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EXECUTIVE SUMMARY

GEI Consultants, Inc. (GEI) was retained by the State of New Hampshire Department of
Environmental Services (NHDES) Water Resources Division (WRD) to conduct a forensic
investigation of the failure of the Meadow Pond Dam in Alton, New Hampshire. This report
provides the results of GEI's forensic investigation.

The dam is located on private property owned by Mr. and Mrs. Robert Bergeron located
north of Route 140 in Alton, New Hampshire. The earthen dam was approximately 30 feet
tall, with an approximately 44-acre impoundment.

The dam was designed by Rivers Engineering Corp. (Rivers) in 1992. The December 17,
1992 revision of the design drawings were approved by the WRD.

The dam was constructed between November 1993, and July 1994. The owner hired
Connie's Septic Service, Inc. (CSSI) to perform the earthwork construction and Putnam
Concrete (Putnam) for the concrete work. The owner contracted Varney Engineering
(Varney) to provide quality control services, which included materials testing and
construction observation.

The dam failed in the evening of March 13, 1996. The resulting flood waters flowed along
the path of the existing stream until reaching Route 140. The flood waters then traveled
northeast along a residential section of Route 140 where it joined the Merrymeeting River.
Extensive property damage occurred along Route 140. One life was lost during flooding.

The purpose of GEI's forensic evaluation was to determine the mechanism of failure, review
the design for adequacy and to determine if the dam was constructed in accordance with the
design approved by the NHDES. Work conducted by GEI as part of the forensic evaluation
included field investigations, geotechnical laboratory testing of soil samples obtained from
the dam, and interviews with parties involved in the design, construction and maintenance
of the dam.

Based on the observations of the failure made by the Bergerons (the owners of the dam) and
our own observations of the dam during the field investigations, it is our opinion that the
failure took place as a result of erosion and piping immediately beneath the spillway slab.
Erosion and piping resulted in the development of an open channel under the spillway slab
which caused rapidly accelerating erosion and the breach of the dam. The piping failure
appears to have started about 15 to 20 feet right (looking downstream) of the left end of the
horizontal portion of the spillway.
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GEI's review of the design relative to the standard of practice is summarized in Section 7.
As-built conditions that deviate from the design are identified in Section 8. The design
features and as-built deviations from the design that, in our opinion, contributed to the
failure are summarized in Section 9. These contributing factors, which are related to
inadequate control of seepage beneath the spillway, are listed below:
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The lateral extent of the seepage cutoff beneath the spillway into the
embankments on both sides of the spillway was approximately 11 feet shorter
than designed.

Cracks in the cutoff wall and in the spillway slab and the horizontal
construction joint between the spillway slab and cutoff wall provided a direct
hydraulic connection to the gravel blanket downstream of the cutoff wall:
These cracks were probably caused by a combination of factors, including:
the lack of longitudinal steel reinforcement in the cutoff wall, which was
required in the design; settlement of the embankment core material, which
was not compacted sufficiently to meet the specifications; and heaving of the
spillway slab and cutoff wall due to the formation of ice lenses in the gravel
blanket and the underlying core material. The specified gradation for the
gravel blanket material did not adequately limit the fines to avoid frost
susceptibility. The frost susceptibility of the gravel blanket was further
increased by the use of material containing more fines than allowed in the
specifications and the presence of zones of contamination with silty core
materials. Also, the gravel blanket was not thick enough to avoid frost
penetration into the underlying frost susceptible core materials.

The seepage path from the open water in the reservoir to the bottom of the
cutoff wall was too short as designed, and even shorter as built.

The gravel blanket specified in the design allowed placement of materials
that were not sufficiently permeable to safely drain seepage passing the
cutoff wall. The permeability of the as-built gravel blanket was even lower
than that of the specified material since it contained more fine grained soils
than allowed in the specifications and was contaminated with zones of silty
core materials.

The formation of ice lenses in the frost susceptible gravel blanket material
and underlying core material probably caused heaving which led to the
development of voids at the interfaces of the spillway, cutoff wall and
grouted riprap with adjacent soils. Thawing of the ice lenses also may have
left voids within the gravel blanket.
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1. INTRODUCTION

GEI Consultants, Inc. (GEI) was retained by the State of New Hampshire Department of
Environmental Services (NHDES) to conduct a forensic investigation of the failure of the
Meadow Pond Dam in Alton, New Hampshire, which occurred on March 13, 1996. GEI’s
contract for these services is dated March 19, 1996. This report provides the results of GEI's
forensic investigation.

The dam is located on private property owned by Mr. and Mrs. Robert Bergeron located north
of Route 140 in Alton, New Hampshire. The earthen dam was approximately 30 feet tall, with
an approximately 44-acre impoundment. The dam was constructed in 1994 to replace a smaller
dam located approximately 500 feet upstream, which was reported to be in poor condition.
Figure 1 shows the site area in 1989, prior to the construction of the dam.

The dam was designed by Rivers Engineering Corp. (Rivers) in 1992. Rivers subcontracted
Jaworski Geotech, Inc. (Jaworski) to provide geotechnical recommendations for the design.
Several revisions were submitted to the NHDES Water Resources Division (WRD) for review.
The December 17, 1992 revision of the design drawings were approved by the WRD. The
design drawings and other documents considered part of the design are provided in Appendix A.

The design drawings show é homogeneous earthen embankment dam, approximately 470 feet
long with a 12-foot-wide crest. Significant design features of the dam include the following:

° The upper portion of the upstream face of the embankment was to have a 2.5H:1V
slope protected with riprap. The lower portion of the upstream face was to have
a 3H:1V slope.

° The downstream face of the embankment was to have a 2.25H:1V slope.
° The embankment core fill in the dam was to be a low permeability glacial till.
° Seepage control was to be provided by a 3-foot-wide chimney drain located

beneath the crest of the dam, which was to connect to a blanket drain placed on
the foundation of the downstream section of the dam. A toe drain was to be
located at the downstream end of the blanket drain.

° A low level outlet was designed to penetrate the dam at the base of the
embankment. An antiseep collar was to be located just upstream of the chimney
drain.

° The spillway was designed as an overflow embankment section with a horizontal

concrete slab over the crest and a grouted riprap channel over the downstream
slope of the embankment. A portion of the riprap on the upstream slope in front
of the spillway was also to be grouted. The design drawings show concrete slabs
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on each end of the horizontal spillway slab that slope upwards from the horizontal
spillway slab to the crest of the embankment. Concrete abutment walls were also
required on both ends of the horizontal spillway slab.

° The design required a continuous seepage cutoff consisting of a concrete cutoff
wall beneath the horizontal spillway slab and the footings for the concrete
abutment walls. The footings for the abutment walls were to extend the seepage
cutoff into the embankment a distance of 27 feet from the horizontal portion of
the spillway slab. The cutoff wall was to extend to a depth of about 5 feet below
the top of the horizontal spillway slab. The required depth of the abutment wall
footings ranged from 4 to 5 feet. '

° The channel downstream of the spillway was to be protected with riprap retained
by a low baffle wall located 30 feet downstream of the toe of the dam.

The dam was constructed between November 1993, and July 1994. The owner hired Connie's
Septic Service, Inc. (CSSI) to perform the earthwork construction and Putnam Concrete
(Putnam) for the concrete construction. The owner contracted Varney Engineering (Varney) to
provide quality control services, which included materials testing and construction observation.

At about 6:40 p.m. on March 13, 1996, the dam owners noticed an increase in flow in the stream
leading from the dam and observed a plume of water approximately 3 feet in diameter flowing
from the grouted riprap on the downstream side of the dam. The majority of the spillway and
a portion of the embankment were eroded away by 7:00 pm leaving a portion of the dam
foundation exposed.

The flood waters that were released flowed along the path of the existing stream until reaching
Route 140. The flood waters then traveled northeast along a residential section of Route 140
where it joined the Merrymeeting River. Extensive property damage occurred along Route 140.
Mrs. Lynda Sinclaire’s life was lost during the flooding caused by the failure.

The post failure condition of the dam is shown on a topographic plan prepared by Eastern

Topographics and survey drawings prepared by Civil Consultants. These drawings are provided
in Appendices B and C, respectively.
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2. SCOPE OF WORK

The purpose of this investigation was to document the condition of the site subsequent to the
dam failure, to identify the failure mechanism and to evaluate the adequacy of the dam design
and construction. Data collected during the investigation included: visual observations;
measurements; photographs; material samples; interviews with parties involved in the design,
construction and maintenance of the dam; and geotechnical laboratory testing results. GEI also
reviewed design and construction documentation.

Sections 3 and 4 of this report detail specific field investigations and laboratory testing
conducted for this project. Section 5 describes the various interviews with the project
participants undertaken by GEI. GEI’s opinion concerning the mechanism of failure is presented
in Section 6. The review of the design, with GEI’s opinion as to the design features that
contributed to the failure, is presented in Section 7. A comparison of the as-built conditions with
the design requirements is presented in Section 8, including a discussion of the deviations from
the design that, in our opinion, contributed to the failure. In Section 9, the design features and
deviations from the design that, in our opinion, contributed to the failure are summarized.
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3. FIELD INVESTIGATIONS

Field investigations and site visits were conducted between March 19 and April 5, 1996. GEI
participated in the six days of field investigations and performed two additional site visits. Field
observation reports presented in Appendix D provide a record of the observations made during

the site visits and field investigations.

3.1 Field Investigations

Field investigations were conducted on March 20 and April 1 through 5, 1996, as a cooperative
effort of several engineering organizations. The engineers represented the interests of parties
involved in the design and construction of the dam, parties impacted by the failure, and the

owner, are listed below.

Interested Party

Site Owner

NHDES, WRD

Rivers Engineering

Jaworski Geotech, Inc.

Varney Engineering

CSSI

Putnam Concrete

The Estate of Mrs. Sinclair
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Eneineering R ive(s

Hydro Environmental Technologies, Inc.
GeoTesting Express
Simpson Gumpertz & Heger Inc.

GEI Consultants, Inc.

Rivers Engineering
Haley & Aldrich

Jaworski Geotech, Inc.
William Zoino
Heynen Teale Engineers, Inc.

Varney Engineering

P.B. Aldinger & Associates
Douglas G. Peterson & Associates

Failure Analysis

Geolnsight
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Initial field investigations were conducted on March 20, 1996 to obtain data which may have
been destroyed by impending precipitation. The scope of the initial investigations had been
planned in advance by GeoTesting Express. This investigation involved excavation and data
gathering primarily on the left side of the breach.

After the initial investigation, a scope of work for additional field investigations was developed
by GEI and circulated to each of the interested parties for comment (GEI memorandum dated
March 22, 1996). Modifications were made to the original scope of work based on comments
received from the interested parties during a telephone conference call on March 28, 1996.

The field investigations included the following:

° Careful cutting and removal of portions of the spillway slab and cutoff wall that
remained on the right side of the breach after the failure to expose a void observed
at the right end of the cutoff wall and to look for other possible signs of erosion;

° Excavation of the embankment to the right of the breach in a series of benches to
allow soil sampling, field density testing, and observation/measurement of
exposed components of the dam;

° Concrete coring to obtain samples of the cutoff wall and spillway slab for strength
testing.
° Measurement and examination of debris from the concrete spillway and cutoff

wall located downstream of dam. This information was used to determine as
- much as possible about the original configuration of the spillway and cutoff wall
prior to the failure.

° Test pit excavation along the alignment of the baffle wall to determine if the wall
was founded on bedrock, as shown on the design drawings;

° Test pit excavation adjacent to the stream in the base of the breach to check for
presence of open gravel/cobbles in the foundation soils that could lead to internal
erosion.

Additional activities performed for the investigation of the dam included professional
photography, topographic mapping by aerial photogrammetry, and surveying.

Field density testing of the embankment soils was conducted by GEI and Haley & Aldrich
(H&A). The majority of field density testing was conducted by H&A using a nuclear density
gauge. Additional testing was conducted by H&A using sand cone methods and by GEI using
a nuclear density gauge to check the accuracy of H&A's nuclear density gauge. Comparison of
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the density measurements obtained at three locations using the GEI nuclear gauge, the H&A
nuclear gauge, and the H&A sand cone indicated a maximum variation of approximately 1.1%.
The results of the field density testing are presented in the field observation reports
(Appendix D). The results of field density testing using the nuclear density gauges are
summarized in Table 2.

Soil samples obtained during the field investigations were transported to GEI's geotechnical
laboratory for testing as described in Section 4.

3.2  Significant Observations

A list of significant observations made during the field investigation is provided below:
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A void was observed at the right end of the spillway cutoff wall. During the
removal of the spillway slab, the void was observed to continue along the
downstream side of the cutoff wall, near the intersection of the cutoff wall and the
spillway slab. Based on observations of the soil along the bottom of the void, it
appears that the void was caused by erosion and piping. Evidence of erosion was
also observed on the subgrade for the sloping portion of the spillway slab,
downstream of the cutoff wall. The approximate extent of the void and apparent
subgrade erosion is shown on Figure 2.

Heavily rusted steel reinforcing bars and staining of the concrete were observed
on the underside of a portion of the concrete slab from the left side of the spillway
(in debris pile). The approximate area of the staining and heavily rusted
reinforcing bars is shown on Figure 2.

Ice lenses were observed in the core material beneath portions of the spillway
slab.

A water mark on an existing staff gauge surveyed by Civil Consultants indicates
that the maximum water level in the pond was slightly above the top of the
flashboards. The elevations of ice along the upstream side of the embankment
indicate that the water level in the pond immediately prior to failure was probably
just below the top of the flashboards.

A slope failure appeared to have occurred on the upstream slope of the
embankment due to rapid drawdown conditions that occurred during the breach.

Cracks were observed in the portions of the spillway slab and cutoff wall that
remained intact on the right side of the breach. Caulking observed in some of the
cracks indicates that the cracks occurred prior to the failure.
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Based on measurements of the intact portions of the spillway and cutoff wall and
debris from the spillway and cutoff wall located downstream of the dam, the as-
built dimensions of the spillway and cutoff wall differed from those shown on the
design drawings.

A cold joint appeared to be located at the junction of the spillway slab and the
cutoff wall. The design drawings indicate that the spillway slabs and cutoff wall
were to be cast monolithically.

Although required in the design, no longitudinal reinforcing steel was observed
at the ends of broken sections of the concrete cutoff wall. '

Reinforcing steel in the spillway slabs were observed on the bottom surfaces of
the slabs, with little or no concrete cover.

The grouted riprap downstream of the spillway slab was not as thick as required
in the design.

Along the left side of the breach, the upper portion of the chimney drain was
observed to be offset about 2.2 feet upstream of the lower portion of the chimney
drain.

The chimney drain was not extended deep enough to connect to the blanket drain
in the area of the low level outlet. Portions of the chimney drain in this area were
contaminated with core materials.

The baffle wall was not founded on bedrock, as required in the design.

The as-built dimensions of the blanket drain were different from those shown on
the design drawings.

The flashboards installed on the spillway were measured to be 1374 inches in
height in lieu of the 12-inch height required in the design.

The gravel blanket material beneath the spillway slab was contaminated with fine
grained soil.

Examination of the foundation soil in a test pit and on an eroded face within the
breach, indicated that the foundation soils consisted of sand and gravel with
cobbles. No openwork cobbles or boulders were observed.
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4. LABORATORY TESTING

4.1  Geotechnical Laboratory Testing

Geotechnical laboratory testing was conducted on selected soil samples collected from the site
during field investigations. Testing included compaction tests, grain size analyses, hydrometer
analyses, triaxial permeability tests, and water content determinations. Testing was performed
in general accordance with ASTM methods. The specific test methods used are indicated on the
laboratory testing report forms provided in Appendix E. A summary of samples collected and
geotechnical laboratory testing conducted is provided in Table 1. The results of the compaction
testing are summarized in Table 2, with the field density measurements. Gradation curves from
the grain size analyses are presented in Figures 3 through 6.

The design drawings specify compaction requirements relative to maximum dry density
determined by compaction testing in accordance with ASTM D 1557. Therefore, GEI performed
compaction testing on soil samples obtained during the field investigation using methods
described in ASTM D 1557, and related gravel corrections in accordance with ASTM D 4718.
However, these methods are intended for use only with soils containing no more than 30%
gravel greater than 3/4-inch. Although several of the soils samples obtained during the field
investigation contained more than 30% gravel greater than 3/4-inch, ASTM D 1557 and
ASTM D 4718 methods were used to be consistent with the design.

4.2  Concrete Strength Testing
Six concrete core samples obtained from the spillway slab and cutoff wall were submitted by

Simpson, Gumpertz & Heger, Inc. to the Thompson & Lichtner Company, Inc. for compressive
strength testing. The results of the compressive strength testing are provided in Appendix E.
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S.INTERVIEWS

GEI conducted interviews with several of the interested parties to obtain additional information
concerning the design, construction and maintenance of the dam. Interviews were conducted
with the owners and personnel from Rivers, NHDES, CSSI, Varney Engineering, and Putnam
Concrete. Memoranda prepared by GEI to summarize the interviews are presented in
Appendix F.
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6. FAILURE MECHANISM

Based on the observations of the failure made by the Bergerons and our own observations of the
dam after the failure, it is our opinion that the Meadow Pond Dam failure took place as a result
of erosion and piping of the soils beneath the spillway slab. Erosion and piping led to the
development of an open channel under the spillway slab which caused rapidly accelerating
erosion and the breach of the dam. According to Mr. and Mrs. Bergeron (see interview in
Appendix F), the initial breach occurred about 15 to 20 feet right of the left end of the horizontal
portion of the spillway.

A brief description of the piping mechanism is presented below in Subsection 6.1. This is
followed by a description of the measures used to prevent piping in embankments (Subsection
6.2) as a preamble to the design and construction review presented in Sections 7 and 8. Finally
in Section 9, we present our opinion relative to the factors that contributed to the piping failure
and how they relate to the design and construction issues discussed in Section 7 and 8.

6.1 Piping Mechanism

Piping is the internal erosion of soils caused by seepage. As seepage passes through an
embankment, frictional forces act on the soil particles in the direction of the seepage flow.
These frictional forces are referred to as seepage forces and are directly proportional to the rate
at which seepage pressures are dissipated as seepage flows through the embankment. Where
seepage discharges, or breaks out, on a surface, such as the downstream face of an embankment,
the seepage forces can carry soil particles out of the embankment, leaving a void at the face.
Once a void is formed, the seepage path through the embankment is shortened, causing seepage
to concentrate at the void and increasing the flow rate and seepage pressures in the soil
immediately upstream of the void. The increased flow rate and pressure in turn increase the rate
at which soil particles are eroded out of the embankment. Thus, the erosion of soil from the
embankment proceeds upstream through the embankment from the discharge point towards the
reservoir, creating a channel. The channel formed by this internal erosion is commonly referred
to as a "pipe". The process of internal erosion is commonly referred to as "piping".

Voids within the embankment soils or between the embankment soils and structures also can
create initiation points for piping. Since voids effectively shorten the seepage path, seepage
tends to concentrate at the voids and cause localized increases in pressures and flow rates that
can lead to piping. Also, soil on the upstream side of a void is poorly confined and can be
eroded into the void, initiating the formation of a soil pipe.

Piping also can be caused by the erosion of soil particles from a finer grained soil into the pores
(interstitial spaces between soil particles) of a coarser grained soil.
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6.2  Measures to Prevent Piping

An objective of proper embankment design is to control seepage to avoid piping. To inhibit
piping, it is important to minimize the seepage forces at the discharge face where the soil is not
confined and thus can be removed by the seepage forces. Since seepage forces are directly
proportional to the rate at which seepage pressures are dissipated, it is desirable to cause the
dissipation of seepage pressures in the upstream portions of the embankment, where the soil is
confined. This is accomplished by placing low permeability soils in the upstream section of the
embankment. Seepage barriers are also used in the upstream portion of the embankment to
dissipate seepage pressures by increasing the length of the seepage path. The low permeability
soils and/or seepage barriers in the upstream section also act as the main barrier against flow,
reducing the rate of seepage. Near the discharge face of the embankment where the soils are not
well confined, it is desirable to minimize seepage forces. This is accomplished by placing
pervious soils that allow the seepage to freely drain without the development of seepage forces.
To inhibit the movement of finer grained soils into the pores of coarser grained soils, soil filters
are placed between materials of widely differing particle size distributions.

In summary, specific features incorporated into the design and construction of embankment
dams to inhibit piping are as follows:

. Seepage Reduction: The reduction of seepage flow and pressure should be
accomplished in the upstream portions of the embankment where soils are well
confined and not easily eroded. Seepage reduction is accomplished by the
placement of low permeability soils and seepage barriers, such as cutoff walls,
that increase the length of the seepage path.

° Drainage: Proper drainage should be provided in downstream portions of the
embankment where soils are not well confined and are easily eroded. Proper
drainage is accomplished by the placement of pervious soils that allow the
seepage to freely drain without the development of erosive seepage forces.

° Avoidance of the Potential for the Formation of Voids: Embankments should be
designed and constructed to avoid the potential for the formation of voids or
spaces between the embankment soils and structures that can shorten seepage
paths, cause seepage concentrations, and leave zones of unconfined soils.

° Filtration: Soil filters should be placed, when needed, to separate materials of

widely varying particle size distributions to inhibit the movement of the finer
grained particles.
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7. DESIGN REVIEW

The design that was reviewed by GEI is presented in three drawings provided to us by WRD
from their files. The three drawings are numbered C1 through C3, revision 4, dated
December 17, 1992, and were prepared by Rivers Engineering Corp. (Rivers) of Manchester,
New Hampshire. Copies of these drawings are provided in Appendix A. Note that the drawings
are stamped "NOT FOR CONSTRUCTION". Our understanding is that there are no subsequent
versions of the design drawings nor an "as-built" set of drawings.

In our review, we have considered the following documents to also be part of the design:

° Geotechnical Report “Meadow’s Pond Dam, Alton, New Hampshire” by Jaworski
Geotech, Inc., dated October 22, 1992.

° WRD files for the project.

The geotechnical report and key correspondence from the WRD files are included in
Appendix A.

A review of WRD files indicates that there was a design change made during construction that
was approved by WRD. The change consisted of the replacement of the corrugated metal pipe
(CMP) low level outlet shown in the drawings with a polyethylene pipe with smooth interior and
corrugated exterior of the same diameter (12 inches) as the original CMP pipe. The change also
replaced the cast-in-place concrete seepage collar with a Ripley’s Dam seepage collar.

Our review of the design addresses geotechnical and structural issues. Hydraulic and
hydrological aspects of the design are not addressed because the failure was not related to
overtopping or excessive flow over the spillway.

The design was reviewed for adequacy and, whenever possible, was checked against
recommendations in the two references given in the regulations for dams issued by the NHDES.
These regulations are presented in the New Hampshire Code of Administrative Rules, Chapters
Env-Wr 100 - 800, under Section 307.08 titled "Earth Embankment Design Criteria". The
effective date of this section is February 22, 1991. The references are the Soil Conservation
Service Technical Release No. 60 of October 1985, entitled "Earth Dams and Reservoirs" [1, 2],
and "Design of Small Dams" published by The U.S. Bureau of Reclamation in 1987 [3].

Design features not meeting the current standard of practice are noted in this section of the
report. These features, which are related to the general configuration of the dam and the

! Numbers in brackets correspond to references listed in Section 10.
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specified soil materials, and our opinions on their possible contributions to the failure are
discussed in Subsections 7.1 and 7.2, respectively. Design features that, in our opinion,
contributed to the failure are summarized in Subsection 7.3.

7.1  General Configuration

The earth embankment of the Meadow Pond Dam was designed as an homogeneous
embankment with chimney and blanket drains, generally in accordance with current practice.

The spillway was designed as an overflow embankment section with a concrete slab over the
crest and a grouted riprap channel over the downstream slope of the embankment. The channel
downstream of the dam was protected with riprap and a low baffle wall to act as an energy
dissipator located 30 feet downstream of the toe of the dam. The riprap upstream of the spillway
slab also was to be grouted.

The Bureau of Reclamation “Design of Small Dams” publication comments (Section 4.16) that

"The practice of building overflow concrete spillways on earth or rock embankments has
generally been discouraged because of the more conservative design assumptions and
added care needed to forestall failures".

More conservative construction details suggested by the Bureau are "arbitrarily increased
liner thickness, increased reinforcement steel, cutoffs, joint treatment, drainage and
preloading”.

We interpret the terminology “arbitrarily increased” to indicate more conservatism in the design
of these features than would be considered adequate for a spillway constructed on natural
ground.

Seepage control beneath the spillway of Meadow Pond Dam, as designed, would be
accomplished as follows: The piezometric head would be dissipated as the water flows through
the core material upstream of the cutoff wall and under or around the ends of the wall and to a
lesser degree through the upstream grouted riprap and the underlying gravel blanket.
Downstream of the cutoff wall the seepage would enter the gravel blanket that should be a
pervious (free draining) material. Note that the chimney and blanket drains, if properly designed
and built, would control seepage through the embankment itself, but would have little effect on
controlling seepage beneath the spillway.

The design of the spillway required a cutoff wall connected to the concrete slab at its upstream
end. The lateral extent of the cutoff wall is not clear in the drawings. However, sketches by
Rivers in the NHDES files dated December 11, 1992 appear to indicate that the cutoff wall was
intended to be continuous with the footing for the concrete abutment wall, in effect extending
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the cutoff wall 27 feet beyond the edge of the horizontal section of the spillway slab. With this
assumption, it is our opinion that the lateral extent of the cutoff wall would be adequate.

It is our opinion that the distance between the bottom of the cutoff wall and the open water in
the reservoir was too short to provide an adequate barrier against seepage beneath the cutoff
wall. The cutoff wall penetrated about 2 feet into the low permeability material in the dam.
Thus, the seepage path through the core materials from the reservoir to the bottom of the cutoff
wall was only about 2 feet long in the vertical direction and about 8 feet long in the horizontal
direction. Note that the grouted riprap is unlikely to be a reliable seepage barrier as it would be
expected to crack as the embankment settles.

In our opinion, the short seepage path between the reservoir and the bottom of the cutoff wall
could have contributed to the failure.

7.2 Soils

7.2.1 Core Material

The specifications for the core material are adequate both in terms of gradation and
permeability.

7.2.2 TFilter Sand and Sand and Gravel

The specifications for the "filter sand" and the "sand and gravel" to be used in the
chimney and blanket drains allow the presence of too many fines. The Soil Conservation
Service requirement [2] for drains and filters is a maximum of 5% passing the No. 200
sieve. The U. S. Bureau of Reclamation's recommendation in "Design of Small
Dams" [3] is also a maximum of 5% fines and their standard specifications in the same
reference has zero percent fines. The specifications for the drain materials for the
Meadow Pond Dam does not include a requirement for the percentage passing the
No. 200 sieve as it is conventionally done. The specifications permit a range of 0 to 10%
to pass the No. 100 sieve (0.199 mm), which would allow soils with fines percentages
in excess of 5% passing the No. 200 sieve.

For both materials, the specifications also require a permeability greater than "10 E-3
cm/sec” (Note that the terminology for the number is somewhat ambiguous. We interpret
it to mean 0.001 or 10 cm/sec based on the computations in the geotechnical report).
In our opinion the target permeabilities are too low for the blanket drain. A seepage
analysis presented in the geotechnical report indicates that the blanket drain with a
permeability of 10 cm/sec would be sufficient to carry the flow through the dam
computed with the assumption that the core material has a permeability of 10~ cm/sec.
However, it is common practice to design drains with a substantially higher permeability
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than indicated by the computations (typically by a factor of 10) to allow for increased
seepage from unidentified sources such as more pervious zones in the embankment, such
as those caused by more pervious soils or by minor cracks in the embankment or in the
foundation. A permeability test performed by GEI on a sample of "sand and gravel"
obtained from the dam, which did meet the gradation specifications, resulted in a
permeability of 10 cm/sec. Thus, this soil barely met the permeability specification.
Note that it is not common practice for a dam of this size to require permeability tests for
construction control. Common practice is to specify a gradation that will ensure that the
permeability would be adequate by a wide margin.

In our opinion, the allowance of soils with high fines contents and borderline
permeabilities in the chimney and blanket drains did not contribute to the failure.
However, in the long term, the use of soils with borderline permeabilities in the chimney
and blanket drains could have resulted in seepage outbreaks on the downstream slope,
potentially leading to piping of the lower embankment core materials. Note that the
actual failure was caused by piping of the soils immediately beneath the spillway slab and
grouted riprap, rather than through the embankment core materials.

7.2.3 Gravel Blanket

The gravel blanket material was designed to be used under the upstream grouted riprap,
under the spillway slab and under the grouted riprap in the downstream spillway channel.
For its use under the spillway slab downstream of the cutoff wall and under the grouted
riprap, the material as specified allows a percentage of fines that is too high (up to 10%)
to ensure free drainage. A permeability test on a sample of the gravel blanket that
approximately complies with the gradation specification had a permeability of 10
cm/sec, which is too low to provide appropriate drainage. As discussed above, materials
designed to provide drainage within the dam are generally specified to have a percentage
of fines of 5% or less.

Furthermore, the material with a percentage of fines of 10% is likely to have a percentage
passing 0.02 mm larger than 3%, which makes it frost susceptible [4]. The three samples
of the gravel blanket that we tested exceed 3% passing 0.02 mm. The gravel blanket,
which is overlain by the 8-inch-thick concrete slab or by the 18-inch-thick grouted riprap
layer, would be well within the expected depth of frost penetration in Alton, New
Hampshire. Upon freezing, the soil can develop ice lenses and heaving, resulting in
cracking of the overlying slab, the cutoff wall, or the grouted riprap. Heaving of these
structures can also lead to the formation of voids between the structures and the adjacent
soils. Upon thawing, voids can develop in the gravel blanket, or at its contact with the
slab or grouted riprap, as the ice lenses melt. In order to avoid frost susceptibility of the
gravel blanket material, the percentage of fines should have been specified to be 3% or
less.
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In our 6pinion, the poor drainage characteristics and frost susceptibility of the gravel
blanket contributed to the failure of the dam.

The combined thicknesses of the gravel blanket and spillway slab or grouted riprap were
not sufficient to prevent frost penetration into the underlying core material. Since the
core material is also frost susceptible, heaving and ice lenses formation would also
develop. Note that ice lenses in the core material were observed during our field
investigations. In our opinion, inadequate protection of the frost susceptible core
materials beneath the spillway from frost penetration could have contributed to the
failure.

Summary of Design Features Contributing to the Failure

In this section, we summarize those design features discussed in Subsections 7.1 and 7.2 that,
in our opinion, contributed to the failure.

° The specified gravel blanket material designed to be placed under the spillway
slab and the grouted riprap allowed for soils of insufficient permeability to
provide proper drainage downstream of the cutoff wall.

° The specified gravel blanket material allowed for soils that are frost susceptible,
which would lead to the development of ice lenses that could heave the spillway
slab, cutoff wall, and grouted riprap, causing cracking of these structures and the
formation of voids between these structures and the underlying soils. Thawing
of the ice lenses also would cause voids in the gravel blanket or at its contact with
the spillway slab. Voids would have facilitated the initiation of piping.

Temperature data obtained from a nearby meteorological station located in New
Durham, New Hampshire, indicate that partial thawing of ice lenses in the soils
beneath the grouted riprap and spillway slab may have contributed to the onset of
piping. The date of the failure followed three days of unseasonably warm
weather during which maximum temperatures climbed above freezing. On the
day of the failure, the maximum temperature had reached 52 °F.

° The seepage path between the reservoir and the cutoff wall was too short to
provide sufficient head loss to inhibit the initiation of piping in the gravel blanket.

° The thickness of the gravel blanket was not sufficient to protect the frost
susceptible core materials beneath the spillway from frost penetration. The
resulting formation of ice lenses and heaving could have damaged the spillway
structures and caused the formation of voids as described above for the gravel
blanket.
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8. CONSTRUCTION REVIEW

The as-built conditions were observed only in the sections of the dam adjacent to the breach and
thus any comparison with the design documents is limited to the observed areas. As-built
conditions not in compliance with the design documents are noted in this section of the report.
These conditions, which are related to geometric configuration, concrete and reinforcement, and
soil materials, and our opinions on their possible contributions to the failure, are discussed in
Subsections 8.1, 8.2, and 8.3, respectively. These opinions are summarized in Subsection 8.4.
The observed as-built conditions are compared with the design documents in the NHDES files,
which included the drawings by Rivers dated December 17, 1992. The Contractor may have had
a different issue of the drawings (see interview with CSSI in Appendix F).

8.1 Geometric Configuration

The as-built configuration of the spillway and embankment was compared with that indicated
in the design drawings and the sketches prepared by Rivers on December 11, 1992 (NHDES
files). The as-built conditions of the right end of the spillway and portions of the embankment
on either side of the breach are shown on Figure 2 and on Civil Consultants' survey drawings
provided in Appendix C. Figure 2 also shows the inferred configuration of the portions of the
spillway and embankment that were destroyed during failure. Differences between the design
and as-built configuration of the spillway and embankment are discussed below:

° The design documents indicate that the cutoff wall and the footings for the
abutment walls should form a continuous seepage cutoff beneath the horizontal
and sloping portions of the spillway slab, and extending into the embankment on
both sides of the spillway. As shown on Figure 3, the cutoff wall was to form the
portion of the seepage cutoff beneath the horizontal portion of the spillway. On
both sides of the spillway, the footings for the abutment walls were to extend the
seepage cutoff into the embankment to a distance of 27 feet beyond the horizontal
portion of the spillway (11.5 feet beyond the upslope end of the sloping spillway
slab). The cutoff wall was to extend to a depth of 5 feet below the top of the
horizontal spillway slab. The required depth of the concrete abutment wall
footing varied from 5 feet, at its intersection with the cutoff wall, to 4 feet below
the crest of the embankment.

Measurements of the portions of the spillway remaining on the right side of the
breach indicate that the cutoff wall extended beneath the full length of the
horizontal portion of the spillway and continued approximately 16 feet right of
the horizontal portion of the spillway, where it ended at the right end of the
sloping slab (Figure 3). Based on observations of the debris from the spillway
and cutoff wall located downstream of the dam, we conclude that the
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configuration of the left end of the cutoff wall and spillway were similar to that
observed on the right end.

About a year after the dam was built, the dam owner added concrete wingwalls
at both ends of spillway (see interview with the Bergerons in Appendix F). The
wingwalls were about 4-feet-long, and were flush with the tops of the concrete
abutment walls. The footings for the wingwalls were about 2 feet below the crest
of the embankment. The intent of the wingwalls was to protect the embankment
from splashing. The wingwalls were not deep enough to act as a continuation of
the seepage cutoff wall.

In summary, the cutoff extended about 16 feet beyond the edge of the level part
of the spillway instead of 27 feet, as required in the design. This condition
represents a significant deviation from the design that, in our opinion, contributed
to the failure of the dam.

The design documents show the concrete abutment walls were to start at either
end of the horizontal portion of the spillway, continue along the upstream side of
the sloping slab, and into the embankment (see drawing C2 in Appendix A).

The abutment wall along the right side of the breach was observed to begin about
5.6 feet right of the horizontal portion of the spillway. In other words, the
abutment wall started within the sloping slab (see Figure 2).

Except as it relates to the length of the seepage cutoff, as discussed above, the
deviation in the plan location of the abutment wall did not contribute to the
failure.

The configuration of the slope just upstream of the spillway slab included a
horizontal bench approximately S5-feet-wide (scaled dimension). Based on
construction photographs in the NHDES files, it appears that the bench was not
constructed. Thus, the as-built condition results in a reduction of the horizontal
seepage path through the core material from the reservoir to the bottom of the
cutoff wall. This seepage path was reduced from 8 feet (see Subsection 6.1) to
3 feet. In our opinion, this deviation may have contributed to the failure.

Elevations of the horizontal portion of the spillway and the crest of the
embankment shown on the Civil Consultants survey drawings (Appendix C)
indicate that the dam was built about 1.7 to 1.9 feet higher than specified in the
design. Although unlikely, it is possible that this discrepancy is due to the use of
an existing control point (one of a few control points established during
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construction) with an erroneous benchmark elevation. Other control points could
not be located by Civil Consultants for cross checking the benchmark elevation.

In our opinion, the apparent increase in the height of the dam would have little or
no impact on its stability or seepage conditions. The increased height would,
however, result in a significant increase in the volume of the reservoir.

The difference in elevation between the embankment crest and the horizontal
portion of the spillway was about 0.2 feet higher than that specified in the design
(3.09 feet). The effect of the increased height on spillway capacity is not
significant.

The height of the flashboards measured during the investigation was 137&-inches,
instead of the 12-inch height required in the design. In our opinion, this deviation
did not contribute to the failure.

The design documents required that the concrete spillway slab (downstream of the
cutoff wall) be 8-inches-thick. The measured slab thickness ranged from about
6 inches, in the level portion of the spillway, to about 14 inches, where the
spillway slab slopes upward toward the embankment. In our opinion, this
deviation did not contribute to the failure.

The design documents specified a downstream slope of 2.25H:1V and an
upstream slope of 3H:1V and 2.5H:1V in the lower and upper parts of the slope,
respectively. Undisturbed sections of the downstream slope surveyed by Civil
Consultants were less steep than specified. In our opinion, this deviation did not
contribute to the failure. The upstream slopes were disturbed by the slope failure
that occurred as a result of rapid drawdown following the breach, and thus, the as-
built slope could not be surveyed.

The design documents required the 3-foot-wide chimney drain consisting of filter
sand to extend vertically from 2 feet below the crest of the embankment (or below
the gravel blanket under the spillway slab) to the base of the embankment and
connect with the blanket drain.

Where exposed by excavation along the left side of the breach (about baseline
station 1+30), the upper approximately 13 feet of the chimney drain was offset
upstream from the lower portions of the chimney drain by about 2.2 feet, such
that the two sections overlapped horizontally by only about 0.8 feet. The bottom
of the upper section and the top of the lower section overlapped vertically by
about 2 feet.
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Excavation along the right side of the breach exposed a roughly 30-foot-long
section of the chimney drain (about baseline station 2+30 to 2+60) in the vicinity
of the low level outlet pipe (about baseline station 2+50) that did not connect with
the blanket drain.

Portions of the chimney drain exposed by excavation along the right side of the
breach were found to be contaminated with occasional zones of silty sand with
gravel core material and boulders.

In our opinion, the deviations from the designed chimney drain did not contribute
to the failure. However, in the long term, these deviations could have resulted in
outbreaks of seepage on the downstream slope, potentially leading to piping of the
core materials in the lower embankment. Note that the actual failure was caused
by piping of the soils immediately below the spillway slab and grouted riprap,
rather than through the embankment core materials.

The design documents required the blanket drain to consist of a 3-foot-thick layer
of sand and gravel sandwiched between two 1-foot-thick layers of filter sand.
The base of the blanket drain was to be placed on the glacial till foundation soil.

Where exposed by excavation along the left and right sides of the breach, the sand
and gravel layer typically ranged in thickness from about 1 to 2 feet, with a
maximum observed thickness of about 2.7 feet. The sand filter layers typically
ranged in thickness from about 0.7 to 1.0 feet. On the left side of the breach

. (about baseline station 1+30), the upper filter sand layer was not placed from the

chimney drain to a distance of about 18 feet downstream of the chimney drain.
On the right side of the breach (about baseline station 2+26), the upper filter sand
layer was not placed from the chimney drain to a distance of about 9 feet
downstream of the chimney drain.

In our opinion, the deviations from the designed blanket drain did not contribute
to the failure. However, these deviations could have long-term effects similar to
those discussed above for the chimney drain.

The design drawings indicate that the baffle wall that retained the riprap in the
energy dissipator was required to be founded on bedrock. The baffle wall footing
was to be anchored by dowels (#6 steel reinforcing bars) grouted into bedrock.

During the breach, most of the baffle wall was displaced, leaving only about 7 or
8 feet of the wall intact. A test pit excavated at the end of the intact portion of the
wall, beneath the former location of the footing of the displaced portion of the
wall, indicated that the wall in this area had been founded on an approximately
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3.5-foot-thick layer of gray silty sand with gravel. The upper approximately 2 feet
of the layer contained 10- to 12-inch-diameter boulders. Bedrock was
encountered in the test pit at a depth of about 3.5 feet below the base of the
footing. In our opinion, this deviation did not contribute to the failure.

According to the design drawings, the required thickness of the gravel blanket
beneath the grouted riprap was 1.0 foot. The required thickness of the gravel
blanket beneath the spillway was approximately 2.25 feet (scaled dimension).

The thickness of the gravel blanket measured at several locations beneath the edge
of the grouted riprap exposed along the right side of the breach typically ranged
from approximately 1.0 to 1.5 feet. In one location, the gravel blanket layer
appeared to be absent from beneath the grouted riprap. However, this observation
was made after the removal of the overlying grouted riprap, which may have
scraped the gravel blanket layer from that location.

The excavation beneath the remnant spillway slab (sloping portion) encountered
the gravel blanket to depths ranging from about 2.3 to 2.9 feet below the bottom
of the slab. However, along one section, located about 2 feet from the cutoff wall,
the gravel blanket was only about 1-foot-thick. In some locations the gravel
blanket contained a 0.4- to 1.2-foot-thick layer of soil similar to the core material.
Where encountered, the top of this soil layer was about 0.5 feet below the bottom
of the slab. Thin layers (1- to 3-inches-thick) of fine to medium sand (similar to
the filter sand) were also encountered within the gravel blanket in some locations.

The presence of core material in the gravel blanket and the potential absence of
gravel blanket from areas beneath the grouted riprap would result in lower
permeability and higher frost susceptibility of the materials beneath the spillway
than desired. In our opinion, these deviations from the design could have
contributed to the failure.

As shown in the design drawings, the riprap within approximately 10 feet (scaled
dimension) of the upstream edge of the spillway slab should have been grouted.
Whether or not the riprap was actually grouted could not be determined during
the post-failure field investigation since the riprap in this area was washed away
during the failure. However, based on our interview with Mr. Roger Putnam, we
understand that Putnam Concrete did not grout the riprap upstream of the
spillway. During our interview with Mr. Bergeron, he did not include the
grouting of the upstream riprap in his discussion concerning maintenance of the
dam. Based on these interviews, it appears that the upstream riprap was not
grouted as required in the design.

This apparent deviation from the design could have contributed to the failure.
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8.2  Concrete
Comparison of as-built concrete strength, reinforcement, and construction joints with design
requirements for the spillway indicates the following:

8.2.1 Concrete Quality Control

The Specifications (Sheet C3 of the design drawings) state that all concrete work must
comply with ACI 318. Sections 5.6.1, 5.6.2, and 5.6.3 of ACI 318-89, revised 1992,

,,,,,,,, require strength testing of the concrete if the total quantity of concrete is 50 cubic yards
or more. Although the estimated volume of concrete in the spillway slab, cutoff wall,
and concrete abutment walls exceeds 50 cubic yards, concrete strength testing was not
conducted during construction. In our opinion, this deviation did not contribute to the
failure.

8.2.2 Compressive Strength

Concrete strength of the remaining right section of the spillway slab was evaluated by
compression tests conducted on nominal 4-inch-diameter cores obtained from the
spillway slab. The strength tests on the cores were performed in accordance with ASTM
C42 to evaluate compliance with the specified design strength. In addition, the
specimens sawed from the cores were selected to evaluate any difference in strength
between the light-gray colored concrete in the upper half of the spillway and the blue-
green colored concrete placed in the lower half of the spillway (see field observation
report for March 20, 1996 in Appendix A). Compressive strength testing of the upper
halves of Cores W6, W7, and W9, which consisted of the light gray colored concrete,
ranged from 3,450 to 4,120 pounds per square inch (psi). The core strengths for the
bottom half of each core, which consisted of the blue-green colored concrete, ranged
from 3,960 psi to 4,200 psi. The 4-inch core compressive strengths were adjusted for the
length to diameter ratio of the specimens tested, in accordance with ASTM C42.

The concrete strength of the cutoff wall was evaluated by compression tests on three
nominal 4-inch-diameter cores (Cores S2, S4 and SS5) drilled perpendicular to the face
of the cutoff wall. These cores had compressive strengths ranging from 5,460 psi to
5,670 psi.

The specified strength at 28 days is based on 6- by 12-inch cylinders. Using figure 227
of reference [5], the equivalent 6- by 12-inch cylinder strength can be estimated as 96 %
of the 4-inch core strength. In addition to the correction for specimen size, a correction
o for specimen age at the time of the test must be made to estimate the 28-day strength.
The age of the concrete in the core specimens at the time of test was approximately 1
year and 9 months. Using reference [6], table 2.2.1, and assuming the concrete strength

96069FIN.627



-23 .

gain over time for a type I cement, the estimated 28 day, 6- by 12-inch cylinder strength
would be 86 % of the strength at 1 year and 9 months. Reference [5] indicates that for
type II cements, as specified for this project, the reduction will be even larger, even
though no quantitative data are provided. Using the corrections for specimen size and
age, the estimated 28-day strength of the concrete is no more than 82 % of the core test
results. This gives a range of 28-day compressive strength of the concrete in the spillway
slab of 2,830 psi to 3,380 psi. The estimated range of 28-day compressive strength for
the cutoff wall was 4,480 psi to 4,650 psi. '

The concrete in the right section of the spillway slab was also evaluated using a Type N
Rebound Hammer in accordance with ASTM C805. Rebound tests were performed on
the sawed edge of a portion of the west spillway slab after it was removed. The rebound
hammer was oriented horizontally, perpendicular to the sawed face of the slab section.
The rebound number measured on the upper half of the slab section on the light-gray
colored concrete was 29 and on the bottom half of the slab section on the blue-green
colored concrete was 25. These rebound numbers correlate to a compressive strength of
2,700 psi and 2,000 psi for the light gray concrete and the blue-green concrete,
respectively.

The concrete strength of the left section of the spillway slab, pieces of which were found
downstream of the dam, also was evaluated using a Type N Rebound Hammer. The
rebound testing was performed in accordance with ASTM C805. The test hammer was
oriented vertically, perpendicular to the slab top surface. The rebound number measured
on two test locations was 26 and 28. These rebound numbers correlate to a compressive
strength of 2,750 psi and 3,100 psi. Although the rebound hammer data do not correlate
very well with the core strength test results, the data do give an indication that there is
very little variation in concrete quality between the east and west spillway sections and
between the two different color concretes.

As indicated in the Specifications (Sheet C3 of the design drawings), the specified 28-day
compressive strength of the concrete was 4,000 psi. Based on these results, the field-
cured concrete from the cutoff wall complied with the 28-day strength requirement of the
Specifications, but the concrete from the spillway slab did not. In our opinion, this
deviation did not contribute to the failure.

8.2.3 Reinforcement

No testing was performed on any of the remnants of the reinforcement in the spillway
sections after the failure. Therefore, conformance to the specified grade of reinforcement
was not checked. However, all reinforcing visible after the failure was a deformed type
as required by the specifications.
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The specifications require that the clear cover over the reinforcement be no less than 3
inches for concrete placed against earth. The average clear cover over the single mat of
reinforcement in the spillway slab sections was found to be approximately 3/4 inch,
which is a violation of the specification. In fact, in many areas, the steel reinforcement
was visible at the surface of the base of the slab, as if the reinforcing bars were placed
directly on the ground prior to casting the slab. In our opinion, this deviation did not
contribute to the failure.

The drawings call for No. 4 bars at 15 inches on center vertically and longitudinally in
the center of the spillway cutoff wall. No longitudinal reinforcement was observed
protruding from any of the broken sections of the cutoff wall. In our opinion, the lack
of longitudinal steel reinforcement in the cutoff wall could have contributed to the
failure.

8.2.4 Construction Joints

The spillway structure was built with one construction joint oriented horizontally
between the spillway slab and the cutoff wall. No waterstop was installed in the
horizontal construction joint between the spillway slab and the cutoff wall. The design
drawings indicate that there should be no construction joint between the cutoff wall and
the spillway slab. It is our opinion that this deviation could have contributed to the
failure.

Soils

Comparisons of the soils used in the construction of the dam with those specified in the design
documents are provided below:

8.3.1 Core

Gradation tests were performed on seven samples of the core obtained during the post
failure investigations. As shown in Figure 4 none of the samples fully meets the
gradation range in the specifications. Six of the seven samples are finer than specified
throughout the full gradation range. Although no permeability tests were performed as
part of this investigation, it is our opinion that six of the seven samples tested for
gradation are likely to have a permeability below the specified upper limit of 10~ cm/sec
and the seventh sample would be close to 10 cm/sec. In our opinion, the core material
used in the construction of the dam was of adequate gradation and permeability.

The design documents require the embankment core to be compacted to at least 92 % of
its maximum dry density (ASTM D 1557). During the field investigations, field density
tests were conducted using a nuclear density gauge on the core materials at ten locations
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in the excavation along the right side of the breach. At all but two of the density test
locations, core samples were obtained for one-point compaction tests so that the
maximum densities indicated by the five-point compaction tests could be corrected to
account for differences in sample gradation. The one-point compaction tests also
provided data on gravel content so that appropriate gravel corrections could be made.
The results of the field density testing (Table 2) indicate that core densities typically
ranged from about 89.4 to 96.7 % of the maximum density, with one test indicating a
density of 84.1 %. Densities at seven of the ten test locations were below the specified
compacted density of 92 %. Note that due to consolidation, the density of the core
material during construction would have been slightly lower than that measured during
the investigation.

As discussed in Subsection 8.4, the lower-than-specified compacted density of the core
material, in our opinion, may have contributed to the failure since it would lead to greater
settlements and cracking of the spillway structure, and possibly the formation of voids
between the spillway slabs and cutoff wall and the underlying soils.

8.3.2 Filter Sand

Gradation tests were made on seven filter sand samples obtained from the chimney and
blanket drains during the post failure investigations. As shown on Figure 5, none of the
samples fully meets the gradation specifications. For the filter sand application, the most
important aspect of the gradation is the percentage of finer particles because it determines
the permeability and the ability to filter the base soils. The percentage passing the
No. 100 sieve (the finest sieve in the specified gradation) exceeds the specification range
of 0 to 10% for four of the seven samples. A permeability test performed on sample with
about 10% passing the No. 100 sieve indicated a permeability of approximately 1073
cm/sec, i.e., at the lower limit of acceptability according the specifications. The four
samples that had a higher percentage passing the No. 100 sieve are likely to have lower
permeabilities.

The design documents require the filter sand to be compacted to at least 92 % of its
maximum dry density (ASTM D1557). The results of field density tests (and one-point
compaction testing) conducted on the chimney drain filter sand at six locations exposed
during the excavation along the right side of the breach indicate compacted densities
ranging from about 83.3 to 95.2 % of the maximum dry density. Only two of the six
density tests indicate compacted densities meeting the specifications.

In our opinion, the deviations from the specifications for the filter sand did not contribute
to the failure. However, in the long term, these deviations could have resulted in
outbreaks of seepage on the downstream slope, potentially leading to piping of the lower
embankment core materials. Note that the actual failure was caused by piping of the soils
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8.3.5 Grouted Riprap

The design documents required that the grouted riprap placed downstream of the spillway
slab be a minimum of 18 inches thick, and be built with stones with a minimum diameter
of 12 inches with angular faces protruding 1-1/2 inches above the top of the grout.

Measurements of the downstream grouted riprap along the right side of the breach
indicate that the grouted riprap thickness typically ranged from 10 to 17 inches and
contained one layer of riprap stones. The riprap stones protruded from the grout a
distance of about 2 to 13 inches, instead of the 1% inches specified. These measurements
indicate that the some of the riprap stones were undersized and that the grout thickness
was less than specified in the design. In our opinion, these deviations did not contribute
significantly to the failure.

8.4  Summary of Differences Between Design and As-Built Conditions Contributing to
the Failure

In this section, we summarize the differences between the design and the observed as-built
conditions discussed in Subsections 8.1 through 8.3 that, in our opinion, contributed to the
failure.

° The seepage cutoff was substantially shorter than as designed. The cutoff
extended about 16 feet instead of the required 27 feet beyond the edge of the
horizontal portion of the spillway slab. Thus, the seepage path around the end of
the wall was substantially shorter than in the design, which probably contributed
to the initiation of piping.

° The lack of longitudinal reinforcement in the cutoff wall contributed to the
vertical cracking. Flow through such cracks would have a shortened seepage path
and could have contributed to the piping of the soils downstream of the cutoff
wall.

o A horizontal construction joint was located between the top of the cutoff wall and
the spillway slab, even though no such joint was indicated in the drawings. No
waterstops were provided across the joint. Leakage through the as-built
construction joint could have caused piping due to shortened seepage path.

° Two out of three samples of the gravel blanket had a higher fines content than
specified. Also, the gravel blanket was observed in some areas to be
contaminated with fine grained soil. Thus, the gravel blanket was less pervious
than if the soil had met the specified gradation. Furthermore, the higher fines
content in the gravel blanket increased its frost susceptibility. The low
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permeability and the frost susceptibility of the gravel blanket were contributing
factors to the failure mechanism.

The core material was looser than specified, making it more compressible under:
a) its own weight (with part of the compression likely to occur after spillway
construction), and b) under the reservoir loads. Larger deformations of the
embankment would be more likely to induce cracks on the spillway structure.

The lack of the horizontal bench section at the top of the embankment upstream
of the spillway resulted in a shortened seepage path through low permeability
core material between the reservoir and the bottom of the cutoff wall.

The apparent omission of grouting of the riprap upstream of the spillway would
also cause a reduction in the seepage path.



9.

9. OVERALL SUMMARY OF DESIGN AND CONSTRUCTION FACTORS
CONTRIBUTING TO THE FAILURE

As indicated in Section 6, it is our opinion that the failure occurred due to erosion and piping
beneath the spillway slab. We have identified several design features and deviations from the
design that we feel contributed to the initiation of the piping that lead to the failure. These
factors are described below in terms of their effect on different aspects of seepage control,
namely:

° Seepage reduction to be achieved by the seepage cutoff and the soils upstream of
the cutoff.

° Drainage downstream of the cutoff.

° Avoidance of voids.

9.1 Factors Affecting Seepage Reduction

Seepage reduction for the Meadow Pond Dam was to be accomplished by the use of low
permeability soils (core material) in the embankment, the construction of the concrete seepage
cutoff (cutoff wall and abutment wall footings), and the placement of grouted riprap over the
upper portions of the upstream embankment in front of the spillway. Factors that adversely
impacted the effectiveness of these seepage reduction measures are described below in order of
importance.

° The lateral extent of the seepage cutoff (cutoff wall and abutment wall footings)
into the embankment to the left and to the right of the spillway was about 11 feet
shorter than designed. This resulted in a shorter seepage path, which may have
lead to the piping failure. This conclusion appears to be corroborated by the
presence of the void observed around the right end of the cutoff wall that was
probably caused by seepage, erosion and piping. It is reasonable to assume that
a similar seepage pattern developed around the left end of the wall near the area
in which the piping failure eventually developed. The presence of heavily rusted
steel reinforcing bars and staining observed on the bottom of the sloping slab
from the left side of the spillway (observed in the debris pile downstream of the
dam) appears to support this conclusion.

° Cracks in the cutoff wall and in the spillway slab, which were observed during

and after construction, and the construction joint between the cutoff wall and the
slab provided a direct hydraulic connection to the gravel blanket downstream of
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the cutoff wall. This direct hydraulic connection shortened the seepage path,
facilitating the initiation of piping.

The cracks in the cutoff wall were probably caused by a combination of factors,

including:

The lack of longitudinal steel reinforcement in the cutoff wall,
which was required in the design.

Settlement of the embankment core material, which was not
compacted sufficiently to meet the specifications. ‘

Heaving of the spillway slab and cutoff wall due to the formation
of ice lenses in the gravel blanket and the underlying core material.

In our opinion, the gradation specified in the design for the gravel
blanket did not adequately limit the fines content to avoid frost
susceptibility. The frost susceptibility of the gravel blanket was
further increased by the use of soil containing even more fines than
allowed in the specifications and the contamination of the gravel
blanket with silty core materials.

The core material beneath the gravel blanket in the area of the
spillway also could develop ice lenses since it was placed within
the expected frost penetration depth of about 4 to 5 feet. The
combined thickness of the spillway slab and the gravel blanket
specified in the design drawings was only about 2.9 feet (based on
scaled gravel blanket thickness).

The distance between the open water in the reservoir and the bottom of the cutoff
wall provided too short a seepage path to provide an adequate barrier against
seepage. As designed, this seepage path included the upstream grouted riprap and
the underlying gravel blanket and core material. GEI feels that it would be
unrealistic to count on the upstream grouted riprap as a seepage barrier since it is
likely to crack due to embankment settlement. It is our opinion that the seepage
path, as designed, was too short. As built, the seepage path was even shorter due
to the absence of the horizontal bench required immediately upstream of the

spillway.



31-

9.2  Factors Affecting Drainage

Drainage features used in the Meadow Pond Dam include the gravel blanket, which was intended
to drain seepage from beneath the spillway slab and downstream grouted riprap, and the chimney
and blanket drains, which were intended to intercept and control seepage through the core
material in the lower portions of the embankment. Since the piping failure occurred beneath the
spillway slab, only the drainage characteristics of the gravel blanket are considered relevant to
the failure.

The gravel blanket under the spillway slab downstream of the cutoff wall was not sufficiently
pervious to safely drain seepage passing the cutoff wall. The gradation for the gravel blanket
specified in the design did not adequately limit the fines content to provide for sufficient
permeability. The permeability of the as-built gravel blanket was even lower than that of the
specified material, since it contained more fines than allowed by the Specifications. In addition,
the contamination of the gravel blanket beneath the spillway slab with silty core material further
reduced its effectiveness as a drain.

9.3  Factors Affecting the Formation of Voids

In our opinion, the formation of voids in the soils beneath the spillway and along the interfaces
between these soils and the spillway slab, cutoff wall, and/or downstream grouted riprap
contributed to the initiation of the piping that lead to the failure. Factors affecting the formation
of the voids are discussed below in order of importance:

° Due to the frost susceptibility of the gravel blanket, it is likely that frost
penetration caused the formation of ice lenses and heaving of the spillway, cutoff
wall, and downstream grouted riprap. The heaving may have caused voids along
the interfaces between these structures and the adjacent soils (core material
against the cutoff wall and gravel blanket against the downstream side of cutoff
wall, the base of spillway, and the base of the grouted riprap). Upon thawing, the
ice lenses would leave voids within the gravel blanket. Weather data indicates
that conditions appeared to have been favorable for thawing of ice lenses.

° The gravel blanket was not thick enough to prevent frost penetration into the

underlying core material. The development of ice lenses in the core material may
have had similar effects as the frost action on the gravel blanket described above.

96069FIN.627



[3]
[4]

[5]
[6]

REFERENCES

U.S. Department of Agriculture, Soil Conservation Service, Engineering Division

“Earth Dams and Reservoirs” Technical Release N 60. revised October 1985.

U.S. Department of Agriculture, Soil Conservation Service, “Engineering Guide for
Determining the Gradation of Sand and Gravel Filters”, Soil Mechanics Note No. 1,
revised January 1986.

U.S. Department of Interior, Bureau of Reclamation, “Design of Small Dams”, 1987.

Terzaghi, Karl and Peck, Ralph “Soil Mechanics in Engineering Practice” John Wiley
and Sons, 1968.

USBR, Concrete Manual, Eight Edition Revised, 1981.

ACI Manual of Concrete Practice, Part 1, Materials and General Properties of
Concrete, 1987.

S6069FIN.627



TABLE 1 -

SOIL SAMPLE SUMMARY
Meadow Pond Dam
Alton, New Hampshire

Page 1 of 4

Sample Date Approximate | Approximate | Approximate Dam Feature Material Name Geotechnical Testing®
Identification | collected Station® Off-set!! Elevation® (per design
(feet) drawings)
SS1 3-19-96 1448 8' DS NM® Chimney drain Filter sand Grain size
SS82 3-19-96 1+47 1'DS NM Embankment fill Core Grain size (with hydrometer analysis), five-point
compaction test, water content
SS83 3-19-96 1+47 1'DS NM Embankment fill Core Grain size (with hydrometer analysis)
SS4 3-19-96 1+47 5' DS NM Chimney drain Filter sand Grain size
SS5 3-20-96 1+28 4'US 681.1 Embankment fill Core Grain size, water content
556 3-20-96 1+28 NR 681.1 Chimney drain Filter sand Grain size, one-point compaction, triaxial
permeability test
887 3-20-96 1+28 NR 677.8 Embankment fill Core Grain size (with hydrometer analysis), water
content
SS8 3-20-96 1+28 NR 673.4 Embankment fili Core Grain size (with hydrometer analysis), water
content
SS9 3-20-96 1+28 NR 684.4 Embankment fill Core Grain size (with hydrometer analysis), water
content
SS10 3-20-96 * 1+33 9' DS 665.1 Blanket drain Sand and Gain size (with hydrometer analysis), water
gravel content
SS11 3-20-96 1+33 20 DS 664.1 Blanket drain filter Filter sand Grain size, water content
sand (bottom of
blanket)
S$812 3-20-96 1+33 20'DS 663.6 Blanket drain Sand and Grain size (with hydrometer analysis), water
gravel content
SS813 3-20-96 1+33 32'DS 664.6 Bianket drain Sand and Grain size (with hydrometer analysis), water
gravel content
SS14 3-20-96 1+33 41'DS NM Collected above 4 Toe drain Grain size, water content
HDPE perforated backfill
drain pipe (toe drain)

GEI Consultants, Inc. Project 96069 June 1996



TABLE 1 -

SOIL SAMPLE SUMMARY
Meadow Pond Dam

~ Alton, New Hampshire Page 2 of 4
Sample Date Approximate | Approximate | Approximate Dam Feature Material Name Geotechnical Testing™
Identification | collected Station®” Off-set" Elevation®? (per design
(feet) drawings)
§515 3-20-96 2430 8' DS 663.4 Chimney drain Filter sand Grain size, water content
S516 3-20-96 2+50 + 18' DS NM Beneath grouted Gravel blanket | Grain size (with hydrometer analysis), water
riprap content
S§817 3-20-96 2+30 NR 658.9 Dam foundation Glacial till Grain size (with hydrometer analysis), water
‘ (below crest of dam) | foundation content
5518 3-20-96 2+30 + 12'DS NM Drainage blanket Filter sand Grain size, water content
(filter sand at bottom
of blanket)
FD1 4-2-96 2+48 5 US 682.0 Beneath spiliway Gravel blanket | Grain size five-point compaction test
slab
SS19 4-2-96 2+41 2'Us 678.2 Embankment fill Core Not tested
FD2 4-2-96 2+48 4'US 678.0 Embankment fill Core Grain size (with hydrometer analysis), one-point
compaction test
$820 4-2-96 2+42 12'DS NM Beneath grouted Core Not tested
riprap
FD3 4-3-98 2+47 5'DS 678.9 Chimney drain Filter sand Grain size, five-point compaction test
FD4 4-3-96 2+57 0' DS 678.8 Embankment fill Core One-point compaction test
5521 4-3-96 NM NM 677+ Embankment fill Core Not tested
FD7 4-3-96 2+63 10' DS 675.9 Embankment fill Core One-point compaction test
FD8 4-3-96 2+63 5 DS 675.9 Chimney drain Filter sand One-point compaction test
FD9 4-3-96 2+63 25'US 675.9 Embankment fill Core One-point compaction test
FD10 4-3-96 2+56 1 DS 6712 Embankment fill Core One-point compaction test
FD11 4-3-96 2+63 6'DS 671.2 Chimney drain Filter sand One-point compaction test
FD12 4-3-96 NR 10' DS 671.2 Embankment fill Core One-point compaction test

GEl Consultants, Inc.

Project 96069

June 1996



TABLE 1 -

SOIL SAMPLE SUMMARY
Meadow Pond Dam

Alton, New Hampshire Page 3 of 4
Sample Date Approximate | Approximate | Approximate Dam Feature Material Name Geotechnical Testing®
Identification | collected Station” Off-set(" Elevation®® (per design
(feet) drawings)
8822 4-4-96 2+30 29'DS NM Below grouted riprap | Gravel blanket | Grain size (with hydrometer analysis)
5823 4-4-96 2+23 50' DS NM Below grouted riprap | Gravel blanket | Grain size
§824 4-4-96 2+26 16.4 DS 655.2 Organics between None Not tested
boulders at dam
foundation
§825 4-4-96 2+41 5DS 655.4 Embankment fill Core Not tested
S$S26 4-4-96 2+26 6 DS 655.2 Chimney drain Filter sand Not tested
S827 4-4-96 2+26 12DS NM Blanket drain Sand and Grain size, triaxial permeability (at 92% of
gravel maximum density), five-point compaction test
FD13 4-4-96 2+50 5DS 667.1 Chimney drain Filter sand One-point compaction test
FD14 4-4-96 2+50 11 DS 667.0 Embankment fil Core One-point compaction test
FD15 4-4-96 2+41 0 DS 663.6 Embankment fill Core One-point compaction test
FD16 4-4-96 2+41 6.5' DS 662.8 Chimney drain Filter sand One-point compaction test
FD17 4-4-96 2+41 13.5' DS 662.3 Embankment fill Core One-point compaction test
FD19 4-4-96 2+32 12' DS 657.8 Blanket drain Sand and Grain size (with hydrometer analysis), one-point
gravel compaction test
5528 4-5-96 2+48 14 DS NM Backfill around low Filter sand Not tested
level outlet pipe
§829 4-5-96 2+51 14 DS NM Blanket drain Sand and Grain size
gravel
SS830 4-5-96 1+75 8'DS 652.8 Foundation Foundation Grain size
SS31 4-5-96 1+75 8 DS 653.8 Foundation Glacial till Grain size
foundation

GEIl Consultants, Inc.

Project 96069
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TABLE 1 - SOIL SAMPLE SUMMARY
Meadow Pond Dam

Alton, New Hampshire Page 4 of 4

Notes:

1. Station and offset measured relative to baseline stationing established along the crest of the dam by Civil Consultants on March 19, 1996. The Civil Consuitants drawings
showing the stationing are provided in Appendix C. US indicates upstream of baseline stationing. DS indicates downstream of baseline stationing.

2. Elevations were surveyed by GEl relative to elevations at baseline station stakes established in the field by Civil Consultants on March 19, 1996. Elevations are
referenced to “Rivers Datum”. -

3. NM indicates not measured.

4. Geotechnical testing results are presented in Appendix E.

GEI Consuitants, Inc. Project 96069 June 1996



TABLE 2 - FIELD DENSITY TESTING RESULTS®
Meadow Pond Dam
Alton, New Hampshire
Page 1 of 2
Test No. Material Name In Situ In Situ In Situ Maximum Percent Reéquired
Station® Offset® Elevation® Dry Density Wet Density Water Density® Compaction® Percent
{pcf) (pcf) Content (%) (pcf) Compaction
FD1-GEI Gravel blanket 2+48 5'US 682.0 125.2 137.6 9.9 134.9 92.8 95
FD1-H&A Gravel blanket 2+48 5'US 682.0 123.8 136.6 10.3 134.9 92.8 95
FD2-H&A Core 2+48 4'Us 678.0 119.7 135.2 13.0 131.0 91.4 92
FD3-GEI Filter sand 2+47 5'DS 678.9 108.0 114.4 5.9 115.7 93.3 92
FD3-H&A Filter sand 2+47 5" US 678.9 106.8 113.9 6.6 115.7 92.3 92
FD4-GEI Core 2457 0'DS 678.8 111.2 124.8 12.4 132.2 84.1 92
FD4-H&A Core 2+57 0 uUs 678.8 110.9 124.6 12.4 132.2 83.9 92
FD5-H&A Filter sand 2453 4'DS 676.2 101.4 109.7 8.1 @ 92
FD6-HEA Core 2451 1Ds 676.2 123.1 137.1 114 @ 92
FD7-H&A Core 2+63 10' DS 675.9 119.1 134.9 133 130.4 91.3 92
FD8-H&A Filter sand 2+63 5' DS 675.9 93.0 99.1 6.6 109.4 85.0 92
FDY-H&A Core 2+63 2.5'US 675.9 1221 136.1 11.4 128.4 95.1 92
FD10-H&A Core 2+56 1'DS 671.2 122.6 138.4 12.9 128.6 95.3 92
FD11-H&A Filter sand 2+56 6'DS 671.2 95.6 100.5 5.2 114.1 83.4 92
FD12-H&A Core 2+56 10' DS 671.2 120.2 134.7 12.1 1324 90.8 92
FD13-H&A Filter sand 2+50 5DS 667.1 113.5 121.7 7.2 119.2 95.2 92
FD14-H&A Core 2+50 11 DS 667 125.3 138.0 10.1 129.6 96.7 92
FD15-H&A Core 2+41 0DS 663.6 117.3 132.0 12.5 126.6 92.7 92
FD16-H&A Filter sand 2+41 6.5'DS 662.8 102.1 108.3 6.2 122.5 83.3 92
GEl Consultants, Inc. Project 96069 June 1996




TABLE 2- FIELD DENSITY TESTING RESULTS®
Meadow Pond Dam
Alton, New Hampshire
Page 2 of 2
Test No. Material Name In Situ In Situ In Situ Maximum Percent Required
Station® Offset® Elevation® Dry Density Wet Density Water Density® Compaction®® Percent
{pcf) (pcf) Content (%) (pcf) Compaction
FD17-H&A Core 2+41 13.5'DS 662.3 124.0 140.4 13.2 138.7 89.4 92
FD18-H&A Coreffilter sand 2+32 3 DS 657.8 109.6 123.9 13.1 @
FD19-H&A Sand and gravel 2+32 12' DS 657.8 125.8 136.3 8.3 135.4 92.9 92
Notes:

1.

Field density tests were conducted between April 2 and April 4, 1996, using a nuclear density gauge. Tests with a “GEI" suffix were performed by GE! Consultants, Inc. (GEI) and tests with a “H&A”
suffix were performed by Haley & Aldrich (H&A). Tests with the same numbers (e.g., FD1-GEl and FD1-H&A) were performed at the same location.

Station and offset measured relative to baseline stationing established along the crest of the dam by Civil Consultants on March 19, 1996. The Civil Consultants drawings showing the stationing
are provided in Appendix C. US indicates upstream of baseline stationing. DS indicates downstream of baseline stationing.

Elevations were surveyed by GEI relative to elevations at baseline station stakes established in the field by Civil Consultants on March 19, 1996. Elevations are referenced to “Rivers Datum”.
Maximum densities obtained from the five-point compaction test (ASTM D 1557) were corrected using the results of one-point compaction tests conducted on samples obtained from the density
test location. This correction accounts for subtle variations in gradation between the five-point compaction test samples and the soils at the density test location. The results of laboratory compaction
tests are presented in Appendix E.

Percent compaction is the in situ dry density divided by the maximum dry density.

Maximum density not known for FD5-H&A and FD6-H&A since samples for one-point compaction testing were not collected at the test locations.

Maximum density not known for FD18. One-point compaction test not conducted because FD18-H&A spanned two different materials (core and filter sand).

GE! Consultants, Inc. Project 96069 June 1996
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State of New Hampshire Il \\ﬁw;‘y

T DEPARTMENT OF ENVIRONMENTAL SERVICES TS
""""" B —_-:_,_——-“["—‘-\ 6 Hazen Drive, PO. Box 93, Concord. NH OX3020K93 ‘.4"?‘ . \t-. -

- . NHDES 603-271-3503 FAX 603-271-2867

= . TDD Access: Refay NH [-800-733-2964

PERMIT No. 6.03
REGISTRATION OF A NEW D&

Invironmental
-11 1issues the

On December 31, 1992, the Department o
Services (DES), under authority of RSA 482:
following permit:

O ih

WHEREAS, Mr. Robert Bergeron has filed with the DES on June
26, 1992 an applicetion for approval to cons=zruct a dam in the
Tewn of Alton, in RBelknap County, New Hampshire; and

WHEREAS, the DES has considered the app-ication and finds
L that if said structure 1s constructed in acccrdance with plans
and specifications provided with said applicazion and accepted
construction standards and is properly maintzined, it would not

be a menace to public safety; now therefore

Ci100d LEZ lua

THIS APPLICATION, 1is approved and said <¢am is hereby
registered and authorized to the following tsrms and cenditions:
1. The Dam shall be constructed in accordanze with the approved
; plans and specifications and the dam sha’l be properly
b operated and maintained at all times in zZompliance with the
provisions of Revised Statues Annotated Chapter 482.
2. The Dam owner shall provide a qualified Inspector to insure
compliance witn approved plans and speciiications.
3 The inspector shall be a professicnal ernrineer registerzd 1n
- New Hampshire, or his duly authorized agz=snt, Zamil:iar with
dam construction.
...... . 4 Trhe freguency of iaspections shall be as Zollows:
a. Class B structures shall be inspec=z2 periodically but
; ' not less than once per week.
b. Structures shall be inspected uvpcn the completion of
major items of work including obut ro7 limited o
- excavaticrn, pipe placement, final grading, pouring of
concrete.
AIR RESOURCES DIV WASTE MANAGEMENT DIV. WATER RESOURCES DIV WATER SUPPLY & POLLUTION CONTROL DIV
&4 Noo Main Street 6 Hazen Drive o4 No o Muain Street P Bon vl
Cailer Box 2033 Concond. N H. 013301 PO Box 2008 Concord, N H 01302 (uos
Concord. N H.03302-2033 Tel. 603-271-2900) Concord, N H. 01302 2008 Tel 8032713503
e Tel. 603-271-1370 Fay 603-271-2456 Tel. 603-271- 3400 Fax 6003271 2181

Fux 603-271-1281 Fax 603-271-1 381



10.

11.

12.

13.

14.

Mater;als of construction shall be periocdically tested for
compliance with design requirments in accordance with
approved plans and specifications.

The inspector shall submit an inspection report to the DES
upon the completion of the project. The report shall
include a copy of all test results, changes in design,
foundation conditions observed during.excavation and any
other data pertinent to determining the integrity of the
structure. “As-built" drawings shall be submitted if the
original design is modified.

The inspector shall provide the DES with an affidavit of

compliance with approved plans and specifications upon
completion of the project. '

The DES shall be notified prior to the back filling of the
low level drain pipe so that an inspection may be made.

A schedule shall be submitted within 30 days which provides

for the completion of an Emergency Action Plan by January 1,
1995.

As specified by the consultant (Rivers, Inc.), through
contact with its geotechnical subcontractor (JGI Inc.), in a
letter to the DES dated December 17, 1992, the approved
design of the spillway should withstand the effects of
frost-induced seepage/piping.

The construction of this dam must z=z comrleted no later than
two years from date of issuance of zthis parmit.

Upon completion of construction, ths dam owner shall ncocify,
in writing, by certified mail, the ZES five (5) days prior
to filling of the reservoir. Filling of the reservoir shall
comply with WR.501.03.

Registration of the dam by the DES does not relieve the

owner from meeting the requirements oOf public safety or
other provisions of the law.

Registracion of the dam by rhe DES Z2es not convey a
property right or authorizs aryv in- . iy tcC Qroperty ov
invasicen 2f other rights.

ey 0od LEZ e



15. The dam owner shall notify the DES if the property is sold

and include the new owner’s name and address.

; Please forward all correspondence to me at the Water
o Resources Division address shown on the first page.

DEPARTMENT OF ENVIRONMENTAL SERVICES
WATER RESOURCES DIVISION

P

DELBERT F. DOWNING, DI%CTOR

DATE /.7%5&//0‘2/"

~ -""v‘,:,'.,::\"' ';“f.;“':. ;
AR R DA
cc: Town of Alton ikl Z%;yA;&AJ
2 -

ueclic Information and Permitting

DFD/SNC was.6/permit/00c-03 .per

n49109d LEC Ing



RIVERS ENGINEERING CORPORATION

1600 Candiz Road
MANCHESTER, NEW HAMPSHIRE 03103-5512

(603) 647-8700  FAX (603) 647-4128
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"R 93 /9
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the following items:

[0 Shop drawings O Prints /BJ Plans (| Samples' O Specifications
{1 Copy of letter O Change order 0
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< 17520 CL L7 2 Al e Secmals
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RIVERS

ENGINEERING CORP.
CIVIL e ENVIRONMENTAL ¢ WATER RESOURCES

- FAX TRANSMITTAL COVER PAGE DATE: (omc /& [952
PROJECT No: €520
- RE:  LEECREoS Lade Do
f—)-;m K{u

TO: ;dll LJDFFEZ_(?%,&w(&&‘S'DnJ 4 FROM: /%MT/«H%J " Donald
A - Srmoe Dovod

FAX #: A7 = L48)

TOTAL NUMBER OF PAGES TRANSMITTED (INCLUDING COVER SHEET) \g

REMARKS:
ATl 4: EE0SR"D Deaols SET (0w B SEET
D Voo By I LATER TOOAY.

Copy To: Signed: @ﬂ/%ﬁ%%zgm%//

This facsimile transmission is intended only for usg¢ by the individual or entity
to which it is addressed. It may contain informa ‘fon that is privileged, client
confidential and exempt from disclosure under applicable law. If the reader of
this facsimile message 1S not the intended recipient or the employee or agent
responsible for delivering the message to the recipient, you are hereby notified
that reading the contents and/or any dissemination, distribution or copying of
this communication 1s strictly prohibited. If you have received this
communication in error, please notify the sender immediately by telephone at 1-
§00~-370-1600 and return the original message to us at the address below via U.S.
Mail. Thank you.

(]
D

PLANNING STUDIES  DESIGN CONSTRUCTION SERVICES
1600 Candia Road - Manchester, New Hampshire 03109-5512 (603)647-8700 FAX 647-4128
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ENGINEERING CORP.
CIVIL o ENVIRONMENTAL o WATER RESOURCES

FAX TRANSMITTAL COVER PAGE DATE: ~_ Dwc [1, 1992
PROJECT NO: __E720YY

RE: Prienpods Lode Dean

TO: go% Mﬂo\) FROM: /DWIJ Do ARD

FAX #: /- 329-SD20 ,

TOTAL NUMBER OF PAGES TRANSMITTED (INCLUDING COVER SHEET) 5

REMARKS:

Copy To:

This facsimile transmission is intended only for usg' by the individual or entity
to which it 1s addressed. It may contain informatfon that is privileged, client
confidential and exempt from disclosure under applicable law. IFf the reader of
this facsimile message 1s not the intended recipient or the employee or agent
responsible for delivering the message to the recipient, you are hereby notified
that reading the contents and/or any dissemination, distribution or copying of
this communication is strictly prohibited. If you have received this
communication in errcr, please notify the sender immediately by telephone at 1-
800-370~1600 and return the original message to us at the address below via U.S.
Mail. Thank you.

PLANNING STUDIES DESIGN CONSTRUCTION SERVICES
1600 Candia Road - Manchester, New Hampshire 03109-5512  » (603) 647-8700 FAX 647-4128
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ENGINEERING CORP.
CIVIL o ENVIRONMENTAL o WATER RESOURCES

December 17, 1992

New Hampshire Water Resources Division
64 North Main Street
Concord, NH 03301-2008

ATTN: Mr. Steve Doyon

RE: Bergeron’s Lake Dam in Alton, NH . Our Project No. R92044
a.k.a. Meadows Pond Dam

Dear Mr. Doyon:

We have contacted our geotechnical consultant regarding your
concerns of frost penetration below the pond 1level causing
separation of materials at the soil and concrete wall interface
allowing for potential seepage paths.

Based on these concerns, the gradation specifications of the gravel
blanket base to the riprap has been revised to incorporate a finer
material with lower permeability characteristics. Additionally,
the concrete wall 1length has been extended some seven feet to
create a longer seepage path similar to the path perpendicular to
the dam. These modifications incorporated with proper construction
practices in conformation with plans and specifications,
specifically regarding compaction and moisture content, should
adequately address your concerns regarding this matter.

If you have any remaining questions or gquestions regarding changes
to either the drawings or specifications, please do not hesitate to
call. .

PLANNING STUDIES DESIGN CONSTRUCTION SERVICES
1600 Candia Road ° Manchester, New Hampshire 03109-5512 o (603) 647-8700 FAX 647-4128

=y



NH Water Resocources Division
Mr. Steve Doyon

Very truly yours,

RIVERS ENGINEERING CORPORATION

W% llef

Jonathan L. Dollard

JLD/WP9\BER.LET
Encl.

CC: J. Lavigne Jr., P.E. (RIVERS)
K. Martin (JGI)
B. Bergerocon (OWNER)

December 17, 1992
Page 2

42
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that reading the contents and/or any dissemination, distribution or copying of
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Mail. Thank you.
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GEOTECHNICAL REPORT

MEADOW’'S PCND DAM
ALTON, NEW HAMPSHIRE
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OCTOBER 22, 1992
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GEOTECHNICAL REPORT

MEADOW’'S PCND DAM
ALTON, NEW HAMPSHIRE

PROJECT NO. J92214

OCTOBER 22, 1992

Prepared for:

Mr. John Lavigne, P.E.
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Mr. John Lavigne, P.E.

Rivers Engineering Corporation
1600 Candia Road

Manchester, NH 03109

re: Meadow’s Pond Dam (a.k.a Adam’s Pond Dam)
Alton, New Hampshire
Dam # 6.03 JGI Project No. J92214

? Dear Mr. Lavigne:
Jaworski Geotech, Inc. (JGI) is pleased to submit the following
f? geotechnical report concerning design criteria and technical
L specifications for the above-referenced project. The work scope
was performed in general accordance with our proposal dated June
r‘ 30, 1992. The contents of this report are subject to the
Limitations found in Section 8.00.

The embankment dam design was completed in general accordance with
criteria set forth by the New Hampshire Water Resources Division,

~h

~~~~~~~~~ Department of Environmental Services. More specifically, the
9 embankment design was completed as ocutlined in the New Hampshire
r Code of Administrative Rules, Chapter 3, Part Wr 307, Section Wr

307.08 - Earth Embankment Design Criteria.

r! Attached is a summary of the project, our design assumptions and
L methodology, a proposed section of the earthfill dam, supporting
calculations and technical specifications.

1 150 Zachary Road ® Manchester, New Hampshire 03109 ¢ (603) 647-9700 ¢ FAX 647-4432

Printed on 100% Recycled Paper




i; Mr. John Lavigne, P.E.
- Page 2
g” October 22, 1992
§V~ We trust the attached is responsive to your needs at this time.

Should you have any questions or require further assxstance, please
do not hesitate to contact our office.

T

Very Truly Yours,

JAWORSKI GEOTECH, INC.

fotrn Wt

Kevi . Martin

W. Jaworski. P.E., Ph.D.
KMM5 /etc
Attachments

cc: Mr. Robert Bergeron
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1.00

PROJECT DESCRIPTION

The project site is located in Alton, New Hampshire. It is
proposed to construct an earthfill dam to impound an existing
stream to achieve a pool area of some 35 acres. The proposed
dam has been classified as a Class B dam by the U.S.
Department of Agriculture’s Soil Conservation Service.

The dam is to be an earthen embankment structure approximately
470 feet in length and up to 29 feet in height. The top
elevation of the dam is to be 683.25 feet with a normal pool
elevation of 681.10 feet. Water outflow is to be accommodated
with a drop-inlet trickle tube and tail race. A low level
outlet consisting of a submerged slide gate and drain pipe is
provided at the base of the dam. A 100 foot wide emergency
spillway section consisting of a rip-rap swale is to be
provided at the western section of the dam.

The dam is to be a homogeneous soil embankment with an
internal chimney and downstream blanket drain. Seepage
discharge from the drains is to be regqulated with a four inch
diameter perforated, high density polyethylene resin pipe
encased in a nylon wrap. The drain pipe is to outlet from the
embankment at both the stream bed and abutments for
maintenance. Rip-rap is to be provided on the upstream face
to shield against wave action. The crest and downstream
surfaces of the dam are to consist of grassed areas to protect
against surface erosion and raveling.

The embankment structure is to be constructed with on-site
soils. Basal tills excavated from the reservoir area will
comprise the majority of the dam. Some borrow sources may be
required for the internal filter drains.

SITE CONDITIONS

The site encompassing the proposed earthfill dam and pool is
approximately 45 acres in area. An existing embankment dam
(Meadow’s Pond Dam) impounding a pool of approximately eight
acres is situated on the site.

Site topography gently descends from north to south with
increasing elevation towards the east and west. Topographic
relief is on the order of 30 to 40 feet.

Vegetation within the limits of the impoundment consists of
underbrush, grass and immature tree growth. Mature hardwood
and evergreen encompass the site.
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3.00 SUBSURFACE CONDITIONS

A test pit exploration program was performed to characterize
near surface soil conditions expected at the site and supply
bulk soil samples for related laboratory testing. The test
pits, identified as JP-1 through JP-7, were excavated on
September 21, 1992, with a Cat 215 LC excavator owned and
operated by C.S.S.I. The test pits were excavated within the
foundation area of the proposed dam to depths of 4 to 10 feet
below existing grade. The Test Pit Logs identifying
subsurface conditions and a Subsurface Profile detailing
conditions through the centerline of the dam are included in
Appendix A.

Subsurface conditions, in general, consist of the following
stratigraphic units in descending order of occurrence.

3.10 Topsoil/Root Mat

The surficial soils at the site consist of a thin organic
root mat approximately four to six inches in thickness.
This unit is comprised of organic silty sand and root
structure.

3.20 Subsoil

Underlying the surficial organic soils is an orange-brown
strata of fine to coarse sand with little gravel and
silt. The subsoil contains organic constituents
resulting from an accumulation of materials leached from
the surface as well as an abundant root structure.
Occasional cobbles and boulders are embedded within this
strata. The subsoil was encountered in all the test pits
ranging from approximately 18 to 24 inches in thickness.

3.30 Glacial Till

A grey-brown, silty-clayey sand with some gravel was
found to underlie the subsoil towards the central and
western portions of the embankment dam. This deposit
exhibits a very dense structure and appears to be a basal
till. The test pit excavations reveal that this deposit
is three to five feet in thickness, attenuating towards
the east. Boulders and cobbles were identified in the
unit.

3.40 Sand and Gravel

A localized deposit of light brown to grey, fine to
coarse sand and gravel with little silt and cobbles was
encountered beneath the subsoil in JP-7. JP-7 is located
on the eastern abutment of the proposed dam. The deposit
was found to be approximately eight feet in thickness.
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3.50 Bedrock

Bedrock was encountered in all the test pits at depths
ranging from four to ten feet below the existing ground
surface. The bedrock contour through the centerline of
the dam mimics the surface topography. The bedrock
encountered appears to consist of a light gray, coarse
grained mica schist.

Based on review of the Geologic Map of New Hampshire,
(1955) the geology in the general area consists of the
Littleton Formation which includes gray, micaceous
quartzite and gray, coarse grained mica schist. Other
geologic formations in the general vicinity include
Conway Granite, a coarse to medium grained biotite
granite and Quartz Diorite, a dark gray to gray medium
grained biotite-quartz diorite.

The bedrock mass structure could not be assessed during
the test pit exploration program. Although fractures,
seams, fissures, Jjoints, bedding planes and other
anomalies may exist, these were not revealed in the test
pit exploration. There were no observed outcrops from
which to identify rock type or fractures. However,
construction sequencing has been directed towards dealing
with these anomalies should they exist, as discussed
further herein.

Groundwater

Groundwater was encountered in the test pits in the
immediate vicinity of the stream. Groundwater elevations
were approximately similar to the stream elevation.

It should be noted that groundwater conditions vary
depending upon factors such as temperature, season,
precipitation, and other conditions which may be
different from those at the times these explorations were
made.
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4,00 LABORATORY TESTING PROGRAM

A laboratory testing program was undertaken to assess the
engineering properties of the foundation soils, core materials
and proposed filter materials. The laboratory testing program
included gradation analyses, Proctor tests, and permeability
tests.

The gradation analyses were performed to identify the particle
size distribution of the sample constituents. The Proctor
tests were performed to demcnstrate the moisture-density
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relationship of the soils. Both tests were performed in
accordance with ASTM standards. Graphical presentations of
the Grain Size Distributions and Proctor tests are contained
in Appendix B.

The permeability tests were performed employing the falling
head test for fine grained soils and the constant head test

for coarse grained soils. The coefficients of permeability
and the dry densities at which the tests were performed, are
illustrated on the Grain Size Distribution curves. The

coefficient of permeability is inversely related to density.
Table 1, Field and Laboratory Test Results, illustrates all

relevant soil testing in tabular form. This table is
contained in Appendix B.

DESIGN CONSIDERATIONS

_fjl : g %w-an . ﬂ‘lé,Jq‘ s B ;f-piHJqﬂj?,ﬂlﬂi, llﬂg

Particular design <considerations associated with  the
embankment dam include bearing capacity of the foundation
materials, settlement of the embankment structure, seismic
concerns and seepage control. Recommended embankment
construction specifications may be found in Appendix C.

5.10 Bearing Capacity

Based on the height of the earthfill dam, and the
expected density of soil proposed to be used for its
construction, it is not expected that total stresses
imposed on the foundation will exceed 4,000 psf. It is
expected that the glacial soils and bedrock provide
sufficient shearing resistance to support the proposed
embankment. A recommended design bearing capacity for
support of the hydraulic appurtenances, both within
undisturbed and recompacted glacial till soils, is 4,000
psf.

5.20 Settlement

Settlements associated with the foundation are expected
to be negligible. However, settlements of the embankment
shall be dictated by the compactive efforts of the
embankment materials. Soils compacted to greater than 92
percent relative compaction per ASTM D-1557 should
experience minor settlements which should not adversely
effect the structural integrity of the embankment.

5.30 Seismic Concerns

Based on review of the Seismic Risk Map of the United
States illustrated in the Design of Small Dams, Bureau of
Reclamation, the site is located in Seismic Zone 2. The

23



zones are recorded on a scale of 0 to 5 with Zone 0 being

the least intensity. Zone 2 is identified as moderate
damage.

It is not expected that seismic disturbance will have a
profound effect on the structural integrity of the
proposed earthfill dam.

5.40 Seepage Control

Due to the limited exploration activity at the site, the
bedrock will need to be reviewed for the presence and
attitude of fractures, fissures, seams, Jjoints, bedding
planes or other anomalies in which seepage paths may
exist beneath the proposed dam during construction.
Continuous joints that exist beneath the dam may cause

piping of soil constituents from the earthfill dam due to
seepage forces.

Where bedrock upstream of the earthfill dam is fractured,
it may be necessary to slush grout fractures and seams.
It is recommended that the bedrock surface be thoroughly
exposed in the reservoir area at least 20 feet from the
upstream toe of the embankment. Exposure of the bedrock
may be limited to where the depth of reservoir soils is
greater than five feet excluding the topsoil and subsoil.
Fractures and seams encountered shall be slush grouted to
create an upstream impervious blanket. Slush grouting

should be continued where fractures intersect the
earthfill dam.

6.00 EMBANKMENT DESIGN

The embankment design was completed as required by the State
of New Hampshire Water Resources Division. Soil parameters,
seepage analyses and embankment stability were evaluated as it
pertains to the expected loading and site specific conditions.
The supporting calculations and a typical section of the
proposed embankment dam are provided in Appendix D.

6.10 Soil Parameters

Gradation distribution, unit weight and permeability were
obtained as part of the laboratory testing program. Soil

strength parameters were based on typical engineering
values.

Filter materials used for the chimney and blanket drain
were evaluated for both stability against migration of
fines into the filter media and permeability
characteristics. Filter criteria was referenced from

5
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specifications outlined by the U.S. Corps of Engineers.
Filter materials should conform to the gradation and
permeability specified herein.

6.20 Seepage

Seepage conditions were evaluated assuming steady state
seepage and isotropic soil characteristics. The phreatic
surface through the dam was modeled using the Casagrande
Method. Seepage through the embankment was assessed for
two-dimensional flow utilizing for a graphical solution
for the equation of continuity (i.e. flow net). Flow
rate and pore pressures were evaluated from the flow net.

Internal seepage will be intercepted by a chimney and
blanket drain. The chimney drain will allow a steeper
downstream slope and control anisotropic seepage should
such flow conditions prevail. The blanket drain will
collect water from the chimney drain and flow beneath the
dam. A four inch diameter perforated pipe wrapped in a
nylon filter will collect flow in the blanket drain and
discharge it to the stream area. The blanket drain and
pipe drain should be sloped a minimum of one percent to
allow for the drainage of water.

6.30 Embankment Stability

Embankment stability was assessed for loading conditions
pertaining to end-of-construction, steady state seepage,
and rapid drawdown. The allowable factors of safety
against failure for embankment stability were referenced
from criteria published by the U.S. Corps of Engineers.

Both translational and rotational failure mechanisms were
evaluated. Translational stability was assessed using
total stress equilibrium theory. Rotational failure was
evaluated referencing theories of 1limit equilibrium.
Rotational stability analysis was performed utilizing the
computer program SLIDE which is a 2-D Bishop slope
stability computer program. This program was developed
by the Geotechnical/Rock Engineering Group, University of
Toronto, Canada.

7.0 REFERENCES
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8.0 LIMITATIONS

Explorations

1. The analyses, recommendations and designs submitted in
this report are based in part upon the data obtained from
preliminary subsurface explorations. The nature and
extent of variations between these explorations may not
become evident until construction. If variations then
appear evident, it will be necessary to re-evaluate the
recommendations of this report.

2. The generalized soil profile described in the text is
intended to convey trends in subsurface conditions. The
boundaries between strata are approximate and idealized
and have been developed by interpretation of widely
spaced explorations and samples; actual soil transitions
are probably more gradual. For specific information,
refer to the individual test pit and/or boring logs.

3. Water level readings have been made in the test pits
and/or test borings under conditions stated on the logs.
These data have been reviewed and interpretations have
been made in the text of this report. However, it must
be noted that fluctuations in the 1level of the
groundwater may occur due to variations in rainfall,
temperature, and other factors differing from the time
the measurements were made.

Review

4. It is recommended that this firm be given the opportunity
to review final design drawings and specifications to
evaluate the appropriate implementation of the
recommendations provided herein.




In the event that any changes in the nature, design, or
location of the proposed areas are planned, the
conclusions and recommendations contained in this report
shall not be considered valid unless the changes are
reviewed and conclusions of the report modified or
verified in writing by Jaworski Geotech, Inc.

. 6.
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It is recommended that this firm be retained to provide
geotechnical engineering services during the earthwork
phases of the work. This is to observe compliance with
the design concepts, specifications, and recommendations
and to allow design changes in the event that subsurface
conditions differ from those anticipated prior to the
start of construction.

Use of Report

7.

This report has been prepared for the exclusive use of
Rivers Engineering Corporation in accordance with
generally accepted soil and foundation engineering

practices. No other warranty, expressed or implied, is
made.

This report has been prepared for this project by
Jaworski Geotech, Inc. This report was completed for
preliminary design purposes and may be limited in its
scope to complete an accurate bid. Contractors wishing
a copy of the report may secure it with the understanding

that its scope is limited to evaluation considerations
only.
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Test Pit Log

MEADOW'’S PoND DAM

P Proiect:

JGI Representative: Test Pit No.: =~/
ALTond, N H E.MARTIN Location: TEZ, B AN

, P—iect No.: R AL Weather: 70 S UNNV
f. SEPT. 2.0, 19972 ‘ Surface Elev.: _64/. 0(%)
~| Excavation Equipment: Groundwater Observations

r Contractor: cC.S.8. T Date Time Depth Notes

| Operator: 9/2) R NES
- Make: CA—T Model: 2152 |~ i i
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o 1 g
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LNO[@:

ft. Width ft. Depth ft.

it Dimensions:  Length
arks: The stratification lines represent the approximate boundary between soil types

and the transition may be gradual.

Water level readings have been made in the test pits at times and under

conditions stated on the test pit logs. Fluctuations in the level of the groundwater
may occur due to other factors than those present at the time measurements were
made.

Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%)
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l Test Pit Log

i Projcct: _MEADOW'S POND DAM JGI Representative: TestPitNo: T2 -2 |
: ALTonN, N H £ MARTIN Location: SEZ B AN] |
,,,,,, P iect Nou T 92ZZVA

Weathem 705 < uNNV

Lo SEPT. 2.0 \ a2z

Surface Elev.: £63.0(2) |

ﬁ“ Excavaton Equipment:

‘Contractor: ca.8. T

Groundwater Observations

c.D .. _Datc Time Depth Notes

. Operator: 7/ Al N ’Zé

., Make: CAT Model: _ZIE& [ _

' Capacity: Reach:

‘ . .. Boulder

ﬁ D"&F_”h ghu:};:c Soil Description szzg/ucOum Notes
H

< FOPET AT ORFANIC D

0RbbE-BEIwN, L2 e JIND, e Dor 2 brove)

- - ~
JtEELED, Bpuz £ FPoos  (SuSSoun)

Seowd- EREY, DIy CLAYEY S#/D, Some

-~

ﬁ SFEELEL
I
F‘

EESY Y/ S S/ S/ S/

Oles:

i

plit Dimensions:  Length ft. Width ft. Depth

‘marks:

ft.

The stratification lines represent the approximate boundary between soil types
and the tansition may be gradual.

i Water level readings have been made in the test pits at times and under
I conditions stated on the test pit logs. Fluctuations in the level of the groundwater

may occur due to other factors than those present at the time measurements were
made.

L Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%)
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Test Pit Log

?F Projcct: _MEADOW'S POND _DAM JGI Representative: Test Pit No.: T2 =
ALTon, N H . MARTIN Location: RES DI Any
------- jeet No.: 3 92z14- Weather: _70S S UNINV
? Vo ate: SEPT. 20, 19 Z ' Surface Elev.: 649, 0('§
""""" Excavation Equipment: Groundwater Observations
?d Contractor: cs.5 = Date Time Deoth Notes
Operator: 9/21 N /&
| Make: CA= Model: 21=& |~ / '
?;‘ Capacity: Reach
; |
Depth Strata . . L. Boulder
F— :—E Change Soil Description Size/Count Notes
1 S - '
y FOPEST MET OREENIC JAND
.//&‘
r-*/——‘
| NP n
: OTANGE BRcan), Fc PAND, ol ir an
r‘ Y ShRLL DOULTERZ, PocTs /J vB= cvz_)
| 74
&
e —————— — - //'P'—. e e . A R
H //uJ SFEY, “iiTY crbvyay TARND,
g 3 . '-_-:f 4 P Ay -~ -
) A i — »\/...,._ o:—-——A e D-._,’;.‘.-’ /E ~ -‘-—D‘SR)
r“‘—-————— ‘V\ oA O mao— STF U
| ; ,/—/— f”
| _ : - _
| 7R Benm ook S /4
I
4
[ ——
T
‘%\iom:
ft. Width ft. Depth ft.

‘h Eit Dimensions:  Length
arks:

The stratification lines represent the approximate boundary between soil types
and the transition may be gradual.

Water level readings have been made in the test pits at times and under
conditions stated on the test pit logs. Fluctuations in the level of the groundwater
may occur duc to other factors than those present at the time measurements were

made.

Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%)

GEOTECH,INC.
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Test Pit Log

?[ Project: MEADOW'S POND DAM JGI Representative: Test Pit No: == 4
] AT, N H . MARTIN Location: £ B AN
_1 P-iectNo: I 92214 Weatherr 703 < UuNINV
P R S EPT. 21 1992, ' Surface Elev.:p 73 X))
¢ Excavation Equipment: Groundwater Observations
ﬁ,}iontractor: c.s.8 T Date Time Deoth Notes

Jperator: 9/21 N / A
S Make: CA~T Model: 7\=2 1~ I

i Capacity Reach:
F |

Depth Stra . .. Bouider

Nl ?g Chant;c Soil Description Size/Count Notes
il 3 | BT AT RN TEND
N It A p)
E__/ 28 bjie Bapuwnl, £- 0 SaniD, il S
) | Eou LDERS, PooTS  [SeESe ’4)
,,,,,,,,,
Pz 20
I M D DEPTH-ZFT

‘ -l N LA E 3 =
T ~rre STALE D 136 b
n- -
L&
M

. 7

Lo - s e
l""{ 5 HWIF] 322 oce TR
;"_w

’L{’m‘ (N SAWMBLE S-) o=ThRINES AT 2 T
| Pit Dimensions:  Lensth ft. Width ft. Depth ft

smarks:

H

The stratification lines represent the approximate boundary between soil types
and the transition may be gradual.

Water level readings have been made in the test pits at times and under
conditions stated on the test pit logs. Fluctuations in the level of the groundwater
may occur due to other factors than those present at the time measurements were
made.

Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%)
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v lest Pit Log

il Proicc: _MEADOW'S POND DAM JGI Representative: Test Pit No.: 572
; ALTon, N H . MARTIN Location: TEZ 'D,:A\J
. ProjectNo.: T 92214 . Weather: 70'S S UNNV
i : SEPT. 21 19 aZ ‘ Surface Elev.: ££2.5(F) |
. Excavation Equipment: Groundwater Observations
Contractor: c.s.5 T Date Time Deoth Notes
7 Operator: 9/2]) SHRS Y HES
| Make: CAT Model: Z\&=& 1~ 4 7
iwCapacity: Reach:
th Strata . .. Bouider
Dcfg Change Soil Description Size/Count Notes
ﬁ | & | BEST ME - 0FEENIC TEND
- / ORANGE - BRow, Lo ,q ND Some Geavel,
/""’/v" N , EouLneRT PO‘*‘/’"" é.'ugaall—
B - | 2/
— Tin-cesy, £e AND, Somefeavil
= Ain Joor DEFTH= %‘—'—;— (1)
i d'a J084| Pt
| = b8 7
{
L /
LS | s
VNS W
o A 2eDROLE TS R 2
< | Dzl TESTT AT ¥ AT g
I (/EVPL |
ST vl ",.7_7 T ]
1 1 /] 7" 1010 (omm)
| ) 12'” " 10'25((‘6)
/ 1 227 |22
7 * Lo NP2 e » ]
10 (0'%7
| /] Foe ; ° 72 (4 ABTE
A 5" 11119 )
lot,
m“" (1) SAMPLE J-) €8TANED 4T 27T
%t Dimensions:  Length ft. Width ft. Depth ft.
l’marks The stratification lines represeat the approximate boundary between soil types
and the transition may be gradual. 3
Water level readings have been made in the test pits at times and under \ G
I conditions stated on the test pit logs. Fluctuations in the level of the groundwater L® S :::.::’.Oo,.
‘ may occur due to other factors than those present at the time measurements were
made.
l Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%) GEOTECH IN c 6
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Test Pit Log

r Proiect _MEADOW'S POND _DAM JGI Representative: Test PitNo: === (4 |
ALToN, N H 2. MARTIN Location: SEZ BLANY
{7 ‘ectNo. T 92214 Weather: 702 S UuUNNV

Lot S EPT. 2 132 ' Surface Elev.: £5 2.0 ,
-+ Excavation Equipment: Groundwater Observations
ﬂContractor: c. 8.8 T Date Time Degth Notes
| Operator: ‘7,/Z/ N/A
| Make: CAT Model:_Z =& [~ ’ d
' Capacity: Reach:
n |
; . .. Bouider
T D;Edl Clsjma ”t:c Soil Description Size/Count | 1Notes
r ,/
5 0.5 | FreirT MET- 08841 & EFND
-
/ P ]
}F—————\ D2 Ed6E-BA 0w, 7/"( \,P/'(’\LD/ /f"T/Fﬂu?’
, AL Brv., BoulDERS, (OEBLES Foord
;e [SuzsoL)
ol a
SN
LT EREY-TEN VERY Der/SE, CTAETIFE)
! . Ia A - 4 - f"—/-
o =73 9/?7 | Pt
Q= /go 1. 4;'-%
Y, MomLine €) sFT
B | 4
; W~/ - -
ARVE BeDROCE  (emariite oI TE ) IR/
2
7 TemCcTEDTE 2T
g Didm= 3" T e
. .’J:’lps‘h’rf)' 7 ,Z;,,;(/o/vhn/) ﬁjé ?)zmw
7 /2.5 (20 g N
[Notes: 658 12725 /30/ '
i
i’it Dimensions:  Length ft. Width ft. Depth ft.
marks: The stratification lines represent the approximate boundary between soil types
and the transition may be gradual.
Water level readings have been made in the test pits at times and under
| conditions stated on the test pit logs. Fluctuations in the level of the groundwater
may occur due to other factors than those present at the time measurements were
made.
' Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%) GEOTECI—LINC. 6 4




Test Pit Log

Proicct: MEADOW'S PonND DAM JGI Representative: Test Pit No: 2 =
ALToN, N H . MAPTIN Location: LEZ BLANS
‘ectNo: I 927214 Weather: 70 'S S UNNV
pate: SEPT. 20, 1997 l Surface Elev.: £72.0 (2] |
' Excavation Equipment: Groundwater Observations
Contractor: c.=2.s . Date Time Denth Notes
. Operator: /21 N/ ﬁ[
“ Make: CAT Model: Z1=A& |~ / !
Capacity: Reach:
Depth Strata . . Bouider Notes
fr. Change Soil Description Size/Count
— =T | BEET diT RELIL VAND
“r_'—_—- df//p"\/&{' 51?0(,{//‘./’ ’7[";— \/héf\/D /17'/9 ILT'
m 7 | oo BouLpgri, FI0T7S, [suBSon)
>y
14 Y.
Ham ﬁ&‘w”"””’y #rc SAND Anp
H——-———" | [ =
/ " V[ ///// V/V/ C.hb/les
ﬁ__;_.- (')
‘f“\
5
g
; . iy P Bzmrock  TRIIR TR
/2
1% |
§ < :
-z |
- Note: —
‘“ () ShMPE O DETHINEGD AT 47T
ft. Width ft. Depth ft.

@imcmim; Length
arks: i

The stratificadon lines represent the approximate boundary between soil types
and the transition may be gradual.

Water level readings have been made in the test pits at times and under
conditions stated on the test pit logs. Fluctuations in the level of the groundwater
may occur due to other factors than those present at the time measurements were
made.

Proportions used: trace (0-10%), little (10-20%), some (20-35%), and (35-50%)

GEOTECH,INC.
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Meadow's Pond Dam
Project No. 192214

B B BB 2 TR R TR THR o

Field and Laboratory Test Results

e Ten T NS B

) Proposed | Field Dry Unit | Max. Dry Unit Grain Size (%) USCS (2) Coefficient of Dry Density of [Percolation
Location | Lab No. Use Weight/Moisture|Weight/Moisture{Gravel Sand Fines | Classification [Permeability (cm/s)Permeability Test| Rate
Core/
TP-1 {L210-92 | Foundation | * 57.81 2691 153 GM
Core/ 107.8PCF 127.3PCF -6
JP-4 |L.294-92 ] Foundation 13.6% 1.2% 35.1] 305} 345 GM 336 X 10 cm/s 122.0PCF
Core/ 108.4PCF 125.0PCF -6
JP-5 |L.291-92 | Foundation 16.8% 9.8% 26.2 | 38.2 ¢ 35.6 SM 1.32X 10 cm/s 115.0PCF 8 Min/In
-5
JP-7 |L295-92 | Foundation 413 | 45.5| 13.1 SM 7.90 X 10 cm/s 127.7PCF
Filter Drain/ -3
TP-18 |L293-92) Gravel 49.5| 43.9 6.5 GP-GM 200X 10 cm/s 121.8PCF
(1) Test Pits Designated TP Performed by Expert Construction Services.
| Test Pits Designated JP Performed by Jaworski Geotech, Inc.
|
) (2) Unified Soil Classification System KMMS
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MATERIAL DESCRIPTION

{ ARSHTOD

< coarase GRAVEL, some sandg little +Pines

Projec

ts

Project No.:

TP-1

J92214

Meadows Pond Dam
O Location:

!Dato: Juneg 19, 1992

Remarks:
1.216-22

' BRAIN SIZE DISTRIBUTION TEST REPORT
JAEWORSKI GEOTECH,

INC.

Fig. No. 2

70




”:!1?":Ilz 'fiﬂiw"fll' o

[ i

t

zji f‘:i! :':iiiy“:]lgu

A

= & B =

-

GRAIN SIZE DISTRIBUTION

TEST REFPORT

jlﬂzm

g8

. s osw s £ £2
< s ~ & 2
100 S : Iy sy . g 8 38 %8

t=1%)

79

!f{'”ﬂ.'

P
e |
w 4@ f
£ |
=~ 58 L
= : i J
: [T 1
L 4@ ~ -
35 [ i P i
| | 1 ;
20 : | f | | i
P
18 : AR
| T
@l : i : 5 1 RN :
208 168 18.9 1.8 8.1 .91 .99
GRAIN SIZE - mm
Test |2 +3* % GRAVEL 2 SAND cLay

o] 2 8.8 35.1 S8.3

D=g

LL PI Dgs Dsg |

< 17.38 2.83 8.53

MATERIAL DESCRIPTION

77| Y S

O Silty Clayeygs S+G

Project No.: J¥2214
Project: Meadows Pond Dam
O Location: jp.g

K = Coefficient of Permeability = 3.36 X 107° cm/s;
122.0 BCF.

d =
Date: September 29, 1992

Remarks:
L2%4-52
sS-1, 3Ft.

GRAIN SIZE DISTRIBUTION TEST REPORT

JAWORSKI GEOTECH; INC.

—

Fig.
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Water content, %
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Depth uscs AASHTO Moist. T - No.4 |Moc.299
3 feet . “ 2.85 37.2 %|53.1 %

TEST RESULTS

MATERIAL DESCRIPTICON

Optimum moisture = 7.2 %
Maximum dry density = 127.3 pcf

Date:

Project No.:

Project:

g-29-19%92

Je2214
Meadows Pond Dam
Location: p-4

PROCTOR TEST REPORT

JAWORSKI GEOTECH, INC.

Silty Clayey, S&G
Remarks:
L294-22
S-1, 3 ft.
Fig. Nc. 2
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o 14.13 8.19

MATERIAL DESCRIPTION

ARSHTO

O Silty Clayeyy S+G

&K = Coefficient of Permeability = 1.32 X 10~

Project HNo.: J92214
Project: Meadows Pond Dam
o Location: JP-5

5
cm/s;

dd,= 113 08CF.

Date: ptember 29, 1992

GRAIN SIZE DISTRIBUTION TEST REPORT

J@HDR%E{ﬂPEDTECH: IMC.

Femarks:
L291-92
S-1, 3Ft.

Fig.

No. 1
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TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 2.8 4 Silty Clauey,; SaG
Maximum dry density = 127.2 pct
Project MNo.: J92214 Remarks:
Project: Meadows Pond Dam L291-92
Location: JP-5
Date: 9-29-1992 o 7 4
PROCTOR TEST REPORT
JAaWORSKI GEOTECH, IHNC. Fig. No. 2
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MATERIAL DESCRIPTION

Q© Silty S&G

Project MNo.: JF2214

Project: Meadows Pond Dam

o Location: p.7

= Coefficient of Permeability = 7.90 X 10~
d = 127.7 PCF.

Date: September 29 1992

5

cm/s;

= B A = &

GRAIN SIZE DISTRIBUTION TEST REPORT

Remarks:
L295-92
53“ 1 )] CS F:.t a

Fig. No. 1
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Project No.: J92214

Project: Meadows Pond Dam
O Location: TP-18

K = Coefficient of Permeability = 2.0 X 10~
= 121.8 PRCF.

d
Date: September 29 1992
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EMBANKMENT CONSTRUCTION SPECIFICATIONS

I. GENERAL

A.

Work Included

Provide all labor, materials, equipment and services and
perform all operations required to complete the work as
indicated on the drawings and specified herein.

Subsurface Conditions

Data indicated as subsurface conditions are not internded
as representations or warranties of accuracy or
continuity between test pits.

Quality Control

A qualified soils engineer shall be retained by the owner
as needed during construction to perform necessary soil
testing and observe compliance with the design intent.

Tolerances
The geometry of the embankment dam shall be constructed

to within five percent tolerance to that indicated on the
drawings.

Borrow Areas
Borrow areas should be quantified prior to construction
to determine sufficient and consistent soil materials.

Lay Out and Grades

All lines and grades shall be laid out prior to and
during construction. A permanent bench mark shall be
established and replaced if destroyed.

Samples and Testing

Core materials shall be tested for approval for every
4,000 yards of material. Filter materials shall be
tested for approval for every 1,000 yards of material.
Samples should be at least 30 pounds in weight and
submitted prior to use. Additional testing will be
required if f£fill materials change as directed by the
soils engineer.

Inspection of Rock Surface

The bedrock surface 20 feet from the upstream toe in the
reservoir area shall be inspected for the presence of
fractures, seams, fissures, joints, bedding planes or
other anomalies which create seepage paths beneath the
dam. The bedrock shall be pressure washed to obtain an
unobstructed view of the surface.
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II.

I. Frost Protection
Soils which become frozen within the 1limits of the
embankment dam shall be removed to the full depth of
frost. Placed soils should be protected from frost
should ambient air temperatures fall below freezing.

J. Dewatering
Excavated and fill areas shall be kept sufficiently dry
from groundwater or surface water runoff so that it does
not adversely affect construction procedures or cause
excessive disturbance of borrow and fill areas. In no
case should £fill materials be placed 1if ponded or
groundwater is observed.

K. Turbidity

Quantitatively measure turbidity of the water emanating
from the embankment dam with a turbimeter in units of
Nephelometric Turbidity Units (NTUs). Measurements
should be accomplished daily during reservoir filling and
one week upon attainment of full reservoir. Measurements
shall be reported to the soils engineer within 24 hours.
Measurements shall be taken on a weekly basis thereafter.
Measurements shall be ceased once it can be demonstrated
that the turbidity of the water is dissipating or at the
discretion of the soils engineer.

MATERIALS

Fill materials shall be placed where indicated on the project
drawings.

A. Core
Shall be free of snow and ice, roots, rubbish or other
deleterious or organic matter. Core materials shall
conform to the following gradation requirements:

Sieve Size Percent Finer Bv Weight
6 inch _ 100

3 inch 75 - 100

1 inch 65 - 95

3/8 inch 50 - 85

No. 4 40 -~ 80

No. 40 30 - 65

No. 200 20 - 490

The core materials shall possess as coefficient of
permeability less than 10 E-5 cm/s when compacted to 92
percent of the maximum dry density per ASTM D-1557.
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Filter Sand

Shall be free of snow and ice, roots, rubbish or
other deleterious or organic matter. Filter sand shall
conform to the following gradation requirements:

Sieve Size Percent Finer By Weight
1.5 inch 100

3/8 inch , 80 - 95

No. 4 60 - 85

No. 20 15 - 50

No. 40 0 - 30

No. 100 0 - 10

The filter sand should possess a coefficient of
permeability greater than 10 E-3 cm/s when compacted to
92 percent of the maximum dry density per ASTM D-1557.

Sand and Gravel

Shall be free of snow and ice, roots, rubbish or other
deleterious or organic matter. Sand and gravel shall
conform to the following gradation requirements:

Sieve Size Percent Finer By Weight
6 inch 100

3 inch 70 - 100

1 inch 50 - 100

No. 4 30 - 80

No. 40 0 - 30

No. 100 0 - 10

The sand and gravel should possess a coefficient of
permeability greater than 10 E-3 cm/s when compacted to
92 percent of the maximum dry density per ASTM D-1557.

Rip-Rap

Shall be sound, of approved quality, and free from
structural defects. The maximum size by weight shall be
1,250 pounds. The stones shall be angular in shape and
conform to the following gradation requirements:

Size by Weight Percent By Weight
626-1,250 lbs. 40-40
50-625 1bs. 60~-70
50 lbs. 0-10




Topsoil

Shall consist of fertile, friable, natural topsoil
typical of the locality, without admixture of subsoil,
and shall be obtained from a well drained arable site.
It shall be such a mixture of sand, silt and clay
particles as to exhibit sandy and clayey properties in
about equal proportions. It shall be screened of all
stones two inches or more in diameter, sticks, plants and
other foreign materials. The topsoil shall contain not
less than 4 percent, nor more than 20 percent organic
matter as determined by the loss of ignition of oven-
dried samples.

Perforated Pipe

Shall be an ADS (Advanced Drainage Systems, Inc.) four
inch diameter continuous section wrapped in a nylon
protective fabric or equivalent. The pipe shall be
sloped a minimum of one percent throughout the entire
length. The pipe should outlet at both the stream bed
and abutment. The abutment outlet shall be capped with
a split end cap. Installation should be in accordance
with manufacturer’s guidelines and specifications.

III. EXECUTION

A.

Clearing and Grubbing

Remove topsoil and subsoil within the 1limits of the
earthfill dam and in borrow areas. Exposed subgrade in
which root structure or organic materials are encountered
shall be overexcavated to the depth of the root line.
Pile and store excavated materials in designated or
approved locations where it will not interfere with
construction operations.

General Excavation
Excavation within the limits of the embankment dam shall

be excavated of all topsocil and subsoil to a depth
greater than the root line.

Placement

Fill materials shall be placed and spread in a

manner to minimize particle segregation. Care will be
taken to not contaminate filter materials. Filter
materials which become contaminated shall be removed and
replaced. No £fill materials shall be placed on

uncompacted soil, wet/weaving soil, frozen soil or other
soil conditions unacceptable to the soils engineer.
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Surficial soils shall be uniformly distributed and evenly
spread to compensate for shrinkage. Irregularities in
the surface resulting from construction operations shall
be corrected to prevent the formation of depressions
where water will stand.

Disking and Harrowing

Each 1lift shall be uniformly disked or harrowed to a
depth of at least two inches prior to the placement fill
materials.

Moisture Control

The water content of fill materials shall be within -3
percent to +2 percent of the optimum moisture content
determined by ASTM D-1557. Soils which are dry shall be

uniformly wetted. Wet soils shall be aerated by

blending, mixing or other satisfactory means until the
moisture content is as specified. Borrow and fill areas
should be protected from precipitation when necessary.
Placed £fill which does not conform to the specified
moisture criteria shall be removed.

Compaction

Lift sizes should be limited to 18 inch loose 1lift
thickness. Compact fill materials to 92 percent relative
compaction as determined by ASTM D-1557. Field density
tests shall be performed at 100 foot intervals for each
lift. Soils which do not meet compaction requirements
shall be recompacted or removed.

Slush Grouting

The bedrock surface should be exposed in the reservoir
area at least 20 feet from the upstream toe of the dam.
All open fractures, seams, joints or fissures shall be
slush grouted as directed by the soils engineer with a
lean sand and cement grout in which to establish an
impermeable seam. The ratio of sand to cement shall not
exceed two parts sand to one part cement. All areas to
be slush grouted shall be thoroughly cleaned of all loose
materials and shall be wetted prior the placement of the
grout. Placement of slush grout shall be by brooming
into all fractures, seams, joints or fissures with a
stiff-bristled broom or other approved method. All
fractures, seams, joints or fissures shall be chased at
least 100 feet from the upstream toe and/or 30 feet into
the embankment dam.

Mulching

Shall consist of hay or straw mulch loosely spread to a
uniform depth over all grassed areas indicated on the
plans. Mulch shall be spread following approval of the
surficial soils by the soils engineer.
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Seeding

Shall be performed early spring or late summer.
shall be evenly spread.

maintenance
necessary.

requirements

Seed

Reseeding of bare spots and

shall

be

performed

when
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CONSTRUCTION SPECIFICATIONS

GENERAL

A,

Work Included

Provide all labor, materials, equipment and services and
perform all operations required to complete the work as
indicated on the drawings and specified herein.

Subsurface Conditions

Data indicated as subsurface conditions are not intended as
representations or warranties of accuracy or continuity
between test pits.

Quality Control

A qualified soils engineer should be retained by the owner as
needed during construction to perform necessary soil testing
and observe compliance with the design intent.

Tolerances
The geometry of the embankment dam shall be constructed to
within 5 percent tolerance to that indicated on the drawings.

Borrow Areas
Borrow areas should be quantified prior to construction to
determine sufficient and consistent soil materials.

Lay Out and Grades

All lines and grades shall be laid out prior to and during
construction. A permanent bench mark shall be established and
replaced if destroyed.

Samples and Testing

Core materials shall be tested for approval for every 4,000
yards of material. Filter materials shall be tested for
approval for every 1,000 yards of material. Samples should be
at least 30 pounds in weight and submitted prior to use.
Additional testing will be required if fill materials change
as directed by the soils engineer.

Inspection of Rock Surface

The bedrock surface 20 feet from the upstream toe in the
reservoir area shall be inspected for the presence of
fractures, seams, fissures, joints, bedding planes or other
anomalies which create seepage paths beneath the dam. The
bedrock shall be pressure washed to obtain an unobstructed
view of the surface.
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II.

Frost Protection

Soils which become frozen within the limits of the embankment
dam shall be removed to the full depth of frost. Placed soils
should be protected from frost should ambient air temperatures
fall below freezing.

Dewatering

Excavated and fill areas shall be kept sufficiently dry from
groundwater or surface water runoff so that it does not
adversely affect construction procedures or cause excessive
disturbance of borrow and fill areas. In no case should fill
materials be placed if ponded or groundwater is observed.

Turbidity

Quantitatively measure turbidity of the water emanating from
the embankment dam with a turbimeter in units of Nephelometric
Turbidity Units (NTUs). Measurements should be accomplished
daily during reservoir filling and one week upon attainment of
full reservoir. Measurements shall be reported to the soils
engineer within 24 hours. Measurements shall be taken on a
weekly basis thereafter. Measurements shall be ceased once it
can be demonstrated that the turbidity of the water is
dissipating or at the discreticn of the soils engineer.

Erosion Control Measures

Temporary control consists of furnishing and placing temporary
erosion and pollution control devices as specified by field
engineer. All work regarding erosion and pollution control
will be completed and properly installed in conformance with
all federal, state and local permits and regulations.

outlet structures

The outlet structures of the reservoir must have the
capabilities to sufficiently pass the design flow as stated in
local regulations for dam classification. The reservoir will
also have the capabilities to be sufficiently drained without
a sudden draw down of the water surface elevation.

MATERIALS

Materials shall be placed where indicated on the project drawings.

A,

Core

Shall be free of snow and ice, roots, rubbish or other
deleterious or organic matter. Core materials shall conform
to the following gradation requirements:

12
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Sieve Size Percent Finer By Weight

6 inch 100

3 inch 75 - 100
1 inch 65 - 95

3/8 inch 50 - 85

No. 4 40 -~ 80

No. 40 30 - 65

No. 200 20 - 490

The core materials shall possess as coefficient of
permeability less than 10 E-5 cm/s when compacted to 92
percent of the maximum dry density per ASTM D-1557.

Filter Sand

Shall be free of snow and ice, roots, rubbish or other
deleterious or organic matter. Filter sand shall conform to
the following gradation requirements:

Sieve Size Percent Finer By Weight
1.5 inch 100

3/8 inch 80 - 95

No. 4 60 - 85

No. 20 15 - 50

No. 40 0 - 30

No. 100 0 - 10

The filter sand should possess a coefficient of permeability
greater than 10 E-3 cm/s when compacted to 92 percent of
the maximum dry density per ASTM D-1557.

Sand and Gravel

shall be free of snow and ice, roots, rubbish or other
deleterious or organic matter. Sand and gravel shall
conform to the following gradation requirements:

Sieve Size Percent Finer By Weight
6 inch 100

3 inch 70 - 100

1 inch . 50 - 100

No. 4 30 - 80

No. 40 0 - 30

No. 100 0 - 10

The sand and gravel should possess a coefficient of
permeability greater than 10 E-3 cm/s when compacted to 92
percent of the maximum dry density per ASTM D-1557.

13
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Rip=-Rap

Shall be sound, of approved quality, and free from structural
defects. The maximum size by weight shall be 1,250 pounds.
The stones shall be angular in shape and shall conform to the
following gradation requirements:

Size By Weight Percent By Weight
626 - 1,250 lbs. 40 - 40
50 - 625 lbs. 50 -~ 70
50 1bs. 0 - 10

Rock available at the site may be used with permission from

the field engineer. Stone used for riprap shall be durable, .

angular in shape; free from overburden, spoil , shale and
organic material; and shall meet the gradation requirements
specified.

Grouted angular riprap along spillway shall be minimum of 12"
in diameter with angular face protruding one and a half inch
above the surface of the grout.

Riprap at downstream end of spillway contained in baffle
energy dissipator shall be angular with uniform diameter not
to be less than 12" in diameter.

E. Topsoil

Shall consist of fertile, friable, natural topsoil typical of
the locality, without admixture of subsoil, and shall be
obtained from a well drained arable site. It shall be such a
mixture of sand, silt and clay particles as to exhibit sandy
and clayey properties in about equal proportions. It shall be
screened of all stones two inches or more in diameter, sticks,
plants and other foreign materials. The topsoil shall contain
not less than 4% nor more than 20% organic matter as
determined by the loss of ignition of oven-dried samples.

Reinforced Concrete
All concrete work shall be in accordance with the "Building
Code Requirements for Reinforced Concrete (ACI 318)" with

supplements and all pertinent specifications contained
therein.
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All concrete shall attain a minimum 28-day compressive
strength of 4000 psi. Portland cement shall be type II in
accordance with ASTM C-150. Concrete shall be air entrained
with total air as a percent by volume of concrete equal to 5%.
The air entraining admixture shall be Daravair, or as equal,
conforming to ASTM C-260. The aggregates shall conform to
ASTM C-33 and shall have a 3/4-inch maximum size.

Reinforcing steel shall be Grade 60 deformed billet steel bars
conforming to ASTM A-615.

The minimum clear concrete cover for reinforcing shall be 3
inches for cast concrete cast against earth and 2 inches
elsewhere, unless otherwise noted.

All grout shall be a portland cement based non-shrink grout,
such as CG-86 construction grout as manufactured by W. R.
Meadows, or equal. The grout shall be mixed and installed
according to the manufacture’s specifications.

The net allowable bearing capacity used for the foundation
design is 4000 psf as provided in specifications by Jaworski
Geotech Inc.

slide Gate :

Slide gate provided should be a model SC-5000 as manufactured
by Waterman Industries or equal upon approval of Engineer.
Compliance of specifications provided by manufacturer will be
followed.

Perforated Pipe

Shall be an ADS (Advanced Drainage Systems, Inc.) four inch
diameter continuous section wrapped in a nylon protective
fabric or equivalent. The pipe shall be sloped a minimum of
one percent throughout the entire length. The pipe should
outlet at both the stream bed and abutment. The abutment
outlet shall be capped with a split end cap. Installation
should be in accordance with manufacturer’s guidelines and
specifications. Pipe shall also be placed along both sides of
low level outlet.

-

III. EXECUTION

A,

Clearing and Grubbing

Remove topsoil and subsoil within the limits of the earthfill
dam and in borrow areas. Exposed subgrade in which root
structure or organic materials are encountered shall be
overexcavated to the depth of the root line. Pile and store
excavated materials in designated or approved locations where
it will not interfere with construction operations.

15



General Excavation:

Excavation within the limits of the embankment dam shall be
excavated of all topsoil and subsoil to a depth greater than
the root line.

Placement
Fill materials shall be placed and spread in a manner to
minimize particle segregation. Care will be taken to not

contaminate filter materials. Filter materials which become
contaminated shall be removed and replaced. No fill materials
shall be placed on uncompacted soil, wet/weaving soil, frozen
soil or other soil conditions unacceptable to the soils
engineer.

Surficial soils shall be uniformly distributed and evenly
spread to compensate for shrinkage. Irregularities in the
surface resulting from construction operations shall be
corrected to prevent the formation of depressions where water
will stand.

Disking and Harrowing
Each 1lift shall be uniformly disked or harrowed to a depth of
at least 2 inches prior to the placement £ill materials.

Moisture Control

The water content of fill materials shall be within -3 percent
to +2 percent of the optimum moisture content determined by
ASTM D-1557. Soils which are dry shall be uniformly wetted.
Wet soils shall be aerated by blending, mixing or other
satisfactory means until the moisture content is as specified.
Borrow and fill areas should be protected from precipitation
when necessary. Placed fill which exceeds the specified
moisture shall be removed.

Compaction:

Lift sizes should be limited to 18 inch loose 1ift thickness.
Compact fill materials to 92 percent relative compaction as
determined by ASTM D1557. Field density tests shall be
performed at 100 foot intervals for each 1lift. Soils
which do not meet compaction requirements shall be recompacted
or removed.
S8lush Grouting

The bedrock surface should be exposed in the reservoir area
at least 20 feet from the upstream toe of the dam. All
fractures, seams, joints or fissures shall be slush grouted
with a lean sand and cement grout in which to establish an
impermeable seam. The ratio of sand to cewment shall not
exceed 2 parts sand to 1 part cement. All areas to be slush
grouted shall be thoroughly cleaned of all loose materials
and shall be wetted prior the placement of the grout.
Placement of slush grout shall be by brooming into all

16
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fractures, seams, joints or fissures with a stiff-bristled
broom or other approved method. All fractures, seams, Jjoints
or fissures shall be chased at least 100 feet from the
upstream toe and/or 30 feet into the embankment dam.

Mulching

Shall consist of hay or straw mulch loosely spread to a
uniform depth over all grassed areas indicated on the plans.
Mulch shall be spread following approval of the surficial
soils by the soils engineer.

Seeding
Shall be performed early spring or late summer. Seed shall be
evenly spread. Reseeding of bare spots and maintenance

requirements shall be performed when necessary.
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Embankment Protection

Slope and embankment erosion, particularly along
coastal shorelines and inland waterways, poses a
serious environmental problem. The stability and
performance of many civil engineering structures
have been impaired or destroyed by unchecked
erosion.

Armored protection systems are often used to guard
against erosion caused by waves, tides, currents,
surface run-off, and ground water seepage. Integral
parts of an armored erosion protection system are
energy dissipation and filtration materials.

Graded-aggregate systems (usually multilayered)
have been traditionally used with limited success
beneath armor both as energy dissipators and filters
to prevent the washout of soil fines.

Such aggregate filters are difficult to source, install,
and inspect, and even when installed properly, they
are susceptible to erosive forces.

Mirafi 700X erosion control fabric provides an
effective, cost-efficient alternative to graded
aggregate systems.

Among its performance features are:

e Acts as an energy dissipator by shielding the
slope from the erosive forces of moving
water;

e Allows adequate ground water to pass from
the protected slopes while retaining
underlying soil particles;

¢ Withstands armorment installation stresses
because of its exceptional strength;

e Provides excellent clogging resistance and
filtration properties;

e Does not wash out from beneath the armor,
thus providing a reliable filtration and energy
dissipation system.

In addition to its outstanding performance
advantages, Mirafi 700X has a significantly lower
installed cost than multilayered or even
single-layered aggregate systems.

ARMORED EROSION CONTROL
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APPENDIX B

Post Failure Topographic Plan by Eastern Topographics



APPENDIX C

Post Failure Survey Drawings by Civil Consultants



APPENDIX D

Daily Field Observation Reports



FIELD OBSERVATION REPORT INTRODUCTION

Presented in this appendix are the field observation reports for:
° site visits conducted on March 19 and 22, 1996 and,
o field investigations conducted on March 20 and April 1 through 5, 1996.

The soil descriptions contained in the field observation reports are based on visual classification
and were not modified to reflect subsequent laboratory testing.

The convention of "left" and "right" used in the field observation reports is from the point of view
of standing upstream facing the dam (looking downstream). Left is to the east of the breach and
right is to the west of the breach.



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: March 19, 1996
Project No. 96069
Client: NHDES, Water Resources Division Report No. 1
Contractor: Page 2 of 2
8) We examined the right side of the breach and remnants of the chimney drain. The interface between

7)

8)

9)

the embankment fill and the chimney drain was smooth and uniform. At approximately 13' below the
dam crest, the chimney drain "stepped” downstream. The upper and lower portions of the chimney
drain overlapped by about 0.8'. The chimney drain was measured to be approximately 3' wide. (The
dimensions of the chimney drain are investigated in more detail on March 20, 1996.)

A large pile of concrete rubble was observed downstream of the dam. This rubble appeared to
contain portions of the spillway structure (cut-off wall and slab). Observations of the underside of a
concrete slab showed that the reinforcing steel was not embedded in the concrete, possibly indicating
that the steel had been placed on the subgrade prior to casting. Similar conditions were observed
under portions of the spillway crest slab that had fallen into the breached section of the dam.

NHDES personnel placed tarps over the exposed sidewalls of the breached portion of the dam to
protect it from rain, which is expected tonight and tomorrow.

NHDES personnel indicated the insurance company for the site owner has hired a consuitant who
plans to conduct excavation tomorrow. GEI will be on-site to observe the excavation.

Four soil samples were collected from the site as follows:

Baseline

Sample No. Station Offset Description

SS1 1+48 8'DS Fine to medium sand with trace fine to coarse
gravel (10%) (Chimney drain, left side of breach)

S$S82 1+47 1'DS Silty sand with gravel (embankment core fill
upstream of chimney drain, left side of breach)

SS3 1+47 1'DS Dry clods of silty clay from core fill (left side of
breach)

SS4 2+42 5' DS Fine to medium sand from pocket near crest of
dam (possibly top of chimney drain, right side of
breach)

Notes:

Stationing along baseline established in the field by Civil Consultants on March 19, 1996.
DS indicates downstream of baseline.

FOR-01.319
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FIELD OBSERVATION REPORT

Project: ' Meadow Pond Dam Date: March 20, 1996
Project No. 96069

L Client: NHDES, Water Resources Division Report No. 2
Contractor: J.R. Olson Excavating Contractor Page 2 of 4

1250 hrs.: Limited excavation was conducted on the right side of the breach to expose the blanket drain. The
sideslopes of the excavation were not sloped to allow the excavation to be entered and measurements to be

taken. The excavation was approximately at station 2+30, 9' downstream of the baseline. A change in soil
type was observed approximately 24' below the crest of the dam. The change in soil type was assumed to
be the blanket drain.

A portion of the concrete spillway slab and cutoff wall observed on the slope of the right side of the breach
was measured. The dimensions are shown in Figure 3. Observations of the spillway slab and cutoff wall are

as follows:

Although not shown in Figure 3, flash boards attached to this section of the spiliway
measured 13 7/8" tall.

Longitudinal reinforcing steel was not observed at any of the four exposed ends of the cutoff
wall. Vertical reinforcing steel was observed to protrude beyond the bottom of the 57" long
section of cutoff wall at approximately 2' on center.

The fractured faces of the concrete were observed to be either biue-grey or white in color.
The color of the fractured faces, where observed, are noted in Figure 3.

A splintered-off section of concrete approximately 8" long was collected from the bottom side
of the spillway slab.

Additional excavation was conducted on the right side of the breach at approximately station 2+30. The
following observations were made:

FOR-02.320

The chimney drain was observed from 6’8" and 9'8” downstream of the baseline.

At about 15' below the spillway siab, a wedge shaped layer of sand was observed to extend
from either side of the chimney drain with the dimensions shown in Figure 4. This
configuration may be the result of the technique used to construct the chimney drain (place
core material over entire width of dam, excavate a trench and backfill it with sand to create
the chimney drain).

Glacial till foundation soil was observed beneath the fill at a depth of about 22.3’ below the
concrete spillway slab, about 10’ to 15’ upstream of the chimney drain.



FIELD OBSERVATION REPORT

Project: " Meadow Pond Dam Date: March 20, 1996
Project No. 96069
Client: NHDES, Water Resources Division Report No. 2
Contractor: J.R. Olson Excavating Contractor Page 3 of 4
The following is a list of soil samples collected from the dam:
Sample No.  Baseline Station Offset Description
SS5 1+28 NM Sand with silt and gravel, from 3'6" to 4'4" below
dam crest, part of core
SS6 1+28 NM Chimney drain, fine to medium sand, 4" below
dam crest
SS7 1+28 NM Silty sand, is very soft, part of core, 7’4" below
dam crest
SS8 1+28 NM Grey silty sand, 11'8" below dam crest, part of
core
SS9 1+28 NM Silty sand, 8' below dam crest, part of core
SS10 1+33 9'DS Brown silty gravel with sand and silt from blanket
drain, 20’ below dam crest, beneath chimney drain
SS11 1+33 20'DS Fine to medium sand with gravel, tan, 21’ below
dam crest, filter sand
S812 1+33 20' DS Gravel with silt and sand, 21'6” below dam crest,
blanket drain
S$S813 1+33 32'DS Brown gravel with silt and sand, 20.5' below dam
crest, blanket drain
SS14 1+33 41'DS Brown gravel with silt and sand, from about 1’
above the toe drain
SS15 2+30 NM Fine to medium sand from chimney drain, 18'
below the spillway
SS16 NM 20'DS Silty sand and gravel beneath the grouted riprap,
right side of spillway at edge of breach
SS817 2+30 NM Core material beneath cutoff wall

NM = Not measured
Stationing along baseline established in the field by Civil Consultants on March 19, 1896.
DS indicates downstream of baseline.

FOR-02.320



FIELD OBSERVATION REPORT

— Project: ' Meadow Pond Dam Date: March 20, 1996
Project No. 96069

[ Client: NHDES, Water Resources Division Report No. 2
Contractor: J.R. Olson Excavating Contractor Page 4 of 4

At the conclusion of field investigations (about 1630 hrs.), a meeting was conducted at the Alton Town Hall.
The meeting was attended by:
Joyce Tucker / Acadia Insurance
Nathan Whetten / Haley & Aldrich
David Thompson / Haley & Aldrich
John Lavigne / Rivers Engineering
Andrew Pretzer / Douglas G. Peterson & Associates
Richard Doherty / Hydro Environmental Technologies
Gary Jaworski / Jaworski Geotech
Steve Doyon / NHDES
; Jim Leung / NHDES
. Hank McCourt / Aetna Insurance
Paul Aldinger / P.B. Aldinger & Associates, Inc.
John Halvatzes / Connie’s Septic Service, Inc.
Michael Lenehan / Ransmcier & Speliman
W. Allen Marr / GeoTesting Express
Joseph Tomei / GeoTesting Express

It was agreed that additional field work should be conducted next week (scheduled start date of Wednesday,
March 27, 1996). Field investigations would be conducted to investigate the following areas:

o The void on the right side of the concrete spillway. The spillway will need to be sawcut to
facilitate it's removal and observations of the slab subgrade.

° Uncover the inlet to the low level outlet pipe.
° Collect concrete core samples for possible strength testing.
- ° Excavate into the right side of the breach so that the soil profile can be logged, density tests

may be performed, and samples can be collected.

Joyce Tucker of Acadia Insurance agreed to try and locate other interested parties by Friday, March 22, 1996.
She will attempt to contact the concrete supplier and contractor responsible for the concrete work.

Craig Ward will draft a scope of work for the field investigations and distribute it to all interested parties by
Friday, March 22, 1996.

A list of key contacts with phone and fax numbers was created and distributed (attached).

The meeting concluded at 1710 hrs.

- _GEI Cenéultants Inc.
by /»O %A%f///
£Ehr)
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: March 22, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 3
Contractor: Page 1 of 2

Time of Arrival: 1215 hours Departure: 1400 hours

Weather: Not recorded

Persons Contacted/Company GEIl Representatives
None Craig Ward
Gonzalo Castro

The purpose of this site visit was to provide Gonzalo Castro an opportunity to view the site. Gonzalo Castro
and | made observations, measured dimensions on the intact section of the spiliway at the right side of the
breach, and measured elevations of the intact section of the spillway and the ice adhered to the riprap on the
upstream face of the embankment.

Relative elevations of various points on the intact section of the spillway and ice adhered to riprap were
measured. Relative elevations (with top of right end of concrete abutment wall at assumed elevation 100')
are indicated below:

Elevation Location

97.88' Ice on upstream face of dam upstream of station 3+20 (Civil Consultants’ baseline)
97.51' Ice on upstream face of dam upstream of station 3+30

100' (Assumed) Top of westernmost portion of concrete abutment wall, right side of spillway

(see location 3 on Figure 1)
96.66' Horizontal spillway slab upstream of station 2+42 (see location 4 on Figure 1)

99.87' Top of easternmost portion of the concrete abutment wall, right side of (see
location 5 on Figure 1)

The results of the survey data indicate that ice at stations 3+20 and 3+30 was between 0.85' and 1.22' higher
than the spillway.

The dimensions of the concrete spillway were measured and are shown on Figure 1.
The following features were observed:

° The void at the right end of the cutoff wall.

FOR-03.322



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: March 22, 1996
Project No. 96069
Client: NHDES, Water Resources Division Report No. 3
Contractor: Page 2 of 2
o Chimney drain on the right and left side of the breach.
° The blanket drain and filter layers on the ieft side of the breach.
° The broken sections of the concrete spiliway slab and cutoff wall, some with a blue hue, and

others with a gray color.

o Dark brown sand and gravel layer (with significant silt content) under intact spillway slab at
right side of the breach.

° Light brown sand and gravel (with significant silt content) under the grouted riprap along the
right side of the breach.

° Sloughed soil and riprap along the upstream face of the right embankment.

During our Site visit USGS personnel were surveying the area downstream of the breach.

?2274[1: ts Inc.
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FIELD OBSERVATION REPORT

Project; Meadow Pond Dam Date: April 1, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 4
Contractor: J.R. Olson Excavating Contractor Page 1 0of2

Time of Arrival: 0745 hours Departure: 1655 hours

Weather: Sunny, temperature in the 30's°F, light wind

Persons Contacted/Company GE! Representatives
See attached attendance sheet distributed by Richard Doherty | William Haswell
of Hydro Environmental Technologies, Inc. Craig Ward

0810 hrs. The excavator was in place to untangle the pile of concrete (a section of the spillway) located
downstream of the breached section of the dam.

0830 hrs. Allen Marr held a brief meeting and outlined the following agenda for field investigations to be
conducted during the week (listed in order of how tasks will be performed):

° Untangle the portion of the cutoff wall located downstream of the breach.

o Saw cut the spillway slab and remove it.

° Investigate the void at the right side of the existing portion of the cutoff wall.
° Excavate the right side of the breach in a series of benches.

0900 hrs. (approximately). The concrete sawing contractor arrived on-site.

0950 hrs. The excavator began to untangle the pile of concrete. However, the excavator was unable to
untangle the concrete and work was stopped to obtain equipment to cut the reinforcing steel to allow the
pieces of concrete to be separated.

The grouted riprap on the right side of the breach was measured to be between 0.8' and 1.4' thick. The
grouted riprap is generally one layer of stone thick. | observed an area of different color concrete on the
grouted riprap slope from the downstream edge of the concrete spillway slab to about 14' downstream that
appeared to indicate grout repair.

Measurements of the spillway slab are shown in Figure 1. The cracks in the concrete spillway were mapped
and are shown in Figure 2.

A concrete saw was used to cut the spillway slab into "blocks" which could be lifted by the excavator. Core
holes were drilled in the slab so that a chain could be attached which would allow the excavator to pick each
block up. Water was applied to the concrete saw blade during and core hole bit cutting. The saw cut



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 1, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 4
Contractor: J.R. Olson Excavating Contractor Page 2 of 2

locations, dimensions of the blocks, core hole locations, and thicknesses of the blocks sawed today are shown
in Figures 3 through 5. Core W15 (not shown in the Figure) was obtained from the grouted riprap spillway.

Blocks 1 and 2 of the concrete spillway slab were removed. The slab subgrade was observed to be smooth

fine to medium sand.

After block 3 was removed, a void was observed beneath portions of the remaining spillway slab to the right.

The locations of the voids are shown in Figure 6 and identified as void 1 and void 2.
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Bergeron Dam

Alton, New Hampshire

Date: APcil ' 199¢

The undersigned agree that they are responsible for their own safety while on the Bergeron property, and
agree to idemnify and hold harnless the property owners for any and all claims arising out of their activities

or the activities of their employees while on the property.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 2, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 5
Contractor: J.R. Olson Excavating Contractor Page 10f 3

Time of Arrival: 0750 hours Departure: 1700 hours

Weather: Light rain and snow, temperature in the low 30's°F

Persons Contacted/Company GEI Representatives
See attached attendance sheet distributed by Richard Doherty | William Haswell
of Hydro Environmental Technologies, Inc. Craig Ward

The reraining portions of the spillway slab were saw cut in the morning. While the slab was being cut, |
walked downstream of the dam and observed several pieces of concrete. The following data was collected:

A section of the baffle wall was observed several hundred feet downstream of the dam. The
footing was 1' thick. The wall was 1.8' tall. The overall length of the baffle wall was
measured to be 19.4",

A short section of partially buried concrete was observed. The sides of the concrete were
curved and rough, similar to that observed in the intact section of the cutoff wall. The
exposed portion was 2.8' long and 4.3' deep.

A section of concrete with smooth formed tapered sides and grey painted surface similar to
the far right section of the intact concrete spiliway abutment wall was observed. The
concrete was 1.1' tall at one end and 2.4' tall at the other end. The length of the concrete
was 9.8

A partially buried section of concrete with rough poured surfaces was observed. The
concrete was approximately 5' long and 2.6' wide. The exposed end of the concrete is
formed at an angle and measures 1.7' thick (thickness measured at an angle).

The remainder of the spillway slab was removed today. The locations and dimensions of the blocks are
provided in Figures 1 and 2. The blocks were removed in numerical order. Observations made during the
removal of the spillway slab follow:

FOR-05.402

1000 hrs. Block 4 was removed from the spillway slab. The subgrade beneath block 4 was
smooth with no evidence of erosion.

Block 5 was removed from the spillway slab. An area of protruding gravel was observed on
the subgrade at the location shown in Figure 3. The remaining portion of the subgrade was
a smooth surface of fine to medium sand. An approximately 7" tall by 2.5" wide void was
observed at the location shown in Figure 3.



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 2, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. §
Contractor: J.R. Olson Excavating Contractor Page 2 of 3

FOR-05.402

Block 6 was removed from the spillway. The subgrade was observed to be a smooth surface
of fine to medium sand.

Block 7 was removed from the spillway slab. An area of protruding gravel was observed on
the subgrade beneath the upstream edge of the block (see Figure 4). An area of protruding
gravel approximately 2" wide was observed to cross the subgrade beneath block 7 as shown
in Figure 4. The corresponding area on the bottom of the slab was observed to be dry while
the remainder of the slab bottom was damp. A void was observed along the upstream edge
of block 7 subgrade. Protruding gravel was also observed along the surface of soil beneath
the void. The void at right end of the upstream side of the cutoff wall (standing upstream of
the cutoff wall) was observed to be connected to the void observed at the upstream edge of
the block 7 subgrade (see Figure 5). The remainder of the subgrade was smooth fine to
medium sand.

An area was prepared by Haley & Aldrich (H&A) to conduct density testing (nuclear density
gauge) on the slab subgrade. Field Density test FD1 was conducted on the subgrade
beneath the sloping spiliway slab. Four density tests (FD1-H&A,S, FD1-H&AE, FD1-H&A N
and FD1-H&A,W)were conducted by H&A at this location by rotating the instrument about the
probe location (at front of the instrument) at 90° intervals. GEIl conducted one density test
at this location (FD1-GEI,W). An area adjacent to FD1 was prepared (a level surface) for

-density testing by H&A using nuclear methods and a sand cone (FD1a-H&A). The resuits

of the density testing are summarized in a table at the end of this field observation report.

A test pit was excavated parallel to the crest of the dam, 4' downstream from the spillway wall
on the right side of the breach. The location of the excavation and a soil profile are shown
in Figure 6. After increasing the length and width of the excavation, the second soil profile
was logged at five locations, as shown in Figure 7.

Field density test FD2 was conducted by H&A on embankment core fili. The test results are
summarized in the table at the end of this field observation report.

The thickness of the grouted riprap immediately downstream of the spillway was measured
to be between 10" and 14" thick.

Soil sample SS20 was collected from beneath the grouted riprap at station 2+42,
12' downstream (elevation not measured). This soil is a silty sand, not sand and gravel as
specified in the design drawings. Discontinuous pockets of sand were observed beneath
some portions of the grouted riprap in the area of sample SS20.



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 2, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 5
Contractor: J.R. Olson Excavating Contractor Page 3 of 3

The following table summarizes the soil samples collected today:

Sample No.  Station Offset Description
SS19 2+41 2'Us Silty sand with gravel, part of embankment core, 3.5’
below slab subgrade.

§820 2+42 12’ DS Silty sand - from beneath grouted riprap.

Note: US and DS indicate upstream and downstream, respectively, of baseline stationing established in the
field by Civil Consultants on March 19, 1996.

Field Density Testing Results

Nuciear Method
Test No. Station Off-set Ei. Wet Density | Dry Density Water
(ft) (pcf) (pcf) Content
(%)
FD1-H&A, S 2+48 - 5'US 682.0 133.2 119.8 11.2
FD1-H&A,E 2+48 5 US 682.0 133.3 1211 10.0
FD1-H&AN 2+48 5'US 682.0 136.7 123.2 11.0
FD1-H&A W 2+48 5 US 682.0 136.6 123.8 10.3
FD1-GEL, W 2+48 5 US 682.0 137.6 125.2 9.9
FD1a-H&A 2+48 5'US 682.0 131.5 117.5 12.0
FD2-H&A 2+48 4'US 678.0 135.2 119.7 13.0

“““ Notes: Sampies were collected from the locations of FD1 and FD2 for laboratory analysis.
US and DS indicate upstream and downstream respectively, of baseline stationing. Elevations referenced
to “Rivers Datum”. Baseline stationing with elevation control established in the field by Civil Consuitants on

_ March 19, 1996.
suitants Inc.
by / //QZ /
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Bergeron Dam

, Alton, New Hampshire
Date: Af""\ 1, 199 '

- The undersigned agree that they are responsible for their own safety while on the Bergeron property, and
agree to idemnify and hold harnless the property owners for any and all claims arising out of their activities
or the activities of their employees while on the property.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 3, 1996
Project No. 96069

Client; NHDES, Water Resources Division Report No. 6
Contractor: J.R. Olson Excavating Contractor Page 1 0of 2

Time of Arrival: 0730 hours Departure; 1705 hours

Weather: Sunny, very windy, temperatures in the 40's° F

Persons Contacted/Company GEI Representatives
See attached attendance sheet distributed by Richard Doherty | William Haswell
of Hydro Environmental Technologies, Inc. Craig Ward

The excavation begun on the previous day beneath the spillway slab was continued. The lower sand layer
observed in the soil profiles logged previously (Figures 6 and 7 of Field Observation Report 5) continued 14'
downstream. The excavation proceeded upstream to within approximately 2' of cutoff wall. The soil profile
is shown in Figure 1.

Additional excavation was conducted by hand to the downstream side of the cutoff wall. The location of the
hand excavation and soil profile is shown in Figure 2. An approximate 1" thick void was observed on the east
side of the hand excavated notch directly beneath the slab. The soil at the base of the void was lined with fine
to coarse gravel. It appears that soil around the gravel had been eroded away, leaving the gravel. Upper
portions of the soil beneath the slab was thinly stratified (approximately 1/32") with fine sand and silt, possibly
indicating water movement along the bottom of the wall and soil deposition, or silt and fine sand zones left
behind by the melting of ice lenses. The distance from the top of the slab to the bottom of the core wall was
measured to be 51" (see Figure 2, bottom half). The soil was tight against the bottom of the core wall at this
location.

An attempt was made by the excavator to uncover the low level outlet on the upstream side of the dam. The
soils in the area of the low level outlet were very loose, and saturated. Due to the soil conditions, the
excavator was unable to uncover the low level outlet, however, the steel trash rack which covered the outlet
valve was removed.

A sample of hard, dry silt (SS21) was collected from 4'2" below the slab subgrade.

The westernmost portion of the spillway abutment wall easily and cleanly broke free from the remainder of
the wall at the location of the "crack” (see Figure 2). Five pieces of reinforcing steel protruded approximately
5" from the end of the short section which was removed. The reinforcement steel pulled cleanly out of the
main section of the wall. The end of the main section of the wall was a smooth formed surface. The short
section of wall was added after the main section of the wall had been poured and cured. The subgrade at the
base of the wall was sand and gravel.

As shown in Figure 3, excavation below the slab subgrade continued. The excavation proceeded in benches
of 3 to 5 in height, stepping down toward the breach, to provide vertical surfaces for logging and horizontal
surfaces for density testing, and to maintain excavation stability. Field density testing was generally
conducted at each bench on the core material upstream and downstream of the chimney drain, and in the
chimney drain. The field density data are summarized at the end of this field observation report. Soil samples
for one point compaction tests were collected at each field density test location except FD5 and FD6.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 3, 1996
Project No. 96069

- Client: NHDES, Water Resources Division Report No. 6
Contractor: J.R. Olson Excavating Contractor Page 2 of 2

Field Density Testing Resuits
----- Nuclear Method

Test No. Station | Off-set El Wet Dry Water [Notes
(ft) | Density | Density | Content

(pch) (pcf) (%)
FD3-H&A | 2+47 | 5'DS |[6789 | 1139 | 106.8 6.6 |Chimney drain

FD3-GEI 2+47 5DS |6789] 1144 108.0 59 Chimney drain

L FD4-H&A 2+57 0'DS [678.8 | 1246 1109 12.4  |Silty sand with gravel, core

FD4-GEI 2+57 0'DS 1678.8 | 1249 111.2 12.4 {Silty sand with gravel, core

L FD5-H8A | 2+53 | 4 DS (6762 | 1067 | 1014 | 81  |Chimney drain

FD6-H&A 2+51 1'DS | 6762 | 137.1 123.1 11.4 |Core, US of chimney drain

- FD7-H&A 2+63 10'DS | 6759 | 134.9 119.1 13.3 {Core, DS of CD

FD8-H&A 2+63 5DS |675.9| 991 93.0 6.6 Chimney drain

FD9-H&A 2+63 125'US | 6759 | 136.1 1221 11.4 |Core, USof CD

FD10-H&A | 2+56 1'DS (6712} 1384 122.6 12.8 |Core, US of CD

FD11-H&A | 2+56 6'DS |6712 ] 100.5 95.6 5.2 Chimney drain
FD12-H&A | 2+56 |10.5'DS|671.2 | 1347 120.2 12.1  |Core, DS of CD

Notes: Soil samples collected at all test locations except FD5-H&A and FD6-H&A.

US and DS indicate upstream and downstream of respectively, of baseline stationing. Baseline stationing with
elevation control established in the field by Civil Consuitants on March 19, 1996. Elevations referenced to
“Rivers Datum”.
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JIUIN-IN dHEE! R
Bergeron Dam

Alton, New Hampshire
Date: Apri\ 3/ 1996 ‘

The undersigned agree that they are responsible for their own safety while on the Bergeron property, and
agree to idemnify and hold hamless the property owners for any and all claims arising out of their activities
or the activities of their employees while on the property.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 4, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 7
Contractor: J.R. Olson Excavating Contractor Page 10of 3

Time of Arrival: 0725 hours Departure: 1700 hours

Weather: Sunny, light to moderate wind, temperatures in the 20's® F

Persons Contacted/Company GEl Representatives
See attached attendance sheet distributed by Richard Doherty | William Haswell
of Hydro Environmental Technologies, Inc. Craig Ward

The thickness of the grouted riprap and gravel blanket were measured at two locations along the edge of the
right side of the breach. At about station 2+30, offset 29' downstream of the baseline, the grouted riprap was
about 0.5’ (grout thickness between stones) and the gravel blanket was about 2’ thick. The gravel blanket at
this location consisted of sand and gravel with cobbles and trace silt. At about station 2+23, offset 50’
downstream, the grouted riprap was about 1.2’ thick and the gravel blanket was about 1.3’ thick. The gravel
blanket at this location consisted of sand and gravel with cobbles.

0835 hrs. The excavator was digging on the upstream side of the cutoff wall at the right side of the breach
and a section of the cutoff wall approximately 8' to 10' long broke off and fell into the breach. The break
occurred at the location concrete cores W11 through W14, A void was observed near the bottom of the
downstream side of the newly exposed end section of the cutoff wall (looking west along the crest of the dam).
The section of the cutoff wall at the break is sketched in Figure 1. The void was approximately 1/2" by 1" in
size and located approximately 5.1' from the top of the slab. The overall height of the wall and slab was 5.7".
The color of the concrete at the face of the core wall changed from white (top) to blue (bottom) at 4.2' below
the top of the slab. The crack had been previously patched at the surface of the slab. Evidence of water
movement was observed 1' below the slab subgrade on the downstream side of the cutoff wall. The remaining
portion of the cutoff wall was pushed upstream by the excavator. Most of the soil adjacent to the upstream
side of the cutoff wall was observed to be smooth as though it had been in contact with the cutoff wall.
However, the soil was somewhat disturbed from the cutoff wall being pushed over.

Excavation of the benches in the embankment along the right side of the breach continued. The soil profile
logged at each bench is shown in Figure 2. The results of the field density testing conducted at each bench
are summarized at the end of this report. The field density testing was generally conducted in the core
upstream of the chimney drain, in the chimney drain, and in the core down stream of the chimney drain. A
soil sample was not collected from the location of FD18 because the test was found to be conducted within
two different types of soils (filter sand from chimney drain and core material).

The chimney drain was observed to be discontinuous at the faces of benches at stations 2+48, 2+41, and
2+37 (see Figure 4). The discontinuities were zones about 3' to 4' high in which silty sand with gravel core
material were in place of the filter sand in the chimney drain. It appears as though the trench excavated for
the chimney drain had partially caved in at these locations during backfilling with filter sand.

FOR-07.404



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 4, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 7
Contractor: J.R. Olson Excavating Contractor Page 2 of 3

The chimney drain was observed to connect to the blanket drain at the excavated face at about station 2+26
(looking left) (Figure 4). However, on the face of the excavation at station 2+37 (looking right), the bottom of
the chimney drain was observed at less than one foot above the glacial till foundation soils in the bottom of
the excavation, but the blanket drain was not observed.

The face at 2+41 was deepened by excavation of the bench at 2+37. As shown in Figure 3, the blanket drain
was observed below and downstream of the bottom of the chimney drain. The upstream edge of the blanket
drain was located about 4.3' downstream of the downstream side of the chimney drain. The top of the sand
and gravel layer in the blanket drain was about 3.7’ lower than the bottom of the chimney drain.

As shown in Figure 4, the layers in the blanket drain on the face at station 2+26 were irregular and varied in
thickness. The upper filter layer was absent from the downstream side of the chimney drain to about 8.8’
downstream the downstream side of the chimney drain (16.3’ downstream of the baseline). Where observed,
the thickness of the upper filter sand layer was about 0.2". The sand and gravel layer ranged from about 0
to 1.7 thick and consisted of brown sand and gravel similar to that observed along the left side of the breach.
The lower filter sand layer ranged in thickness from about 0.8 to 2.75’. The bottom of the blanket drain was
underlain by the glacial till foundation soils, consisting of silty sand with gravel. Numerous cobbles and
boulders were observed on the surface of the till. In some locations, thin pockets of organic soils were
observed between the cobbles and boulders.

A summary of the soil samples coliected today is provided below:

Sample No. Station Off-set El (ft) Sample Description Notes

S822 2+30 29'DS NM Sand and gravel, possible silt Below grouted riprap
S823 2+23 50' DS NM Sand and gravel Below grouted riprap
SS24 2+26 16.4' DS 655 Organics From dam foundation
8825 2+41 5'DS 655.4 Siity sand with gravel, olive brown Core soil

SS26 2+26 6'DS 655 Sand Chimney drain

§827 2+26 12' DS NM Brown sand with gravel Blanket drain

Notes: NM indicates data not measured.
US and DS indicate upstream and downstream respectively, of baseline stationing. Elevations referenced

to “Rivers Datum”. Baseline stationing with elevation control established in the field by Civil Consultants on
March 19, 1996.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 4, 1996
Project No. 96069

Client: NHDES, Water Resources Division Report No. 7
Contractor: J.R. Olson Excavating Contractor Page 30of 3

Field Density Testing Results

Nuclear Method
Test No. |Station | Off-set| EL Wet Dry Water |Notes
(ft) | Density | Density | Content
(pcf) (pcf) (%)
FD13-H&A | 2+50 | 5'DS |667.1] 1217 113.5 7.2  |Chimney drain
FD14-H&A | 2+50 | 11'DS |667.1| 138.0 125.3 10.1 |Core, trench offsets used as follows:
Moisture 9
Density 197
FD15-H&A | 2+41 | O'DS |663.6( 132.0 117.3 125 |USof CD
FD16-H&A | 2+41 {6.5'DS |662.8] 108.3 102.1 6.2 {Chimney Drain
FD17-H&A | 2+41 13.5' |662.3| 1404 124.0 13.2 {Core DS of CD
DS
FD18-H&A | 2+32 | 3'DS [657.8] 123.9 109.6 13.1 |Test conducted on two layers, no one
point sample collected
FD19-H&A | 2+32 | 12'DS |657.8| 136.3 125.8 8.3 |[Core DSofCD
Notes:

Soil samples collected at all test locations except FD18-H&A, which was conducted within two soil layers (filter
sand and core materials.)
US and DS indicate upstream and downstream respectively, of baseline stationing. Elevations referenced
to “Rivers Datum”. Baseline stationing with elevation control established in the field by Civil Consultants on

March 19, 1996.
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Bergeron Dam

Alton, New Hampshire
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The undersigned agree that they are responsible for their own safety while on the Bergeron property, and
agree to idemnify and hold harnless the property owners for any and all claims arising out of their activities
or the activities of their employees whilc on the property.
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FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 5, 1996
Project No.: 96069

Client; NHDES, Water Resources Division Report No. 8
Contractor: J.R. Olson Excavating Contractor Page 10of 3

Time of Arrival: 0800 hours Departure: 1635 hours

Weather: Cloudy, light wind, temperatures in the 40's° F, showers expected.

Persons Contacted/Company GEIl Representatives
See attached attendance sheet distributed by Richard Doherty | William Haswell
of Hydro Environmental Technologies, Inc. Craig Ward

Elevations on the left side of the breached section of the dam were obtained. The elevations and soil profile
are shown in Figure 1.

Excavation near the dam foundation at station 2+26 continued. The following observations were made:

FOR-08.405

A 2' to 3' diameter boulder was removed from the foundation of the dam at the location of the
irregular profile shown in Figure 6 of Field Observation Report No. 7 (April 5, 1996).

The low level outlet pipe was observed at about station 2+48, 14' downstream of the baseline
(see Figure 2). The low level outlet pipe is a 12-inch-diameter plastic corrugated pipe and
was observed within a layer of filter sand. Two 4-inch-diameter corrugated, slotted plastic
pipes (wrapped in geotextive filter fabric) were observed to run alongside the low level outlet
pipe. The elevation of the top of low level outlet pipe was about 654' to 655'. Water was
observed to seep out of the sand below the pipes.

The blanket drain was observed to the right (upstation) of the low leve! outlet pipe, at about
the same elevation. At an excavation face at 2+55, the blanket drain was observed to consist
of an approximately 0.8'-thick layer of filter sand over an approximate 2'-thick layer of brown
sand and gravel. The excavation was not deepened to observe the lower filter sand layer.
The elevation of the top of the sand and gravel layer at 2+51, 14' downstream of the baseline,
was approximately 656.7".

The excavation was advanced upstream to locate the antiseep collar. The antiseep collar
was observed at about station 2+51, just U.S. of the chimney drain. At this location, the
bottom of the chimney drain was about 5.9' above the top of the low level outlet pipe.

The excavation was advanced further to the right to see if the chimney drain connected to
the blanket drain on the right side of the low level outlet. The excavation was advanced to
about elevation 652' at station 2+63. While the connection of the chimney drain to the
blanket drain was not observed, it was noted that the elevation of the bottom of the chimney
drain decreased as the excavation proceeded up station (fo the right). Among the engineers
on-site, it was speculated that the contractor may have intentionally excavated a shallow
trench for the chimney drain in this area to avoid disturbance to the low level outlet.



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 5, 1996
Project No.: 96069

Client: NHDES, Water Resources Division Report No. 8
Contractor: J.R. Olson Excavating Contractor Page 2 of 3

A test pit (TP1) was excavated at station 2+29, 29' downstream to observe the blanket drain. A portion of the
dam had already been excavated where the test pit was logged (top of logged test pit not at original ground
surface). The soil profile in the test pit is shown in Figure 3. At this location, the top of the drainage blanket
was encountered at about elevation 656'. The upper filter sand layer was about 0.8-feet-thick. The brown
sand and gravel beneath the upper filter sand layer was observed to be at least 1.5-feet-thick. Due to
collapsing, the excavation could not be advanced deep enough to observe the full thickness of the brown
sand and gravel.

Test pit TP2 was excavated at station 2+26, 70' downstream, perpendicular to the low level outlet. As shown
in the soil profile in Figure 4, the top of the low level outlet pipe was about 4.8 feet below the grouted riprap
at the test pit location. The soils in the test pit consisted of varying thicknesses of sand, brown sand and
gravel and gray fine to medium sand. The soil profile on Figure 4 shows logging at one iocation on the test
pit wall. More thorough logging was not possible due to test pit instability. A 4-inch-diameter corrugated
slotted drainage pipe was observed in the west side of the test pit, approximately 1' below the grouted rip rap
at about station 2+26, 80' downstream. This pipe was probably part of the toe drain.

The left end section of the cutoff wall and the left end section of the spillway was identified in the downstream
debris pile. It was determined on the basis of similar reinforcement bar spacing and comparison of distinct
fractured aggregate patterns, that these two sections were once attached. Based on the alignment of these
end sections, it was concluded that the cutoff wall was terminated about 12" short of the left end of the
concrete slab on the left (east) side of the spillway. Staining and rusted reinforcing steel was observed on the
underside of the left end of the spillway slab.

A third test pit (TP3) was excavated on the east side of the stream which flowed through the center of the
breached section of the dam to investigate the potential presence of a more permeable stratum of soif within
the foundation soils. The upper 1.2' of soil was a silty gravel with sand which was underiain by more than
5' of sand and gravel with cobbles. The soil profile is shown in the top of Figure 5.

A shallow trench was excavated on the downstream side of the dam embankment to the right (west) of the
spillway where a bulge in the slope was observed which may have indicted shallow sloughing. No
displacement was observed at the top of the bulge. The topsoil in the bulge was 6" thick (at the top) and
increased to 18" thick (at the bottom). The topsoil thickness indicates that the bulge is due to irregular grading
of the topsoil.

During the breach, most of the baffle wall was displaced, leaving only about 7' or 8' of the wall intact. A test
pit (TP4) was excavated at the end of the intact portion of the wall, beneath the former location of the footing
of the displaced portion of the wall. A 3.5' thick layer of gray silty sand with gravel was encountered and the
upper approximately 2' of this layer contained 10" to 12" diameter boulders. Bedrock was encountered in the
test pit at a depth of about 3.5' below the base of the footing. The soil profile for TP4 is shown in Figure 5.

The pH and conductivity of the water was measured to be 7.8 and 20 pS respectively.

FOR-08.405



FIELD OBSERVATION REPORT

Project: Meadow Pond Dam Date: April 5, 1996
Project No.: 96069

Client: NHDES, Water Resources Division Report No. 8
Contractor: J.R. Olson Excavating Contractor Page 3 of 3

A summary of the soil samples collected today is provided below:

Sample | Station | Off-set El. {Sample description Notes
No. (ft)
SS28 | 2+48 | 14'DS | NM |Sand backfill around low level outlet
,,,,,,,,, pipe
SS29 | 2+51 | 14'DS | NM |Brown sand and gravel Blanket drain
VVVV SS30 | 1+75 8' DS | 652.8 |Sand and gravel, natural soil From TP3, foundation
SS31 1+75 8'DS | 653.8 |Silty sand and gavel, natural soil |From TP3, foundation

Notes:
NM = indicates not measured.

US and DS indicate upstream and downstream respectively, of baseline stationing. Elevations referenced
to “Rivers Datum’. Baseline stationing with elevation control established in the field by Civil Consultants on

- March 19, 1996.

April 5, 1996 concluded the field investigations program conducted at the site.
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Bergeron Dam
Alton, New Hampshire

Date: Agci\ ‘:_3; 1996

The undersigned agree that they are responsible for their own safety while on the Bergeron property, and
agree to idemnify and hold harnless the property owners for any and all claims arising out of their activities
or the activities of their employees while on the property.
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APPENDIX E

Laboratory Results



Appendix E.1

Geotechnical Laboratory Test Results



GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION UscCs AASHTO
@ Widely graded SAND with silt SW-SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+48, 8 ft DS
¢ lLocation: Sample SI
Chimney Drain

Date: April 1, 1996

GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, [INC., WINCHESTER, MA

Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION USCS AASHTO
® Silty SAND SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1447, 1 ft DS
® Location: Sample S2
Fitl upstream of
Chimney Drain
Date: April 2, 1998 Water Content = 13.5%
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION UsScs AASHTO
@ SILT with sand ML
Project No.: 986069 Remarks:
Project: Meadow Pond Dam Station 1+47. 1 ft DS
® lLocation: Sample S3
Date: April 2, 1998
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION Uscs AASHTO
® Narrowly graded SAND with silt SP-SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+47. 5 ft DS
@ Location: Sample S4
Chimney Drain
on right side
Date: Aprit 1, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION USCS AASHTO
® Narrowly graded SAND with silt and gravel SP-SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1428, 4 ft US
® Location: Sample S5
Embankment Fill
Water Content = 9.0%
Date: April 1, 1998
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1l CONSULTANTS, INC., WINCHESTER, MA Figure No.
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MATERIAL DESCRIPTION USCsS AASHTO
® Narrowly graded SAND SP
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+28
® Location: Sample S8, "Filter Sang"
Depth 4 ft
Chimney Drain
Date: April 2, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, INC., WINCHESTER, MA Figure No.




¢
- c ¢ ¢
S £ £33 0 e o g o g 238
100 N - = N = = = S
: N : ~ : 1
NG L : | :
30 : . S : : :
; : T i :
z : N I S : ;
80 1T~ I s
. : : o : I ?
: : S I R ; : NN z
70 | : 0 I N : Ny :
x : : : : sk : : . LR RE
L U R N it \\ 1
Z 60 ‘ {1HE
Z s0 N
LJ .
: \
Li 40 :
o : \\
30 N,
N
2 b NS
2
10 *Ng.\
oL L
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
Test{% +3" % GRAVEL 7% SAND % FINES
11 c.0 13.7 39.9 46 .4
LL Pl Dgs Cso Dso D30 D5 Dio Ce Cy
2.88 0.138 |0.0871 |0.0347 |0.0095 |0.0047 1.84 29.2
MATERIAL DESCRIPTION UsCs AASHTO
® Silty SAND SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1428
® Location: Sample S7, Depth 7.3 ft
Soft Embankment Fill
Water Content = 14.47%
Oate: April 2, 19986
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION UsSCs AASHTO
® Silty SAND SM
Project No.: 386069 Remarks:
Project: Meadow Pond Dam Station 1+28
® Location: Sample S8, Depth 11.7 ft
Embankment Fill
Water Content = 11.7%

Date:
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Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION Uscs AASHTO
® Silty SAND SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+28
® Location: Sample S99, Depth 0.7 ft
Embankment Fill
. Water Content = 14.6%
Date: April 2, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
o 14 0.0 47 . 4 42 .0 10.8
LL Pl Dgs Dso te D30 D15 afe Ce Cy
] 28.2 7.589 3.76 0.676 0.195 |]0.08653 0.92 116.1
MATERIAL DESCRIPTION uscs AASHTO
® Narrowly graded GRAVEL with silt and sand GP~GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+33. 9 ft DS

@ lLocation: Sample S10, Depth 20 ft

Date: April 2, 19986

GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, INC., WINCHESTER, MA

Blanket Drain

Water Content = 13.1%

Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

PERCENT FINER

Test|Z +3" 7% GRAVEL 7% SAND % FINES
o 4 0.0 26.1 70.3 3.6

LL Pl Dgs Dgo Dso D30 D15 Dig Ce Cy
° 19.7 1.36 0.870 | 0.451 | 0.251 | 0.186 | 0.80 7.3

- MATER!AL DESCRIPTION USCs AASHTO
® Narrowly graded SAND with gravel SP

Project No.: 96069 Remarks:

Project: Meadow Pond Dam Station 1+33. 20 ft DS
® Location: Sample S11, Depth 21 ft
Blanket Drain Filter
Water Content = 11.2%

Date: April 1, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT

GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
Test!% +3" 7% GRAVEL % SAND % FINES
® 15 0.0 45 .4 43.8 10.8
LL Pl Dgs DCeo Dsg B30 D15 Dio Ce Cy
® 42 .2 9.12 2.92 0.631 0.178 {0.0631 0.69 144.5
MATERIAL DESCRIPTION USCS AASHTO
® Narrowly graded GRAVEL with silt and sand GP-GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1433, 20 ft DS
@ Location: Sample S12, Depth 21.5 ft
Blanket Drain
Water Content = 9.7%
Date: April 2, 19986

GRAIN SIZE DISTRIBUTION TEST REPORT
WINCHESTER, MA

GEI

CONSULTANTS,

INC.,

Figure No.
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Test|% +3" % GRAVEL % SAND
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¢ 16 8.3 54.2 31

5

5.8

LL Pl Dgs Dso D5O

D30

D15

Dio Ce Cy

® 62.0 26.8 11.5

2.03

0.465

0.256 0.60 104.7

MATER ! AL DESCRIPTION

USCS AASHTO

® Narrowly graded GRAVEL with silt and sand

GP-GM

Project No.: 96069
Project: Meadow Pond Dam
® lLocation: Sample S13, Depth 20.5 ft

Date: April 2, 1996

GRAIN SIZE DISTRIBUTION TEST REPORT
GE|l CONSULTANTS, INC., WINCHESTER, MA

Remarks:

Station 1+33, 32 ft DS
Blanket Drain

Water Content = 12.27%

Figure No.




é 10 REPORT
w .S £
RN 2 g
o e s STfrse o 2 g 2g 2R
90 Lk
a0 1
70 L
x N A :
L S |
Z 60 :
L 1] |
= \§ | :
=z 50 ' L :
L N :
3 I ;
L 40 I B Ry :
o N |
30 : \\\
\
20 i ——— h b
NN INLT
10 0 AR 1 :
CUET P R LT T~
oL r A R : z e H
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
Test|% +3" % GRAVEL 7% SAND % FINES
| S 0.0 59.4 35.4 5.2
LL Pl Dgs Deo Dso D30 D15 D10 Ce Cy
® 58.2 32.4 17.6 1.57 0.447 | 0.257 0.30 125.9
L MATERIAL DESCRIPTION uscs AASHTO
® Narrowly graded GRAVEL with silt and sand GP~GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+33, 41 ft DS
""""" @ Location: Sample S14
Above 4-inch HDPE
Perforated Drain Pipe
Date: Aprit 1, 19986 ‘ Water Content = 12.2%
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
e/ 6 0.0 9.1 85.8 5.1
LL Pl Dgs Ds0 Dso Dzo D15 D10 Ce Cy
o 1.58 0.582 0.472 0.308 0.182 0.129 1.27 4.5
MATERIJAL DESCRIPTION UscCs AASHTO
® Narrowly graded SAND with silt SP-SM
Remarks:

Project:

Project No.: 96069

Meadow Pond Dam

@ Location: Sample S15, 18 ft from Spiliway

Date: April 1, 19986

Station 2+30, 8 ft DS
Chimney Drain

Water Content = 7.5%

GRAIN SIZE DISTRIBUTION TEST REPORT

GEl CONSULTANTS, INC., WINCHESTER, MA

Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
e 17 C.0 32.4 48.5 18.1
LL Pl Dgs Dso D50 Dao D15 D10 Ce Cy
® 18.8 2.37 0.955 0.226 |0.051910.0188 1.15 125.9
MATERIAL DESCRIPTION USCS AASHTO
@ Silty SAND with gravel SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+50, 15 ft DS
@ Location: Sample S18
Soil beneath 0SS riprap
Water Content = 11.6%
Date: April 2, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1l CONSULTANTS, INC., WiNCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
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Test|% +3" 7% GRAVEL % SAND % FINES
| 18 0.0 3.5 39.7 56.8

LL P Dgs Dso Dso D30 D15 D1g Ce
® 0.398 |0.0870 |0.0543|0.0127 {0.0019

MATERIAL DESCRIPTION USCsS AASHTO
ML

® Sandy SILT

Project No.: 96069 Remarks:

Project: Meadow Pond Dam Station 2430
® Location: Sample S17, Depth 22.5 ft

Glacial Till below
Dam Crest
Date: April 2, 1996 Water Content = 12.4%
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1l CONSULTANTS, INC., WINCHESTER, MA Figure No.
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GRAIN SIZE - mm
Test|Z% +3" % GRAVEL % SAND % FINES
e| 7 0.0 13.2 84.5 2.3
LL Pl Dgs Bso Dso Dao D15 010 Ce Cy
@ 4.07 0.871 0.638 0.383 0.245 0.194 Q.87 4.5
MATERIAL DESCRIPTION UsScs AASHTO
@ Narrowly graded SAND SP
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Filter Sand below
® Location: Sample S18, Station 2+30, 12 ft DS
Drainage Blanket
right side of Breach
Date: Apri! 1, 1996 Water Content = 17.5%
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.
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®| 3 0.0 45.9 45.3 7.8
LL P Dgs Deo Dsg D30 D15 D1g Ce Cy
0 33.1 8. 41 3.72 0.767 0.211 O0.111 Q.63 75.9
MATERIAL DESCRIPTION USCS AASHTO
® Narrowly graded GRAVEL with Silt and Sand GP~-GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+30, 29 ft DS
@ lLocation: Sample $S22, "Gravel Blanket"
Below grouted rip—-rap
Date: April 30, 19986
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.
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Test|% +3" 7% GRAVEL % SAND % FINES
| 4 6.2 45.8 38.9
LL Pt Dgs 1e) Oso Dao D15 D10 Ce
® 51.3 16.6 5.82 0.955 0.266 |0.0944 .58 175.8
MATERIAL DESCRIPTION Uscs AASHTO
® Narrowly graded GRAVEL with Siit and Sand GP-GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+26. 12 ft DS

@ lLocation: Sample SS27, "Sand and Gravel"

Date: April 23, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

GE1 CONSULTANTS, INC.,

WINCHESTER, MA

Blanket Drain

Figure No.
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
e 4 0.0 50.1 44 .0 5.9
. LL P Dgs Os0 Pso D30 D15 10 Ce Cy
- ® 27 .9 g9.02 4.79 1.15 0.376 0.211 0.69 42 .7
MATERIAL DESCRIPTION Uscs AASHTO
® Narrowly graded GRAVEL with Silt and Sand GP~-GM
Project No.: 96069 Remarks:
‘‘‘‘‘‘ Project: Meadow Pond Dam Station 2+51. 14 ft DS
® Location: Sample SS28, '"'Sand & Gravel”
Blanket drain
Date: April 30, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN

SIZE DISTRIBUTION TEST REPORT
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LL Pl DOss D60 Cso D30 D15 D10 Ce Cy
® 50.7 10.4 3.51 0.447 0.138
MATERIAL DESCRIPTION USCS AASHTO
® Narrowly graded GRAVEL with Silt and Sand GP-GM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam

® Location: Sample $S30, ''Foundation"

Date: April 30, 1996

GRAIN SIZE DISTRIBUTION TEST REPORT

GE1 CONSULTANTS, INC.,

WINCHESTER, MA

Figure No.

From TP adjacent to

stream foundation




Project:

Date:

Project No.:

® lLocation:

April

30,

96069
Meadow Pond Dam
Sample SS31,

1996

"Existing Glacial

Titi

GEI

GRAIN SIZE DISTRIBUTION TEST REPORT

CONSULTANTS,

INC., WINCHESTER, MA

Above SS30,

Figure No.

GRAIN SIZE DISTRIBUTION TEST REPORT
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®| O 0.0 33.8 26.6 39.6
LL Pl Dgs Dso Dso D320 Dys Dyo Ce Cy
] 35.5 1.50 0.226
MATERIAL DESCRIPTION USCs AASHTO
@ Siity GRAVEL with Sand GM
Remarks:

foundation




GRAIN SIZE DISTRIBUTION TEST REPORT
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Test|% +3" % GRAVEL % SAND % FINES
o 1 0.0 43.7 44 .8 11.5
LL Pl Dgs Dso Dso Bao D15 10 Ce Cy
] 20.2 6.92 2.29 0.398 0.119 |0.05586 Q.41 124.5
MATERIAL DESCRIPTION UsCs AASHTO
@ Narrowly graded SAND with Silt and Gravel SP-SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+48. 5 ft US
@ Location: Sample FD1, "Gravel Blanket"
Beneath Spillway Slab
Date: April 22, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1l CONSULTANTS, INC., WINCHESTER, MA Figure No.
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
®| 2 C.Q 16.2 43.9 39.9
LL Pl Dgs Cso Os0 D30 D15 1o Ce Cy
@ 7 .50 0.214 0.120 |0.0484 {0.0115 |0.0044 2.48 48. 4
MATERIAL DESCRIPTION USCS AASHTO
® Silty SAND with Gravel SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+48, 4 ft US
® Location: Sample FD2, ''Core"
Embankment Fill
Date: April 22, 19986
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1 CONSULTANTS, INC., WINCHESTER, MA Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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Test|% +3" % GRAVEL % SAND % FINES
®| 3 0.0 2.1 76.3 21.86
LL Pl Dgs Ceo D50 D20 D15 D10 Ce Cy
® 0.676 0.333 0.241 0.105
MATERIAL DESCRIPTION UscCs AASHTO
® Silty SAND SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+47, 5 ft DS
® Location: Sample FD3, "Filter Sand" .
Chimney Drain
Date: April 22, 1996

GRAIN SIZE DISTRIBUTION TEST REPORT
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INC.,

WINCHESTER, MA

Figure No.
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. GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % FINES
| 2 5.0 43.0 44 .6 7.4
LL Pl Dgs Deo Dsg D=0 015 D1o Ce Cy
@ 37.6 7.85 4.12 0.891 0.295 0.151 0.67 51.9
MATERITAL DESCRIPTION USCS AASHTO
® Narrowly graded SAND with Silt and Gravel SP-SM
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+32, 12 ft DS
® lLocation: Sample FD19, "Sand and Gravel"
Blanket drain, DS of CD
Date: April 30, 1996
GRAIN SIZE DISTRIBUTION TEST REPORT
GE1l CONSULTANTS, INC., WINCHESTER, MA Figure No.




MOISTURE-DENSITY RELATIONSHIP TEST
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Water content, %
Test specification: ASTM D 15357-91 Method C, Modified
Oversize correction applied to final results
Elev/ Classification Nat. Sp.G - LL o % ? % <
Depth USCsS AASHTO Moist. 3/4 in|{No.200
SM 4.1 % |46.0 Z
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION
Maximum dry density = 127.1 pcf 125.8 pcf Sitty SAND
Optimum moisture = 9.6 % 10.0 %

Project No.: 96069

Project: Meadow Pond Dam
Location: Sample S2

Station 1447, 1 ft downstream
Date: April 9, 19986

MOISTURE-DENSITY RELATIONSHIP TEST

GE1! CONSULTANTS,

INC., WINCHESTER, MA

Remarks:
Fill upstream of

Chimney DOrain

No.
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Water content, %
Test specification: ASTM D 1557~91 Method C, Modified
Oversize correction applied to final results
Elev/ Classification Nat. Sp.G. LL o % ? % <
Depth USCS AASHTO Moist. 3/4 in |No.200
4 ft SP : 2.87 1 % 4.5 %
ROCK CORRECTED TEéT RESULTS UNCORRECTED " MATERIAL DESCRIPTION
Dry density = 116.7 pcf 116.7 pcf Narrowly graded SAND
Moisture = 14.5 % 14.5 %
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 1+28

Location: Sample S6&
Chimney Drain

Date: April 8, 19986

MOISTURE-DENSITY RELATIONSHIP TEST

GE1 CONSULTANTS,

INC.,

WINCHESTER, MA




MOISTURE-DENSITY RELATIONSHIP TEST
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Water content, 7%
Test specification: ASTM D 1557-91 Method C, Modified
Oversize correction applied to final results
Elev/ Classification N?t. Sp.G. LL B % % % <
Depth USCS AASHTO Moist. 3/4 in|No.200
GP 53.9 %| 9.1 %
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION
Maximum dry density = 144.6 pcf 125.2 pcf Narrowly graded GRAVEL
Optimum moisture = 4.4 % 9.5 % with Sand
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+26, 12 ft DS
Location: Samplie SS27, "Sand and Gravel" Blanket Drain

Date: April 26, 1996

MO ISTURE-DENSITY RELATIONSHIP TEST
GE!1 CONSULTANTS, INC., WINCHESTER, MA Fig. No.
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Test specification: ASTM D 1557-91 Method C, Modified
Oversize correction applied to final results
Elev/ Classification Nat. Sp.G. LL B % ? % <
Depth USCS AASHTO Moist. 3/4 in|Nao.200
SP-SM . 16.4 %2(11.5 %
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION
Maximum dry density = 134.9 pcf 130.1 pcf Narrowly Graded SAND
Optimum moisture = 6.5 7% 7.7 % with Silt and Gravel

Project No.: 96069

Project: Meadow Pond Dam
Location: Sampie FD1, "Gravel Blanket"
Date: April 17, 1996

MO I STURE-DENSITY RELATIONSHIP TEST

GE! CONSULTANTS, INC.,

WINCHESTER, MA

Remarks:
Station 2+48, 5 ft US

Beneath spiliway slab
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Water content, 7%
Test specification: ASTM D 1557-91 Method C, Modified
Oversize correction applied to final results
Elev/ Classification Nat. Sp.G. LL P % ? % <
Depth UsSCs AASHTO Moist. 3/4 in|No.200
SM 1 % 21.6 %
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION
Maximum dry density = 115.7 pcf 115.4 pcf Silty SAND
Optimum moisture = 10.9 % 11.1 %
Project No.: 96069 Remarks:
Project: Meadow Pond Dam Station 2+47, 5 ft DS
Location: Sample FD3, "Filter Sand" Chimney Drain
Date: April 18, 19986
MO I STURE-DENSITY RELATIONSHIP TEST
GE1 CONSULTANTS, INC., WINCHESTER, MA Fig. No.
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Moisture content, %

NO. | LOCATION AND DESCRIPTION REMARKS

® Sampie S2, "Core" Station 1+47, 1 ft DS
Silty SAND Fill upstream of

A Sample FD10, "Core" Station 2+56, 1 ft DS
Silty SAND Embankment Fill,

B Sample FD12, 'Core” 10 ft DS
Siltty SAND Embankment Fill,

® Sample FD14, "“Core" Station 2450, 11 ft DS
Silty SAND Embankment Fill,

x Sample FD15, '"Core" Station 2+41, 0 ft DS
Sitty SAND Embankment Fill,

NO. USCsS AASHTO Z> 3/4 in| %Z< No.200 MAX. DRY DEN. | OPT. MOIST.
@ SM 4.17 46 .07 127.1 pcf 9.6%
A SM 1.0% 128.6 pcf 8.6%

1@ SM 12.8% 132.4 pcf 7.3%

S R4 SM 2.3% 129.6 pcf 8.27%

< Ix SM 1.7% 126.6 pcf 8.6%
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No. |
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Moisture content, %

NO. | LOCATION AND DESCRIPTION REMARKS

® Samplie S2, "Core' Station 1+47, 1 ft DS
Silty SAND . Filt upstream of

N Samplie FD2, "Core" Station 2+48, 4 ft US
Silty SAND Embankment Fill

- Sample FD4, "Core" Station 2+57, O ft DS
Silty SAND Embankment Fill

® Samplie FD7, "Core® Station 2+63, 10 ft DS
Silty SAND Embankment Fill,

X Sample FDY9, "Core" Station 2+63, 2.5 ft US
Silty SAND Embankment Fill,

NO. USCs AASHTO Z> 3/4 in| %< No.200 | MAX. DRY DEN. | OPT. MOIST.
@ SM 4.1% 46 .0% 127 .1 pcf 9.6%
A SM 7.5% 131.0 pcf 8.6%
@ SM 9.8% 132.2 pcf 8.47%
¢ SM 4.5% 130.4 pcf 9.2%
X SM 0.2% 128.4 pcf 8.0%

GEi CONSULTANTS, INC., WINCHESTER, MA Figure No.
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NO. | LOCATION AND DESCRIPTION REMARKS
Sample S2, ''Core" Station 1+47, 1 ft DS
Silty SAND - Fill upstream of
Sample FD17, "Core'" Station 2+41, 13.5 ft DS
Silty SAND with Gravel Embankment Fill,
NO. Uscs AASHTO %> 3/4 in| %< No.200 MAX. DRY DEN. | OPT. MOIST.
SM 4.1% 46.0% 127.1 pcf 9.67%
SM 33.0% 138.7 pcf 5.7%
GE| CONSULTANTS, INC., WINCHESTER, MA Figqure No. 1§
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150 \\ \\ b PROJECT: Meadow Pond Dam
N, o Test specification:
N N
N SN ASTM D 1557-91 Method C, Modified
AN \\ Oversize correction applied to each point
140 TN 100% SATURATION CURVES
N N FOR SPEC. GRAV. EQUAL TO:
B 2.8
o \\‘ 2.7
A NN :
“— N N 2.6
3] 130 \ .
a N
.
=
> \\ N N
h URANUA
0 N ~ ~
< 120 N
—g A P, \\
Ty
Py P \‘
NN S
110 N \ﬁ]:
\\ Mo, .
=) N
[y
100
90
2.5 5 7.5 10 12.5 15 17.5 20 22.5
Moisture content, 2
NO. |LOCATION AND DESCRIPTION REMARKS
Sample FD1, "Gravel Blanket' Station 2+48, 5 ft US
Narrowly Graded -SAND with Silt and Gravel Beneagth spilliway slab
NO. USCS AASHTO %> 3/4 in} %< No.200 MAX. DRY DEN. | OPT. MOIST.
SP-SM 16.4% 11.5% 134.9 pcf 6.5%
GEl CONSULTANTS, INC., WINCHESTER, MA Figure No. ———
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NO. | LOCATION AND DESCRIPTION REMARKS
® Sample FD3, "Filter Sand" Station 2+47, S ft DS
Silty SAND . Chimney Drain
A Sample FD8, "Filter Sand" Station 2463, 5 ft DS
Silty SAND with Gravel Chimney Drain
- Sample FD11, "Filter Sand” Station 2+63, 6 ft DS
Silty SAND with Gravel Chimney Drain
® Sample FD13, "Filter Sand' Station 2+50, 5 ft DS
Silty SAND with Gravel Chimney Drain
% Sample FD186, "Filter Sand" Station 2+41, 6.5 ft DS
Siltty SAND with Gravel Chimney Drain
NO. UscCs AASHTO %Z> 3/4 in| %< No.200 | MAX. DRY DEN. | OPT. MOIST.
® SM 1% 21.8% 115.7 pcf 10.9%
A SM 0.6% 109.4 pcf 12.9%
L SM 8.0% 114.1 pcf 8.9%
1e SM 10.8% 119.2 pcf 8.5%
X SM 21.4% 122.5 pecf 8.0%
GE1l CONSULTANTS, INC., WINCHESTER, MA Figure No. |
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\\\> DATE: April 26, 1996
\ PROJECT NO.: 96069
160 . PROJECT: Meadow Pond Dam
\\\ Test specification:
N ASTM D 1557-91 Method C. Modified
N N ° . ) . .
AN ‘\\ versize correction applied to each point
-
150 TN 100% SATURATION CURVES
NN N FOR SPEC. GRAV. EQUAL TO:
N ~N 2.8
PRED N N N\
N T\ 2.7
\\; 2.6
o 140 \
8 Ny ‘\\
N N
.
>: A
- AN VAN
¢ 130 & N
5 AN N )
Pl Y \‘
5 ™. Nl N
NN D
N =
120 \\ \\
N, ;\
N -
N \\‘
110 NS
SN
100
0 2.5 5 7.8 10 12.5 15 17.5 20
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NO. | LOCATION AND DESCRIPTION REMARKS
Sample SS27, "Sand and Gravel® Station 2426, 12 ft DS
Narrowly graded .GRAVEL with Sand Blanket Drain
Sample FD18, "Sand and Gravel" Station 2+32, 12 ft DS
Narrowly graded SAND with Silt and Gravel Blanket Drain DS of CD
NO. USCS AASHTO %> 3/4 in| %< No.200 | MAX. DRY DEN. | OPT. MOIST.
GP 53.9% 0.2% 144 .6 pcf 4,47
SP~SM 26.4% 135.4 pcf 4.3%
GE| CONSULTANTS, INC., WINCHESTER, MA Figure No.
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MEMO

To: Bill Haswell, GE] Concord, N.H.
From: Todd D. Moline

Subject: Meadow Pond Dam, Project 96069
Date: June 6, 1996

Enclosed are the laboratory files which contain all the data sheets for Meadow Pond Dam.
Please include these in the project file. No tests were ordered for sample SS24.

The permeability test results are as follow:

Sample No. Test No, Perm. Test Type. Corrected Results
Sé6 K1 Rigid Wall 1x10° cm/s
FD1 K3 Triaxial 1x10%cm/s
FD19 K2 Triaxial 1x 102 cmy/s

A permeabilily correction for the triaxial cell porous stone was applied to the results of FD1 and
FD19. The correction applied to FD1 was negligible. The correction to FD19 was significant.

Please call me if you have any questions.

CAPROIBCTSWEOLOBHASWELL MEM



Project:

Project No.:
Sample:

Soil Description:
Test No.:
Performed by:
Date:

Checked by:
Date:

Trial No.

1

CONSTANT HEAD PERMEABILITY TEST

‘Meadow Pond Dam
86069

S6, "Filter Sand"
Narrowly graded SAND
K1

T. Moline

04/18/96

Sample Information

G= 2.67 (assumed)
Area (A): 42 cm?2 e= 0.55
Length (L): 16 cm w= 4.4% (initial)
Dry Unit Wt 1.72 glcm”"3 S= 21.3% (initial)

h (cm) Q (cm*3) t (s) Q/At h/L k (cm/s)
775 191.1 600 7.6E-03 4384 1.6E-03
775 166.2 540 7.3E-03 4384 1.5E-03
775 180.6 600 7.2E-03 4.84 1.5E-03

50 200.6 1320 3.6E-03 3.13 1.2E-03
50 205.7 1440 3.4E-03 3.13 1.1E-03
50 193.8 1290 3.6E-03 3.13 1.1E-03
108 200.7 690 6.9E-03 6.75 1.0E-03
108 193.4 720 6.4E-03 6.75 9.5E-04
108 191.7 720 6.3E-03 6.75 9.4E-04
10 _
9 -
8 -
7 L B8
.2 8- .
w
E
3|
2
1 L
0 ‘ . ‘ . iy .
0 1 2 3 5 6 7 8

4
h/L

k= 1.2E-03 cm/s

GEIl Consultants, Inc. Project 96069

06/06/96
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Elapsed Time (minutes)
TEST SUMMARY
PERMEABILITY : 11x10°%  covsec
SAMPLE INFORMATION
Sample: FD1, "Gravel Blanket"  Type:  Compacted to 95% modified proctor density
at 9.6 % water content
Description: Narrowly graded SAND with Silt and Gravel
SPECIMEN INFORMATION
Height: 6.27 inch Water Content: 14.8 %
Diameter: 2.88 inch Total Unit Weight: 133.5 pef
Area: . 6.53 in* Dry Unit Weight: 116.3 pcf
TEST DATA
Consolidation Stress 1.2 ksf Gradient  Flow Rate  Permeability
Permeant Tap Water cm’/min cm/sec
B - Value 0.96 Trial 1 7.128501 2.02975093 1.3x10-4
Trial2 7.756563 1.83826035 9.3x10-5
Remarks: Tested using 1 teflon porous stone and 1 bronze porous stone.
Test by: T. Moline Test Date: 5/7/96 Checked By:
State of New Hampshire Forensic Evaluation TRIAXIAL
Dept. of Environmental Services Meadow Pond Dam PERMEABILITY TEST
— Alton, NH FDI, "Gravel Blanket"
(I) GEI Consultants, Inc. Project 96069 May-96

6/6/96
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0.5 1.0 1.5 2.0 2.5
Elapsed Time {minutes)
TEST SUMMARY
PERMEABILITY : 78x104  cmisec
SAMPLE INFORMATION
Sample: FD19, "Sand and Gravel" Type:  Compacted to 92% modified proctor density
at 5.8 % water content
Description; Narrowly graded SAND with Silt and Gravel
SPECIMEN INFORMATION
Height: 6.24 inch Water Content: %
Diameter: 2.88 inch Total Unit Weight: 133.1 pef
Area: . 6.50 in? Dry Unit Weight: 114.9 pef
TEST DATA
Consolidation Stress 1.0 ksf Gradient  Flow Ratc  Pcrmeability
Permeant Tap Water cm*/min cm/sec
B - Value 0.94 Trial 1 2.711095 549115645 7.8x 104
Trial 2 3.436155 6.82360004  7.7x 10
Remarks: Tested using two teflon porous stones.
Test by: T. Moline Test Date: 5/13/96 Checked By:
State of New Hampshire Forensic Evaluation TRIAXIAL
Dept. of Environmental Services Meadow Pond Dam PERMEABILITY TEST
—_— Alton, NH FD19, "Sand and Gravel"
(DGEI Consultants, Inc. Project 96069 May 1996

6/6/96




Appendix E.2

Concrete Compressive Strength Test Results
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Simpson Gumpertz & Heger Inc.
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Consulting Englnears
Arlinglon, MA
San Francisco. CA

297 Broadway Telephone.
Arhngton, MA 617 643 2000
02174-5310 Fax:

617 643 2009

4 April 1996

Dr. Mahmoodi

Thomson & Lichtner Co. Inc.

111 First Street

Cambridge Massachusetts 02141

Investigation of Bergeron Dam Failure, Alton NH

Comm. 96132 -

Dear Mr. Mahmoodi:

As we discussed by phone today, we are submitting six core samples and requesting you
to test the samples for compressive strength in accordance with ASTM C 42-94, Section 6.
There are a total of 9 tests. The samples are labeled with the designations, W6, W7, W9,
S4, S5, and S2. Each core is 3 3/4 inch diameter and about 12 inches long. Test one
sample each from the “S” samples. Test two samples from each of the "W" series of
samples, | have marked the ends of the "W’ samples “End A" and "End B", the samples
should be cut at the center to obtain two samples. End A is the tan colored end and End
B is the blue/green colored end. After testing please return all parts of each of the cores
with labeling to identify the sample. Your test report shouid include sample identification,
preparation procedures, sample conditioning, all sample measurements, load data, correction
factors (if used), and ultimaie stress.

The results of this testing are to be shared with other engineers investigating the Bergeron
Dam failure. Please release results of testing to Dr. Harri K. Kytomaa of Failure Analysis
Associates or Mr. William O. Hood of Wakefield Concrete if they call you.

If you have any questions, please call me or Donald Dusenberry.

Sincerely yours

Arthur G. Davies
AGD1-98.ras

ce: Mr. Richard Doherty
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Consulting Engineers )
Engineering and Testing Laboratories

111 First Sueer
Cambridge. Massachusetts 02141

Tel (617) 492-2111 Pax (617) 492548

ot THE THOMPSON & LICHTNER COMPANY, INC.

April 12, 1996
SIMPSON GUMPERTZ & HEGER, INC.
ARLINGTON, MASSACHUSETIS
TS OF CONCRETE CORES
COMM. 96132
BERGERON DAM
ALTON, NEW HAMPSHIRE
Test Number — Uussl
Date Received — 4496 Date Tests Completed — 4-8-96
,,,,,,,, Source —  Submitted by your Mr. Arthur G. Davies via courier mail,
. reference his letter dated 4 April 1996
Samples — Six nominal 4" diameter cores of hardened concrete, identified by
you as: .
— 52,54, S5, W6, W7, and W9
Test Procedure -  ASTM Designation: C 42-90 methods where they apply
- we w7 we
Specimen Mark 2 & S A B A B A B
Core Dimensions, Inches '
Length as Recetved 23 122 123 23 22 122
Diameter : i7s 375 3.76 374 375 374 376 75 3.74.
Length as Trimaned 757 760 758 372 373 562 556 561 545
Length after Capping 7y 771 770 382 384 575 567 S73 558
Conerete Density as
Tested, SSD. pef 1387 1351 1393 1333 1339 18 1321 1354 1378
Uncorrected Compressive
Strength, PS1 5590 5460 S670 4100 4800 3570 4120 4280 4230
Corrected Compressive
Swength, PSI 5590 5460 5670 3600 4200 3450 3960 4120 4060

APR~16-1936 17:48 643 2089 =S4 P.82
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THE THOMPSON & LICHTNER COMPANY, INC. Simpson Gumperz & Heger, Inc.

Test Report No. UU-881
April 12, 1996

Page 2 of 2
Remarks — 1. As requested, the cores identified as W6, W7, and W9
were cut through the center to obrain two cores, marked
- by you as End A and End B.
2. All the cores were soaked in a saturated lime solution for
64 hours prior to testing, -
3. As requested, the tested samples are being retumed.

THE THOMPSON & LICHINER COMPANY, INC.

@Mahmoodi /

APR~16-1996 17:41 643 2089 95% P.A%

TOTAL P.B4
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Interviews
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GEI Consultants, Inc.

MEMORANDUM 53 Regional Drive
Concord, NH 03301-8500

TO: FILE Tel: 603-224-7979
a,\) Fax: 603-224-7990
FROM: Craig Ward
DATE: June 4, 1996
RE: Interview with CSSI
Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize an interview with Mr. John Halvatzes and Mr. Costas
Halvatzes of Connie's Septic Service, Inc. (CSSI), the earthwork contractors for the construction of the
Meadow Pond Dam. The interview was conducted at the offices of Acadia Insurance on April 26,
1996, and was attended by the following:

John Halvatzes CSSI

Costas Halvatzes CSSI

Joyce Tucker Acadia Insurance

Timothy Freese Acadia Insurance

Michael Lenehan, Esquire Ransmeier & Spellman, P.C. (representing CSSI)
Gonzalo Castro, Ph.D., P.E. GEI Consultants, Inc. (GEI)

Craig Ward, P.E. GEI

A draft copy of this memorandum was provided to CSSI for review and comment to insure that their
responses are accurately represented. This memorandum has been revised to reflect comments
provided by CSSI.

At the beginning of the interview, Dr. Castro briefly described GEI's scope of work for the forensic
evaluation: to determine the mechanism of failure; to determine if the design was adequate; and to
determine if the dam was constructed in accordance with the design.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Lenehan in a letter
dated April 11, 1996. Each of GEI's preliminary questions is restated in italics below with a summary
of CSSI's responses. Although additional information may have been provided by CSSI, only
information considered by GEI to be relevant to our forensic evaluation is presented in this
memorandum. The summary provided in this memorandum is not intended to be a complete or
verbatim account of GEI's discussions with CSSI.

1. What was the latest revision date in the plans used to build the dam? Were there any other design
documents (sketches, letters, reports) given to the contractor containing instructions pertaining to

Winchester, MA Raleigh, NC Chicago, IL Englewood, CO Carlsbad, CA San Francisco, CA



Memorandum
June 4, 1996
Page 2

the construction of the dam? Any changes to the design made during construction? Any
communications with the dam designers?

CSSI indicated that the design drawings provided by Mr. Bergeron for construction of the dam were
"Bergeron Lake Dam", sheets C1 through C3, prepared by Rivers Engineering Corporation,
Revision 3, dated December 3, 1992. CSSI was not aware of the existence of Revision 4 of the
drawings, dated December 17, 1992, until after the failure of the dam. No other documents were
provided to CSSI by Mr. Bergeron showing design information.

CSSI brought a copy of the Revision 3 drawings to the interview. Sheet C2 of the drawings was
in CSSI's files. Sheets C1 and C3 of the drawings were missing from CSSI's files and copies of
these sheets were obtained from Mark Moser. Mr. Moser received a set of the drawings from Mr.
Bergeron when he prepared a proposal to provide quality control engineering services during
construction of the dam (the role later awarded to Varney Engineering). Unlike the Revision 4
drawings, the Revision 3 drawings were not stamped "Not For Construction".

The only design change made during construction was the use of corrugated polyethylene pipe with
a Ripley's Dam antiseep collar for the low level outlet instead of the 14 gauge corrugated metal pipe
with a cast-in-place concrete cutoff specified in the design. CSSI was verbally notified of this
change by Mr. Bergeron.

CSSI had communications with only Mr. Bergeron and, to a lesser degree, Mr. Thomas Varney of
Varney Engineering (the construction quality control engineer). Mr. Bergeron supervised most
aspects of the construction and addressed most of CSSI's questions. For example, Mr. Bergeron
identified on-site borrow areas and survey control points. Mr. Bergeron also supervised and
assisted with the installation of the low level outlet and Ripley's Dam antiseep collar, laid out the
location of the spillway structure, and assisted Putnam Concrete (concrete contractor hired by Mr.
Bergeron) with the setting of concrete forms.

Were there any subcontractors? If so, what part of the work did they perform and what plans were
given to them?

The only subcontractor hired by CSSI was A.J. Cameron of Farmington, New Hampshire, who was
contracted to hydroseed the dam.

CSSI was originally hired to perform earthwork and to build the concrete structures. However, the
concrete subcontractor that CSSI had planned to use couldn't meet Mr. Bergeron's schedule so Mr.
Bergeron hired Putnam Concrete and removed concrete work from CSSI's contract. The only
concrete work performed by CSSI was the pipe support at the upstream end of the low level outlet.



Memorandum
June 4, 1996
Page 3

3. How was stream diversion accomplished?

The stream was initially diverted through a temporary culvert installed downstream of the location
of the chimney drain. The stream was later diverted through the low level outlet pipe and the
temporary culvert was removed. The temporary culvert and the low level outlet pipe were never
overtopped.

. How was the foundation for the dam prepared? Was there any flow into the foundation after

preparation?

Loam, stumps and other vegetation, and boulders were removed from the footprint area of the dam
using a large excavator (CAT 225-size) and a D8 bulldozer. A few very large boulders that couldn't
be moved with this equipment were left in place. One of the boulders left in place was located
about 20 to 25 feet west of the low level outlet. The portion of this boulder that was exposed
(above the ground surface) covered an area of about 10 feet by 10 feet and was shaped like a dome
with shallow sideslopes. Fill was placed and compacted around the boulders that were left in place.

Ground water seepage into the foundation soils west of the stream occurred in the spring of 1994,
when saturated core material upstream of the chimney drain alignment (core material placed in the
fall of 1993) was removed (see response to Question 10). As directed by Mr. Bergeron, the seepage
was controlled using a network of trenches and a sump installed at the north side of the dam
footprint, west of the stream.

. How was the bedding for the low level outlet pipe prepared?

The low level outlet pipe was placed in a trench excavated in fill. Upstream of the antiseep collar,
the pipe was placed in a trench excavated in the core fill material. Downstream of the antiseep
collar, the pipe was placed in a trench excavated in the blanket drain (filter sand or sand & gravel).

. How was the concrete for the spillway slab and cutoff wall poured? Any cold joints?

CSSI did not perform the concrete work.

. How was the chimney drain constructed?

The chimney drain was constructed by excavating trenches in the embankment fill (core material
and blanket drain materials) and backfilling the trenches with filter sand. The trenches were
excavated after the embankment fill reached about 1/3 of its full height, 2/3 of its full height, and
full height. Connection of the lowest segment of the trench with the blanket drain was verified by
observing blanket drain materials (filter sand and/or sand & gravel) at the bottom of the trench.
Connection of the middle and upper segments of the chimney drain with the previous segment was
verified by observing filter sand at the bottom of the trench.
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8. Where were the various fill materials obtained?

CSSI's original contract included the procurement of filter sand from Alton Sand & Gravel but all
other materials were to be supplied by Mr. Bergeron. Mr. Bergeron later had CSSI procure the
gravel blanket material for placement beneath the grouted riprap on the downstream face of the dam
from Alton Sand & Gravel. Other fill materials were obtained at Mr. Bergeron's direction from the
following on-site borrow sources:

° "Sand & gravel" for the blanket drain was obtained from the unpaved road located north
of the Bergeron's residence. "Sand & gravel" placed on the lower portions of the
upstream face of the embankment was obtained from a borrow area located northeast
of the dam.

° "Core" material (silty sand with gravel) was obtained from a borrow area located
northwest of the dam (next to the pond). The originally proposed borrow area located
just west of the dam was abandoned due to high soil water content.

9. Where was the left end of the cutoff wall terminated?
CSSI did not perform the concrete work.

10. Construction start and completion dates.

Construction start and stop dates are provided below:

Date Comment

November, 1993 Construction started.

December 29, 1993 Construction stopped due to winter
conditions.

March 16 to 23, 1994 Borrow materials excavated from on-site
and stockpiled near dam.

May 20, 1994 Construction resumed. Core material
placed upstream of chimney drain in fall
was removed due to saturation and
disturbance. Blanket drain and overlying
core material were firm and were not
removed.

July 12, 1994 CSSI demobilized.
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Other Information provided by CSSI:

As directed by Mr. Varney (the quality control engineer hired by Mr. Bergeron to inspect
construction), construction stopped in December of 1993 when the weather became cold
enough to pose problems with freezing fill and subgrades.

CSSI placed riprap on the embankment. The riprap in the spillway channel was grouted by
Putnam Concrete under Mr. Bergeron's observation. The riprap along the upstream face of the
spillway was not grouted by the time CSSI demobilized.

CSSI excavated the trench for the cutoff wall under Mr. Bergeron's direction.

CSSI observed cracks in the concrete spillway (primarily on the right side of the spillway) and
grouted riprap shortly after the concrete was poured (prior to CSSI's demobilization). Cracks
were also observed in the concrete cutoff wall while CSSI was placing riprap against the
upstream side of the spillway. When Mr. Costas Halvatzes returned to the dam site in July of
1995, the cracks in the spillway were still evident.

CSSI also installed ductile iron pipe along the left abutment for a small hydroelectric generator.
The pipe was placed primarily in natural ground.
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MEMORANDUM 53 Regional Drive
Concord, NH 03301-8500
TO: FILE Tel: 603-224-7979

Fax: 603 -224 - 7990

FROM: Craig Ward (%)
DATE: May 28, 1996
RE: Interview with the Bergerons

Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize the interview held with Mr. Robert Bergeron and Mrs.
Virginia Bergeron (owners of the Meadow Pond Dam) on April 24, 1996. The interview was conducted
at the offices of Bouchard & Mallory, P.A., and was attended by the following:

Mr. & Mrs. Bergeron Dam Owners

Mark Mallory, Esquire Bouchard & Mallory, P.A. (representing the Bergerons)
Allen Marr, Ph.D., P.E. GeoTesting Express (representing the Bergerons)
Gonzalo Castro, Ph.D., P.E. GEI Consultants, Inc. (GEI)

Craig Ward, PE. GEI

A draft copy of this memorandum was provided to the Bergerons for review and comment to insure that
their responses are accurately represented. This memorandum has been revised to reflect comments
provided on behalf of the Bergerons by Mr. Mallory in his letter to Mr. Ward, dated May 13, 1996.

At the beginning of the interview, Dr. Castro briefly described GEI's scope of work for the forensic
evaluation: to determine the mechanism of failure; to determine if the design was adequate; and to
determine if the dam was constructed in accordance with the design.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Mallory in a letter
dated Apnil 11, 1996. Each of GEI's preliminary questions is restated in italics below with a summary
of Mr. and Mrs. Bergeron's responses. Although additional information may have been provided by Mr.
and Mrs. Bergeron, only information considered by GEI to be relevant to our forensic evaluation is
presented in this memorandum. Thus, the summary provided in this memorandum is not intended to
be a complete or verbatim account of GEI's discussions with the Bergerons.

1. What was the latest revision date in the plans given to the contractor(s) to build the dam?
During the interview, Mr. and Mrs. Bergeron were advised by Mr. Mallory not to comment on this

issue due to pending litigation. In his letter of May 13, 1996, Mr. Mallory provided the following
information:

Winchester, MA Raleigh, NC Chicago, IL Englewood, CO Carlsbad, CA San Francisco, CA
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"Tt is presently our understanding that plans provided by Rivers to the Bergerons with a stamped
date of December 4, 1992, and not marked "not for construction" or otherwise restricted, were
the plans used by CSSI during construction. A later set of plans stamped "not for construction,"
as well as additional sketches, were apparently submitted to the State by Rivers. However, Mr.
Bergeron understood from conversations with Mr. Dollard at Rivers that the earlier plans were
the ones to be utilized."

What was the involvement of the various parties (contractors, designers, inspectors) during dam
construction?

Mr. and Mrs. Bergeron were advised by Mr. Mallory not to comment on this issue due to the
pending litigation. However, in his letter of May 13, 1996, Mr. Mallory provided the following
general information regarding the respective roles of the various parties involved in the design and
construction of the dam:

"...Rivers had been retained as the designer of the dam; Jaworski had been retained at the
request of Rivers to do geotechnical engineering; CSSI, Inc. had been hired to build the project;
and Mr. Varney had been hired as the professional engineer to inspect the ongoing
construction."

What maintenance, if any, was performed for the dam? Did it include patching of any cracks in
the concrete structure?

Mr. Bergeron indicated that maintenance of the dam included the following:

° Shortly after the pond was filled, three cracks formed in the concrete spillway. The
cracks were of hairline width and were located on the flat portion of the spillway, near
the right end (looking downstream). Mr. Bergeron pulled riprap away from the leading
edge of the concrete to further expose the cracks and filled visible portions of the cracks
with caulking in the spring of 1995. Filling of cracks is consistent with the maintenance
procedures suggested by the State. A sketch of the spillway is shown on the attached

figure.

o Mr. Bergeron leveled some of the flashboards by shimming and sealed the bottom of the
flashboards using a sealing compound called coal dust that was suggested by Mr.
Doyon.

° In the spring of 1995, Mr. Bergeron built concrete wingwalls at both ends of the

spillway to protect the portions of the earthen embankment adjacent to the spillway from
splashing water that could cause erosion. The wingwalls are about 4 feet long, and are
flush with the tops of the parapet walls on either end of the spillway. The locations of
the wingwalls are shown on the attached figure.
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° In the spring of 1995, Mr. Bergeron also regrouted portions of the grouted riprap
spillway, as was consistent with maintenance procedures suggested by the State. One
concrete truck load of grout was used to fill holes and cracks along the upper
approximately one-third of the grouted riprap (within reach of the concrete truck chutes)
and to fill a space that was left after removal of a concrete form board from the
downstream edge of the concrete spillway structure. Grout was also used to raise the
sides of the grouted spillway to reduce the potential for overflow during high flow
periods. Some grout was applied on the lower approximately two-thirds of the grouted
riprap (beyond the reach of the concrete truck chutes) by transporting the grout in
buckets.

Mr. Bergeron indicated that personnel from the New Hampshire Department of Environmental
Services (NHDES) - Water Resources Division (WRD) had told Mr. Bergeron to look for soft areas
along the downstream embankment and cracks/holes in the grouted riprap. Mr. Bergeron indicated
that he observed shrinkage cracks in the grouted riprap after the pond was filled, but that no obvious
or significant new cracks were observed after the regrouting performed in the spring of 1995. Mr.
Bergeron also stated that no soft areas were observed in the embankment.

Dr. Castro asked Mr. Bergeron if he has ever observed seepage through cracks in the grouted
riprap. Mr. Bergeron indicated that he has not observed anything he could identify as seepage from
within the riprap. He further indicated that the grouted riprap is typically dry (except for minor
rivulets from water seeping through the flashboard area as anticipated) since the water level in the
pond was usually maintained just below the top of the flashboards.

Was there any water flowing over the flashboards immediately prior fo the failure?
Mr. Bergeron indicated that the water level in the pond was just below the top of the flashboards
immediately prior to the faiture. Mr. Bergeron typically maintained the pond at this level during the

winter so that snow would remain on the top of the spillway for snowmobiling.

Mr. Bergeron also indicated that water first overtopped the flashboards in April, 1995. The water
level in the pond has never been more than about 1/4-inch above the tops of the flashboards.

Observations prior to and during the failure, such as seepage out of the downstream face of the
dam and/or spillway, cracks, erosion at downstream toe of spillway, efc. Approximate times at
which various observations were made.

Mr. and Mrs. Bergeron described the sequence of events prior to and during the failure as follows:

o Sunday, March 3, 1996:

Mr. Bergeron inspected the dam, which had little or no snow cover. The toe drains, outlet flow
and grouted riprap were inspected without observing anything unusual or amiss.
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Sunday, March 10, 1996:

Additional snow had fallen since the previous Sunday and Mr. Bergeron snowmobiled across
the dam. Most of the snow had melted from the grouted riprap, including in the area of the
subsequent failure. Mr. Bergeron noticed nothing unusual or amiss.

Monday, March 11, 1996:

On Monday night, Mr. Bergeron snowmobiled across the concrete spillway. No unusual
conditions were observed. However, only the upper portion of the dam was visible in the light
of the snowmobile.

Wednesday, March 13, 1996:

Mr. Bergeron arrived home at about 6:10 pm. When crossing the bridge spanning the stream
downstream of the spillway (location of culvert installed after the failure), Mr. Bergeron did not
notice any obvious changes in the flow.

At about 6:35 pm, Mrs. Bergeron left the house to attend a town meeting. She came back
almost immediately and told Mr. Bergeron that the water level in the stream had risen to the
level of the bridge deck.

Mr. Bergeron checked the dam to determine if water was flowing over the flashboards or from
the low level outlet. He saw an approximately 3-foot-diameter plume of water flowing from the
face of the grouted riprap spillway channel. The area of flow was located near the top of the
grouted riprap, about 15 to 20 feet right of the left end of the flat portion of the concrete
spillway (see sketch on attached figure).

At about 6:40-6:45 pm, Mrs. Bergeron dialled 911, while Mr. Bergeron located the Emergency
Action Plan. Mr. Bergeron reported the condition of the dam to the 911 dispatcher. While Mr.
Bergeron was on the telephone, Mrs. Bergeron went out to look at the dam and saw that a
vortex had formed in an area of the pond from which the ice had disappeared. The vortex was
located about 10 to 15 feet right of the left end of the flat section of the spillway, just upstream
of the dam.

A few minutes after his telephone call to the 911 dispatcher, Mr. Bergeron again checked on the
condition of the dam. By this time, the area of flow from the face of the spillway channel had
increased to approximately 5 feet in diameter. Ice had disappeared from a horseshoe-shaped
area of the pond, located opposite the area of flow from the face of the spillway channel (see
sketch on attached figure). ’

Mr. Bergeron drove to the bridge to examine the stream. The water level in the stream at that
time was approximately 6 inches above the bridge deck and roadway area.
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Mr. Bergeron returned to the dam. In the approximately 15 minutes since he had last seen the
dam, the horseshoe-shaped area without ice had increased in diameter to about 20 feet, and
water was cascading down into a void formed in the upstream embankment (similar to a
horseshoe-shaped waterfall). Mr. Bergeron observed the portion of the concrete spillway
located between the area of flow from the spillway channel and the horseshoe-shaped area of
the pond without ice collapse to form a "V". Water continued to flow beneath the collapsed
concrete spillway.

At approximately 6:55 pm, Mr. Bergeron telephoned 911 again.

Mr. Bergeron returned to the bridge. The water level had risen to about 1.5 feet above the
bridge deck and roadway area.

When Mr. Bergeron returned to the dam, water was flowing over the portion of the concrete
spillway that had collapsed to forma "V".

6. Was the low level outlet open periodically, and if so at what times?

Mr.

Bergeron indicated that he periodically opened the low level outlet to keep it from seizing.

During the winter, he also kept the low level outlet flowing slightly to prevent water from flowing
over the flashboards so that he could maintain snow on the concrete spillway structure for
snowmobiling. Once the low level outlet was used to lower the pond for removal of the upper dam.
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MEMORANDUM
53 Regional Drive
Concord, NH 03301-8500
TO: FILE Tels 603-224-7979
Fax: 603 -224-7990
FROM: Craig Ward
DATE: June 17, 1996
RE: Interview with Roger Putnam
Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize an interview with Mr. Roger Putnam of Putnam Concrete. Mr.
Putnam was hired by Mr. Bergeron (owner) for concrete work during the construction of the Meadow Pond
Dam. The interview was conducted by telephone conference call on June 11, 1996, and was attended by the
following:

Roger Putnam Putnam Concrete
Richard Mitchell, Esquire Sullivan and Gregg (representing Farm Family Insurance)
Craig Ward, P.E. GEI Consultants, Inc. (GEI)

A draft copy of this memorandum was provided to Mr. Mitchell for review and comment to insure that Mr.
Putnam's responses are accurately represented. This memorandum has been revised to reflect comments
provided by Mr. Mitchell.

At the beginning of the interview, Mr. Ward briefly described GEI's scope of work for the forensic evaluation:
to determine the mechanism of failure; to determine if the design was adequate; and to determine if the dam
was constructed in accordance with the design.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Mitchell in a letter dated
June 4, 1996. Each of GEI's preliminary questions is restated in italics below with a summary of Mr. Putnam's
responses. Although additional information may have been provided by Mr. Putnam, only information
considered by GEI to be relevant to our forensic evaluation is presented in this memorandum. The summary
provided in this memorandum is not intended to be a complete or verbatim account of GEI's discussions with
Mr. Putnam.

1. What was the latest revision date in the plans used to build the spillway? Were there any other design
documents (sketches, letters, reports) given to the contractor containing instructions pertaining to the
construction of the spillway? Any changes to the design made during construction? Any communications
with the dam designers?

Mr. Putnam indicated that he was not provided a set of design drawings for his files. He and Mr. Bergeron
used the plans on-site to layout and set forms for the various concrete structures. Mr. Putnam does not
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recall the revision number or date that was on the drawings used for the layout. No documents other than
the design drawings were used in constructing the concrete structures. Mr. Putnam had no communications
with the dam designers.

2. What work were you hired to perform?

Mr. Putnam said he was hired by Mr. Bergeron to grout the riprap downstream of the spillway and to form
and cast concrete for the spillway slabs, cutoff wall, abutment walls, low level outlet valve stem guide, and
baffle wall. Mr. Putnam and Mr. Bergeron layed out the spillway relative to a baseline stakes along the
crest of the dam and the trench for the cutoff wall, both of which were in place prior to Mr. Putnam's
involvement.

The concrete structures were built in the following order:

o Baffle wall - Two days were required for casting: one day for footings, and one day for the
wall.

° Grouted riprap - One day was required for grouting the riprap.

o Spillway slabs and cutoff wall - One day was required for casting. Mr. Putnam indicated that

the slabs and cutoff wall were cast monolithically.
° Valve stem guide - One day was required for casting.

° Concrete abutment walls - One day was required for casting. Mr. Putnam indicated that the
abutment walls were built about two weeks after the spillway slabs were poured.

3. Did anyone inspect your work for conformance with the design documents?

Mr. Putnam indicated that no inspection of his work was performed while he was on-site.
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53 Regional Drive

MEMORANDUM Concord, NH 03301-8500
Tel: 603-224-7979
TO: FILE Fax: 603 -224-7990
FROM: Craig Ward
DATE: June 17, 1996
'RE: Interview with Thomas Varney
Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize an interview with Mr. Thomas Varney of Varney
Engineering. Mr. Varney was hired by Mr. Bergeron (owner) to provide quality control during the
construction of the Meadow Pond Dam. The interview was conducted by telephone conference call
on May 22, 1996, and was attended by the following:

Thomas Varney, P.E. Varney Engineering
Gonzalo Castro, Ph.D., P.E. GEI Consultants, Inc. (GEI)
Craig Ward, P.E. GEI

A draft copy of this memorandum was provided to Mr. Varney for review and comment to insure that
his responses are accurately represented. This memorandum has been revised to reflect comments
provided by Mr. Varney.

At the beginning of the interview, Dr. Castro briefly described GEI's scope of work for the forensic
evaluation: to determine the mechanism of failure; to determine if the design was adequate; and to
determine if the dam was constructed in accordance with the design.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Varney in a letter
dated May 14, 1996. Each of GEI's preliminary questions is restated in italics below with a summary
of Mr. Vamey's responses. Although additional information may have been provided by Mr. Varney,
only information considered by GEI to be relevant to our forensic evaluation is presented in this
memorandum. The summary provided in this memorandum is not intended to be a complete or
verbatim account of GEI's discussions with Mr. Varney.

1. What was the latest revision date in the plans used to build the dam? Were there any other design
documents (sketches, letters, reports) given to you containing instructions pertaining to the
construction of the dam? Any changes to the design made during construction that you are aware
of? Any communications with the dam designers?
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Mr. Varney indicated that the design drawings provided by Mr. Bergeron were "Bergeron Lake
Dam", sheets C1 through C3, prepared by Rivers Engineering Corporation, Revision 3, dated
December 3, 1992. Mr. Varney was not aware of the existence of Revision 4 of the drawings, dated
December 17, 1992, until after the failure of the dam. No other documents showing design
information (except low level outlet design change discussed below) were provided to Mr. Varney.

The only design change made during construction that Mr. Varney is aware of was the use of
corrugated polyethylene pipe with a Ripley's Dam antiseep collar for the low level outlet instead
of the 14 gauge corrugated metal pipe with a cast-in-place concrete cutoff specified in the design.

Mr. Varney did not have any communications with the dam designers. Mr. Varney's
communications were limited to Mr. Bergeron and the Contractors.

. For what aspects of the construction did you provide quality control?

Mr. Varney indicated that he provided quality control for overall construction. He was on-site for
soil testing and to monitor construction. Most of his work involved monitoring earthwork, but he
monitored all aspects of the construction.

How often did you visit the site?

Mr. Varney indicated that the frequency of his site visits varied over the duration of the project.
Early in the project, Mr. Varney visited the site daily. After the embankment was more than half
completed, the Contractor had established a routine for fill placement and compaction, and Mr.

Varney reduced the frequency of site visits to about one visit every 3 to 5 working days.

Mr. Varney was not on-site when forms were set for the spillway structure and the concrete was
poured. He did, however, observe subgrade preparation for the spillway structure.

Were any permeability tests conducted on borrow soils?
Mr. Varney indicated that no permeability tests were performed.
Was any concrete testing performed?

Mr. Varney said that no concrete testing was performed.

. How many grain size, compaction and field density tests were conducted? How was retesting of

densities tracked?

Mr. Varney stated that the following soil testing was performed:
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Tests Quantity
Field Density Tests 18
Grain Size Analyses: 6 (on soils used in the construction)

Compaction tests 2
An additional six grain size analyses were conducted during the search for a suitable borrow source
for the filter sand. The results of these additional grain size analyses where not submitted to the
Water Resources Division of NHDES since these materials were not used in construction of the
dam. 4
Dr. Castro asked what criteria was used to evaluate the suitability of the gravel blanket material
since there was no gradation specified in the design documents. Mr. Varney stated that the

gradation requirements for sand and gravel were used for the gravel blanket material.

To whom did you report items not conforming to the design documents? Who made decisions
regarding acceptance or rejection of items not conforming to the design documents?

Mr. Varney said that nonconforming items were reported to Mr. Bergeron and/or the Contractor.
Dr. Castro asked if any in place materials were found to be nonconforming. Mr. Varney indicated
that some of the core fill placed in the fall of 1993 was found not to meet density requirements
when construction resumed in the spring of 1994. Due to difficulties in compacting these materials,
they were removed by the Contractor.

How was the concrete for the spillway slab and cutoff wall poured? Any cold joints?

Mr. Varney indicated that he was not on-site when the concrete was formed and poured.

Where there any problems associated with cold weather during construction? Freezing subgrades
or fill?

Mr. Varney stated that construction stopped due to cold weather on December 28, 1993. Prior to
stopping construction, some core materials had been removed due to freezing.

How was the chimney drain constructed?

Mr. Varney indicated that the chimney drain was constructed by trenching the in place core
materials and backfilling with filter sand. Trenching and backfilling were done in two lifts.
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11 Where were the various fill materials obtained?
Mr. Varney indicated that while he was on-site, fill material sources were as follows:
o Sand filter, gravel blanket material (for beneath spillway, grouted riprap and upstream
riprap) and sand and gravel placed along the lower portions of the upstream slope were
obtained from Alton Sand and Gravel.

° Sand and gravel used in the blanket drain was obtained from the gravel road.

o Core material was obtained from an on-sité borrow area on the other side of the pond
from the dam.

12. Where was the left end of the cutoff wall terminated?
Mr. Varney observed the trench for the cutoff wall but not the forming and pouring of the
remaining portions of the spillway structure. Therefore, he could not know the position of the left
end of the cutoff wall relative to the spillway structure.
13. Construction start and completion dates.
Mr. Varney provided the following:
. Mr. Varney met Mr. Connie Halvatzes of CSSI on November 28, 1993, and
construction began in earnest. One operator from CSSI had been clearing the site with
a D8 dozer for the previous approximately two weeks.

o Construction stopped for the winter on December 28, 1993.

o Construction resumed around the first of May 1994.

Construction was completed around the first of July 1994.

Dr. Castro asked if Mr. Varney returned to the dam site after construction. Mr. Varney said that
he returned to the site in the first or second week in July 1994. At that time, the pond had filled to
about 2 feet below the spillway, the embankment had been seeded, and a sprinkler was operating.

At the conclusion of the interview, Dr. Castro asked if Mr. Varney had anything to add.

Mr. Varney indicated that no significant problems had been encountered during construction: the
Contractor was agreeable and the fill materials seemed to be uniform in quality.
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Mr. Varney also offered the following ideas on the cause of the failure:

° Frost susceptible core materials placed beneath the spillway were within the depth of
frost penetration. Frost heaving of the core materials could have lifted and damaged the
spillway. Upon melting of ice lenses in the core material (note that it was 60 degrees
F on the day of the failure), the core material would become weakened and disturbed,
creating a pathway for the development of piping.

o Other factors that may have contributed to the failure include the lack of steel
reinforcement in the cutoff wall and the shorter than designed cutoff wall.
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MEMORANDUM 53 Regional Drive
Concord, NH 03301-8500
TO: FILE Tel: 6032247979
Fax: 603-224-7990
FROM: Craig Ward
DATE: June 17, 1996
RE: Interview with Rivers Engineering Corp.
Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize an interview with personnel from Rivers Engineering
Corp. (Rivers). Rivers was hired by Mr. Bergeron (owner) to assist in the preparation of a permit
application for the Meadow Pond Dam. The interview was conducted by telephone conference call on
May 16, 1996, and was attended by the following:

John Lavigne, P.E. Rivers

George Rief, P.E. Rivers

Rod Stark, Esquire Stark Law Firm (representing Rivers)
Gonzalo Castro, Ph.D., P.E. GEI Consultants, Inc. (GEI)

Craig Ward, P.E. GEI

A draft copy of this memorandum was provided to Rivers for review and comment to insure that their
responses are accurately represented. This memorandum has been revised to reflect comments
provided by Rivers.

At the beginning of the interview, Dr. Castro briefly described GEI's scope of work for the forensic
evaluation: to determine the mechanism of failure; to determine if the design was adequate; and to
determine if the dam was constructed in accordance with the design.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Lavigne in a letter
dated May 10, 1996. Each of GEI's preliminary questions is restated in italics below with a summary
of Rivers' responses. Although additional information may have been provided by Rivers, only
information considered by GEI to be relevant to our forensic evaluation is presented in this
memorandum. The summary provided in this memorandum is not intended to be a complete or
verbatim account of GEI's discussions with Rivers.

1. What was the latest revision date in the plans and design reports provided to the Bergerons and
to the Water Resources Division of NHDES? Where any other design documents (sketches, letters,
reports) given to the Bergerons or NHDES?

Winchester, MA Raleigh, NC Chicago, IL Englewood, CO Carlsbad, CA San Francisco, CA



Memorandum
June 17, 1996 -
Page 2

Mr. Lavigne indicated that the latest revision of the permit drawings was dated December 17, 1992,
and stamped "Not for Construction”. Other documents considered by Rivers to be part of the
permit application included the geotechnical report prepared by Jaworski Geotech, the hydraulics
report prepared by Rivers, and key correspondence between Rivers and the Water Resources
Division (WRD) of NHDES. Each of these documents is included in the WRD files, except for the
geotechnical report.

Mr. Lavigne said that Mr. Bergeron controlled most communications with the WRD. The permit
application was prepared and submitted to the WRD by Mr. Bergeron. WRD did direct some
design questions and recommendations to Rivers, which were addressed in correspondence between
Rivers and the WRD and revisions to the permit drawings. Mr. Bergeron was copied on all of
Rivers' correspondence with the WRD, and hand delivered the final permit drawings revised
December 17, 1992, to the WRD.

Rivers prepared a letter to the WRD, dated December 17, 1992, in response to concerns raised by
the WRD regarding the effects of frost penetration on seepage in the vicinity of the spillway. In
this letter, Rivers indicated that WRD's concerns were addressed in the December 17, 1992 revision
of the permit drawings by increasing the length of the seepage cutoff and specifying finer material
for the gravel blanket base to the riprap. Dr. Castro indicated that since the gradation requirements
for the gravel blanket had not been specified on the previous revision of the permit drawings (the
December 3, 1992 revision), it was not clear whether the change to the gravel blanket gradation had
been incorporated into the December 17, 1992 revision. Mr. Lavigne indicated that this change had
been incorporated as shown on the December 17, 1992 revision of the permit drawings on file with
the WRD.

2. Did Rivers Engineering have any communications with the Bergerons, NHDES, CSSI, or Varney
Engineering during construction of the dam?

Mr. Lavigne stated that, prior to the failure, Rivers had no communications regarding design or
construction issues with anyone after the December 17, 1992 revision of the permit drawings were
submitted to Mr. Bergeron.

At the conclusion of the interview, Dr. Castro asked if Rivers had anything to add. Mr. Lavigne
pointed out that the December 17, 1992 design drawings were intended to support the permit
application and were not issued for construction.



| @ GEI Consultants, Inc.

ttttt

MEMORANDUM 53 Regional Drive
Concord, NH 03301-8500
TO: FILE Tel: 603-224-7979
Fax: 603-224-7990

FROM: Craig Ward
DATE: June 17, 1996

RE: Interview with Steve Doyon of the Water Resources Division,
New Hampshire Department of Environmental Services
Meadow Pond Dam Forensic Evaluation
Alton, New Hampshire

This memorandum was prepared to summarize an interview with Steve Doyon of the Water Resources
Division (WRD) of the New Hampshire Department of Environmental Services (NHDES). The
interview was conducted on April 25, 1996, and was attended by the following:

Steve Doyon, P.E. WRD
Gonzalo Castro, Ph.D., P.E. GEI Consultants, Inc. (GEI)
Craig Ward, P.E. GEI

A draft copy of this memorandum was provided to Mr. Doyon for review and comment to insure that
his responses are accurately represented. Mr. Doyon had no comments on the draft memorandum.

Prior to the interview, GEI provided a preliminary list of interview questions to Mr. Doyon. Each of
GEI's preliminary questions is restated in italics below with a summary of Mr. Doyon's responses.
Although additional information may have been provided by Mr. Doyon, only information considered
by GEI to be relevant to our forensic evaluation is presented in this memorandum. The summary
provided in this memorandum is not intended to be a complete or verbatim account of GEI's
discussions with Mr. Doyon.

1. What was the latest revision date of the plans provided to the Water Resources Division (WRD) of
NHDES? Where any other design documents (sketches, letters, reports) given to the WRD? Where
there any design changes made during construction?

Mr. Doyon indicated that the latest revision of the design drawings submitted to the WRD were
dated December 17, 1992, which were approved by WRD. Other documents considered by the
WRD to be part of the approved design include key correspondence in the WRD files, most notably
letters from Rivers Engineering Corp. (Rivers) dated December 11, 1992, and December 17, 1992.
The letter from Rivers dated December 17, 1992 was referenced in the permit.
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The only design change made during construction was the use of corrugated polyethylene pipe with
a Ripley's Dam antiseep collar for the low level outlet instead of the 14 gauge corrugated metal pipe
with a cast-in-place concrete cutoff specified in the design. This design change was requested by
Mr. Bergeron in his letter to the WRD dated October 14, 1993, and approved by WRD in a letter
to Mr. Bergeron dated October 28, 1993.

. Did WRD have any communications with the design engineers, the Bergerons, CSSI, or Varney

FEngineering during construction of the dam?

Mr. Doyon indicated that WRD had no communications with the design engineers (Rivers) or the
quality control engineer (Varney Engineering) during construction. The only contact with Mr.
Bergeron during construction (other than site visits) was correspondence related to the low level
outlet pipe design change. Mr. Doyon had contact with Mr. Bergeron and CSSI during the
following site visits:

° December 23, 1993: Mr. Doyon visited the site to observe installation of the low
level outlet pipe.

o July 1994: Mr. Doyon conducted the final inspection required prior to filling the
pond. At the time of Mr. Doyon's visit, contractors were placing the
riprap along the upstream face of the embankment and forming the
concrete abutment walls on the spillway slabs. Mr. Doyon told Mr.
Bergeron the following:

- Cracking of the grouted riprap may occur due to
embankment settlement. Mr. Bergeron should repair
grouted riprap as necessary.

- The downstream face of the embankment should be
inspected periodically for soft spots. Soft spots may be
indicated by variations in vegetation.

- The lip along the left and right edges of the grouted
riprap channel downstream of the spillway should be
maintained to avoid overflow and embankment erosion.

Except for review and approval of the Emergency Action Plan for the dam, WRD had no other
communications with Mr. Bergeron after the July 1994 site visit.



Left side of breach (looking downstream) after failure. (3/19/96)



Void at right end of cutoff wall (looking downstream). Stem guide and cutoff wall on left side of
photo. (4/1/96)

Concrete spillway section in dam breach. Note cold joint between slab and cutoff wall at lower left of
photo. (3/20/96)



Left side of breach after the first day of field investigations. (3/20/96)



Rusted reinforcing steel and staining of concrete on underside of sloping spillway slab from left side
of spillway. (4/5/96)

Rusted reinforcing steel and staining of concrete on underside of sloping spillway slab from left side
of spillway. (4/5/96)



Underside of spillway slab section in breach of dam. Note limited cover over reinforcing steel.
(3/20/96)

Crack in cutoff wall and spillway slab. Note repair material at top of crack. (3/20/96)



End of spillway cutoff wall and slab. Note the absence of longitudinal reinforcement in the cutoff
wall. (3/20/96)

Soil beneath grouted riprap on downstream side of spillway. (4/5/96)



Saw cut slab moved away from abutment wall. Ruler on slab subgrade inserted from upstream
side of void at right end of cutoff wall. (4/2/96)



Left: Subgrade beneath sloped
portion of spillway slab. Note void
at far edge of subgrade, area of
protruding gravel on subgrade
(indicating errosion) and
corresponding dry area on bottom of
slab. (4/2/96)

Below: Void beneath spillway slab.
(4/2/96)



Crack in cutoff wall and spillway slab. Note cold joint Chimney drain contaminated with core materials. (4/4/96)
between cutoff wall and spillway slab. (3/20/96)



Void beneath spillway slab. (4/2/96)

Right side of breach after field investigations. (4/5/96)





