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HYDROGEOLOGIC LANDFILL ASSESSMENT
INTRODUCTION

The Cape Cod Planning and Economic Development Commission (CCPEDC)
Water Resources Office in cooperation with Barnstable County Health and
Environmental Department (BCHED) conducted a hydrogeological and
hydrochemical assessment of the Truro Landfill in the winter of 1988-
1989 as part of the Truro/ Provincetown Aquifer Assessment and
Groundwater Protection Plan. The objective of this study is to further
define the chemical composition and extent of the landfill leachate plume
in order to determine its impacts on the nearby water resources. A total
of thirteen shallow wells were installed and surveyed in order to obtain
the water level information to prepare a water table map of the area.
Three multilevel monitoring wells were installed based on the results of
the water table map, and water quality analyses of these wells were
conducted. The details and results of this investigation are described
below.

BACKGROUND

The Truro landfill is located to the east side of Route 6 in the Southern
portion of Truro (fig.1). The site is within the Chequesset Lens of the
Cape Cod Agquifer within the boundaries of the Cape Cod National Seashore
(CCNS) in an undeveloped area. The landfill has been in operation for
approximately 35 years and is also the site of the town's septage lagoons.
Several homes are located in the area which are served by private wells.
A Groundwater Management Study prepared for the Town of Truro by IEP,
Inc. (1985) recommended that a study of the landfill be conducted to
define the nature and extent of groundwater contamination, including the
potential impacts on downgradient private wells and the Pamet River. In
response to these recommendations, a preliminary hydrogeologic study
was conducted for the town in 1987 by Metcalf and Eddy.
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Metcalf and Eddy completed their report in February of 1988 entitied,
"Hydrogeologic Investigation of the Town Landfill, Truro, Massachusetts".
The basic components of the report were 1) performing an

electromagnetic survey around the site, 2) installation of four shallow
monitoring wells, 3) the determination of local groundwater flow
direction and 4) analysis of well water samples to determine groundwater
quality. The report includes a thorough site description with historic site
operation details.

The most important component of any hydrogeologic study is the
preparation of an accurate, up-to-date water table map. The Metcalf and
Eddy investigation chose to conduct an electromagnetic geophysical
survey to develop an understanding of the subsurface conditions in order
to site several monitoring wells. Two areas were identified to the
northwest of the landfill, where leachate plumes were suspected. Metcalf
and Eddy subsequently installed four shallow monitoring wells at the site
based on these suspicions.

Water quality analysis of samples taken from the four shallow wells did
not show any signs of gross contamination that is typically associated
with landfill leachate. Only one well, (TL-3) which is located to the east
of the landfill had slightly elevated levels of several inorganic
components. The report recommended that sampling and analysis of the
four monitoring wells be conducted on a yearly basis and the installation
of several deep wells to better characterize groundwater flow direction.

BCHED performed an additional round of sampling in January-February
1989. In addition, CCPEDC sampled several of the hand auger welis for
preliminary analysis (Table One). As in the first round of samples taken
by Metcalf and Eddy, none of the samples obtained revealed any gross
contamination of orgénic or inorganic constituents. The upgradient well
(TL-3) did however contain slightly elevated levels of inorganic and
organic compounds. The boring log indicates that this well was drilled
through garbage and while this well location was poorly chosen to
represent background water quality, it does characterize a portion of the
leachate contaminated groundwater as having high specific conductance,

-3_




PRELIMINARY WATER QUALITY RESULTS

Table One

WELL TL-1 TL-2 TL-3 TL4 HA1* TLOQ3* HA2* TLOO1*
DATE (2/8/89) (1/26/89) . (1/26/89)  (1/26/89)  (3/17/89) (3/17/89) (3/17/89)  (3/17/89)
pH 4.9 4.5 5.54 5.31 5.2 5.5 5.4 4.7
Temp-C 8.7 10.4 9.7 10.9

Conductivity 139 105 268 86 170 145 340 137
(umhos/cm)

Alkalinity (ppm) 12.2 2.6 62.5 37.4

Ammonia (ppm) <l <l 4.9 <1

Calcium (ppm) 1.9 3.8 1.6 1.9 0.1 0.1 0.2 0.7
Nitrate (ppm) 0.9 1.2 2.0 0.5 .02 <0.1 0.1 <05
Iron (ppm) 2.0 0.1 29.4 0.1 0.3 0.8 15.5 1.7
Magnesium (ppm) 1.3 3.0 2.0 3.0 8.0 13.5 5.5 3.5
Manganesc (ppm) 0.47 0.15 0.35 0.02 |
Sodium (ppm) 8 7 22 7 13 17 48 14

* Sampled by CCPEDC Water Resources Staff
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sodium, ammonium, iron, and chloride with the presence of trace levels of
volatile organic compounds (VOC). ’

HYDROGECLOGY

In order to produce a detailed water table map the existing monitoring ~
wells were supplemented by ten shallow monitoring wells which were
installed using a hand auger. Five foot lengths of 1.25 inch well casing
and screen were set at the water table. The location of the monitoring
wells are shown on figure 2. The boring logs of these are included in
Appendix A. Each of the wells was surveyed and tied into an established
benchmark with a known elevation relative to mean sea level. Water level
measurements in each of the wells were obtained on March 10, 1989. The
water table map indicates that groundwater flow is essentially north
toward the Pamet River (fig. 3). Groundwater is probably under confining
conditions in well #HA3 where ground water elevations are one foot
higher than would be expected. This measurement was therefore ignored
in contouring the data. The elevations are included in Appendix A.

The strategic locations of the three monitoring well sites were
determined from the March 10, 1989 water-table map. In order to detect
the plume at depth, three wells were clustered in each borehole and
screened at 3 different depths. The well locations take advantage of a
low topographic north trending trough to minimize drilling depth and
therefore maximize the study's limited resources. The wells were
installed using a hollow stem auger by Desmond Drilling of Brewster. The
wells were constructed of two inch PVC wells using a five foot 10 slot
screen with flush threaded joints. A bentonite seal was set and a curb box
was cemented into place at the land surface to cover and protect the well
clusters. The boring logs and construction details for these wells are
included in Appendix A. The wells were subsequently developed with the
use of an air compressor and/or centrifugal- pump.

The Truro landfill, is located in the Wellfleet Outwash, which was
deposited during the Late Wisconsinan deglaciation, approximately 15,000

years ago (Oldale, 1964). The deposits are comprised of permeable

..5_
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gravels and sands with irregular occurrences of silts and clay. The
subsurface geology in the immediate vicinity of the landfill was
investigated by reviewing the thirteen borings conducted for this study.
A generalized cross section of the geology is shown in Figure 4. The
soils consist mostly of medium to coarse sand, however a layer of very
fine sand to silt and clay was encountered in deep borings of TL-2 & TL-4.
This layer of less permeable material was encountered at approximately
10 feet below sea level at Well TL-2 and based on the interpretation of
the boring logs dips down in a northerly direction to 50 feet below
sealevel at well TRU-1. The slope of the silty-clay unit may be a
subsurface collapse feature caused by the melting ice block that occupied
the original kettle hole of the landfill area. The low permeability of these
fine grained materials impedes groundwater movement and to a large
extent controls groundwater flow direction. The water table
measurements at the wells in each cluster varies only by several 100ths
of a foot, indicating that the three dimensional flow component is
essentially horizontal with a slight downward gradient at TRU-1 and TRU-
2 (fig. 4).

The hydraulic gradient of the water table is gentie (.0003) which is
reflective of highly permeable aquifers. Hydraulic conductivity is a
measure of the relative ease of water to flow through the aquifer matrix.
The estimated hydraulic conductivity of the subsurface deposits is
approximately 200 feet/day. The ground water flow velocity is calculated
by a modified Darcy equation where: | '

v = Ki/n
v is the average linear ground water flow velocity, K is the hydraulic

conductivity, n is the percent void space of the sand matrix
(approximately .30 for coarse-medium sand), and i is the hydraulic

-gradient as measured on the water table map. Two flow velocities were

calculated for the study area. One for the measured gradient at the site
and one for the sub-regional gradient between the landfill and the Pamet
River. The sub-regional gradient (.0017) is steeper than the site gradient.
This is to be expected because the water table gradient becomes markedly

_8_
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steeper along the regional discharge zones at the margin of the Pamet and
Chequessett Ienses_(Cambareri et al, 1989).
site velocity: i = .0003
200(.0008)/.30
0.2 feet/day

<l <
]

- sub-regional velocity: i = .0017
200(.0017)/.30
1.11 feet/day

<l <«

Groundwater travel times were calculated for the distance of 3,600 feet
from the landfill to the Pamet River using the sub-regional velocity.

3,600 feet/1.11 feet/day
3,243 days
= 8.89 years

Travel Time

The calculation indicates that the ground water migrates the distance
from the landfill to the Pamet River in approximately 9 years. Given the
35 plus year of operation of the landfill, it is likely that contaminants
from the landfill have been discharging into the river for at least the last
two decades.

WATER QUALITY

Sources of contamination at the Truro landfill include disposal of solid
waste and septage. Both are serious threats to groundwater quality. As
precipitation and melting snow infiltrate the decomposing landfill
material, contaminants leach down through the soil eventually reaching
the water table. ‘The resulting contaminated water is referred to as
leachate. The landfill leachate then migrates in the direction of
groundwater movement. The area of contaminated water is called a plume.
The chemical composition of the plume is highly variable in nature,
depending on the disposed materials. The town of Truro landfill contains

_10...
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primarily domestic waste. However, organic chemicals are also
contributed by the disposal of household hazardous wastes such as
cleaning compounds, pesticides and fertilizers, paints and waste oil.
Septage disposed at the landfill contains high levels of ammonia, nitrate,
BOD, bacteria and virus. In addition, the leaching septage increases the
volume of water infiltrating the area-and may cause a slight groundwater
mound.

Water samples were taken from wells TRU-1, TRU-2, TL-2 and TL-4 in
July of 1989. The samples were obtained after three standing volumes of
water had been removed by bailing. Samples were collected in sterilized
containers provided by BCHED laboratory and immediately placed on ice for
transport back to the county lab. The results of these analysis are shown
in Table 2 and the laboratory analysis are included in Appendix B.

Table 2
Water Quality Analysis*
Sample pH Conductivity Nitrate - lron  Sodium Alkalinity
Nitrogen '
(umhos/ecm) (ppm) (ppm)  (ppm) (mg CaCQ0a3/l)
TRU2-S 5.5 230 5.0 0.3 19 16
TRU2-! 6.2 330 2.0 0.1 24 26
TRU2-D 6.7 1120 0.3 19 66 310
TRU1-S 6.3 580 16.0 0.1 50 54
TRU1-I 6.7 1000 2.4 0.1 78 250
TRU1-D 6.7 2150 03 0.1 297 290
TL2-D 5.9 1300 0.2 0.1 116 82
TL4-S 5.6 212 0.9 0.2 14 48
TL4-1 6.4 1900 0.2 0.2 52 527
TL4-D 6.7 1680 0.2 0.1 150 320

* sampled by CCPEDC Water Resources Staff

-1 ‘l_
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Specific Conductance

Specific conductance is a measure of waters ability to conduct an electric
current and is directly proportional to the concentration of dissolved ionic
substances (LeBlanc, 1984). In general uncontaminated waters on Cape
“Cod have a low specific conductance of less than 150 umhos/cm (Frimpter
and Gay, 1979). Elevated levels may be associated with areas of high salt
spray or salt water intrusion, as well as areas of contamination from
septic systems or landfill leachate.

The average level of specific conductance in the Truro landfill plume is

| I050 umhos/cm and has been mapped in figure 5 and 6. The plume is well

‘ defined by the specific conductance concentrations. The horizontal and
vertical cross sections indicate that the plume is being depressed by
vertical flow at a rate of approximately 10 feet for 150 feet of flow in a
horizontal direction. The top of the plume is overlain by a wedge of
uncontaminated water (at TLF003) which is recharge derived from
precipitation. The plume generally follows the groundwater flow path and
decends in a vertical direction due to the slight downward vertical
gradient and perhaps the greater density of the contaminated water as
compared to uncontaminated water (Kimmel and Braids, 1980). The
maximum depth of the plume is determined by the configuration of the
less permeable material underlying the sandy soils. The plume width, as
defined by the 1,000 foot specific conductance contour is approximately
600 feet wide and I/4 mile long, and is oriented in a general northerly
direction along the dominant groundwater flow path (fig. 6). As discussed
previously there is little doubt that the plume has migrated the additional
2,000 feet to discharge into the Pamet River.

The data indicate that the contaminants are carried from the site by
flowing groundwater. This method of contaminant transport is known to
as advection. Dispersion is a secondary transport process that describes
the transverse spread of the plume as it flows. LeBlanc (1984) has found
very littie transverse dispersion of contaminants in similar hydrogeologic
conditions therefore the plume probably does not exhibit much spreading
in the distance from its source to the Pamet River. Inspection of the map

..12_
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view of specific conductance which was developed from both the water
quality data and groundwater flow indicates that the core of the plume is
slightly off-set from the TRU-2 well site by approximately 100 feet.
Therefore it may be possible that the plume core as defined by a specific
conductance of 2000 umhos/cm extends further north than the
longitudinal section indicates.

Alkalinity

The alkalinity of groundwater on Cape Cod is typically very low
(approximately less than 10 ppm) due to the small amount of carbonate
material found in the aquifer.  Elevated concentrations in contaminated
groundwater are attributed to the abundance of dissolved ionic substances
that is contributed by the decaying garbage and septage . Kimmel and
Braids (1980) report that bicarbonate, one of the best indicators of
landfill leachate, is indirectly generated by anaerobic decomposition. The
decomposition produces CO2 which yields carbonic acid (H2CO3). The
carbonic acid in turn dissociates to bicarbonate ion (HCO3-) and hydronium
(H304+).

CO2 + H20 = HoCO3-
H2CO3 + H20 = H30+ + HCO3-

The levels of alkalinity detected in the samples, reported as milligrams of
CaCOaylliter, ranges from 16 to 527 ppm with an average concentration of
182 ppm. A hydrochemical cross section showing the concentration
gradients of alkalinity clearly defines the leachate plume. The

distribution of alkalinity in groundwater is similar to specific
conductance indicating similar source and contaminant transport
processes (fig. 7). The core of the plume is mapped to be 500 feet wide
and 1750 feet long based on alkalinity greater than 100 ppm.

High alkalinity is associated with an increase of pH. pH is elevated in
landfill leachate as a result of the generation of HCO3, NH3 and CH4

(Baedecker and Back, 1979). Typical pH levels of uncontaminated water

_1 5_
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are quite low on Cape Cod, ranging from 4.7-5.2 (Frimpter and Gay, 1979).
The average pH of the plume is 6.3.

Nitrogen and Dissolved Oxygen

Although nitrogen exists as “three separate species only nitrate-nitrogen
was analyzed and therefore forms the basis of this discussion. Nitrate is
stable in oxidizing (aerobic) groundwater and because of its anionic form .
is very mobile and thus can migrate with little retardation (Freeze and
Cherry, 1979). The use of nitrate concentration alone to indicate the
presence of groundwater contamination can be misleading because in
areas of reduced dissolved oxygen (D.0O.) organic nitrogen is biologically
reduced to ammonia and/or denitrified to N2 or N2O (Baedecker and Bach,
1979). For these reasons some limited D.O. analysis was performed in the
field on the multilevel wells TRU-1 and TRU-2 to expand our
understanding of nitrogen in the leachate plume. Figure 8 shows the
levels of N-NO3 and D.O. in the wells located along the longitudinal and
transverse cross sections. Uncontaminated groundwater that is
oxygenated usually has a D.O. concentration approximately of 11 ppm. The
lowest D.O. levels appear at an intermediate level, in the core of the
contaminant plume. Conversely nitrate-nitrogen is greater at the
shallower levels and declines with depth at these well sites. The data
indicates that a separate shallow plume is emanating from the septage
pits. In particular the high nitrate concentration of 16.0 ppm and 5.0 at
TRU-1S and TRU-2S respectively, are located above the leachate plume as
defined by high specific conductance. Furthermore, there is a lack of
elevated nitrate nitrogen levels in TL-4 and TL-2, which otherwise shows
signs of leachate contamination from specific conductance, sodium, and
alkalinity. Groundwater at these well sites however, may have very high
concentrations of ammonia as indicated by the anaerobic hydrochemical
conditions. Further analysis of D.O. and ammonia would be useful to fully
explain the source and transport of nitrogen. In any case it appears that
the nitrate plume is depressed approximately 20 feet below the water
table at TRU-1S and therefore may not be intercepted by shallow private
wells in the immediate downgradient region.

_17._
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Sodium and Iron

The median concentration of sodium in the Chequesset Lens is 21.00 mg/|
based on data from 302 private wells (Janik, 1887). Sodium in the lower
Cape lenses occurs naturally from sources such as ocean spray and areas
where wells are located too close to the edge of the freshwater lens
causing salt water to intrude into the well. Anthropogenic sources include
contamination from landfills, septic systems and road salt. Sodium will
move through the aquifer without significant retardation by chemical |
reactions or absorption and has been used for many years as a
conservative tracer in groundwater contamination studies (Kimmel and
Braids, 1980). The levels of sodium, while not excessively high are
consistently elevated and well above ambient levels. The distribution of
sodium and iron is shown in the cross sections of figure 9. The leachate
plume can be defined by the elevated sodium concentration ranging from
14 to 297 ppm. It is probable that the high specific conductance of the
leachate is due to the sodium and chloride contribution of the dissolved
ionic substances. The configuration of sodium in groundwater is similar
to that of specific conductance and alkalinity.

lron is a naturally occuring and is the fourth most abundant element of the
earth's cust. It is particularly prevalent in groundwater of glaciated
terrains. lIron is attached onto the sand grains of the aquifer in its ferric
form. However in reducing conditions the iron becomes mobile in its
ferrous form. Iron in groundwater will typically occur in high
concentrations beneath wetlands, and where it is stripped off the sand
grains in anerobic contaminant plumes. The iron concentration in
groundwater in the plume ranges from 0.1 to 19.0 ppm.

Volatile Organic Compounds

Volatile Organic Compounds (VOC) were analzed by the BCHED by EPA
method 502.1. The concentration of VOC ranges from 0.3 to 23.8 ppb. A
majority of the concentration was detected as chloroform. Chloroform is
typically detected in many groundwater samples that are assumed to be

_]9_
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uncontaminated. The origin of this chloroform may be due to naturally
occuring organic acids. Although this may be the case for some of these
analyses, several of the chloroform results are highly elevated (14 ppb at
TRU-1) indicating anthropogenic origin. The remainder of the VOCs are a
variety of chlorofioro-carbons and solvents such as 1,1,1-trichloroethane
and its breakdown component dichloroethane. While none of the
concentrations are elevated above the maximum contaminant limits, the
highest levels coincide with the nitrate plume. Sampling for VOC's at
‘TRU-2S & | is recommended since these compounds may occur at a higher
concentration at shallow downgradient locations.

CONCLUSIONS AND RECOMMENDATIONS

The plume of contamination emanating from the Truro landfill has been
identified by the elevated concentrations of specific conductance,
alkalinity, pH, nitrate, sodium, iron and volatile organic compounds. The
highest concentration of these compounds are 2150 micromhos/cm for
specific conductance, 527 ppm for alkalinity, 6.7 pH, 16.0 ppm nitrate,
297 ppm sodium, 19 ppm iron and 23.8 ppb volatile organic compounds.
Nitrate values are highest in wells TRU-1S and TRU-2S indicating
separate and shallower plume of groundwater contamination emanating
from the septage pits.

The plume has been mapped approximately 1,000 feet north of the landfill.
The plume is migrating to the north and has probably been discharging into
‘the Pamet River for the last two decades. Any private wells located in
the general path of the plume may be screened in the wedge of
uncontaminated fresh water that overlies the plume. As the plume
progresses nearer to the River it probably surfaces and may affect
shallow wells located near the Pamet. The ultimate path of the plume is
dictated by the configuration of the less permeable silty layer found under
the sandy soils. Additional recommendations are as follows:
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1) Continue to monitor water quality in the established
monitoring wells in the plume at TL-2, TL-4, TRU-1, and TRU-2
for inorganic and organic parameters on an annual basis. This
should include D.O. and ammonia.

2) Perform water quality tests of any private wells located to
the north of the plume and south of the Pamet River on an
annual basis.

3) The occurrence of this plume and its projected discharge
into the Pamet River offers a unique opportunity to study the
hydraulic mechanics of contaminant flux from fresh
groundwater into marine waters at a regional aquifer
discharge area. Therefore several additional cluster wells
should be installed downgradient of TRU-2 and at the
projected discharge area near the Pamet River. This work
should include efforts to further explore the margin of the
plume

4) Further study of the contaminant plume should be
reviewed by a contaminant hydrogeologist.

_23...
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BORING LOGS
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APPENDIX B

WATER QUALITY RESULTS

Note: Upon review of the July 6 1989 sampling results of the
multilevel wells it is apparent that the bottles were mislabeled. On
August 18 CCPEDC staff conducted field sampling of specific conductance

to verify sample collection points.

By comparing that field data with

previous specific conductance measurements of June and January the
correct sampling points were verified as indicated below:

Inorganic
TL2-S

TL4-]
TL2-]

Organic

TL1-1
TL4-I

TL4-S

(<3
=
=

<
=

=

TL2-D
TL4-S
TL4-I

TLA-I
TL4-S
TL2-D

This was also the case with 2 sampling points of the June 6 1989

Upon review and field verification the correct sampling

points are as indicated.
TRU2-S

sampling round.

TRU2

TRU-2S
TRU-21
TRU-2D
TRU-18
TRU-II
TRU-1D
TL-4S
TL-41
TL-2D

=5
=

TRU2-1
TRU2-S

Field Data of 8-18-89

Conductivity DO.

123
232
1520
345
1284
3370
127
1970
982

7.9
1.7
5.85

3.75

2.85
7.05

Temperature
9.5

10.2

0.0

10.9

11.8

1.8
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APPENDIX A

WATER TABLE ELEVATIONS
(March 3, 1989)

Well # Elevation Groundwater Elevation
of Measuring Point Feet above Mean Sea Level
HA 3 9.86 7.28
HA 2 12.63 6.22
HA 1 18.79 6.17
TL2 33.01 6.20
TL1 34.35 6.24
TL3 16.15 6.31
001 : 10.08 6.33
003 12.14 . 5.94
002 10.54 6.29

Cluster Well Water Table Elevations (July 6, 1989)

Well # Elevation Groundwater Elevation
of Measuring Point Feet Above Mean Sea Level
TL4-S 35.29 . 7.86
TL4-] 35.29 7.86
TL4-D 35.29 7.84
TRU2-S 18.82 7.44
TRU2- 18.82 7.43
TRU2-D 18.82 7.41
TRU1-S 32.45 7.01
TRU1-| 32.45 7.01

TRU1-D 32.45 6.98
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BARNSTABLE COUNTY HEALTH AND ENVIRONMENTAL DEPARTMENT |
SUPERIOR COURT HOUSE '
BARNSTABLE, MASSACHUSETTS 02630

RRXNX XXX WATER LABORATORY ANALYSIS PHONE: 362.2511
Ext. 337
Client: Tom Cambareri Collector: Dave Jank
Mailing Address: ~Cape Cod Planning Affiliation: CCPEDC T
First District Cout House Time & Date of
Barnstable, MA 02630 Collection: 1/11/89 11:45 a.m.
Telephone: 362-2511 X470 Type of Supply: monitoring well
Sample Location: Truro Landfill Well M Well Depth: 317
TLY Date of Analysis: 1/12789 -
PARAMETER SAMPLE RESULT RECOMMENDED LIMITS —
Total Coliform Bacteria/100 ml 0
pH 4.9
Conductivity (micromhos/cm) 100 500.0 B
Iron (ppm) 1.0 0.3
Nitrate-Nitrogen (ppm) 1.5 10.0
Sodium (ppm) 7 20.0
Total Alkalinity mq CaCOd/nfpr 5.4
I. Water sample meets the recommended 1imits for drinking of 211 above tested parameter:.
I1I. Based only on results of the parameters tested for this sample, the water is
suitable for drinking but may present the problems checked below:
A. Water sample has higher than average levels of Nitrate. Future monitoring is
recommended (2-3 times per year) to establish any upward trends.
R. The low pH of the water may shorten the useful life of the house's plumbiny.
C. Water may present aesthetic problems (taste, odor, staining) due to
0. Water sample has high levels of sodium. Persons on low sodium diets should
consult their doctor.
171, Due to one or more of the reasons checked below, this water sample is untit for
human consumption: A. High Bacteria B.  High Nitrates

he Barrsictls Couniv Haalth and Invirenmentsl
REMARKS: RESULTS ONLY SERCITIICT 0L nni oIt ony sticements,
; ) . batinnz modie by gnvons

Ty
W ATeEr CONSEN..

CC:
CC:

117185

Lasoratory Director
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TEEN ' BARNSTABLE COUNTY HEALTH AND ENVIRONMENTAL DEPARTMENT

DRINKING WATER LABORATORY ANALYSIS

SUPERIOR COURT HOUSE
BARNSTABLE, MASSACHUSETTS 02630

PHONE: 362-2511

Ext, 337

Client: Tom Cambarersi Collector: Tom Cambareri
Mailing Address: (Cape Cod Planning Affiliation: other S

District Court House Time & Date of

Barnstable, MA 02630 Collection: —1/11/89 12:00 p.m. .
Telephone: 362-2511 X470 Type of Supply: monitoring well _ _
Sample Location: Truro Landfill _Well E Well Depth: 31 N

TL 4 Date of Analysis: 1/12/89 L
PARAMETER SAMPLE RESULT l RECOMMENDED LIMITS

Total Coliform Bacteria/100 ml 0 L
pH 5.4
Conductivity (micromhos/cm) 77 500.0 .
Iron (ppm) 1.0 0.3
Nitrate-Nitrogen (ppm) 0.6 10.0
Sodium (ppm) 6 ‘ 20.0
Total Alkalinity mg CaCO3/liter 38

IT.

1/7185

Water sample meets the recommended limits for drinking of all above testec parameters.
Based only on results of the parameters tested for this sample, the water is
suitable for drinking but may present the problems checked below:
A. Water sample has higher than average levels of Nitrate. Future monitoring 1is
recommended (2-3 times per year) to establish any upward trends.
R, The low pH of the water may shorten the useful life of the house's plumdiny.
C. Water may present aesthetic problems (taste, odor, staining) due to
D. Water sample has high levels of sodium. Persons on low sodium diets should
consult their doctor.
Due to one or more of the reasons checked below, this water sample is unfit for
human consumption: A. High Bacteria 5.  High Nitrates
The Smrmaind fe moi sa 8 ' .
REMARKS: .. LT
RESULTS ONLY. e L
Cie TInIL L -
cC: / {é;
CC: Q/B"é \

Laboratory Director
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e SUPLINOR COt Y EISTISr gy
BARNSTABLE, MASSACIUSETIS 02630

FPHONE: 382.;

EXT,

Date of collection: March 17, 1989 Towm:  Truro . '
Collector: David Janik - - "~ Analyst: Amy Deans w. . NGB

SANITARY L/\HUFIL_I GROUNDUHATER MOHITORING REPORT

TLF T Tor “if ' v
WELL # oll 002 iR 00(

443A | 451A |273A-1| 447A
BOTTLE #

HA | HAZ
Alkalinity o5 7.2f o 0.8
pH 5.2| 5.5 5.4 4.7
Conductivity 170 145 340 137
Iron 0.3 0.8 15.5 1.7
Nitrate-Nitrogen 0.2 <.1 0.1 <.5
Sodium 13 17 48 14
Calcium 0.1 0.1 0.2 0.7
Magnes ium 8.0 13.5| 5.5 3.5

Results are expressed in parts per million (mg/1) .
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BARNSTABLE COUNTY HEALTH AND ENVIRONMENTAL DEPARTMENT

SUPERIOR COURT HOUSE
BARNSTABLE, MASSACHUSETTS 02630

ORINKING WATER LABORATORY ANALYSIS PHONE: 362-251,

Ext. 337
ien Tom Cambareri Collector: Tom Cambareri
Mailing Address: Cape Cod Planning Affiliation: other
District Court House Time & Date of
Barnstable, MA 02630 Collection: 1/11/89 12:00 p.m.
Telephone:  362-2511 X470 Type of Supply:  _ monitoring well _
Sample Location: Truro Lapdfill Well F Well Depth: 31!
TL 4 Date of Analysis: 1/12/89 7 N
PARAMETER SAMPLE RESULT ' RECOMMENDED LIMITS ~
Total Coliform Bacteria/100 ml : 0
3 pH 5.4
Conductivity (micromhos/cm) 77 500.0 __
Iron (ppm) 1.0 0.3
Nitrate-Nitrogen (ppm) 0.6 10.0
Sodium (ppm) 6 ‘ 20.0
Total Alkalinity mg CaCQ3/liter 38
I. Water sample meets the recommended 1imits for drinking of all above tested parameter:.
11. Based only on results of the parameters tested for this sample, the water is
suitable for drinking but may present the problems checked below:
A. Water sample has higher than average levels of Nitrate. Future monitoring is
recommended (2-3 times per year) to establish any upward trends.
R, The lTow pH of the water may shorten the useful 1ife of the house's plumbing.
C. Water may present aesthetic problems (taste, odor, staining) due to
0. Water sample has high levels of sodium. Persons on low sodium diets should
consult their doctor.
JIL Due to one or more of the reasons checked below, this water sample is unfit for
human consumption: A, High Bacteria B.  High Nitrates
TL: LR SR R R y - . . _
REVARKS N o TeTTTITmERED
RESULTS ONLY. |
cice canl ) ‘ - -}~: "{\"‘r:

< <Ll

Laboratory Director

1/7185
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e SUPCINOR CRMIL HOUSE s T G
e ARNSTABLE, MASSACIIUSETTS 02630 :
PHONE; 35682.2
EXT.
Date of collection: March 17, 1989 Tovm: Truro .
Collector: David Janik . Analyst: Amy Deans .. J. AP
SANITARY LAHUFIL! GROUUUHATER HONTTORING REPORT
TLf T Tl o
wELL # ol 202 ViR 0ol
443A | 451A (273A-1] 447A
BOTTLE #
MHAa HA Zz
Alkalinity | 5.5] 7.2 o 0.8
pH 5.2| 5.5 5.4] 4.7
Conductivity 170 145 340 (137
Iron 0.3 0.8 15.51 1.7
Nitrate-Nitrogen 0.2 <.1 0.1] <.5
Sodium 13 17 48 14
Calcium 0.1 0.1 0.2 0.7
Magnes ium 8.0| 13.5| 5.5 3.5

Results are expressed in parts per million {(mg/1).
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BARNSTABLE COUNTY HEALTI AND ENVIRONMENTAL DEPARTMENT
SUPERIQII COURT HOUSE
DARNSTADLE, IMASSACHUSETTS 02630

PHONE: 362.2511

EXY. 330
LAB 337
CLINIC 240
ate of Eoﬂection: June &, 1989 Tovm: _ Truro (landfill)
ollector: Cape Cod Planning & Fconomic Development Analyst: Amy Deans thny~Qu4mvo
CONDUCTIVITY| NITRATE-
SAMPLE pH (micromhos/ | NITROGEN IRON ** SODIUM ALKALINITY
cm) (ppm) (ppm) (ppm) (ppm)
/Orl‘eoreo
Tru zs/gl 6.2 330 2.0 1 24 26
Tru 21/2.5 5.5 230 5.0 .3 19 16
Tru 2D 6.7 1120 J3x .1 66 310
Tru 1S 6.3 580 16.0 .1 50 54
Tru 11 6.7 1000 2.4x 1 78 250
Tru 1D 6.7 2150 3% .1 297 290
TL 4D 6.7 1680 2% .1 150 320

NOTE:  *greater] than 10 percent interferehce.

**]abordtory filtered|
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BARNSTABLE COUNTY HEALTH AND-E

SUPERIONR COURT HOUSE

BARNSTADLE, MASSACHUSETTS 02630

TRHRONMENTAL DEBPARTMENT

PHONE: 262-251

EXT. 330
LAB 337
CLINIC 340
Date of Collection: July 6, 1989 Towun: Truro (landfill) -
Collector: Tom Cambareri, CCPDEC Ana]y§t: Amy Deans Ahwcj Aﬁz
WELL # pH %ONDUCTIVIT\ NITRATE- IRON SODIUM ALKALINITY
micromhos/| NITROGEN (ppm) (ppm) (ppm)
cm) {ppm) ppm ppm ppm
correcY
/5
TL2-S. /TLZD 5.9 1300 0.2* 0.1 116 82*
TLA-1 ﬁL“-\S 5.6 212 0.9 0.2 14 48
TL2-I/TL‘-\'I_ . 6.4 1900 0.2* 0.2 52 527
*greater than 10% interfererdce




TABLE COUNTYEHEALTH AND ENVIRBNMENTAL DEPARTMENT = -
SUPERIOR COURT HOUSE
BARNSIABLE, MASSACHUSET1S 02630

PHONE: 362-251¢

EXT. 330
VOLATILE ORGANIC COMPOUNDS REPORT LAB 337
—_— L 2 Y LTV CLINIC ?40
ient: Tom Cambareri Collector: ' Tom Cambareri
iling Address: Cape Cod PTanning and Type of Supply: monitoring wells
Economic Development Date Collected: 6/6/89 :
‘lephone: First District Court Date Received: 6/6/89 _
mple Location: Barnstable, MA 02630 Analyst: S. Williams o
Truro LandfiTT, .
TFuFo -~ MA Date Analyzed: 6/20/89
LOCATION -
€367 €311 Cl12 C346
COMPOUND TRU2D TRUIS TRU11 TRU1D
Chloroftluoromethane 0.8* _ 1.2% 0.9*
Ethyl Chloride . ) 0.8
Chlorodifluoromethane 0.2*
Trichlorofluoromethane
Methylene Chloride 0.3 0.2 1.6 0.2
1,1-Dichloroethane 0.2 4.7
cis/tr-1,1-Dichloroethepe ~ 0.6
Chloroform 4.7 7.9 14 0.2
1,1,1?Trichloroethane 0.6 0.2
Bromodichloromethane 0.2 0.3 0.2
tert butyl methyl ether 0.5
*ECD normalized responsd - tentative identification

values are in micrograms per liter (equivalent to parts per billion, or ppb).
Method 502.1 was used and only those compounds listed above were detgcted: .Attached
i 1ist of chemicals which the method is capable of detecting. Detection limits for

e compounds are stated on the attachment. Chloroform is conmonly found in Cape Cod

;;dwater at levels ranging from 0.2 to several ppb. The drinking water limit for

:1 Trihalomethanes, of which chloroform is an example, is 100 ppb.




W,AJ.;:;_TABLE COUNTYdEALTH AND ENVI

Client:

L o

SUPERIOA COURT HOUSE

BARNSTABLE, MASSACHUSETTS 02630

VOLATILE ORGANIC COMPOUNDS REPORT

Tom Cambareri

Mailing Address:

Cape Cod Planning and

Collector:
Type of Supply:

OMIAENTAL DEPARTIIERY .

PHONE: 362-2!
EXT. 330

LAB 337
CLINIC 340

Tom Cambareri

monitoring wells

Economic Development Date Collected: b/6/89~
Telephone: First District Court Date Received: 6/6/89
- Sample Location: Barnstable, MA 02630 Analyst: S. Williams &
Truro Landfill Date Ana]yzed: 6/20/89
Truro, MA -
LOCATION
€366
corpounb TL-4D .
Chlorofluoromethane 2.7%
Ethyl Chloride
Chlorodifluoromethane
Trichlorofluoromethane
Methylene Chloride
1,1-Dichloroethane 0.6
cis/tr-1,2-Dichloroethene 0.2
Chloroform 1.2
1,1,1-Trichloroethane
Bromodichloromethane
tert butyl methyl ether 0.3
*ECD normalized response - |tentative identifidation

A1l values are in micrograms per liter (equivalent to parts per billion, or ppb).

EPA Method 502.1 was used and only those compounds listed above were detected. Attached
is a 1ist of chemicals which the method is capable of detect1ng Detection limits for
these compounds are stated on the attachment. Chloroform is commonly found in Cape Cod
groundwater at levels ranging from 0.2 to several ppb. The drinking water 1imit for
Total Trihalomethanes, of which chloroform is an example, is 100 ppb.




Client:

REQUNTY HEALTH.AMDENVIRONIMENTA
SUPERIOR COURT HOUSE
BARNSTABLE, MASSACHUSETTS 02630

‘RTMENT

PHONE: 362.;

EXT. 330
VOLATILE ORGANIC COMPOUNDS REPORT LAB 337
T AU S KEPORT CLINIC 340

Tom Cambareri

Mailing Address:

Cape Cod Planning and

Collector:

Type of Supply:

Tom Cambareri

monitoring wells

Economic Development Date Collected: 7/6/89
Telephone: First District Court Date Received: 7/6/89
Sample Location: Barnstable, MA 02630 Analyst: S. Williams G772
Truro Landfill Date Anal d: 7/7/89
Truro WA ate Analyze /7/
LOCATION
C63 €310 €368
4 & 2P
corPounD TL1-1 TL4-1 - TL4-S
CorrecT sample \label T -4 T TS TLZ-D
Chlorofluoromethane 0.5% 3.3*
Ethyl Chloride 0.3
Chlorodifluoromethane 0.4%
Trichlorofluoromethane 0.3
Methylene Chloride
1,1-Dichloroethane 0.2 1 0.2
cis/tr-1,2-Dichloroethene
Chloroform 11
1,1,1-Trichloroethane
Bromodichloromethane 0.4
tert butyl methyl ether
*ECD normalized response - tentative identifikation

A1l values are in micrograms per liter (equivalent to parts per billion, or ppb).
EPA Method 502.1 was used and only those compounds listed. above were detected: ’Attached
is a list of chemicals which the method is capable of detecting. Detection limits for
these compounds are stated on the attachment. Chloroform is cqmmqn]y found Tn_Cape Cod
groundwater at levels ranging from 0.2 to several ppb. The drinking water 1imit for
Total Trihalomethanes, of which chloroform is an example, is 100 ppb.




7 UTABLE 1.

COMPOUND

Benzene
Carbontetrachloride
1,1-Dichloroethylene
1,2-Dichloroethane

. para Dichlorobenzene
Trichloroethylene
1,1,1-Trichloroethane
Vinyl Chloride
Bromobenzene
Bromodichloromethane
Bromoform
Bromomethane
Chlorobenzene
Chlorodibromomethane
Chloroethane
Chloroform
Chloromethane

ortho Chlorotoluene
para Chlorotoluene
Dibromomethane

meta Dichlorobenzene
ortho Dichlorobenzene
trans-1,2 Dichloroethylene
cis-1,2 Dichloroethylene
D1ch]oromethane

D.L. is Detection Limit in micrograms per liter or parts per billion (
This table 1ists our normal limits of detection.

D.L.
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0

I L I e, e e s e s s e e e .
mmmmmmmmmmmmmmmmmmmmmmmmm f_

ourcruur LUUNE MOUUSE

BARNSTABLE MASSACHma}&mi’ 630

4 .«iuz 4

o Compounds Detectab]e by EPA Method 502.1*

R e Sur iU wuutil MUUSE

COMPOUND

1-Dichloroethane
1-Dichloropropene
,3 Dichloropropene
,2-Dichloropropane
»3-Dichloropropane
-Dichloropropane
thylbenzene

rene )
2-Trichloroethane
,1,2-Tetrach1oroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
1,2,3- Tr1ch10ropropane
Toluene

para Xylene
ortho Xylene
meta Xylene
Bromochloromethane
Dichlorodifluoromethane.
Fluorotrichloromethane
Hexachlorobutadiene
Isopropylbenzene
n-Propylbenzene
Sec-butylbenzene
Tert-butylbenzene

1,
1,
1
1
1
2,2~
Eth
Sty
1,1,
1,1

then our detection 1imit was lower for that analysis

*A photoionization detector is used in

detector, thus allowing
EPA Method 503.1 as well.

o
[

;

ppb).
If we report a smaller amount,

PHONE: 362.2511%
EXT. 330

LAB 337

CLINIC 240

series with the e]ectroconduct1v1ty
for the analysis of most of the compounds listed in

TABLE 2.

Environmental Protection Agency.

COMPOUND

Benzene
Carbontetrachloride
1,2-Dichloroethane
1,1-Dichloroethylene
para Dichlorobenzene
1,1,1-Trichloroethane
Trichloroethylene
Vinyl Chloride

Total Trihalomethanes

Chloroform, Bromodichloromethane,

the total trlhalomethanes

MCL (in ppb)

5.0
5.0
5.0
7.0

75
200

5.0
2.0

100

Compounds which have Maximum Contaminant Levels (MCLs) set by the

Chlorodibromomethane, and Bromoform comprise
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