Appendix 6. Location, physical characteristics, borehole-geophysical logs and interpreted structures for
well Gates 1.

The Gates Pond Site is located in Berlin, MA along 1-495. There are four wells. The wells are
approximately +100 meters away from Gates Pond, which is the Town of Hudson, MA. The
Town of Hudson commissioned the drilling of the wells in attempt to find a clean and sustainable
groundwater source to augment their surface supplies. No such source was found so all four
wells remain open. The wells produced five gallons per minute or less based on drillers pumping
tests. Three wells were investigated for this study. They are named gates1.051507,
gates2.062607 and gates3.071807.

The overburden material at the site is glacial till, with thicknesses less than 3 meters. The till is
composed of a nonsorted, nonstratified matrix of sand with some clay, silt and boulders. The
bedrock is schist of the Nashoba Formation. The Nashoba is a fine to medium grained, and well
foliated, gray to silvery-gray quartz-mica schist that may contain biotite, garnet and sillimanite.
All wells are cased approximately four meters into the bedrock.

The well gates1.051507 was the first well logged in this study. It was logged from May 15
through 18, 2007. Heat pulse flow meter tests were run on June 21, 2007. The well is reported
to be 265 meters deep; however it was found to be only 179 meters deep. It is possible that that
the lower 90 meters collapsed in the year between drilling and logging or the well has become
otherwise obstructed. The well casing was approximately 7.3 meters in length with about 3
meters of glacial overburden. A total of 255 fractures were identified in this well. Of the total
fractures 166 are tectonic joints, 26 are subhorizontal unloading joints and 63 are FPF.

The water table in the well was approximately 5.7 meters below ground surface. For the heat
pulse flow meter testing, the well was pumped for three hours during which time the water level
was drawn down 0.07 meters. Heat pulse flow meter testing revealed five flowing fractures at
19.0, 21.7, 25.0, 73.7, and 106.4 meters depth. Of the flowing fractures two are FPF, two are
tectonic joints and one is subhorizontal.



Appendix 6, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Gates 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Flow data shown
under pumping conditions have been normalized.

Site ID: gates1.051507
Location: "Gates Pond I” Berfin, MA
Elewvation {mj] 20
Reported Yield (gpm) S
Rock Type: Nashoba Formation Schist
Depth to water: 18.87 fi 5.60 m
Depth of casing: 24 fi 732 m
Depth of well: 588 fi 178.22 m
Land surface to MP: 225 fi 1) m
Fractures Ambient Pump 31 0.5 gom
number depth (m) depth [ft] Azimuth Dip Type |Flow (yin] gpm notes  [Flow {yin)  gpm notes
1 770 253 247 an [ n 1] n D.50
2 7 257 188 53 p n ] n 0.50
3 8.00 263 182 a0 p n 0 n 0.50
4 8.10 26.6 a3 a5 t n 0 n D.50
3 ar 31.8 22 20 5 n 0 n 0.50
[ arh 321 280 10 5 n 0 n 0.50
7 10.12 332 140 59 t n 0 n D.50
3 10.16 333 113 73 t n 0 n 0.50
3 10.18 334 132 53 t n ] n 0.50
10 10.87 35.0 252 29 p n 0 n D.50
11 10.23 355 334 70 t n 0 n 0.50
12 11.20 36.8 37 a3 t n ] n 0.50
13 12.18 40.0 BE 75 t n ] n 0.50
14 13.36 438 73 ag t n 0 n 0.50
15 13.85 458 233 73 P n ] n 0.50
16 14.10 45.3 247 an p n ] n 0.50
17 14.48 47 6 ) 24 5 n 0 n 0.50
18 14.98 4p.2 189 ag p n 0 n D.50
19 15.24 50.3 199 70 p n 0 n 0.50
20 15.87 514 21 T4 p n ] n 0.50
21 15.71 51.5 187 70 p ¥y -0.02 flowe in n D.50
22 15.93 523 128 78 p n -0.02 n 0.50
e 16.36 53.7 180 71 P n -0.02 n 0.50
24 17.04 550 40 75 t n -0.02 n D.50
23 17.81 57.8 71 72 t n -0.02 n 0.50
26 18.36 60.2 140 1 5 n -0.02 n 0.50
v 16.96 g2.2 250 57 p n -0.03 n 0.50
28 18.03 g2.5 280 85 p n -0.03 ¥ 050 flowin
2 18.10 g2.7 201 a7 p n -0.02 n D22
30 18.31 G3.4 205 70 p n -0.02 n D22
H 18.85 4.5 a2 72 P n -0.02 n 022
32 16.74 648 285 75 p n -0.03 n 022
n 20.20 65.3 118 a0 t n -0.02 n D22
=t | 20.24 65.5 222 T4 P n -0.02 n 022
33 21.00 GE.9 T a4 i n -0.02 n 022
36 21.M GE.9 344 a1 t n -0.02 n D22
ar 21.23 6.7 a7 3z t n -0.02 n D22
38 2143 70.3 343 35 t n -0.03 n D22
=] 21.73 71.3 7 55 t ¥ 017 flowe in ¥ 22 flow in
40 2227 71 193 70 p n 017 n 0.o00
41 2287 75.0 193 73 p n 0017 n 0.00
42 2286 753 a 25 5 n 017 n 0.00
43 2372 778 an a5 t n 017 n 0.o00
a4 2408 TB.D 17 72 t n 017 n 0.00
45 25.00 g2.0 323 47 t n 017 n 0.00
46 25.058 B2.2 <] 45 t ¥y 0.3 flowe in ¥y 009 fiow in
47 2587 848 334 45 t n 0.3 n -0.08
48 25.96 g5.2 35 50 t n 0.3 n -0.08
43 27.73 81.0 i 7a t n 0.3 n -0.08
50 2884 49 158 ele t n 0.3 n -0.08




Appendix 6, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Gates 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Flow data shown
under pumping conditions have been normalized.

B 28E1 E7.3 335 57 1 n -0.3 il -0a
g2 3051 1001 7 EL 1 n -0.3 il -0a
23 30.74 003 137 7 1 n -0.3 n -0a
4 IES 103.8 2E0 E2 4] n -0.3 n -0.0a
5 3267 072 2835 E3 1 n -0.3 n -0.0a
5 3266 1078 265 T 1 n -0.3 n -00a
57 2.57 1062 282 T 1 n -0.3 n -0.09
=] 3349 1023 282 =] 1 n -0.3 n -0.09
3 34.19 1125 2E1 7 1 n -0.3 il -0a
=] 3454 1123 320 10 5 n -0.3 n -0a
El 34.55 1124 267 7 1 n -0.3 n -0a
E2 3535 1157 2E0 E5 1 n -0.3 n -0.0a
=] 35.28 1158 265 EL 1 n -0.3 n -0.0a
E4 3837 1161 39 23 1 n -0.3 n -00a
ES IAT 1164 0 T 1 n -0.3 n -0.oa
= I5ET 177 2683 ES B n -0.3 n -0.oa
ET 35.80 117.8 287 T4 1 n -0.3 ! -0.0a
=] 3E.13 11E5 2E5 T 1 n -0.3 il -0a
=] 3674 1206 a7 7 5 n -0.3 il -0a
] 7.13 1218 273 EL 1 n -0.3 n -0.0a
m 7.57 1233 119 T 1 n -0.3 n -00a
T2 3622 125.8 B3 T 1 n -0.3 n -00a
T3 3841 126.0 el 45 1 n -0.3 n -0.oa
74 3EA3 1261 281 7 1 n -0.3 ! -0.0a
75 3E.49 1263 102 = 1 n -0.3 ! -0.0a
T8 3E.53 1273 123 23 1 n -0.3 il -0a
7 3BE3 1300 202 T 1 n -0.3 il -0a
78 A0.03 1314 117 L 1 n -0.3 n -0a
T3 41.35 1357 314 T 1 n -0.3 n -0.0a
L] 4165 1368 324 it} 1 n -0.3 n -0.0a
&1 4210 136.1 313 6 1 n -0.3 n -00a
g2 42,34 1363 34 =] 1 n -0.3 n -0.09
83 4182 132.8 3 T3 1 n -0.3 n -0.09
84 43232 1421 32 6 1 n -0.3 il -0a
&5 43E4 1428 324 it 1 n -0.3 n -0a
&g 4467 14EE 345 E3 1 n -0.3 n -0a
a7 4E.E0 1328 74 55 1 n -0.3 n -0.0a
] 7.25 1350 114 E1 1 n -0.3 n -00a
83 7.78 136.8 105 EQ 1 n -0.3 n -00a
3] 4E.T5 1583 1 T 1 n -0.3 n -0.09
# 25,90 161.1 79 T 1 n -0.3 n -0.09
g2 4831 161.8 a7 E1 1 n -0.3 il -0a
3 4842 1622 103 E7 1 n -0.3 n -0a
24 5045 1656 57 Ea 1 n -0.3 n -0a
35 0.7 1668 [ ] 1 n -0.3 n -0.0a
5 S1.15 167.8 i T 1 n -0.3 n -00a
a7 3144 166.8 33 EL 1 n -0.3 n -00a
] .67 1685 ar ES 1 n -0.3 n -0.oa
23 52.10 171.0 26 E3 1 n -0.3 ! -0.0a
120 2.3 1716 i E7 1 n -0.3 ! -0.0a
101 s2.02 1740 382 ES 1 n -0.3 n -0a
102 2.3 1743 381 7 1 n -0.3 n -0a
103 33.66 1767 349 T 1 n -0.3 n -0.0a
04 3513 1609 323 T 1 n -0.3 n -00a
105 S5.89 16827 349 =] 1 n -0.3 n -00a
106 S6.53 1855 269 23 5 n -0.3 n -0.oa
107 SE.E7 1860 132 5 1 n -0.3 ! -0.0a
o8 57.10 1873 154 ] 1 n -0.3 ! -0.0a
103 57.37 1862 351 42 1 n -0.3 il -0a
110 ST.ES 1883 1E0 45 4] n -0.3 n -0a
1 7.0 1900 1E0 43 1 n -0.3 n -0a
112 3817 190.8 3 T 1 n -0.3 n -0.0a
113 S8.27 1912 181 T 4] n -0.3 n -00a
114 SB.53 1920 205 43 4] n -0.3 n -00a




Appendix 6, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Gates 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Flow data shown
under pumping conditions have been normalized.

115 SB.E3 192.0 2 26 1 n -0.3 n -0a
118 5812 194.0 320 23 1 n -0.3 n -0a
117 §5.19 2129 281 3 1 n -0.3 n -00a
118 56,35 217.7 22 7 5 n -0.3 n -0
113 GE.EL 21E.6 2E5 E2 1 n -0.3 n -0
120 5240 277 262 g2 B n -0.3 n -0.ra
121 Ti4s 2377 a2 25 1 n -0.3 n -00a
122 73.2 240.3 27 0 5 n -0.3 n -0.a
123 7370 2418 21 3| 5 ¥ 1] flow out ¥ [LDD o out
124 7375 24210 23 EQ 1 n O n oo
125 T4.67 2450 27 o 5 n D n oo
126 747 2454 75 EL 1 n D n oo
127 7545 2475 241 17 5 n o n oot
128 75.50 2477 | = 1 n D n oo
123 757 24E4 79 ar 1 n D n oo
130 75.88 2483 235 EQ B n O n oo
131 TE.22 2502 137 a 5 n o n oot
132 76.35 23508 205 41 B n D n oo
133 7E.EQ 2516 52 k2 1 n D n iR
134 TE.E6 2522 33 €5 1 n o n oot
135 7.0 2529 -] E2 1 n D n oo
136 777 2532 30 ES 1 n D n oo
137 7745 2541 112 EQ 1 n O n oo
138 7T.E2 2547 14 EQ 1 n o n oot
133 71T 2350 12 53 1 n D n oo
140 717 2552 251 7 B n D n iR
141 7E.2 2567 7 7 1 n o n oot
142 7E6.39 2572 ] 3 1 n D n oo
143 7E.97 2581 £3 ET 1 n D n oo
144 70.256 260.4 87 55 1 n o n oot
145 7842 2606 T4 E3 1 n D n oo
148 78.85 2623 73 47 1 n D n oo
147 a0.10 2628 67 ES 1 n O n oo
148 a0.€e9 264.8 332 25 1 n o n oot
143 g§1.12 2662 253 €5 B n D n oo
150 81.23 26E.E 85 45 1 n D n iR
151 81.68 26EE 20 43 1 n o n oot
152 82.18 2656 23 23 1 n D n oo
153 82.82 270.8 24 g5 1 n D n oo
154 8287 2722 103 43 1 n O n oo
155 83.67 27s2 273 = 1 n D n oo
138 33.83 2755 165 7 5 n D n oo
157 3498 27E2 247 44 B n D n iR
158 3423 27B.7 284 E3 1 n o n oot
133 T.07 2857 254 7 B n D n oo
180 7.80 2871 213 4 B n D n oo
161 T.E1 28E.1 253 5 B n o n oot
182 83E6.53 290.5 165 42 B n D n oo
183 36.69 2916 20 T 1 n D n oo
164 8816 2925 20 EQ 1 n O n oo
185 8057 29329 277 E3 1 n o n oot
188 8B.65 294.8 240 57 B n D n oo
167 apm 2956 242 25 B n D n iR
158 anI7 297.8 25 £ 1 n o n oot
183 2. ANZS 263 T 1 n D n oo
170 9243 N3 27 T 1 n D n oo
i 23.20 A0E.1 120 3 1 n O n oo
172 2405 0E.E -] 29 1 n D n oo
173 9675 TS 277 43 1 n D n oo
174 9E.16 3221 ED 29 1 n D n iR
175 9E.E3 2244 257 7L B n o n oot
1TE 9832 3259 73 42 1 n D n oo
177 a6.sa 326.8 g4 £3 1 n D n oo
178 9L.E3 3269 242 78 B n o n oot




Appendix 6, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Gates 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Flow data shown
under pumping conditions have been normalized.

173 101,82 2341 234 75 B n [ n oo
180 102.47 3362 232 73 B n L n oo
181 103,65 3407 239 &1 B n L n oo
1&2 104,33 4z3 44 ] 1 n [ n oo
183 104 .6E 424 62 = 1 n L n oo
184 106.40 3481 21 75 P n ] ¥ o1 flow In
185 110.84 62T 4z a7 1 n [ n [.0o
186 111 .4E 355.8 204 75 B n L n [.00
1&7 111,65 3563 51 k) 1 n L n [.00
1&8 112.47 36500 315 10 5 n [ n [.oo
183 112,78 3701 207 7 B n L n [.00
130 114 6E 3763 234 3 B n L n [.00
131 114.91 Irra 340 3 1 n [ n [.0o
152 115.0E ITTS 14 42 1 n L n [.00
153 116.35 351.8 213 70 B n L n [.00
154 116.65 3524 269 28 B n [ n [.oo
125 117.02 354.0 244 E2 B n [ n [.0o
136 11747 554 a7 1 5 n L n [.00
157 11818 T 2E5 35 B n L n 0.00
138 118.67 3504 345 a2 1 n [ n [.0o
153 118.81 350.8 323 41 1 n L n [.00
200 115,98 3904 ] Bl 1 n L n 0.00
20 119.23 391.2 Eli} 2 5 n [ n [.0o
202 120.02 3938 £ 4 1 n L n [.00
203 120.10 3941 335 ) 5 n L n [.00
204 120.57 3856 267 4 5 n [ n [.0o
205 121.21 877 L] 25 5 n L n [.00
206 121.60 3906 261 3 5 n L n [.00
207 121.93 40000 173 13 5 n [ n [.oo
208 122.5E 4022 135 16 5 n L n [.00
203 123.5E 4055 27 ] 1 n L n [.00
210 124.04 407.4 255 =] 1 n L n 0.00
21 124,52 40E.E 1E2 EL B n L n [.00
212 124 67 4080 2E0 12 5 n L n [.00
213 12512 4105 169 T8 1 n L n 0.00
214 125.26 411.0 275 =S 1 n [ n [.0o
215 125.54 4113 164 E5 1 n L n [.00
216 125.71 4124 28 -] 5 n L n [.00
7 125.92 4132 105 72 1 n [ n [.0o
218 126.2€ 414.2 129 E1 1 n L n [.00
213 126.64 4155 163 &7 B n L n 0.00
220 126.62 4161 160 43 1 n [ n [.0o
21 127.21 4174 224 55 1 n L n [.00
222 127.98 42000 120 T 1 n L n [.00
223 128.52 4217 153 E5 1 n [ n [.oo
224 129.54 250 1M 43 B n L n [.00
225 12045 42610 129 42 B n L n [.00
226 131.58 4318 313 v 1 n [ n [.oo
227 121,66 4327 15 74 1 n [ n [.0o
228 132432 4345 173 =] 1 n L n [.00
223 132.70 4354 173 v 1 n L n 0.00
230 13283 4361 165 7 1 n [ n [.0o
23 123.6€ 4382 162 E5 B n L n [.00
232 124,58 4413 164 7 1 n L n 0.00
233 124,78 44z3 1E3 E5 B n [ n [.0o
234 136.72 44EE 165 =] 1 n L n [.00
235 127.54 431.3 17 7 1 n L n [.00
238 13542 434.2 1E0 =] B n [ n [.0o
237 130.85 4382 7 =] 1 n L n [.00
238 140.1€ 4383 313 75 1 n L n [.00
233 140.70 461.6 2 | B n [ n [.0o
240 145,28 4TET 267 =] B n L n [.00
241 145,22 4562 2E9 ] 1 n L n [.00
242 149,36 4901 2B5 42 1 n [ n [.oo




Appendix 6, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Gates 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Flow data under
pumping conditions have been normalized.

243 149,47 4904 265 4= 1 n o n [L0o
244 150,02 48232 273 E3 1 n L n 00D
245 181,18 496.0 303 3 1 n o n 0.00
248 15488 S0E.2 264 | 1 n L n [.00
247 155,31 SD0.E 275 T 1 n o n [L00
248 157.01 181 257 EL B n o n [L0o
243 157.3E SE4 275 53 1 n o n [L00
230 161.06 5264 273 L] 1 n o n 0.00
251 161.37 5284 80 75 1 n L n [.00
252 161.91 5312 263 g2 B n L n 00D
233 163,30 53548 325 ES 1 n o n [L0o
254 18375 5372 143 L] 1 n L n [.00
255 166.32 S457 21 ) 1] n o n 000




Appendix 6, continued. Interpreted features for Gates 1. Optical televiewer interpretations indicated by
color: orange — subhorizontal sheeting joint; magenta — tectonic joint; red — foliation parallel fracture (FPF);
cyan — transmissive subhorizontal sheeting joint; green — transmissive tectonic joint; grey — transmissive
foliation parallel fracture (FPF). OTV — optical televiewer; ATV — acoustic televiewer.

Depth
Below
Surface OTV INTERPRETATIONS CALIPER ATV-Amplitude
(ft) OPTICAL TELEVIEWER } { | - {
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80
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Appendix 6, continued. Interpreted features for Gates 1. Optical televiewer interpretations indicated by
color: orange — subhorizontal sheeting joint; magenta — tectonic joint; red — foliation parallel fracture (FPF);
cyan — transmissive subhorizontal sheeting joint; green — transmissive tectonic joint; grey — transmissive
foliation parallel fracture (FPF). OTV — optical televiewer; ATV — acoustic televiewer.
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Appendix 6, continued. Interpreted features for Gates 1. Optical televiewer interpretations indicated by
color: orange — subhorizontal sheeting joint; magenta — tectonic joint; red — foliation parallel fracture (FPF);
cyan — transmissive subhorizontal sheeting joint; green — transmissive tectonic joint; grey — transmissive
foliation parallel fracture (FPF). OTV — optical televiewer; ATV — acoustic televiewer.
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Appendix 6, continued. Tadpole plots and stereoplots of interpreted optical televiewer (OTV) structures
for Gates 1. In the tadpole plot depth is plotted along the y-axis and magnitude of the dip plotted on the x-
axis. The tail of the tadpole points in the direction of the dip, relative to true north, which is toward the top
of the page. The stereonets represent poles to planar features plotted on a lower-hemisphere equal-area
stereonet. Stereonets use right hand rule convention. Colors on the OTV structures plot correspond to
those in the tadpole explanation.
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Appendix 6, continued. Composite log for Gates 1 of natural gamma, fluid resistivity, fluid temperature
and heat pulse flowmeter data under ambient and stressed (pumping) conditions. For the heat pulse
flowmeter data collected under pumping conditions, the well was pumped at 0.5 gallons per minute and the

data have been normalized.
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