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November 1997

EXECUTIVE SUMMARY

This report provides a summary and evaluation of geotechnical instrumentation of the Hopkinton
Lake Dam in Hopkinton, New Hampshire. The Hopkinton Lake Dam was constructed for flood
control purposes and is a rolled earth fill with rock slope protection.

Geotechnical instrumentation at the dam consists of eight crest monuments, 22 piezometers, and
seventeen tilt plates. The tilt plates are discussed in a separate report prepared by the Corps of
Engineers (COE). In addition, there are also eight relief wells located on the downstream berm.
Plate 2 shows the locations of the geotechnical instrumentation.

Crest Monuments

Eight crest monuments (Mons. 1 through 8) were installed in September 1985. There are also
four control points labeled “SCOTT”, B(H514), C, and D composed of brass discs set in ledge
or concrete. Surveys for horizontal control were performed by the COE in 1986, 1991, and
1996. Vertical movement surveys were performed in 1985, 1986, 1991, and 1996. Survey data
are presented on Plates 12 and 13. Computed horizontal and vertical movements were small
with a range of horizontal movement from 0.010 to 0.037 foot (0.1 to 0.4 inch) between 1991
and 1996. Given the fact that visual inspections by the COE have shown no evidence of adverse
movements at the dam, this amount of movement is not considered significant. The maximum
net vertical movement recorded since 1985 is 0.082 foot (less than 1 inch) of settlement. This
amount of settlement is close to the margin of error for the survey and thus is considered to be
insignificant.

Piezometers

There are currently 22 piezometers installed at the dam. Five of these piezometers were installed
since the last periodic inspection. These five piezometers were installed in three boreholes
located along a cross section at about Station 5+25. Two piezometers were installed in a
borehole located on the upstream slope, two in a borehole located on the downstream slope, and
one in a borehole located on the downstream toe. The piezometer locations are shown on Plate
2. Table 1 gives the station, offsets, boring numbers, and elevations of key piezometer features.
Plates 9, 10, and 11 give the engineering logs of the boreholes and piezometers. Plates 14 and
19 show a cross section through the dam at Station 5+25, showing the piezometer locations and
piezometer data. Plates A.1 through A.48 show the boring logs, piezometer logs, and the results
of the falling head tests on the piezometers. Data for the other 17 piezometers are shown on
Plates 15, 17, and 18.
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The COE project personnel measured piezometer pore water elevations according to the reading
schedule shown on Plate B.3 from January 1992 through April 1997. Table 2 lists measured
pore water depths in the piezometers from January 1992 through April 1997. Table 3 lists
measured pore water elevations in the piezometers from January 1992 through April 1997.
Table 3 data are plotted as time histories on Plates C.1 through C.6. Plates D.1 through D.6
contain the piezometer time history data for the high pool event in October 1996. Plates E.1
through E.22 show plots of piezometer pore water elevation vs. pool elevation.

An average piezometer pore water elevation was calculated for each piezometer based on the
monthly data excluding the daily data collected during high pool periods. Table 4 lists the
selected piezometer data used to calculate the average piezometer levels along with the
calculated averages. Based on the plots of piezometer pore water elevation vs. pool elevation,
projections were made of the likely piezometer pore water elevations for a flood pool at spillway
crest. These projections are shown on Plates E.1 through E.22 and are listed in Table 8.
Plates 15, 17, 18, and 19 show the average piezometer water levels, the maximum piezometer
water levels recorded during the October 1996 high pool event, and the projected piezometer
water levels for a flood reaching spillway crest for several cross sections and profiles.

Relief Wells

The COE project personnel measured relief well water elevations according to the reading
schedule provided as Plate B.3 from January 1992 through April 1997. Table 5 lists measured
water depths in the relief wells from January 1992 through April 1997. Table 6 lists measured
water elevations in the relief wells from January 1992 through April 1997. Table 6 data are
plotted as time histories on Plate F.1. Plate G.1 contains the relief well time history data for the
high pool event in October 1996. Plates H.1 through H.8 show plots of relief well water
elevation vs. pool elevation.

An average relief well water elevation was calculated for each relief well based on the monthly
data excluding the daily data collected during high pool periods. Table 7 lists the selected relief
well data used to calculate the average water levels along with the calculated averages. Based
on the plots of relief well water elevation vs. pool elevation, projections were made of the likely
relief well water elevations for a flood pool at spillway crest. These projections are shown on
Plates H.1 through H.8 and are listed in Table 8. Plate 16 shows the average relief well water
levels, the maximum relief well water levels recorded during the October 1996 high pool event,
and the projected relief well water levels for a flood reaching spillway crest.
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Conclusions and Recommendations

Based on past performance of the dam and on the performance of the instrumentation to date,
the Hopkinton Lake Dam appears to be suitably instrumented. Existing instrumentation
indicates that the dam embankment is functioning suitably relative to seepage and crest
movements.

Comparison of data between 1991 and 1996 indicates horizontal displacements in the range of
0.010 to 0.037 foot (0.1 to 0.4 inch). The crest monument data show that movements are
generally small and, taken together with past COE visual inspection reports indicating no
evidence of adverse movements, can be considered insignificant. The maximum net vertical
movement recorded since 1985 is 0.082 foot (less than 1 inch) of settlement. This amount of
settlement is close to the margin of error for the survey and thus is considered to be insignificant.

The crest monuments should continue to be surveyed and evaluated on the current schedule of
once every five years just prior to the periodic inspection.

We consider the number of piezometers installed to be adequate unless physical evidence of
unusual seepage patterns observed in the future indicates the need for additional instrumentation.

The current schedule of monitoring the piezometers is adequate.

—
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PREFACE

Purpose and Scope

This report provides a summary and evaluation of geotechnical instrumentation of the Hopkinton
Lake Dam in Hopkinton, New Hampshire.

GEI performed the following work:

a)

b)

©)

d)

g)

Reviewed Periodic Inspection Reports 1 through 5 and data provided by the U.S. Army
Corps of Engineers (USACE) on August 19, 1997. (Tasks 1 and 2)

Prepared an instrumentation general plan in a Microstation drawing file. (Task 3)

Prepared drafted engineering logs and piezometer logs, profiles, and cross sections in
Microstation drawing files. (Tasks 4 and 5)

Prepared Lotus 1-2-3 plots of piezometer data. (Task 6)
Prepared a phreatic surface plan in a Microstation drawing file. (Task 7)

Prepared survey data and horizontal and vertical movement plots in Microstation drawing
files. (Task 8)

Prepared this report summarizing Tasks 1-8). (Task 9)

Project Personnel

Gillian M. Gregory Project Manager
Carolyn Lewis Civil Engineer
Dana Macl.eod Lead Drafter

R. Lee Wooten In-House Reviewer

Elevation Datum

All elevations in this report are referenced to National Geodetic Vertical Datum (NGVD).
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Limitations

Our professional services for this project have been performed in accordance with generally
accepted engineering practices. No other warranty, expressed or implied, is made.
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1. PROJECT PERFORMANCE

The dam performance is rated as good based on the instrumentation data compiled to date. Crest
monument data indicate that horizontal displacements between 1991 and 1996 are in the range
of 0.010 to 0.037 feet (0.1 to 0.4 inch). The maximum net settlement since 1985 is 0.082 foot
(less than one inch). The piezometer readings, including the new piezometers, and dam
performance indicate that the impervious central core is sufficient to lower the pore pressures
and exit gradients so that seepage is safely exiting at the toe of the dam.
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2.

2.1

GENERAL PROJECT DESCRIPTION
History
2.1.1 General

The Hopkinton Lake Dam project is part of one of the four reservoir projects that have
been constructed in the Merrimack River Basin by the Corps of Engineers for flood
control and other purposes.

Hopkinton Iake Dam is located in the town of Hopkinton on the Contoocook River,
approximately 18 miles southwest from the confluence of the Contoocook and Merri-
mack Rivers at Penacook, New Hampshire (Plate 1). Construction of the project was
started in November 1959 and completed in July 1963. An upstream permanent pool is
kept at approximately El. 380.0 feet NGVD. The downstream forebay pool created by
the Hoague-Sprague Dam has an average elevation near 380.0 feet NGVD. The
Hopkinton Lake Dam project was designed and built as part of the overall Hopkinton-
Everett reservoir system.

2.1.2  High Pools

a. April 1996 Flood: The embankment was subjected to its highest impoundment
to date with a maximum water surface elevation of 415.8 feet NGVD, stage
49.8 feet (0.2 foot below the spillway crest), 95% full. The embankment per-
formed satisfactorily during this impoundment. The dam was inspected at the
time of the flood by an Emergency Response Team from Geotechnical
Engineering Division (GED). A small boil was reported at the base of the left
downstream abutment. Also, several small clear seeps were observed emerging
along the base of the downstream left abutment above El. 384 feet, NGVD.
These seepage flows were attributed to groundwater draining off the left
abutment and not seepage through the dam embankment. No abnormal seepage
conditions such as piping, boils from through seepage, or sinkholes were
observed by the team or reported by the Project Manager.

b. June 1984 Flood: During June 1984, the embankment was subjected to its
second highest impoundment to date with a maximum water surface of
407.5 feet NGVD, stage 41.5 feet (8.5 feet below spillway crest). The dam was
inspected at the time of the flood by an Emergency Response Team from
Geotechnical Engineering Division (GED). No abnormal seepage conditions
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such as piping, boils, or sinkholes were observed then by the team or
subsequently reported by the Project Manager.

C. March 1990 Pool: During March 1990, the embankment was subjected to its
highest impoundment since piezometers 3 through 11 were installed in 1987 and
1988. The maximum water surface during this small event was at El. 397.2 feet
NGVD, stage 31.2 (18.8 feet below the spillway crest).

d. August 1991 Pool: During the August 1991 event, the embankment was
subjected to an impoundment of 394.6 feet NGVD, stage 28.6 feet (21.4 feet
below spillway crest). The dam was inspected at the time by an Emergency
Response Team from Geotechnical Engineering Division (GED). No abnormal
seepage conditions such as piping, boils, or sinkholes were observed then by the
team or subsequently reported by the Project Manager. During this time the
forebay pool was empty (July 9 to October 24, for maintenance), which caused
the water elevations in the piezometers and relief wells on the left side of the
outlet channel to drop.

e. October 1996 Pool: During October 1996 the embankment was subjected to an
impoundment of 403.2 feet NGVD, stage 37.2 feet (12.8 feet below spillway
crest).

The instrumentation evaluation in this report is based on Piezometer 1 - 11 readings from
1992 to the present and Piezometers 13A and B, 14A and B and 15 from 1994 to the
present. In addition, a review was made of piezometer data reported in the prior report
(Ref. 4.

I References are listed at the end of this report.
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2.2

23

Geology and Foundations
2.2.1 General

The Hopkinton Reservoir occupies low, flat, relatively wide areas in the pre-glacial
Contoocook Valley, which has been generally deeply filled with outwash deposits and
till. The entire reservoir was occupied during the recessional phase of the last glaciation
by connected pools or sluggish-current lakes impounded behind ice and debris barriers
that caused temporary damming and diversion of the natural drainage. In the areas
occupied by the transient pools, deposits of sand, silt, and gravel occur. Till and till-
covered bedrock hills that rise above the lowlands form the perimeter of the reservoir
(Ref. 1).

2.2.2  Site Geology

The Contoocook River flows in a deep, narrow valley entrenched in till. The right
abutment rises steeply from the edge of the river; the left abutment is less steep and rises
from a narrow floodplain that occupies the left side of the valley bottom. Bedrock is
deeply buried at the site occurring throughout at depths of up to 90 feet. The overburden
is generally till that is overlain on the abutments by a thin blanket of silt or fine sand and
in the valley bottom by variable, thin deposits of recent alluvial, mostly sands and gravels
(see Plates 4A and 4B) (Ref. 1).

A plan of subsurface explorations performed for the original design of the dam is shown
on Plate 3. The piezometer installation plan and relief well plan is shown on Plate 2.
Plates 5A-11 show engineering logs for original foundation exploration borings, for
piezometer borings, and for relief wells. Engineering log sections and a section with the
highest piezometric and relief well levels from significant pool events are shown on
Plates 14-21.

Dam and Appurtenant Structures Description

The dam embankment is a rolled earth fill with rockfill slope protection. It is 790 feet long with
a maximum height of 73 feet above streambed. The top minimum elevation is 437.5 feet
NGVD. Plates 21-28 contain a general plan and typical sections of the dam. The dam consists
of a homogeneous section of impervious fill, with its slopes protected with a quarry-run type
rock on gravel backing. Embankment seepage is controlled by a gravel chimney located near
the center of the embankment and connected to a horizontal downstream pervious blanket.
Foundation relief wells were provided at the downstream toe to control potential seepage and
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uplift development. The outlet works, located in the dam on the left bank of the river, consists
of an approach channel, gate tower, three conduits, stilling basin, an outlet channel, and a
forebay pool.

The Hoague-Sprague Dam located immediately downstream of the dam is used to supply water
to the nearby paper mill.

The spillway is a concrete, trapezoidal weir (ogee section) founded on rock and is located in
Dike H-3, located about 8,000 feet east of Hopkinton Dam (See Plate 1). Top elevation is El.
416 feet NGVD, and the crest length is 300 feet.

Instrumentation to monitor dam performance at Hopkinton Lake Dam consists of 8 crest monu-
ments, 17 tilt plates, and 22 piezometers. There are also eight relief wells located along the
downstream berm. A general plan of instrumentation is shown on Plate 2. There is no
instrumentation at dikes H-2 and H-3.

—
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3.

3.1

INSTRUMENTATION

Crest Monuments

Eight survey crest monuments were installed at the dam and initially surveyed in September
1985 by contract. Other surveys were also done in March 1986, April 1991, and March 1996.
The crest monuments are Corps of Engineers’ brass discs set in 10 feet of NX steel casing filled
with concrete and labeled Mon. 1 to Mon. 8. The crest monuments were installed flush with the
ground surface in the middle of the sidewalk on the downstream side of the dam crest. The
location of all crest survey monuments are shown on Plate 12. Four control points have been
installed for monitoring movements of the dam, Mon. “Scott”, B (H514), C, and D (Plate 12).
All control points are assumed to be fixed reference points. The current standards and
procedures employed for crest monument surveys at Hopkinton Lake Dam are contained on
Plates B.1 and B.2.

3.2

Piezometers
3.2.1 PZ-1and PZ-2

PZ-1 and PZ-2 are open-type piezometers located at the bottom and ends of the
foundation drain beneath the stilling basin; they were installed during construction of the
stilling basin (see Plate 25). The piezometers were installed to measure the hydrostatic
pressures at the bottom and at each end of the foundation drain located 15 feet below the
base of the stilling basin.

3.2.2 PZ-3toPZ-11

Twelve piezometers (PZ-3A to PZ-8B) were installed (two in each borehole) in
September 1987 along the downstream berm (see Plate 2). The piezometers are labeled
PZ-3A, 3B, 4A, 4B, 5A, 5B, 6A, 6B, 7A, 7B, 8A, and 8B. Three piezometers (PZ-9, 10,
and 11) were installed in 1988 along the east outlet retaining wall and Hoague-Sprague
forebay dike to aid in the analysis of the movement of the stilling basin and east outlet
retaining wall. All piezometers are Casagrande-type with 3/4-inch, PVC riser pipe and
are manually read using an M-Scope Water Level Indicator.

3.2.3 PZ-13 to PZ-15

Five piezometers were installed in 1993, two each in two boreholes (PZ-13A and B, PZ-
14A and B) and one in a third borehole (PZ-15). The locations are shown on Plate 2.
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Boring logs and piezometer installation logs are shown on Plates A.1 through A.438.
Graphic logs for the three borings and five piezometers are shown on Plates 9-11. The
piezometers are Casagrande-type with 3/4 inch, PVC riser pipe and are manually read
using an M-Scope Water Level Indicator.

Piezometer data, including piezometer location (station and offset), piezometer tip and
tip elevation, and the zone/material where the tip is located, are included in Table 1.

33 Relief Wells

There are connected deposits of laminated fine sand and clay and stratified sands and gravels
within and under the glacial till (Plates 4A and 4B). The relief wells were installed during con-
struction of the dam to relieve potential development of hydrostatic pressures in the deposits
within and under the till. The wells are 8 inches in diameter, approximately 74 feet deep, and
discharge into the rockfill adjacent to the forebay pool. The wood stave screens are 24 feet in
length and surrounded by 40 feet of gravel pack. A detail of the wells is shown on Plate 25. The
location plan is shown on Plate 2. The water surface in each well is read with an M-Scope Water
Level Indicator.

3.4  Tilt Plates
Seventeen tilt plates were installed in 1989 to monitor the movement of the east outlet channel

and stilling basin retaining walls. Tilt plate data obtained through 1996 were reported and
evaluated by COE in Ref. 5.

—
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4.

4.1

DATA COLLECTION, INTERPRETATION, AND EVALUATION
Crest Monuments
4.1.1 Data Collection

The results of the crest monument surveys are shown on Plates 12 and 13. Distances
between control points and the crest monuments for the survey performed March 1996
along with the coordinates and elevations of control points (which are assumed to be
fixed reference points) and crest monuments are also shown on Plate 12. Computed
horizontal and vertical movements of each monument are plotted on Plate 13,

4.1.2 Interpretation and Evaluation

All four surveys were performed using an electronic distance meter (EDM) with Third
Order, Class II accuracy {1:5000) for horizontal measurements and Third Order, Class I
accuracy (1:10,000) for vertical measurements according to the standards and procedures
outlined on Plates B.1 and B.2.

a. Vertical Movement: The surveys indicate that the total-vertical movement of
any one crest monument was limited to or less than 0.082 foot (less than one
inch) between 1985 and 1996 (Plate 13). This range of movement is close to the
margin of error for the survey methods; therefore, it is possible that no rise or
settlement occurred at all. The magnitude of vertical movement is so minute
that it is considered negligible, regardless of whether the readings were a result
of embankment settlement or settlement of the monument itself.

The rises and settlements just described are within the margin of error for the
survey methods used, and it is likely that no rise or settlement actually occurred.
The magnitude of any of the vertical movements are so small that they may be
considered negligible, regardless of whether the movements are considered
actual rise or settlement of the embankment or of the monument itself.

b, Horizontai Movements: The horizontal movement surveys, performed using a
combination of trilateration angles, show the range of movement from 0.010 to
0.037 foot (0.1 to 0.4 inch) between 1991 and 1996 (Plate 13). According to
COE, there was no physical evidence of movement, such as slumps, scarps,
cracks, or depressions, at any monument that would indicate movement of any
significant magnitude in the embankment. The computed movement was
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attributed to the survey accuracy or natural soil adjustment. The 1996 survey
showed random movement between 1991 and 1996 in the upstream direction of
Mons. 1,2, 3, 7, and 8, where Mons. 4, 5, and 6 showed slight movement in the
downstream direction. In any event, the small amount of movement recorded
and the lack of any other manifestation of movement of the embankment leads
to the conclusion that no significant movement of the dam is occurring at this
time. From the data that have been acquired to date, it is concluded that there
has been insignificant horizontal movement within the embankment, and any
recorded movements are probably due to instrument error.

Piezometers

4.2.1

Data Collection

Location Maps: A general plan of the project showing the location of the active
piezometers and the corresponding identification number for each piezometer
is provided to project personnel to eliminate identification and data recording
inaccuracies.

Data Collection Tables: A table listing the piezometer identification number,
stationing and offset, as well as piezometer top and tip elevations is also
provided for recording and submitting piezometer readings.

Reading Schedule (See Plate B.3): Piezometer monitoring at Hopkinton Lake
Dam has been maintained by project personnel since the installation of the
piezometers in 1987. The minimum piezometer reading schedule presently in
effect is as follows:

(1) Routine: During periods when the reservoir is at or below the 22-foot stage
(EL. 387.5 feet NGVD), readings should be made by the project manager
at least once a month. When access to instruments is made hazardous by
snow or ice, the readings may be deferred until safe access is possible.

(2) High Pool: During periods when the reservoir level (includes rising and
falling pools) is above the 22-foot stage, readings should be made on a
daily basis. Pool elevations should be recorded simultaneously with

piezometer, relief well, and tail water pool readings. On a falling pool, piezometer readings
should continue for approximately five days after the pool has returned to its normal elevation.
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d. Special Conditions: If unusual changes in readings develop or if piezometers
become inoperable, Geotechnical Engineering Division should be contacted.

Readings obtained from the piezometers are compiled in Table 2. Pertinent information
includes the date of reading, pool elevation, and depth to water below the top of the
piezometer riser pipe. Actual water elevations for each piezometer are in Table 3.

4.2.2  Interpretation and Evaluation

a. Presentation of Data: Numerous plots have been developed to display the
piezometric data. All the plots were developed using Lotus 1-2-3 computer
software spreadsheet.

Time-history plots for the years 1992-1997 for each piezometer are included as
Plates C.1 through C.6. A time-history plot was developed for the October 1996
flood event for each piezometer and presented as Plates D.1 through D.6. X-Y
plots of piezometer water elevations vs. pool elevation developed for each
piezometer are included as Plates E.1 through E.22. These plots reflect all
piezometric data collected between 1992 and 1997. Also plotted on Plates E.1
through E.22 is a projection of the piezometric elevation corresponding to a pool
at spillway crest.

b. Individual Piezometer Response: All pertinent information (station, offset, top
and tip elevations, zone and material type where tip is located) for each
piezometer is listed in Table 1 and shown graphically on cross sections on Plates
14 through 19. Falling head tests were performed immediately after completion
of installation. These tests confirmed that all piezometers are in working order.
The results of these tests for PZ-13A & B, PZ-14A & B and PZ-15 are shown
on Plates A.17 - A.18, A.34 - A.35, and A 48.

(1) PZ-1: Piezometer 1 is located on the downstream side of the dam adjacent
to the east stilling basin wall with its tip at the bottom and end of the
foundation drain beneath the stilling basin at EL. 331.0. The piezometer tip
is surrounded by a sand filter extending from El. 329.0 to 337.0. The
piezometer extends through the concrete base slab and compacted
impervious fill zone of the forebay dike (Plates 18, 25, 27, and 28). The
piezometer was installed at the same time the dam was constructed to
measure the hydrostatic pressure in the foundation drain under the stilling
basin. Material surrounding the tip is fine filter fill. The normal water

et
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level in PZ-1 ranges from EL 363.5 to about El. 369 for the period 1992 to
1997 (Plate C.1). This compares to elevations of 364 to 367 reported for
the period 1987 to 1991 (Ref. 4). The reading of El. 375.4 on April 3, 1993
(Table 3) appears to be an error. Inspection of the depth readings for that
date (Table 2) shows that the readings for PZ-1 and PZ-2 were probably
reversed on the data sheets. According to the prior report (Ref. 4), the
foundation drain under the stilling basin, where PZ-1 and PZ-2 tips are
located, is directly connected to the tailwater by an outlet into the stilling
basin at El. 363.0, and the piezometric level in PZ-1 tends to respond more
to tailwater than to pool level. The piezometric level in PZ-1 does increase
in response to rise in pool level, but the response is somewhat dampened.
Plate D.1 shows the piezometric response to the pool level and the spillway
discharge during the October 1996 flood, the response being similar to that
of the 1987 flood (Plate 18, Ref. 4). Plate E.1 shows the piezometric level
plotted against pool elevation. The plot shows a projection of piezometric
level for a pool at spillway crest. The projected elevation for pool at
spillway crest for PZ-1 is 369.4.

PZ-2: PZ-2 is also located on the downstream side of the dam adjacent to
the stilling basin’s west wall with its tip at E1. 330.0. This piezometer is
similar to PZ-1 in construction (Plate 25) and response to a rising pool.
Normal water level in PZ-2 from 1992 to 1997 also ranges from El. 363.5
to about EL 369, compared to 364 to 367 for the period 1987 to 1991 (Plate
C.1). The reading of El. 358.8 on April 3, 1993 (Table 3) appears to be an
error as explained above. Response of PZ-2 to rising pool and spillway
discharge is also similar to PZ-1 (Plate D.1). The projected piezometric
level in PZ-2 with pool level at spillway crest is 369.3 (Plate E.2).

PZ-3A: PZ-3A is located on the downstream berm, near the left abutment
with its tip in foundation soils at EL. 305.7. The tip is surrounded by filter
sand extending from El. 303.5 to 321.2, which is capped with a 4.5-foot
bentonite seal. The foundation material that influences the response of PZ-
3A is a gray silty (25-35%) SAND with gravel (5-15%) with large cobble
fragments (SM). The normal groundwater level in PZ-3A ranges from EL
375 to El. 377 over the period 1992 to 1997 (Table 4). This compares to
a range of from El. 375.5 to 377.0 from 1987 to 1991. The time-history
plots (Plates C.2 and D.2) show a rise in piezometric elevation with rise in
pool level, with a lag of a couple of days in response. The projected
piezometric elevation with pool level at spillway crest is 379.2 (Plate E.3).

y—
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PZ-4A: PZ-4A is located on the downstream berm, left of the outlet, with
its tip in foundation soils at El. 305.7. The tip is surrounded by filter sand
extending from El. 304.7 to 321.2, which is capped with a 4-foot bentonite
seal. The foundation material that influences the response of PZ-4A is a
gray-brown silty (22%) SAND with gravel (7%) and a trace of clay (SM).
The normal groundwater level in PZ-4A ranges from El. 370 to El. 372
over the period 1992 to 1997 (Table 4). This compares to a range of from
El 369 to 372.0 from 1987 to 1991, The time-history plots (Plates C.2 and
D.2) show a rise in piezometric elevation with rise in pool level, with a lag
of a couple of days in response. The projected piezometric elevation with
pool level at spillway crest is 374.7 (Plate E.4).

PZ-5A: PZ-5A is located on the downstream berm to the right of the
outlet, with its tip in foundation soils at EL. 305.6. The tip is surrounded by
filter sand extending from El. 304.2 to 321.1, which is capped with a 4.1-
foot bentonite seal. The foundation material that influences the response
of PZ-5A is a gray sandy (48%) SILT with a trace of gravel (ML). The
normal groundwater level in PZ-5A ranges from El. 368 to EL 370 over the
period 1992 to 1997 (Table 4). This compares to a range of from El. 368
to 371 from 1987 to 1991. The time-history plots (Plates C.2 and D.2)
show a rise in piezometric elevation with rise in pool level, with a lag of a
couple of days in response. The projected piezometric elevation with pool
level at spillway crest is 372.8 (Plate E.5).

PZ-6A: PZ-6A is located on the downstream berm to the right of the
outlet, with its tip in foundation soils at El. 305.9. The piezometer tip is
surrounded by filter sand extending from El. 304.5 to 320.4, which is
capped with a 5.1-foot bentonite seal. The foundation material that
influences the response of PZ-6A is a gray-brown silty (25-35%) SAND
with rock fragments (SM). The normal groundwater level in PZ-6A ranges
from El. 368 to El. 371 over the period 1992 to 1997 (Table 4). This
compares to a range of from El. 369 to 371 from 1987 to 1991. The time-
history plots (Plates C.2 and D.2) show a rise in piezometric elevation with
rise in pool level, with a lag of a couple of days in response. The projected
piezometric elevation with pool level at spillway crest is 373.0 (Plate E.6).

PZ-7A: PZ-7A is located on the downstream berm to the right of the
outlet, with its tip in foundation soils at El. 305.2. The piezometer tip is
surrounded by filter sand extending from El. 304.2 to 320.2, which is

—§
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capped with a 5.0-foot bentonite seal. The foundation material that
influences the response of PZ-7A is a gray-brown silty (10-20%) GRAVEL
with sand (5-15%) and rock fragments (GM). The normal groundwater
level in PZ-7A ranges from El. 368.2 to El. 371 over the period 1992 to
1997 (Table 4). This compares to a range of from El 369 to 371 from
1987 to 1991. The time-history plots (Plates C.2 and D.2) show a rise in
piezometric elevation with rise in pool level, with a lag of a couple of days
in response. The projected piezometric elevation with pool level at
spillway crest is 372.9 (Plate E.7).

PZ-8A: PZ-8A is located on the downstream berm to the right of the
outlet, with its tip in foundation soils at El. 305.5. The piezometer tip is
surrounded by filter sand extending from El. 304.5 to 320.8, which is
capped with a 10.7-foot bentonite seal. The foundation material that
influences the response of PZ-8A is a gray-brown silty (23-30%) SAND
with gravel (SM). The normal groundwater level in PZ-8A ranges from EL
367 to EL. 370 over the period 1992 to 1997 (Table 4). This compares to
a range of from El. 368 to 370 from 1987 to 1991. The time-history plots
(Plates C.2 and D.2) show a rise in piezometric elevation with rise in pool
level, with a lag of a couple of days in response. An unusually high
reading recorded on 2/5/96 appears to be the result of transposing the data
for PZ-8A and PZ-8B on the data sheets. The projected piezometric
elevation with pool level at spillway crest is 372.1 (Plate E.8).

PZ-15: PZ-15 is located on the downstream berm to the right of the outlet,
with its tip in foundation soils at E1. 301. The piezometer tip is surrounded
by filter sand extending from El 299 to 334, which is capped with a 6-foot
bentonite seal. The foundation materials that influence the response of PZ-
15 are stratified silty sands with rock fragments (SM) and some varved
clay. The normal groundwater level in PZ-15 ranges from El. 370 to El.
377 over the period 1994 to 1997 (Table 4). It is not clear why there was
a significant drop in piezometric level during August and September 1994.
The time-history plots (Plates C.2 and D.2) show a rise in piezometric
elevation with rise in pool level, with a lag of a couple of days in response.
The projected piezometric elevation with pool level at spillway crest is
378.1 (Plate E.9).

(10) PZ-3B: PZ-3B is located on the downstream berm, near the left abutment,

with its tip in foundation soils at El. 349.7. The piezometer tip is
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surrounded by filter sand extending from El. 348.7 to 358.7, which is
capped with a 3-foot bentonite seal. The foundation material that
influences the response of PZ-3B is a gray, silty (31%) SAND with clay
(SC-SM). The normal groundwater level in PZ-3B ranges from El. 375.5
to EL 377.5 over the period 1992 to 1997 (Table 4). This compares to a
range of from El. 375 to 377 from 1987 to 1991. The time-history plots
(Plates C.3 and D.3) show a rise in piezometric elevation with rise in pool
level, with a lag of a couple of days in response. The projected piezometric
elevation with pool level at spillway crest is 379.7 (Plate E.10).

PZ-4B: PZ-4B is located on the downstream berm, left of the outlet, with
its tip in foundation soils at El. 349.7. The piezometer tip is surrounded by
filter sand extending from El. 348.7 to 358.7, which is capped with a 5-foot
bentonite seal. The foundation material that influences the response of PZ-
4B is a gray, silty (13%) SAND with gravel (SM). The normal
groundwater level in PZ-4B ranges from El. 367.5 to EL 370.5 over the
period 1992 to 1997 (Table 4). This compares to a range of from El. 368
to 370 from 1987 to 1991. The time-history plots (Plates C.3 and D.3)
show a rise in piezometric elevation with rise in pool level, with a lag of a
couple of days in response. The projected piezometric elevation with pool
level at spillway crest is 373.3 (Plate E.11).

PZ-5B: PZ-5B is located on the downstream berm to the right of the outlet,
with its tip in foundation soils at El. 349.6. The piezometer tip is
surrounded by filter sand extending from El. 348.6 to 359.1, which is
capped with a 1.8-foot bentonite seal. The foundation material that
influences the response of PZ-5B is a gray, silty (31%) SAND with clay
(14%) and a trace of gravel (SC-SM). The normal groundwater level in
PZ-5B ranges from El. 379.5 to El. 382 over the period 1992 to 1997
(Table 4). This compares to a range of from El. 378 to 381 from 1987 to
1991. The time-history plots (Plates C.3 and D.3) show a rise in
piezometric elevation with rise in pool level, with a lag of a couple of days
in response. A sharp dip in the data on 4/9/94 may be due to an error in
recording the depth (a depth of 0.97 foot may have been recorded as 9.7
feet). There are also two low readings in the spring of 1996 that are
unexplained. The projected piezometric elevation with pool level at
spillway crest is 382.5 (Plate E.12).
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(13) PZ-6B: PZ-6B is located on the downstream berm to the right of the outlet,
with its tip in foundation soils at El. 349.9. The piezometer tip is
surrounded by filter sand extending from El. 348.9 to 358.9, which is
capped with a 3.6-foot bentonite seal. The foundation material that
influences the response of PZ-6B is a gray, silty (28%) SAND with clay
(10%) and gravel (5%) (SM). The normal groundwater level in PZ-6B
ranges from El. 378.5 to El. 380.5 over the period 1992 to 1997 (Table 4).
This compares to a range of from El. 378 to 380 from 1987 to 1991. The
time-history plots (Plates C.3 and D.3) show a rise in piezometric elevation
with rise in pool level, with a lag of a couple of days in response. The
projected piezometric elevation with pool level at spillway crest is 382.9
(Plate E.13).

(14) PZ-7B: PZ-7B is located on the downstream berm to the right of the outlet,
with its tip in foundation soils at El. 349.2. The piezometer tip is
surrounded by filter sand extending from El. 348.2 to 359.2, which is
capped with a 2-foot bentonite seal. The foundation material that
influences the response of PZ-7B is a gray, silty (15%) clayey (14%)
SAND with gravel (23%) (SC-SM). The normal groundwater level in PZ-
7B ranges from El. 378.5 to El 380.8 over the period 1992 to 1997 (Table
4). This compares to a range of from EL 378 to 381 from 1987 to 1991.
The time-history plots (Plates C.3 and D.3) show a rise in piezometric
elevation with rise in pool level, with a lag of a couple of days in response.
The projected piezometric elevation with pool level at spillway crest is
382.9 (Plate E.14).

(15) PZ-8B: PZ-8B is located on the downstream berm to the right of the outlet,
with its tip in foundation soils at El. 349.5. The piezometer tip is
surrounded by filter sand extending from El. 348.5 to 358.5, which is
capped with a 6-foot bentonite seal. The foundation material that
influences the response of PZ-8B is a gray, sandy (43%) SILT with clay
(18%) and a trace of gravel (ML). The normal groundwater level in PZ-8B
ranges from EI. 379.5 to El. 382 over the period 1992 to 1997 (Table 4).
This compares to a range of from El. 379 to 381 from 1987 to 1991. The
time-history plots (Plates C.3 and D.3) show a rise in piezometric elevation
with rise in pool level, with a lag of a couple of days in response. The
projected piezometric elevation with pool level at spillway crest is 382.4
(Plate E.15).
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(16) PZ-9: PZ-9 is located on the downstream dike adjacent to the stilling

basin’s east outlet channel wall with its tip in foundation soils at El. 340.0.
The piezometer tip is located below the outiet wall base slab on the outlet
channel side of the wall’s seepage cutoff key and is surrounded by filter
sand extending from EL 337 to 349, which is capped with a 2-foot
bentonite seal. The foundation material that influences the response of PZ-
9 is a gray SAND with silt (5-15%) and gravel (10-20%) (SP-SM). The
normal groundwater level in PZ-9 ranges from El. 364 to El. 367.5 over the
period 1992 to 1997 (Table 4). This compares to a range of from El. 364
to 367 from 1987 to 1991. The time-history plots (Plates C.4 and D.4)
show a rise in piezometric elevation with rise in pool level, with a lag of a
couple of days in response. The projected piezometric elevation with pool
level at spillway crest is 369.4 (Plate E.16).

(17) PZ-10: PZ-10 is located on the downstream dike adjacent to the stilling

basin’s east outlet channe] wall with its tip in foundation soils at El. 323.7.
The piezometer tip is surrounded by filter sand extending from El. 322.2
to 337.5, which is capped with a 1.7-foot bentonite seal. The foundation
material that influences the response of PZ-10 is a gray silty (32%) SAND
with gravel (14%) (SM). The normal groundwater level in PZ-10 ranges
from El. 367.1 to El 369.7 over the period 1992 to 1997 (Table 4). This
compares to a range of from El. 368 to 370 from 1987 to 1991. The time-
history plots (Plates C.4 and D.4) show a rise in piezometric elevation with
rise in pool level, with a lag of a couple of days in response. The projected
piezometric elevation with pool level at spillway crest is 372.6 (Plate E.17).

(18) PZ-11: PZ-11 is located on the downstream dike adjacent to the stilling

basin’s east wing wall with its tip in foundation soils at El. 354.2. The
piezometer tip is located below the wall base slab similar to PZ-9 and is
surrounded by filter sand extending from El. 349.8 to 358.2, which is
capped with a 2-foot bentonite seal. The foundation material that
influences the response of PZ-11 is a gray silty (36%) SAND with fine
gravel (6%) (SM). The normal groundwater level in PZ-11 ranges from EL
365 to EL 368 over the period 1992 to 1997 (Table 4). This compares to
a range of from El. 365 to 367 from 1987 to 1991. The time-history plots
(Plates C.4 and D.4) show a rise in piezometric elevation with rise in pool
level, with a lag of a couple of days in response. There is one high reading
in March 1992 and one low reading in May 1994 that cannot be explained.
The projected piezometric elevation with pool level at spillway crest is
370.8 (Plate E.18).
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(19) PZ-13A: PZ-13A is located on the upstream slope of the embankment with

= its tip in foundation soils at El. 299. The piezometer tip is surrounded by

filter sand extending from EL 297 to 315, which is capped with a 6-foot

bentonite seal. The foundation materials that influence the response of PZ-

- 13A are a dark gray, silty (25-35%) SAND with gravel (15-25%) (SM) and

a brown sandy 30-40%) CLAY with little gravel (CL). The normal

groundwater level in PZ-13A ranges from El. 370 to El. 373 over the

period 1994 to 1997 (Table 4). The time-history plots (Plates C.5 and D.5)

show a rise in piezometric elevation with rise in pool level, with a lag of a

couple of days in response. An unusually high reading on 4/30/96 may be

the result of transposing the depths recorded for PZ-13A and PZ-13B. The

projected piezometric elevation with pool level at spillway crest is 375.3
- (Plate E.19).

(20) PZ-14A: PZ-14A is located on the downstream slope of the embankment
with its tip in foundation soils at EL. 303. The piezometer tip is surrounded
by filter sand extending from ELl. 300 to 320, which is capped with a 6-foot
bentonite seal. The foundation material that influences the response of PZ-
14A is a brown clayey (10-20%) SAND with gravel (15-25%) (SC). The
normal groundwater level in PZ-14A ranges from El. 369.2 to El. 372 over

— the period 1994 to 1997 (Table 4). The time-history plots (Plates C.5 and

D.5) show a rise in piezometric elevation with rise in pool level, with a lag
of a couple of days in response. An unusual reading on 4/30/96 may be the

- result of transposing the depths recorded for PZ-14A and PZ-14B. The

projected piezometric elevation with pool level at spillway crest is 374.2
(Plate E.20).

(21) PZ-13B: PZ-13B is located on the upstream slope of the embankment with

its tip near the boundary between embankment and foundation soils at

El 368. The piezometer tip is surrounded by filter sand extending from

El. 366 to 374, which is capped with a 4-foot bentonite seal. The
- foundation materials that influence the response of PZ-13B are a dark
gray. silty (25-35%) SAND with gravel (15-25%) (SM) and a brown sandy
(30-40%) CLAY with little gravel (CL). The normal groundwater level in
PZ-13B was difficult to estimated due to the scatter in the data (Table 3 and
Plate C.6). The time-history plots (Plates C.6 and D.6) appear to indicate
piezometric levels higher than pool level. An unusually low reading on
4/30/96 may be the result of transposing the depths recorded for PZ-13A
and PZ-13B. Also, the readings for PZ-13B and PZ-14B may have been
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transposed on 4/25/97. Due to the large scatter in the data (Plate E.21), the
projected piezometric elevation with pool level at spillway crest was not
estimated.

(22) PZ-14B: PZ-14B is located on the downstream slope of the embankment

with its tip near the boundary between embankment and foundation soils
at EL 369. The piezometer tip is surrounded by filter sand extending from
El. 367 to 377, which is capped with a 6-foot bentonite seal. The
foundation material that influences the response of PZ-14B is a brown,
medium to fine SAND with a trace of silt (SP). The normal groundwater
level in PZ-14B ranges from El. 380 to El. 384 over the period 1994 to
1997 (Table 4). The time-history plots (Plates C.6 and D.6) show arise in
piezometric elevation with rise in pool level, with a lag of a couple of days
in response. An unusual reading on 4/30/96 may be the result of
transposing the depths recorded for PZ-14A and PZ-14B. Also, the
readings for PZ-13B and PZ-14B may have been transposed on 4/25/97.
The projected piezometric elevation with pool level at spillway crest is
382.6 (Plate E.22).

Profile Evaluation

(1) Downstream Berm: Piezometers 3 through 8 are all located along the

downstream berm, all in the same profile (Plate 15). Time history data for
the deep piezometers (PZ-3A, PZ-4A, PZ-5A, PZ-6A, PZ-7A, PZ-8A, and
PZ-15) are shown together on Plates C.2 and D.2 for the past five years and
for the high pool event, respectively. Time history data for the shallow
piezometers (PZ-3B, PZ-4B, PZ-5B, PZ-6B, PZ-7B, and PZ-8B) are shown
together on Plates C.3 and D.3 for the past five years and for the high pool
event, respectively. The data show responses similar to those shown in the
prior periodic inspection report (Ref. 4). Both the deep and shallow
piezometers respond to changes in pool elevation.

For the piezometers to the right of the outlet and stilling basin, piezometric
levels in the deep piezometers were 10 to 12 feet lower than in the
shallower piezometers, indicating that the downstream forebay pool affects
the shallow (B) piezometers more than the deeper (A) piezometers, and that
there is not a significant artesian condition in the gravels underlying the
dam. Water levels in the deep piezometers averaged about 367 to 371, an
elevation that is probably close to the groundwater levels that would have
existed prior to dam construction. Water levels in PZ-3A and PZ-15 are
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)

typically about 5 feet higher than in the other deep piezometers to the right
of the stilling basin. This may indicate that these two piezometers are
founded in similar strata or that PZ-3A is influenced by the abutment and
PZ-15 is influenced by recharge from relief well RW-2. Relief Well RW-2
is closer to PZ-15 than any other relief well is to an adjacent piezometer.
Therefore, it is possible that there would be a recharge effect at PZ-15 that
might not be evident at other piezometers. Average readings for PZ-5B,
PZ-6B, PZ-7B, and PZ-8B are in the range of 379 to 381 over the past five
years.

Piezometers PZ-3A&B and PZ-4A&B are located to the left of the outlet
and stilling basin. Piezometric levels in the deep piezometers to the left of
the outlet appear to be about 2 to 5 feet higher than the levels in the deep
piezometers to the right of the outlet and stilling basin. Piezometric levels
in PZ-4B are about 2 feet lower than in PZ-4A, indicating that the levels in
PZ-4B appear to be influenced by the foundation drains for the adjacent
stilling basin. Piezometric levels for PZ-3A and PZ-3B are very similar
over the five years. The level in PZ-3A is 5 to 7 feet higher than for the
deep piezometers in the valley bottom, indicating some influence from the

. left abutment. The level in PZ-3B is 3 to 5 feet lower than for the shallow

piezometers in the valley bottom, indicating less of a connection with the
forebay reservoir.

Station 5+25: Piezometers PZ-13A&B, PZ-14A&B, and PZ-15 were
installed during 1993 at approximately Sta. 5+25 (Plate 19). Time history
data are shown together on Plates C.5 and D.5 for the past four years and
for the high pool event, respectively. Normal piezometric levels in deep
piezometers PZ-13A and PZ-14A are close to or lower than pre-existing
ground levels, indicating that there is not a significant artesian condition in
the gravels underlying the dam. As described above, PZ-15 may be
influenced by RW-2, resulting in higher piezometric levels than in PZ-13A
or PZ-14A. Piezometric levels in PZ-13B typically respond closely to
fluctuations in the pool level as would be expected, although there is a lot
of scatter in the data. Piezometric levels are generally about 5 feet higher
in PZ-13B than in PZ-14B. As would be expected, the compacted pervious
fill drain layer affects the response of PZ-14B, limiting piezometric levels
to an elevation corresponding to the top of the drain layer (Plate 19).

——
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3)

“4)

As shown on Plate 19, piezometric levels during the October 1996 high
pool event rose by 2 to 4 feet in the three deep piezometers. The
piezometric level in PZ-14B rose by less than 2 feet and appears to be
controlled by the compacted pervious fill drain layers, as expected. The
piezometric level in PZ-13B rose during the high pool event, but, as shown
on Table 3, the high piezometric level of El. 409 occurred four days prior
to the high pool of El. 403.2. This indicates that rainfall may be infiltrating
the piezometer, producing high piezometric readings in advance of the high
pool. An estimated phreatic surface is shown on Plate 19 for the October
1996 high pool event. We have shown the location of the phreatic surface
upstream of the dam centerline based on the average piezometric level in
PZ-13B during the high pool event (about El. 390), rather than the suspect
peak reading of El. 409. However, it should be noted that it is difficult to
determine where this phreatic surface should be shown due to the transient
nature of flood events.

East Outlet Channel Wall: PZ-9, PZ-10, and PZ-11 are located along the
east stilling basin wall (Plate 17). Piezometric levels in these piezometers
were similar, with PZ-10 having slightly higher levels than PZ-9 and PZ-
11. According to Ref. 4, the responses of these piezometers are related to
discharges in the outlet channel. The responses over the past five years are
consistent with those reported in Ref. 4 (see Plates C.4 and D.4).

Stilling Basin Cross Section: PZ-1 and PZ-2 are located on either side of
the stilling basin (Plate 18) with their tips in the fine filter material beneath
the stilling basin, According to Ref. 4, the responses of these two
piezometers are affected more by the discharge rates and height of water
in the stilling basin than the pool level. The responses of PZ-1 and PZ-2
are very similar to one another, as expected, and are consistent with data
reported in the prior periodic inspection report (Ref.4).

Maximum piezometer levels recorded during the October 1996 high pool event
are shown on Plate 20. However, because the piezometer levels were so similar,
it was not possible to show groundwater contours.

——
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4.3

Relief Wells
4.3.1 Data Collection

Water surface elevations for relief wells are collected in the same manner as the
piezometer data as described in subsection 4.2.1. However, very little data have been
collected since October, 1994. Relief well depths and elevations are given in Tables 6
and 7, respectively. Time-history plots of all eight relief wells are shown on Plate F.1.
A time-history plot for the October 1996 high pool event is shown on Plate G.1. Relief
well elevation vs. pool elevation plots are included as Plates H.1 - H.8.

4.3.2 Interpretation and Evaluation

Based on the soil profile, only RW-1, RW-4, and RW-8 intercept the gravel layer below
the dam (Plate 16). The others are located in the glacial till. The strata surrounding RW-
6 are questionable; the log for the relief well indicates a gravelly (water-bearing) river
bed sand, while the adjacent boring log indicates glacial till.

During January 1994, the relief wells were flushed (Ref. 6). Up to 7.7 feet of sediment
was removed from the wells. Based on drawings showing design well depths (Plates 16
and 25), it appears that between 0.5 and 3.5 feet of sediment may have remained at the
bottom of the wells after flushing. This amounts to 2 to 15% of the well screen length
compared to 25 to 50% reported for the prior periodic inspection (Ref. 4). It was stated
in Ref. 4 that the gravel pack is of too fine a gradation for the well screens size, and thus
it is possible that slightly more sediment is in the wells in 1997 than in 1994. It was also
reported in Ref. 4 that inspection by a down-hole camera in 1992 had indicated a
significant build-up of mineral deposits on the well screens that would restrict flow into
the wells.

Relief wells 2 through 8 are located on the downstream toe berm to the left of the stilling
basin outlet. They respond only slightly to rising pool elevation and generally remain at
about EL 380 to 382 (Plate F.1). In addition, the water levels change only slightly when
the pool was drawn down to El. 365 in mid-1993. The forebay pool elevation is
generally at 381+ feet. The T-invert outlet of RW-2 through RW-8 is at El. 375
according to as-built plans (Plate 25). With the forebay pool above the relief well outlet
elevation, water from the forebay pool can back up into the relief wells. It would thus
be difficult to determine whether any water is flowing into the relief wells from the
underlying gravel layer.

—
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RW-1 is located to the right of the stilling basin outlet. It appears not to be influenced
by the forebay pool, and water levels in RW-1 generally range from El. 369 to 371. The
water levels respond slightly more to changes in pool elevation than do RW-2 through
RW-8 (Plates F.1 and G.1). The levels are at about the level of natural groundwater prior
to construction of the dam.

A piot of water elevation vs. pool elevation was prepared for each relief well (Plates H. 1
to H.8). These show the projected reading if the upstream pool were to reach spillway
crest elevation of 416.0 feet. Projected elevations are shown in Table 8.

§ GEI Consultants, Inc.
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5.

5.1

CONCLUSIONS

General

Based on past performance of the dam and on the performance of the instrumentation to date,
the Hopkinton Lake Dam appears to be suitably instrumented. Existing instrumentation indi-
cates that the dam embankment is functioning suitably relative to seepage and crest movements.

5.2

5.3

Crest Monuments
5.2.1 Schedule

The planned schedule for crest monument surveys for the Hopkinton Lake Dam is once
every five years, which coincides with the periodic inspection schedule. This schedule
is adequate unless physical evidence of embankment movement is found or the next
scheduled survey results in unusual readings. Therefore, the next scheduled survey
should be performed in 2001, just prior to the periodic inspection.

5.2.2 Evaluation of Adequacy

The number and locations of the crest monuments are adequate to evaluate embankment
movements. Comparison of data between 1991 and 1996 indicates horizontal
displacements in the range of 0.010 to 0.037 foot (0.1 to 0.4 inch). Measured settlements
since 1985 are less than 0.082 foot (1 inch). In the absence of any reported physical
evidence to indicate embankment movement, these displacements and settlements are not
considered significant.

5.2.3 Recommendations

The crest monuments should continue to be surveyed and evaluated on the current
schedule.

Piezometers
5.3.1 Schedule

The current schedule of monitoring the piezometers is adequate.

Q GEI Consultants, Inc.
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5.4

5.3.2 Evaluation of Adequacy

The shallow (B) piezometers along the downstream toe berm appear to be influenced by
the downstream forebay pool more than the upstream Hopkinton Lake Dam. The deep
(A) piezometers have piezometric levels close to pre-existing ground and about 7 to 9
feet lower than the shallow piezometers. According to the prior report (Ref. 4), although
levels in the “B” piezometers dropped when the forebay pool was emptied, the “B” levels
were still higher than the “A” levels, indicating that the downstream forebay pool affects
the shallow (B) piezometers more than the deeper (A) piezometers and that there is not
a significant artesian condition in the gravels underlying the dam. Data from new
piezometers installed in 1993 tends to confirm this. Piezometric levels in the upstream
embankment respond to the pool level, while piezometric levels in the downstream
embankment are controlled by the drain layer. Piezometers near the outlet channel and
stilling basin appear to be influenced by the discharge through the channel and drainage
layers beneath the structures. Piezometers to the left of the outlet are not affected by the
forebay pool but do respond to changes in the level of Hopkinton Lake. Piezometric
levels in the PZ-3A&B piezometers also appear influenced by the nearby abutment, as
the levels are slightly higher than in the PZ-4A&B piezometers. The piezometric level
in PZ-15 may be influenced by recharge from adjacent relief well RW-2.

Existing piezometers appear adequate to characterize piezometric levels at Hopkinton
Lake Dam.

5.3.3 Recommendations

The piezometric levels should continue to be recorded and evaluated on the current
schedule.

Relief Wells

5.4.1 Schedule

The current schedule of monitoring the relief wells is adequate.

5.4.2 Evaluation of Adequacy

The relief wells were originally installed to relieve possible uplift pressures under the
dam. A gravel layer with a hydraulic connection to the reservoir was thought to exist

under the dam footprint. Based on review of the piezometric data to date, it appears that
without a permanent upstream pool, significant artesian pressures do not exist under the
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dam, and thus the relief wells may not be needed. In addition, water levels in the forebay
pool are higher than the T-invert outlets of the wells, and thus the wells may be acting
as gravity injection wells, as indicated by piezometric levels at PZ-15.

5.4.3 Recommendations

The relief well water levels should continue to be recorded and evaluated on the current
schedule.
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TABLE 1 - PIEZOMETER DATA - MATERIAL ZONES
Instrumentation Appendix
Hopkinton Lake Dam, Hopkinton, New Hampshire

Piez. Station CL Riser Pipe Piezometer Zone Material Tip Is Located In
No. Offset  Top Elevation  Tip Elevation
4} (feet-NGVD)  (feet-NGVD)
(feet)

PZ-1 5+58 213 376.3 331.00 Drain Filter Sand

Pz-2 6+49 213 384.7 330.00 Drain Filter Sand
PZ-3A 7+07 155 385.10 305.70 Foundation  Gray Silty SAND (SM)

PZ-3B 7+07 155 385.10 349.70 Foundation  Gray Silty SAND w/Clay (SC-SM)

PZ-4A 6+43 155 385.10 305.70 Foundation = Gray Br. Silty SAND w/Gravel
(SM)

PZ-4B 6+43 155 385.10 349.70 Foundation  Gray Silty SAND w/Gravel (SM)

PZ-5A 5+02 155 385.00 305.60 Foundation  Gray Sandy SILT (ML)

PZ-5B 5+02 155 385.00 349.60 Foundation  Gray Silty SAND w/Clay (SC-SM)

PZ-6A 4+50 155 385.30 305.90 Foundation  Gray Br. Silty SAND (SM)

PZ-6B 4+50 155 385.30 349.90 Foundation  Gray Silty SAND w/Clay (SM)

PZ-7A 4+02 155 384.60 305.20 Foundation  Gray Br. Silty GRAVEL (GM)

PZ-7B 4+02 155 384.60 349.20 Foundation  Gray Silty Clayey SAND (SC-SM)

PZ-8A 2+53 165 384.90 305.50 Foundation = Gray Br. Silty SAND w/Gravel
(SM)

PZ-8B 2+53 155 384.90 349.50 Foundation = Gray Sandy SILT (ML)

PZ-9 5+47 275 384.80 340.50 Foundation = Gray SAND w/Silt (SP-SM)
PZ-10 5+28 318 384.70 323.80 Foundation  Gray Silty SAND w/Gravel (SM)
PZ-11 5+08 357 384.10 353.10 Foundation  Gray Silty SAND w/Gravei (SM)

PZ-13A  5+25 59 417.7 299.0 Foundation = Brown SAND w/Silt (SP-SM)

PZ-13B  5+25 59 417.8 368 Embankment Dark Brown Sandy SILT, Trace
Gravel (ML)

PZ-14A  5+25 73 417.7 303 Foundation  Brown Clayey Sand w/Trace
Gravel (SC)

PZ-14B 5+25 73 417.8 369 Embankment Brown, M-F SAND w/Trace Silt
(SP)

PZ-156 5+25 155 384.3 301 Foundation  Gray Varved Clay w/M-F SAND

(CL)

Note: (1) All piezometers are located downstream of the crest, except PZ-13A and PZ-13B.

GEI Consultants, Inc.
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DATE .

01/31/92
03/03/92
03/12/92
03/13/92
03/14/92
03/15/92
03/16/92
03/17/92
03/18/92
03/19/92
03720/92
04/03/92
04/30/92
06/02/92
07/01/92
08/04/92
09/01/92
09/28/92
10/30/92
11/30/92
12131192
01/29/93
03/01/93
03131793
04/01/93
04/02/93
04/03/33
04/04/33
04/05/93
04/06/33
04/07/93
04/08/93
04/09/93
04/10/93
04/11/83
04/12/93
04/13/93
04/14/93
04/15/93
04/16/93
04/17/93
04/18/93
04/19/93
04/20/93
04/21/93
04/22/93
04/23/93
04/24/93
04/25/93
04/26/93
04/27/93
04/28/93
04/29/93
04/30/93
05/01/93
05/02/93
05/28/93
07/01/93
07/31/93
09/01/93
09/29/93
11/02/93
12/01/93
12/29/93
02/01/94

POOLEL PZ1_

38270
383.00
388.96
388.73
386.90
384.85
385.12
38350
382.48
382.80
382.60
38420
380.98
38496
380.15
380.12
380.00
38057
38212
384.00
384.00
384.00
38210
393.50
398.30
402.50
402.90
402.40
401.20
400.10
398.00
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
36550
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
365.50
380.19
380.18
383.13
384.10
383.50
NA

GEI Consuttants, Inc.

6.36
6.32
542
5.41
5.43
576
576
577
6.14
6.35
6.40
592
5.80
5.60
6.39
6.38
6.38
6.10
6.35
562
6.00
622
Pl
534
6.13
544
284
5.10
4.81
4.80
469
463
4.70
5.16
4.34
6.15
6.05
3.84
4.81
4.75
490
488
479
473
465
465
4.72
476
4.88
493
5.09
523
530
5.34
5.83
4.82
6.40
637
6.26
6.30
6.36
6.24
561
6.40
NA

PZ-2

388
382
291
292
292
3.26
326
3.30
365
387
390
331
333
298
3.90
387
388
3.60
386
312
350
372
Pl
285
364
295
533
282
232
229
221
218
2.26
264
284
365
358
255
23
226
235
239
228
221
216
217
230
228
2.41
2.49
263
27
282
284
333
335
390
389
377
381
388
375
3.12
3.90
NA

PZ-3A

2.74
2.80
236
225
221
231
241
245
258
273
287
2.49
243
260
290
295
3.00
287
300
247
270
259
=}
223
236
222
2.05
192
1.84
182
178
1.79
1.79
193
2.03
2.00
218
1.91
1.74
1.66
1.70
168
1.64
1.60
1.60
1.60
1.68
177
1.79
1.88
195
2.0
2.05
2.08
222
232
2.81
298
3.02
3.09
3.15
3.07
257
2.80
NA

PZ-3B

279
2.86
254
255
256
265
269
272
278
2.80
281
256
236
223
280
277
282
275
282
240
275
270

Pl
240
224
215
215
219
222
226

277
272
245
262

NA

PZ-4A

438
438
3.80
375
3N
3.87
397
4.00
420
437
4.40
4.06
403
408
450
455
455
440
457
399
423
422
Pl
379
4.02
375
355
3.42
3.31
3.28
324
3.22
3.25
3.46
359
3.70
3.89
3.39
323
3.16
3.20
3.20
3.16
311
3.10
3.10
317
321
3.30
3.35
3.50
358
361
3.64
385
3.94
4.45
457
456
4.61
4.77
4.55
4.01
4.42
NA

pz-48

PZ-5A

528
523
459
455
4.55
472
4.90
488
507
520
524
4.89
4.85
480
530
5.30
533
517
533
470
502
502
Pl
431
456
438
423
4.12
4.00
4.00
3.96
394
398
418
424
424
438
4.01
3.89
3.81
3.84
3.80
3.77
373
374
3.75
387
394
404
412
428
433
4.39
4.44
4.65
4.71
525
533
533
536
536
5.26
477
5.20
NA

4.84
485
436
4.35
433
458
455
457
473
483
486
458
467
470
5.03
5.08
511
5.00
511
457
475
478
Pl
423
439
418
4.09
4.03
404
401
400
398
4.04
426
417
420
4.27
393
3.86
384
3.87
385
483
3.82
3.82
3.85
3.90
3.96
4.04
4.09
421
4.24
427
432
452
4.53
498
513
512
5.18
520
499
4.50
478
NA

PZ-5B

1.08
0.96
1.18
1.00
1.04
1.04
1.00
105
1.08
1.10
1.10
102
1.71
1.60
173
171
1.71
153
115
102
090
096
Pl
095
094
PF
PF
PF
PF
PF
PF
092
095
099
095
093
094
0.91
0.95
0.95
095
0.90
094
098
098
098
097
0.99
1.06
108
1.03
1.06
1.04
1.08
163
1.50
1.66
1,68
1.59
162
166
1.01
1.01
1.07
NA

TABLE 2-

PZ-6A

481
485
4.40
441
443
456
460
464
474
480
483
457
472
470
502
509
512
502
515
462
477
478
Pl
426
426
412
4.09
4.16
4.14
413
412
414
419
424
419
410
413
3.94
392
392
3.92
3.90
389
3.90
392
397
401
4.06
410
421
431
430
434
437
456
451
494
512
514
520
520
5.00
460
480
NA

PIEZOMETER DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS, METERS

PZ-6B PZ-7A

1.58
157
1.42
1.45
151
154
152
1.55
164
1.60
164
Pl
192
192
205
205
208
195
1.60
152
142
148
Pl
135
124
115
1.15
1.18
122
122
131
134
1.40
1.43
1.35
124
1.16
11
114
1.16
1.16
117
1.15
1.18
120
123
127
132
1.40
1.44
143
1.46
1.44
1.50
197
1.85
206
208
198
201
2.09
153
150
154
NA

Project 97487

4.50
455
425
424
426
436
4.40
4.40
4.49
4.50
453
433
440
440
471
4.78
482
479
487
441
450
451
Pi
404
394
381
380
384
401
399
399
400
4.08
4.06
397
3.87
3.79
3.70
373
3.74
3.76
3N
3N
374
3.78
381
3.85
391
4.00
404
412
4.1
4.12
4.15
431
426
463
4.83
4.88
494
491
470
448
454
NA

PZ-78

134
133
129
120
122
128
127
1.30
138
136
1.38
1.25
1.65
172
1.80
1.81
185
1.70
134
125
112
1.16
Pl
109
097
.85
0.83
087
092
0.94
1.01
1.01
1.09
112
1.05
0.98
0.85
0.81
083
084
0.85
0.85
083
085
087
0.89
0.90
094
1.07
t11
1.06
1.10
1.08
113
163
152
1.84
177
162
171
1.82
1.22
1.20
125
NA

PZ-8A

496
504
474
4.72
472
483
4.95
4.88
494
497
497
478
488
4.98
5.20
525
532
528
545

PZ-88

091
090
190
096
0.90
0.90
0.90
0.90
0.90
0.90
0.90
Pl
158
150
1.60
161
163
148
108
103
090
PF
Pl
085
088
PF
PF
PF
PF
PF
PF
PF

PF
0.84
0.87
0.83
0.81
082
085
0.84
1.15
0.91
092
091
093
091
092
1.00
1.01
092
096
094
1.01
157
1.44
162
162
152
1.56
164
0.98
100
105
NA

PZ-9

6.27
6.20
5.40
538
534
5.61
5.69
568
6.02
6.24
627
5.84
575
5.69
6.32
6.32
633
6.07
6.31
5.49
591
603
Pl
530
6.00
545
537
507
479
478
4.68
4.61
4.66
515
525
5.80
592
503
4.80
472
484
484
476
469
463
462
470
4.76
4.85
491
5.07
5.20
527
534
5.69
576
632
635
6.33
6.27
637
6.21
5.60
6.25
NA

PZ-10

5.00
502
4.42
4.41
436
4.56
4.63
4.65
4.88
5.01
5.04
468
4.71
4.70
5.15
520
5.23
5.06
518
462
4.85
493
Pl
428
4.66
427
4.18
4,06
395
3.95
3.89
3.96
3.92
417
424
455
4.54
5.04
3.83
3.80
389
3.85
3.80
3.78
373
3.76
3.83
4.88
3.97
4.02
4.16
422
5.26
4.31
4.60
4.60
509
5.20
518
523
5.28
512
462
5.02
NA

PZ-11

575
0.90
4.70
472
471
4.98
5.05
5.05
525
555
555
512
516
514
575
5.75
571
545
562
502
540
550
Pl
480
554
499
4.84
460
424
425
106
399
399
445
472
530
5.48
3.96
429
4.18
433
433
425
4.10
4.01
4.00
4.16
4.28
437
442
464
475
582
488
530
534
5.85
578
5.66
566
570
555
508
570
NA

PZ-13A

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

PZ-138B

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

PZ-14A

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

PZ-14B  PZ-15

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
HNA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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TABLE 2- PIEZOMETER DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS. METERS

DATE POOLEL__PZ-1 PZ-2 __ PZ-3A _ PZ:3B

_ _ PZ4A___PZAB_ PZ-5A  PZ:5B __PZHA _ PZ-6B _ PZTA P 7.9 PZA0. _ PZ11 PZA3A  PZAIB  PZ14A_ PZ14B_ PZ:15

03/01/94 383.10 NA NA 3.09 2.88 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
04/01/94 385.00 5.36 (o] 2.21 219 372 435 421 Pl 430 1.62 4.11 1.33 478 Pl 527 4.30 4.99 13.72 9.51 13.89 11.04 Pl
04/07/94 389.90 523 276 1.99 1.76 352 403 401 1.00 4.05 141 3.87 1.16 438 PI 516 412 479 13.33 928 13.62 10.91 198
04/08/94 389.80 475 235 1.84 178 3.28 3.83 386 1.00 399 1.42 3.86 1.15 437 Pl 478 3.85 433 13.31 867 1353 1113 1.90
04/09/94 389.09 479 233 1.80 1.80 328 3.84 387 9.70 400 1.40 3.90 1.12 4.40 Pi 475 3.90 430 13.42 9.32 13.60 11.00 1.86
04/10/94 385.70 488 237 1.84 1.84 333 395 397 1.10 410 1.51 397 1.26 444 Pl 484 3.97 443 13.68 10.95 13.55 933 1.98
04/11/94 387.39 4,92 243 191 1.90 3.36 3.98 395 0.92 4,06 1.43 3.95 1.16 442 1.16 490 3.98 455 13.45 9.10 1365 11.05 1.93
04/12194 386.35 5.00 2.50 191 1.93 3.41 4.02 3.99 0.99 410 1.46 3.95 1.20 444 1.03 495 4.00 457 13.50 8.89 13.68 11.02 1.98
04/13/94 385.10 5.00 2.50 192 192 3.45 4.06 4,00 1.06 415 1.50 4,00 1.25 4.45 1.12 495 4,05 463 13.60 875 13.73 10.95 204
04/14/94 386.00 4.88 2.42 1.90 1.80 3.39 395 3.90 1.00 4.00 1.48 3.87 1.20 435 1.03 485 3.92 460 13.40 9.11 13.63 10.93 1.92
04/15/94 385.22 490 235 1.85 175 3.30 3.90 3.90 1.05 4,04 1.50 3.90 1.25 4.40 1.10 480 3.90 4.41 13.50 6.20 13.60 11.00 2.00
04/16/94 385.04 491 2.40 1.83 1.76 333 3.93 390 1.01 4.02 1.46 3.87 1.20 436 1.04 485 393 4.51 13.06 10.89 13.42 5.64 2.00
04/17/94 38521 491 243 1.86 174 3.33 3.80 3.89 0.99 3.99 144 3.86 1.19 4.34 1.02 492 3.92 452 13.39 1097 13.59 3.86 2.00
04/18/94 384.47 5.00 250 1.87 1.78 337 397 395 1.06 4,06 1.50 3.92 1.24 438 1.09 491 3.99 459 13.47 478 1365 10.98 2.08
04/19/94 38312 548 298 205 1.94 3.66 429 414 111 421 1.56 3.98 1.29 4.46 1.12 538 4.26 5.08 13.57 758 13.83 11.00 218
05/02/94 38351 597 3.48 253 222 413 480 454 141 456 1.84 4.30 157 477 1.43 590 468 555 13.34 6.47 1420 11.30 2.46
05/24/94 382.56 6.12 3.63 263 239 425 492 462 1.46 462 1.90 433 1.64 478 1.49 6.05 479 6.67 13.97 926 14.26 11.23 2.64
06/27/94 380.05 6.37 3.89 2.96 274 455 522 493 165 498 2.02 4,72 1.81 520 1.62 6.31 5.10 5.79 14.38 524 14861 11.47 295
08/01/94 379.88 6.35 3.86 3.30 278 4.60 526 5.01 1.59 5.03 2.03 477 1.80 525 1.62 6.28 513 5,63 14.46 9.48 14.66 11.50 459
09/01/94 379.80 6.40 391 3.14 290 4,68 532 5.06 1.62 510 2.06 4.80 1.85 530 1.65 6.35 520 5.76 14.50 946 1472 1151 3.92
10/03/94 382.18 6.33 3.84 3.05 268 458 5.22 4,90 1.00 495 1.56 464 1.36 5.16 1.05 6.27 5.01 5.60 14.37 9.50 1456 11.15 265
10/28/94 382.11 6.32 3.85 3.01 2.80 4.60 5.30 495 1.02 5.00 1.60 472 1.38 527 1.07 6.30 515 565 14.44 9.71 14.62 11.05 210
12/02/94 384.05 6.40 3.88 3.07 377 459 527 479 1.77 4.84 1.88 4,86 1.61 510 1.27 6.30 5.10 572 14.42 9.08 1462 11.43 2.1
03/02/95 382,78 P! Pl 2.90 2.80 PI Pl Pl Pl Pl Pl PI Pl Pi Pi Pl Pl PI Pl Pl Pl Pl PI
03/28/95 383.84 575 327 2.44 245 4.00 468 4.47 0.89 4.49 1.40 429 1.16 479 0.89 563 457 522 13.90 976 1415 10.82 197
05/01/95 381.76 6.44 393 275 270 4.51 519 5.07 137 5.09 1.91 4.80 1.63 5.20 1.55 6.18 5.29 5.80 14.30 10.66 14.63 10.95 293
05/26/95 380.96 6.40 3.90 2.90 278 451 520 495 1.55 5.00 2.00 471 1.80 5.16 1.60 6.20 513 5.76 14.35 1097 1465 11.41 290
06/27/95 379.60 6.40 3.91 3.03 297 4.65 533 510 1.70 515 213 490 1.91 5.38 1.72 6.30 523 5.80 14.51 10.38 14.80 11.57 326
07/26/95 379.21 6.36 3.87 3.15 2.98 468 535 5.0 1.56 521 2.02 497 1.81 5.47 1.60 6.26 525 5,69 1459 10.41 14.85 11.25 3.06
08/31/95 380.02 6.25 3.78 3.17 2.98 4.70 538 5.16 1.65 525 210 496 1.88 5.45 1.70 6.21 525 574 14.88 14.46 14.61 11.00 334
09/29/95 380.16 6.30 3.81 3.20 2.96 4,69 537 5.16 1.45 5.25 2.04 5.00 1.84 5.53 1.68 6.15 537 574 1464 10.58 14.90 11.55 322
1072995 389.70 5.05 2.59 237 2.06 372 420 424 0.96 433 1.35 418 1.1 473 1.00 502 423 452 13.65 3.90 13.90 10.97 256
10/30/95 388.53 495 2.40 224 210 4.12 3.59 4.18 091 4.33 1.33 420 1.1 485 0.98 5.90 414 425 13.75 5.85 13.90 11.01 2.64
10/31/95 385.80 5.03 250 225 222 3.64 334 430 0.94 4.45 1.42 431 1.18 492 0.96 4.99 426 4,43 13.90 7.97 14.02 11.96 262
11/01/95 386.91 515 264 232 2.26 3.72 430 431 0.89 4.42 135 4.77 114 4.78 0.91 5.08 431 4,78 13.85 946 14,00 11.85 2,69
11/02/95 383.17 523 275 2.36 2.98 3.80 4.45 437 1.04 4.50 1.43 432 1.25 4.81 1.00 520 437 471 14.00 9.03 1410 10.93 250
11/03/95 385.81 498 250 225 2,00 361 417 4.20 0.90 4.32 1.35 4.20 1.15 470 083 496 420 4.42 13.72 6.00 13.90 10.82 2.40
11/04/95 386.35 5.04 3.54 224 2.04 3.65 3.19 423 0.86 435 1.32 413 1.09 4.68 0.87 5.04 423 451 13.73 71 13.98 10.88 231
11/05/95 385.03 527 2.83 228 2.14 3.78 430 4.25 0.89 439 1.34 4.14 112 4.69 0.92 5.20 434 4.69 13.80 8.16 14,00 10.91 244
11/06/95 384.85 5.50 3.03 238 2.20 3.86 455 437 0.94 4.47 1.38 424 1.15 474 093 5.39 4.48 4.90 13.90 9.44 14.10 8.90 252
11/07/95 384.53 5.65 3.18 244 2.28 3.95 455 444 0.91 4,52 1.38 428 1.18 478 0.94 553 456 5.14 14.91 9.64 14.81 10.30 259
1113195 388.50 512 2.63 232 1.98 373 426 422 0.90 4.30 1.31 410 1.10 4.60 0.95 5.10 424 4.66 13.61 6.96 13.90 10.91 252
11/14/95 384 91 510 2.60 2.21 2.03 3.62 425 422 0.93 5.34 1.38 4.20 1.15 4.65 0.95 5.05 5.06 455 13.85 8.50 13.95 11.85 250
11/15/95 389.71 518 271 2.30 1.82 373 427 420 097 4.26 1.33 4,04 1.09 452 0.96 514 425 473 13.60 420 13.70 10.71 254
11/16/95 390.03 5.05 249 2.10 1.82 3.54 4.06 409 0.91 4.18 1.32 398 1.08 4.49 0.91 4.99 4.10 445 13.54 6.82 13.82 10.89 245
1117195 389.65 5.00 245 207 1.87 349 413 408 0.88 418 1.29 3.99 1.06 4.48 0.90 495 4.10 437 13.55 7.98 13.75 10.30 245
11718195 386.62 5.00 246 208 2.01 3.54 414 426 0.89 427 1.34 410 1.12 457 0.89 495 415 447 1371 8.98 13.87 10.85 2.46
11/19/95 384.58 522 272 217 2.10 3.70 432 425 0.96 435 1.40 4.15 1.18 461 0.90 5.17 428 481 14.90 9.52 14.78 10.25 253
11/20/95 383.30 538 2.89 228 2.14 3.79 448 431 098 440 242 417 1.18 464 0.93 5.31 434 493 13.89 8.54 14.08 10.82 257
11/21/95 383.60 5.34 2.85 224 2.15 376 4,42 433 0.96 4.44 1.44 419 122 4.66 0.98 527 433 487 13.81 8.86 14.03 10.86 267
11/22/95 385.66 5.65 3.09 234 2.14 3.86 451 433 0.99 4.38 1.41 414 1.18 4.61 0.96 548 4.43 5.056 13.80 8.63 14.05 10.30 266
12/27/95 383.09 ] Pi ] Pi PI Pl Pl Pl P! Pl Pl Pl Pi Pl Pl Pl Pl Pl Pl Pl Pl ]
01/22/96 389.05 516 2.64 217 2.43 3.62 429 4.20 0.93 432 1.36 416 1.14 467 092 5.08 422 4.64 13.67 10.41 13.90 10.93 PF
01/23/96 388.20 5.09 2.58 212 242 3.60 430 420 0.95 432 1.38 419 1.16 467 0.95 5.04 421 463 13.74 10.34 13.90 10.90 245
01/24/96 384.67 5.19 2.71 2.12 2.44 363 437 422 1.09 4.36 1.48 4,22 1.25 470 0,96 511 421 472 13.86 10.08 13.99 10.91 240
01/25/96 390.00 518 267 2.28 230 3.70 435 423 0.85 4,30 1.32 412 1.10 461 0.87 513 425 4,71 13.65 7.28 1392 11.02 237
01/26/96 388.85 4,90 228 205 225 348 412 4.10 0.90 4.20 1.32 410 1.12 462 0.90 4.85 4.05 441 13.62 6.55 13.80 11.06 2.30
01/27/96 386.67 499 246 201 2.33 348 416 415 0.98 4.29 1.42 4.15 1.20 462 0.99 493 413 4.48 13.87 10.87 233
01/28/96 391.02 516 2.80 2.01 2.00 3.52 411 4,05 0.90 410 1.30 392 1.10 443 0.88 508 412 463 13.44 5.56 13.70 10.94 221
01/29/96 393.59 511 2.67 1.97 192 3.46 3.99 398 0.88 403 1.26 3.86 1.04 436 0.88 503 4.06 457 13.60 637 1367 10.98 218
01/30/96 393.86 487 241 1.81 1.88 329 3.85 3.86 0.85 395 1.21 3.80 0.98 429 0.86 481 3.86 424 13.29 7.40 13.55 1076 219
01/31/96 391.20 493 243 1.82 195 331 3.91 394 0.91 408 1.28 3.91 1.04 4.38 0.90 4.85 3.95 4.16 1347 8.54 13.67 10.87 2.28
02/01/96 386.03 5.02 255 1.92 2.16 3.46 4.16 4.15 0.98 429 1.42 411 1.20 455 0.98 495 4.1 4.40 13.78 9.58 13.87 10.97 242
02/02/196 383.94 528 279 209 228 3.66 4.40 428 098 429 1.50 418 128 462 097 5.21 429 485 13.83 9.87 14.00 10.95 243
02/03/96 383.50 5.56 3.10 2.20 232 3.80 451 432 1.00 4.40 152 416 1.30 461 1.00 547 442 5.10 Pl Pl Pl Pl 250
02/04/96 384,10 5.05 3.60 234 2.40 405 417 449 Pl 4.48 150 420 1.29 463 0.94 5.90 467 558 Pl Pl Pl Pl 252
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TABLE 2- PIEZOMETER DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton. New Hampshire

DEPTH READINGS. METERS

DATE POOLEL Pz __PZ2 . PZ3A _ PZ3B  PZ4A  PZ4B _ PZSA _ PZ:5B  PZ-6A  PZ-68 _ PZJA _PZ7B  PZSA  PZ8B  PZ9  _PZ10 _ PZ11  PZ13A PZ13B PZ-MA PZ14B  PZ15
02/05/96 384.56 5.80 333 239 243 4.00 4.70 448 0.93 4.50 1.49 424 127 0.86 467 5.68 460 535 P Pl Pl Pl 258
02/06/96 383.90 6.24 3.76 249 251 417 4.89 4.59 Pl 459 1.55 4.31 132 472 Pl 6.07 481 570 Pl Pl Pl Pl 272
02/08/96 384.60 6.12 3.64 256 258 421 4.94 4.60 Pl 4.60 1.46 4.28 1.18 4.47 Pl 597 477 562 Pl Pl Pl Pl 27
02/28/36 383.60 538 284 213 251 368 4.43 426 0.81 4.34 151 4.14 1.29 4.61 0.85 5.26 431 4.84 13.75 10.15 13.97 10.90 274
03/28/96 384.30 5.80 3.30 2.40 250 4.00 4.72 4.48 0.97 4.50 1.45 4.29 1.25 475 0.87 5.70 460 522 13.88 10.38 14.15 10.95 2.80
04/17/96 395.00 6.40 395 220 1.65 398 430 422 441 4.10 1.16 367 0.92 4.41 098 6.12 462 569 13.10 463 13.75 10.24 273
04/18/96 400.10 6.36 390 215 1.60 395 426 420 439 4.00 1.15 365 0.90 412 096 6.10 4.60 567 13.04 4.61 13.72 10.20 270
04/20/96 401.40 4.77 217 1.57 1.63 3.08 3.61 367 0.85 374 1.04 358 0.76 4.06 0.86 467 3.68 4.01 13.08 8.80 13.10 10.72 216
04/22/96 397.10 4.87 228 1.60 1.83 318 376 384 091 394 1.20 3.77 094 420 091 4.76 3.83 4.09 13.80 10.50 13.02 899 227
04/23/96 395.60 4.82 233 1.66 179 321 3.82 382 0.89 3.93 1.18 377 0.92 4.24 0.80 474 378 4.06 13.56 10.79 13.43 821 2.08
04/24/96 395.60 491 246 172 171 326 3.83 390 081 4.00 1.23 3.89 091 4.30 0.80 4.82 387 412 1363 10.76 1351 6.78 2.10
04725/96 389.90 498 241 1.89 1.91 3.43 4.09 4.07 1.92 4.20 1.39 4.05 1.18 447 0.92 4.96 4.08 430 13.71 7.83 13.95 10.92 221
04/26/96 386.40 5.03 250 1.89 1.98 342 417 4,186 0.99 430 1.47 4.17 1.28 453 0.99 5.00 421 4.40 13.76 842 13.85 10.84 228
04727196 386.89 517 269 1.99 202 352 4.20 4.12 0.91 4.20 1.38 4.04 1.16 4.49 0.90 5.10 4.13 4.66 13.83 10.93 13.66 8.90 2.18
04728196 384.23 5.46 3.00 212 213 365 436 423 096 4.32 1.44 4.14 122 455 093 535 431 4.92 13.80 9.10 13,98 11.00 224
04/29/96 383.50 5.48 299 2.15 219 3.74 4.45 431 0.96 439 147 424 1.26 4.61 0.96 5.39 437 5.01 1393 9.19 14.03 10,92 231
04730196 384.30 5.49 3.01 216 2.06 374 4,46 427 092 432 1.43 413 122 4.54 0.93 5.39 435 499 830 10.80 10.34 13.80 2.26
06/04/96 380.57 6.45 396 276 257 445 514 485 1.56 483 1.98 4.50 175 4.87 1.58 6.32 503 585 NA NA NA NA NA
07/01/96 380.00 6.45 3.96 292 2.81 456 5.26 4,97 158 498 202 4.69 1.80 5.08 1.60 6.34 5.14 583 14.37 10.05 14.66 11.43 3.07
07/29/96 380.29 6.47 399 2.99 279 461 529 5,00 1.62 498 205 470 1.83 5.10 163 635 5.16 5.87 14.40 10.20 14.71 11.50 279
08/28/96 380.11 6.38 3.90 3.06 3.00 464 534 5.13 1.65 516 209 493 188 536 1.69 629 524 578 1453 10.51 1481 1153 278
09/29/96 379.91 6.35 3.86 3.12 29N 466 5356 512 165 516 211 4.93 1.90 537 167 6.27 5.24 575 1484 11.60 1456 9.60 2.84
10/21/96 392.44 6.02 3.53 272 234 420 476 4.46 090 4.39 129 417 1.06 468 091 591 475 5.39 13.53 276 14.00 11.01 227
1072296 401.65 6.05 357 249 1.83 4.05 429 429 0.88 4.16 1.1 3.88 087 4.40 0.88 591 463 5.40 13.20 6.48 13.83 10.90 220
10/23/96 401.80 4.94 244 221 1.75 354 3.94 393 0.83 3.95 1.00 3.75 074 428 085 493 3.99 4.29 13.20 1158 13563 10.88 1.95
10/24/96 403.17 495 245 1.98 1.85 339 3.85 3.90 087 3.99 1.04 3.80 079 432 085 489 397 4.25 13.30 8.20 13.56 10.85 195
10/25/96 401.36 497 240 1.96 2.00 340 3.90 4.00 085 4.05 11 3.90 087 440 090 4.87 4.00 4.10 13.43 8.85 13.74 10.90 1.97
10/26/96 401.00 4.95 2.41 1.98 210 3.44 3.98 4.03 087 4.15 1.20 3.99 092 448 0.88 4.90 4.03 4.15 13.58 8.80 13.76 10,95 197
10/27/196 397.60 4.96 243 2.01 216 3.47 4.04 4.1 0.91 422 1.24 4.05 1.00 453 092 492 408 4.16 13.69 8.57 13.83 10.90 201
10/28/96 393.85 5.04 243 207 2.23 3583 4.12 4.31 0.95 451 133 4.41 1.09 495 097 496 419 4.05 1395 830 14.04 10.87 2.10
10/29/96 386.84 5.0 250 220 242 3.65 435 440 1.01 461 145 4.47 122 490 097 5.01 429 4.25 14.22 826 1423 11.02 210
10/30/96 383.80 5.44 296 241 254 392 468 451 0.94 4.69 1.51 450 129 494 095 537 458 4.84 14.26 8.24 1434 10.86 221
10/31/96 383.53 565 3.16 251 255 4.06 478 4.60 0.97 468 1.51 4.50 1.32 492 096 5.56 465 5.04 14.18 8.29 14.35 10.94 230
11/01/96 383.70 6.21 374 260 2.55 422 490 468 0.99 468 1.52 4.42 130 4.86 0.99 6.05 490 5.50 1411 8.41 14.41 10.97 242
11/02196 384.50 589 3.40 236 254 418 4.87 4.60 0.89 469 1.44 4.40 123 484 0.92 5.80 475 528 14.20 8.42 1435 10.95 2.36
11/03/96 383.40 6.26 375 273 260 433 5.02 476 0.98 478 1.52 4.50 131 4,90 1.02 6.10 498 552 14.20 8.55 1448 10,99 2,52
11/10/96 389.60 497 249 242 2.40 3.80 4.50 428 0.88 435 122 4.15 1.00 462 0.80 5.05 422 465 13.71 5.82 13.98 10.87 222
11/11/96 386.60 5.26 2.80 228 236 365 438 424 0.84 4.38 1.30 4.20 1.10 472 085 5.20 430 4.65 14.80 7.95 PI Pl 225
11/12/96 386.10 499 252 218 232 358 428 420 076 432 127 420 1.04 470 0.80 497 422 450 13.77 905 13.93 10.89 217
11/13/96 383.65 528 278 225 238 375 4.45 4.33 0.95 4.49 1.43 4.32 123 479 097 523 439 475 13.95 9.27 14.10 10,92 232
11/14/96 383.80 530 281 229 240 375 4.46 4.36 0.90 449 1.40 433 1.19 482 0.93 523 439 4.79 1391 9.39 14.09 10.87 230
11/15/96 384.22 5.86 335 240 245 4.03 4.7 454 097 458 1.46 438 127 4.87 098 572 467 5.30 13.95 9.52 14.15 10.95 2.41
11/29/96 383.81 598 3.48 258 252 4.18 4.90 462 0.95 4.64 146 4.40 1.27 4385 0.97 588 477 5.38 14.10 8.50 14.43 10.94 2.50
12131/96 385.42 535 2.86 208 1.95 364 432 421 0.90 426 137 4.07 1.16 451 0.9 527 427 4.79 Pi Pi Pl Pi 224
033197 391.09 Pl Pl Pl Pl Pl Pl Pl Pl Pl Pi PI Pl Pl Pl Pl Pl Pt Pl Pl Pl Pl Pl
04721197 398.04 501 252 1.98 159 3.45 3.99 3.88 088 3.85 1.1 373 0.85 4.1 0.88 4.97 4.95 4.50 13.10 7.00 1355 10.80 2.40
04722197 398.20 4.80 233 1.65 1.60 3.15 3.70 372 0.85 3.79 1.08 3.60 1.83 4.09 0.87 372 375 422 13.01 7.80 13.40 10.70 2.30
04/23/97 397.03 4.82 2.31 1.62 1.68 3.26 3.85 378 0.87 3.84 1.13 3.68 0.88 4.15 0.88 474 3.79 423 13.20 8.47 13.52 10.72 235
04724197 394.28 470 222 163 1.80 3.15 3.80 3.82 0.83 3.94 1.17 378 092 4.25 0.84 465 378 4.15 13.33 859 1352 10.82 232
04725197 39217 4.80 231 1.70 1.94 321 3.90 3.92 0.85 4.03 1.24 3.90 1.00 434 0.85 472 3.85 423 13.65 10.87 13.50 8.60 240
04/26/97 385.98 5.02 2.56 182 2.08 3.40 4.17 4.12 0.96 4.28 1.40 4.11 1.15 4.50 093 497 407 4.45 13.85 8.70 13.90 10.90 252
04/27/197 383.05 547 2.96 2.08 222 333 4.50 432 0.90 437 1.46 435 1.26 458 0.89 537 434 4.83 13.83 8.80 1407 10.90 266
04/28/97 383.35 Pl Pl Pl Pl Pl Pi Pl Pl PI Pl Pl Pl Pl Pt Pl Pl Pl Pi Pl Pl P Pl
04/29/97 385.02 525 278 2.10 1.88 3.64 432 420 0.87 4.25 1.38 4.05 1.18 4.49 090 5.20 422 4,66 13.92 10.87 13.65 5.86 261
04730197 383.52 536 285 2.09 194 3.76 4.36 425 0.99 432 1.48 412 1.21 452 1.02 528 4.30 475 13.72 7.87 13.98 10.85 270

CODES: PU=Personnel Unavailable to take readings
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given
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TABLE 3- ACTUAL PIEZOMETER WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Lake Dam, Hopkinton, New Hampshire
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PIEZOMETER WATER SURFACE ELEVATION, FEET-NGVD

DATE | POOLEL PZ1 _ _ PZ2 _ PZ3A _ PZ3B.  _PZ4A  PZ4B _PZSA  PZ:SB . PZ6A _ PZ:6B  PZ7A  PZTB  PZBA PZ8B

CPZAY . PZ-13A PZA3B  PZA4A  PZ14B  PZ1S

01/31/92 382.70 363.8 363.6 376.1 375.9 3707 367.8 369.1 3815 369.5 380.1 369.8 380.2 368.6 3819 364.2 368.3 365.2 NA NA NA NA NA
03/03/92 382.70 364.0 363.8 3759 375.7 3707 367.9 369.1 3819 369.4 380.1 369.7 380.2 368.4 3819 364.5 368.2 3811 NA NA NA NA NA
03/12/92 388.96 366.9 366.8 3774 376.8 3726 370.0 370.7 3811 3709 3806 3707 380.4 3693 378.7 3671 370.2 368.7 NA NA NA NA NA
03/13/92 388.73 366.9 366.7 33777 376.7 3728 370.2 3707 3817 3708 380.5 370.7 380.7 369.4 381.8 367.1 370.2 368.6 NA NA NA NA NA
03/14/92 386.90 366.9 366.7 377.8 376.7 3729 3702 3708 381.6 370.8 380.3 370.6 3806 369.4 3819 367.3 3704 368.6 NA NA NA NA NA
03/15/92 384.85 3658 365.6 3775 3764 3724 369.6 3700 381.6 3703 380.2 370.3 380.4 369.1 3819 366.4 369.7 367.8 NA NA NA NA NA
03/16/92 385.12 365.8 365.6 3772 3763 3721 369.0 370.1 381.7 370.2 3803 370.2 380.4 368.7 381.9 366.1 369.5 3675 NA NA NA NA NA
03/17/92 383.50 365.8 365.5 3771 3762 372.0 369.1 370.0 381.6 370.1 380.2 370.2 380.3 368.9 381.9 366.2 369.4 3675 NA NA NA NA NA
03/18/92 382.48 364.6 364.3 376.6 376.0 3713 368.5 3695 3815 369.7 379.9 369.9 380.1 368.7 3819 365.0 368.7 366.9 NA NA NA NA NA
03/19/192 382.80 363.9 363.6 376.1 3759 3708 368.0 369.2 3814 369.6 3801 369.8 380.1 368.6 381.9 364.3 3683 3659 NA NA NA NA NA
03/20/92 38260 363.7 3635 375.7 375.9 3707 367.9 369.1 381.4 369.5 3799 369.7 380.1 368.6 3819 364.2 368.2 3659 NA NA NA NA NA
04/03/92 384.20 365.3 365.4 376.9 376.7 371.8 369.1 370.0 3817 3703 P 370.4 3805 369.2 Pl 365.6 369.3 367.3 NA NA NA NA NA
04/30/92 380.98 365.7 3654 3771 3774 3719 369.2 369.7 379.4 369.8 379.0 3702 379.2 368.9 379.7 3659 369.2 367.2 NA NA NA NA NA
06/02/92 384.96 366.3 366.5 376.6 3778 37117 369.4 369.6 379.8 369.9 379.0 370.2 379.0 368.6 380.0 366.1 369.3 367.2 NA NA NA NA NA
07/01/92 380.16 363.7 363.5 3756 3759 370.3 367.7 3685 3793 368.8 3786 369.1 3787 367.8 3797 364.1 367.8 365.2 NA NA NA NA NA
08/04/92 380.12 363.8 363.6 375.4 376.0 3702 367.7 368.3 379.4 368.6 3786 3689 3787 367.7 3796 3641 367.6 365.2 NA NA NA NA NA
09/01/92 380.00 363.8 363.6 375.3 375.8 3702 3676 368.2 379.4 3685 3785 368.8 3785 3674 3796 364.0 367.5 365.4 NA NA NA NA NA
09/28/92 380.57 364.7 3645 375.7 376.1 370.7 368.1 3686 380.0 368.8 378.9 368.9 379.0 367.6 380.0 3649 368.1 366.2 NA NA NA NA NA
10/30/92 38212 363.9 3636 3753 375.8 3701 367.6 368 2 3812 368 4 3801 3686 3802 367.0 381.4 364.1 367.7 3657 NA NA NA NA NA
11/30/92 384.00 366.3 366.1 377.0 377.2 3720 369.7 370.0 3817 3701 3803 3701 38056 368.8 3815 366.8 369.5 367.6 NA NA NA NA NA
12/31/92 384.00 365.0 3648 376.2 376.1 3712 368.6 369.4 3820 369.6 3806 3698 380.9 368.4 3819 365.4 368.8 366.4 NA NA NA NA NA
01/29/93 384,00 364.3 364.1 376.6 3762 3713 3686 369.3 3819 369.6 3804 369.8 3808 368.4 PF 3650 368.5 366.1 NA NA NA NA NA
03/01/93 382.10 Pl Pl Pl Pl PI Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Py Pl NA NA NA NA NA
03/31/93 393.50 367.2 366.9 377.8 377.2 3727 371.0 3711 3819 3713 380.9 3713 381.0 369.8 3821 3674 3707 368.4 NA NA NA NA NA
04/01/93 398.30 364.6 364.4 3774 3778 3719 3701 3706 3819 3713 381.2 3717 3814 3702 3820 365.1 369.4 365.9 NA NA NA NA NA
04/02/93 402.50 366.9 366.6 377.8 3780 3728 3707 371.3 PF 3718 3815 3721 381.8 3705 PF 366.9 370.7 3677 NA NA NA NA NA
04/03/33 402.90 375.4 358.8 3784 378.0 3735 371.2 37186 PF 3719 381.5 3721 381.9 370.6 PF 367.2 371.0 3682 NA NA NA NA NA
04/04/93 402.40 368.0 367.7 378.8 3779 3739 3716 371.8 PF 3717 381.4 3720 3817 3705 PF 368.2 371.4 369.0 NA NA NA NA NA
04/05/93 401.20 368.9 3687 379.1 3778 3742 3720 371.7 PF 371.7 3813 3714 381.6 369.9 PF 369.1 3717 3702 NA NA NA NA NA
04/06/93 400.10 369.0 368.8 3791 377.7 3743 372.0 3718 PF 3717 3813 3715 3815 3713 PF 369.1 3717 3702 NA NA NA NA NA
04/07/93 398.00 369.3 369.0 3793 3776 3745 3721 371.9 PF 371.8 381.0 3715 3813 3701 PF 369.4 3719 3806 NA NA NA NA NA
04/08/93 365.50 369.5 369.1 379.2 377.4 3745 3722 371.9 3820 3717 380.9 3715 3813 3701 PF 369.7 371.7 3710 NA NA NA NA NA
04/09/93 365.50 369.3 368.9 3792 3773 3744 3720 3717 3819 371.6 380.7 3712 3810 370.0 PF 369.5 3718 371.0 NA NA NA NA NA
04/10/93 365.50 367.8 367.6 3788 3773 3737 3714 371.0 3818 3714 380.6 3713 380.9 370.0 PF 367.9 371.0 3695 NA NA NA NA NA
04/11/93 365.50 3705 367.0 3784 3783 3733 3712 3713 3819 3716 3809 371.6 381.2 3703 3821 3676 370.8 368.6 NA NA NA NA NA
04/12/93 365.50 3645 364.3 3785 378.2 3730 3712 371.2 3819 371.8 381.2 3719 3814 3707 3820 3658 369.8 366.7 NA NA NA NA NA
04/13/93 365.50 364.8 364.6 377.9 378.6 3723 3707 371.0 3819 37117 3815 3722 3818 3709 3822 365.4 369.8 366.1 NA NA NA NA NA
04/14/93 365.50 3721 367.9 378.8 378.9 3740 371.9 3721 3820 372.4 3817 3725 3819 371.0 3822 368.3 368.2 3711 NA NA NA NA NA
04/15/93 365.50 368.9 3687 379.4 378.9 3745 3723 3723 3819 3724 3816 372.4 3819 371.0 3822 369.1 3721 370.0 NA NA NA NA NA
04/16/93 365.50 369.1 3689 379.7 3789 3747 3726 3724 3819 3724 3815 3723 381.8 3710 3821 369.3 3722 3704 NA NA NA NA NA
04/17/93 365.50 368.6 3686 379.5 379.0 3746 3725 3723 3819 3724 3815 3723 381.8 371.0 3821 368.9 3719 369.9 NA NA NA NA NA
04/18/93 365.50 368.7 3685 3796 379.4 3746 3726 3724 3820 3725 3815 3724 381.8 37141 381.1 3689 3721 369.9 NA NA NA NA NA
04/19/93 365.50 369.0 368.8 3797 379.4 3747 3727 369.2 3819 3725 3815 3724 3819 3711 3819 369.2 3722 3702 NA NA NA NA NA
04/20/93 365.50 369.2 369.0 379.9 379.1 374.9 3729 3725 3818 3725 381.4 3723 381.8 371.0 3819 369.4 3723 3706 NA NA NA NA NA
04/21/93 365.50 369.4 369.2 3799 379.0 374.9 3728 3725 3818 3724 3814 3722 3817 371.0 3819 369.6 3725 3709 NA NA NA NA NA
04/22/93 365.50 3694 369.2 3799 3789 3749 3728 3724 381.8 3723 3813 3721 381.7 3708 381.8 369.6 3724 371.0 NA NA NA NA NA
04/23/93 365.50 369.2 368.8 3796 379.0 3747 3724 3722 381.8 3721 3811 3720 3816 370.7 381.9 3694 3721 3705 NA NA NA NA NA
04/24/93 365.50 369.1 368.8 3793 3788 3746 3722 3720 381.8 372.0 381.0 371.8 3815 3705 381.9 369.2 368.7 3701 NA NA NA NA NA
04/25/93 365.50 3687 368.4 379.2 3784 374.3 37138 371.7 3815 371.8 380.7 3715 381.1 3703 3816 368.9 3717 369.8 NA NA NA NA NA
04/26/93 365.50 3685 368.1 3789 377.9 3741 3716 3716 3815 3715 380.6 3713 381.0 3701 3816 368.7 3715 369.6 NA NA NA NA NA
04/27/93 365.50 368.0 367.7 3787 3785 3736 3711 371.2 3816 371.2 380.6 3711 381.1 369.9 3819 368.2 3711 3689 NA NA NA NA NA
04/28/93 365.50 367.5 367.4 3785 3784 3734 3709 3711 3815 3712 3805 3711 3810 369.9 381.8 367.7 3709 3685 NA NA NA NA NA
04/29/93 365.50 367.3 367.0 378.4 378.2 3733 370.7 371.0 381.6 3711 3806 3711 381.1 370.0 3818 367.5 367.4 365.0 NA NA NA NA NA
04/30/93 365.50 367.2 367.0 3783 378.4 3732 3705 3708 3815 371.0 380.4 371.0 3809 369.8 3816 367.3 3706 368.1 NA NA NA NA NA
05/01/93 365.50 3656 365.4 377.8 3777 3725 369.8 370.2 379.7 3703 3788 37056 3793 369.4 3797 366.1 369.6 366.7 NA NA NA NA NA
05/02/93 365.50 368.9 365.3 3775 3776 3722 369.6 370.1 380.1 3705 379.2 370.6 3796 369.6 380.2 365.9 369.6 366.6 NA NA NA NA NA
05/28/93 365.50 363.7 363.5 375.9 376.1 370.5 367.9 368.7 379.6 369.1 3785 369.4 3786 368.2 3796 364.1 368.0 364.9 NA NA NA NA NA
07/01/93 365.50 363.8 363.5 3753 3756 3701 367.6 368.2 379.5 3685 3785 368.8 3788 367.4 3796 364.0 367.6 365.1 NA NA NA NA NA
07/31/93 365.50 364.2 363.9 375.2 375.4 3701 367.6 368.2 376.8 3684 3788 368.6 3793 367.2 3799 364.0 367.7 365.5 NA NA NA NA NA
09/01/93 380.19 364.0 363.8 375.0 375.2 3700 3675 368.0 379.7 3682 3787 368.4 379.0 366.9 3798 364.2 367.5 3655 NA NA NA NA NA
09/29/93 380.18 363.8 363.6 374.8 376.0 369.4 367.5 367.9 379.6 368.2 378.4 3685 3786 367.0 3795 363.9 367.4 3654 NA NA NA NA NA
11/02/93 383.13 364.2 364.0 375.0 376.2 370.2 367.8 3686 3817 368.9 380.3 369.2 3806 367.7 3817 364.4 367.9 365.9 NA NA NA NA NA
12/01/93 384.10 366.3 366.1 3767 37741 3719 369.4 3702 3817 370.2 380.4 369.9 380.7 368.4 3816 366.4 3695 3674 NA NA NA NA NA
12/29/93 383.50 363.7 3635 3759 376.5 3706 368.0 369.3 3815 3696 380.2 369.7 380.5 368.4 3815 3643 368.2 3654 NA NA NA NA NA
02/01/94 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

GEI Consultants, Inc. Project 97487 September, 1997



DATE POOLEL PZ-1 PZ-2
0300194 ~ 383.10 NA
04/01/94 38500 367.1
04/07/94 38990 3675
04/08/94  389.80 369.1
04/09/194  389.09 369.0
0411094 38570 368.7
04/11/04  387.39 368.6
0412/94 38635 3683
0413/34  385.10 3683
0414/94  386.00 368.7
04/15/04 38522 368.6
04/16/94 38504 368.6
04/17/04 38521 368.6
04/18/04  384.47 3683
04/19/94  383.12 366.7
05/02/94 38351 365.1
0524/94 38256 3646
062794 38005 363.8
08/01/94  379.88 363.9
09/01/04  379.80 363.7
10/03/94  382.18 363.9
10r28/94 38211 3640
12/02/94  384.05 3637
03/02/95 38278 PI
03/28/95  383.84 36538
05/01/95 38176 3636
05/26/95  380.96 3637
06/27/95 37960 3637
07/26/95 37921 363.8
08/31/95  380.02 364.2
09/29/95  380.16 364.0
10/20/95 38970 368.1
10/30/95 38853 3685
1031/95  385.80 368.2
11/01/95  386.91 367.8
11002195 383.17 3675
11/03/95  385.81 368.4
11/04/95 38635 368.2
11/05/05  385.03 367.4
11/06/95  384.85 366.7
1107/05 38453 366.2
1113/95 38850 367.9
111495  384.91 368.0
1115005 38971 367.7
1116/95 39003 368.1
1117/95  389.65 3683
1118/95 386,62 3683
11/19/96 38458 3676
1172095  383.30 367.0
1121195 38360 3672
1122195 38566 366.2
1227/95  383.09 Pl
01722/96  389.05 367.8
01/23/96 38820 368.0
0124/96 38467 367.7
01726/56  390.00 367.7
01/26/96  388.85 3686
01/27/96 386567 3683
01728/96  391.02 3678
01720/96 39359 3679
01/30/36  393.86 3687
01/31/96 39120 3685
02/01/96  386.03 3682
02/02/96  383.94 367.4
02003/96 38350 3665
02/04/96 384,10 368.1

GEI Consultants. Inc.

_PZ-3A

NA

Pl
367.2
3686
3687
368.5
3683
368.1
368.1
368.4
3686
368.4
368.3
368.1
366.5
364.9
3644
3635
3636
3635
3637
3637
363.6
Pl
3656
3634
3635
363.5
3636
363.9
3638
367.8
368.4
368.1
3676
3673
368.1
3647
367.0
366.4
3659
367.7
367.8
367.4
368.1
3683
368.2
367.4
366.8
366.9
366.2
Pl
3676
367.8
367.4
367.5
368.8
368.2
3671
367.5
368.4
3683
3679
367.1
366.1
364.5

375.0
377.8
3786
3791
379.2
3791
3788
378.8
378.8
3789
379.0
379.1
379.0
379.0
378.4
376.8
376.5
375.4
3743
3748
3751
3752
375.0
3756
3771
3761
375.6
375.2
3748
3747
3746
3773
377.8
377.7
377.5
3774
377.7
377.8
3776
377.3
3771
3775
3778
3776
3782
3783
3783
378.0
3776
377.8
3774

Pl
378.0
378.1
3781
37786
378.4
3785
3785
378.6
379.2
3791
3788
3782
3779
3774

.PZ:38

375.7
3779
3793
3793
379.2
3791
3789
378.8
3788
3792
379.4
3793
379.4
379.3
378.7
377.8
377.3
3761
3760
3756
3763
3759
3727
3759
3771
3762
376.0
3754
3753
3753
375.4
3783
3782
377.8
3777
3753
3785
378.4
378.1
3779
3776
3786
3784
3791
379.1
379.0
3785
378.2
378.1
378.0
3781

Pl
3771
3772
3771
377.6
3777
3775
3785
378.8
3789
3787
3780
3776
3775
3772

PZ-4A _  PZ-4B

NA
3729
373.6
3743
3743
3742
3741
3739
3738
3740
3743
3742
3742
374.0
3731
3715
371.2
3702
3700
369.7
3701
3700
3700

P
3720
3703
3703
369.8
3697
3697
3697
3729
3716
3732
3729
3726
3733
3731
3727
3724
3721
3729
3732
3729
373.5
3736
3735
373.0
3727
3728
3724

P
373.2
3733
3732
3730
3737
3737
3736
3737
3743
3742
3737
373.1
3726
3718

NA
370.8
371.9
3725
3725
3721
3720
3719
3718
3721
3723
3722
3723
3721
371.0
369.4
369.0
368.0
367.8
3676
368.0
367.7
367.8

Pi
3697
3681
368.0
3676
3675
367.4
3675
3713
3733
3741
371.0
3705
371.4
374.6
371.0
370.2
370.2
3711
3712
3711
3718
3715
3715
3709
3704
3708
3703

Pi
371.0
371.0
3708
3708
371.6
3715
3716
372.0
3725
3723
3715
3707
3703
3714

TABLE 3 -

PZ-SA
NA
371.2
371.8
3723
3723
3720
3720
3718
3718
3722
3722
3722
3722
3720
371.4
370.1
369.8
3688
3686
368.4
3689
3688
3693
Pl
370.3
368.4
36838
3683
3684
368.1
368.1
3711
3713
3709
3709
370.7
371.2
3711
37141
370.7
370.4
371.2
3712
3712
3716
3716
371.0
3711
370.9
3708
370.8
Pi
371.2
371.2
3712
3711
3715
3714
3717
3719
3723
3721
371.4
371.0
370.8
370.3

ACTUAL PIEZOMETER WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
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Hopkinton Lake Dam, Hopkinton, New Hampshire

PZ-5B
NA

Pl
3817
3817
3532
3814
3820
381.8
3815
3817
3816
3817
3818
3815
3814
380.4
380.2
3796
3798
379.7
3817
3817
3792
Pl
382.1
3805
3799
3794
3799
3796
3802
3819
3820
3819
3821
3816
3820
3822
3821
381.9
3820
3820
3819
381.8
3820
382.1
382.1
381.9
381.8
381.9
381.8
Pl
381.9
381.9
3814
382.2
3820
3818
3820
382.1
3822
3820
3818
381.8
3817
Pl

PIEZOMETER WATER SURFACE ELEVATION, FEET-NGVD

PZ-6A.

NA
371.2
3720
3722
3722
3718
3720
371.8
3717
3722
3720
3721
3722
3720
3715
3703
3701
369.0
3688
3686
3691
3689
3694
Pl
370.6
368.6
368.9
368.4
368.2
368.1
368.1
3711
3711
370.7
3708
3705
3711
371.0
3709
370.6
3705
3712
367.8
3713
37186
3716
3713
3710
3709
3707
3709
Pl
3711
3711
371.0
3712
3715
3712
3718
3721
3723
3719
3712
3712
3709
3706

PZ-6B _ PZ-7TA

NA NA
380.0 371.1
380.7 3719
380.6 3719
380.7 3718
3803 3716
380.6 3716
3805 3716
3804 3715
380.4 3719
380.4 3718
3805 3719
3806 371.9
3804 371.7
380.2 3715
3793 3705
3791 3704
3787 369.1
3786 3689
3785 3689
380.2 369 4
3801 369.1
3791 3687

Pl Pl
3807 3705
379.0 3689
3787 369.1
3783 3685
3787 368.3
3784 368.3
3786 368.2
3809 370.9
3809 370.8
380.6 3705
380.9 368.9
3806 3704
3809 3708
381.0 371.0
3809 3710
380.8 370.7
380.8 370.6
3810 3711
380.8 370.8
3809 3713
381.0 3715
3811 3715
380.9 3711
380.7 371.0
3774 370.9
380.6 3709
380.7 3710

Pl Pi
380.8 371.0
3808 3709
380.4 3708
381.0 3711
381.0 3711
380.6 3710
3810 3717
381.2 3719
3813 3721
381.1 371.8
3806 3711
380.4 3709
380.3 3710
380.4 3708
Project 97487

.. Pz7B . PZ-8A

NA
380.2
3808
380.8
3809
3805
380.8
380.7
3805
380.7
3805
380.7
3807
380.5
380.4
379.4
379.2
378.7
3787
3785
3801
3801
3793

Pl
380.8
3793
378.7
3783
378.7
378.4
3786
3810
381.0
380.7
380.9
3805
380.8
381.0
380.9
380.8
380.7
3810
3808
381.0
3811
3811
380.9
380.7
380.7
3806
380.7

Pl
380.9
3808
380.5
381.0
3809
380.7
3810
381.2
3814
3812
380.7
3804
3803
380.4

NA
369.2
3705
37086
3705
3703
3704
370.3
370.3
370.6
3705
3706
3707
3705
3703
369.2
369.2
367.8
3677
3675
3680
3676
368 2

Pl
3692
367.8
368.0
3672
367.0
367.0
366.8
3694
369.0
368.8
369.2
3691
369.5
369.5
369.5
369.3
369.2
369.8
3696
3701
370.2
370.2
369.9
369.8
369.7
369.6
3698

Pi
3696
369.6
369.5
369.8
369.7
369.7
3704
3706
370.8
3705
3700
369.7
369.8
369.7

Pz-8B

NA
Pl
Pl
Pl
Pl
Pl
3811
3815
3812
3815
3813
3815
3816
3813
381.2
380.2
380.0
3796
379.6
3795
3815
3814
380.7
PI
3820
3798
3797
3793
3797
3793
379.7
3816
3817
381.8
381.9
381.6
3818
3820
3819
3818
3818
3818
381.8
38138
3819
381.9
3820
381.9
381.8
381.7
381.8
Pl
381.9
381.8
3818
382.0
381.9
3817
382.0
382.0
3821
3819
381.7
3817
3816
381.8

PZ-9

NA
367.5
3679
369.1
3692
368.9
368.7
368.6
368.6
3689
3691
368.9
368.7
3687
367.1
365.4
3649
364.1
364.2
364.0
3642
3641
364 1

Pi
366.3
364.5
3645
364.1
364.3
364.4
3646
368.3
3654
368.4
368.1
367.7
368.5
368.3
367.7
367.1
366.7
368.1
368.2
3679
368.4
368.6
3688
367.8
367.4
367.5
366.8

Pl
368.1
368.3
368.0
368.0
3689
368.6
368.1
368.3
369.0
368.9
368.6
367.7
366.9
365.4

PZ-10
NA
3706
3712
3721
3719
3717
3716
3716
3714
3718
3719
3718
3718
3716
3707
360.3
369.0
3680
3679
3676
3683
3678
3680
Pl
369.7
3673
367.9
3675
3675
3675
367.1
3708
371.1
3707
3706
3704
370.9
3708
3705
370.0
3697
3708
3681
3708
3712
3712
371.1
3707
3705
3705
3702
Pl
3709
3709
3709
3708
3714
a7
3712
3714
3720
3717
3712
3706
3702
369.4

NA
367.7
368.4
3699
370.0
369.6
369.2
369.1
368.9
369.0
369.6
3693
3693
369.0
367.4
365.9
3622
365.1
365.6
3652
365.7
3656
3653

P
367.0
3651
3652
365.1
3654
3653
3653
369.3
370.2
3696
368.4
368.6
369.6
369.3
368.7
3680
367.2
368.8
369.2
368.6
3695
369.8
369.4
368.3
367.9
368.1
3675

Pl
368.9
368.9
3686
368.6
369.6
369.4
3689
369.1
370.2
3705
369.7
368.2
3674
365.8

_PZ11 | PZ-13A

NA
3729
3742
3742
3739
373.0
3738
3736
3733
3739
3736
3751
3740
3737
3734
3741
3721
370.7
3705
3703
3708
3705
3706

Pl
3723
3710
370.8
370.3
3700
369.1
369.9
3731
37238
3723
3725
3720
372.9
3729
3726
3723
369.0
3732
3725
3733
3735
3734
3729
369.0
3723
3726
3726

Pl
3731
3728
3724
373.1
373.2
3724
3738
3733
3743
3737
3727
3725

Pl

P

PZ-13B
NA
386.8
3876
3896
387.4
3821
388.1
388.8
3893
3881
3977
3823
3820
4023
3931
396.8
387.6
4008
386.9
287.0
3868
3861
3882
Pl
3860
3830
3820
3839
3838
3706
3833
405.2
398.8
39189
387.0
3884
398.3
3947
3912
3870
386.4
3952
390.1
404.2
3956
3918
388.5
386.8
3%0.0
388.9
389.7
Pi
3838
384.1
3849
3941
396.5
3823
3998
3971
3937
390.0
386.6
3856
PI
Pl

PZ-14A
NA
3722
3731
3734
373.2
3733
373.0
3728
3728
3731
3732
3738
3732
373.0
3724
3712
3710
369.9
3697
3695
370.0
369.8
3698
PI
3714
369.8
369.7
369.2
369.1
3699
3689
3722
3722
3718
3719
ans
3722
3719
3719
3715
3692
3722
3720
3729
3725
3727
3723
369.3
3716
3718
3717
Pl
3722
3722
3719
3721
3725

3729
3729
3733
3729
3723
3719

PI

Pl

PZ-14B  PZ-16

NA NA
3817 Pl
3821 3778
3814 3781
3818 3782

3873 377.8
3816 378.0
3817 3718
3820 3776
3820 3780
3818 3777

399.4 3777
4052 377.7
3819 3775

3818 377.1
3808 376.2

3811 3756
3803 3746
3802 369.2

3801 371.4
3813 3756

3816 3774
3804 3774

Pl Pl
3824 3778
3820 3747

3805 3748

3799 3736
381.0 3743
3818 3733
3800 3737
3819 3759
3818 3756
3787 375.7

3790 3755
3820 376.1

3824 376.4
3822 3767
3821 3763
3887 376.0
384.1 375.8
3821 376.0
3790 376 1
3828 376.0
3822 3763
3841 3763

3823 376.2
3843 376.0
3824 3759
3823 3755

3841 375.6
Pl Pl
3820 PF
382.1 376.3
382.1 376.4
3817 3765
3816 376.8
376.7

3820 3770
3819 377.1
3826 3771
3822 376.8
3819 3764
3820 3763
Pl 376.1

Pl 376.0
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TABLE 3- ACTUAL PIEZOMETER WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Lake Dam, Hopkinton, New Hampshire

PIEZOMETER WATER SURFACE ELEVATION, FEET-NGVD

.PZ2 PZ:3A . _PZ:38 PZ4A  PZ4B _ PZSA  PZ-SB _ PZ:6A  PZ:6B _ _PZ-JA _ _PZ:7B _  PZ8A  PZ-88  PZ9 Pz:10 _ P2-11._ . PZ-13A. PZ:13B  PZ-14A  PZ-148 PZ-15

DATE __POOLEL PZ-1 __ —
02/05/96 384.56 365.7 365.4 3773 3771 3720 369.7 3703 381.9 370.5 3804 3707 380.4 382.1 369.6 366.2 369.6 366.5 Pl Pl Pl Pl 376.8
02/06/96 383.90 364.2 364.0 376.9 376.9 3714 369.1 369.9 Pl 370.2 380.2 3705 380.3 369.4 Pl 364.9 368.9 3654 Pl Pl Pl Pl 375.4
02/08/96 384.60 364.6 364.4 376.7 376.6 3713 3689 369.9 Pl 370.2 380.5 370.6 380.7 370.2 Pl 365.2 369.0 365.7 Pl Pl PI PI 375.4
02/28/96 383.60 367.0 367.0 3781 376.9 373.0 3706 371.0 3823 3711 380.3 371.0 380.4 369.8 3821 367.5 370.6 368.2 3728 384.7 372.0 382.1 375.3

03/28/96 384.30 366.7 365.5 3772 376.9 372.0 369.6 3703 381.8 3705 3805 3705 380.5 369.3 3820 366.1 369.6 367.0 3724 3839 3714 3820 3751
04/17/96 395.00 363.7 363.3 377.9 379.7 3720 3710 3712 3705 371.8 3815 372.6 3816 3704 3817 364.7 369.5 365.4 3749 402.8 3727 3843 3753
04/18/96 400.10 363.8 363.5 378.0 379.9 3721 3711 3712 3706 3722 3815 372.6 381.6 3714 3818 364.8 369.6 365.5 3751 4029 3728 3844 375.4
04/20/96 401.40 369.0 369.2 379.9 379.8 375.0 3733 373.0 3822 373.0 3819 3729 382.1 371.6 3821 369.5 3726 3709 3750 389.1 3748 3827 3772
04/22/96 397.10 368.7 368.8 379.9 3791 3746 372.8 372.4 382.0 3724 381.4 372.2 381.5 3711 3819 369.2 3721 3707 37286 3835 3751 388.4 376.9
04/23/96 395.60 368.9 368.7 379.7 379.2 3746 3726 3725 3821 372.4 381.4 372.2 3816 371.0 3823 369.2 3723 370.8 3734 382.6 3737 391.0 3775
04/24/96 395.60 368.6 368.2 3795 3795 3744 3725 3722 382.3 3722 3813 371.8 381.6 370.8 3823 369.0 3720 3706 3732 3827 3735 395.7 377.4
04/25/96 389.90 368.4 368.4 378.9 378.8 3738 3717 3716 3787 37115 380.7 3713 380.7 370.2 381.9 368.5 3713 370.0 3729 3923 3720 3821 377.0
04/26/96 386.40 368.2 368.1 378.9 378.6 3739 3714 371.4 381.8 3712 380.5 3709 3804 370.0 3817 368.4 3709 369.7 3728 390.4 3724 3823 376.8
04/27/96 386.89 367.7 367.5 378.6 3785 3736 3713 3715 3820 3715 380.8 3713 380.8 370.2 3819 368.1 3711 368.8 3725 382.1 3730 3887 3771
04/28/96 384.23 366.8 366.5 3781 3781 373.1 370.8 37111 3818 37111 380.6 371.0 380.6 370.0 381.8 367.2 370.6 368.0 3726 388.1 3719 3818 377.0

04/29/96 383.50 366.7 366.5 378.0 377.9 3728 3705 370.9 381.9 370.9 380.5 3707 380.5 369.8 381.8 367.1 3704 367.7 3722 387.8 3718 3821 376.7
04/30/96 384.30 366.7 366.4 378.0 3783 3728 3705 371.0 3819 3711 380.6 371.0 380.6 370.0 381.8 367.1 3704 367.7 3907 382.6 383.9 3726 376.9
06/04/96 380.57 363.5 363.3 376.0 376.7 370.5 368.2 369.1 379.9 369.5 378.8 369.8 3789 368.9 379.7 364.1 368.2 364.9 NA NA NA NA NA

07/01/96 380.00 363.5 363.3 3755 3759 3701 367.8 368.7 379.8 369.0 378.7 369.2 378.7 368.2 379.7 364.0 367.8 365.0 3708 385.0 369.7 3804 3742
07/29/96 380.29 363.5 363.2 3753 3759 370.0 367.7 368.6 379.7 369.0 3786 369.2 3786 368.2 379.6 364.0 367.8 364.8 3707 3845 369.5 380.2 375.1
08/28/96 380.11 363.8 363.5 3751 3753 369.9 367.6 368.2 379.6 368.4 3784 368.4 378.4 367.3 379.4 364.2 3675 365.1 3702 3835 369.2 380.1 3752
09/29/96 379.91 363.9 363.6 374.9 375.6 369.8 367.5 368.2 379.6 368.4 378.4 368.4 3784 367.3 379.4 364.2 367.5 3652 3692 3799 370.0 386.4 375.0
10/21/96 392.44 364.9 364.7 376.2 377.4 3713 369.5 370.4 3820 370.8 3811 370.9 381.1 369.5 381.9 365.4 369.1 366.4 3735 408.9 371.9 381.8 376.9
10/22/96 401.65 364.8 364.6 376.9 379.1 3718 3710 370.9 3821 37117 3817 3719 3817 370.5 3820 3654 369.5 366.4 3746 396.7 372.4 3821 3771
10/23/96 401.80 3685 368.3 377.8 379.4 3735 3722 3721 3823 3723 3820 3723 3822 3709 382.1 368.6 3716 370.0 3746 380.0 3734 382.2 377.9
10/24/96 403.17 368.5 368.3 378.6 379.0 3740 37256 3722 3821 3722 3819 3721 382.0 370.7 3821 3688 3717 370.2 3743 391.1 3733 3823 377.9

10/25/96 401.36 368.4 368.4 378.7 3785 3739 3723 3719 3822 3720 381.7 371.8 381.7 370.5 3819 368.8 3716 3706 3738 3839.0 3727 382.1 377.8
10/26/96 401.00 368.5 368.4 378.6 378.2 3738 372.0 3718 382.1 3717 381.4 3715 381.6 370.2 382.0 368.7 3715 3705 3733 389.1 3727 382.0 3778
10/27/96 397.60 368.4 368.3 3785 378.0 3737 371.8 37156 382.0 3715 381.2 37113 3813 3700 3819 368.7 3713 3705 3730 389.9 3724 3821 377.7

10/28/96 393.85 368.2 368.3 3783 377.8 3735 3716 370.9 381.9 370.5 380.9 3701 381.0 368.7 3817 368.5 371.0 370.8 3721 390.8 37117 3822 377.4
10/28/96 386.84 368.1 368.1 377.9 377.2 3731 370.8 3706 3817 370.2 380.5 369.9 380.6 368.8 3817 368.4 370.6 370.2 371.2 390.9 3711 381.7 377.4
10/30/96 383.80 366.9 366.6 377.2 376.8 3722 369.7 3702 381.9 369.9 380.3 369.8 380.4 368.7 381.8 367.2 369.7 368.2 3711 391.0 370.8 3823 377.0
10/31/96 38353 366.2 365.9 376.9 3767 371.8 369.4 369.9 381.8 369.9 380.3 369.8 380.3 368.8 3818 366.6 369.4 367.6 3714 390.8 370.7 3820 376.8
11/01/96 383.70 364.3 364.0 376.6 376.7 37113 369.0 369.6 381.8 369.9 380.3 3701 380.3 369.0 3817 364.9 368.6 366.1 3716 3904 3705 381.9 376.4
11/02/96 384.50 365.4 365.1 3774 376.8 3714 369.1 369.9 382.1 369.9 3806 370.2 3806 369.0 3819 3658 369.1 366.8 37113 390.4 3707 3820 376.6
11/03/96 383.40 364.2 364.0 376.1 376.6 3709 368.6 369.4 3818 369.6 380.3 369.8 3803 368.8 3816 364.8 368.4 366.0 3713 389.9 3703 3818 376.0
11/10/96 389.60 368.4 368.1 377.2 3772 3726 3703 371.0 382.1 371.0 3813 371.0 381.3 369.7 3823 368.2 3709 368.8 3729 398.9 3719 3822 377.0

11/11/96 386.60 367.4 367.1 3776 377.4 3731 370.7 3711 382.2 370.9 381.0 370.8 381.0 3694 3821 367.7 370.6 368.8 3693 391.9 Pl Pl 376.9
11/12/96 386.10 368.3 368.0 3779 3775 373.4 3711 371.2 3825 3711 3811 370.8 381.2 369.5 3823 368.5 3709 369.3 3727 388.3 3721 3822 377.2
11/13/96 383.65 367.4 367.2 377.7 377.3 3728 3705 3708 381.9 370.6 380.6 370.4 380.6 369.2 381.7 3676 3703 368.5 3721 387.6 3715 3821 376.7

11/14/96 383.80 367.3 367.1 3776 377.2 37238 3705 3707 382.0 3706 380.7 370.4 380.7 369.1 381.8 367.6 3703 368.4 3723 387.2 3716 3822 376.8
11/15/96 384.22 3655 365.3 377.2 3771 371.9 369.6 3701 3818 3703 3805 370.2 380.4 368.9 381.7 366.0 369.4 366.7 3721 386.8 3714 3820 376.4
11/29/96 383.81 365.1 364.9 376.6 376.8 3714 369.0 369.8 3819 3701 3805 370.2 380.4 369.0 381.7 365.5 369.0 366.4 3716 390.1 370.5 3820 376.1
12/31/96 385.42 367.1 366.9 3783 378.7 3732 3709 3712 382.0 3713 380.8 371.2 380.8 3701 3819 3675 370.7 368.4 PI Pl Pi Pl 3770
03/31/97 391.09 Pl Pl PI Pl PI PI Pl Pl Pl Pl P Pl Pl Pl PI P Pl Pi Pl PI Pl Pl
04/21/97 398.04 368.3 368.0 378.6 379.9 373.8 3720 3723 382.1 3727 3817 3724 381.8 371.4 3820 368.5 368.5 3693 3749 386.0 373.3 382.5 376.4
04/22/97 398.20 369.0 3687 3797 379.9 3748 373.0 372.8 3822 3729 381.8 3728 3786 3715 3820 3726 3724 3703 3752 392.4 3738 3828 376.8
04/23/97 397.03 368.9 368.7 3798 3796 3744 3725 3726 382.1 3727 3816 37256 3817 3713 382.0 369.2 3723 370.2 3746 380.2 3734 3827 376.6
04/24/97 394.28 369.3 369.0 3798 379.2 3748 3726 3725 3823 3724 3815 3722 3816 371.0 3821 369.5 3724 3705 3742 3898 373.4 3824 376.7
04/25/97 39217 369.0 368.7 379.5 3787 3746 3723 3721 3822 3721 381.2 3718 3813 370.7 3821 369.3 3721 370.2 3731 3823 3735 3897 376.4

04/26/97 385.98 368.2 367.9 3791 3783 373.9 3714 37115 381.9 3713 380.7 3711 380.8 3701 381.8 368.5 3713 3695 3725 3895 3722 3821 376.0
04/27/97 383.05 366.8 366.6 3782 3778 374.2 3703 370.8 382.0 371.0 3805 3703 380.5 369.9 3820 367.2 370.5 368.3 3725 389.1 371.6 3821 3756
04/28/37 383.35 PI Pl Pl Pl PI PI P Pl Pl Pl Pl Pl Pl Pl PI P! Pt Pl Pl Pl Pl Pl

04/29/97 385.02 367.5 367.2 378.2 378.9 3732 370.9 3712 3821 371.4 380.8 3713 380.7 370.2 3819 367.7 3709 368.8 3722 3823 373.0 398.7 375.7
04/30/97 383.52 367.1 366.9 3782 378.7 3728 3708 3711 381.8 3711 3804 3711 3806 370.1 3816 367.5 370.6 368.5 3729 3922 3719 3823 375.4

CODES: PU=Personnel Unavailable to take readings
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given
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TABLE 4 - AVERAGE WATER LEVELS FOR EACH PIEZOMETER
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

POREWATER ELEVATION FOR NORMAL POOL, FT-NGVD

DATE POOL EL PZ-1 Pz-2 PZ-3A PZ-3B PZ-4A PZ-4B PZ-5A PZ-5B PZ-6A PZ-6B
31-Jan-92 382.70 363.8 363.6 376.1 375.9 3707 367.8 368.1 3815 369.5 380.1
03-Mar-92 382.70 364.0 363.8 375.9 375.7 3707 3678 369.1 3819 369.4 380.1
03-Apr-92 384.20 365.3 365.4 376.9 376.7 371.8 369.1 370.0 381.7 3703 PI
30-Apr-92 380.98 365.7 365.4 3774 377.4 371.9 368.2 369.7 379.4 369.8 378.0
02-Jun-92 384.96 366.3 366.5 376.6 377.8 371.7 369.4 369.6 379.8 369.9 379.0

01-Jul-92 380.15 363.7 3635 3758 375.9 3703 367.7 3685 379.3 368.8 3786
04-Aug-92 380.12 363.8 363.6 3754 376.0 370.2 367.7 368.3 379.4 368.6 378.6
01-Sep-92 380.00 363.8 363.6 3753 375.8 370.2 367.6 368.2 379.4 368.5 3785
28-Sep-92 380.57 364.7 3645 375.7 376.1 370.7 368.1 368.6 380.0 368.8 378.9
30-Oct-92 382.12 363.9 363.6 375.3 375.8 3701 367.6 368.2 381.2 368.4 380.1
30-Nov-92 384.00 366.3 366.1 377.0 377.2 3720 369.7 370.0 381.7 370.1 380.3
31-Dec-92 384.00 365.0 364.8 376.2 376.1 3712 368.6 369.4 382.0 369.6 380.6
29-Jan-93 384.00 364.3 364.1 3766 376.2 3713 368.6 369.3 381.9 369.6 380.4
01-Mar-93 382.10 Pl Pl PI Pl P Pi Pl PI Pl Pl
02-May-93 365.50 368.9 365.3 3775 377.6 3722 369.6 37041 380.1 3705 379.2
28-May-93 365.50 363.7 3635 375.9 3781 3705 367.9 368.7 3796 369.1 3785
01-Jul-83 365.50 363.8 3635 3753 375.6 370.1 367.6 368.2 378.5 368.5 3785
31-Jul-93 365.50 364.2 363.9 3752 375.4 370.1 367.6 368.2 379.8 368.4 378.8
01-Sep-93 380.19 364.0 363.8 375.0 375.2 370.0 3675 368.0 379.7 368.2 378.7
29-Sep-93 380.18 363.8 363.6 3748 376.0 369.4 367.5 367.9 3796 368.2 378.4
02-Nov-93 383.13 364.2 364.0 375.0 376.2 370.2 367.8 368.6 381.7 368.9 380.3
01-Dec-93 384.10 366.3 366.1 376.7 3771 371.9 369.4 370.2 3817 370.2 380.4
29-Dec-93 383.50 363.7 3635 3759 3765 370.6 368.0 369.3 3815 369.6 380.2
01-Feb-94 NA NA NA NA NA NA NA NA NA NA NA
01-Mar-94 383.10 NA NA 375.0 375.7 NA NA NA NA NA NA
01-Apr-94 385.00 367.1 Pl 377.8 377.9 3728 370.8 371.2 Pl 371.2 380.0
02-May-94 383.51 365.1 364.9 376.8 377.8 3715 369.4 370.1 380.4 370.3 379.3
24-May-94 382.56 364.6 364.4 376.5 377.3 371.2 368.0 369.8 380.2 3701 3791
27-Jun-94 380.05 363.8 3635 3754 376.1 370.2 368.0 368.8 379.6 369.0 378.7
01-Aug-94 379.88 363.9 363.6 374.3 376.0 370.0 367.8 368.6 3788 368.8 378.6
01-Sep-94 379.80 363.7 363.5 374.8 3756 3689.7 367.6 368.4 379.7 368.6 3785
03-Oct-94 382.18 363.9 363.7 3751 3763 370.1 368.0 368.9 3817 369.1 380.2
28-Oct-94 382.11 364.0 363.7 3752 375.9 370.0 367.7 368.8 381.7 368.9 380.1
02-Dec-94 384.05 363.7 3636 375.0 3727 370.0 367.8 369.3 379.2 369.4 37941
02-Mar-95 382.78 PI Pl 3756 375.9 Pl Pl P Pl Pl Pl
28-Mar-85 383.84 365.8 365.6 37741 3774 372.0 369.7 3703 382.1 370.6 380.7
01-May-95 381.76 363.6 363.4 376.1 376.2 370.3 368.1 368.4 380.5 368.6 379.0
26-May-95 380.96 363.7 363.5 375.6 376.0 3703 368.0 368.8 379.9 368.9 378.7
27-Jun-85 379.60 363.7 363.5 375.2 3754 369.8 367.6 368.3 379.4 368.4 378.3
26-Jul-85 379.21 363.8 363.6 374.8 375.3 369.7 367.5 368.4 379.9 368.2 378.7
31-Aug-95 380.02 364.2 363.9 3747 375.3 369.7 367.4 368.1 379.6 368.1 378.4
29-Sep-95 380.16 364.0 363.8 3746 375.4 368.7 36875 368.1 380.2 368.1 378.6
07-Nov-95 384.53 366.2 365.9 3771 377.6 3721 370.2 3704 382.0 3705 380.8
22-Nov-95 385.66 366.2 366.2 3774 378.1 372.4 3703 370.8 381.8 370.8 380.7
27-Dec-95 383.09 PI Pl Pl P PI Pl Pl Pl Pl Pl
08-Feb-86 384.60 364.6 364.4 376.7 3766 371.3 368.9 3699 Pl 370.2 380.5
28-Feb-96 383.60 367.0 367.0 378.1 376.9 373.0 3706 371.0 3823 37141 380.3
28-Mar-96 384.30 365.7 385.5 377.2 376.9 372.0 368.6 370.3 381.8 3705 380.5
30-Apr-96 384.30 366.7 366.4 378.0 378.3 3728 370.5 371.0 381.9 37141 380.6
04-Jun-96 380.57 363.5 363.3 376.0 376.7 3705 368.2 369.1 379.9 369.5 378.8

01-Jul-86 380.00 363.5 363.3 3755 375.9 3701 367.8 368.7 379.8 369.0 378.7

29-Jul-96 380.29 363.5 363.2 3753 375.9 370.0 3677 368.6 379.7 369.0 3786
28-Aug-96 380.11 363.8 363.5 375.1 3753 369.9 367.6 368.2 3796 368.4 3784
29-Sep-96 379.91 363.9 363.6 374.9 375.6 369.8 3675 368.2 379.6 368.4 378.4
03-Nov-96 383.40 364.2 364.0 3761 376.6 370.9 368.6 369.4 381.8 369.6 380.3
29-Nov-96 383.81 365.1 3649 3766 376.8 371.4 369.0 3698.8 381.9 3701 380.5
31-Dec-96 385.42 367.1 366.9 3783 378.7 3732 370.8 371.2 382.0 3713 380.8
31-Mar-97 391.09 Pl Pl Pi PI Pl P Pl Pl Pl Pl
30-Apr-97 383.52 367.1 366.9 378.2 378.7 3728 370.8 371.1 381.8 3711 380.4

Average

Water level: 381.28 364.71 364.40 376.02 376.38 370.89 368.54 369.23 380.62 369.43 379.46

CODES: PU=Personnel Unavailable to take readings
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given
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TABLE 4 -

POREWATER ELEVATION FOR NORMAL POOL, FT-NGVD

AVERAGE WATER LEVELS FOR EACH PIEZOMETER
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DATE POOL EL PZ-7A PZ-7B PZ-8A PZ-8B PZ-9 PZ-10 PZ-11 PZ-13A PZ-13B PZ-14A
31-Jan-92 382.70 369.8 380.2 368.6 3819 364.2 368.3 365.2 NA NA NA
03-Mar-92 382.70 369.7 380.2 368.4 381.9 3645 368.2 381.1 NA NA NA
03-Apr-92 384.20 3704 380.5 369.2 Pl 365.6 369.3 367.3 NA NA NA
30-Apr-92 380.98 370.2 3792 368.9 379.7 365.9 369.2 367.2 NA NA NA
02-Jun-92 384.96 370.2 379.0 368.6 380.0 366.1 369.3 367.2 NA NA NA

01-Jul-92 380.15 369.1 3787 367.8 379.7 364.1 367.8 365.2 NA NA NA
04-Aug-92 380.12 368.9 378.7 367.7 3796 364.1 367.6 365.2 NA NA NA
01-Sep-92 380.00 368.8 378.5 367.4 3796 364.0 367.5 365.4 NA NA NA
28-Sep-92 380.57 368.9 379.0 367.6 380.0 364.9 368.1 366.2 NA NA NA
30-Oct-92 382.12 3686 380.2 367.0 3814 364.1 367.7 3657 NA NA NA
30-Nov-92 384.00 3701 3805 368.8 3815 366.8 369.5 367.6 NA NA NA
31-Dec-92 384.00 369.8 380.9 368.4 381.9 365.4 368.8 366.4 NA NA NA
28-Jan-93 384.00 369.8 380.8 368.4 PF 365.0 368.5 366.1 NA NA NA
01-Mar-93 382.10 Pl Pl PI PI Pl Pl Pl NA NA NA
02-May-93 365.50 3706 3796 369.6 380.2 365.9 369.6 366.6 NA NA NA
28-May-83 365.50 369.4 3786 368.2 3796 364.1 368.0 364.9 NA NA NA
01-Jul-83 365.50 368.8 378.8 367.4 3796 364.0 367.6 365.1 NA NA NA
31-Jul-93 365.50 368.6 379.3 367.2 3799 364.0 367.7 3655 NA NA NA
01-Sep-93 380.19 368.4 379.0 366.9 379.8 364.2 367.5 3655 NA NA NA
29-Sep-93 380.18 3685 3786 367.0 3795 363.9 367.4 365.4 NA NA NA
02-Nov-93 383.13 369.2 3806 367.7 3817 364.4 367.9 365.9 NA NA NA
01-Dec-93 384.10 369.9 380.7 368.4 3816 366.4 369.5 367.4 NA NA NA
29-Dec93 383.50 369.7 380.5 368.4 3815 364.3 368.2 3654 NA NA NA
01-Feb-94 NA NA NA NA NA NA NA NA NA NA NA
01-Mar-94 383.10 NA NA NA NA NA NA NA NA NA NA
01-Apr-94 385.00 37141 380.2 369.2 Pl 367.5 370.6 367.7 3729 386.8 3722
02-May-84 383.51 3705 3794 369.2 380.2 365.4 369.3 365.9 3741 396.8 371.2
24-May-94 382.56 3704 379.2 369.2 380.0 364.9 369.0 362.2 3721 387.6 3710
27-Jun-94 380.05 369.1 378.7 367.8 379.6 364.1 368.0 365.1 370.7 400.8 369.9
01-Aug-94 379.88 368.9 3787 367.7 3796 364.2 367.9 3656 3705 386.9 369.7
01-Sep-94 379.80 368.9 3785 367.5 3795 364.0 367.6 365.2 370.3 387.0 369.5
03-Oct-94 382.18 369.4 380.1 368.0 3815 3642 368.3 365.7 370.8 386.8 370.0
28-Oct-94 382.11 369.1 380.1 367.6 381.4 364.1 367.8 3656 3705 386.1 369.8
02-Dec-94 384.05 368.7 379.3 368.2 380.7 364.1 368.0 365.3 370.6 388.2 369.8
02-Mar-95 382.78 Pl Pl Pl Pl Pl Pl Pl Pl PI PI
28-Mar-95 383.84 3705 380.8 369.2 382.0 366.3 369.7 367.0 3723 386.0 3714
01-May-85 381.76 368.9 379.3 367.8 379.8 364.5 367.3 365.1 371.0 383.0 369.8
26-May-95 380.96 369.1 3787 368.0 379.7 364.5 367.9 365.2 370.8 382.0 369.7
27-Jun-85 379.60 368.5 3783 367.2 379.3 364.1 3675 365.1 3703 383.9 369.2
26-Jul-95 379.21 368.3 3787 367.0 379.7 364.3 3675 365.4 370.0 383.8 369.1
31-Aug-95 380.02 368.3 378.4 367.0 3793 364.4 3675 3653 369.1 370.6 369.9
29-Sep-95 380.16 368.2 3786 366.8 379.7 364.6 3671 365.3 369.9 383.3 368.9
07-Nov-95 384.53 370.6 380.7 369.2 381.8 366.7 369.7 367.2 369.0 386.4 369.2
22-Nov-85 385.66 371.0 380.7 369.8 381.8 366.8 370.2 3675 3726 389.7 3717
27-Dec-95 383.09 PI Pl P Pl PI PI Pl Pl Pl Pi
08-Feb-96 384.60 3706 380.7 370.2 Pl 365.2 369.0 365.7 PI PI Pl
28-Feb-96 383.60 3710 3804 369.8 3821 367.5 3706 368.2 3728 3847 3720
28-Mar-96 384.30 3705 380.5 369.3 382.0 366.1 369.6 367.0 3724 383.9 371.4
30-Apr-96 384.30 371.0 380.6 370.0 381.8 367.1 3704 367.7 390.7 3826 383.9
04-Jun-96 380.57 369.8 3789 368.9 379.7 364.1 368.2 364.9 NA NA NA
01-Jul-96 380.00 369.2 378.7 368.2 3797 364.0 367.8 365.0 370.8 385.0 369.7
29-Jul-96 380.29 369.2 378.6 368.2 379.6 364.0 367.8 364.8 370.7 3845 369.5
28-Aug-96 380.11 368.4 378.4 367.3 379.4 364.2 3675 365.1 370.2 3835 369.2
29-Sep-96 379.91 368.4 3784 367.3 379.4 364.2 3675 365.2 369.2 379.9 370.0
03-Nov-96 383.40 369.8 380.3 368.8 381.6 364.8 368.4 366.0 3713 389.9 370.3
29-Nov-96 383.81 370.2 380.4 369.0 381.7 365.5 369.0 366.4 3716 390.1 3705
31-Dec-96 385.42 3712 380.8 3701 381.9 3675 3707 368.4 PI Pl Pl
31-Mar-97 391.09 Pl P! Pl PI PI Pt Pl PI P1 Pl
30-Apr-97 383.52 3711 380.6 3701 381.6 3675 3706 368.5 3729 3922 3719
Average
Water level: 381.28 369.57 379.58 368.33 380.54 365.03 368.52 366.27 371.78 386.15 370.73
CODES: PU=Personnei Unavailable to take readings
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given
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TABLE 4 - AVERAGE WATER LEVELS FOR EACH PIEZOMETER
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

POREWATER ELEVATION FOR NORMAL POOL, FT-NGVD

DATE POOL EL PZ-14B PZ-15

31-Jan-82 382.70 NA NA
03-Mar-92 382.70 NA NA
03-Apr-92 384.20 NA NA
30-Apr-92 380.98 NA NA
02-Jun-92 384.96 NA NA
01-Jul-92 380.15 NA NA
04-Aug-92 380.12 NA NA
01-Sep-92 380.00 NA NA
28-Sep-92 380.57 NA NA
30-Oct-92 382.12 NA NA
30-Nov-92 384.00 NA NA
31-Dec-92 384.00 NA NA
29-Jan-93 384.00 NA NA
01-Mar-93 382.10 NA NA
02-May-93 365.50 NA NA
28-May-93 36550 NA NA
01-Jul-93 365.50 NA NA
31-Jul-93 365.50 NA NA
01-Sep-93 380.19 NA NA
29-Sep-93 380.18 NA NA
02-Nov-93 383.13 NA NA
01-Dec-93 384.10 NA NA
29-Dec-93 383.50 NA NA
01-Feb-94 NA NA NA
01-Mar-94 383.10 NA NA
01-Apr-94 385.00 381.7 Pl
02-May-94 383.51 380.8 376.2
24-May-94 382.56 38141 375.6
27-Jun-94 380.05 380.3 3746
01-Aug-94 379.88 380.2 369.2
01-Sep-94 379.80 380.1 3714
03-Oct-94 382.18 3813 3756
28-Oct-94 382.11 3816 3774
02-Dec-94 384.05 380.4 377.4
02-Mar-95 382.78 Pl Pi
28-Mar-95 383.84 382.4 377.8
01-May-95 381.76 382.0 374.7
26-May-95 380.96 380.5 374.8
27-Jun-95 379.60 379.8 3736
26-Jul-95 379.21 381.0 3743
31-Aug-95 380.02 381.8 3733
29-Sep-95 380.16 380.0 373.7
07-Nov-85 384.53 384.1 375.8
22-Nov-85 385.66 384.1 37586
27-Dec-85 383.09 Pi PI
08-Feb-96 384.60 Pi 3754
28-Feb-96 383.60 3821 3753
28-Mar-96 384.30 382.0 375.1
30-Apr-96 384.30 3726 376.9
04-Jun-96 380.57 NA NA
01-Jul-96 380.00 380.4 3742
28-Jul-96 380.29 380.2 3751
28-Aug-96 380.11 380.1 375.2
29-Sep-96 379.91 386.4 375.0
03-Nov-96 383.40 381.8 376.0
29-Nov-96 383.81 382.0 376.1
31-Dec-96 385.42 Pl 377.0
31-Mar-97 391.09 PI PI
30-Apr-97 383.52 382.3 375.4
Average

Water level 381.28 381.19 375.10

CODES: PU=Personnel Unavailable to take readings
PD= Piezometer Dry PF=Piezometer Frozen
Pi=Piezometer Inaccessible NA=Information not Given
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TABLE 5- RELIEF WELL DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS, METERS

— DATE POOL EL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8

01/31/92 382.70 4.80 1.10 1.34 1.32 1.36 1.24 - 1.04 1.22

- 03/03/92 383.00 478 1.08 1.30 1.33 1.29 1.22 1.10 1.21
03/12/92 388.96 422 1.80 1.57 1.35 1.55 1.97 1.28 1.32
03/13/92 388.73 415 1.30 PI Pl PI Pl P Pl
03/14/92 386.90 4.09 PI Pl Pl PI P Pl PI

- 03/15/92 384.85 4.21 P PI PI Pl PI PI PI
03/16/92 385.12 4.37 PI Pl Pl Pl Pl Pl Pl
03/17/92 383.50 442 P P! P! Pl Pl P PI

- 03/18/92 382.48 4.58 Pl Pl Pi Pl Pl PI Pl
03/19/92 382.80 4.80 Pl P Pl P Pl Pl P
03/20/92 382.60 4.81 PI PI Pl PI Pl PI PI

_ 04/03/92 384.20 4.50 1.50 1.95 1.90 2.00 1.46 1.25 1.90
04/30/92 380.98 4.42 1.93 2.20 2.09 2.14 2.07 1.86 212
06/02/92 384.96 4.52 2.00 2.30 2.25 2.30 2.30 2.10 2.30
07/01/92 380.15 4.90 1.98 222 212 219 213 1.91 213

— 08/04/92 380.12 493 1.99 2.23 2.15 2.20 2.12 1.92 2.15
09/01/92 380.00 4.95 2.00 2.25 215 2.20 2.15 1.95 2.18
09/28/92 380.57 477 1.83 2.10 2.00 2.04 1.98 1.77 2.00

— 10/30/92 382.12 4.93 1.40 1.64 1.56 1.61 1.54 1.37 1.56
11/30/92 384.00 443 1.40 1.62 1.54 1.59 1.53 1.32 1.54
12/31/92 384.00 468 PF PF PF PF PF PF PF
01/29/93 384.00 463 PF PF PF PF PF PF

B 03/01/93 382.10 PI Pl Pi PI Pl PI Pl Pl
03/31/93 393.50 4.12 PF PF PF PF PF PF PF
04/01/93 398.30 4.47 PF PF PF PF PF PF PF

— 04/02/93 402.50 424 PF PF PF PF PF PF PF
04/03/93 402.90 3.99 PF PF PF PF PF PF PF
04/04/93 402.40 3.84 PF PF PF PF PF PF PF

- 04/05/93 401.20 3.72 PF PF PF PF PF PF PF
04/06/93 400.10 3.68 PF PF PF PF PF PF PF
04/07/93 398.00 3.63 PF PF PF PF PF PF PF
04/08/93 365.50 3.61 PF PF PF PF PF PF PF

- 04/09/93 365.50 3.62 PF PF PF PF PF PF PF
04/10/93 365.50 3.84 PF PF PF PF PF PF PF
04/11/93 365.50 4.01 1.75 1.60 2.04 1.55 1.50 1.25 1.85

— 04/12/93 365.50 4.01 1.80 210 1.97 2.02 2.02 1.30 1.90
04/13/93 365.50 432 1.90 215 2.05 210 2.05 1.25 1.85
04/14/93 365.50 4.50 1.29 1.91 1.87 1.89 1.99 1.24 1.78
04/15/93 365.50 3.65 1.31 1.74 1.80 1.51 1.93 1.24 1.80

o 04/16/93 365.50 3.56 1.30 1.71 1.76 1.51 1.80 1.25 1.55
04/17/93 365.50 3.64 1.30 1.79 1.81 1.50 1.90 1.25 1.50
04/18/93 365.50 3.60 1.29 1.67 1.45 1.50 1.85 1.24 1.44
04/19/93 365.50 3.56 1.31 1.55 1.46 1.50 1.89 1.24 1.45
04/20/93 365.50 3.51 1.30 1.55 1.46 1.51 1.80 1.25 1.47
04/21/93 365.50 3.50 1.31 1.56 1.47 1.52 1.80 1.25 1.48
04/22/93 365.50 3.48 1.32 1.57 1.48 1.54 1.80 1.27 1.49

B 04/23/93 365.50 3.57 1.30 1.55 1.45 1.50 1.75 1.23 1.44
04/24/93 365.50 3.60 1.31 1.55 1.47 1.51 1.44 1.25 1.45
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TABLE 5- RELIEF WELL DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS, METERS

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
04/25/93 365.50 3.68 1.39 1.64 1.54 1.60 1.82 1.33 1.56
04/26/93 365.50 3.73 1.38 1.62 1.53 1.59 1.52 1.31 1.44
04/27/93 365.50 3.89 1.30 1.55 1.46 1.51 1.44 1.23 1.45
04/28/93 366.50 3.96 1.33 1.58 1.50 1.53 1.47 1.26 1.48
04/29/93 365.50 4.00 1.31 1.56 1.46 1.51 1.44 1.23 1.45
04/30/93 365.50 4.03 1.38 1.63 1.54 1.60 1.53 1.32 1.63
05/01/93 365.50 419 1.97 2.20 212 217 2.1 1.80 2.10
05/02/93 365.50 4.34 1.83 2.08 1.98 2.03 1.97 1.76 1.98
05/28/93 365.50 4.85 1.98 2.23 2.14 2.19 212 1.92 2.14
07/01/93 365.50 4.94 1.98 222 2.13 2.18 212 1.91 2.13
07/31/93 365.50 4.94 1.87 2.1 2.02 2.07 2.01 1.80 2.02
09/01/93 380.19 5.00 1.91 2.15 2.07 2.1 2.05 1.85 2.07
09/29/83 380.18 5.15 1.98 2.22 2.14 2.20 2.10 1.93 2.14
11/02/93 383.13 4.95 1.30 1.55 1.46 1.51 1.45 1.25 1.46
12/01/93 384.10 4.42 1.35 1.60 1.52 1.57 1.50 1.30 1.50
12/29/93 383.50 4.82 P Pl PI Pl P PI P
02/01/94 NA NA NA NA NA NA NA NA NA
03/01/94 383.10 NA NA NA NA NA NA NA NA
04/01/94 385.00 436 Pi PI Pl PI PI PI PI
04/07/94 389.90 4.16 1.42 2.13 2.06 2.06 2.00 1.60 2.00
04/08/94 389.80 3.91 1.42 215 2.00 2.04 1.91 1.53 1.91
04/09/94 389.09 3.87 1.40 2.10 2.00 2.00 1.93 1.30 1.90
04/10/94 385.70 3.95 1.50 2.04 2.05 2.08 2.00 1.50 1.82
04/11/94 387.39 4.00 1.40 2.00 2.00 215 2.00 1.50 1.95
04/12/94 386.35 4.02 1.40 2.04 1.94 2.02 2.00 1.30 1.82
04/13/94 385.10 4.05 1.50 2.05 2.05 2.05 1.95 1.41 1.85
04/14/94 386.00 4.00 1.40 2.15 2.00 210 1.90 1.32 1.85
04/15/94 385.22 3.93 2.10 1.40 1.60 2.10 2.00 2.20 1.45
04/16/94 385.04 3.95 1.41 1.65 1.56 1.61 1.55 1.34 1.55
04/17/94 385.21 3.95 1.39 1.63 1.54 1.60 1.54 1.32 1.54
04/18/94 384.47 4.00 1.46 1.70 1.61 1.66 1.60 1.39 1.60
04/19/94 383.12 4.31 1.49 1.72 1.64 1.69 1.63 1.42 1.63
05/02/94 383.51 4.80 1.80 2.05 1.96 2.01 1.85 1.74 1.96
05/24/94 382.56 494 1.96 2.09 2.00 2.05 2.00 1.79 2.00
06/27/94 380.05 523 1.97 2.21 2.13 217 2.1 1.91 2.13
08/01/94 379.88 5.29 1.99 222 2.15 2.18 2.13 1.92 217
09/01/94 379.80 5.35 2.00 225 2.15 2.20 2.15 1.9 2.16
10/03/94 382.18 5.28 1.40 1.65 1.55 1.60 1.55 1.33 1.56
10/28/94 382.11 NA NA NA NA NA NA NA NA
12/02/94 384.05 NA NA NA NA NA NA NA NA
03/02/95 382.78 NA NA NA NA NA NA NA NA
03/28/95 383.84 NA NA NA NA NA NA NA NA
05/01/95 381.76 NA NA NA NA NA NA NA NA
05/26/95 380.96 NA NA NA NA NA NA NA NA
06/27/95 379.60 NA NA NA NA NA NA NA NA
07/26/95 379.21 NA NA NA NA NA NA NA NA
08/31/95 380.02 NA NA NA NA NA NA NA NA
09/29/95 380.16 NA NA NA NA NA NA NA NA
10/29/95 389.70 NA NA NA NA NA NA NA NA
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TABLE 5- RELIEF WELL DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS, METERS

DATE POOL EL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
10/30/95 388.53 NA NA NA NA NA NA NA NA
10/31/95 385.80 NA NA NA NA NA NA NA NA
11/01/95 386.91 NA NA NA NA NA NA NA NA
11/02/95 383.17 NA NA NA NA NA NA NA NA
11/03/95 385.81 NA NA NA NA NA NA NA NA
11/04/95 386.35 NA NA NA NA NA NA NA NA
11/05/95 385.03 NA NA NA NA NA NA NA NA
11/06/95 384.85 NA NA NA NA NA NA NA NA
11/07/95 384.53 NA NA NA NA NA NA NA NA
11/13/95 388.50 NA NA NA NA NA NA NA NA
11/14/95 384.91 NA NA NA NA NA NA NA NA
11/15/95 389.71 NA NA NA NA NA NA NA NA
11/16/95 390.03 NA NA NA NA NA NA NA NA
11/17/95 389.65 NA NA NA NA NA NA NA NA
11/18/95 386.62 NA NA NA NA NA NA NA NA
11/19/95 384.58 NA NA NA NA NA NA NA NA
11/20/95 383.30 NA NA NA NA NA NA NA NA
11/21/95 383.60 NA NA NA NA NA NA NA NA
11/22/95 385.66 NA NA NA NA NA . NA NA NA
12/27/95 383.09 NA NA NA NA NA NA NA NA
01/22/96 389.05 NA NA NA NA NA NA NA NA
01/23/96 388.20 NA NA NA NA NA NA NA NA
01/24/96 384.67 NA NA NA NA NA NA NA NA
01/25/96 390.00 NA NA NA NA NA NA NA NA
01/26/96 388.85 NA NA NA NA NA NA NA NA
01/27/96 386.67 NA NA NA NA NA NA NA NA
01/28/96 391.02 NA NA NA NA NA NA NA NA
01/29/96 393.59 NA NA NA NA NA NA NA NA
01/30/96 393.86 NA NA NA NA NA NA NA NA
01/31/96 391.20 NA NA NA NA NA NA NA NA
02/01/96 386.03 NA NA NA NA NA NA NA NA
02/02/96 383.94 NA NA NA NA NA NA NA NA
02/03/96 383.50 NA NA NA NA NA NA NA NA
02/04/96 384.10 NA NA NA NA NA NA NA NA
02/05/96 384.56 NA NA NA NA NA NA NA NA
02/06/96 383.90 NA NA NA NA NA NA NA NA
02/08/96 384.60 NA NA NA NA NA NA NA NA
02/28/96 383.60 NA NA NA NA NA NA NA NA
03/28/96 384.30 NA NA NA NA NA NA NA NA
04/17/96 395.00 NA NA NA NA NA NA NA NA
04/18/96 400.10 NA NA NA NA NA NA NA NA
04/20/96 401.40 NA NA NA NA NA NA NA NA
04/22/96 397.10 NA NA NA NA NA NA NA NA
04/23/96 395.60 NA NA NA NA NA NA NA NA
04/24/96 395.60 NA NA NA NA NA NA NA NA
04/25/96 389.90 NA NA NA NA NA NA NA NA
04/26/96 386.40 NA NA NA NA NA NA NA NA
04/27/96 386.89 NA NA NA NA NA NA NA NA
04/28/96 384.23 NA NA NA NA NA NA NA NA
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TABLE 5- RELIEF WELL DEPTH READINGS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

DEPTH READINGS, METERS

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
04/29/96 383.50 NA NA NA NA NA NA NA NA
04/30/96 384.30 NA NA NA NA NA NA NA NA
06/04/96 380.57 NA NA NA NA NA NA NA NA
07/01/96 380.00 NA NA NA NA NA NA NA NA
07/29/96 380.29 NA NA NA NA NA NA NA NA
08/28/96 380.11 NA NA NA NA NA NA NA NA
09/29/96 379.91 NA NA NA NA NA NA NA NA
10/21/96 392.44 NA NA NA NA NA NA NA NA
10/22/96 401.65 4.72 1.25 1.50 1.42 1.46 1.40 1.18 1.41
10/23/96 401.80 422 1.22 1.47 1.39 1.44 1.37 1.16 1.37
10/24/96 403.17 4.00 1.25 1.47 1.40 1.43 1.37 1.15 1.40
10/25/96 401.36 4.00 1.25 1.50 1.40 1.45 1.38 1.20 1.40
10/26/96 401.00 4,00 1.27 1.51 1.40 1.45 1.40 1.20 1.41
10/27/96 397.60 4.05 NA NA NA NA NA NA NA
10/28/96 393.85 410 1.33 1.57 1.49 1.53 1.47 1.37 1.43
10/29/96 386.84 423 1.29 1.53 1.46 1.50 1.45 1.43 1.45
10/30/96 383.80 452 1.30 1.55 1.46 1.51 1.45 1.23 1.45
10/31/96 383.53 4.54 1.31 1.56 1.47 1.52 1.47 1.24 1.46
11/01/96 383.70 4.83 1.30 1.52 1.46 1.52 1.45 1.23 1.43
11/02/96 384.50 4.80 1.27 1.57 1.42 1.48 1.41 1.20 1.41
11/03/96 383.40 4.96 1.36 1.61 1.51 1.57 1.51 1.30 1.51
11/10/96 389.60 4.51 1.14 1.38 1.30 1.34 1.27 1.06 1.27
11/11/96 386.60 4.25 1.16 1.42 1.33 1.38 1.32 1.12 1.32
11/12/96 386.10 417 1.15 1.38 1.30 1.35 1.28 1.10 1.30
11/13/96 383.65 4.35 1.20 1.57 1.38 1.41 1.38 1.15 1.37
11/14/96 383.80 4.36 1.27 1.48 1.42 1.47 1.40 1.20 1.42
11/15/96 384.22 4.40 1.30 1.48 1.45 1.48 1.42 1.25 1.46
11/29/96 383.81 4.82 NA NA NA NA NA NA NA
12/31/96 385.42 NA NA NA NA NA NA NA NA
03/31/97 381.09 NA NA NA NA NA NA NA NA
04/21/97 398.04 NA NA NA NA NA NA NA NA
04/22/97 398.20 NA NA NA NA NA NA NA NA
04/23/97 397.03 NA NA NA NA NA NA NA NA
04/24/97 394.28 NA NA NA NA NA NA NA NA
04/25/97 392.17 NA NA NA NA NA NA NA NA
04/26/97 385.98 NA NA NA NA NA NA NA NA
04/27/97 383.05 NA NA NA NA NA NA NA NA
04/28/97 383.35 NA NA NA NA NA NA NA NA
04/29/97 385.02 NA NA NA NA NA NA NA NA
04/30/97 383.52 NA NA NA NA NA NA NA NA

CODES:
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given
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TABLE 6 - ACTUAL RELIEF WELL WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

RELIEF WELL WATER SURFACE ELEVATION, FEET-NGVD

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
01/31/92 382.70 370.9 382.8 382.8 382.6 382.1 382.8 3829 383.1
03/03/92 382.70 370.9 382.9 382.9 3825 382.4 382.9 382.7 383.1
03/12/92 388.96 372.8 380.5 382.0 3825 381.5 380.4 382.1 382.8
03/13/92 388.73 373.0 382.1 PI P Pl PI Pl PI
03/14/92 386.90 373.2 PI PI Pl Pi PI PI PI
03/15/92 384.85 372.8 PI PI Pl Pl Pi Pl Pl
03/16/92 385.12 3723 PI P Pl Pl Pl Pl PI
03/17/92 383.50 3721 Pl Pl PI PI Pl Pl PI
03/18/92 382.48 371.6 Pl PI Pl Pl Pi Pl PI
03/19/92 382.80 3709 Pl PI Pl PI PI Pi Pl
03/20/92 382.60 370.8 Pl Pl Pi PI PI Pi PI
04/03/92 384.20 371.8 381.5 380.8 380.7 380.0 382.1 382.2 380.9
04/30/92 380.98 3721 380.1 380.0 380.0 379.6 380.1 380.2 380.1
06/02/92 384.96 371.8 379.8 379.7 379.5 379.1 379.4 3794 379.6
07/01/92 380.15 3705 379.9 379.9 379.9 3794 379.9 380.0 380.1
08/04/92 380.12 370.4 379.9 379.9 379.8 379.4 379.9 380.0 380.0
09/01/92 380.00 370.4 379.8 379.8 379.8 3794 379.8 379.9 379.9
09/28/92 380.57 370.9 380.4 380.3 380.3 379.9 380.4 380.5 380.5
10/30/92 382.12 3704 381.8 381.8 381.8 381.3 381.8 381.8 382.0
11/30/92 384.00 3721 381.8 381.9 381.8 381.4 381.9 382.0 382.0
12/31/92 384.00 371.2 PF PF PF PF PF PF PF
01/29/93 384.00 371.4 PF PF PF PF 386.9 PF PF
03/01/93 382.10 Pl Pl PI Pl Pi PI Pi Pl
03/31/93 393.50 3731 PF PF PF PF PFE PF PF
04/01/93 398.30 371.9 PF PF PF PF PF PF PF
04/02/93 402.50 372.7 PF PF PF PF PF PF PF
04/03/93 402.90 3735 PF PF PF PF PF PF PF
04/04/93 402.40 374.0 PF PF PF PF PF PF PF
04/05/93 401.20 374.4 PF PF PF PF PF PF PF
04/06/93 400.10 3745 PF PF PF PF PF PF PF
04/07/93 398.00 3747 PF PF PF PF PF PF PF
04/08/93 365.50 3748 PF PF PF PF PF PF PF
04/09/93 365.50 3747 PF PF PF PF PF PF PF
04/10/93 365.50 374.0 PF PF PF PF PF PF PF
04/11/93 365.50 3734 380.7 382.0 380.2 381.5 382.0 382.2 381.0
04/12/93 365.50 373.4 380.5 380.3 380.4 380.0 380.3 382.0 380.9
04/13/93 365.50 372.4 380.2 380.1 380.2 379.7 380.2 382.2 381.0
04/14/93 365.50 371.8 382.2 380.9 380.8 380.4 380.4 382.2 381.2
04/15/93 365.50 3746 382.1 381.5 381.0 381.6 380.6 382.2 381.2
04/16/93 365.50 374.9 3821 381.6 381.1 381.6 381.0 382.2 382.0
04/17/93 365.50 3747 382.1 381.3 381.0 381.7 380.7 382.2 382.2
04/18/93 365.50 374.8 3822 381.7 382.1 381.7 380.8 382.2 3824
04/19/93 365.50 374.9 382.1 382.1 382.1 381.7 380.7 382.2 382.3
04/20/93 365.50 3751 382.1 382.1 382.1 381.6 381.0 382.2 382.3
04/21/93 365.50 3751 382.1 382.1 382.1 3816 381.0 3822 382.2
04/22/93 365.50 375.2 382.1 382.0 382.0 381.5 381.0 3821 3822
04/23/93 365.50 3749 382.1 382.1 3821 381.7 381.2 382.3 382.4
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TABLE 6 - ACTUAL RELIEF WELL WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

RELIEF WELL WATER SURFACE ELEVATION, FEET-NGVD

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
04/24/93 365.50 374.8 382.1 382.1 382.1 381.6 382.2 382.2 382.3
04/25/93 365.50 374.5 381.8 381.8 381.8 381.4 381.9 381.9 382.0
04/26/93 365.50 3744 381.9 381.9 381.9 381.4 381.9 382.0 382.4
04/27/93 365.50 373.8 382.1 382.1 382.1 381.6 382.2 382.3 3823
04/28/93 365.50 3736 382.0 382.0 382.0 381.6 382.1 382.2 382.2
04/29/93 365.50 373.5 382.1 382.1 382.1 381.6 382.2 382.3 382.3
04/30/93 365.50 373.4 381.8 381.8 381.8 381.4 381.9 382.0 382.1
05/01/93 365.50 372.9 379.9 380.0 379.9 379.5 380.0 380.1 380.2
05/02/93 365.50 372.4 380.4 380.4 380.4 379.9 380.4 380.5 380.6
05/28/93 365.50 370.7 379.9 379.9 379.9 379.4 379.9 380.0 380.1
07/01/93 365.50 370.4 379.9 379.9 379.9 379.4 379.9 380.0 380.1
07/31/83 365.50 370.4 380.3 380.3 380.3 379.8 380.3 380.4 380.5
09/01/93 380.19 370.2 380.1 380.1 380.1 379.7 380.2 380.2 380.3
09/29/93 380.18 369.7 379.9 379.9 379.9 379.4 380.0 380.0 380.1
11/02/93 383.13 370.4 382.1 382.1 382.1 381.6 382.1 382.2 382.3
12/01/93 384.10 372.1 382.0 382.0 381.9 381.4 382.0 382.0 382.2
12/29/93 383.50 370.8 P Pl Pl P! Pi Pl Pl
02/01/94 NA NA NA NA NA NA NA NA
03/01/94 383.10 NA NA NA NA NA NA NA NA
04/01/94 385.00 372.3 PI Pl PI PI P PI P
04/07/94 389.90 373.0 381.7 380.2 380.1 379.8 380.3 381.1 380.5
04/08/94 389.80 373.8 381.7 380.1 380.3 379.9 380.6 381.3 380.8
04/09/94 389.09 373.9 381.8 380.3 380.3 380.0 380.6 382.0 380.9
04/10/94 385.70 373.6 381.5 380.5 380.2 379.8 380.3 381.4 381.1
04/11/94 387.39 373.5 381.8 380.6 380.3 379.5 380.3 381.4 380.7
04/12/94 386.35 373.4 381.8 380.5 380.5 380.0 380.3 382.0 381.1
04/13/94 385.10 373.3 381.5 380.5 380.2 379.9 380.5 381.7 380.7
04/14/94 386.00 373.5 381.8 380.1 380.3 379.7 380.7 382.0 381.0
04/15/94 385.22 373.7 379.5 382.6 381.7 379.7 380.3 3791 382.3
04/16/94 385.04 373.6 381.8 381.8 381.8 381.3 381.8 381.9 382.0
04/17/94 385.21 373.6 381.8 381.9 381.8 381.4 381.8 382.0 382.0
04/18/94 384.47 373.5 381.6 381.6 381.6 381.2 381.7 381.7 381.9
04/19/94 383.12 372.5 381.5 381.6 381.5 381.1 381.6 381.6 381.8
05/02/94 383.51 370.9 380.5 380.5 380.5 380.0 380.5 380.6 380.7
05/24/94 382.56 370.4 380.0 380.3 380.3 379.9 380.3 3804 380.5
06/27/94 380.05 369.4 379.9 379.9 379.9 379.5 380.0 380.0 380.1
08/01/94 379.88 369.2 379.9 379.9 379.8 379.4 379.9 380.0 380.0
09/01/94 379.80 369.0 379.8 379.8 379.8 379.4 379.8 379.9 380.0
10/03/94 382.18 369.3 381.8 381.8 381.8 381.4 381.8 381.9 382.0
10/28/94 382.11 NA NA NA NA NA NA NA NA
12/02/94 384.05 NA NA NA NA NA NA NA NA
03/02/95 382.78 NA NA NA NA NA NA NA NA
03/28/95 383.84 NA NA NA NA NA NA NA NA
05/01/95 381.76 NA NA NA NA NA NA NA NA
05/26/95 380.96 NA NA NA NA NA NA NA NA
06/27/95 379.60 NA NA NA NA NA NA NA NA
07/26/95 379.21 NA NA NA NA NA NA NA NA
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TABLE 6 - ACTUAL RELIEF WELL WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

RELIEF WELL WATER SURFACE ELEVATION, FEET-NGVD

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
08/31/95 380.02 NA NA NA NA NA NA NA NA
09/29/95 380.16 NA NA NA NA NA NA NA NA
10/29/95 389.70 NA NA NA NA NA NA NA NA
10/30/95 388.53 NA NA NA NA NA NA NA NA
10/31/95 385.80 NA NA NA NA NA NA NA NA
11/01/95 386.91 NA NA NA NA NA NA NA NA
11/02/95 383.17 NA NA NA NA NA NA NA NA
11/03/95 385.81 NA NA NA NA NA NA NA NA
11/04/95 386.35 NA NA NA NA NA NA NA NA
11/05/95 385.03 NA NA NA NA NA NA NA NA
11/06/95 384.85 NA NA NA NA NA NA NA NA
11/07/95 384.53 NA NA NA NA NA NA NA NA
11/13/95 388.50 NA NA NA NA NA NA NA NA
11/14/95 384.91 NA NA NA NA NA NA NA NA
11/15/95 389.71 NA NA NA NA NA NA NA NA
11/16/95 390.03 NA NA NA NA NA NA NA NA
11/17/95 389.65 NA NA NA NA NA NA NA NA
11/18/95 386.62 NA NA NA NA NA NA NA NA
11/19/95 384.58 NA NA NA NA NA NA NA NA
11/20/95 383.30 NA NA NA NA NA NA NA NA
11/21/95 383.60 NA NA NA NA NA NA NA NA
11/22/95 385.66 NA NA NA NA NA NA NA NA
12/27/95 383.09 NA NA NA NA NA NA NA NA
01/22/96 389.05 NA NA NA NA NA NA NA NA
01/23/96 388.20 NA NA NA NA NA NA NA NA
01/24/96 384.67 NA NA NA NA NA NA NA NA
01/25/96 390.00 NA NA NA NA NA NA NA NA
01/26/96 388.85 NA NA NA NA NA NA NA NA
01/27/96 386.67 NA NA NA NA NA NA NA NA
01/28/96 391.02 NA NA NA NA NA NA NA NA
01/29/96 393.59 NA NA NA NA NA NA NA NA
01/30/96 393.86 NA NA NA NA NA NA NA NA
01/31/96 391.20 NA NA NA NA NA NA NA NA
02/01/96 386.03 NA NA NA NA NA NA NA NA
02/02/96 383.94 NA NA NA NA NA NA NA NA
02/03/96 383.50 NA NA NA NA NA NA NA NA
02/04/96 384.10 NA NA NA NA NA NA NA NA
02/05/96 384.56 NA NA NA NA NA NA NA NA
02/06/96 383.90 NA NA NA NA NA NA NA NA
02/08/96 384.60 NA NA NA NA NA NA NA NA
02/28/96 383.60 NA NA NA NA NA NA NA NA
03/28/96 384.30 NA NA NA NA NA NA NA NA
04/17/96 395.00 NA NA NA NA NA NA NA NA
04/18/96 400.10 NA NA NA NA NA NA NA NA
04/20/96 401.40 NA NA NA NA NA NA NA NA
04/22/96 397.10 NA NA NA NA NA NA NA NA
04/23/96 395.60 NA NA NA NA NA NA NA NA
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TABLE 6 - ACTUAL RELIEF WELL WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

RELIEF WELL WATER SURFACE ELEVATION, FEET-NGVD

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
04/24/96 395.60 NA NA NA NA NA NA NA NA
04/25/96 389.90 NA NA NA NA NA NA NA NA
04/26/96 386.40 NA NA NA NA NA NA NA NA
04/27/96 386.89 NA NA NA NA NA NA NA NA
04/28/96 384.23 NA NA NA NA NA NA NA NA
04/29/96 383.50 NA NA NA NA NA NA NA NA
04/30/96 384.30 NA NA NA NA NA NA NA NA
06/04/96 380.57 NA NA NA NA NA NA NA NA
07/01/96 380.00 NA NA NA NA NA NA NA NA
07/29/96 380.29 NA NA NA NA NA NA NA NA
08/28/96 380.11 NA NA NA NA NA NA NA NA
09/29/96 379.91 NA NA NA NA NA NA NA NA
10/21/96 392.44 NA NA NA NA NA NA NA NA
10/22/96 401.65 3711 3823 382.3 382.2 381.8 382.3 382.4 382.5
10/23/96 401.80 372.8 382.4 382.4 382.3 381.9 382.4 382.5 382.6
10/24/96 403.17 373.5 382.3 382.4 382.3 381.9 382.4 382.5 382.5
10/25/96 401.36 373.5 382.3 382.3 382.3 381.8 382.4 382.4 382.5
10/26/96 401.00 373.5 382.2 382.2 382.3 381.8 382.3 382.4 382.5
10/27/96 397.60 373.3 NA NA NA NA NA NA NA
10/28/96 393.85 3731 382.0 382.0 382.0 381.6 382.1 381.8 382.4
10/29/96 386.84 372.7 382.2 382.2 382.1 381.7 382.1 3816 3823
10/30/96 383.80 371.8 382.1 382.1 382.1 381.6 382.1 382.3 382.3
10/31/96 383.53 371.7 382.1 382.1 382.1 381.6 3821 382.2 382.3
11/01/96 383.70 370.8 382.1 382.2 382.1 381.6 382.1 382.3 382.4
11/02/96 384.50 370.9 382.2 382.0 382.2 381.7 382.3 382.4 3825
11/03/96 383.40 370.3 381.9 381.9 381.9 381.4 381.9 382.0 382.1
11/10/96 389.60 371.8 382.7 382.7 382.6 382.2 382.7 382.8 382.9
11/11/96 386.60 372.7 382.6 382.5 382.5 382.1 382.6 3826 382.8
11/12/96 386.10 372.9 382.6 382.7 382.6 382.2 382.7 382.7 382.8
11/13/96 383.65 372.3 382.5 382.0 382.4 382.0 382.4 382.5 382.6
11/14/96 383.80 372.3 382.2 382.3 3822 381.8 382.3 3824 382.4
11/15/96 38422 372.2 382.1 382.3 382.1 381.7 382.2 382.2 382.3
11/29/96 383.81 370.8 NA NA NA NA NA NA NA
12/31/96 385.42 NA NA NA NA NA NA NA NA
03/31/97 391.09 NA NA NA NA NA NA NA NA
04/21/97 398.04 NA NA NA NA NA NA NA NA
04/22/97 398.20 NA NA NA NA NA NA NA NA
04/23/97 397.03 NA NA NA NA NA NA NA NA
04/24/97 394.28 NA NA NA NA NA NA NA NA
04/25/97 392.17 NA NA NA NA NA NA NA NA
04/26/97 385.98 NA NA NA NA NA NA NA NA
04/27/97 383.06 NA NA NA NA NA NA NA NA
04/28/97 383.35 NA NA NA NA NA NA NA NA
04/29/97 385.02 NA NA NA NA NA NA NA NA
04/30/97 383.52 NA NA NA NA NA NA NA NA
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TABLE 6 -

ACTUAL RELIEF WELL WATER ELEVATIONS FROM JANUARY 1992 TO APRIL 1997

Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

RELIEF WELL WATER SURFACE ELEVATION, FEET-NGVD

DATE POOLEL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
CODES:
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given

GEIl Consultants, Inc.

Project 97487

September, 1997



GEIl Consultants, Inc.

TABLE 7- AVERAGE WATER LEVELS FOR EACH RELIEF WELL
instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire
POREWATER ELEVATION FOR NORMAL POOL, FT-NGVD
DATE POOL EL RW-1 RW-2 RW-3 RW-4 RW-5 RW-6 RW-7 RW-8
31-Jan-92 382.70 370.8 382.8 382.8 382.6 382.1 382.8 382.9 383.1
03-Mar-92 382.70 3708 382.9 382.9 3825 3824 382.9 382.7 383.1
03-Apr-92 384.20 371.8 381.5 380.8 380.7 380.0 382.1 382.2 380.9
30-Apr-92 380.98 3721 380.1 380.0 380.0 3796 380.1 380.2 380.1
02-Jun-92 384.96 371.8 379.8 379.7 379.5 3791 379.4 3794 379.6
01-Jul-92 380.15 370.5 379.8 379.9 379.8 379.4 379.9 380.0 380.1
04-Aug-92 380.12 370.4 379.9 379.9 379.8 379.4 379.9 380.0 380.0
01-Sep-92 380.00 370.4 379.8 379.8 379.8 379.4 379.8 379.9 3799
28-Sep-92 380.57 3709 380.4 380.3 380.3 3799 380.4 380.5 3805
30-Oct-92 382.12 3704 381.8 381.8 381.8 3813 381.8 381.8 382.0
30-Nov-92 384.00 3721 381.8 381.9 381.8 3814 381.9 382.0 382.0
31-Dec-92 384.00 371.2 PF PF PF PF PF PF PF
29-Jan-93 384.00 3714 PF PF PF PF 386.9 PF PF
01-Mar-93 382.10 PI Pl PI Pl Pl PI Pi Pl
02-May-93 365.50 372.4 380.4 380.4 380.4 379.8 380.4 3805 380.6
28-May-93 365.50 370.7 379.9 379.9 379.9 3794 379.9 380.0 380.1
01-Jul-93 365.50 3704 379.9 379.9 379.9 3794 379.9 380.0 380.1
31-Jul-93 365.50 3704 380.3 380.3 380.3 379.8 380.3 3804 380.5
01-Sep-93 380.18 370.2 380.1 380.1 380.1 379.7 380.2 380.2 380.3
29-Sep-93 380.18 369.7 379.9 379.9 379.9 379.4 380.0 380.0 380.1
02-Nov-93 383.13 370.4 382.1 382.1 382.1 381.6 382.1 382.2 382.3
01-Dec-93 384.10 3721 382.0 382.0 3818 381.4 382.0 382.0 382.2
29-Dec-93 383.50 370.8 Pt PI PI Pl PI Pl Pl
01-Feb-94 NA NA NA NA NA NA NA NA NA
01-Mar-94 383.10 NA NA NA NA NA NA NA NA
01-Apr-84 385.00 372.3 P P P Pl PI Pl Pl
02-May-94 383.51 370.9 3805 380.5 380.5 380.0 380.5 380.6 380.7
24-May-94 382.56 3704 380.0 380.3 380.3 379.9 380.3 3804 380.5
27-Jun-94 380.05 369.4 3798 379.9 379.9 3795 380.0 380.0 380.1
01-Aug-94 379.88 369.2 379.9 379.9 379.8 379.4 379.9 380.0 380.0
01-Sep-94 379.80 369.0 379.8 379.8 379.8 379.4 379.8 379.9 380.0
03-Oct-94 382.18 369.3 381.8 381.8 381.8 381.4 381.8 381.9 382.0
28-Oct-94 382.11 NA NA NA NA NA NA NA NA
02-Dec-94 384.05 NA NA NA NA NA NA NA NA
02-Mar-95 382.78 NA NA NA NA NA NA NA NA
28-Mar-95 383.84 NA NA NA NA NA NA NA NA
01-May-95 381.76 NA NA NA NA NA NA NA NA
26-May-95 380.96 NA NA NA NA NA NA NA NA
27-Jun-95 379.60 NA NA NA NA NA NA NA NA
26-Jul-95 379.21 NA NA NA NA NA NA NA NA
31-Aug-95 380.02 NA NA NA NA NA NA NA NA
29-Sep-95 380.16 NA NA NA NA NA NA NA NA
07-Nov-95 384.53 NA NA NA NA NA NA NA NA
22-Nov-95 385.66 NA NA NA NA NA NA NA NA
27-Dec-95 383.09 NA NA NA NA NA NA NA NA
08-Feb-96 384.60 NA NA NA NA NA NA NA NA
28-Feb-96 383.60 NA NA NA NA NA NA NA NA
28-Mar-96 384.30 NA NA NA NA NA NA NA NA
30-Apr-96 384.30 NA NA NA NA NA NA NA NA
04-Jun-96 380.57 NA NA NA NA NA NA NA NA
01-Jul-96 380.00 NA NA NA NA NA NA NA NA
29-Jul-96 380.29 NA NA NA NA NA NA NA NA
28-Aug-96 380.11 NA NA NA NA NA NA NA NA
29-Sep-96 379.91 NA NA NA NA NA NA NA NA
03-Nov-96 383.40 370.3 381.9 381.8 381.9 381.4 381.9 382.0 382.1
29-Nov-96 383.81 370.8 NA NA NA NA NA NA NA
31-Dec-96 385.42 NA NA NA NA NA NA NA NA
31-Mar-97 391.09 NA NA NA NA NA NA NA NA
30-Apr-97 383.52 NA NA NA NA NA NA NA NA
Average
Water level 381.28 370.76 380.74 380.71 380.68 380.22 381.01 380.84 380.89

CODES:

PD= Piezometer Dry
Pl=Piezometer Inaccessible

PU=Personnel Unavailable to take readings
PF=Piezometer Frozen

NA=Information not Given

Hopkinton Dam

Project 97487



TABLE 8- PREDICTED PIEZOMETER AND
RELIEF WELL WATER ELEVATIONS
Instrumentation Appendix Report
Hopkinton Dam, Hopkinton, New Hampshire

Piezometer Projected Piezometer Elevation

for Reservoir at El. 416

PZ-1 369.4

Pz-2 369.3

PZ-3A 379.2

PZ-3B 379.7

PZ-4A 374.7

PZ-48 373.3

PZ-5A 372.8

PZ-5B 382.5

PZ-6A 373.0

PZ-6B 382.9

PZ-7A 372.9

PZ-7B 382.9

PZ-8A 3721

pz-8B 382.4

PZ-9 369.4

PZ-10 3726

PZ-11 370.8

PZ-13A 375.3

PZ-13B NP

PZ-14A 374.2

pPZ-14B 382.6

PZ-15 378.1

RW-1 373.8

RW-2 382.4

RW-3 382.6

RW-4 382.6

RW-5 382.2

RW-6 382.7

RW-7 382.6

RW-8 382.7

NOTE

NP = Not predicted due to scatter in data.

GEI Consultants, Inc.

Hopkinton Dam

Project 97487
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20— — T ~—PEE T Gravaity.viy SAND weabmer L Gravaity,cloyey.siity SAND ;;— l‘Ju"“" aity v SAND e 5P Group letter symbol according to
SM co 16 WLY ~ 7 OCT. 1938 lgc| S areveity.ciarey SAND ITILLY [R{¥E] IR o .‘,,s_ o cLAY . ol | Sandy CLAY{lominated) Unified Soil Classification System.
[Cloyey. grevaily, silty -—_ SILT 8 CLAY (stronfied} - ond sendy SIL : —] f .
€0 arw M adum 1o fine 3AND (TILLY ki L M| TR T Temored! | %0 NR No R‘f""’;‘z:‘:s“’::“"“UC"”Y soil
wilh “cobbles - i - -— - +] .
- Il . f observation well,
30— Grevaliy, clayey. ity SAND Grevaily, siity,cloysy SANO ! Gravally, silty SAND u Bottom of o
3M Gi Hy, cloysy.silly SAND . ¥, clayey, sty - w
. '._v.-.vng»c‘;y_" iy A "ss':: sy o “lsc g *''h TcobDIesTILY NS Not Sampled. Hole advonced by Core-driiling, blosting
(0] Gravelly, clayey, 3ilty SAND ™ w ond/r wosh boring due to operational difficulty.
o e T " _g‘m% 5"'V-"°";-.'I'.',""' sano = a0 = co Sampling inoverburden by the Core-drill Method.
0 I cosM: Sy graneny.cirn SANO 2 : - M5y SARD e - e 223 Blows per foot of penetration considered
- M ,ﬂ’ - Ba | x most representative usually withing 5-
“co |SMI Grovany.cla —'“ ] O.r'avo‘v.'v.:;":v SO +H 5] LSANO s i Lz foot drive using 0300 or 350 pound
th " o ro! [Grovelty wiiy SAND (T - A f
- with “cobb. Grevay terey. iy SANG ot v e ierey SARGIRILLI b ravelty, miv Tt o] eol o 24 hammer with o v"_ae fall ot abou: 18inches
w o o PTRTIT SM1  with "cobbles” (TILLY = = - cof¥e — unig 24" 1.0.or 3" 0.D. and/or 2" 1.0, or
— a= pon 2% O.D.somple spoon equipped with o
3 AND .
w onuny..-ny”e::{-'n N T —— 1 PN .I.:, ::nvu. __1! i erhedded o - beveled ond sharpened drive shoe.
w — ns | y L stole S s v —
o) Gravelly, siity, clayey SAND iy {CLSiity . groveily SANG oM rove .’_‘.E;:. _51_'?'_".".&:'"""‘ no_ = gloyer. sy sano * Blow count not recorded or
sm| withcobbles® (TiLL) o b 18]~ Gravelly, sty smg , [ 55“""“:"" :"":";.m I SER —160 not considerad representative.
O L } THo iity, clayey, groveily g NB e — -dri
60— sc _vh“_'_ s hoon tavelly, o¥ a Cobble or boulder (Core-drilled.)
= il I Gravelly, siily SAND P W i _‘: . [ iy, gravatly SAND w Cabbles or boulders, continuous or nested
€OlsM|  Silty, gravelly SAND ITILL) | ©s| | (Core -drilled and/or blasted ond chopped.)
Gravally, sitty.clayey SAND o X
o wih cobbiat & boudens C4ELY IR LLLE LY T SOIM! iy, cioyey, grovetly SAND —70 EL3702 Elevation of bedrack surface. .
70— - (Tiew) G, " k] ———— ael®¢) T b Rock core recovery 0 ~ 25% .
T ] . Greveny, sitycloye T::.?.: = Rock core recovery 25 — 50% ’
- ] %’A; TR ——— s Gravally, silty SAND {TiLL} Rock core recovery 50 — 75%
2t o CLayY | — -
x Trovelly claye: SANT P o 3s2 co[ML| _Sandy, clayey STLT (TILL} _lso Rock core recovery75 - 90%
a 5C{ _witn "cobps 2 -Icunlly.tllly SAND (TILL) =T A Rock core recovery 950 ~ 100% N
w B -;,'EL;';;"’." T xuh Jonbles’ g1 3001 £1.276.6 Elavotion of bottom of exploration.
e © nn [ensilty. o . Loss i 9pm
Cloyey SAND (TiLL) ~—190
90— ° Ina NPT  No Pressure Test Performed. Asterisk .
* denotes that section could not be sealed N
far testing. .
- }— Gravelly, siity SAND (TFLL) . L
m ol 100 40 psi Constantly maintained pressure for | to
= |~ ne; ST Tomnareal - 5 minutes.
100~ e b Voluma loss in gollons per minute under
G B Comem ity 5400 (7L Sopanant pressure.tested continuously i
133 with “cobbles” (TILL) - " wiin (atrotitied CLAY) 5 toot sections. Scale expanded from
GRAMITE, light ovq‘.h::. . gpm fo | gpm for clarification of low
Ll L oned, y .
Ho— :.E sC 1hered on occavonol 1 2 FD -149 pressure losses.
— s which ¢ip of opprosimotely E " evorti-mice Dok . 0
B[ e 45°% ond 80°. e, ey b, ary i . FD-148 ow) FD—15
— ned, genyrl Iresh, . .
sersc Yoo ' seom I she Il JUNE 1958 {0 JUNE 1958 3 ‘S:NEB 0'9555 Woter levels recorded during subsurfoce explorotions seldom correspond
20 oo [ g v0y noesia o . El.368.0 ﬂ 4‘4-53" SAND with “roo1s 8 —E ] -0 with the notural leve! of free ground woter, except in extensive ond thick
— {Hole located in river T sul 3ty - " <) " Sitty, line SAND : e ics i ;
Etevation top of woter 376.4 ) Occosionat ,.':,.;,.‘ » [SP :m{. o magiim “ gecoved forest detrit’ tem "m.'""- deposits of sands ond grovels wmc{: are sufficiently pervious te permit K
;«m with ncottered gomnets. —lee l-"h Cobbles” * - p— ropid stobilirotion of woler levels in the e&xplorotory hole. Absence of
‘olonon adscu M hel Silty, grovelly SAND v o subsurfoce waler level in the grophic log of ony sxploralion is not
130 - S 13 i comdien tTiLLY . SP| Fine saw 10 necessorily 1o be construed thot ground worer will not be encountered
paGeavelly, cloysy,silly SAND ] in excovotion ot thot location.
FD-l46 FD-147 :_— e = sy T AT B i 20 Whils the borings are represantotive of subsurfoce conditions of their
(ow) (ow) 20— o e - respective locations ond for their raspective vertical reoches, locol minor
8 JUNE 1958 6 JUNE 1958 o T ————— Sendy SILT variations characteristic of the overburden ond rocks of 1his region ore
Silty, ctayay SANO (TILL) —|m d silt tonses® ! een ) ;
3 El.466.7 . —0 ——=tth sond seam co onticipoted,ond if encountered, such voriations will not beconsidered os
T ol | e ' 30— e = —30 differing materiolly” from raprasented conditions within the purview of
. = ssté- Gravelly, silty, clayey .0 Article 4 of the Contract.
SMU Sitiy, wavelty sano SAND (TiLL) _ Fine SAND .
roo (R {8} 1aof SM . 3P with st tensey
—lio o NOTES
10— jun —_—
t—rt -_— —40 .
r-zocr isse |- co| | Gayey, groveliy SANDITILLY .
EI‘ oL 40 | ailty SAND UTILL) i&.‘-’ e o totmarions oF " Elevations refer o Meon Seo Level Dotum
Gravelly, silty,cloyay SAND =lu " SILT & CLAY
(riLe) 33 $ilty SAND wiih cobbles” s__ L- -
- ATILL) —l20 [ _lm 35 s.ny.’qnv-lly_s‘fr:m“ .
*r W g ot su hceplarTimL —so @ INDEX FOR LOCATION OF FOUNDATION EXPLORATIONS
— w
Gravally, sondy CLAY ITRLLY w — su S " Hopkinton Dom, FD=139, FO-14/, FO-142, FD- 143, Fp- 145,
, " Cicyey, orovelly SANDTTILLT
ith small lenies of lommnated cloy T Aol 0 w L o w7 s tamnations of SILT FO-146 ond FD-148, see Sheet No./68.
30— ¢ S —————— — - n AT .
- Silty. sondy GRAVEL ITILL) w sol— A CLA  lagioaladl TL) v Sy, el velly SAND -16° » Conal No.l, FD-140, FD-194, FD-1497 and FD-149,see Sheet
w o w z ] Xy, medni To Yine KNG [3E]_SR e ey e - No. 169
w B EL ] w Siity, clayey SAND (TILLI TaML| Sendy SILY (stratitind) .
w a0} o -4 w veeea cLAY 8 o Dike H-2, FD-150, see Sheet No.170.
o 120 . 70/~ eo{CL] SILT x
ES
— z
z Gravally, ality $AND 1TILLI “us|sud Sty clayey sanp - - —{St| ity sendy cLAY L
= ol hen SCl wieh “cobbles” { TILL) —{s0 o 740 5AC) {5y, cloysy SENDTITLLY a
- Lol MAgiratitiad CLAY 8 —8¢
ns w 80— 339/% Sendy SILT w
- T x o ©o| }‘ . o
—~|so - T
- 60— 8 [su)”Graver --,“‘y';:-(i'h:r'l_un = so s 3illy, gravelly SAND (TiLL) baad L ony gy sy oo Wevion | Bave DUseRiPToN o
TL__fine SAND tTiL) »r o 90}— - e
o. co| ea — | 1]
lsM-| Grevaily clayey SAND W v . ARMY ENGINEER DIVISION, NEW
w 270[SC71 " Gravatiy,silty, cloyey SAND ITILLI co|S€] wn“codbies” ( TILLY T80 , €O b us. Y E! cgrnzw “cslﬁl.:st ENGLAND
° ©5(SM|_Grovelly, sily SAND (TILL] 1 0 M — waltnam, wass.
o= 39| WASHED SAWPLES YTy Ty —=m : taelcL| sy, vanay cLav tswon oo
o M aray, sity, sonay Graver e Pt s 100~ cof P MERRIMACK RIVER FLOOD CONTROL
pry €9 od i SnamITE, i nore, 1
R | | SRt O HOPKINTON-EVERETT RESERVOIR
- WA g S03 -
so— ST . . st 3 A, HOPKINTON DAM
ravelly.cleyey, slly SARD ! — X A
“covnan (TILL) no— . " et il RECORD OF FOUNDATION EXPLORATIONS
- 1 p- T - A NO. 8
s “Cieyey SANOTTICLT with ! . ~pwant - -~ N
o some the.s Deds of SAND, % ' (\‘_’Jr " o ONTOOGOOK AND PISCATAQUOG RIVERS N H.
90— Lol lekar eent 7 i o . 2 R A DATC 1959
13, | . —i20 m,\ A JULY
- Sliry, cloyey SAND (TILLY 120 o A — ' tracl No. DA-1S 516 Sivins 60-2 COL, C.E._ DUPUTY Divitiom ERBIRCER
sel i Mol locared o river Contract ko. DA-1¢ 51E Ci
co with sirate of silty clay " \ SCALE AS SHOWN[SPEC NO.CIV ENG-19-01% 601
‘J Clevotion tep of waler 377.0 ) H AWING
ool U yees 100 & _| oA NAGEN
| ! 130
130~—
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FD-151

JULY 1958

El. 486.0
r—

us
ol

oM

]

Gravaily,siity BAND (TILL)

sm|  Sity SAND (TILL)

FD-152

9 JuLYy |
EL 391

=

—|sp

958
J

Medivm to fine SAND

] Sty SAND =/ strete

10| ng #1°
et ——

Sy, gravelly
SAND (TILL)

1ajuadist erbee sempten
£

SM|

Silty SAND (stretitied)
Gravally, silty
SAND (TILL)

STy, cloyey SAND

Sandy, ully GLAY [sirolitied)
Gravelly wity, clayey SAND(TILL}

sc-| siny, graveny,
SM| cloyey SAND

[Ungisturbad wamplas '3 Undiaturbed

L1308 8

FD -158 -
(ow)

JUNE 1958

El. 404.3

Medium to line SAND

Manmmuen hagd 3.3
18 JUNE-T OCT.1958

Gr

y SAND

33|GP| Sondy GRAVEL

#9|SP| Gravelly medivm to tina SAND

gondy GRAVET
ror Fins SAND

LIPS Gravelly SAND

VI

| un

——}—{ Fine SAND
ne|SP

cof  un

132 |SP g 3343

P Siny SAND
(stratitied)

7

L{ue Sy, grevaily
SAND {TILL) s2{ML| Sendy SILT (w
un
wlsP| siy.greveny sanc
™

" [SE]=Trevaiy SAND

$1lly, sendy GRAVEL { TILL)

FD-1
12 JUNE

53
1958

El. 424.6

LT T —
AND_wnin "7ools B cobbier”
Graveily SAND uu.u
R Cravaity, sty Hﬁ'ﬁ

feLavs. unlu mLL)

Lost BO% drikwatar trom 8.5° lot 6

FD-154
10 JUNE 1958
El. 442.6
. ToPsot.
% T1Siity SAND [Ty
__lsp| Gravelly sanD TILL}
v faan

GRANITE light groy,hovd, leash,
madium - groined. Weaihered
010Ny PUMAreVs [omTs whech ore
~poced 18 22.0' Joints
proaimately 107, 307,
verticol

Lt 25 % deill woter frem 7.5"1011.8°
[ire] Lost 30% ordh water fromit o'niay

‘: L0871 00%dril water trem 14.3' 10

i

bottom of hole.

(Hole 10

scnlsT quu-innu Dork

weothered ssams of 00pros -
ly 104.0° ond 10T.511.

(LR iLA]
ted insiver
Ciewction tee of weter 370.0)

e
— e e Loee
GRANITE, hgM groy,hord, fresh
medium grainmostive Occos-
ional yoints dip ¢! 60°
Slightly weatherad fo 40,011
Lo31 J00% dri water beiow 39.0'
©a
Undisturbed somples tanen by
relary drilling with modified Deni-
son Type Somplar, using €” dioma-
ter o 24,33 ond 3" diamelter trem
24.99 to 10L47",
FD-159
(ow) FD-160 FD-161
12 JUNE 1958 23 JUNE 1958 26 JUNE 1958
El. 4143 EL367.0 El. 377.4
- ~7 [OL}¢ ORGANIC $ILT
SAND wiih ooty ., s 52"_"‘":-” I:‘.‘M'
| N Al 0
Grovally SAND (TILL) 1|3M] Grevaily sty SAND (TILL) = SAD wiln eo I
“
GIJA;::I;: nv:n’m' hord fresh, mlsc ﬂuvlliy.oill'.t)lnny SAND _ Sendy GRAVEL
(TiLL
70{SP| Coorse Yo medium SAND 0
. l _ —{sM| Grovally,sitly SAND (TiLL)
Occanienol vertical jeints. Grovelly, silty, SAND (TILL) s
%mrﬂm S Siny o SAND
3 . _— —]5 ‘! yey TRAVEL
I:.mlooumn-ommc-‘ro" N A " SM| Gravelly, silly SANO {TILL)
i ]
LU —{sM| wa{GC| Sandy, cloyey GRAVELITILL)
© Gravalty, silty SAND(TILL) T
. — oof5m
colsm e
=", wa Gravaily,silty SAND
P (TILL)
. - (R
03 1
= : Grorally, sy SANDIYILL)
sP{  Grovally, sitty, medium to
co[SM| tine SAND (sirotitiea) rre
—_ Medium 1o line SAND
279 with siit leminas
TSPl pagium 1o fine SAND <o[ e
:_n:'g.,—rn—mu———. Y N 15| Fine SAND
(14 pea —
B
108{SM| Gravetly, silty SAND sel_¥in
L co L1
- ﬁ._______.__ 338{GP|_Sondy GRAVEL
L]
bow Grovally, $+1ty SAND o
€8t with "conmles™ {TILL) :{.1. Silly. urovaily SAND (TILL)
M O
.’.'.f'.!‘..'.!.?-f-'ﬁ'-'nffnmu fdad SM| Qrovatly, silty SAND (TILL}
1]
Trovelly, willy.clayey o
nyreo SAND(TILL)

M"SAND with “covbies”

cof fen
—ll

iy 3.8 T e .V 4 C—
-
A

<01|GP| Sendy GRAVEL

m

co)

[ % IYX)

U. S. ARMY
FD-155 FD=156 _y nopimemreaasse FD-157 LEGEND FOR_GRAPHIC LOGS
16 JUNE 1958 17 JUNE 1958, 21 JUNE 1958 ‘
£1.377.9 1. 369.7 E1.369.6 FD-153 Foundation Test Boring (1957-58)
=" opson | Topsoi. TD (ow) Observation wel! insfalled.
[l ! 1 v 12 JUNE 1958 Date exploration completed.
I Fine SAND withTroot fiberd . 18 Gravelly. nilty SAND _1[GP]_Sandy GRAVEL EL424.6 Elevation of ground surtace during time
= i with“¢oats Bcebbias” asd of exploration.
ve| kn ™ _ . J 7Y X Maxmum oriesion head,
— —|s™ T Sitty, grovelly SAND (TiLL) T Subsur(occ' woter level in boring at time
" nas €0| of exploration.
— - Range of subsuricce woter
lsc-| cluyey SAND s . »eol ] - .
[ o TILL! I O:vl:r.l‘y;;:ll.y‘_s‘:xti _‘fss%- Sitty, cieyey, qravelly SAND _l2o dunnq periad ot observation,
-] . el mu Es Artesian flow encountered.
- . 5Pl Group letter symbol according to .
co|SM €o|5M Unified Soil Clossificotion System.
! e No Recovery or unsatisfoctory soil
gy g'l‘:;':?;;.:'.'! ls‘fl"L", I |y flow sncauntere SoH Sy, grevany saND(TILLY —{30 NR samples recovered.
'—" : betwesn 300 ond 400 = el .
cu# J Bottom of observation well. .
I - —g——;r—r—‘-n—m,:;-, e Ty NS Not Sampled. Hole advonced by Core-drilling, blosting
seilsu] Greverry. sy SAwG seelsu]  Silty, medm 1o fine SAND eo|cL 's’“d/"" wash borrg :“e to operational difficulty.
oppina” (T1LL] 33115 M| ity mecwm 1 Fine SAND -1¢° €Ol | Sampling inoverturden by the Core-drill Method.
asa| col  um Blows per foot of penetration considered .
- e [ most represantative usually within o 5~ .
(GP| Sondy GRAVEL sty SAND foot drive using o 300 or 350 pound .
SP| Grovelly SAND with "cobbles” el sm| Graveny.siity SANDILLT surfs? “m""' vy _lso W 24 hammer with o free foll of about |8 inches !
by S, of cloyond siit) w ona 2{; 1.0.0r 370.0. and/or 2" 1.D. or
™ Clayey. sondy S ﬁ Silty, gravally SAND w Zi 0.D.sample spoon equipped with o
:m. {with cloy mml mu.) = i beveled and sharoened drive shoe.
co{SM) i y0y = Biow count not recorded or {
el ‘,;I':z';""':,’;",‘,’,"’ T oee” 125 Conmg 1eft 1m vale —60 * not considered representative. B
(TILL) B legged mith thichk grout. = Cobble or boulder (Core -drilled.)
mgnu = 4 -IW - B*| Cobbies or boutders,continuous or nested i
o s | (Core -drilled anc /or blasted and chopped.)
aifsu]_ Sy, wrovaTy SERD - —70 L4161 Elevation ot bearock surface.
w| W co|sm| Grovelly, sty SAND (TILL) ’“:7 Rock core recovery O = 25 %
37 I 3Ty, grovelly SARD TTICLY —= £ Rock core recovery 25 -~ 50 %
L -.____L_J_L.u__a""' ‘"'"“’, 5':'_“,_5, [ N Rock core recovery 50 - 75 %
-~ €8 lum o ™ 4008 Rock core recovery 75 = 90 %
@ =1 w Rock core recovery 90 - 100 %
—x} T —Traveily. Giayey.siily SAND o LI £1.368. Elevation of bottom of exploration. ‘
S | TS S —
col Ln-‘- n gom -
sc| Grovelly, ity clayey SAND —{90
NPT  No Pressure Test Performed. Asterisk
[SC-| Graveliy.cloyey, silly SAND * 'deno'fes' that section could not be seated
e or testing.
Trovetiy_ vy, ciaysy SEND ~io0 40 psi Con:l}unﬂy maintained pressure for | to
s¢ (Tl 5 minutes,
co Volume loss in gallons per minute under '
- constant pressure,tested continuously in
FD-163 = 5 foot sections. Scole expanded from O
FD-162 (ow) . b= {2 —it0 gpm to | gpm for clorification of low
14 JUNE 1958 13 JUNE 1958 pressure losses.
El. 382.4 EL 4353 ‘
—e-loeson ilty, grovelly SAND
- Tine SAND - - B GRANITE hight ton,schistone, _ ] ‘ {
0[S SMy-medium to e 3 2 Gronslly Sa o % generolly hard, framn, coa 120 Woter levels recorded during subsurfoce explorations seldom
—[ e 30 t N ';“s"‘:.“;‘,:"_“':‘n': . correspond with the natural level of free ground woler, excep! in
" 6t 118.0,123,0128.5" and exrensive and thick deposits of sands ond grovels which ore suf-
Sondy SILTIstratified} _ .
— 13 JULY =7 OCT. 1938° i 1270 e ficiently pervious to permit ropid stobilirotion of water levels in
™ GRANITE, dork gray, very hard, —130 the explaratory hole. Absence of subsurfoce woter level in the 1
_— fine-grained. Bodiy wealnerad ed n river graphic tog of ony explorotion is nol necessarily to be construed
“ Sy LT m’,:',::,'::,m:m‘ n 100 of water 374 6) 1hot ground water will not be encountered in excorotion al Ihot
=ae] Joints 10.19.0 fear. —{20 locotion.
o M _— While the borings are representalive of subsurfoce conditions of their
wil 55| _Graveity SAND wiih cobbias respective locations ond for their respective vertical reaches, locol minor
— 03338 GRANITE, light groy, hord, voriotions choracteristic of the overburden ond rocks of 1his region ore
GRANITE lught gray,hord, trash, frash, mossive 20 anticipated, ond if encountered, such voriations will not be considered as
ili]  generally coorse - graines. dilfering “materially " from represented conditions within 1he purview of
ik b pacay Article 4 of the Contract.
43° ond 60°.
waszs —{40 NOTES
Elevations refer to Mean Sea Level Dotum.
-
w
50 INDEX FOR LOCATION OF FOUNDATION EXPLORATIONS
w Hopkinton Dom - FD ~155, FD-156, FD-157, FD-160 and FD-161,
see Sheel Mo, 168
Conal No.I- FD-151, see Sheet No. 169
—{s0 Dike H-3-FD-158 and FD-162, see Sreet ho. 172
z Spiliway - FD-152, FD-153, FD-154, FD~ 155 and FD-163,
- see Sheet No. 17/
Y ~
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JRECORD OF FOUNDATION EXPLORATIONS
20 YITTED BY NO. 9 :
CLANCYTS o= |GONTOOEDOK AND PISCATAQUOG RIVERS N.H.
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CORPS OF ENGINEERS
LEGEND FOR_GRAPHIC LOGS
N FD -167 :
- -169 FD=-170 - lion Test Boring (1957-
- FD~166 {ow) FD-i68 FD=I | JUNE 1958 FD-170 Foundo ion Test Boring 58)
FD-164 FD-165 |7 JUNE 1958 16 JUNE 1958 16 JUNE 1958 (ow) Observation well instalied.
23 JUNE 1958 15 JUNE 1958 14 JUNE 1958 E1.434.6 EL.384.2 E1.383.6 €1.377.3 —o I JUNE 1958 Dale axploralion complered.
€1.368.0 ElL 430.8 . 9% kg : — ey ToPsoit - €1.377.3  Elevation of ground surfoce during time
e ey — —_ ~leeson. 3 ] lorotion
o Grovally. N ) voeson 18 Tlgp| Medium 1o tine SAND of explo -
aof3| Gionuir, cooese o medium um——'—mm 33p| Meswmiotine SAND [P e e g0 — - R S L TR L KL X Moximum ortesion head. )
—_ —ptLepal ] e ir[ut] SeadySILY 'y S 8215P|_mith orqong 6 s00t hibers e Subsurfoce waler level baring ot lime
o |S€] Greventy, silty, clayosy SAND 1o|ML}, Sendy SILT 1 ‘-" liomineted) Gravelly SAND wih debrin 10 of exploration.
(TILL) —
w .':" ] ; s0 Ronge of subsurface water
o= T L 20| Siity, fine SAND " Sandy SILT during period of ebservation,
My Sandy ) i1y, sy, clayey SAND "
Gravally,silly, cleyey SANDITILL) n verticol joint M sendy sur . (Stratitied) - Sandy SILT enies rIet) ES Artesion flow encounterad.
e with wirote of cloy from wpmresimately 4.0 te " (Strantied) ] — 20 sp Group letler symbol according to
— e p—— 8.5 feer. —_ vy Ty TR v Unilied Soil Classilicolion System.
0= n| | Grovety.cieyey SaND (TILL) s0] | geney anr ¥ Loxt 8O % il water betow 8 0. “r—— e " NR :c:::lc’t:vxz:;:'::ﬂm'nc'orv s0il
| |iStraritiog) - - .
a weedy L P2 s aous gofMu| Sandy SILT e Sm| Grevelly, gilty SAND wimn . m ' ob tion wel)
» Sandy, cloyey SILT — (Stratitied) ], covbres” (TiLL) —{30 Boltom of observati .
"lsul sty grevaity sano triLey —_|_tstranihiea) 31 seney sir - NS Not Sampled. Hole advanced by Core-drilling, blast-
30— o - LE] P ium 10 fine SAND o (“L"w:‘“'“, ing ond/or wash boring due to operational ditticulty.
- o —Jarl  siry. sondy GRAVEL | ) — co Sompling in overburden by the Core-dnil Method,
i ravally, wily, clayey SART I R I JTRER 3913] Gravetiy, sitry sAND (TiLL) " 1 Blows per foot of penatration considered
“’g‘_ withe JiLL vy m tvs) sy 40 mos! representotive usually within g -
40— toot drive using a 300 or 350 pound
wo|sh| Sravely.ailly SAND TILLY eay|SM] Oroveily, siny SAND (TILL) 24 hommer wilh o free fall of about I8 inches
il - ona 24" 1.0.ar 3°0.0. ond/or 27 1.0. or
2931SCL g guaty, wilty,cloyey SAND I ~30 2}"0.D. somple spoon equipped with a
=0l = 1 with “cobotes® (TILL) co| o beveled ond sharpened drive shoe.
sm| 2. gravelly el Biow count not recorded or
zol  ne bl SouRies” { TILL) * not considered representotive.
) c2 a —60 m Cobble or boulder{Core-drilied.)
s |SM Siity SAND (TILL _SnIGP Cobbles or boulders, continuous or nested
. - w | 0 este
[vhad = Travally Ty sy SARD ‘." |_{1" Sondy GRAVEL mth cobblex w :il {Core-drilled and /or blasted and chapped.)
|~ I_______(TILLI > FH€1.370.2 Elevalion of bedrock surface.
o = NPT Rock core recovery O - 25%,
> * Rock core recovery 25 - 50 %
— 10— E Rock core recovery 50 - 75 %
= ZgojcPl Sondy SAAVEL a Py Rock core recovery 75 ~ 90 %
Rock core recovery 90 ~ 100 %
- Grovally, siity SAND | S
o Re) Tes|sMi_Gravelly.siity SANO (TILL) o0 EL276.6 Elevation of bottom of exploration,
O aop— co L] umo ‘n
EW | sendy GRAVEL Loss i gpm
. 300/ 5P}_Groveily SAND N NPT  No Pressure Test Performed. Asiarisk
Silty, gravelly SAND {TILL) * denotes that section could not be sealed
90\— s . ¢of SM for tesling.
_T5M|_ Silty SAND (Stratitied) 5= 40 psi Constantly maintained pressure far | to
: °"""'i:'."L'L“"° 5 minules.
| L Volume loas in golions per minute under
00— 'y constani pressure, tested conlinuau:ly in
B €| S foo! seclions. Scale expanded from O
- GRANITE., light grey, schiarons e 1L .\ A gpm to | gpm for clarification ol low
a- woias su| Grevelly, sitty SAND (TILL) —Ino pressure losses.
Hop— - J— Lpevy
i
:':.’:'.::;':::w_" ot —120 Warter levels recorded during subsurface explorations seldom
qrained, shightly weetharsd correspond with the naturo! level of free ground warar, except In
120}— — - ::::'”“ "":; thered extansive and ihick deposits of sands and grovels which ore
n top of water 378.0) sufficlently pervious to permit ropid stobilization of woter levels
;n;l‘ulo'"'. —30 i the explorotory hole. Absence of subsurface walter level in 1he
grophic log of any exploration is not necessarily to be constrved
130+— !hat ground water will not be encountered in excovation of thot
location. .
e While the borings are representative of subsurfoce conditions of their
s —140 respective locations ond for their respective vertical reaches, locol minor
40— Elevation tep of woter 378.3) variations characteristic of the overburden ond rocks of Ihis region ore
: onticipoted, ond if encountered, such variations will not be considersd os
iftering " jally” from r red it thin 1
FD-IT} FD=-172 FD-173 FD-174 FD-175 FD=-176 FD=~-I77 ZI,I/,,:,/;”ZO’;%:,?;ZM:;M epresented conditions within the purview of
e 19 JU(NO‘EN)IB")B 18 JUNE 1958 24 JUNE 1958 ‘21 JUNE 1958 235 JUNE 1958 21 JE‘:N4525I9358
18 JUNE 1958 El 4301 El. 419.0 EL420.7 Lo EL41IT.1 foltadsing)- —0 NOTES
EL.379.3 EI.400.7 El. . ——._ToP Silty SAND _with“rooty - Silty, gravelly SAND lenl tine SAND - )
o T]_Sondy SILT with “rooty” —E—eesow ] L medrerm To Tioe SKRD. RIUZLLL S " i =z SP| Moedium lo tine Elevations refer to Mean Seo Level Dotum.
B 10[$P]| Fine SAND itrotitiag) se] Gravally SAND with"cabbles™ *lap — i 2uu—-7n,—srmm1m— - ”
— <o [} {I8W] o M
\ oo - [V LT Y Gravaity, silty SAND
" - 15 aer-7 oct. 1938 [T P LI %9 sp| Grovaiy saND 1TILLY - - oL —o INDE X FOR LOCATION OF FOUNDATION EXPLORATIONS
Iy—17 vuwE- 7 ocr 1958 ol -
.
0}— — — GRAITE, light ton werp hord. LR Gravally SAND OINANITE, kgt ooy, very hort, o su| Sty SAND TILL) Hophinton Dom - FD-164, FO-170, ond FD-I76,
33[ML|  SILT (wiIn atrata of fine = ;"':u"mm"m"" Tvel L CLAY (TILL) see Sheel No. 168
i athe oce- ity CLA -
] sand end tlay) ‘ A —xeray aRAVET chional Joints. Closely 1. eofbl Y Dike H-3 - FD-165, FD-166, FD-168, FD-169, FD-171 ond FD-172
34 end 60°, Dccovional verticol ps finted ot 10°, 30° ond 60 11,404 —20 :: see Sheet No. 172 '
20 o fremil o e [ X Travelly SARD or-vclly.:!:::r.'ll!y!luo w Spillway = FD-167, FD~I73, FD-174, FD-175 and FD-177,
(ﬁ!l weter buiew 3. P t No. 17/
w sy ey SRAVEC TR : =l - JR——— . see Sheet No,
e 1393.¢ e =
w “E Sitty SAND (TILL) Le9) L . i e Sandy CLAY wilh sirere of o
o sM| Siny, grave)
=z 30— - m"'c""""r"""‘—r— € ' 'mu.)' solsu| Gravelly,clayey, sitry <
T R wasee T &
w-—sm—wrvﬁ—— w
x — cofer
E ]mgm_'__ — —w0 @
um 1o Tine SAN. . —a & CLAY (TILL) [ (S L
u STy TRy GRAMITE ligntgroyary pord, S iy F1ang and wilt $rats.
- oy ) -
D 40 :mn.ﬂ.’\'n'h' +0 along eo1C -
numerovs clo cad
Jownts which dip at 43°00 60% ¢o| el
Serpanting on many joint toces 20
Gravelly, hilly SAND (TILL)
*r L aeas USMI Liih "cabbies”, with sand seams
Ares> [Wavisron | oatt DEscRIFTO
m4|sc| Sily, cloyey SAND (TILL) CRIPTION
—_ € 337, with siit and 1and seams 0
c0l—
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e

FD-88-1
390 PZ-11
3 March 1988
~ 389 El. 383.2
2 380 -
> ROCKFILL
10 | SM Grey, molst sity(30-40 SAND w/subangular to
D 375 — subrounded r-n):/el (5-15)
= A3 | SM rey, wet siliy(30-40) SA
I 370 —_—
— 21| sM Grey, molst silty(35-45) n—f SAND
LL__ 365 —_— — Grey, wet silty(30-40) SAND w/subangular grovel(3-15)
AL sM I —Br Er.. moist clayey sity(J0—40) saﬁn w/subangulor
S 360 T \_to_subrounded gravel(10-20)
I M-S brey, molst to wet cloyey silty(25-39) SAND w/ grovel(5-15)
- 355 Concrete
O —_—
= | s 4 L4y
_{_) 350 43| SM Grey, malst silty(20~30) SAND w/subangular to subrounded gravel(10-20)
de | sM Grey, moist to wet sity(13-25) SAND w/subanguler grevel(5-15
g 345 60 | SM Grey, dry ta molst cloyey silty(15-25) SAND w/ gravel(5-15)
- _TL[ - | = 1¢10~;
© 340 == N\ Llornoted Lt. grey dry SILT/Dk. grey sitly CLAY
- E SH Grey, molst clayey silty(10-20) SAND w/ subangulor f. gravel(i0—-20)
l_L.J 335 146 hslsu Grey, molst cloyey silty(10-20) SAND w/ subongulor f. grovel(10-20)
_— \ EL 33638
330
325
320
FD—-88-3
PZ-9
15 March 1988
El. 384.0
385 ROCKFILL
J65P-§ B SAND w/sitt (S5-15)
a 380 : ‘%Lr:;;nngrsetv SAND -w/cshyey siit (5-15) & subangulor grovel (30-40)
> 375 2ner-3y —/grey dry to molst SAND w/silt(5-15) & gravel(10-20)
98 SP-SH rey, dry to moist SAND w/sitt(5-13) & gravel(10-20)
U 370 = ?
Z 365 77 SP-SH grey, dry to moist SAND w/sitt(5-15) & gravel(l0-20)
l —_—
l_"' 360 ESP-SH grey, dry to molst SAND w/sitt(5-15) & gravel(10-20)
Lo
v 355 ESP—SN prey, dry to nolst SAND w/sitt(5-15) & gravel(10-20)
(e 350 ™ grey, dry to noist, cloyey silty(20-30) SAND w/ gravel(10-20)
8 -
O ;
1S R Reinforced
'P 3 4 S . E Concrete
CS 340 % P-SM grey, wet to moist, SAND w/sitt(5-15) & subangular grovel(it-20)
> 97 kP-sM grey, dry %o malst, SAND w/sitl5-13) & subangular grovel(20-305
| . -35) f. SAND o
Y335 e N N Y 0
- G 1st_SAND
LJ 330 Fev molsT A~ SAND
Grey f. SAND w/slIlt(S-15) ond
3/4° lo%ler Dk. grey clayey SAND
325 El. 331
320
e SRS — = LI T T N A SR

ST IR B KN AT SN T ST ST PR T e
FD-88-2 .
PZ-10
10 March 1988 !
ROCKFILL
NS
E_E SM | Grey., moist siity(20-30) SAND w/sukangular gravel ¢(5-15)
EQH—SC Grey sitty(46) clayey SAND w/ gravel (13)
B2 SM_| silty(20-30) SAND w/gravelt5-15) -
-S—_‘J H/S | spoon blocked by piece of gravel 24 FS;RBCBH— 41 988
_!—_9 SM | Grey silty(25-35) SAND w/gravel(5-15) EI 353.1 B
| CONCRETE Rock fit
— _/M clayey sitty(31) SAND w/ subangular grovel(S-15) Concrete
J7EG~-SM — Crey, molst to wet sity(20-300 SAND w/subon ular arovel(10-206) ted Soll
73] sM Grey, moist sitty(345 SAND w/subangular provel(30) Cenented Sol
24| SM Qgtev. potst sty 4 . _ g:a nge!gtenf"u_sg&b w/sitt(5-19)
- \Grey, nolst 1o _wet silty(i5-25) SAND w/subangulor gravel(10-20) J;ﬂaniol 5 s DK arey nost SARD w7STES=TS
941 sM Grey, nolst to wet slEy{G5) SAND w/gravel(5-15) el Grey dry to moist f SAND w/silt(5-15)
77 SN Grey, molst sity(0-20) SAND w/pravel(5-15) L2 Lan poist [F grey sendy@0-30) SILT
S llon Canhated Lt grey, molst F.sandyl30=40) SILT & 6630 and dic grey Slayey ST
=7 % Dk. grey, molst sty CLAY I3 rey malst m w. .5* layer
e [(2y(2J) n-f SAND ST clayey Stty(30-400 £ SAND
KER B Grey, molst m—f SAND w/sitt(5-15) and grovel(10-20) SM ey Polot SAND w/sil (5155 and b el(40-50)
94 |_SM w/*1’ layer Dk. grey moist clayey SILT Br grey molst silty(10-205 mf SAND
105 [ Grey, molst siity(29) SAND w/ sub-ta_anguler gravel(S-15) \_"/grovel(S-15)
1581 SM Grey, molst SAND w/silt(5-15) and gravel(S-15) 3310
16 | NR Grey, molst m—f SAND w/silt(0-10)
- Grey, dry to moist sil¥y(325 SAND w/subangular grovel(l4)
possible course gravel
EL 3222
LEGEND FOR GRAPHIC LOGS
f0-35 Foundotion Test Boring. (1957-1958)
PZ~-1 Piezometer Number
21 DZC 1957 Dote exploration compieted
E. 329.3 Elevation of gound surfoce during
time of exploration
] Range of subsurface water
suring period of observation
NS Nol Sampiled
. Group letter symbol occording to
FD—8 8 5 M Unified Soil Clossification System.
Blows per {oot of penstration considered
26 MCH"C h 1 988 93 most representative for eoch sample drivs
E| 3 60 O using a 300 or 350 pound hammer with o

Rockfil

13

—
-
w

o
-

|

n
-
D

Loal
o

FS
w

(a3
o

Br. qrey, silty(i0-20) m—-f SAND

Grey, siity(39) SAND
—/Grey, molst To wel, n-T SAND w/

BP-SM __ cloyey sR¥(5-15) and n-f gravel5-15)

Gr. SAND w/ gravel(40-50)

M ___\Lanlnutadl Lt Gr, moist f. sandy(30~40) SILT and

Dk. Gr, moist CLAY

[Fdta] \Gr._n=f SAND

Gr, f. SAND w/sttt(5-15) w/ 0.0’ layer

of laninated Lt. Gr, f. sondy(30-40) SILT ond
Dk. Gr, sty CLAY

ElL 3319

free fall of aboul 18 inches on 0 2.5° I.D. or
3°0.D. and/or 2°LD. or 2.570.0. size sample
spoon equiped with a beveled ond shorp—
ened drive shoe.

Cobble or boulder (Cors—drilled)

Cobbles or boulders,continuouz or nested
(Core—drilled and/or blasied and chopped).

El. 269.2 Elevation of bedrock surface. ‘

Elevolion of boltom of exploratioa.

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION
CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS

LCD MERRIMACK VALLEY FLOOD CONTROL

HOPKINTON DAM
RECORD OF FOUNDATION EXPLORATIONS
1988

CHECK BY
f——

GEOTECH. ENG. DIV.
| PLATE NO. 6

SCALE: AS SHOWN

DATE: yULY 1993
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FD—-87-3 FD-87~4 FD-87-5
PZ-3 PZ-4 PZ-5 .
390 20 OCT 1987 15 OCT 1987 13 OCT 1987
EL. 384.0 EL. 384.0 EL. 384.0
380
370 ‘e s NS
()]
o
Z! 360 | )
- i - .n layers of son. - -— 3ilty(25-35) SAND w/lr. gravel &_g_lgy_
AN s g oo oo cum e ot stz 1 g o : .
> 350 e e e HEEE e e
c
0
© 340
o
Y] NS NS
330 NS
320
Crey—brown stratified loyers of f.sondy(!5-25) SILT _
3 1 O RO SM == f"go:bnwlouhsa;:‘.s; SANG w/grovel(5—15) & ni{%%%mhd loyo:;c:('( undy(25 =35} S :1 :_: grey :::dy(b‘gfgoSﬂgL;/‘\r.'r% :nm:nn:':
El. 303.0 - 4y - (é{cyJ o‘;}dy 40~50) SILT w/ir. gravet lominate
300
FD-87-6 FD—-87-7 FD—-87-8
PZ-6 PZ-7 pPZ-8
390 9 OCT 1987 6 OCT 1987 - 22 SEPT 1987
EL. 334.0 EL. 384.0 EL. 384.0
380
370 NS NS NS
(=)
3
= 360
:!_» B v sondy10-20) clayoy(10-20) SLT laminated _EI
~ 350 ﬁ Grs s'll 0-30 D _w/ir. cl nd rodl!ro 5 mmm{gﬂ;=z{:fimﬁ" %$
C
.0
T 340
>
2
L NS NS
330 NS
320
310 s o brown_siity(23-35) SAND né:eck frog. i cm:b::-:n :Wl,-'s{ﬁ s::: ::a :ongQO—ZD) w/_rock_trog.
%’%. Grey brown ailty(25—35) SAND o ‘—, Grey—brown GRAVEL w/sit(5-15) and sand(10-20)
300

LEGEND FOR GRAPHIC LOGS

FD-35 Foundation Test Boring. (1957—-1958)
PZ-1 Piezometer Number

21 DEC 1957 Date exploration completed
E). 328.3 Elevation of gound surfece during

tima of exploralion

] Range of subsurfoce woler

suring period of observotion

NS Not Sompied
Group letler symbol according lo
M Unitied Soil Classification System.

Blows per fool of peneirotion considered

83 most representolive for each sample drive
using a 300 or 350 pound hammer with a
free foll of about 18 inches on o 2.5 1.D. or
3'0.0. ond/or 2°LD. or 2.5"0.D. size sample
spoon equiped with a beveled ond sharp—
ened drive shoe.

Cobble or boulder (Core-—drilled)

Cobbles or boulders,continuous or nested
(Core—drilled and/or blasled ond chopped).

1 8. 2692 Elevation of bedrock surface.

Elevalion of bollom of exploration.

DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION
CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS

LeD MERRIMACK VALLEY FLOOD CONTROL|
DESICN DY HOPKINTON DAM

"~ RECORD OF FOUNDATION
EXPLORATIONS ~ PIEZOMETERS
1987

GEOTECH. ENG. DIV. SCALE: AS SHOWN

IPLATE NO. 7 DATE:

JULY 1993
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RW-3 RW-—4
R PR 3 JUNE 1961 28 JUNE 1961 :
12 APRIL 1961 13 APRIL 1961 EL. 368.3 A
370 EL. 366.0 EL. 366.0 EL. :
. sc- : —
SM Grey wel, silly, cloyey, SAND 390 cP Poorly graded pit run gravel fill
360 SC | Blus—grey wel, gravelly, siity
— cloyey SAND SC- | Gruy wol, =ity cloyey fine SAND
o . 380|— | e KR e
8 SM mb sitly, clayey, wet imparviouz irozen, wel compocl )
2350 SC- 0.G. Blue—grey gravelly, willy SAND
_‘_l__, sM | Srey wel. grovelly, silty SAND u Grey wel. siity SAND SM wet, compact
Nas 370
GM—{ Coorse, lor, silly, grovelly,
c340 ' S | SaND. water—secmg U0
9 Gsc; Silly, clayey, gravelly, wel SAND Scc— Coarse, ongulor,, siity, gravelly SAND
-~ G
o 360—
§330 U | o ey, cloyey, wet Imparvious =y
g % 5
L] Gi wat, silly, sondy GRAVEL ] Siity, vally, wet SAND
wr/ey:ua'ms o(ysiluﬂy syonds s iy, grovelly, wo Z350 SC- | Biue—grey gravelly, silty SAND ~ wet,
sC- Sy, gravelly, clayey SAND _.L X sM compact, bul w/ low plasticity
£
320 N cc Coorss, silty, sondy GRAVEL ~ wet,
woter psaring, loose
i c — [ ravelly, silly SAND — wet,
SM Groy wol, gravelly, silly, SAND M Gravelly, siily, wet SAND B 310.0 0340 SM c;f.{,gﬂ v LEGEND FOR GRAPHIC LOGS
€. 310.0 7 - 210 = sc-ccf _Coorse, siity, sondy, Grovel-loose,wei,vater hearing
310 ::;El?r 33":‘3;?“‘5«3“:'““ o FD-35 Foundotion Test Boring. (1957-1958)
\ﬂ 308.8 > SM Blue—grey graveliy, sity SAND — wel, compoct PZ—1 Piezomster Number
o O . 21 DEC 1957 Date exploration compleled
L1J33 GC Coarse, silty, sondy GRAVEL — wet, loose £l 329.3 Elevalion of gound surface during
{ime of explorolion
30 O GP— Coorse, angular, sandy GRAVEL — cleon ——
SP wet, loose Ronge of subsurface water
. suring pariod of observotion
320 sM | Grey grovelly, alty SAND — wet, compact
ting bouiders, intermixed ity SAND
sc g::ldncgs ::'Ju 7-'.‘;«'?«::"& xt:ard‘.'/tc‘hlsyﬁc ond granitic NS Not Sompied
B, 30083 —_—
31 O Group leiler symbol accorging to
SM Unified Soil Clossificotion Sysiem.
Biows per foot of penetration considersd
93 most representalive for each sompls drive
RW-8 ;ning -] 3?0 or 35()8 pound hommaer with o
rae foll of about 18 inches on a 2.5 1.D. or
RW-5 RW~-7 14 JULY 1961 3°0.D. and/or 2°LD. or 2.5°0.D. size somple
380 RW-6 EL. 378.5 spoon equiped with o beveled and sharp-—
21 SEPT 1961 25 SEPT 1961 13 SEPT 1961 : : ened drive shoe.
EL. 373.5 EL. 372.5 EL. 373.2
. . Cobble or boulder (Core—drilled)
Rockfilt, puviotuzly o\xcu‘:‘uhd ‘kml’:l‘ ll\s‘ spiliway, lé:xiurc of {ill, sond, gravel, stone ’ Gé’”- S.r:;.y -;(‘.‘ x:‘i:g., sondy, loose GRAVEL w/ PO T—— e
i i ankel on . t 1 1t B it K s nesle
370 r,?.' J:f:mum od info fhe roc Gravel filf trom borrow pit P—2 M p..cg'pan: r"nn;a rg::zv.l'lll.r:\"o‘loria;:ol: clloyty. SC- (Core—drilled ond/or blosted and chopped).
siity SAND - wot, compoct SM Grey wet, cloyey, silty SAND X
Elevation of bedrock surfoce.
Gravel {iil ploced from E\. 358-363, from
360 borrow pit P2 Eievalion of bottom of expioration.
8 SM Grey woter bearing, clayey, grovelly, silty SAND
>
@)
2|350
+ SP—| Greyish—brown river bed sond, grovally, ond SM | Grey wet cloysy, silly, grovelly SAND
t/ M woler bearing
c340
o Cloyey, grovally SAND — loose, water beoring
phw? SC o:c:lciono:ly mixed w/ bauiders ond lumpa sc G " ty, ooss, wet SM.JD w/ fines
. " H - ravelly, sy, h
g sc Greylsh~blue clayey, silty, gravelly SAND - wst of blue ploatic il M inhrmu);cd DEPARTMENT OF THE ARMY
) w/ occasional spollc of ciay or dense plostics, NE v
i and o considarabi¢ quontity of cobbles and W ENGLAND DIVISION
5330 poorly graded gravel CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS
P Silty, sandy, wel, loose, woter bearing GRAVEL MERR'MACK VALLEY FLOOD CONTROL
320 HOPKINTON DAM
£. 310.0 I €. 310.0 H. 310.0 £ 310.1 RECORD OF FOUNDATION
310 : EXPLORATIONS — RELIEF WELLS
GEOTECH. ENG. DIV, SCALE: AS SHOWN
300 | PLATE No. 8 DATE: JULY 1993
P P T SR SR

L2 ovll B W=t U B SR
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DEPTH BELOW GROUND SURFACE, FEET

——ra

[

o

11/20/97 DUM

IIITIIIIIIIIIIIFI|IlIIIIIlll1lliIIIIIIIIlIIFIIIlI|I|[l|||Illlllllllllllllllllllll

97487-04

Z—-13A,13
FD 93-1

wZ
I8y
Tlo~
PZ-138 PZ-13A . | N
EL 4178 EL #4177 ¥ §§
g0 . MATCHUNE ‘
= >100
— >100"
B SM|  GRAY, M=F SILTY SAND -
ROCK RIPRAP - >100°
- >100° '
B e GRAY, SANDY flfy' w stE § ‘
SC-SM 9 | . LAMBATIONS oA LEGEND FOR GRAPHIC LOG
2" BROWN SILTY CLAYEY SAND - NR B[ CH | GRAY AT cuar
53" - 60/0" POSSIBLE COBBLES & BOULDERS
56" B 150/7"*[CH| __GRAY FAT CLAY A (fz-1 %,13?) PIEZOMETER NUMBER
B S —
st ML|  BROWN SANDY SLT w/ TRACE GRAVEL - 5100 [ MLT— GRAY ST w/ FINE SAD fFD 93-1 BORING NUMBER
- [~ NS>1oo"—§'°mg_ GRAY SILTY SAND w/ LITILE GRAVEL wz ‘
100 o+ I oo COORDINATES
64" - NROZ TN [ maie ROCK TRAGMENTS GROUND SURFACE ELEVATION F | M
NR - 150/2"" et " GRAY SILTY SAND w/_LTTLE GRAVEL AN
87" COBBLES & BOULDERS = SM—INS o B8
. ~ 200/5” BROWN SILTY CLAYEY SAND w/ LITILE GRAVEL TOP OF RISER EL. 417.7 <o
54 B SC-SM~{NS GROUND SURFACE
os" N Swo/z"' BROWN WELL~GRADED SAND w/ GRAVEL NST NOT SAMPLED
[ 3 1N
. - 100/3™* BROWN SILTY SAND w/ GRAVEL NR| NO RECOVERY OR UNSATISFACTORY
2w SANDY SILT 110 | Moot LS "™ |  SOIL SAMPLE RECOVERED
o BROWN si o B PoM /;N'é'wown SILTY SAND w/ SILT - gp| GROUP LETTER SYMBOL ACCORDING TO
® - SP- e @ ASTM D2487 AND ASTM D2488
. R [ 60/1° BROWN SANDY CLAY w/ UTTLE GRAVEL Z |, SUBSURFACE WATER LEVEL IN BORING
“© § N 120/3™ c v/ QE 1" 0.D. PVC RISER PIPE—= €4 DURING TIME OF EXPLE)VREAI:HON
65" W ™ pz-12A TP NS gL -
& N " 2 2 N-VALUE FROM STANDARD PENETRATION
9 150/5 BROWN SAND w/_SIT
>100°|ML|  GRAY SANDY SILT, TRACE GRAVEL > [ E.209 | SP—-SIi/ . ;% TEST, BLOWS PER FOOT
. o - NS =2 22* BLOWS PER FOOT WITH 300 POUND HAMMER
67" ML LIGHT GRAY SILT, WITH LITILE SAND Z 120 | g% AND 18 INCH DROP
[<] T wt
100/5"" 2 125/3 3 SEAL COBBLES OR BOULDERS (CORE — DRILLED)
ML|  DARK BROWN SANDY SILT, TRACE GRAVEL = >100"|SM]|  DARK GRAY SILTY FINE SAND w/ GRAVEL H
100" z [ " EE; COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
= B 150/3 53 EL. 270.0 ELEVATION OF BEDROCK SURFACE
: 72*]SM|  BROWN SILTY SAND, TRACE GRAVEL & - NS RS ROCK CORE RECOVERY 0 - 25 %
pz-138 T | . - B >100* BROWN SILTY, WELL~GRADED SAND w/ GRAVEL W | SAND FILTER—n
EL 368 |H 74 I N M (NS ROCK CORE RECOVERY 25 — 50 %
.68 |8 . e - 150/5") BROWN, WELL—GRADED SAND w/ SILT
66 130 C SW—SMINS Bl ROCK CORE RECOVERY 50 - 75 %
8 35" - no/y PIEZOMETER TP EL 299 [H| <
3 [~ . ROCK CORE RECOVERY 75 - 90 %
< >100°|ML|  DARK BROWN SANDY SILT, TRACE GRAVEL B >1007/SM|  DARK GRAY SILTY SAD
3 - 150/3" ROCK CORE RECOVERY 90 - 100 X
X >100* = NS EL 258.0 ELEVATION BOTTOM OF EXPLORATION
»100" N >100*| CL BROWN SANDY CLAY
e DARK BROWN SANDY SILT, TRACE GRAVEL o NS NOTES:
150/ g - 150/ CL | BROMN SANOY CLAY w/ GRAVEL 1. SEE PLATE 2 FOR BORING LOCATIONS.
» DARK BROWN SANDY SILT, TRACE GRAVEL - * 2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.
>100% ML | A R AGHENTS >100
»>100*| CL DARK GRAY SANDY CLAY, TRACE GRAVEL - L NS
e B / ROCK AND/OR COBBLE FRAGMENTS 0 10 20 FEET
o | ow oy swor cuw : / e
64°| |7 GRAY, MF, CLAYEY saND 10 % 17 =10
sc . = / WEATHERED BEDROGK
95*| SP GRAY, M—F, SAND, TRACE SILT, TRACE GRAVEL - %
59" -
- % U.S. Army Corps ) .
>100°|SM|  GRAY, MOSTLY M—F SILTY SAND, TRACE GRAVEL i 7] Boriow OF BORNG EL. 258 of Engineers Instrumentation Evaluation ENGINEERING LOGS
>100° - Waltham, Massachusetts Hopkinton Dam FD 93— 1
WATCHONE 160 - N H hi
MATCHLINE . ew Hampshire
G> GEI Consultants, Inc. Project 97487 Nov. 1997 Plate 9
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11/20/97 DJM

97487-04

Z—-14A,14
FD 93-2

w2z
WO | SN
S| @
MK
~ -14a =@
Buse B, @ 3
e 80  MATCHLNE
0 B
- [ NS
- NS N 37| CH GRAY, FAT CLAY w/ SAND
N ~ NS
10 f 0 g 159/8” LEGEND FOR GRAPHIC LOG
- R | ¢ - . ML GRAY SILT w/ FINE SAND
= 43 B . 210/10"
B - .
- [ ¢ NS Z—-14A,14 PIEZOMETER NUMBER
- o N it R - BORING NUMBER
B - SP~SM—1— GRAY, M—F SAND w/ SILT AND GRAVEL FD 93-2 "
B N 70/1"
= I NS wz
20 . 100 150/ ﬁv‘—\&_n CLAYEY SAND w/ GRAVEL ©| 5 COORDINATES
N 53 B SC—igoh}s_, NS GROUND SURFACE ELEVATION 5 [ 2™
B SM|  BROWN SILTY SAND w/ LITTLE GRAVEL - GP—GM~ 2[NS | “\SUB-ANGULAR GRAVEL v/ SAND AND SILT Z| 28
| N 120/3 Sp BROWN. MOSTLY CLAYEY. SAND TOP_OF RISER EL. 417.7 NP
- 26 B 150/2"* ' GROUND SURFACE
B N 15073 LN NS | Nor sawpLeD
N 1o L ragyse*| SC|  BROMN OYEY w0 w/ craveL R | A o EATISFACTORY
30 - s’ G - s e NS - GROUP LETTER SYMBOL ACCORDING TO
E ui = - SP ASTM D2487 AND ASTM D2488
N I '2%/3 BROWN CLAYEY SAND w/ TRACE GRAVEL g |, SUBSURFACE WATER LEVEL IN BORING
ui = § n 50/ NS &2 1 0D. PC RSER PPE 4 DURING TIME OF EXPLORATION
2 N 70" & - SC—SM GRAY CLAYEY, SILTY SAND w/ GRAVEL §8 2 N—-VALUE FROM STANDARD PENETRATION
& i 2 = NS S TEST, BLOWS PER FOOT
] _ =
2 - SMiZ‘- SwW BROWN, WELL—GRADED SAND w/ LITTLE GRAVEL Ps B sp g_3§ 2* BLOWS PER FOOT WITH 300 POUND HAMMER
Q - " BROWN, SILTY SAND w/ LITTLE GRAVEL 2120 | T~ g AND 18 INCH DROP
Z 40 |- >100 3 [~ 150/2"* [ |~~_BROWN, WELL-GRADED SAND w/ TRACE SILT z2
e - os® & B NS §E SEAL COBBLES OR BOULDERS (CORE ~ DRILLED)
4 B
[~ g x - B3 COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
z - g9*|SP|  BROWN. M—F SAND w/ TRACE SILT 3 - o/ ;§ EL. 269.0 ELEVATION OF BEDROCK SURFACE
o ~  pz—148 TP " © L DARK GRAY SILTY SAND w/ GRAVEL i ROCK CORE RECOVERY 0 — 25 %
@ - EL 369 >100 - SM @ | SAND FILTER
g A 100" § B NS ROCK CORE RECOVERY 25 - 50 X
- 7 Q : n
S 5 |- 3 >100*|SM|  DARK GRAY, SILTY SAND w/ GRAVEL 130 |- - 1;:{2 BROWN SAND w/ ST :g ROCK CORE RECOVERY 50 - 75 %
- E‘ = NS PIEZOMETER TP EL. 303 <+ ROCK CORE RECOVERY 75 — 90 X
- & NS POSSIBLE COBBLES :
[ % N " ROCK CORE RECOVERY 90 — 100 %
N e - 2;:,1/3/ e S SAD EL. 262.0 ELEVATION BOTTOM OF EXPLORATION
- >
= B NS
- . 140 | .
60 - >100 - >100°|CL|  BROWN ClAY 1. SEE PLATE 2 FOR BORING LOCATIONS.
- n NS 2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.
N >100” " EEE:
B SM|  DARK GRAY, SILTY SAND w/ LITTLE GRAVEL - 3 0 10 20 FEET
- ] GRANTE BEDROCK w/ SHOSTONE SEAS e e
» 150
— >100 »
r - 1" = 10’
B B BOTTOM_OF BORING EL. 262
N >100"* =
N - U.S. Army Corps . .
- N of Engineers Instrumentptlon Evaluation ENGINEERING LOGS
= 21000 160 L Waltham, Massachusetts Hopkinton Dam FD 93-2
~ MATCHLINE — New Hampshire
_(D GEI Consultants, Inc. Project 97487 Nov. 1997 Plate 10
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PZ-15

40

DEPTH BELOW GROUND SURFACE, FEET

III||lll||ll1l|l|Illl|l|l||IllllT[llllllIIIII1|III|IIIIIIIIIIIIIIIIIIIIIIIIIIIII

11/20/97 DJM

93-3
wz
AR
"8
PZ-15 olge
EL._384.3 ~in
< N
80  MATCHLINE
B >100*[ CL GRAY, VARVED CLAY w/ M—F SAND
PZ-15 TP
[~ EL 301 NS
NS ROCK RIPRAP N 150/5"* =
[~ SM —T g [ CLVE_GRAY, SILTY SAND w/ LITTLE GRAVEL
- wt
B 180/ S =OLVE GRAY, SILTY SAND v/ LITTLE GRAVEL
NS
NS -
9 | .
L RN . o e s T LEGEND FOR GRAPHIC LOG
B NS
NS [~ 95/2.:: LIGHT BROWN, SILTY, CLAYEY SAND
N SC-SM—T s ¥/ _LITTLE GRAVEL PZ—15 "\ rizouerr NumBer
10*| SP BROWN, M—F SAND w/ TRACE GRAVEL = 130/5"* b~ UGHT BROWN, SILTY, CLAYEY SAND 93—3/ BORING NUMBER
- SC—SM/. NS ™/ UTTLE GRAVEL
NS B Ssg/f'/a_ gggE% ‘&ogogg)nms w/ SAND & CLAY Wz
100 NS < | me COORDINATES
910" S . ST vy e . - 82/3"* o \OLIVE CLAYEY SAND w/ GRAVEL (BOTTOM 47) GRowND suRFacE eLevaTon. & | %
SC—SM—] i = SC NS OLIVE CLAYEY SAND w/ CRAVEL 188
a0/ NS W - TOP_OF RISER EL. 384.3 ""' Eﬁ
SC—T="\_ DARK GRAY SILTY CLAYEY SAND = N >100*| CL BROWN CLAY w/ LIGHT GRAY SILT LAMINATIONS GROUND SURFACE
\w/ THIN BEDS OF VARVED CLAY & B NS| NOT SAMPLED
NS 7 - NS NR| NO RECOVERY OR UNSATISFACTORY
2 4oL L™ | SOIL SAMPLE RECOVERED
» —
S-GIPTT | CH SUTY U S0 : 0 S g | i o S
- & = |
- NS S . SUBSURFACE WATER LEVEL IN BORING
NS z — g 17 0.D. PVC RISER PIPE—#= €4 GURING TIME OF EXPLORATION
= -
sc SM@» DARK GRAY, SILTY CLAYEY SAND S = sc Ecoo/‘/- BROWN CLAYEY SAND EE 2 #;Mgfo;gog Eg'rénogﬂrmo PENETRATION
— }-— il % »
- E - NS 83 29° BLOWS PER FOOT WITH 300 POUND HAMMER
8 120 [ 150/5"* §° AND 1B INCH DROP
1004 oL DARK GRAY GLAY w/ SAND & TRACE GRAVEL B S’é OLIVE GRAY, SILTY SAND w/ LITTLE GRAVEL §§ SEAL COBBLES OR BOULDERS (CORE — DRILLED)
— N
- B COBBLES AND BOULDERS g3 COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
~ NS pr— §§ EL. 250.0 ELEVATION OF BEDROCK SURFACE
— % ROCI -
>1/‘,- DARK GRAY, CLAYEY, SILTY SAND - ,:" Ea_ N | K CORE RECOVERY 0 ~ 25 %
SC-SM w/ TRAGE GRAVEL N b ROCK CORE RECOVERY 25 — 50 %
N - :o':
S NESTED COBBLES & BOULDERS 130 | o WEATHERED GRANITE BEDROCK .- ROCK CORE RECOVERY 50 — 75 %
e
78"|GP|  BROWN, SUB-ANGULAR GRAVEL w/ SAND i B PezouereR e . 4900 ([ < ROCK CORE RECOVERY 75 — 90 %
L &
NS B K ROCK CORE RECOVERY 90 — 100 %
BOTFOM OF BORING EL. 2
. R K Cai | | EL. 249.0 ELEVATION BOTTOM OF EXPLORATION
80| SP LIGHT BROWN, M—F SAND w/ TRACE SILT |
4= LIGHT GRAY, FINE SAND w/ POCKETS B
SP1Ns |\ oF VARVED cLAY B NOTES:
. 140 L
13(}3{ 4" GRAY SILTY, M—F SAND w/ LITTLE GRAVEL 1. SEE PLATE 2 FOR BORING LOCATIONS.
NS 2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.
150/4"* =] ILTY, CLAYEY SAND w/ GRAVEL
o DA<=~ __BROWN SLTY, CLA / G 0 10 20 FEET
s e e ——
o BROWN SILTY, CLAYEY SAND 1" = 10’
Sclosa/ y \w/ SUB-ANGULAR GRAVEL
NS
80/1""
V- oK s o U.S. Army Corps . .
Nl M of Engineers Instrumentation Evaluation
Hopkinton Dam ENGINEERING LOGS
: Waltham, Massachusetts P

97487-04

MATCHLINE

(T) ' New Hampshire FD 93-3

GEI Consultants, Inc.
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10/24/97 DIM

97487-11

ROAD

HILL

_iBMC |

+5+00

3‘101.1 4
\ ‘
644

549
8 o

\465'

S 66'—-23'-45"W

¢ DAM — = —

-
|
I .
I"l_ ; 7 o 7
| g
// “}
\L‘\e:«;«r_: ST it I /
\ (—mT 1 /
\\ \\ “ 7,
\\\
AN G
AN ‘
\\\\ gl — | 9?3\
N AR 1S y LEGEND:
2 Y S 20 Y / —
750 "X S z \ \\<\*\ {1, :
% WY g ? ob 5 N\ / | A CREST SURVEY MONUMENTS
N [l 5 \d’\ \ \;’I-‘{
N o O\ \ H514_ 4"\"::m§.. ;
Z==" ~ Z SRR\ e | | BL1
g af a7 T L e
- G R\ ooy
CREST MONUMENT COORDINATE DATA
NOTES:
SEPTEMBER 1985 MARCH 1986 APRIL 1991 MARCH 1996 -
MON.# NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION 1. ﬁkt %E\T/QES';SOEH?;Q 02 THIS SHEET
NGVD.
1 N/R N/R 440.975 | 251153.912 | 478589.5210 | 441.016 | 251153.931 | 478589.5480 | 441.058 | 251153.8947 | 478589.5397 | 441.057
2 N/R N/R 440590 | 251087.633 | 478533.5630 | 440.636 | 251087.676 | 478533.5790 | 440.670 | 251087.6544 | 478533.5795 | 440.664 2. BASE PLAN AND SURVEY DATA PROVIDED
3 N/R N/R 439.660 | 251047.923 | 4784422240 | 439.695 | 251047.945 | 478442.2640 | 439.729 | 251047.9249 | 478442.2695 | 439.719 BY CORPS OF ENGINEERS
4 N/R N/R 438135 | 251007.180 | 478349.6520 | 438.157 | 251007.172 | 478349.6860 | 438.198 | 251007.1779| 478349.6942 | 438.188 :
5 N/R N/R 437.710 | 250967.770 | 478258.7720 | 437.731 | 250967.759 | 478258.8240 | 437.782 | 250967.7658 | 478258.8316 | 437.762
6 N/R N/R 437840 | 250927.540 | 478166.8330 | 437.869 | 250927.514 | 478166.8860 | 437.910 | 250927.5253 | 478166.8962 | 437.887 3. MEASUREMENTS SHOWN ARE FROM MARCH 1996
7 N/R N/R 438.480 | 250888.384 | 478075.6580 | 438.492 | 250888.357 | 478075.6810 | 438.539 | 250888.3538| 478075.6906 | 438.518 SURVEY. REFER TO SURVEY BOOK FC 183
8 N/R N/R 441.300 | 250847.888 | 47B983.2110 | 441.312 | 250847.849 | 477983.2610 | 441.352 250847.8451 | 477983.2733 | 441.332 AND PLAN-SUR-612 FOR DESCRIPTION AND
LOCATION OF CONTROL POINTS. BOOK STORED
IN NEDED DESIGN BRANCH, SURVEY UNIT.
PLAN STORED IN NEDED, DESIGN BRANCH,
CONTROL POINTS COORDINATE DATA CML LAYOUT SECTION.
CONTROL T womTrm Do AT 4. N/R INDICATES INFORMATION NOT RECORDED.
POINT
SCOTT | 251003.225 | 477894.302 N/R S ALL DISTANCES SHOWN ARE IN FEET
H514(B) | 251305.341 | 478105.628 N/R TSR S
BMC N/R N/R 438.27 0 1 200 2. Army LOrps . .
Bue N/R N;R s 00 of Engineers Instrumentation Evaluation |CREST SURVEY MONUMENTS:
/ : 55!'_':: Waltham, Massachusetts Hopkinton Dam GENERAL LAYOUT, LOCATION
BL1T N/R N/R 441.27 SCALE, FEET =

QQ GEI Consultants, Inc.

New Hampshire

& SURVEY DATA

Project 97487

Nov. 1997
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97487-12 10/28/97 DIM

o~ o~ i \
} 5 8| o o CL o’
<25, - - D o =
%0 ,, - e B T (S
2| 3+00 Al | b
3l e |
WE \ { \ l
1 I«‘ |
@l z 6 ROCK
—+ 12 BeRM — .
[1§] o
400 £10" BERM — \
INTAKE TOWER —| | EL. 400.0 ‘
‘ ' SERVICE 5 -
STA. 1400 (DAM) QﬁI:
(@)
UTILITY BLDG. o S N
& COMFORT l—-— e AV 3 ] T _OT,\V"E S 66'~23'—45"W
STATION - X R o T - 4 _ 2 C DAM 222
1 1/2" BIT. =g — A 2 2 —
CONG: WAL A /y\f— 2 046 3 4 STA. 5+00 (CONDUIT) /~
PARKING AREA SR fg?v & gl
FLAG 3 f 0 .
POLEN_ ! BMC . T! l! . N \
SISEE - Ly \
20" GATE /| Z \ \ | ‘
4" GATE \ \\\\\\ p \ \\\ \ ’
OPERATOR’S | 6" ROCK ] \ o |
QUARTERS _ -1 | Vo1 /N BERM l’ oN 25 3 ThISCOTT |
=== | | | / esE ; [y \
K u—‘-‘lq >
,‘, | \ 1 X ROCK BERM — g_@m \ N . LEGEND
e gbaoso EL. 384.0 2 Il stline \ Ly
= | RD, BASIN \ x> & 9 1
\ \ = EL. 350.0 | ‘ _5 B ' A CREST SURVEY MONUMENTS
Rt N |
Ale | =l FOREBAY POOL 8+00 \ IR = | _IBLY " contROL POINT FOR VERTICAL
S \ ! T\ o 820 L AR Ol\ I \ , AND/OR HORIZONTAL CONTROL
(@)
AR \S \ & S z /|22 & C\D | |
26Ty 7, S 8m | & 0 * | 0 DIRECTION OF HORIZONTAL MOVEMENT
2 220 G N  ford 25 & T 11y | O> 1986 - 1991
gl 2 A S8 Y4 a1 \ l SCALE: 1 INCH = 0.08 FEET
AEEIRRR - Gr VR 7 ol A i <) DIRECTION OF HORIZONTAL MOVEMENT
\5 EERES & / \ ‘ By \\\ o y 1991 — 1996
SCALE: 1 INCH = 0.08 FEET
20 LEGEND FOR VERTICAL MOVEMENT NOTES
CREST SURVEY MONUMENT VERTICAL MOVEMENT SYMBOL DESCRIPTION 1 CLEVATIONS. SHOW IS SHEET
o CREST MONUMENT SURVEY - ALL ELEVAT HOWN ON THIS SH
B A | INIIAL ELEVATION SEPT. 1985 ARE IN TERMS OF FEET NGVD.
3 2 = & S R — — © | CREST MONUMENT SURVEY 2. PLAN DRAWING PROVIDED BY
& o———n = o ———86— X —X MARCH 1986 CORPS OF ENGINEERS.
& 00 A A A b & s £ 2 - CREST MONUMENT SURVEY
3 1 2 3 APRIL 1991
= % CREST MONUMENT SURVEY
10 MARCH 1996
U.S. Army Corps . )
0 0.08 0.16 0 100 200 of Eng%/neersp Instrumentation Evaluation |CREST SURVEY MONUMENTS:
M husett Hopkinton Dam HORIZONTAL & VERTICAL
Waltham, Massachusetts N Hambshi MOVEMENTS
— . ew shire
HORIZONTAL MOVEMENT SCALE. FEET PLAN SCALE, FEET (D P
1" = 0. ! =
GEI Consultants, Inc. Project 97487 Nov. 1997 Plate 13




97487-13 11/20/97 DM

460

— 460
TOP_OF DAM EL. 437.5
2" GRAVEL BEDDING ¢ 2' ROCK FILL
4 ROCK FILL | 2" GRAVEL BEDDING —]
440 = 440
UPSTREAM FD93—1 I FD93—-2
PZ-13A & B . PZ-14A & B - DOWNSTREAM
420 SPILLWAY El. 416 El. 416 — 420
El. 416 e
2.5
10’ BERM " sc/sM COMPACTED IMPERVIOUS FD93-3
El. 400 COMPACTED IMPERVIOUS FILL PZ-15 —1 200
400 FILL 2.5
UPSTREAM ROCK N 1 |
PERMANENT ~ | 10 BERM
~
COFFERDAM . ~ El._384 DOWN'%IIEE/TAgEROCK
380 —_ ™~ NS — 380
T e ————— _______.—-—-——"'—'-i-'— — o
=L A i =k
S \STRIP TO W
2 360 APPROXIMATE BOUNDARY | SUITABLE MATERIAL s 1 360
| BETWEEN EMBANKMENT AND N A N5 ]
& FOUNDATION MATERIAL - ORl'G'NAL GROUND SURFACE - | sc-su
~ cL e
NS
=z +—-SC
[P} .
% 340 ' 5] so-sm — 340
> SM | — NS
i X :g: N_.s__cp
oy -1 o | e [N | :T.
o | S| cp-su ) — 320
320 [su| = ok-SM —-5c-sM
E;&&—S&l :ﬁ; ~GM —';
PZ-13A TP E%g—su E——-m " 5] e == cL
300 . [ B %":'S" T b o —1 300
NS _—
SM SM NS |
——S5C~-SM
E:r—-SVI—SM — Y
SM |5C |
280 s ‘Z’: ;% — 280
7 4 NN 7 N AN AN NN —sea
AV I A AN SSESENE //\,\>/\,\//\.\//\.\//,\\.\//\\/y/x<\/x\/,\\/\\/\
260 EL 258 ASSUMED BEDROCK SURFACE —! 260
SECTION A—A — STATION 5425 HOPKINTON DAM
240 — 240
0 30 60
NOTES: —— e —
1. ALL ELEVATIONS ARE IN FEET NGVD. SCALE, FEET -
2. SEE PLATES 9 — 11 FOR COMPLETE LOG DETAILS. US. Ammy Corps
3. SECTION BASED ON DRAWING PROVIDED BY of Engineers Instrumentation Evaluation
CORPS OF ENGINEERS. Waltham, Massachusetts Hopkinton Dam STATION 5425
p— New Hampshire
_._[I: GEI Consultants, Inc. Project 97487 Nov. 1997 Plate 14




ELEVATION (FT — NGVD)

ey

e

97487-05 11/20/97 DIM

410 —

ELEVATION (FT — NGVD)

405 — OCT. 1996 v
HIGH POOL EVENT
400 |— El. 403.2
395 — 5 PZ-8 A g PZ-7 A 5 PZ—6 A g PZ-5 A PZ-15 £ 388th61 B PZ—4 A PZ-3 A
390 |— NORMAL POOL : : &
185 £, 3824 El. 380 _\ EI-ZI 33882292 | l 1. _EL 3825V, \ EL 379.7V zEL379.2
£l _382.3W £l._382.2 ¥ 3820V I _EL_382.3 W) v
— \ 3 NV 380 & WEL 3781 El. 3747 Fl 3794V EL.378.7
0 £l. 3817 £l 3721 EL_380N) _EL_379N\7F zg 3750 £ 3N WL 3728 | K W 3770 BOTTOM OF £ 3233V | e 3720 o aaens T HizeLwzs
- 3 (WEL 3722 | N VEL 375 GRAVEL BEDDING EL3Z25W ) 1
3701— RanooM FIL | o 20 Ve 36— |76 369 Vv | o 3697 LI EL 371
365 |— pet—r 2 |
360l BENTONITE SEAL EXTENT OF
FILTER SAND : XTENT
355 . F
swo|— B IPEL 34958 8 1P £L 349.9/1f BTP £l 3406 _ | _STILLING BASIN 4
345—  BENTONITE SEAL [ |
40— RANDOM FILL
335\ —
330 __BENTONITE SEAL & R
325 —
320 }—
315 |— FILTER SAND
310 A
C W7P £ 3082 TIP_EL. 305. 7}
305 : WL TP EL 30T ———~—,
405 —
- RW—4
400 gg Mot e BERM EL. 384.0 foosr_s
izs : 22 SEPY 1987 GF%E?;!ZU iy 9F¢?c—1871§g7 1;05817 _1";57 FD 93-3 15 50_87-4
s RW-8 e eaa EL. 384.0 E EL 384.0 EL. 384.0 EL. 384.0 FD—170 EL 3840 2 Seat
—— 14 JULY 1961 P e RW-5 sc
380 [— EL. 378.5 13 SEPT 1961 25 SEPT_1961 21 SEPT 1961 RW-3 N
375 f— EL. 373.2 EL. 3725 EL. 3735 S| 9 JUNE 1961 13 Amfzmst !
70l i N ] T ————f.. 3683 | | _EL. 3660 || I2»::.': 660
365 |— E1 ] — 5C-| En %»—-so—su
360 — - . e o PSd s se
355 — SM | | 15 - - su| NS | -
715 =ML <] < |
350 }— n ;QaML gfg’::g—ﬁ % F=fsm 0= ol LT gl NR
344[5) I _51 F’: clV 5\—7’ GC—J % 977
- ‘ SM N 1::7“'7_‘* 1SC] X sc-su
335 |— e st sc M = 4 7] ﬂE 7
. s E— 447
330— GC - E—SP 7\
r—— SM
325 — sp / isc| B su
320 — [su) M d i
315 o — [ e
310 — . 3101 L& 3100 aagol ) ol | El. 31 e, ano.as L B. 3100 . B son0t] NS B30 s Q
05— ] o 5% Sladess D= —rr oy e —— Do w
3
Ao
LEGEND: SECTION B—B ALONG DOWNSTREAM BERM |
LOOKING UPSTREAM ‘
m POORLY GRADED SANDS AND GRAVELS ( ) 0 33 70

I:l SILTY, CLAYEY SANDS AND GRAVELS, TILL

SCALE, FEET
STRATIFIED FINE SAND AND SILT NOTES: '

V  PROJECTED PIEZOMETER READINGS 1. SEE PLATES 5A — 11 FOR COMPLETE BORING LOGS U-g; g‘mg’ne%?;ps Instrumentation Evaluation |POWNSTREAM BERM PROFILE
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PTETCMETZR INSTALLATION REPORT

PROJECT: Hopkm 7en DANM | CATE. MovEMBER. /i, 1993
GFF3ZT FROM
LOCATION (STA): S$ 725 CENTER LINE: 80 JRSTREAM PIEZ NQ.:/3-4
0EPTH RISER PlPe .
PIZZ TYPE: OASPGRANDE D3y 1o PVC RISER oF prez: /17 O1AM: 30 .
PizZ 1i? Sz7 [N SOIL S-%6 T ,
(SOTL TYFE): SP-SM To &P-GM SAMPLE NO.: s-s5¢  B8CRING DIAM: /-
METHOD OF INSTALLATION: ROTAgy U/ask Boriné
iTYPE OF FROTZCTICON / )
FOR PIEZI: Ypiy STEEL CASME VENT: 7HREQDED LOCLINE CAP
tLzy. 10P ELzY
GROUND ZLZY.: 4/6 (WEVD) OF RISER: ¥/7.9 pIEZ Tip: 299
FILTER: 200 <Sieic B \S AN0 FRoM £rzy: 2977 T SLEV: 3/5
.29/’ 297
SEAL: PfLred T "PELErS”  FROM sLzv: 35 TO ELEY: 32/
CONTRACT
INSTALLED 31 A7iAMTIe 1257w/ 6 LABS NO. : 24cW 33-93-p B M YEOREMAN - ELDRIDE €.

DATE OF INSTALLATION: OC708EL /B, /993  DATE OF QSSEIVATIONS: AOVEMBER 1,95
METRGD OF -
TISTING PIZZ.: FALLIWE HEAD
TLAPSED | 0iFTA 10 TLAPSED | DEFTH 10 ELAFSED R
TIME TIME WATER TIME TIME WATER TIME TIME WATEZ
zzi | MrNuTIs | FEzT MINUTES FEET MINUTES FIT
3 .
22 j 0.5 /182 | 29/ 20,0 5,06
222 Lo /.06 | z 5 30.0 ¢5.72
i i
2241 3.0 |3232 | |
22U \ 5.0 37,70
REMARKS :

PIEZomETRIC HEAD &) STALT of TEST —56,6Z Fr/

NSPbLlUR

c-61
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PIZZOMETER INSTALLATION REPORT

\paQuEcT:  HoprwTON DAM

| ATE. MoveEmBEL 17,7993

BIET TYPE: CASAGRANGE D% 10. PUE RISER

OF PITZ: ~#8 A7 DlAM:

QFFszy FROM ;
LOCATION (STA): S7.25 CINTER LINE: GOUPSTRER PIZZ NO.: /3-8
DEPTH RiSck PLPS

%" 1,0.

(SOTL TYFE): SP-<sM

PI=Z TiP Sz1 I SOIL
SAMPLZ NQ.: S3-20C

S-17 75
BCRING DIAM: S /.

METHOO OF INSTALLATION: Ro7ARy WiasH BoRIMNG
TYPZ Gf FRCIZoilON .
'FOR PIZZ 4"pip STEE casmnle VENT: Hyreaded Acﬁda CAP
— , ELEY. 10P ELZV ,
GROUND ELZV.: /6" (WevD) OF Riszr: /8-© prz7 Tip: 36®
— .
FILTER: TR0 Sit/CASAND FROM cLzy: 366 10 crzy: 37Y
' pg “ F6°’ F6e’
SziL: PELTONTE "PEUETS FROM ELZV: 37¢ TO £L2V: 378’
B CONTRACT
INSTALLID 31: A128xTIe TEs7J8 LABS NO. : PACWIB53-p- FOREHAN: 7- £LORIDEE
oo
DATT OF INSTALLATION: ©cTogee /9,/773 DATE OF QRSTRVATIONS: LJOVEMABER 1/, /87~
METAGD O :
IsTiNG PIfZ.:  SALUmE HEAD
ZLAPSED | CerFiA 10 ZLAPSzd | CEFIR 10 TLAPSZD 2 .
TIME TIME WATER \ TIME TIME WATES TIME TIME WATZ?
25t | MINGTES | FEIT MINUTES T MINUTES FIIT
30
256 05 /52 l 361 200 S 3¢
,257'1 /.0 R-/° l 326| Zo.© 6./3
259 | 20 ] 2.78 ‘ ‘
XBO/I S0 ! 3.26 ' ‘
3%‘ 0.0 | Yz | |

DEzomErtuc HEAs @ sTapr of TEST —3S./ Fi-

ﬁ%ﬂ/ %%/ 4

(INSPEC/OR

c-61
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TEST BRCRING
FD 93-1

PIEZCMETER STICL Uup -

P> 2"
P-13A 2"
7P O0FRIG _ DATUM o 42T T 2FTSTierUP
PLAT ForM .
l (/o FTof 4" "DiA. STEEL PROTECTIVE CASIMNG
1 - 8Fr SCHEDULE 4/0)
pP-138 RANO<m IMPERVICUS BRCEFILL FoR.
UppPER Fiel CERRTH 0OFM i
pIEZSMETER. SANG, Tr CLAaCiA T [ SARD iy
Gr\’/-)vfba-—
- ,38;
i B ES
FILTER e i ZowWE of SP-5M
< - 4@’ P/EZOMETER TP
..56
'56’

SELACIAL T/l
GRAY omFSANOS, /irle GralEl
—_ (e SILT | TRAE =i Cemy

RAMDoM L ;
FrLt 4 — 75 (imiTS oF 5 PW CASING)
p-13A 6A229fu;a
L OWER
PIEZOMETER
ser— )
. L '}Ol
ErrEl e |- | — ZONE 0F SP-5M
savp | N Te
AR GP-GM —
,: hfin o N1 PEZoMETER TiP
o
-125"
RANDOM ‘
FiLL — GUACIAL Tt | cm FSANDS § Gravec
SAND, 7T —e STRATIFIEn w mH S/LT/CLAY LAyErs
GRAVEL -
_—— T T — ""9’4/.5" umiTs OFZ/’THU 0,45,,/6,)
//,
/ N\ sear 777/ \\ BEDROCK
BEpReck p
- 158
T wiTH 34" 1-0- PYC RISERS
SCHEDUE G o F0 Sicierr SAND - FILTER SAND
RANDoM FILL /S ALL PURPISE SANT

PLATE A.16 6O Ib bAes € BaNK RUN
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[
]

IELD PERMEADIL

|7

TEST RESULTS

— UOu////%"}!scR\Nc, Ne:fp93- ’{D"'=TH

/7 A7 | INSPECTOoR: T ELPRIDGE

/.0

== 0. 75 ’L: A /0

1A/): ‘ -y = 2é162 F7- ’ = 3

~FALLING HEZAD

RISING HEZAD

AR l c.u--u 3 I cur‘-: ) ’ Kon ‘ -.—:i_s‘;: I (.-x- | <:\-::3 ] < -
0.5 | 1180 | 3482 |226xs7] | | |
ro | 1906 | 2756 |zowx o] | | |
3.0 | 32232 | 430 |153x0077| | | |
50 | 3770 | 8.92 |128x07%| | | '
.0 | gz72 | 390 | 2exio| | | |
200 | ys,0c | 156 | 66x078] | | |
300 | 4572 | 0.90 | x5 ] | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | - |
| | | | | | |
| | | | | | |

NCTES piEzomeTER 13-A
SCHEMATIC SYMBaLS

pr—
S—

TaP OF CASING

\
-7 FALLING W“EAD

1 v RIVER LEVEL

GROUND SURFACE

T2
-r.{ R151NG HEAD

BOTTOM OF CASING

L 03 Ic '
> =
Y H.z
h 4 v
4 4
Jir= 2
Ho
H, “
v v
y O3
v # |

DOTToOM OF HOLE

N
X
1]

0

= CUTSIDE DIAM:-:Q

CT CAsINSG

D; 2 INSIDE DIAMETZ=R CF CASING {2

l'

= LENGTH OF SAMPLE (™

M= TRANSFCOCRMATION RaAaTI\O

Ha2 PIZSZOMEZTRIC RIAD
T=TIME(SEC)

Kna HORIZONTAL PERMEABILITY (om

D= CHANGE IN H

oL (Fz=+)

D:3. ln(Zm L.) .
Do lad]

I —

K=
N L (a4 us

c-65 .
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FlELD PERMZAZI\LITY = 5T RESULT S
.:’,.'T‘E‘..,{/(N//)/795 .SOR\NG No:f’093— DEPT H: 28/’-;7’ I.INSPEQTOR:TfLDre/Oéé

o= 2.0 ~‘.:,;:-= 0.75 ' L= ?é /A/' ! - = 35-/ Fr- ln—r: 3
FALLING MW TAD . ] RISING WEAD
SLaP S ra L mPSED | S- e
w:ujf3 ‘ gu--d\ ’ (H, = ’ LS l ;‘;:iﬁ ‘ CRL-=) ! (v, =59 ’ < -
0.5 I 52 | 23,59 | 6.4x/07¢ | l | |
0 | 2o | 330 |y7x0-C ] l | |
3.0 | 278 | 2232 | 2./x/07¢ | | | |
| seo | 3.2¢ | 2.8y | /.5 xi07¢ | l | |
| oo | Yz | 2098 | 9,077 | | | |
200 | 52 | 2976 | 6x0-7 | | | |
300 | 6.8 | z28.92 | s | | | |
| | | | | | |
| | | | | | |
| | | | | | | |
| | | | | | |
| | | | | | K |
| | | | | | |
| | | | | | |
NOTEZ pEzomeree 3-8
SCREMATIC SYMBQOLS
— ToP CF CASING De= CUTSIDE om.r\‘z—l—-.;a CT CAsINS
] Di » INSI\DE DIRMETER CF CASING ¢
o L= LENGTH OF SAMPLE (amd
R |\‘/'._\.__I1 FALLING WEAD M= TRANS ECRMATION RATIO
. + HaPISZOMEITRIC WEAD
“oH, T2TIME(sECY
b A | ‘ RIVER LEVEL Kns RORIZONTAL PERMEABILITY (v
+ 4 Roumn URFACE D=z Z2HANGE N -H
Jwsa GROVND S 52 | L — -
" Ho .. ! n = * | - ML>- J =
y - " el -ldz=+
y O3 _;-{ RISING HEAD
v D;z. lm/2m L.)
— B0TTOM OF CASING Kam= Do RL.URPSSR L SN
= wE SOTToOM OF HOLE ' 8oL (Fam) He Do

C-65 .
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CORPS OF ENGINEZRS, U. S. ARMY
NEW ENGLAND DIVISION
FOUNCATION ANO' MATER! ALS BRANCH
FIELD LOG OF TEST BORING

HCPRINTON DAM
Sita__ SEXPLORAT N PRICARAM

ole x0. 293 L vien, (casing) 471 50w

Co~crdinatas: NZ5CP97-22¢ 4783/99.97

brilled by ROB PRICE paoids LinrERS (RTL)

PROJECT NQ. 2ACk/ 33-93-D-cocH

Pagm | of __ Pagms

Bering Started (O CTOBEL 21 ,/993

foring Comletad_ 4/ OUEMBEL

2,/273

Recort Sutmitted

“*_‘_*—_—“_—_————_———_*_——

Purpcee of Exolaration 70 PETELMIWNE SUBSULEACE NBTELIA « TYPES Qa0

DiSTRIBITICH ps Wle BS WSTuaTiond OF PIEzomcsERS FOL DETERM AT

OF FOeroprion] PHRESTIC' SULEHCES

M

—
Elewmtian Toe of Nele 4/‘9 :ﬁtév.b
Total Cvermrden Orilled /Y2 St
Elevation Toe of fock 27 &D
Elevation Bottom of Mele___ 202~ N
Total Moex Orilles /2 Fest
Total Dmeth of Mole /5Y Feat

Care fecoversd A= )

Care tacoverwe __/C fL: O piam. 2! In.
il Semsies 2% in. tiem 37 ta
Sail tameles

In. Disme R

Casing Laft In Place

O

Fem?

FIEZOMETERLS PROTESTED “wWiTH 4O 7

0F ¥"piA STEEL CASWG

wtar Tesle e _Z 20 FT

———

Oneth Mathed of Brilling
Fram | To ond Tyse of Mt Uned

O 4,549 PoTARY - WASH
/

Greand Water

(2 Frrsticz uP)

nck of Mage

oring Locatien Jetch fack of Page ___
Overireen Auceryd Prgn
Rock Brilling Pam
Fage
Pom
hags
= ————— ————
Presarsd b /fmm ?//ﬂf/ﬂ (2
/ “f { Feid tata lace Data
Sumittad W
MED oc2's; 121

REPLACLS EDITION QF JuR 31 wwiCx mar BE YSED umTIL EXMAySTED
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9P

neT 2!

0

J. S, AMM [

sie MoPriTER PAM

CCRPS OF ENGINEZRS
NEW ENGLAND Ot1VISION

Sy

N2509%7.22

raqe | of 9 ~ages

Soring No F093-2 0esiq.F0 93-X Oiam. (Casing)

/1 . i X
ISPV, ¢ HW

FIZLD LOG OF TEST BCRING |Co-orcinates: £ Y75/95.77
AEVD
Elgvation Tap of Boring /6 Wel=t_ Hammer Wf,;éoo/b Baring Startad /04-2//73
Torai Overdurden Orilled /92 Faet Hammer Orop .LBL -
c— - 27Y MEVR Boring Campletea //Z 2‘/73
Elevation Top of Rock M=E=.  Casing Lat?
Torat Rock DOrilled /Z Faet Subsurface Wgter Oatoc Page
Zéa’ NV P
Elavaticn Sottam ot Boring M5S£,  Qbs. waeil
- .
Total Osoth of Bortng /SY Feat  Orilled 8y _RCB PRICE ) DARIUS WiWTERS
Cars Recaversd _ﬁi_",’q Na. Sozes _/__ Mtg. Ces. Octtl __CmE S35 7R UCE mOUMT

Core Recovarad_ 7S Fv —  Siam. 2! in.

] .
Sali ':amoms_ilz‘—lnﬂ Dlam.s'l_No.

Na.

Soil Samcies in. Olam,

lnspected 8y:

- ZLDRIDEGE

Classitlcatien By:

Classification Syr

T ELoRIDEE

-PT co oS 18L0ws
0zPTH | RE/SAMBZ |2-0%2 SAMPLING AN

| wa | smzefTeIRE OPERATIO

Lo

0 CQRING
NS

CLASSIFICATION OF MATIRI!IALS

oS I = K T W ~ =
| Ll I Ll I L1l l | LLLIJ.LLJ_I.J_LLlJ_LJ_UJ_LLJ-LI_l._LLJ_

(W)

[l

20

V)
1

W
L
N

/e
1o
ne

-

1S~

1.2

/D
29
)

27

15

1< 35

a7
24

RlER BT (378 Din) Ewspsey
7o =/t FI. REL-DIFFICUT
DRILLING

3colh Homner /8. DRcP
2%."1.0- SpuT Spron ANV 2ep

RELER BiT £ wWASH 76
~ITFr

SPIN SWASH §CASNE T
-5 ,:f‘

360 b HAMmER /R .~ DRCP
NW LD 207 p, 5 pirr SPean/

o CWasd §cas e
TO -2 Fr.

19

SAND
(5-15)

;

Wi

20-40) ,
e

\va

Sy

(1)

o S \%\(33*@5%9
W[ little —Gravel (S715)

e

GEN{RVAL, REMARKS: B ‘
BoLEHILE STAETED 0N & P-3/2€6 (O8E BARLEC /508

S, (a5 6, DRiLIAS 6 THEDUGH ROCK RIP-RAL.
S pu) S12E CASING D PinmonD CorfWl8 SHIE WAS

SPIN AN WASHED )2 FT.
L

u’.l'a“lj.E( Te<r)
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_. , 22
0EPTH cons/swﬂil's-:::; SAMPLING AND CORING
. |1‘- . wa |3z "jgg;:v QPERATIONS CLASSIFICATION OF MaTER 1aLs
7% = e S\
o T 53] || 33 |2comummmer s8impree {50 il (50 HNSANT
3 |30 | Reo kMO SPLTSPeON e DGl 1S-15
21— A
1 gz.° 3 ApVAN E C/?ﬁwél ‘.-F’N/u);.}s;/ N
. . n 25 | 70-25FT- (\5\4/\)
- 23—
— e
o ——
3
- S| Rse|9 (3o b HammER 13 w0 0rer | DU (20H0)
5 - 1o |30 |MWRCO 2" 10, SPuTSPCY <AND ) e éfa'l/{(
26— S |
- 1.0y 'S-
. 746 ANACE CA S C, 5P fus A3 (> ‘S> [y
3 37| e ~32FT =
B K —: 3204 eAn 'y 2lytheertle
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B3] ' =,
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- T «30,‘1’ DIFF'/CVLTT ('Ni)
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§ 30—
383 345.5 309|020 |30k Hammer 1€ W pLOP & Sty B0
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= 70 -35 71 (1\19
B 34— .
15 — i (
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Standard 1

The following standards and procedures are employed for
Crest Monument Zurveys at Hopkinton Lake Dam.

STANDARDS FOR SETTLEMENT SURVEYS

1. Control points are stamped brass disks preferably set in a
ledge area. Where no ledge is available, they are set in
concrete pbounds placed flush with the ground.

2. Control points are set in areas such that the maximum
possible number of crest monuments on the dam are visible.

3. Control points are tied into four reference points by
distance. This provides a check each time they are occupied for
settlement surveys or allow them to be replace if found to be

destroyed.

4. Distances are read and recorded between settlement bounds.
Both distance znd angle are read and recorded from the control
points that are being occupied to locate each settlement bound on

the dam.

5. In locating each settlement bound, a control point will be
occupied setting 0-00'-00" (referenced line of site) on a second
control point, reading and recording both interior and exterior
angle closure, zlong with distances through each settlement bound
located on the dam. Each settlement bound is located from a
minimum of two control points. These locations are third order,
class II survey with relative accuracies of not less than 1 part

in 5,000.

6. Levels are run from control points through each settlement
pound on the dam with a return run back into the control points
to check the elsvation closure on the run. Closure tolerance
should be no greater than 0.05'. These levels are third order,
class I survey with relative accuracies not less than 1 part in

10,000.

7. Crest monuxmsnt surveys are performed using Topcon EDM Total
Stations and recording both horizontal angles and horizontal

distances.

PRCCEDURE FOLLOWED FOR SETTLEMENT SURVEYS

The horizcntal and vertical monitoring plan for settlement
bound movement Toints employed a combination of triangulation and
trilateration zngle and distance techniques to survey the control
network. Control points, in ‘the form of stamped brass disks,

were placed on the dam structure in a location that is clearly
i

Ry
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visible from the control points. Horizontal coordinates of the
control points are based on the State Plane Coordinate System.
Elevations of the control points are bawd on the National
Geodetic Vertical Datum (NGVD). Control points are occupied
utilizing an EDM Total Station; observed distances and angles
(interior and exterior angles), between control points and
settlement bound establishing permanent bench marks. Standard
leveling techniques are followed. Levels are double run and the
means of the front and back runs were computed and recorded.

DATA ADJUSTMENT

A combination of triangulation and trilateration surveying
techniques are applied. Each crest monument is located from two
control points and two sets of coordinates are calculated using
adjusted field angles and compliments and EDM distances. The two
sets of coordinates are averaged to give a net result. The
averaged coordinates are then established on each settlement
bound for use in determining shifts in the dam surface structure
over a period of years by comparing repetitive surveys.
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HOPKINTON DAM
~ MERRIMACK RIVER BASIN

Reading Schedule for Piezometers

— General. Piezometers are utilized to measure groundwater levels and pore pressures
.th in the foundation and embankments of earth and rockfill dams. Experience has shown
that installation of piezometers in earth fills and their foundation provides significant
_,data indicating the magnitude and distribution of pore pressures and their variations
with time and also patterns of seepage, zones of potential piping, and the effectiveness
of underseepage control measures.

-2, Pijezometer Readings. At the present time, files are maintained for dams which have
operating piezometers and most of the data is put on the computer. Data is transmitted
to GEB in writing by the project manager. Piezometer data should be reduced in the field

—-and each reading compared with previous data; thus, if a piezometer has an unusual
reading, the reading can be checked immediately. Pool elevations, tailwater elevations,
measuring weir discharge quantities, and rainfall data should be recorded simultaneously

__with piezometer readings.

a. Reading Schedules.

- (1} Routine. During periods when the reservoir is at or below the 22 foot stage
(Elev 388) readings should be made by the project manager at least once a month. When
access to instruments is made hazardous by snow or ice, the readings may be deferred

_.until safe access is possible.

(2) High Pool. During periods when the reservoir level (includes rising and
~falling pools) 1is above the 22 foot stage, readings should be made on a daily basis.
“Pool elevations and all the other information requested in paragraph 2 above should be

recorded simultaneously with piezometer readings. On a falling pool, piezometer readings
ould continue for approximately five days after the pool has returned to its normal
—gievation.

b. Data Collection.

(1) Location Maps. A general plan of the project showing the location of the
active piezometers and the corresponding identification number for each piezometer is
provided to eliminate identification and data recording inaccuracies.

(2) Data Collection Tables. A table listing the piezometer identification

number, stationing and offset, as well as piezometer top and tip elevations is also

_provided for recording and submitting piezometer readings. It should be noted that when
two piezometers are located in the same protective casing, each shall be designated with
a number as well as an "A" or "B". The letter "A" will indicate the deeper piezometer
riser and the letter "B" shall designate the more shallow riser for each such location.

“A11 piezometers shall be clearly labeled with the appropriate identification number and
letter (if required). These labels shall be installed inside of the protective casings
and attached to each respective piezometer riser by the project manger.

(3) Destination. A1l data should be sent to the following address on the first
)f each month. '

U.S. Army Corps of Engineers
New England Division
CENED-ED-GD

— 424 Trapelio Road
Waltham, MA. 02254-9149
RE: PIEZOMETERS

(4) Special Conditions. If unusual changes in readings develop or if
yiezometers become inoperable, Geotechnical Engineering Branch should be contacted.
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Piezometer Time History
Pool Elevation, PZ-1, and PZ-2
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Piezometer Time History
Pool Elev, PZ-15, PZ-3A, PZ-4A, PZ-5A, PZ-6A, PZ-7A, and PZ-8A
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Piezometer Time History
Pool Elev, PZ-3B, PZ-4B, PZ-5B, PZ-6B, PZ-7B, and PZ-8B
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Note: Elevations at PZ-6B and PZ-7B were similar, therefore these lines plot on top of each other
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Piezometer Time History
Pool Elevation, PZ-9, PZ-10, and PZ-11

420
410 -
400 —

390 : . _ /

380

370 4—-

Elevation, feet (NGVD)

360 -

PZ-1 ; ’\Ba_q ;‘

350 ~ o ‘ | |
Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

—Pool —PZ9 ---PZ10 - PZ-11

GEI Consultants, Inc. Hopkinton Dam Project 97487
PLATEC.4



Piezometer Time History
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October 1996 High Pool Event
Pool Elevation, PZ-1, PZ-2 and Stilling Basin Discharge
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October 1996 High Pool Event
Pool Elev, PZ-15, PZ-3A, PZ-4A, PZ-5A, PZ-6A, PZ-7TA, and PZ-8A
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October 1996 High Pool Event
Pool Elev, PZ-3B, PZ-4B, PZ-5B, PZ-6B, PZ-7B, and PZ-8B
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October 1996 High Pool Event
Pool Elevation, PZ-9, PZ-10, and PZ-11

420
= 410 —
>
O 400 - f/\ :
<
= 380 .
.0 PZ-1t
g 370 i“"‘""““"""""“_";"i""——
350 1| | l‘ L NS RO T S T | J L1 N S JL Y S SO O | i | S SO SO IO R Oy Ty O OO S | | N S S U | | Y Y T Y Y | i Lot ol .1 1
09/29/96 10/06/96 10/13/96 10/20/96 10/27/96 11/03/96 11/10/96 11/17/96 11/24/96 12/01/96
— Pool — PZ9 - PZ10 ... PZ-11

GEI Consultants, Inc.

Hopkinton Dam

Project 97487
DLAT= D4



420

a>'\ 410

(zi 4001~ 'Jr/\\—*?om

R

o 370 R

ko)

w 360 —
350llllllllllllI]lllilIllIlIIIIlIIIlllIllIlIlllIIIIll
09/29/96  10/06/96  10/13/96  10/20/96  10/27/96 11/03/96  11/10/96  11/17/96  11/24/96

— Pool — PZ-13A --- PZ-14A
GEI Consultants, Inc. Hopkinton Dam

October 1996 High Pool Event
Pool Elevation, PZ-13A, and PZ-14A

I |

12/01/96

Project 97487
PLATED.5



420
410
400
390
380
370

Elevation, feet (NGVD)

360
350

09/29/96

October 1996 High Pool Event

Pool Elevation, PZ-13B, and PZ-14B

S O Y N Y |

NN N N I N O WO Y O N SO TN NN N TS N MY

?

Y N I SO |

i
I VO I S N U SN S N T B

{ N N S R |

Y U N I B |

10/06/96

GEI! Consultants, Inc.

10/13/96

10/20/96

— Pool

10/27/96

— PZ-13B

Hopkinton Dam

11/03/96

.- PZ-14B

11/10/96

11/17/96

11/24/96

12/01/96

Project 97487
PLATE D.6



Piezometer Elevation vs. Pool Elevation
PZ-1

410

405

400 — NORMNMBL  PoO|L . $Plg¢wﬂ‘1___
CREDT

395
390 |
385
380
375
370
365 T
350

N4 3619 4t
e A SESVRU SRR - . . - RN b N N N T T e e e [, WU

VY

Piezometer Elevation, feet (NGVD)

360 370 380 390 400 410 Ll 420
Pool Elevation, feet (NGVD)

GEI Consultants, Inc. Hopkinton Dam Project 97487

PLATE EA1



Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Pliezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Time History
Pool, RW-1, RW-2, RW-3, RW-4, RW-5, RW-6, RW-7, AND RW-8
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October 1996 High Pool Event
Pool Elev, RW-1, RW-2, RW-3, RW-4, RW-5, RW-6, RW-7, and RW-8
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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