Appendix 9. Location, physical characteristics, borehole-geophysical logs and interpreted structures for
well Har 1.

Well Har 1 is located at the Trail Ridge condominium complex on the north side of Ayer Road in
Harvard, MA. The condominium complex was under development in 2007. Trail Ridge sits on
the edge of hill overlooking swampy lowland. Three wells were drilled for a pump-storage
system designed for the complex. All three wells had yields estimated at less than five gallons
per minute. The well used in this study was estimated at three gallons per minute. The site ID
for this well is har1.060407. The well was logged from June 4 through June 7, 2007. The
elevation of the site is approximately 130 meters above sea level.

The well has 5.8 meters of casing installed through approximately 2 meters of glacial
overburden. The material at this site is a thin till which is a nonsorted, nonstratified matrix of
sand with some clay, silt and boulders. The well is cased into bedrock, which is the Tadmuck
Brook Schist. The Tadmuck Brook schist is a sulfidic, quartz-muscovite-biotite schist located
along the Clinton-Newbury Fault zone that forms the northern boundary of the Nashoba Terrane.
There is an outcrop of Tadmuck Schist only a few meters from the well.

The total depth of har1.060407 is 171 meters. There were a total of 89 fractures identified over
the length of the well. Eight of the total fractures are subhorizontal unloading joints, 56 are
tectonic joints and 25 are FPF. There are no subhorizontal joints below 40 meters.

The water table in the well was 5.64 meters below the ground surface. The well was pumped at
0.5 gallons per minute for four hours drawing the well down 0.3 meters over that time. Heat
pulse flow meter tests revealed five flowing fractures over the length of the well. Of the total
flowing fractures four are tectonic joints and one is a subhorizontal unloading joint. The flowing
fractures were located at 20.2, 39.2, 43.6, 128.8 and 141.4 meters depth.



Appendix 9, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Har 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Data shown under the
pumping test have been normalized.

Site 102 narl 60407

Location: "Trail Ridge” Harvard, BMA

Elavatlon |m) 130

Reported Yizld (gom) 3

RoCK Typa: Schist

Dapth to water: 1E.5 fr 5.54 m

Dapth of casing: 15 f—. 570 m

Dapth of wall: SE0 fr 170.69 m

Land surfaca fo MP: 395 fz 120 m

Fracturaz Amblant Pump  at0.5 gpm
Humber Depth (m) Depth (ft) Azimuth ] Type | Flow (yn) gpm [amb} nofes | Flow (y'n) gpm [pump) notes

1 71 23.2 o7 26 t ri o n 038
2 7.4 244 24 37 t n o n .36
3 B0 264 14 54 t i o n 036
4 2.1 28.9 o 30 t n o n .36
B a5 312 228 45 ] i o n 036
E 2.7 E 2] 139 44 t n o n .36
T 100 329 200 38 t i o n 036
g 11.2 36.9 154 7 t n o n .36
g 13.2 433 172 7 t i o n 036
L] 13.9 45.5 347 20 H n o n .36
11 16.3 534 176 7 t i o n 036
12 20.2 66.3 34 69 t ¥ -0.08 flow in ¥ .36 flow in
13 239 78.3 245 B0 ] i -0.08 n |
14 15.6 E3.9 216 64 ] n -0.08 n 0.1
15 269 EB.2 351 17 H i -0.08 n |
18 28.6 3.9 50 7 t n -0.08 n 0.1
17 2B.6 40 215 ? H i -0.08 n 0.1
18 8.9 4.8 338 12 H n -0.08 n 0.1
13 5.1 B5.6 237 B3 ] i -0.08 n |
20 8.5 o6.B 232 1 ] n -0.08 n 0.1
21 Pk GO 237 B3 ] i -0.08 n |
22 30.7 l00.& 74 74 t n -0.08 n 0.1
23 312 1025 4 20 H i -0.08 n |
24 323 1058 319 69 t n -0.08 n 0.1
25 327 107.3 31 L H i -0.08 n |
28 336 1101 1E3 79 t n -0.08 n 0.1
27 342 1123 237 ] ] i -0.08 n |
28 349 1146 3E 70 t n -0.08 n 0.1
23 354 115.0 121 7 ] i -0.08 n |
30 355 1166 206 78 t n -0.08 n 0.1
] 35.7 117.2 287 25 H i -0.08 n 0.1
32 375 1231 1E3 79 t n -0.08 n 0.1
33 392 1287 275 22 [ i -0.08 ¥ ol flow in
34 422 1386 135 B4 t n -0.08 n o]
35 425 1303 23 26 t i -0.08 n o
38 432 1417 a0 70 t n -0.08 n o]
37 43.6 1432 323 39 t n -0.02 flow out ¥ -0.07 Thoww in
38 450 1av.7 32z 71 t n -0.02 n -0.07
33 465 1525 7 63 t i -0.02 n -0.07
40 450 160.7 177 70 t n -0.02 n -0.07
4 305 1658 02 73 t i -0.02 n -0.07
42 346 1791 162 B4 ] n -0.02 n -0.07
43 354 1B1: 170 53 t i -0.02 n -0.07
44 35.6 1813 352 33 t n -0.02 n -0.07
45 364 191.7 231 B3 ] n -0.02 i -0.07
45 389 1932 130 B3 ] n -0.02 n -0.07
47 9.1 226.9 343 38 t n -0.02 i -0.07




Appendix 9, continued. Midpoint depth, strike and dip of features identified in optical televiewer log,
fracture type and heat pulse flowmeter data from Har 1 (azimuth and dip reported using right hand rule
convention; t = tectonic fractures, s = sheeting joints, p = foliation parallel fractures). Data shown under the
pumping test have been normalized.

45 9.3 2274 348 83 t n -0.02 n -0.07
43 9.9 2292 175 83 t ] -0.02 i -0.07
50 7.5 2380 38 53 t n -0.02 n -0.07
51 773 2535 41 L] t ] -0.00a flow out i -0.07
52 18 2685 159 53 t n -0.00e n -0.07
53 226 2711 342 55 t ] -0.00e i -0.07
54 6.4 2833 343 70 t n -0.00e n -0.07
55 api 2955 242 Bl P ] -0.00e i -0.07
55 a16 300.4 230 79 P n -0.00e n -0.07
57 a3 3053 125 77 t ] -0.00e i -0.07
a8 932 I05E 145 71 t n -0.ooe n -0.07
53 934 305.3 182 53 t ] -0.00e i -0.07
4] 93.5 3068 153 &7 t n -0.ooe n -0.07
E1 238 30E2 173 57 t ] -0.00e i -0.07
B2 29.9 vz 348 73 t n -0.ooe n -0.07
B3 nzz 3358 7 71 t ] -0.00e i -0.07
B4 1031 3384 184 78 t n -0.00e n -0.07
ES Lz 34148 184 76 P ] -0.00e i -0.07
B5 5.2 3454 345 74 t n -0.00e n -0.07
&7 ez 3554 247 7E P ] -0.00e i -0.07
L] 1127 369.9 259 76 t n -0.00e n -0.07
E3 1133 7z 266 83 P ] -0.00e i -0.07
T 1138 3732 1534 &0 P n -0.ooe n -0.07
™ 1145 3756 2ea 77 P ] -0.00e i -0.07
T2 1148 37e.7 182 &0 P n -0.ooe n -0.07
73 1198 3931 3z 27 t ] -0.00e i -0.07
T4 1213 J9EE 280 8E P n -0.ooe n -0.07
75 1254 4116 112 37 t ] -0.00e i -0.07
T 1288 4223 348 76 t n -.ooe ¥ 007 flow out
7 1292 4238 23 73 t ] -0.00e i -0.03
T8 1312 4306 133 74 t n -0.00e n -0.05
T3 1207 461.3 281 74 P ] -0.008 ri -0.03
L] 1414 4638 105 33 t n -ope ¥ -003 flow out
L] 1543 5051 155 Bl P ] -0.00e i 1]
B2 1623 3353 134 73 t n -0.ooe n Q
B3 1659 5475 131 54 P ] -0.00e i 1]
B4 1671 4B 220 77 P n -0.ooe n Q
85 1678 5508 131 52 t ] -0.00e ¥ 1]
Bs 1682 3519 323 71 t n -0.ooe n Q
87 1683 5511 103 50 t ] -0.00e i 1]
] 1683 3557 243 &3 P n -0.ooe n Q
B3 1688 553.7 100 45 t r -0.008 ri ]




Appendix 9, continued. Interpreted features for Har 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 9, continued. Interpreted features for Har 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 9, continued. Interpreted features for Har 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 9, continued. Tadpole plots and stereoplots of interpreted optical televiewer (OTV) structures
for Har 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 9, continued. Composite log for Har 1 of natural gamma, fluid resistivity, fluid temperature and

been normalized.

heat pulse flowmeter data under ambient and stressed (pumping) conditions. For the heat pulse flowmeter
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