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ABSTRACT
The impact of land use in sand and gravel aquifers has been studied extensively, but the ‘.*
impa& on fractured-bedrock aquifers has not. Many water-supply aquifers are in |
fractured bedrock and their susceptibility to contamination needs to be better understood.
This study was done on Northern Conanicut Island, a small fractured bedrock island in
Rhode Island. Ground-water samples were collected from 174 domestic wells in areas
with housing lot sizes ranging from 1/8 to >2 acres.

Land-use impacts are common from sources such as septic systems, agricultural.
fertilizers, road salt, and saltwater intrusion. The most common constituents attributable
to these sources are nitrate, chloride, sodium, sulfate, and coliform bacteria. The relative
ratios of the constituents in leachate from each of the aforementioned sources can be used
to identify probable sources of contarﬁination in ground water. Nitrate-nitrogen to
chloride ratios were used to idc;.ntify septic system and fertilizer impacts. Elevated
concentrations of sodium and chloride together with location and well depth were used to
identify road salt and saltwater contamination. Of the sites with elevated nitrate for
which a specific source could be identified, 37 were indicative of septic leachate, 25 of
fertilizer, and 22 were from multiple sources. The areas of greatest septic system impact
are found in the part of the island with the highest housing density, where lots are smaller
than 1 acre. This leads to the belief that there is inadequate dilution taking place between
neighboring wells and septic systems. Of the sites with elevated chloride, 22 were found
to have a saltwater impact and 5 were contaminated by road salt. The geochemical data

suggest that a minimum of 1 acre is required to protect ground-water quality.
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4. RESULTS

Physical and chemical characteristics of surface water and ground water dn
Northern Conanicut Island are summarized in Tables 1 and 2, respectively. Complete
analyses are tabulated in appendix A.
Surface Water Chemistry

Nine surface-water bodies were sampled for this study. These include the
Jamestown Reservoir, South Reservoir, a quarry pond, and small ponds and streams in
the West Reach Estates and East Passage Estates (Figure 1). The chemistry is generally
uniformly dilute, however, there are a few noteworthy comments. The chloride
1 concentrations range from 9.6 to 35 mg/L. The higher chloride concentrations are found
~ in a pond in the West Reach Estates, just off of North Main Road; in the South Reservoir;
and in a stream discharging from Jamestown Shores. Phosphate concentrations range
from not detected to 1.1 mg/L, at the pond in the West Reach Estates near North Main
Road. Nitrate concentrations range from not detected to 1.4 mg/L as nitrogen, at the
stream dischmginé from Jamestown Shores. Surface water temperatures, as shown in

Table 1, vary greatly since they were collected over a period of several months.






























appears to be a localized phenomenon, predominantly within Jamestown Shores (Figurgs. ...

17 and 18). Many homeowners have private gardens and/or heavily-fertilized lawns.
Overwatering, overferﬁlization, and improper timing of fertilizer application can cause
significant nitrate leaching (Morton et al. 1988).

Twenty-two sites show impact from unknown sources indicating elevated

. concentrations of chloride and nitrate, but not enough nitrate to fall within the septic

“a leachate range. These points plot just outside the septic mixing zone on Figures 14 and

=~ 15 Tt is unclear what the possible source of the observed chemistry is. This chemistry

I3

- may be due to a loss of nitrogen due to denitrification, or elevated chloride from ar- -

~ recently plowed or otherwise:disturbed, increasing the amount of nitrate detected in the
ground water (Gold et al. 1990).
Saltwater Intrusion:
Twenty-two sites were found to have a saltwater impact. No evidence of severe
- -saltwater intrusion was found; however, elevated concentrations of sodium and chloride -
occur ina number‘of wells along the coast (Figure 17) indicating that some intrusion of
saltwater has occurred. The mass of chloride was used to determine the degree of
coﬁtalnjnation. Up to 20 mg/L of chloride was considered background, 20-50 mg/L was
low, 50-100 mg/L. was moderate, and >100 mg/L was high impact. The séltwater
intrusion observed here is equivalent to less than 1% seawater (Drever, 1988). Sodium
concentrations at or below the DWEL were found throughout the study area. Elevated
sodium concentrations were found primarily in the Jamestown Shores area and along the

coastline, with a similar distribution to the chloride concentrations. The elevated sulfate

19

/# additional source. Some of these sites may also have had nitrate refeased if the area was. -


















reasons: the heterogeneous flow within a fractured bedrock aquifer may cause some Wd}f.
to be contaminated and others not to be. The RIDEM 100-foot setback is shown to be
inappropriate.in fracture‘d-.bedrbck aquifers. Also, some contaminants may travel in the
shailow subsurface rather than the deeper bedrock, producing a very localized zone of
contamination, as is shown with the bacteria. Future work in this area could investigate
the role of fractures in contaminant transport by further qualifying the heterogeneous flow

that occurs in the fractures. Isotopic studies of nitrogen, hydrogen, and oxygen as well as:

-orgariic analyses.could also be used in this endeavor.
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Figure 3: Cross-section A-A’ showing water table, equipotential lines, and flow lines,
Northern Conanicut Island, Rhode Island (modified from Veeger et al., 1997).
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Figure 15: Mixing curve used for identification of saltwater-impacted sites for sites with
elevated chloride but little to no nitrate. The fertilizer mixing line is based on a fertilizer
concentration of 52 mg/L. NO3 as N and 30 mg/L CI; the septic mixing line is based on a
septic concentration of 50 mg/L. NO; as N and 70 mg/L CI; the high limit septic line is
110 mg/L NOj3 as N and 190 mg/L Cl; and the lower limit septic mixing line is 27 mg/L
NOj; as N and 27 mg/L Cl. These concentrations were mixed with a background
chemistry of 0 mg/LL NO;3 as N and 20 mg/L CL
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Well Septic Dissolved | Electrical
Well Instaltation [Well Yield| Instattation | Lot Size Date sample | Temperature Oxygen | Conductivity Alkalinity
Site No. | Depth (ft) Year {gpm) Year {acres) | Sampled year °C turbidity odor _|bacterla _{mgiL) (mS/cm) pH | (as CaCO3)

127 ? 82 ? 1982 0.46 6/18/96 96 12.2 none nane absent 8.5 63 5.76 8.1

128 125 83 12 1984 0.24 7/9/86 96 12.9 brown none nc 0.2 238 6 31

129 160 787 35 1985 0.32 7/15/96 96 11.6 none none coliform 7 226 6.12 38

130 >100 66 3.5?7 . 1994 0.17 8/14/96 96 12.2 none none absent 34 241 55 15

131 175 90 15 to 207 1990 2 8/22/96 96 12.2 none none nc 7.6 165 5.6 9.5

132 68 73 ? 1973 0.46 8/22/96 96 12 none none nc 7 143 6.2 25

134] 215+ 78+ ? 1978 2.3 6/28/96 96 11.8 none none absent 7.2 112 5.77 10

135 g5 76 10 1980 19 8/12/96 96 11.3 none none nc 6.5 148 5.77 19

136 104 90 12 1990 1.5 8/9/96 96 12.2 orange-brown |none nec 42 118 6.04 19

137 150 ? ? 1993 0.11 70117/96 96 12.4 none none nc 1.2 159 5.38 1.1
139 145 79 ? 1979 0.33 8/21/96 96 124 none none coliform 79 275 6.07 20

140] 100 68 or 727 - 1973 0.39 8/8/96 96 128 none none nc 6.7 226 5.59 14

141 130 75 ? 1975 0.51 7/31/96 96 11.6 - - absent 1.1 24 6.18 24

142 100 76 - 1976 0.5 7/15/96 96 11.3 none none coliform 8.5 139 5.93 1

144] 110 73 - 1973 0.69 8/21/96 96 12.7 none none nc 52 187 53 8

146 - ~85 - 1985 2 8/9/96 96 135 none none absent 57 156 6.11 22

149 ? 79 ? 1979 2.2 7/15/96 96 10.9 none none absent 65 106 5.56 9.5

150 350 78 ? 1978 3.8 8r2/96 96 123 none none coliform 0.72 278 5.85 45

154] 178 86 - 1987 241 8/12/96 96 123 none none absent 0.65 129 6.15 20

153] 300 87 ? 1987 0.46 727196 96 13.2 none none nc - 343 7.59 88

154] 280 81 2 1981 0.33 8/9/96 96 13 none sulfur nc 0.65 311 6.5 45
155{125 to 130| 71 6 1971 0.17 8/21/96 96 123 none none nc 72 323 55 9

156 330 79 - 80 - 1980 0.34 8/9/96 96 13.6 none none |absent 7.8 142 5.92 14

159 9 86 30 1992 2.2 8/22/96 96 114 none none nc 0.3 127 6.3 17

160 ? >87 ? 1987 23 8/16/96 96 11.9 none none nc 0.53 168 6.46 17

161 - [4 - 1871 0.41 8/16/96 96 124 none none nc 45 150 5.74 15

162| 200+ 96 5 1996 0.17 8/22/96 96 11.7 none none nc 0.4 158 7 33

163 115 72 12 1972 0.57 8/22/96 96 11.1 none none nc 7.7 378 6 24

164 270 95 40r5? 1995 0.11 8/16/96 96 124 none none nc 3.9 461 5.44 12

166 NA N/A N/A 0.11 8/16/96 96 13 none none nc 7.8 114 5.6 13

167 N/A N/A N/A 0.17 8/22/96 96 12.2 none none nc 0.25 299 6.1 9.3
44G N/A N/A N/A 1965 0.33 8/14/96 96 123 none none absent 0.9 141 5.7 93
44H 190 72 7 1965 0.33 8/14/96 96 12.6 present none nc 6.3 224 6 10
JR-1 - - - 8/1/96 96 11.2 - - nc 6.8 115 6.4 26
Res. N/A N/A N/A N/A 8/1/96 96 - - - - - - - 7.7
2| 150 70 or 80's ? 1975 0.17 8/5/97 97 112 none none | ABSENT 6.3 281 5.68 14

10] 300 72 ? 1972 0.48 8/14/97 97 124 none none | ABSENT 1.6 184 5.55 75

23 ? 75 ? 1975 0.49 8/5/97 97 11.6 became cloud | none | ABSENT 6.8 134 55 12

29 ? 86 ~2 1988 0.11 8/8/97 97 12.3 none none Coliform 55 180 54 6.7

30] 260 85 5 1985 0.17 8/2/97 97 13 none none | ABSENT 39 138 5.61 9.4
33| 220 [ 9 1989 9.9 8/2/97 97 143 none none | ABSENT 09 331 7.68 107

38 ? 78 ? 1978 0.17 8/8/97 97 12.1 high-lots of se| none | ABSENT 42,58 279 5.22 7.3

39 85 <65 8.5 1965 0.17 8/8/97 97 118 none none ABSENT ? 108 5.7 13

47 200 84 7 1985 22 7/30/97 97 12.7 none none ABSENT 6.3 178 - 13

ND = Not Detected BD = Below Delection Limit "<" = Below Given Detection Limit
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Well Septic Dissolved | Electrical
Well installation [Well Yield| Installation | Lot Size Date sample | Temperature Oxygen | Conductivity Alkalinity

Site No. | Depth (ft) Year (gpm) Year {acres) | Sampled year °C turbidity odor _|bacterla {mg/L) {mS/em) pH | (as CaCO8)
571 200 80 ? 1988 1.1 7/30/97 97 13 none none Coliform 3.8 99.2 5.96 12
68 150 ? ? 3 7/30/97 97 123 none none ABSENT 3 153 5.67 12
78 84 64 5 1964 0.65 7130/97 97 12.3 none none | ABSENT 35 126 6.25 21
82G ~170 ~72 11015 1972 3.5 8/5/97 97 113 none none | ABSENT 18 351 5.66 13
82H . 1972 3.5 8/5/87 97 12.1 none none | ABSENT 3.8 257 6.07 21
90 129 827 ? 1990 0.46 8/5/97 97 11.8 none none | ABSENT 74 174 58 31
941 ~160 85 4106 1985 0.17 8/14/97 97 1214 none none | ABSENT 43 249 5.92 32
97{ 100-125 86 10 1986 0.54 8/2/97 97 13.6 none none ABSENT 8.6 141 5.75 9.3
98 ? 19667 ? 1965 0.21 10/29/97 97 11.1 none none | ABSENT 55 263 5.95 30
100 ? ? ? 0.49 8/14/97 97 124 none none | ABSENT 7.8 140 5.74 1"
102 ~80 85? >8 1965 0.17 8/5/97 97 11.9 none none Coliform 0.65 325 6.21 47
106 124 70 ? 1970 0.1 8/2/97 97 119 none none | ABSENT 7.7 289 5.22 3.8
108 ? 81 ? 1981 0.1 8/14/97 97 113 none none Coliform 6.4 285 55 12
112 75 62 ? 1962 0.92 7/30/97 97 1.3 none none | ABSENT 4.6 158 5.88 18
125 ? 90 5+ 1990 0.35 8/8/97 97 113 none none | ABSENT 741 153 5.72 13
129 160 78?7 35 1985 0.32 8/8/97 97 115 none none Coliform 57 190 5.85 15
130] >100 66 '3.5? 1994 0.17 8/5/97 97 124 none none | ABSENT 35 178 547 11
139 145 79 ? 1979 0.33 8/2/197 97 14.4 none none | ABSENT 78 262 5.91 19
140 100 68 or 727 ? 1973 0.39 8/19/97 97 12.9 none none | ABSENT 6.8 254 5.54 15
142 100 76 ? 1976 0.5 8/8/97 97 12 none none | ABSENT 7.2 163 5.78 13
144 125 1973 15 1973 0.69 10/29/97 97 118 none none | ABSENT 35 340 5.2 6.5
1501 350 78 ? 1978 3.8 8/14/97 97 125 none none ABSENT 0.35 374 5.66 60
155| 125-130 71 6 1971 0.17 8/8/97 97 12.2 none none | ABSENT 6.3 322 533 7.8
164 270 95 4 0or5? 1995 0.11 8/19/97 97 124 none none | ABSENT 34 330 5.52 12
165 125 1981 9 1985 1.9 8/14/97 97 11.2 none none coliform 3.8 104 5.59 10
2008 N/A N/A N/A N/A N/A 717197 97 31.2 v. slightly none N/A 7.8 178 8.91 24
2018 N/A N/A N/A N/A N/A mM797 97 32 none musty N/A 3.6 85.8 7.22 53
2025 N/A N/A N/A N/A N/A mime? 97 22 heavy organic | metallic N/A 5.4 146 6.73 13
2038 N/A N/A N/A N/A N/A 714/97 97 273 low none N/A 7.6 105 6.72 10
204S N/A N/A N/A N/A N/A 7/14/87 97 32.2 slight none N/A 2.9 67 6.6 10
2058 N/A N/A N/A N/A N/A 714/97 97 29.5 slight none N/A 6.2 166 741 14
206S N/A N/A N/A N/A N/A 7/23/87 97 24.9 floatables none N/A 9 123 8.98 16
207] 225 1983 ? 1983 0.92 8/22/97 97 13.6 none none | ABSENT 52 344 5§37 6.6
208 ? 1985 ? 1985 1.8 8/22/97 97 13.1 none none | ABSENT 7.9 173 6.21 34
209 80 1989 ? 1989 12 8/22/97 97 124 none none | ABSENT 34 159 5.44 11
210 150 1972 8 1976 0.17 8/22/97 97 12.6 none none | ABSENT 3.7 472 557 22
211 ~140 ~1989 ? 1989 0.17 8/22/97 97 13.2 none slight H2S] ABSENT 1.8 508 6.03 70
2121 260 1983 67 1983 0.37 8127197 97 121 none none | ABSENT 26 317 6.35 40
213 30 71954 ? 1871 0.17 8/27/97 97 1.9 none none | ABSENT 6.1 285 54 10
214 120 1987 20 1991 33 8/27/97 97 1.7 light none | ABSENT 1 113 5.45 12
215 >100 1986 ? 1986 19 8/27/97 97 12.2 a little at 1st none | ABSENT 55 159 5.8 31
216 ? 1987 ? 1987 18 8/27/197 97 122 7 7 ABSENT - 135 5.82 13
217 ? 71972 ? 1972 0.50 8/27/97 97 11 none none coliform 6.1 305 5.57 13
218 ? ~1980 ? 1980 0.33 8/27/97 97 11.4 none none coliform 7.1 188 5.35 8.4

ND = Not Detected BD = Below Detection Limit "<" = Below Given Detection Limit
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Site No Ca2+ Mg2+ Na+ K+ S042- Cl- F- Br- Slo2 NO3- NO3-N PO43- [Fe2+
65 5.1 1.6 85 1.1 13 8.5 0.07 <.05 27 <1.0 0 <.05 0.27
66 16 35 19 1.6 12 44 0.06 0.07 25 14 0.31 ND 0.02
68 6.7 42 9.8 0.54 37 12 0.22 0.05 14 24 0.54 ND 0.24
69 13 15 1 0.68 23 16 0.08 <.05 26 <.05 0 ND 0.55
70 6.6 2 10 0.78 17 14 0.06 <.05 22 2.6 0.58 0.14 0.03
n 4.8 14 11 0.98 13 2] 0.3 <.05 34 <.05 0 04 0.26
72 8.8 18 1 <05 k1| 15 0.23 0.06 30 0.08 0.02 ND 23
73 ND ND 21 ND 1 77 0.08 <.05 18 0.07 0.02 0.36 0.27
77 6.8 3.6 16 21 8.2 18 0.24 0.1 27 48 1.1 0.2 037
78 65 2 " 0.58 15 10 0.08 <.05 29 33 0.74 <.05 0.49
79 73 3.8 13 0.55 74 32 0.05 <.05 95 4 0.9 0.06 0.04
80 8.8 2.7 13 <05 11 24 <.05 0.05 14 16 3.6 0.08 0.26
81 16 14 22 <0.5 14 18 0.36 0.07 36 <1.0 0 <05 3.2
82 12 53 29 <05 16 " 0.07 0.07 84 <1.0 0 <05 0.14
83 31 33 14 0.61 20 33 0.07 0.06 25 <,05 0 ND 1.1
84 ND ND 33 ND 12 21 0.09 0.05 16 <1.0 0 <.05 0.1
85 78 35 68 ND 18 3N 0.15 <05 15 45 1 ND 025
S0 10 27 13 0.88 1 20 0.05 <.05 14 1 25 0.09 0.27
92 11 3 18 1.8 11 31 ND <.05 14 19 43 <.05 0.1
93 1 2.8 16 2 12 29 ND <.05 13 18 4 <.05 0.17
94 14 42 14 19 9.4 25 0.05 0.08 18 27 6.1 ND 0.17
95 69 1.6 S 0.91 9.9 17 ND <05 1" 4.7 1.1 ND 0.28
97 6.9 2 13 0.85 12 18 ND <.05 14 26 58 ND 0.23
98 16 44 7 4.2 17 36 0.23 - 0.06 14 70 16 <.05 0.26
99 21 27 10 <0.5 12 19 0.07 <.05 22 <1.0 0 <.05 0.28

100 6.9 1.8 12 0.73 1" 17 ND <.05 13 18 4 0.05 0.07
102 19 3 22 26 24 33 0.05 <.05 15 19 43 ND 0.27
104 8.2 2 14 241 16 28 <,05 <.05 12 14 31 <.05 0.25
105 15 2.9 8.6 <0.5 1 15 0.08 0.06 32 <1.0 0 ND 5.6
106 7.8 3 17 ND 19 29 <05 0.05 1 37 83 0.08 0.25
107 8.2 1.7 10 0.58 1 9.8 0.34 <.058 25 <1.0 0 ND 5.1
108 11 38 15 0.78 1 28 ND <.05 15 33 74 0.1 0.1
109 6 1.6 716 <05 9.6 14 <.05 <.05 15 2.1 047 0.12 0.03
110 21 2.1 12 0.76 21 15 0.0 <.05 24 14 0.31 ND 0.28
111 3.5 2 [} <05 11 1.7 0.12 <05 1 1.9 0.43 0.32 0.21
112 8 28 1 14 11 20 ND 0.08 14 9.6 22 <.05 0.1
13 14 3.2 1 1.1 16 28 0.08 0.05 20 4.1 0.92 0.06 0.11
116 9.2 34 16 0.76 15 21 <.05 0.07 21 4 4.7 0.09 0.26
119 23 26 9.8 0.51 18 12 0.06 <.05 19 <1.0 0 ND 13
122 27 47 23 0.87 21 47 0.14 0.07 13 84 19 <.05 0.12
123 13 27 18 18 21 32 0.07 0.7 22 1.8 04 ND 0.9
124 8.1 3.1 13 1.4 13 26 0.06 <05 15 6.3 14 ND 1.1
125 9 2.7 9.5 ND 10 18 ND <.05 15 23 5.2 0.05 0.05
126 8.2 25 13 <05 16 19 0.06 <.05 17 13 29 <.05 0.23

ND = Not Detected BD = Below Detection Limit “<" = Below Given Detection Limit
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Appendix B: Well Survey

GROUNDWATER SURVEY

UNIVERSITY OF RHODE ISLAND/TOWN OF JAMESTOWN

Directions: We are continuing our ground-water quality study of 1996 and wish to add new sampling sites
to our data network. Please review and respond, to the best of you knowledge, to each of the following
questions. All responses will be confidential. Once completed, please fold and mail in the envelope
provided. We will contact you to arrange a sampling date if you agree to participate in this study. If you
have any questions, please call Jennifer Sandorf or Dr. Anne Veeger in the Department of Geology at 874-
2265.

THANK YOU FOR YOUR RESPONSE.

WELLS
1. What is the size of your property? . sq. ft.
2. When was your well installed? year
3. Who installed your well? Company
4. Are you using your original well? Yes/No
5. How deep is your well? . feet
6. What is the Yield in Gallons per minute? GPM
7. Has your well ever gone dry? When? _Yes/No Date
8. Do you have any water quality problems? ___Iron ___ Bacteria Other
9. Do you have a filtration device? ’ Yes/No -
10. If yes to No. 9, what type of system? (pH, iron, Culligan, etc.)
11. Would you be willing for us to collect a water sample for testing? Yes/No

If yes, please fill in name and address below.
SEPTIC SYSTEM
12. When was your septic system installed? _Year +/-
13. Do you have the system pumped on a regular basis? Yes/No
14, If Yes to No. 13, what frequency? (i.e. Once every 2 yr., etc.) every years
15. Have you ever encountered problems with the system? Yes/No

16. Sketch the locations of your house, well, and septic with dimensions (if known) and street names in the
space provided.

Optional: =~ Name
Address
Telephone
Best time to reach

Lot Sketch example:
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Appendix C: Sampling Techniques

Sampling sites were selected from positive responses of homeowners to a survey
asking permission to sample their well. Water samples were collected from surface water
bodies and existing wells, bypassing any secondary filtration or treatment. The samples
were collected within a short time period lasting several months so that chemical analyses
were relatively consistent for that time of year. In addition to the collection of water
samples at each location, several field measurements including temperature, pH, electrical
conductivity, and dissolved oxygen were taken.

Water samples were collg:cted for the follqwing analyses: chloride, nitrate, sulfate, -
phosphate, fluoride, bromide, calcium, sodium, potassium, mag_nesium,‘ iron, silica,
alkalinity,l and total coliform bacteria. Those samples testing positive for coliform
bacteﬁa were testea for E. coli bacteria.. Ti)e Iﬁajor constituent samples were stored in
high density polypropylene bottles and kept cool (<4°C) until ready for analysis. The
anion, silica, and alkalinity samples were filtered. The cation samples also were filtered
and acidified: iron samples were acidified with hydrochloric acid and the other cations by
nitric acid. The bacteria samples were untreated and placed in sterilized polypropylene
bottles.

The chemical analyses were performed in the Department of Geology
Hydrogeology Laboratory, University of Rhode Island, and were kept cool in a

refrigerator until ready for analysis.
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Appendix D: Field Sheet

FIELD DATA SHEET - JAMESTOWN GROUND WATER STUDY - 1996-1997
SITE & ZONE # LOCATION:

DATE:____ TIME: AM/PM PERSONNEL:

SAMPLING METHOD (CIRCLE): BAILED SUBMERGED PUMP VACUUM PUMP
WATER TREATMENT METHOD:

REMARKS:

ON-SITE MEASUREMENTS: WATER LEVEL:

TEMPERATURE: CONDUCTIVITY:
pH: ' DISSOLVED OXYGEN:
TURBIDITY: ODOR:

SAMPLES COLLECTED FOR LABORATORY ANALYSIS:

____ANIONS SAMPLE VOLUME CODE
____CATIONS SAMPLE VOLUME CODE
____BACTERIA SAMPLE VOLUME CODE____
____ISOTOPES SAMPLE VOLUME CODE
___OTHER

MAP OF FIELD SITE:
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Appendix E: Analytical Techniques

Table E1: Summary of analytical techniques.

Constituent or Property

Method

pH (Field)

Combination electrode, Accumet model 1002 pH/mv/Ion
meter

Dissolved Oxygen (Field)

YSI Model 57 Dissolved Oxygen meter

.Speciﬁc Conductance (Field) .

Oakton Model 35607-20 TDS/Conductivity Meter

Cl, SO,,NO,, PO,, Br, F

Standard Method 4110B, determination of Anions by Ion
Chromatography: Ion chromatography with
chemical suppression of eluant conductivity

Dionex Series 45001 Ion Chromatograph with AS4A anion
separator column

Ca, Mg, Na,K..

Ion chromatography, Dionex Series 45001 with CS3 cation
separator column

[ Alkalinity

. | Standard Method 2320, using Accumet model 1002

pH/mv/lon meter

Silica

Standard Method 4500-Si D, Molybdosilicate colorimetric
method using Milton Roy Model 1201
Spectrophotometer

Iron

Standard Method 3500-Fe D, Phenanthroline colorimetric
method using Milton Roy Model 1201
Spectrophotometer

Total Coliform bacteria

Standard Method 9222B, Standard total coliform
membrane filter procedure

Escherichia coli bacteria

Standard Method 9221 B, Standard total coliform multiple
tube (MPN) fermentation technique
Standard Method 9221C, Fecal coliform MPN procedure

Using an EC medium with MUG for E. coli analysis modified the fecal coliform MPN

procedure (EPA, personal communication, 1997).
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Appendix F: Analytical Accuracy

Ion chromatography analysis consisted of two parts - one each for anions and
cations. The ion chromatograph is calibrated using four levels of standards, or three for
the cations. Samples with values greater than the standards were diluted. The standards
- used are included in Tables F1 and F2. To insure accuracy of the method, standards were
run as samples. The ion chromatograph results for the standards were then used to
calculate the percent error for each run. Average percent errors for anion and cation

analyses are shown in Tables F3 and F4.

Table F1. Concentrations of anion standards used in this study.

Standard Name Concentration -
Standard A 0.1 mg/L F, Br, PO, 1 mg/L SO,,NO, 1.5mg/LCl
Standard B 0.5 mg/IL F, Br, PO, 5mg/L SO,,NO; 7.5 mg/L Cl
Standard C 1 mg/LF,Br,PO, =~ 10mg/L SO, NO; 15mg/L Cl
Standard D 2 mg/L F; Br, PO, 20 mg/L SO,,NO;  30mg/LCl .
Standard E * 0.05mg/LF,Br,PO, 0.5mg/L NO, 1.5 mg/L SO,,CL
Standard F 0.25mg/L F,Br, PO, 2.5 mg/L NO, 7.5 mg/L SO,, CL
Standard G 0.5mg/L F,Br,PO, 5 mg/L NO, 15 mg/L SO,, CL
Standard H 1 mg/L F, Br, PO, 10 mg/L NO, 30 mg/L SO,, CL
Standard I . 0.05mg/LF,Br, PO, 1mg/LNO, 1.5 mg/L SO,, CL
Standard J 0.25mg/LF,Br,PO, 5 mg/L NO, 7.5 mg/L SO,, CL
Standard K - 0.5mg/LF,Br,PO, 10mg/L NO, 15 mg/L SO,, CL
Standard L 1 mg/L F, Br, PO, 20 mg/L NO, 30 mg/L SO,, CL
Dionex 2mg/LF 3mg/L Cl 10 mg/L NO,

15 mg/L PO,, SO,
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Appendix G: Geographic Information System e 2o

The source of the GIS data for this study was the RIGIS database (Rhode Island
Geographic Information System). Data was collected on landuse such as residential,
agriculture, and \;egetation, as well as roads, surface water such as ponds and streams,
and geology. The metadata on these Coveragés indicate that the landuse data are digitized
from 1988 aerial photos. Some of this has since changed, but this was primarily an
expansion of resid_enﬁél dévelopment. The roads data were from 1994 and included the
recent Jamestown Bridge consﬁction.

The GIS data were used for comparing the water chemistry to the surrounding
landuse. Most samples were taken from residential sections, but some surrounding

agriculture could have had an influence on water chemistry.
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Iron analyses were also performed with a premade stock solution that was diluted
-to standards of 0.05, 0.1, 0.2, 0.5, 1.0, and 2.0 mg/L. These standards were also
calibrated to a linear fit and regression was performed on the absorbances. Standards
were run as samples as well as blanks to check the accuracy of the method. A less than

10% error was considered acceptable, since the concentrations generally were very low.

Table F6. Average percent errors for iron analyseé.

Standard (mg/L) Error % . # of samples
0.05 7.1 2

0.1 6.9 3

0.2 - 7.2 3

0.5 8.0 3

1 - ' 9.2 10

2 3.0 6

‘Coliform bacteria analyses were performed using two different methods. For the
membrane filter procedure, blanks were run with the samples to check the accuracy of the
method. Distilled water was filtered and processed along with the samples on every run .
to check the accuracy of the sterilization procedure. For the multiple tube fermentation
technique, the tubes were sterilized 24 hours before use and incubated. If any growth was

observed within that period, the tubes were not used for analysis.
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Appendix G: Geographic Information System SN

The source of the GIS data for this study was the RIGIS database (Rhode Island
Geographic Information System). Data was collected on landuse such as residential,
agriculture, and végetation, as well as roads, surface water such as ponds and streams,
and geology. The metadata on these COveragés indicate that the landuse data are digitized
from 1988 aerial photos. Some of this has since changed, but this was primarily an
expansion of resid_enﬁé.l dévelopment. The roads data were from 1994 and included the
recent Jamestown Bridge constrﬁction.

The GIS data were used for comparing the water chemistry to the surrounding
landuse. Most samples were taken from residential sections, but some surrounding

agriculture could have had an influence on water chemistry.
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1.0 - 2.0 acre lots compared to >2 acre lots

Anova: Single Factor

SUMMARY
Groups Count  Sum__ Average Variance
1.0-20 21 18.95 0.902381 1.252784
>2.0 33 41.97955 1.272107 3.470529
ANOVA
Source of SS df MS F P-value  Fcrit
Variation
Between 1.754287 1 1.754287 0.670202 0.416717 4.026631
Groups
Within Groups  136.1126 52 2.61755
Total 137.8669 53

F=0.67, F ,=4.03, F<F_,, therefore the 1.0 - 2.0 acre lot size nitrate concentrations are
not significantly different than the >2 acre lot size nitrate concentrations.

These lot size groups are now pooled together for further analysis.

0.1 - 1.0 acre lots chpared to 1.0 - >2 acre lots

Anova: Single Factor

SUMMARY
Groups Count Sum  Average Variance

0.1-1.0 108 313.5159 2.902925 9.21296

1.0->2 54 60.92955 1.128325 2.601262

ANOVA -
Source of SS df MS F P-value  Fcrit
Variation )

Between 113.3714 1 113.3714 16.14325 9.02E-05 3.900226

Groups

Within Groups  1123.654 160 7.022835

Total 1237.025 161

F=16.14, F ,=3.90, F> F,, therefore, the 0.1 - 1.0 acre lot size nitrate concentrations are
significantly different than the 1 - >2 acre lot size nitrate concentrations.
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This is the final ANOVA analysis and it shows that there is a significant break in nitrate”
concentrations at 1 acre lot sizes. Below this value, there is a higher nitrate concentration
and above this value there is a lower nitrate concentration.

1996 Nitrate data versus 1997 Nitrate data

Anova: Single

Factor
SUMMARY
Groups Count Sum  Average Variance
NO3-97 34 123.58 3.634706 7.072274
NO3-96 33 158.86 4.813939 12.89541
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 23.28722 1 23.28722 2.343003 0.130699 3.988561
Within Groups 646.0382 65 9.93905
Total . 669.3255 66

F=2.34, F ,=3.99, F<F,, therefore the 1996 sample group is statistically similar to the
1997 sample group.
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