnrM-Jm H < 005 H < 001 « 0.03 H < 003
Laal Ne H « 0.05 H < 00 « 0.0 : < 0.0
arcury B « 0.0 P« D00 « 0.001 H < D.O%
Nrroger;, NO2«NO3. N mot: 0w 0.78 [{E4H « 0.05 0.5 H
Samnam moti o 0041 « 0.01 « 0.00% 5o < D.OCE
| Sineme mel 0.0 « D.05 < 0.01 < D001 < 0.03
Eworoe ol PH 6.27 < 0.10 [ 01
Total tTina-ormst ares oA : 3
Screen Alns pCWVL? « 1.00 H < 1.00 : < 1.00
Razon gas i i £30)]
Ragtum 226 H
Uranum H :
Alurrnum mel: H « 020
tvanagasm moLl : < 0.21
MoDo R moLi H H < 0.01
.E’o"’; el : H H « 0.C3
Artiemsny mgt : H H «0C*
H H B 3 H
Crionge mali  Z50: [ B B0 [ 60
Covor unns 15 L H H
Copowa: mel 1 0.317 H Q.1 0.DE! 0.1
iron i moL < 0.10] « 0.30: EX £.03; < 0.30
[VP— mo €5 074! 0.96 U483 .28
o unnE: &4 6.3: 7 8.7 6.18]
Torai Hamoness (CalO3) gl 2 A AL £ 36 J$2.B
Caicuwrn haraness moLi H 224 15
Awatney (ZalD3} metl £ 2 L 11 13 13
_Sboa'-lc Conguctance [ e B H 254
Sogwm H 2501 27 [ 33 i H 38
Sutmie 250 : H 7
T iZme i : H 0.03
-, : H
Brocgpnate, De Onno @ K H
Prnosonopus, 1oz B H H H
Towal tinerane 500 : H
Lawaum 05 I :
B ; 9 :
. : i : H
NONCXHTORIVE. LANC e e 5.3 H H : -2 B5H58 H -3 &%
Turpany NTUE S H i ~
Casirorr, Tot, cta 1 00m: Vv o« 1000 < 1.00 H
Mo pwiorm ci/100m: 200 | ! i
H i i ! i
borvhum et H i | i < 0.83
v s H H H 31 KD 33 KD
Eimyimne, 1tuors vpk : : i :
Ethymne. letrachion o/ H H H
1.2Dicnioromnviene Tt v i i
ENvasivy, Criom wghk H H WO
Stvrere u?«'ni i i H WD
Cvtionarans vg ki H i H KD
Chomt oM sihane vpx: ND
Dachiorogiusorodethany ok, H [¥ie]
enworotrdiuvoroETrane Lt H ND|
Thalium meiLt « 8.10
Acvoien wa
ACryonirie ol i
Ether2chioroetyhnny! oo
Methare, bromo W
WErAnE. SR ope H :
Mathy! 1D b ok H ND)
warute-N mgAL i 0 i D.AE
Sinca moi. H
Banrens vox
Mathare, OCNIOO- gk H
T Mt Enoo- v} i
Aclng upki
1
{ i i ND o NOT DETECTED)




H I IPEMBROXE WATER WORKS :
H 1GPW3 CONCORD :
EPA NUMBER 18610131 1861013 1BG1013| 1BEILIIE  IEEICTI3: 1851013
S AMPLE NUMBER i RETEME] paTEAd;  -paTeds| -GUTEA3] 997UIR]  aO37
SAMPLING DATE H i | DS-18-T7 § 02-D6-80 : D1-28-B1 | 03-D1-83 | D5-10-83 | 08-20-B7
Carvanic < 0.05 0005 < D.0CS i 0,008
Lanum < 1.0 < P10 « 0.50 H « 0.50
§ Caireum < .01 <0005 <0005 i oom
et—— i < 0.C5 001] <003 f e om
Laad H < 0.0 i < 0.0 < 0.01 i « 0.D%
ettty mpii C.007: < D.0C2 T <0001 0001 HEPY 2
[nrogen, NG2<NOT. N ni 1 1.03 082" 1 6.5 i
Semwaium mplli 0.0 < 0. B agx2 £.008 i < D.DOS
Sihver mgli D05 « 0.05] H < 0.0 < 0,001 « 0.03
Faorios oLl &i Q22 « 0.10: < 0.0 « 0.104 « 0.10]
Tetal rinmommthanes ug/hi 8 : [
Screen Alona pCit i B < 1.00 H < 1.00 1.3 H 1.8
Fasion pas PV 20000 H H 750
Aastm 226 pCL: 5 i
Urzhum pCL: H
Afurmenurm H « 0.20
VARBIUM i « oM
W OIvEXIB LT i H < 0051
Nicas! H HEY-E:)
Antrmony H H H <o
[ Crionce et 25 25i 3 E= x
Totor unnel 15 o} 1
Coopet el IH 0. EH 0.c7 c.2
won b < 0.1 i« B30 « 0.03: 0.1
Manpaness meni 0.0 « 0.05: D1 0.02 « 0.03 : ©.03
ip wniy! : 61! K 7 54 : 5.98
Total Faraness (CaCT3: et : a3 : Zoi 32 H 36 8
Cacum Faroness mpii H : ¥ 154 H 25
Amaunmy (CaCCO3y moil H 18, 15 13: B H 10.2]
Spocihic Conducance UMHOR: : : H 150/
[ Sodum moti P 15 Y 31 14 i Y6
[Suttate a1t 2507 H H ]
jTne g H : L)
t Petassiuen ot g H
| Phospnata. De.Onne B el H :
Protphomus. Toa, & et H :
r'-!';ul tmeracw {TDS! | mglil 5007 H H
[ e QDG H :
Magnesum el i F H
NONCOIros e, LENDBIe: 4 : j -3.5897 -3. 7235
Turbdity 1 < 024 H
Coitorm. Tot U « ¥ DO < 1.008
reon-Comorm 2211 : i {
Beylium H i < £.03
VO i H 3t N2F 32ND
Eymwne. triochiotc H
[ —— : H H
1.2Dehvoostnviene o : H i
Etry i, Ccriom : ND
Strrens i H ND
Cycohoiane i ND
ThaorDl L oroid s nare H ND)
Dicrroditsorchininane i i i WD)
DichioroitfivorsEThare H H i ND
Thatwsm E E « 0.10]
AzrOWmn i :
Asryvionntie i
Ethec2ctuorostyiviny N
Meinane, bromo
Muitane, ChIOIo H
Maihyt 1-Dulyl Siher
MEraie-N b1 ND|
Staca H
Benzens
Mtruang, thehioro-
‘mihane, trichem-
oo
i WD = NOT DETECTED




: : !CE.HTHAL HOOKSETT WATER PRECINCT H
H I iGPW ROUTE 3 H :
EPA NUMBER H 11810111 1181091: 1381011] ViBI011) §187011: 1781011 1181011 118310M
|SAMPLE NUMBER i H -99USAGE]  -996ATD  -PUSAES 24912 TRA6L: BO19% BALTS 88504
SAMPLING DATE H H D8-20-8) | 05-08-82 : 0O5-DB-B7 | D4-D4-B4 | B7-0B-87 [ 07-08-B7 | D6-20-87 | 10-20-B7
- : L :
“Rremnic mgii  D.bS: < 0.005] <0005,  «D00C5 <0005 P« DOoS
Aanum mon 1 < 0.70 <073 < 00 P <05
Caamum mel 0.0 «0.0C2] <0002« 0.0 I« D00
[Creomam g { H i ! i com
Lmad mpli  D.OSE 0005 < 0005 <« D005 < 0.0t i < 0.01
Marcury mpli D.bcR: < 0.0005! < 0.0O05: «< 00005 i e DM
Nrrogen, NC2+NC3, N mohi 1 1 : 0.6 0.60
Sewnum mpil 001 < 0.005 < 0005 < 0.005 = 8,005 « 0.005
Suvmr melli 005 : < D.03
Fuorde el 4: 0.1 : 0.1B; 0.1% 0.5
TOtR! trshmscorTut ik H H
Soreen AlGha H H 14 1.3
Ragon cas 20000 H 1700 3000 T200
Radrmn 226 5- H
Uranwrn H i
Ajurranum 0.3, 0.1 0.1 0.074 DOES
Vanatm : 0.062 H < 001
W oyDamhum B « &.01 K < 0.01
el H : < 0.02 0.3
Antirmony : H H < .01 H
: : 3 H §
| Crionse meil 250 « 1390} : L <o 24 15
Couewr unns! 15: 1 H 1 i
Conper n L5 «< 0.02¢ 0.05% 0.03. i 5.1
wor: : D31 «0IDi 000« 030 I <010
Manganess 0.221 < DL3 <003 < 0.09 : .03
HH 5.486 H 96 : [ EEA
Toral Harorwss (Call3; i 201 i 264 25.21
Calcum maroness ; 13 H 1B
Amannny [Cal03t 7 H ! 57 152 148
Soechic Conductance 85 i 175 149 116
'S acwm 5! 334 34 77 18
Surtase 17 i 1 12 & i 18! 16
Zmz « 0 C2i 0.03; 003 <D0y HIREE!
l-gﬂll‘llu"‘ 0.9 1.8t 1.8: H
{Frosranta Dm.Oneo P < 005 H H
Proschorous. Total. P < 0 o3 H
Towx! hiterane [TOS! 53] : H
[ H 5 Bi 7.2: £.3
Magnesium 147 I3E 1.31 |
i |
NONCOTICH Ve LE8ngHe” C.3408 P -3 8829
H 0
[ non-Cottorm q H ot H o
L : : ;
ooyl H H H
hiv1) H H 33 NO: I3 ND 30 NO IIND
Etnpane, tnchor up’l. : H
.:5.;;‘.;”“. mtracho ™ woh H
120 horoe hvimre 3 uph H H
£ inyiens, chiom ey H H ND: ND} ND ND|
Sty o f NO: NDI ND KD
Cvoohstane wah ; ND: ND| ND NDI
ChiorotuoroMethans ugh : ND: N ND ND
[ Dichrrodiuicrokatten g/ H NDE ND 0.55- ND
DuchorotttivaroEihane Lot : H i
T radium rrpr:- 5 :
ACIOWN gt i
ALNGNaT s uph i
EthetZchioroe yivinyl ugh
Melnane. bromo ikt
Mathare. ohorc g H
Mwthyl 1-Dutyl siher g ND WD, D ND
NN e/l 108
Swca o : 2.5 « 0.C3
Bonzers gk : ND ND 2 ND|
Mwtnane, thohor- Uk ND ND 1200 ND
“minARe, TICHOO- ue/k H ND: ND 31.5 ND
Bivent v :
: H NG = NOT DETECTED




H : | CENTRAL HOOKSET WATER PRECINGT T
i T GPW MANCHESTER GRAVEL :
EPA NUMBER 118012 1131012? 1181012 ha1012] TIBIOI2: niRIGiZ2] 1181012 11810121 H1BI0I2
-SAMPLE MNUMBER -S540 1 -GOGATR: -PIGABD 736488 -QOGLET 24TTL BE20GH BADTE: 88506
SAMPLING DATE H 05-16-77 | C2-06-80 ¢ C7-27-87 ! - 16-83 | 05 19-B3 1 Da-Ga-B4 | O7-08-67 ! 08-20-87 ¢ 10-29-87
"
Arperi mpll  D.0SE = 0.05; £ o« ppos P o« Q005 « D.005! :
Samm meL 1 < 1.0 H < .10t H < 050 H
Cacmaum gl 0.0% < 0.01 T < 0.005] < 0.001 H
Chromerm: mphd « D.05 H « D3 : « 8.00; H
[ moll  0.05: < 005 H 0.0 : <001 <001 :
Marcury mell G.0C2:% < D.OCT < 0.001 : « 0.001 H
Nnrooen, NO2eNC3, N ol 10¢ 1.1 0.73 111 i .75 1,07] H
Sewnium molLi  0.0% « 0.1 « D005 : 0.005 « 0.OCS H
Sirver mgli 005 < B.05 H 0.01 H « 0.0 :
Fluorcs ol LY 0.121 022 022 i 021 C.2 0.2 )
Totad trihaiomer nanes g H : H 281
Scroen AOha P} i 32 H 1.5 L o 2.58
[Racon cas pCL: 20000 H H =0 16001
Aacum 226 pCiL: 5 i : H
Lranum pCALi H H R H
Alurnanum mgl €173 0.25 H
¥ anagnm moli H H 0g? <001 H
Movboenum ol : H H H falea ] < 2.0 3
ook gl oL ; ; 0930 < 0.05
Antmony Al i H H oo H
: : : : i :
Chionoe moli  250: < 10.00]  « 1060  « IC00 16 5 7
Covor unmsl | 15 o H : 1
Ccmr mad ! 1: « 0. 10 H 0.1 « 0.10¢
iron meal  e3 .1 « 0,10 0.1} c.al 0.1 :
Manganese mgni  0.051 0.e5 LRLH [ : 0.18} 018! i
DM unns! : 7.60 [XH e i 78 6 03
Tota! mammness (CaCO3) e £ 22 % 24 2.8
Caicrrn Famgness mgiLt H B B 17 15]
Amairay [CacOT oAl : €5 52 E) : 61 11 8 :
Sowat Conductance uMHCRE H 561 88.2i :
Sadum ol 250 13t a2 5 : 24] < 10,00 :
Sutaie T 250 : ! : 19! 18! 15
Zine H : 00t <00 H
Potassium H H
Prospraie. Das Onthe B H : :
Pnosonorous. Touat, P H H
Tota tikerarnw (TD5) 500: H H
Camourh 0.05: | : H
WS ersrT :' H
Nontorrosve. Langeisr H H -1.3414 3 R4Z :
cis/100mE 1 « 0.01 < 1.008 « 100 : & [ ot
cin/100mE 2017 i Feall H < i >
: : ; i !
Berviinm mgi i < 0.03
Voo : 31 ND 31 NT: IBND
Ethyiens, Hichions e H
Elhyiens, letrachno Lo i
1.20knioroethyiens Cef [kt H
E fhiviene, cHom g ND ND: ND|
Sryrens gk ND ND ND
I Oyciohezane upk i H ND: NO: ND
Chioml i onsiet e wok H ND ND: ND
DichirodduioroMethane ug H H ND ND: N
DichiorotrifivoroE thane Lk H H H ND 0.9%:
Thakium oA i
AcTolen oA H H
Acryonsrie ok H H i
Ethar2choroetyivinyt ik i
Musthars, brorrs L H
Muthane. chior gk H
Muthyl 1-tutyl siher L ! ND ND: ND
KNerxie-N g i 10
Sisca gL
Benrene 09*15-
Methane, gichiam- i
Mathane, trchioro- vghi H
Towens up/k: H
? NG o NOT DETECTED




H T JCENTRAL HOOKSETT WATER PRECINCT H
i : |INDUSTRIAL WELL @ H
EPA NUMBER H H TIBS0I3] T1B10713: 11B1013| 1110120 1181013 1IBWOII]  THAI01Y| 1181013
AN PLE NUMBER H H -@95487] -G964831 -DUGARH| -POG4B4 240151 33t BC2011 84077
SAMPLING DATE i I 102-06-80 { 07-27-81 : 05-13-B2 ) 051382 | DA-O4-84 : 10-19-B4 ¢ D7-NG-87 | D8-20-87
MCL |
Fy— mgll 0051 « 0.00% | cDpos
Banum ol LH < 0 501 < £.50
Cacmism el 0.01: < 5.0C1: « 0.001
‘a:("!mm ol H = .21 « 0 O3
Lead meti  00S: < D01 0.16:
sty gl 0.002% « 0.001: « 0.001
Nirogen, NC2+NO3. N mott 102 2.14 124 T.42
S LT mo/Li 0.0t < 0.0C5: « Q.005
Sitvar mon: 005 < 6.001; < .03t
Ersoeio gL 4 « 0155 0.17: 0181 02
[ Tota! trihaiomet anes Uk H 0 0
Serean ADho pCILE i 14 « 1.00: « 1.00 087
Ragon gas pCLLi 200001 H 8700 706! 760
Raowm 226 pCla. 5: : F
Lranmm ol ! H
Auranum mgl: £.076: 0.08.
Vanadasm gLl i C.0a8: <« 0.0
[ sivooenum rac : < 0.0 <00
e ! e < 0.02: <CC3
[ asmony gl « .01
Crionoe mgLi 2500 | 355 34; 2a: : e X
Conoe unis: 15 f H £ I
e mo: 1t 010 < 0.0 ] 0.1
won mgli  0.3% c2 0z 0.1: 0.2
Mancarese moll  0.058 0.861 LRH AT [AL]
o [T H 623 6.5 741 & 11 6.06
Total Hargness {CaC03; et 3 34: 1 24: 256 23.6|
| Catanm Haroness [ H H ] 19 18!
Ak akndy (CalO3) ™ol H B LH 561 14,31 11.6
Sowctic Congudtance UMHOS 251: 232 194
Socnrn ol 256 38 i RH 36
Surtate el 2508 H 18.3: ! 16 15
Zine mga i : < 0.6
Porasgpium gLl H H H
Engrpnate, Dm Onno P eyl i H H
| Snomonoous, Tew, P meL: : :
Total titerabm (TDS) mgA. i 5001 H H
Caoum el 005 H
L agnerum i i 1
M ONCDITORvE, Langeter S.Li H H «1.69731: L3.7CYT
Coitorm, Tot cta/100mE \H < 1.0G] < 1.00: i 3 0 s,
Now-Comnorm c.$4100m0 201 H H H o O
Berviom n‘,'\_:' H H « Q7%
VO B H 31 NG 3% WD H 32 ND A ND 33 ND
| Ethyiene, trctuorg uyk : H H
Einyrene, tetrachiomn uai H 3 H
1.20ichioroethywne cef gl H H H
Ethymos, chiom wphi H ND. ND
Sivrere [ H i H ND ND
Crconerans ol i B H H ND NO
ChiorplmoroMstnane wpki : ND ND
Dichiwosduirometnans woki H NDI ND
ChchioratrtiuercE thane uga: H i ND ND:
Thadiuvm o/l '
AcToien ugh H
Acryionntie ok i
Ether2chicromtytvingt - wpi
Mari nare. bromo ook,
Methane, chioro i
Myl t-butyt sthar Lk NO ND|
Nirmn-N g} i3 141
Sikca i i i :
Jerzens e 2
Asthare, dehiro- ok
Hatnane, irchior- v
Toivene U
: : : ; &3 = NOT DETECTED)




i H CONCORD WATER DEPARTMENT H
i Japw 1 B B OF P38 i
EPA NUMBER 50104 501047 50104 i 50104
SAMPLE NUMIER i -9e8§37] 98833 -¥GBYI6 | 43282
SAMPUING DATE H 10-20-77 | 02-08-BD : 12-08-B) G7-0B-bd
ML
Assanc ﬂ'?'LE 0.05 « B.05; 8.3 H < 0.0C5
Sanurt gLl 1 «< 0.0%, « 010 H
Cagrmurn mg/L D01 « 0.0% < 0.005 :
ChrerTmarm meLi H < 0.05) « 001 H
Lead moii | D05 « 0.05, « .01 : < 0.01
grcury ﬂvﬂ.é 0.002: « 0.0 « 0001 H
Nrirogen, NO2-NO3, K moli G £.11 0.05: 0.18 ; < 0.75]
Semnium mgli Q01 «< 0.01 H a1l «< 0.005 H « 0.005
Sirver moL:  0.05: « D.0% HIEELL:] H
Fronce oLl & < 0.10] <010 <00 H 0.1
Totat trinacmatnanes ug/: H 3
Screen Apha =" « 1 00 H < 1.00 : « 1.00
Aacon pas : : H
RAadium 226 H
Lranum
Awsrmanurn rng/L ; : « 505
Vanasxn gL H :
MoivDoenum mgL: H H H
Nine! me/L H i § = 0.15
Pi—" mgl: H H H
: . i : i H
Chionte mehi 250 1 < 19000 < 10.00) i 17
Coior s 15 [ H i H
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FINAL REPORT FOR
BOSTON SAND & GRAVEL
HYDROGEOLOGIC INVESTIGATION/GROUNDWATER IMPACT ANALYSIS
OSSIPEE AGGREGATES
OSSIPEE, NEW HAMPSHIRE

AUGUST 5, 1988

Executive Summary/Conclusions

BC! Geonetics, Inc. was contracted by the Boston Sand & Gravel Company on June
22, 1987, to conduct Phase Il 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 extensive 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 WRI 38-74.)

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
instaliation of 20 observation wells on site and the collection and analysis of 80 water
quality samples over a period of twelve months, BC! concludes the following:

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

&=, BCI GEONETICS, INC.



B)

C)

D)

E)

F)

G)
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Groundwater flows in a general northwest direction. No changes in groundwater
flow rate or direction were observed between August, 1887, and July, 1988.
Furthermore, a study conducted by BCl 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 |,
Appendix A).

The average groundwater gradient is .0058 to .0167 ft/ft. Hydraulic conductivities
calculated for subsurface 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 ft/day to 2.23 t/day. This indicates that if
contaminants entered the groundwater environment, it would likely take between
224 1o 650 days to trave!l 500 feet under static water ievel conditions.

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

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

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
poliutanis™}, it was found that no volatile organic compound contamination of any
kind was detected in the groundwater underlying the Ossipee facility. These
samples were generaily 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 gontaminated

iocal groundwater re r with volatile organi m n

Based upon the water guality data presented to date, concentrations of iron in
groundwater generaliy improve {decrease) in active Qr previously mined aregs. lron

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.)

ISR BC1 GEONETICS, INC.
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Manganese concentrations obsearved in all the sampled wells were extremely
variable. 87.5 percent of all groundwater samples taken between August, 1987, and
May, 1888, 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 grave! mining activities.

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
aiso 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 monitering point.

pH values for groundwater measured directly in the field and in the laboratory were
found 1o be most tavorable 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).

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 tavorable.

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

EE BCI GEONETICS, INC.
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Q)
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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 cutside the excavation area
maintained unacceptable levels of coliform bacteria.

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 1887 - May 1988). The results of these analyses
from groundwater r. rces found underlying th rating gravel pit, in all

meet prim rinking water standards, in rdancge with EPA’s Safe Drinkin
Water Act of 1976 and as amended in 1886. With the exception of coliform bactena,
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.

The results of this hydrogeologic investigation indicate that gravel mining operations
present a2t the Ossipee Agaregates Facility can safely occur within the identified

favorable groundwater environment (2s defined by the USGS in singe, New

Hampshire) without degrading groundwater resoyurces and can in fact improve

groungwater guality with respect {o cenlain water quality parameters.
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