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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: 

• 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. 
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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 1 7, 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 a homogeneous earthen embankment dam, approximately 4 70 feet 
long with a 12-foot-wide crest. Significant design features of the dam include the following: 

0 The upper portion of the upstream face of the embankment was to have a 2.SH:1 V 
slope protected with riprap. The lower portion of the upstream face was to have 
a 3H: 1 V slope. 
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The downstream face of the embankment was to have a 2.25H: 1 V 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 
Topographies and survey drawings prepared by Civil Consultants. These drawings are provided 
in Appendices Band 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 GEL 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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Engineering Representative(s) 

Hydro Environmental Technologies, Inc. 
Geo Testing 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 ifthe 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 ofH&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: 

• 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 
flash boards. 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. 
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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. 
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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 137/a 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. LABO RA TORY 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 15 57. 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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5. 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 

Ba5ed 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. 
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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 Cl 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 m 
Appendix A. 

A review ofWRD 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] 1

, 

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 

1 Numbers in brackets correspond to references listed in Section 10. 

96069FIN.627 



- 13 -

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 cutoffwall 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 Filter 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 10-3 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 10-3 cm/sec would be sufficient to carry the flow through the dam 
computed with the assumption that the core material has a permeability of 10-5 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 10-3 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 10-4 

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 opinion, 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. 

7.3 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. 
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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. 
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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 embankinent 
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 5-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. 
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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 dµringthe investigation was 137/a-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: 1 V and an 
upstream slope of 3H: 1 V and 2.SH: 1 V 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. 
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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). 
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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 S5) 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 
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 
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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 of28-day compressive strength of the concrete in the spillway 
slab of2,830 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 of2,750 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 constructionjoint 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. 

8.3 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 10-5 cm/sec 
and the seventh sample would be close to 10-5 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 10-3 

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 

96069FIN.627 
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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 1-112 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 Yi 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. 

96069FIN.627 

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. 

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. 
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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. 

0 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. 
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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. 
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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 ofthe groutedriprap). 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. 
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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. 
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TABLE 1 -

Sample Date Approximate Approximate 
Identification collected Station<1> Off-set<1> 

SS1 3-19-96 1+48 8'DS 

SS2 3-19-96 1+47 1' DS 

SS3 3-19-96 1+47 1' DS 

SS4 3-19-96 1+47 5'DS 

SS5 3-20-96 1+28 4'US 

SS6 3-20-96 1+28 NR 

SS7 3-20-96 1+28 NR 

SS8 3-20-96 1+28 NR 

SS9 3-20-96 1+28 NR 

SS10 3-20-96 • 1+33 9' DS 

SS11 3-20-96 1+33 20' DS 

SS12 3-20-96 1+33 20' DS 

SS13 3-20-96 1+33 32' DS 

SS14 3-20-96 1+33 41' DS 

GEi Consultants, Inc. 

SOIL SAMPLE SUMMARY 
Meadow Pond Dam 
Alton, New Hampshire 

Approximate Dam Feature 
Elevation<2

> 

(feet) 

NM<3> Chimney drain 

NM Embankment fill 

NM Embankment fill 

NM Chimney drain 

681.1 Embankment fill 

681.1 Chimney drain 

677.8 Embankment fill 

673.4 Embankment fill 

684.4 Embankment fill 

665.1 Blanket drain 

664.1 Blanket drain filter 
sand (bottom of 
blanket) 

663.6 Blanket drain 

664.6 Blanket drain 

NM Collected above 4 
HOPE perforated 
drain pipe (toe drain) 

Project 96069 

Page 1 of4 

·. 

Material Name Geotechnical Testing<4
> 

(per design 
drawings) 

Filter sand Grain size 

Core Grain size (with hydrometer analysis), five~point 
compaction test, water content 

Core Grain size (with hydrometer analysis) 

Filter sand Grain size 

Core Grain size, water content 

Filter sand Grain size, one-point compaction, triaxial 
permeability test 

Core Grain size (with hydrometer analysis), water 
content 

Core Grain size (with hydrometer analysis), water 
content 

Core Grain size (with hydrometer analysis), water 
content 

Sand and Gain size (with hydrometer analysis), water 
gravel content 

Filter sand Grain size, water content 

Sand and Grain size (with hydrometer analysis). water 
gravel content 

Sand and Grain size (with hydrometer analysis), water 
gravel content 

Toe drain Grain size, water content 
backfill 

June 1996 



TABLE 1 -

Sample Date Approximate Approximate 
Identification collected Station<1l Off-set<1> 

SS15 3-20-96 2+30 8' OS 

SS16 3-20-96 2+50 ± 15' OS 

SS17 3-20-96 2+30 NR 

SS18 3-20-96 2+30± 12' OS 

FD1 4-2-96 2+48 5'US 

SS19 4-2-96 2+41 2'US 

FD2 4-2-96 2+48 4' us 

SS20 4-2-96 2+42 12' OS 

FD3 4-3-96 2+47 5'DS 

FD4 4-3-96 2+57 O'DS 

SS21 4-3-96 NM NM 

FD7 4-3-96 2+63 10' OS 

FD8 4-3-96 2+63 5'DS 

FD9 4-3-96 2+63 2.5' us 

FD10 4-3-96 2+56 1' OS 

FD11 4-3-96 2+63 6' OS 

FD12 4-3-96 NR 10' OS 

GEi Consultants, Inc. 

SOIL SAMPLE SUMMARY 
Meadow Pond Dam 
Alton, New Hampshire 

Approximate Dam Feature 
Elevation<2> 

(feet) 

663.4 Chimney drain 

NM Beneath grouted 
riprap 

658.9 Dam foundation 
(below crest of dam) 

NM Drainage blanket 
(filter sand at bottom 
of blanket) 

682.0 Beneath spillway 
slab 

678.2 Embankment fill 

678.0 Embankment fill 

NM Beneath grouted 
riprap 

678.9 Chimney drain 

678.8 Embankment fill 

677± Embankment fill 

675.9 Embankment fill 

675.9 Chimney drain 

675.9 Embankment fill 

671.2 Embankment fill 

671.2 Chimney drain 

671.2 Embankment fill 

Project 96069 

Page 2 of4 

Material Name Geotechnical Testing<4l 

(per design 
drawings) 

Filter sand Gr(lin size, water content 

Gravel blanket Grain size (with hydrometer analysis), water 
content 

Glacial till Grain size (with hydrometer analysis), water 
foundation content 

Filter sand Grain size, water content 

Gravel blanket Grain size five-point compaction test 

Core Not tested 

Core Grain size (with hydrometer analysis), one-point 
compaction test 

Core Not tested 

Filter sand Grain size, five-point compaction test 

Core One-point compaction test 

Core Not tested 

Core One-point compaction test 

Filter sand One-point compaction test 

Core One-point compaction test 

Core One-point compaction test 

Filter sand One-point compaction test 

Core One-point compaction test 

June 1996 



TABLE 1 -

Sample Date Approximate Approximate 
Identification collected Station<11 Off-set<1J 

SS22 4-4-96 2+30 29' OS 

SS23 4-4-96 2+23 SO' OS 

SS24 4-4-96 2+26 16.4 OS 

SS2S 4-4-96 2+41 sos 

SS26 4-4-96 2+26 6DS 

SS27 4-4-96 2+26 12 OS 

FD13 4-4-96 2+SO sos 

FD14 4-4-96 2+SO 11 OS 

FD1S 4-4-96 2+41 ODS 

FD16 4-4-96 2+41 6.S' OS 

FD17 4-4-96 2+41 13.S' OS 

FD19 4-4-96 2+32 12' DS 

SS28 4-S-96 2+48 14 OS 

SS29 4-S-96 2+S1 14 OS 

SS30 4-S-96 1+7S 8'DS 

SS31 4-S-96 1+7S 8'DS 

GEi Consultants, Inc. 

SOIL SAMPLE SUMMARY 
Meadow Pond Dam 
Alton, New Hampshire 

Approximate Dam Feature 
Elevation<2J 

(feet) 

NM Below grouted riprap 

NM Below grouted riprap 

6SS.2 Organics between 
boulders at dam 
foundation 

6SS.4 Embankment fill 

6SS.2 Chimney drain 

NM Blanket drain 

667.1 Chimney drain 

667.0 Embankment fil 

663.6 Embankment fill 

662.8 Chimney drain 

662.3 Embankment fill 

6S7.8 Blanket drain 

NM Backfill around low 
level outlet pipe 

NM Blanket drain 

6S2.8 Foundation 

6S3.8 Foundation 

Project 96069 

Page 3 of 4 

Material Name Geotechnical Testing<41 

(per design 
drawings) 

Gravel blanket Grain size (with hydrometer analysis) 

Gravel blanket Grain size 

None Not tested 

Core Not tested 

Filter sand Not tested 

Sand and Grain size, triaxial permeability (at 92% of 
gravel maximum density), five-point compaction test 

Filter sand One-point compaction test 

Core One-point compaction test 

Core One-point compaction test 

Filter sand One-point compaction test 

Core One-point compaction test 

Sand and Grain size (with hydrometer analysis), one-point 
gravel compaction test 

Filter sand Not tested 

Sand and Grain size 
gravel 

Foundation Grain size 

Glacial till Grain size 
foundation 

June 1996 



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 Consultants drawings 
showing the stationing are provided in Appendix C. US indicates upstream of baseline stationing. OS indicates downstream of baseline stationing. 

2. 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". 

3. NM indicates not measured. 

4. Geotechnical testing results are presented in Appendix E. 

GEi Consultants, Inc. Project 96069 June 1996 



Test No. Material Name 

FD1-GEI Gravel blanket 

FD1-H&A Gravel blanket 

FD2-H&A Core 

FD3-GEI Filter sand 

FD3-H&A Filter sand 

FD4-GEI Core 

FD4-H&A Core 

FD5-H&A Filter sand 

FD6-H&A Core 

FD7-H&A Core 

FD8-H&A Filter sand 

FD9-H&A Core 

FD10-H&A Core 

FD11-H&A Filter sand 

FD12-H&A Core 

FD13-H&A Filter sand 

FD14-H&A Core 

FD15-H&A Core 

FD16-H&A Filter sand 

GEi Consultants, Inc. 

TABLE 2 - FIELD DENSITY TESTING RESULTS<1> 
Meadow Pond Dam 
Alton, New Hampshire 

In Situ 
Station<2> Offset<2> Elevation<3> Dry Density 

(pcf) 

2+48 5' us 682.0 125.2 

2+48 5' us 682.0 123.8 

2+48 4' us 678.0 119.7 

2+47 5' DS 678.9 108.0 

2+47 5' us 678.9 106.8 

2+57 O' DS 678.8 111.2 

2+57 O' US 678.8 110.9 

2+53 4' DS 676.2 101.4 

2+51 1' DS 676.2 123.1 

2+63 10' DS 675.9 119.1 

2+63 5' DS 675.9 93.0 

2+63 2.5' us 675.9 122.1 

2+56 1' DS 671.2 122.6 

2+56 6'DS 671.2 95.6 

2+56 10' DS 671.2 120.2 

2+50 5DS 667.1 113.5 

2+50 11 DS 667 125.3 

2+41 ODS 663.6 117.3 

2+41 6.5' DS 662.8 102.1 

Project 96069 

Page 1of2 

In Situ In Situ Maximum Percent Required 
Wet Density Water Density<•> Compaction<5> Percent 

(pcf) Content(%) (pcf) Compaction 

137.6 9.9 134.9 92.8 95 

136.6 10.3 134.9 92.8 95 

135.2 13.0 131.0 91.4 92 

114.4 5.9 115.7 93.3 92 

113.9 6.6 115.7 92.3 92 

124.8 12.4 132.2 84.1 92 

124.6 12.4 132.2 83.9 92 

109.7 8.1 
(6) 

92 

137.1 11.4 
(6) 

92 

134.9 13.3 130.4 91.3 92 

99.1 6.6 109.4 85.0 92 

136.1 11.4 128.4 95.1 92 

138.4 12.9 128.6 95.3 92 

100.5 5.2 114.1 83.4 92 

134.7 12.1 132.4 90.8 92 

121.7 7.2 119.2 95.2 92 

138.0 10.1 129.6 96.7 92 

132.0 12.5 126.6 92.7 92 

108.3 6.2 122.5 83.3 92 

June 1996 



Test No. Material Name 

FD17-H&A Core 

FD18-H&A Core/filter sand 

FD19-H&A Sand and gravel 

Notes: 

TABLE 2- FIELD DENSITY TESTING RESULTS<1> 
Meadow Pond Dam 
Alton, New Hampshire 

In Situ 
Station<2> Offset<2> Elevation<3> Dry Density 

(pcf) 

2+41 13.5' OS 662.3 124.0 

2+32 3' OS 657.8 109.6 

2+32 12' OS 657.8 125.8 

Page2 of 2 

In Situ In Situ Maximum Percent Required 
Wet Density Water Density<•> Compaction<5l Percent 

(pcf) Content(%) (pcf) Compaction 

140.4 13.2 138.7 89.4 92 

123.9 13.1 
(7) 

136.3 8.3 135.4 92.9 92 

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 GEi 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-GEI and FD1-H&A) were performed at the same location. 

2. 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. OS indicates downstream of baseline stationing. 

3. 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". 

4. 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. 

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

6. 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. 

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

GEi Consultants, Inc. Project 96069 June 1996 



SCALE, FEET (1 :24,000) 

Map is taken from U.S.G.S. Topographic 7.5 Minute Series, 
Gilmanton, NH (1987) and Alton, NH (1987) Quadrangles. 
Datum is National Geodetic Vertical Datum (NGVD) 1929 
Contour Interval is 20 Feet 
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Water Resources Division 
Concord, New Ham shire 
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MAP 

<1> G EI Consultants, Inc. Project 96069 June 1996 Fig. 1 
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State of '.\eH H:..im pshire 

DEPA.RT\fE.'iT OF E:\VIRO.'.":'dE.\iTAL SERVTCES 

603-271-3503 

TDD Acce~s: Rda) \'.H l-~00- 7.'5-~9~ 

PERMIT No. 6.03 
REGISTRATION OF A NEW D". 

On December 31, 1992, the Department o: :::nvironmental 
Services (DES), under authority of RSA 482:~-11 issues the 
following permit: 

'"'nEREAS, Mr. Robert Bergeron has filed · .. :i. th the DES on June 
26, 1992 an application for approval to cons:ruct a dam in the 
Town of Alton, in Belkn3.p County, New Hampsh;_re; ar:.d 

WHEREAS, the DES has considered the app:ication and finds 
that if said structure is constructed in acccrdance with plans 
and specifications provided with said applica:ion and accepted 
construction standards and is properly maintained, it ~ould not 
be a menace to public safety; now therefore 

THIS APPLICATION, is approved and said c3m is hereby 
registered and authorized to the following terms and co~ditions: 

1. 

2. 

The Dam shall be constructed in accorda~:e with the approved 
plans and specifications and the dam sha:l be properly 
operated and maintained at all times in :ompliance with the 
provisions of Revised Statues Annotated :hapter 482. 

The Dam owner shall provide a qualified inspector to insure 
compliance with approved plans and speci:icacions. 

3. The inspector shall be a professional e~~ineer re~istered in 
New P.ampshire, or his duly authori=ed a;:-::::-tt, :ami2.iar ·,·:ith 
dam constructi~n. 

~. ~te freque~cy of inspections shall be as :allows: 

a. Class B s~ructures shall be inspec:-::i periodi:ally but 
not less than once per week. 

b. Structures shall be inspected ~pan :~e c:~pleti~n of 
major iteffis of work including but ~:: limited co 
excavatic~. pipe placement, final g~~di~J. po~~ing of 
concrete. 
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5. Materials of construction shall be periodically tested for 
compliance with design requirments in accordance with 
approved plans and specifications. 

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

7. The inspector shall provide the DES with an affidavit of 
compliance with approved plans and specifications upon 
completion of the project. 

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

9. A schedule shall be submitted within 30 days which provides 
for the completion of an Emergency Action Plan by January 1, 
1995. 

10. As specified by the consultant (Rivers, Inc.), through 
contact with its geotechnical subco~tractor (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. 

11. The construction of this dam must .::e comr:;1.eted no late::: than 
two years from date of issuance of :his ~ermit. 

12. Upon co~pletion of construction, t~e dam owner shall notify, 
in writi:ig, by certified mail, the :ES five (5) days prior 
to filling of the reservoir. Filli~g of :he reservoir shall 
comply with 11ffi..501.03. 

13. Registration of the dam by the DES does not relieve the 
owner from meeting the requirements 0f public safety or 
other provisions of the law. 

14. Registration of the dam by the DES ::-:.::ies nee convey a 
property !:ight or al!t.hor:..:e ar-.\· ir.: .. :::y tc ;;roperty or 
invasi\..'r, .)f other rights. 



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 
Resources Division address shown on the first page. 

cc: Town of Alton 

DEPARTMENT OF ENVIRONMENTAL SERVICES 
WATER RESOURCES DIVISION 

BY 

DATE 

?ublic Information and Permitting 

DF'D / s:,;:::-: ·:;as . 6 I permit / O O 6 - O 3 , per 



RIVERS ENGINEERING CORPORATION 
1600 Candia Road 

MANCHESTER. NEW HAMPSHIRE 03109-5512 

(603) 647-8700 FAX (603) 647-4128 

OAT£ /9 .-!J.\319~ 
A'TI"ENTION 

RE: 

IV :f-:o B i?f- l0=-9tl 

> WE ARE SENDING YOU ~ Attached 0 Under separate cover via ____ _;... ____ the following items: 

> 

COPIES 

< 
< 
-::;--

I 

O Shop drawings 

O Copy of letter 

DATE NO. 

!,:) I 11 ,le;:;_ C'J 
/"2-/ i I p,.:i.. CZ 
17.-/11 /9'J- C1~'3 

0 Prints )ZJ. Plans O Samples 0 Specifications 

0 Change order 
o _____________________ _ 

DESCRIPTION 

.--v.l\..I 6...1°,) '~C'"';n,..,, i"" 

·~"'IA-\1_~ 

--<:-rt: - CAii I :S. ..._ -, .Ci~ ut-i 

THESE ARE TRANSMITTED as checked below: 

0 For approval 

lj4: For your use 

0 As requested 

0 Approved as submitted 

O Approved as noted 

O Returned for corrections 

O Resubmit __ copies for approval 

O Submit __ copies for distribution 

O Return __ corrected prints 

O For review and comment 0 ------------------------
O FOR BIDS DUE _________ 19 ___ 0 PRINTS RETURNED AFTER LOAN TO US 

REMARKS---------------------------------------

COPY TO·--------------. ___ SKlHCO, ad~~-(, 9Jki- · 
-- ~ .... ---tl'll lf••·•--"""-~*"""""~""7--. . 

4 



IVERS 
ENGINEERING CORP. 

CIVIL • ENVIRONMENTAL • WATER RESOURCES 

FAX TRANSMITTAL COVER PAGE DATE: 

PROJECT NO: ~yd-[)~-/{ 

RE: %~~,_~ l-Ai.:€_ ·-=z:::r-nll\ 

A-----m~ J W-

TO: Jµ wr-t-rtZ-Tu~~·D,J. 
ilrc() · s~ ~Ybi-i 

FROM: 

FAX #: /-;/}!-' ;{581 

TOTAL NUMBER OF PAGES TRANSMITTED (INCLUDING COVER SHEET) 

REMARKS: 

<: 2Jsv·~0 
2,y /)1/-}'/r_ 

·v~ii-l<o ~ 

)-.. .4 ;E.j2_ (0 uA'-f. 

Copy To: Signed: 'V\.._ -1 

This facsimile transmission is intended only for us:/by the individual or entity 
to which it is addressed. It may contain informa 1 ·on that is privileged, client 
confidential and exempt from disclosure under applicable law. If the reader of 
this facsimile message is 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 error, 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 

T'."---- JJ."1 J"'\f""\., 

r· n 
- j 1..J, 



RIVERS 
ENGINEERING CORP. 

CIVIL • ENVIRONMENTAL " WATER RESOURCES 

FAX TRANSMITTAL COVER PAGE DATE: ~~ f 7. /q9 z_ 

PROJECT NO: 12'7 2-0L{t( 

RE: ~~ l?t-clf:... VPrfV'-

TO: FROM: 

FAX #: 

TOTAL NUMBER OF PAGES TRANSMITTED (INCLUDING COVER SHEET) '3 
REMARKS: 

This facsimile transmission is intended by the individual or entity 
to which it is addressed. It may contain informat 'on that is privileged, client 
confidential and exempt from disclosure under ap licable law. If the reader of 
this facsimile message is 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 error, 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 
T:"t--- ..JJ.i l"\l"'\'1 



RIVERS 
ENGINEERING CORI='. 

CIVIL • ENVIRONMENTAL • 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 
a.k.a. Meadows Pond Dam 

Dear Mr. Doyon: 

our Project No. R92044 

We have contacted our geotechnical consultant regarding your 
concerns of frost penetration below the pond level 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 length 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 questions 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 (603) 647-8700 FAX 647-4128 



] 

r 
r 
r 
r 

NH Water Resources Division 
Mr. Steve Doyon 

Very truly yours, 

RIVERS ENGINEERING CORPORATION 

_µ~.l)~ 
:; 

)Jonathan L. Dollard 

JLD/WP9\BER.LET 
Encl. 

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

December 17, 1992 
Page 2 

!~,,~,,,l!!li !lllllllllllllllllllllllllllllJlllllllBllllilllllllllilllllllll _______________________ _ 
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- 1600 Candia Road 
MANCHESTER, NEW HAMPSHIRE 03103 

(603) 647-8700 

I " ~-1 ~j v~)~ -{ e_ 

FAX (603) 647-4128 ATTENTION - ' -{_ -/~ ·. ,,.·' ._ . 
RE: 

,/l L IJ. 

f .) -~ • ./ __ : .j 

I JOB ,N':) ,"', l• LI 
,~ / . ....,..::,, I 

WE ARE SENDING YOU ~ttached O Under separate cover via __________ the following items: 

O Shop drawings 0 Prints G(°p1ans 0 Samples 0 Specifications 
/ 

. ~· 
'"\!. 

E'.f Copy of letter 0 Change order 
o ______________________ _ 

COPIES DATE NO. DESCRIPTION 

{ J 2 /17 /C/ z. c. \ :'? £l,Je> f-\J;) - -·-~ C.-n '- rlS' 

I I 2-/17 /<{L C2. -l)r:,.-.AIL-~ 

I 12i11/<JL c_.-:2, 
'--, :5?tc.., nC.f-\'TICI'-~ '°, 

I 12./11/41- Lf::_ ,-r~{2_ 

... 
I 

THESE ARE TRANSMITTED as checked below: 

e{ For approval 

D For your use 

D As requested 

0 For review and comment 

0 FOR BIDS DUE 

0 

0 

0 

0 

Approved as submitted 

Approved as noted 

Returned for corrections 

19 

0 Resubmit_. __ copies for approval 

0 Submit __ copies for distribution 

0 Return __ corrected prints 

0 PRINTS RETURNED AFTER LOAN TO US 

COPY TO·------------------ /J · / ( J · 

··SIGNED: ~~J~ / ;;1M_;,,,y_:/ 
•/ 

It enclosures are not as noted, kindly notify Ujt/3t once. 



Vorn.TER RES¢TJRCES DIVISION 
64 North Main Street 
l?.O. Sox 2008 
Concord, NB 03302-200$ 

Telephone ~ 603-271-3406 
Fax i 271-1381 

wJ .. ,£ 
f:v/j. 

TELE COPIER #: ----=D-1-'-:1_-u_Lt_, _l ~_o _______ _ 

PEONE:~_2_~_{--~-~-c~/~o_t~~~ 
UUMBER OF PAGES TO FOLLOW:_~::'.<-=-~--

-----~- > 

- I ! 31 
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RIVERS 
ENGINEERING CORP. 

CIVIL • ENVIRONMENTAL • WATER RESOURCES 

FAX TRANSMITTAL COVER PAGE DATE: ~ /(I !29;L 

TO: 

w~&o0~~ 
u1v1-;:;,,o~ 

PROJECT NO: 

RE: 

FROM: 

'&r20~J'S LR--rl7i_ ~ 

Av\DrJ. Jt4 

FAX #: I - 2- "7 l - /36 I 
TOTAL NUMBER OF PAGES TRANSMITTED (INCLUDING COVER SHEET) __1__ 
REMARKS: 

~'P<.-Fi..Ju...vf ~ Ji+T/A~v ~~ 0..-~A~ u? 

~ (V1(S. C{)t-ie§C,,rp-f1,at.Js 4,.Jj) dL.-~IH~ ~- [::k~iGJ-
0-:;:: ~ 5PtL-LwAV. ~~ ~s -ro !1--k. wc.A-'-noJ 

~ ~ St-0'?t:-.J) s-...~e,.+:=14Ck- ~rv\ -ID:P cF- DAr~ -tO ~ 
A-t-1.:> 1-ttc.J.G~ e;lf -;-~ ~rVJrYtJlfvih::..,W ~. 

~;r;.. A-JL( ~'f.S.170>-JS {:;>L~::.-AS~ ~'-. 

This facsimile transmission is intended only for u or entity 
to which it is addressed. It may contain informa 'on that is privileged, client 
confidential and exempt from disclosure under applicable law. If the reader of 
this facsimile message is 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 error, 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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GEOTECH, INC. 

October 22, 1992 

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 

o White River Jct .. VT 

Dam # 6. 03 JGI Project No. J92214 

Dear Mr. Lavigne: 

Jaworski Geotech, Inc. (JGI) is pleased to submit the following 
geotechnical report concerning design criteria and technical 
specifications for the above-referenced project. The work scope 
was performed in general accordance with our proposal dated June 
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, 
Department of Environmental Services. More specifically, the 
embankment design was completed as outlined in the New Hampshire 
Code of Administrative Rules, Chapter 3, Part Wr 307, Section Wr 
307.08 - Earth Embankment Design Criteria. 

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

150 Zachary Road •Manchester. New Hampshire 03109 • (603) 647-9700 • FAX 647-4432 

Printed on 100% Recycled Paper 
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Mr. John Lavigne, P.E. 
Page 2 
October 22, 1992 

We trust the attached is responsive to your needs at this time. 
Should you have any questions or require further assistance, please 
do not hesitate to contact our office. 

Very Truly Yours, 

JAWORSKI GEOTECH, INC. 

• Martin 

P. E., Ph.D. 

KMMS/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 earthf ill 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 
4 70 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 regulated 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 
surf aces 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. 

2.00 SITE CONDITIONS 

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

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

south with 
Topographic 

Vegetation within the limits of the impoundrnent consists of 
underbrush, grass and immature tree growth. Mature hardwood 
and evergreen encompass the site. 

1 
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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. 

2 
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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 Mao of New Hamoshire, 
(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, joints, 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. 

3.60 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. 

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 demonstrate 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. 

5.00 DESIGN CONSIDERATIONS 

Particular design considerations associated with the 
embankment darn 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 

Settlem~nts associated with the foundation are expected 
to be negligible. However, settlements of the embankment 
shall be dictated by the cornpactive 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 
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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, joints, bedding 
planes or other anomalies in which seepage paths may 
exist beneath the proposed dam during construction. 
Continuous joints that exist beneath the darn 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 surf ace 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 
earthf ill 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 
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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 limit 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. 
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8.0 LIMITATIONS 

Explorations 

1. 

2. 

3. 

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. 

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. 

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 level of the 
groundwater may occur due to variations in rainfall, 
tempera~ure, 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. 
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5.. 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. 

Construction 

6. 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. 

8. 

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. 

8 

57 



~ 

~ 

~ 

~ 

~ 

~ 

'11 

~ 

~ 

~ 

I~ 

APPENDIX A 

58 



r 
~, Proiec:; /'1E"ADOW"5 'PO"'-JD 
f-, AL lr>N I N !-\ 

1 
P--iect No.: rq-:Z:z. '+ r . ,. 'S e'F'T' :2-1 

· I Excavation Equipment: 

Test Pit Log 
DAM JGI Reoresentative: 

f:_, M A.?.11 ....J 
Weather: 70 '.!: ~ UN N \.{ 

Test Pit No.: ---- - I 
Location: ;re:;: 't:~t.. i-.J 

Surface Elev.: &,14, o(.r) 

Groundwater Observations 
II Contractor: C. S . S. 
I / Operator: 

J:., Date Time Deoth I Noc es 
9 I I :t I 

· r Make: CAi Model:_"'-=· :.:.l~..-....;=._ .... 1=-,.--- i-------------+------+----------' r1 Capacity: 
Reach: '--------+-----------:..-----~-----------' ---------- ~--------- ~ 

Deoth Strata Soil Description Boulder I 
Size/Count Notes ft. Change 

I 

,;::::; 

T n-
L.. 

n 
-

/ 

_, 
/ 

~Nocc:s: 

arks: 

~ .- I 
·, /---

... ' / 

I" ' .,:..._; 

I 
S, 0 

l~c.:::;;: --r- !.",,, /'~- flt/."'/..,/', -L - 'D '"'~/ r;l"i. v, 1(,;r'-, .,,.. -r.r-< 

t?:hlrr- 8/fcJJ..'tl; !'- c '-'Y:1J I>; /, rrJ< 111..T (rt1 ES' oit.,) 

!? oc-;-:: .Sov.- .D .-o" / - -=-r; -

/Ii- !// 
3£DP,Oc..K.. 

Length---- ft. Width---- ft Depth----- ft 

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%) GEOTECH,IN C. 
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Test Pit Log 
' Proiect: M eA DOW'S 'Po~D DAM 
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marks: The stratification lines represent the approximate boundary lx:tween 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 me:lSUrements were 
made. 
Proportions used: trace (0-10%). little (10-20%). some (20-35%). and (35-50%) 
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Excavation Equipment: Groundwater Observations P Contractor: C , S . ~, 

l =tor: CA'" pi < Capacity: 

Depth Strata Soil Description 

r- ft. Change 
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r. ___ ___. 
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~--~""'1',;. _ __. 

ft. -----\J'it Dimensions: Length ft. Width ft Depth 

~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%) 

Boulder 
SizeiCount 
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Notes 
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llJ Proiect: M E::A DOW'S ?o~ 'D 
f"" ALTON.NH 
.T P- :ect No.: ::S-Cf -2:21 + p ... .. s E"?i-. "2-1,. 

Test Pit Log 
DAM JGI Representative: 

K, M A.?\Jt--...1 
Weather: 70 '.:S c::::' UN N \,/ 

Test Pit No.: ;:;::: - ± 
Location:"!;.~;;; 't::•=A i-..J 

Surface Elev.:47.3, 5 (:t) i 

Groundwater Observations 
Contractor: C. S . S. "1'"' Date Time Dooth I Notes ~ 

... ·. Excavation Equipment: 

·.Jperator: --------------- ~...;.r,-/.-(l:.:..:..l_-+-----+-.:+.'-"-+----+--------1 ·r Make: CA-r Model:_z_..,__1i:;:..._~ ........... !...-,..,,.. ___ _ 

,. Capacity: _______ Reach:-------- ~-----+------.;.----------------i 

Depth St:rnta 
.T ft. Chane:e Soil Description 

T 
I P'1 

r' z ,., I\ I ,,.::_·,v 

! 

r ~ _..,, 

,I 

f-r 
L. 

I 

't 

LJ_it Dimensions: Length ft. Width ft. Depth ft. 

ii...-marks: The st:rntification 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. 

Boulder I 
Size/Count Notes 

=- 2. fT 
107. er'* 
r;.ft, /o 

't·----Pro-Portl-·o_ns_us_ed_:_tra_c_e _(o_-1_0_%_)._li_ttl_e_(_10_-2_0_%_)._som_e_(2_0-_35_3_o )_. _an_d-(3_5_-s_o_%_)__,1. __ G_E_O_T_E_C_H_,_I_N_C_.__...... 6 



' 
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, ALTON.NH 
Proicct No.: :rcr -2.2 ,4 

·1·est Pit Log 
DAM JGI Representative: 
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Weather: 70 ·~ '$UN N \I 
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E.i::cavation Equipment: 
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F Opaator: 

Groundwater Observations 
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-G.pacity: 
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Change 
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Soil Description 
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Test Pit Log 
Proiect: M E'"A DOW'S ?ot..JD DAM 

ALTOr>L NH 
. ~·r ·-:ct No.: :r CZ -Z:z..' 4-

, J.. .;: S E"?T'. -Z-1 I °I C, 2.. 

... E."tcavation Equipment: 

JGI Reorcsentative: 
f:::,., M A.?-n t--J 

W cathcr: 7 0 '.!: '$ U 1'.l N \J 

Test Pit No.: >j""'::l - (rt 
Location:-;:.=:::;: -::::1.J?: )...J 

Surface Elev.: iR 15"'!. o(:t_ ) 

Groundwater Observations 
"Contractor: C. S . <:., '!:.. Date 

Operator: ----------------- ~-'-'~l::;.(.../ __ 1--____ ....._.....l.J...;....r..J~-....._---------i 
rMake: CAI Model: r) I~;:::. , ,,. 

f Capacity: Reach:-------- 1------:...----~------+---------
T Depth Strata 

ft Change Soil Description 

I p I 
I 

p 2 
I -~--1 

~-

I 7 

r~otes: 

ll 

t - / ~o,.,.- r. /, ::-1- o.P, ~~-1J/c.,, ~r lr->J D t/ , :::; , i:.· , / r:;. .. , 1 / Y1 , ,_,r ... 

P.17-1J6~-~ADvJ'J, /Le J'4r~ /rrrfpf;i.,:r 

~r/D ;JP:/. 1 8c);.,.t:..,.DCP._:/ Co8;t;L£~ !f'Ot:Ji-J' 

(.Jct 850lt..) 

it Dimensions: Length ---- ft. Width ____ ft Depth----- ft 

:marks: 

I 

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. 

Bouider I Noces 
Size/Count 

Proportions used: trace (0-10%). little (10-20%). some (20-35%), and (35-50%) GEOTECH,INC. 6 4 



Test Pit Log 
Proiect: Me'ADOW'S ?o>-JD DAM 

ALTON, NH 
·::ct No.: 3"";t-2.'"Z.14-

1.1ace: S E"t='"i'". '2-1 I °I Ci 2.. 

E."Ccavarion Equipment: 

JGI Representative: 
K, M A..?nt-.J 

Weather. 70 '.'$ c::::' UN N \J 

Test Pit No.: ~ - 7 
Location:'::.=:;;; "P'-.,,~ i...J 

Surface Elev.: 1#72.o (±') 

Groundwater Observations -' -· Date Notes Time Den th Contractor: C. S . S. 

.. 

Operator: 9 I I 
Make: CAT Model: rJ \Z::::;:::.. 1 ,,.. -=----"'"""---Cipacity: 

Depth 
ft. 

I 
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2 
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--...:::;; 

?-

7 
""' ..... 
• ! -

~, 
I 

I:.> 

!/ 

JZ 

/'"" ~· 

Reach: 
~-----~ -------- ~------+--------+---------+-------------~ 

Strata 
Change 

.d.. 'I 
I 

I 0. t I 

Soil Description 

~.,,::;~ r•-r /./ /.-- ~ ~~ r I I j(' \.i('l /. "''"' . "'• · _, , n ~ I v 'i c "' v '- ,,.., v./../ 

tJPrf=!,..J vE· 3F(pu11.,_~ ./~c ,:.4tJD .1 /11rle J', "-0 
.50:L.t,Df?.J_, P(fJ0'1'S, (sul5.:So1t.-) 

Bouider I 
Size/Count Notes 

I!~// 

~ 1L. 
. i 

T IC; 

arks: 

Length ft. Width ft Depth ft. ------- ------ ~------

The stratification lines represent the approximate boundary betwec:n soil types 
and the transition may be gradual. 
Water level readings have bec:n 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. 
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Meadow's Pond Dam 
Project No. 192214 

Field and Laboratory Test Results 

(I) Proposed Field Dry Unit Max. Dry Unit Grain Size(%) uses (2) 

Location Lab No. Use Weight/Moisture Weight/Moisture Gravel Sand Fines Classification 

Core/ 
TP-1 L210-92 Foundation ' 57.8 26.9 15.3 GM 

Core/ l07.8PCF 127.3PCF 
JP-4 L294-92 Foundation 13.6% 7.2% 35.1 30.5 34.5 GM 

Core/ l08.4PCF 125.0PCF 
JP-5 L291-92 Foundation 16.8% 9.8% 26.2 38.2 35.6 SM 

JP-7 L295-92 Foundation 41.3 45.5 13. l SM 

Filter Drain/ 
TP-18 L293-92 Gravel 49.5 43.9 6.5 GP-GM 

(I) Test Pits Designated TP Performed by Expert Construction Services. 
Test Pits Designated JP Performed by Jaworski Geotech, Inc. 

(2) Unified Soil Classification System 

Coefficient of Dry Density of Percolation 
Permeability (emfs' Permeability Test Rate 

-6 
3.36 x 10 emfs 122.0PCF 

-6 

1.32 x 10 cm/s 115.0PCF 8 Min/In 

-5 
7.90 x 10 emfs 127.7PCF 

-3 
2.00 x 10 emfs 121.8PCF 

KMM5 



GRAIN SIZE 

" 

PllEPAflE 0 run: 

DATE: .:SeP\ l''l'lZ. 
( 

GEOTECll.INC. PROJECT NO. :J')Z7..1 .tt 

DISTRIBUTION TEST 

'\..'l- \:] \~l-- -.r 1>-· 7 1.? '\5. 'l l­

{) · (~-{~-- T1""-, 0 1-2'n-'12. 

REPORT 

--·---1--J 

0-G-8-J"P-S L2"\\-ciZ. 

~ :S-t='-L\ L2 "'\-42-

{3-EJ-EJ- TP-1 LZlo-'tZ. 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
.5 .5 s s s s s ~ s ! r ~ S! ~ ~ e ! ! I 100 .. .. .. - : .. .. 

90 I l 
.. 

I I I 80 

70 ~ ..1.. l I 111 I I I 
a:: 

60 r ~ I I I I I 11 I I I I l 
~ 

I 1 \~ I ~1 1i1 I I I I I 11 I I I I -La.. 

I- !50 
% 

~-- I I I I I I I I I I ~ ~~ a:: 40 LU 
Q., 

~~- II I I I I 11 I I I I I ~: 

30 ,ill! ... .._ 

20 It ~~ ji I I I I I 11 I I I I 
I I 

""'Ill; 
,~ 

10 
'8~ I I l 1111 

I 

I I I I I 
0 -I I I I I I I I I 11 I I I I I 
200 100 10.0 1.0 0.1 .a1 .001 

GRAIN SIZE - mm 

!Test % +3"' % GRAVEL % SAND I % SILT I Y. C!...~Y I 
0 15 0.0 57.8 26.9 1~.3 I 

LL PI Des ~0 D50 ll30 I Dts I Dtg I c.: Cu 
0 43.10 15.61 a.6a 0.494 I I I 

I I I 
I I I 

MATERIAL DESC~IPTION I uses I AASHTO 

0 coars• GRAVEL, som• s:a.nd11 little ilines GM -

Pl"'oj•c:t No.: J92214 Remarl<s: 
Proj.c:t: Meadows Pond Dam L2l0-92 
0 Location: TP-1 

Date: Jun• 19, 1992 

GRAIN SIZE DISTRI:BUTION TEST RE? ORT 
JAWORSKI GEOTECH, INC .. Fig. No. 2 
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GRAIN SIZE DISTRIBUTION TEST REPORT 

.s 
100 .. 
90 

90 

70 

ffi 60 :z: -!.&.. 

1- S0 

11 I I Iii l 1 I l l ! ! l : 11 I I 

11 l I I 1111 I I I I I 
:11111 I 111111 I ! I 

.I I !!I I I I l I l l 111 ! i I I I 

II !I l1'~Ull:l I I 11111111 11111! ! I I I 
:z: 
UJ 
(..) 

ffi 40 l~l !ll!lllll llllii/11 I 
a.. 

30 

20 I ti 1111 l J 1:11 i I I I 11 I Ii 1 i I i I 
10 II I I I : ! ! I!! 11 l i i 11 i Ii : ! i ; I 

I I 11 
,, I I ·11·1111 I I j 11 / l i l 1' i I 
. . . • . \I ! I ! I ! i I I 0.___._._._........... __ .__..~~ ........... -----~ ............ ...___._~~~ ............. ~----~~~~~~~ 

200 100 10.0 1.0 0. 1 • 01 • 80 J 
GRAIN SIZE - mm 

Test% +3"' % GRAVEL % SAND 
0 2 0.0 3S.1 30.5 

LL PI De5 D60 I ~0 D30 I 
0 17.38 2.63 I 0.63 

I 
I 

MATERIAL DESCRIPTION 
o Silty Claye'=:I, S+G 

Project No.: J92214 
Project: Meadows Pond Dam 
o Location: JP-4 

I 

K =Coefficient of Permeability= 3.36 X 10-6 cm/s; 
! d = 122.0 !?CF. 
Date: September 29, 1992 

GRAIN SIZE DISTRIBUTION TEST REPORT 

JAWORSKI GEOTECH, INC. 

I 
I 
I 

::-:: s IL T i ::-:: c:... . .:::;y I 

Dts ! D10 

I 

I 
I 
I 
uses 

GM 

Remarks: 

L.294-92 

S-1, 3Ft. 

34.5 I 

I ~ I C,J. ' 

I I 

I i 
I I 

I AASHTO 

71 
Fig. No. 1 
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I I I I 115 
2.5 5 7.5 10 12.5 15 17.5 

M Water content, ~ 

»ModiTied» Proctor, ASTM D 1557, Method C 

M Elev/ 
Depth 

n 3 Teet 

ClassiTication 
uses AASHTO 

TEST RESULTS 

Nat. 
Moist. 

Sp. G. 

2.65 

LL PI I 
~! > 

No. 4 1-fo. 200 

I 
3?. 2 % I 53. 1 % 

MATERIAL DESCRIPTION 

Silt~ Clayey, S&G mt Optimum moisture = 7.2 % 
Maximum dry density = 127.3 PCT 

1tr===============================;i-~~~~~~~ 
Project No.: J92214 Remarks: 

Project: Meadows Pond Dam L294-92 

Location: JP-4 S-1' 3 ft· 
, 
.,

11 
___ D __ a __ t_e __ ._._9_-_2_9_-_1_9_9_2~~~~~~~~~~~~~~~~~--ti 72 

PROCTOR TEST REPORT 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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200 100 10.0 1.0 0.1 .01 • 001. 
GRAIN srz:: - mm 

IT est +3» % GRAVEL I •> SJ:LT I .,, C:....PlY 
I 

% % SAND <• <• I 

0 3 0.0 26.2 38.2 I 
_,,,,. , 
...:;a_ •• ,:a I 

I 
I 

LL PI Ds5 %0 D50 I D30 I D15 i D10 I C-: I Cu 

0 14.13 0.47 0.19 I I I I I 
I I I I I 

I I I I 
MATERIAL DESCRIPTION I uses I AASHTO 

0 Silty Cl aye'=', S+G SM 

Project No.: J92214 Remarks: 
Project: Meadows Pond Dam L291-92 
0 Location: JP-5 

10- 6 s-1, 3Ft. 
k = Coefficient of Permeability = 1. 32 x cm/s; 
<f d = 11~.0PCF. -· -
Date: eptember 29, 1992 
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GRAIN SIZE DISTRIBUTION TEST REPORT 

JAWORSKI GEOTECH, INC. Fig. No. t 
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105 
7.5 10 12.5 15 17.5 20 22.5 

Water content, % 

»ModiTied» Proctor, ASTM D 1557, Method C 

Elev/ ClassiTication Nat. 
Depth uses A ASH TO Moist. 

3 Teet 

TEST RESULTS 

Optimum moisture = 9.S % 
Maximum dry density = 127.2 PCT 

Project No.: J92214 

Project: Meadows Pond Dam 

Location: JP-5 

9-29-1992 

PROCTOR TEST REPORT 

JAWORSKI GEOTECH, INC. 

Sp. 6. 

2.65 

LL PI %>I;-~< 
No.4 No.200 

I 26 • 2 ;.~ 46 • 3 % 

MATERIAL DESCRIPTION 

Silty Clayey, S&6 

Remarks: 

L291-92 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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200 100 10.0 1.0 0. 1 • 91 .001 
GRAIN SIZE - mm 

Test % +3.u % GRAVEL % SAND i ., SILT I % c:...:.::iY I , .• ; 

0 4 0.0 41.3 45.S I 1::. 1 I 
I 
I 

! I 

LL PI Des D60 D50 I D30 I D1 =- I D'!.a i c"= I Cu I _ ..... 
I 

0 28.84 S.31 1. 70 I 0.339 /0.0933 i I i 

. I I I I I i 

I I I I I ! 

MATERIAL DESCRIPTION I USC3 I AASHTO : 

0 Silt'::J S&G SM I 
i 

I 
I 

Pr-oject No.: J92214 Remarks: 
Pr-oject: Meadows Pond Dam L295-92 
0 Location:: JP-7 -5 I 
~~ Coefficient of Permeabi 1 i ty = 7.90 x 10 ~m/s; s-1, 6 Ft. 

= 127.7 PCF. .. -
Date: September 29, 1992 75 

GRAIN SIZE DISTRIBUTION TEST RE? ORT 

JAWORSKI GEOTECH, INC .. Fig. No. 1 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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EMBANKMENT CONSTRUCTION SPECIFICATIONS 

I. GENERAL 

A. Work Included 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

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 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 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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J. 

K. 

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 
discretion of the soils engineer. 

II. 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 

6 inch 
3 inch 
1 inch 
3/8 inch 
No. 4 
No. 40 
No. 200 

Percent Finer Bv Weiaht 

100 
75 - 100 
65 - 95 
50 - 85 
40 - 80 
30 - 65 
20 - 40 

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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B. 

c. 

D. 

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 

1.5 inch 
3/8 inch 
No. 4 
No. 20 
No. 40 
No. 100 

Percent Finer By Weight 

100 
80 - 95 
60 - 85 
15 - 50 

0 - 30 
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 

6 inch 
3 inch 
1 inch 
No. 4 
No. 40 
No. 100 

Percent Finer Bv Weiaht 

100 
70 - 100 
50 - 100 
30 - 80 

0 - 30 
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 

626-1,250 lbs. 
50-625 lbs. 
50 lbs. 

Percent By Weicrht 

40-40 
60-70 

0-10 
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E. 

F. 

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. 

B. 

c. 

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. 

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. 
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D. 

E. 

F. 

G. 

H. 

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 lift 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 lift 
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 surf ace 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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I• . 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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675' TO BM AT END 
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ELEV = 684. 7 (RIVE.RS ENG. DA TUM) 
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---"Ilk ' ,,,.,."""' 
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TOP OF CONC. 
RET. WALL 
ELEV. • 884, 2 

1) THE BASE LINE SHOWN RUNS ALONG 
A BREACHED EARTH DAM . 

THE CREST OF 

2) THIS SURVEY WAS PERFORMED ON MARCH 19, 1996 ~TH AN 
ELECTRONIC TOTAL STATION. THE BASE LINE WAS LAID OUT 
TO FACILITATE THE LOCATION OF CORE SAMPLING OF THE DAM. 
THE SUITABILITY OF THE BASELINE FOR OTHER PURPOSES SHOULD 
BE CHECKED WITH THIS OFFICE. 

3) ELEVATIONS AS SHOWN ARE BASED ON RIVERS ENG. DATUM (SEE SM NOTE). 

I 

CHM 5/22/96 

CHM 4/22/96 

C>1M ' •/22/96 

'"" 4/22/96 

OHM 4/22/98 

4) THE Sl:CTIONS SHOWN APPROXIMATELY · REPRESENT THE SITE 
CONDITIONS AS OF THE DATE OF THE FIELD SURVEY. DANGEROUS . 
CONDITIONS AT THE SITE DUE TO CONTINUING COLLAPSE OF THE DAM 
PREVENTED DIRECT ACCESS TO MANY AREAS. 

5) CONCRETE SPILL-WAY AND RELATED 
WORK PERf"ORMED ON MARCH 29, 1996. 

INFORMATION ADDED FROM 

6) THE USER OF ANY INFORMATION SHOWN ON THIS PLAN 
IS RESPONSIBLE FOR CHECKING WITH THE SURVEYOR WHO COLLECTED 
THE DATA O~ WHICH THIS PLAN IS BASED TO DETERMINE THE SUIT­
ABILITY OF THE DATA FOR THE USER'S PURPOSE. 

7) CHIMNE·Y1 DRAIN, WATER LEVEL GAUGE. DRAIN GATE AND P.V.C. 
LOCA TlON ADDED FROM WORK PERFORMED ON APRIL 18, 1996. 

GRAPHIC SCALE 
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1 inch = 20 ft. 
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PLAN VIEW OF BASELINE AND SECTIONS 
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ADDEO SPILL WAY DETAILS OHM 4/1/96 
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CONSTRUCTION SPECIFICATIONS 

_L. GENERAL 

A. 

B. 

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

services and 
the work as 

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

intended as 
continuity 

c. 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. 

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

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

F. 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. 

G. 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. 

H. 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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I. 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. 

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 if 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 discreticn of the soils engineer. 

L. 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. 

M. 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 dra~ down of the water surface elevation. 

II. 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 

105 



Sieve Size 

6 inch 
3 inch 
1 inch 
3/8 inch 
No. 4 
No. 40 
No. 200 

Percent Finer By Weight 

100 
75 - 100 
65 - 95 
50 - 85 
40 - 80 
30 - 65 
20 - 40 

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. 

B. 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 
deleterious or organic matter. Sand and gravel 
conform to the following gradation requirements: 

Sieve Size 

6 inch 
3 inch 
1 inch 
No. 4 
No. 40 
No. 100 

Percent Finer By Weight 

100 
70 - 100 
50 - 100 
30 - 80 

0 - 30 
0 - 10 

or other 
shall 

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. 
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D. 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 

626 - 1,250 lbs. 
50 - 625 lbs. 
50 lbs. 

Percent By Weight 

40 - 40 
60 - 70 

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 dissipater 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. 

F. 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 st.eel 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-8 6 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. 

G. 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. 

I. 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. 
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B. 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. 

c. 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. 

Surf icial 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. 

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

E. 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. 

F. Compaction: 
Lift sizes should be limited to 18 inch loose lift thickness. 
Compact fill materials to 92 percent relative compaction as 
determined by ASTM 01557. 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. 

G. Slush Grouting 
The bedrock surf ace 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 cement 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 
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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. 

H. Mulching 

I. 

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 surf icial 
soils by the soils engineer. 

Seeding 
Shall be performed early spring or late summer. 
evenly spread. Reseeding of bare spots and 
requirements shall be performed when necessary. 
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ARMORED EROSION CONTROL 

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: 
• Acts as an energy dissipator by shielding the 

slope from the erosive forces of moving 
water: 

• Allows adequate ground water to pass from 
the protected slopes while retaining 
underlying soil particles: 

• Withstands armorment installation stresses 
because of its exceptional strength; 

• Provides excellent clogging resistance and 
filtration properties; 

• 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. 
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APPENDIXB 

Post Failure Topographic Plan by Eastern Topographies 



APPENDIXC 

Post Failure Survey Drawings by Civil Consultants 



APPENDIXD 

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, 

• 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 

6) We examined the right side of the breach and remnants of the chimney drain. The interface between 
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.) 

7) 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. 

8) NH DES 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. 

9) NH DES personnel indicated the insurance company for the site owner has hired a consultant 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' OS Fine to medium sand with trace fine to coarse 

gravel (10%) (Chimney drain, left side of breach) 

SS2 1+47 1' OS Silty sand with gravel (embankment core fill 
upstream of chimney drain, left side of breach) 

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

SS4 2+42 5' OS 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. 
OS indicates downstream of baseline. 

by jJ, 
App'd by ----;7""-1~-l"'rr---

FOR-01.319 



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 2of4 

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 spillway 
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 blue-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 slab, 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 1 O' 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 
SSS 

SS6 

SS? 

ss8 

SS9 

SS10 

SS11 

SS12 

SS13 

SS14 

SS15 

SS16 

SS17 

FOR-02.320 

1+28 NM Sand with silt and gravel, from 3'6" to 4'4" below 
dam crest, part of core 

1+28 NM Chimney drain, fine to medium sand, 4" below 
dam crest 

1+28 NM Silty sand, is very soft, part of core, 7' 4" below 
dam crest 

1+28 NM Grey silty sand, 11 '8" below dam crest, part of 
core 

1+28 NM Silty sand, 8' below dam crest, part of core 

1+33 9' DS Brown silty gravel with sand and silt from blanket 
drain, 20' below dam crest, beneath chimney drain 

1+33 20' DS Fine to medium sand with gravel, tan, 21' below 
dam crest, filter sand 

· 1+33 20' DS Gravel with silt and sand, 21 '6" below dam crest, 
blanket drain 

1+33 32' DS Brown gravel with silt and sand, 20.5' below dam 
crest, blanket drain 

1+33 41' DS Brown gravel with silt and sand, from about 1' 
above the toe drain 

2+30 NM Fine to medium sand from chimney drain, 18' 
below the spillway 

NM 20' DS Silty sand and gravel beneath the grouted riprap, 
right side of spillway at edge of breach 

2+30 NM Core material beneath cutoff wall 

NM= Not measured 
Stationing along baseline established in the field by Civil Consultants on March 19, 1996. 
DS indicates downstream of baseline. 



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 I Acadia Insurance 
Nathan Whetten I Haley & Aldrich 
David Thompson I Haley & Aldrich 
John Lavigne I Rivers Engineering 
Andrew Pretzer I Douglas G. Peterson & Associates 
Richard Doherty I Hydro Environmental Technologies 
Gary Jaworski I Jaworski Geotech 
Steve Doyon I NHDES 
Jim Leung I NHDES 
Hank Mccourt I Aetna Insurance 
Paul Aldinger I P.8. Aldinger & Associates, Inc. 
John Halvatzes I Connie's Septic Service, Inc. 
Michael Lenehan I Ransmcier & Spellman 
W. Allen Marr I Geo Testing Express 
Joseph Tomei I 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: 

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. 

FOR-02.320 
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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 1of2 

Time of Arrival: 1215 hours Departure: 1400 hours 

Weather: Not recorded 

Persons Contacted/Company GEi 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 I made observations, measured dimensions on the intact section of the spillway 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 
97.88' 

97.51' 

100' (Assumed) 

96.66' 

99.87' 

Location 
Ice on upstream face of dam upstream of station 3+20 (Civil Consultants' baseline) 

Ice on upstream face of dam upstream of station 3+30 

Top of westernmost portion of concrete abutment wall, right side of spillway 
(see location 3 on Figure 1) 

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

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 

Chimney drain on the right and left side of the breach. 

• The blanket drain and filter layers on the left side of the breach. 

The broken sections of the concrete spillway slab and cutoff wall, some with a blue hue, and 
others with a gray color. 

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. 

FOR-03.322 
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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 1of2 

Time of Arrival: 07 45 hours Departure: 1655 hours 

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

Persons Contacted/Company GEi 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. 

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. I 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. 

by a 
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SIGN-IN SHEET fJqj~ ~ of '1 
Bergeron Dam 

Alton, New Hampshire 

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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Bergeron Dam 
Alton, New Hampshire 

The undersigned agree that they are responsible for their own safety while on the Bergeron propeny, 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 2, 1996 
Project No. 96069 

Client: NHDES, Water Resources Division Report No. 5 

Contractor: J.R. Olson Excavating Contractor Page 1 of 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 remaining portions of the spillway slab were saw cut in the morning. While the slab was being cut, I 
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 spillway 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. 5 

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 spillway slab. Four density tests (FD1-H&A,S, FD1-H&A,E, 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. GEi conducted one density test 
at this location (FD1-GEl,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 results 
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 fill. 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 
SS19 2+41 

SS20 2+42 

Offset Description 
2' US Silty sand with gravel, part of embankment core, 3.5' 

below slab subgrade. 

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. 

Test No. Station 

FD1-H&A, S 2+48 

FD1-H&A,E 2+48 

FD1-H&A,N 2+48 

FD1-H&A,W 2+48 

FD1-GEI, W 2+48 

FD1a-H&A 2+48 

FD2-H&A 2+48 

Field Density Testing Results 
Nuclear Method 

Off-set El. Wet Density 
(ft) (pcf) 

5' us 682.0 133.2 

5' us 682.0 133.3 

5' us 682.0 136.7 

5' us 682.0 136.6 

5' us 682.0 137.6 

5' us 682.0 131.5 

4' us 678.0 135.2 

Dry Density 
(pcf) 

119.8 

121.1 

123.2 

123.8 

125.2 

117.5 

119.7 

Notes: Samples were collected from the locations of FD1 and FD2 for laboratory analysis. 

Water 
Content 

(%) 

11.2 

10.0 

11.0 

10.3 

9.9 

12.0 

13.0 

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. 

FOR-05.402 
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Bergeron Dam 
Alton, New Hampshire 

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 ~eir 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 1of2 

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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Project: 
Project No. 

Client: 

Contractor: 

Test No. 

FD3-H&A 

FD3-GEI 

FD4-H&A 

FD4-GEI 

FD5-H&A 

FD6-H&A 

FD7-H&A 

FD8-H&A 

FD9-H&A 

FD10-H&A 

FD11-H&A 

FD12-H&A 

FIELD OBSERVATION REPORT 

Meadow Pond Dam Date: April 3, 1996 
96069 

NHDES, Water Resources Division Report No. 6 

J.R. Olson Excavating Contractor Page 2 of 2 

Field Density Testing Results 
Nuclear Method 

Station Off-set El. Wet Dry Water Notes 
(ft) Density Density Content 

(pct) (pct) (%) 

2+47 5' DS 678.9 113.9 106.8 6.6 Chimney drain 

2+47 5' DS 678.9 114.4 108.0 5.9 Chimney drain 

2+57 O' DS 678.8 124.6 110.9 12.4 Silty sand with gravel, core 

2+57 O' DS 678.8 124.9 111.2 12.4 Silty sand with gravel, core 

2+53 4' DS 676.2 106.7 101.4 8.1 Chimney drain 

2+51 1' DS 676.2 137.1 123.1 11.4 Core, US of chimney drain 

2+63 10' DS 675.9 134.9 119.1 13.3 Core, DS of CD 

2+63 5' DS 675.9 99.1 93.0 6.6 Chimney drain 

2+63 2.5' us 675.9 136.1 122.1 11.4 Core, US of CD 

2+56 1' DS 671.2 138.4 122.6 12.9 Core, US of CD 

2+56 6' DS 671.2 100.5 95.6 5.2 Chimney drain 

2+56 10.5' DS 671.2 134.7 120.2 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 Consultants on March 19, 1996. Elevations referenced to 
"Rivers Datum". 
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8 ergeron Dam 
Alton. New Hampshire 

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 4, 1996 
Project No. 96069 

Client: NHDES, Water Resources Division Report No. 7 

Contractor: J.R. Olson Excavating Contractor Page 1 of 3 

Time of Arrival: 0725 hours Departure: 1700 hours 

Weather: Sunny, light to moderate wind, temperatures in the 20'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 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 1 O' 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 collected today is provided below: 

Sample No. Station Off-set El. (ft) Sample Description Notes 
SS22 2+30 29' DS NM Sand and gravel, possible silt Below grouted riprap 

SS23 2+23 50' DS NM Sand and gravel Below grouted riprap 

SS24 2+26 16.4' DS 655 Organics From dam foundation 

SS25 2+41 5' DS 655.4 Silty sand with gravel, olive brown Core soil 

SS26 2+26 6' DS 655 Sand Chimney drain 

SS27 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. 

FOR-07.404 



Project: 
Project No. 

Client: 

Contractor: 

Test No. 

FD13-H&A 

FD14-H&A 

FD15-H&A 

FD16-H&A 

FD17-H&A 

FD18-H&A 

FD19-H&A 

Notes: 

FIELD OBSERVATION REPORT 

Meadow Pond Dam Date: April 4, 1996 
96069 

NHDES, Water Resources Division Report No. 7 

J.R. Olson Excavating Contractor Page 3 of 3 

Field Density Testing Results 
Nuclear Method 

Station Off-set El. Wet Dry Water Notes 
(ft) Density Density Content 

(pcf) (pcf) (%) 

2+50 5' DS 667.1 121.7 113.5 7.2 Chimney drain 

2+50 11' OS 667.1 138.0 125.3 10.1 Core, trench offsets used as follows: 
Moisture 9 
Density 197 

2+41 O' DS 663.6 132.0 117.3 12.5 US of CD 

2+41 6.5' DS 662.8 108.3 102.1 6.2 Chimney Drain 

2+41 13.5' 662.3 140.4 124.0 13.2 Core DS of CD 
DS 

2+32 3' DS 657.8 123.9 109.6 13.1 Test conducted on two layers, no one 
point sample collected 

2+32 12' OS 657.8 136.3 125.8 8.3 Core DS of CD 

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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Date: Aec: I 1-. l9..96 
; 

Bergeron Dam 
Alton, New Hampshire 

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. 

Printed Nome 
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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 1of3 

Time of Arrival: 0800 hours Departure: 1635 hours 

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

Persons Contacted/Company GEi 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 level 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 (to 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 0.6-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 location 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 soil within 
the foundation soils. The upper 1.2' of soil was a silty gravel with sand which was underlain 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 1 O" 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 µS 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' OS NM Brown sand and gravel Blanket drain 

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. 

FOR-08.405 



GEi Consultants, Inc. 

Project C/ b Q (o Cf Page 

Date By f.,,.,J .J /-1 

r
, ,, I 

Subject I 1 O_(< , , S-\ q <o Checked By 

Approved By 

.~ 

.,.,RC_) c: ! !_ ~ 

~ti'~""- i:'1'"':.-,, rY'i"- ()i:: 8. Kl;~<:.. H 

So11..- P1 ut 1\e 1e~ t.k..> + 
r,\e.C e SSo r ,·/\.7 ..J... ...L..o 

~O..~ €... \I ,'r\.e._ . 

0 ID 



GEI Consultants, Inc. 't:,() RE L 
Project q :0 0 b C'.j Page 

Oient NJ-\-D\= s -w R\) Date By fr-J ::J H 
Subject \I\ Q C'. d ( 1 Checked By 

Approved By 

Co11_. fRoF1<-e.. 1:J1 
lo0 -51/G '- cJ0T 1.. s -r P1 Pk: 

( loo
1 
k1 .v G () D.: 'Ii!.';; r:J/Vl) 

I Lf Do(A.,'i'I s 1FffAr-V1 cy'"- {!;t~cL,1,.C 

Fr1c i:. r::l r 
'(Y\ '.."\. - E: ii O. \ I'-{• Da1.,J/\.:; T,"''.<;; r·WI 

--------------r------,.---/ or;- 0h;$-vi NC 
+':(\.~ ~ (1\qc.l f;"'fl. -1-o 
;;:~ 11/e.d. {cind -----4-/0>-t;J (evC?...I o~i-(cr p»pe.. 

Q, C'o"'-l I\ .=-o." J 
0 

uC\d_ Grl),,_v~I 

II ,r r.\ , I \ 
<--/ \...,o\re. ~ 1:;..:4 ... 6 1-- e. 't'. \ o <:_ 

:.( t) \.. ..... «-t. r i? 12-- \,.): ~ 
r· 
+ c..~ \ ; (... c. () v ~ \ 

I 
t 

S Tt-2 r 2 J... !./ 8 



GEI Consultants, Inc. 

/-_ t j { : __ 

;;:if\~0 ~ ,) li.., "\ 

~m-r,_;y 
)v1-pA-eC 

·; {_) ~:? I ,~j q ft, 
l t-\ 

~\ow" .S' o-.r":\. -,~ 
\ ' 

/ \,S \ i\ick 

c:\_ e I:, ? <H' 

+v\ ~ :-es~ 

Project 700 (o 9 Page 

Date I -.'.'.' ' .... <?to By 

Checked By 

Approved By 

-l b6/.L/ I::_ • 

Gr-0-ve..I 

"J .:-· l. 

Co.,,\ c~ (\ 0 +- ~K c_s, Jo.--«. 
'--"O ~r.1- "-12 r 

?\\-, 

Grol-'l\c,\ (,Jo-~er \('.<{'P<X'•e... oDS'<?f•~d o..+ c.tiov.+ 
e.. lc. Ve- .\-;of'\ 0-S '-j ,~ 1 

._; 



GEI Consultants, Inc. 

Project ] G () 0 q Page 

-1 j S i ::; 1 Checked By 

Approved By 

El. b£st.r:t' ~ 
I 1 .. - _,, \ Q \CJ 

) 0<"oV'- ""c. ' 

(., ':._ 1::..t--lu 

11 

Q
t o. s I EJ . &,£""2.. 0 I 

CS('~ 'f S"r'ti-) () 

, J ow I e 1n I 6(.A. ~ \ Q, ~ 

G\oT£: 
/h,·s -t5v...--e.:_ p-ov1Je.5 --\~e_ So,'\ ?ru \.;\~ cd- Of\~ 
loco..+1-on. '~ ~f~s o-~c\ ~\<..i--::'l\esses. o-i N\<A\-e~:C\.\s 
-€."' t.O<..A1' '\.~rt.-~ VO\r\ Q_ A wl d,d_~ Ho <Q., °'-c.c....U-l<Ak 
lo5:j;w3 ('_)l- ~\\.IL £0,'\ Y\~u.f~ 01°'-S NOT ?V~s1 1 b(~ 
c\<.A <2.- -to -t-\-.._ «-- ; ,, :- +o---'\:) 1 \ " 1..; o f- i-le__ G2- )((cu) G-h '<Jr\ 

o ,-, ~ We'\--(.\ .S:ee. b (j.__ a e_ 
j ....J 



-GE I Consultants, Inc. t \GU 
Pr . -.. )' "· oiect < ~ r '·) 1 Page 

Oient /' J \.\ \:) By / J ::- -

Subject \ 'I\ ( 0 ,~ , ) ,) Checked By 
I I 

Approved By 

T? 3 
S' +- °' "\\o"' i -... r:+s 

/,z_' Sr!'t1( Gr-o-v~{ w1'ri feirid f:SJ/ 
~ "'r- £/,, 6G'!."gl 

1 =:_,A Cl. 4 G~"Q_\ 
w°'~\ ~eep-s: 

-'+ 
(,J ,· ""' 

Co~\ol-e S Ob SCI' .Ve._J fr--o M ::J -

k 
SS: 30 ~°'1'c} ~ 6"°'ve.( w/c.<:>bb/es, 

\1D-\.'\->.)M ") ( 
-, ) \I\-e·.~ 

·~ 

' ~ ~ Q ...... ~ t[,:f) '\ 
If\ \\..}-Z_\ for un 0 v<A · '- WU" 



Date: A-f 6 ' 5 l..S.9.6 , J 

Bergeron Dam 
Alton. New Hampshire 

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. 

Printed Name 

I 

J.sqtt - I 9;1;J6 ' 

~/l?~OU!b/ 
/);4v~ r'h~ 

11 M 82CC's6 -PM. 

Ol/!P ~ 

Company 

j 
TOTAL P.07 
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Laboratory Results 



Appendix E.1 

Geotechnical Laboratory Test Results 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 1 0.0 10.3 83.9 5.8 

LL Pl 035 050 050 030 015 010 Cc Cu 

• 2.29 0.683 0.527 0.313 0. 164 0. 11 4 1. 26 6.0 

' 

MATERIAL DESCRIPTION uses AASHTO 

• Widely graded SAND with s i It SW-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+48, 8 f t OS 

• Loco ti on: Sample S1 
Chimney Drain 

Date: Apr i I 1' 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER, MA Figure No. 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 9 0.0 10.8 43. 1 46. 1 

LL Pl Dss D50 Dso D30 D15 Dlo Cc Cu 

• 1 .86 0. 146 0.0891 0.0359 0.0072 0.0029 3.05 50.7 

' 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+47, 1 ft DS 

• Loco ti on: Sample S2 
Fi I I upstream of 

Chimney Drain 

Date: Apr i I 2, 1996 Water Content = 13.53 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 10 0.0 0.0 22.9 77. 1 

LL Pl Ds5 050 050 030 015 D10. Cc Cu 

• 0. 11 6 0.0422 0.0301 0.0042 

MATERIAL DESCRIPTION uses AASHTO 

• SILT with sand ML 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+47, 1 ft DS 

• Loco t ion: Sample S3 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC_, WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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I 

LL Pl Dg5 D50 D5o D .30 D15 D10 Cc Cu 

• 0.944 0.489 0.406 0.267 0. 155 0 . 1 1 1 1 . 31 4.4 

-
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SAND with s i It SP-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+47, 5 ft OS 

• Location: Sample S4 
Chimney Drain 

on right side 

Date: Apr i I 1 ' 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 3 17.3 32.3 39.6 10.8 

LL Pl 035 050 050 030 015 010 Cc Cu 

• 84. 1 9.55 4.62 0.617 0. 130 

. 
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SANO with s i It and gravel SP-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+28, 4 ft us 
• Location: Sample S5 

Embankment Fi I I 

Water Content = 9.03 

Date: Apr i I 1, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC., WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 8 0.0 3.8 91 . 7 4.5 

LL Pl Dg5 Dso 050 030 D15 D10 Cc Cu 

• 1 . 20 0.635 0.522 0.353 0.220 0. 156 1 . 26 4. 1 

. 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SAND SP 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dom Station 1+28 

• Loco ti on: Sample S6, "Fi I te r Sand" 
Depth 4 ft 

Chimney Drain 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC., WINCHESTER, MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % Fl NES 

• 1 1 0.0 13.7 39.9 46.4 

LL Pl Ds5 050 050 DJo D15 D10 Cc Cu 

• 2.88 0. 138 0.0871 0.0347 0.0095 0.0047 1 .84 29.2 

' 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND SM 

Project No.: 96069 Remarks: 
Project: Meadow Pond Dom Station 1+28 

• Loco ti on: Sample S7, Depth 7.3 ft 
Soft Embankment Fi I I 

Water Content = 14.4% 

Dote: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

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



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 1 2 0.0 12.7 46.6 40.7 

LL Pl 085 060 050 030 015 010 Cc Cu 

• .3 . .35 0.207 0. 119 0.0.389 0.0107 0.0054 1 . .35 .38.0 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND SM 

.. 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dom Station 1+28 

• Loco ti on: Sample S8, Depth 11. 7 ft 
Embankment Fi I I 

Water Content = 11. 73 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 1 3 0.0 3.7 49.5 46.8 

LL Pl Ds5 D50 D5o D3o D15 D1o Cc Cu 

• 0.692 0. 132 0.0861 0.0339 0.0084 0.0035 2.45 37.2 

. 
MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+28 

• Location: Sample S9, Depth 0.7 ft 
Embankment Fi I I 

Water Content = 14.6% 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

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



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SANO % FINES 

• 14 0.0 47.4 42.0 10.6 

LL Pl D35 D50 Dso D3o D15 D10 Cc Cu 

• 28.2 7.59 3.76 0.676 0. 195 0.0653 0.92 1 1 6 . 1 

. 
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with s i I t and sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+33, 9 ft OS 

• Location: Sample S10, Depth 20 ft 
Blanket Drain 

Water Content = 13. 1% 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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MATERIAL DESCRIPTION 

i Narrowly graded SAND with gravel 

Project No.: 96069 

Project: Meadow Pond Dam 

e Location: Sample S11, Depth 21 ft 

Oat e: Apr i I 1 , 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC., WINCHESTER. MA 
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uses AASHTO 

SP 

Remarks: 

Station 1+33, 20 ft OS 

Blanket Drain Fi I ter 

Water Content= 11 .23 

Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SANO % FINES 

• 15 0.0 45.4 43.8 10.8 

LL Pl 055 D50 D50 D3o D15 D10 Cc Cu 

• 42.2 9. 12 2.92 0.631 0. 178 0.0631 0.69 144.5 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with s i I t and sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+33, 20 ft OS 

• Location: Sample S12. Depth 21. 5 ft 
Blanket Drain 

Water Content = 9.73 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test 3 +3'' 3 GRAVEL 3 SAND 3 FINES 

• 1 6 8.3 54.2 31 . 7 5.8 

LL Pl Ds5 D50 Dso D3o D15 D10 Cc Cu 

• 62.0 26.8 1 1 . 5 2.03 0.465 0.256 0.60 104.7 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with s i I t and sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+33, 32 ft OS 

• Loco ti on: Sample S13, Depth 20.5 ft 
Blanket Drain 

Water Content = 12.23 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c c c 
c .C "' . ·- ·- ·-c '- c 0 0 .... N CO ~ 0 0 0 .... 0 

I '- '- '- .... "' .... '° ;;. "' 100 '° 
,., "' - - ,., - ,., ""' ""' ""' ""' ""' ""' 

90 

80 \ 

70 \ 
0::: 1: 
w \ z 60 -
LL. 

\. f- 50 z 
w :'"' ~!lo u 

""" 0::: 
"""-. w 40 

0... . I' 

30 ~ "'-

'~ ~"' 20 
11'-

" 10 !'. .. 
...... 1'..... 

Ill 

0 
200 100 10.0 1 .0 0. 1 0.01 0.001 

GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 5 0.0 59.4 35.4 5.2 

LL Pl 035 060 050 030 015 010 Cc Cu 

• 58.2 32.4 17.6 1. 57 0.447 0.257 0.30 125.9 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with s i I t and sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 1+33, 41 ft OS 

• Location: Sample S14 
Above 4-inch HOPE 

Perforated Drain Pipe 

Date: Apr i I 1 ' 1996 Water Content = 12.2% 

GRAIN SIZE DISTRIBUTION TEST REPORT 

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



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 6 0.0 9. 1 85.8 5. 1 

LL Pl Das 050 050 030 015 010 Cc Cu 

• 1 . 58 0.582 0.472 0.308 0. 182 0. 129 1. 27 4.5 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SANO with s i It SP-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+30, 8 ft OS 

• Location: Samp 1. e S15, 18 ft from Spi I I way 
Chimney Drain 

Water Content = 7.53 

Date: Apr i I 1 ' 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 17 0.0 32.4 49.5 18. 1 

LL Pl D35 D50 D50 DJo 015 D10 Cc Cu 

• 18.8 2.37 0.955 0.226 0.0519 0.0188 1 . 1 5 125.9 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND with grave I SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+50, 1 5 ft OS 

• La cation: Sample S16 
Soi I beneath OS r i prop 

Water Content = 11. 6% 

Date: Apr i I 2, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC., WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 18 0.0 3.5 39.7 56.8 

LL Pl 035 060 050 030 015 010 Cc Cu 

• 0.398 0.0870 0.0543 0.0127 0.0019 

MATERIAL DESCRIPTION uses AASHTO 

• Sandy SILT ML 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+30 

• Location: Sample S17, Depth 22.5 ft 
Glacial Ti I I below 

Dam Crest 

Date: Apr i I 2, 1996 Water Content = 12.43 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC., WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3'' % GRAVEL % SAND % FINES 

• 7 0.0 13.2 84.5 2.3 

LL Pl Ds5 D50 050 030 D15 D10 Cc Cu 

• 4.07 0.871 0.638 0.383 0.245 0. 194 0.87 4.5 

MATERIAL DESCRIPTION uses AASHTO 

• Narrow I y graded SAND SP 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Fi I ter Sand below 

• Location: Sample S18, Station 2+30, 12 ft DS 
Drainage Blanket 

right side of Breach 

Date: Apr i I 1 ' 1996 Water Content = 17.53 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL 3 SAND 3 FINES 

• 3 0.0 46.9 45.3 7.8 

LL Pl Da5 D6o D5o D3o D15 D1o Cc Cu 

• 33. 1 8. 41 3.72 0.767 0. 21 1 0 . 1 1 1 0.63 75.9 

-
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with Si It and Sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+30, 29 ft OS 

• Location: Sample SS22, "Gravel Blanket" 
Below grouted rip-rap 

Date: Apr i I 30, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC .. WINCHESTER. MA Figure No. 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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____ Spec i f i co t ion : 

UPD Sand and Grovel 
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200 100 10.0 1 .0 
GRAIN SIZE - mm 

Test 3 +3" 3 GRAVEL 3 SAND 
• 4 6' 2 45.8 38.9 

LL Pl D50 

51 . 3 16.6 5.82 0.955 

MATERIAL DESCRIPTION 

e Narrowly graded GRAVEL with Si It and Sand 

Project No.: 96069 

Project: Meadow Pond Dam 

o Location: Sample SS27, "Sand and Gravel" 

Date: April 2.3, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC_, WINCHESTER, MA 

0. 1 0.01 0.001 

3 FINES 
9. 1 

0.266 0.0944 0.58 175.8 

uses AASHTO 

GP-GM 

Remarks: 

Station 2+26, 12 ft OS 

Blanket Drain 

Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 4 0.0 50. 1 44.0 5.9 

LL Pl Dg5 050 050 030 D15 010 Cc Cu 

• 27.9 9.02 4.79 1 . 1 5 0.376 0. 211 0.69 42.7 

-
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with Si It and Sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+51 ' 14 ft OS 

• Loco t ion: Sample SS29, "Sand & Gravel" 
Blanket drain 

Dote: Apr i I .30' 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC_. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 5 0.0 47.5 42.3 10.2 

LL Pl Dg5 050 050 030 015 010 Cc Cu 

• 50.7 10.4 3.51 0.447 0. 138 

-
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded GRAVEL with Si I t and Sand GP-GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam 

• Location: Sample SS30, "Foundation" 
From TP adjacent to 

stream foundation 

Date: Apr i I 30, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % Fl NES 

• 6 0.0 33.8 26.6 39.6 

LL Pl Ds5 D50 D5o D3o 015 D10 Cc Cu 

• 35.5 1 . 50 0.226 

' 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty GRAVEL with Sand GM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam 

• Location: Sample SS31, "Existing Glacial Ti I I" 
Above SS30, foundation 

Date: Apr i I 30, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC., WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 1 0.0 43.7 44.8 1 1 . 5 

LL Pl Ds5 060 050 030 D15 010 Cc Cu 

• 20.2 6.92 2.29 0.398 0. 119 0.0556 0.41 124.5 

MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SANO with Si It and Gravel SP-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+48, 5 ft us 

• Location: Sample F01, "Grave I Blanket" 
Beneath Sp i I I way Slab 

Date: Apr i I 22. 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. I NC_. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 2 0.0 16.2 43.9 39.9 

LL Pl D85 D50 D5o D3o D15 D10 Cc Cu 

• 7.50 0.214 0. 120 0.0484 0.0115 0.0044 2.48 48. 4 

MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND with Gravel SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+48, 4 ft us 

• Loco ti on: Sample FD2. "Core" 
Embankment Fi I I 

Date: Apr i I 22. 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

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



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test 3 +3" 3 GRAVEL 3 SAND 3 FINES 

• 3 0.0 2. 1 76.3 21 . 6 

LL Pl Ds5 D50 Dso D3o 015 010 Cc Cu 

• 0.676 0.333 0. 241 0. 105 

-
MATERIAL DESCRIPTION uses AASHTO 

• Si I ty SAND SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+47, 5 ft DS 

• Location: Sample FD3, "Fi I ter Sand" 
Chimney Drain 

Date: Apr i I 22, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC_. WINCHESTER. MA Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE - mm 

Test % +3" % GRAVEL % SAND % FINES 

• 2 5.0 43.0 44.6 7.4 

LL Pl Ds5 D50 D50 030 D15 D10 Cc Cu 

• 37.6 7.85 4. 12 0.891 0.295 0. 1 51 0.67 51 . 9 

-
MATERIAL DESCRIPTION uses AASHTO 

• Narrowly graded SAND with Si It and Gravel SP-SM 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+32, 1 2 ft OS 

• Loco ti on: Sample FD19. "Sand and Gravel" 
Blanket drain, OS of CD 

Date: Apr i I 30, 1996 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEi CONSULTANTS. INC .. WINCHESTER. MA Figure No. 



MOISTURE-DENSITY RELATIONSHIP TEST 
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Water content, 3 
Test specification: ASTM D 1557-91 Method C, Modified 

Oversize correction applied to final resu I ts 

Elev/ CI ass i f i cot ion Nat. 3 > 3 < Sp.G: LL Pl 
Depth uses AASHTO Moist. 3/4 in No.200 

SM 4. 1 3 46.0 3 

' 
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION 

Maximum dry density = 127. 1 pcf 125.8 pcf Si I ty SAND 

Optimum moisture = 9.6 3 10.0 3 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dam Fi 11 upstream of 

Location: Sample S2 Chimney Drain 

Station 1+47, 1 ft downstream 

Date: Apr i I 9, 1996 

MOISTURE-DENSITY RELATIONSHIP TEST 

GEi CONSULTANTS. INC .. WINCHESTER, YA Fig. No. 



MOISTURE-DENSITY RELATIONSHIP TEST 
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Water content, % 

Test specification: ASTM D 1557-91 Method c. Modified 

Oversize correction applied to final resu I ts 

Elev/ Classification Nat. Pl 
% > % < Sp.G. LL 

Depth uses AASHTO Moist. 3/4 in No.200 

4 ft SP 2.67 1 % 4.5 % 

-ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION 

Dry density = 11 6. 7 pcf 116. 7 pcf Narrowly graded SAND 

Moisture = 14.5 % 14.5 3 

Project No.: 96069 
Remarks: 

Project: Meadow Pond Dam Station 1+28 

Location: Sample S6 

Chimney Drain 

Date: Apr i I 8, 1996 

MOISTURE-DENSITY RELATIONSHIP TEST 

GEi CONSULTANTS. INC .. WINCHESTER. MA Fig. No. 



MOISTURE-DENSITY RELATIONSHIP TEST 
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Water content, 3 

Test spec i f i cation: ASTM D 1557-91 Method C, Modified 

Oversize correction applied to final resu I ts 

Elev/ Clossi f icot ion Not. 
Sp.G. Pl 3 > 3 < 

LL 
Depth uses AASHTO Moist. .3/4 in No.200 

GP 53.9 3 9. 1 3 . 
ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION 

Maximum dry density = 144.6 pcf 125.2 pcf Narrowly graded GRAVEL 

Optimum moisture = 4.4 3 9.5 3 with Sand 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dom Station 2+26. 12 ft OS 

Location: Sample SS27. "Sand and Grave I" Blanket Drain 

Date: Apr i I 26, 1996 

MOISTURE-DENSITY RELATIONSHIP TEST 

GEi CONSULTANTS, INC .. WINCHESTER, YA Fig. No. 



MOISTURE-DENSITY RELATIONSHIP TEST 
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Water content, % 
Test specification: ASTM D 1557-91 Method C, Modified 

Oversize correction app I i ed to final resu I ts 

Elev/ CI ass i f i cat ion Nat. Sp.G. Pl % > % < 
LL 

Depth uses AASHTO Moist. 3/4 in No.200 

SP-SM 16.4 3 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 3 with Si It and Gravel 

Project ·No.: 96069 Remarks: 

Project: Meadow Pond Dam Station 2+48, 5 ft us 

Loco ti on: Sample FD1, "Grave I Blanket" Beneath spi I I way slab 

Date: Apr i I 17. 1996 

MOISTURE-DENSITY RELATIONSHIP TEST 

GEi CONSULTANTS. I NC •• WINCHESTER. MA Fig. No. 



MOISTURE-DENSITY RELATIONSHIP TEST 
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Water content, % 

Test specification: ASTM D 1557-91 Method C, Modified 

Oversize correction applied to final resu I ts 

Elev/ Classification Nat. Sp.G. LL Pl 
% > % < 

Depth uses 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 Si I ty SAND 

Optimum moisture = 10.9 3 1 1 . 1 3 

Project No.: 96069 Remarks: 

Project: Meadow Pond Dom Station 2+47, 5 ft OS 

Locot ion: Sample FD3. "Fi I ter Sand" Chimney Drain 

Date: Apr i I 18. 1996 

MOISTURE-DENSITY RELATIONSHIP TEST 

GEi CONSULTANTS, I NC .• WINCHESTER, MA Fig. No. 



160 ~~ 
COMPACTION CURVES ' I\. ... , 

I\. ... , 
DATE: Apr i I 9, 1996 

" ' ' "'\ ~ 
PROJECT NO. : 96069 

150 .......... ....... ' PROJECT: Meodow Pond Dam 

"'" 
,,.. ~ Test spec i f i cat ion : 

"'!'.... "'- "' ASTM D 1557-91 Method c. Modified 

' I'.. .......... 
Oversize correction applied to eoch point I' ' "'I'... 140 

'""" ......... i'... 1003 SATURATION CURVES 

..... .... 
I'.. I'. FOR SPEC. GRAV. EQUAL TO: 

~ ' .... '- 2.8 

1111 
..... 

""'" 
........... ' 

2.7 

~ "!'..... I' .. 2.6 .... 130 u 
• i.. ' .... !'..,. ' Q. 

" ~ ~ ... ~ )'""" . / ~ """- I)" .... ........ >-
+' ,,/ ..... ~ 

""' 
""!'... ·-

{/) ~ ~ .......... """" c 120 
Q) ""' ...... ...... ..... ....... .... u ........... i""'-o ...... >- I ........... ....... .... ...... '-

0 ...... ......... """f'o..... 

110 
...... ...... ..... ...... 

.......... ...... ...... ....... 
I" ......... -.... 

""-. 

....... ....... ....... 
...... ..... 

100 

90 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
Moisture content, 3 

NO. LOCATION AND DESCRIPTION REMARKS 

Semple S2. "Core" Station 1+47, 1 ft OS • Si I ty SAND Fi 11 upstream of 

Sample FD10, "Core" Station 2+56, 1 ft OS 
A Si I ty SAND Embankment Fi I I, 

1111 
Sample FD12, "Core" 10 ft OS 
Si I ty SAND Embankment Fi 11, 

Sample FD14, "Core" Station 2+50, 1 1 ft OS • Si I ty SAND Embankment Fi I I, 

Sample FD15, "Core" Station 2+41. 0 ft OS x Si I ty SAND Embankment Fi 11, 

NO. uses AASHTO %> 3/4 in ~< No.200 MAX. DRY DEN. OPT. MOIST. 

• SM 4. 13 46.03 127. 1 pcf 9.63 

.A SM 1 .03 128.6 pcf 8.6% 

II SM 12.83 132.4 pcf 7.33 

-· SM 2.33 129.6 pcf 8.23 

x SM 1. 73 126.6 pcf 8.63 

GEi CONSULTANTS, INC., WINCHESTER, MA Fiqure No. --



160 -n COMPACTION CURVES ...... 

" 1\.-

' "' DATE: Apr i I 9, 1996 

' ...... 

"' " ' 
PROJECT NO. : 96069 

150 ' .... "'\ ' 
PROJECT: Meadow Pond Dom 

........... 
""""'- " Test spec i f i cat ion: 

i'.. ""'- ' ASTM 0 1557-91 Method c. Modified 
r--.... I'.. "' .... Oversize correction app I i ed to each point 

" ' "'!"-.. 
140 ......... ...... I'.. 1003 SATURATION CURVES 

.... , ""~ ! ........... 
FOR SPEC. GRAV. EQUAL TO: 

I' ' .......... 2.8 
-..... 

""'-- 1-........_ ' 
2.7 . 

~ ~ ' ......... 2.6 ..... 130 u ' 1-..... .. ~ 0. ,f .... 
.._ _, .....!'< ~""'---. / ~ !)<""'-- ~ >, 

....._ 
..., ,/ -...... ~ ~ ............ 
·-
Ul '"~ :-....._ ............ 1-........ .. c 120 
1l .......... ....... """'-- r-.... 
\J 

1-..........._ ..... ........... 
>, 

!'..__ ...... """I"-.. c.. 
0 ...... ...... ..... ....... 

110 
...... .... ~ ...... ......_ 

......... ...... ~ .... ......_ 

.......... ........... ...... 

-..... 
""""--

,..... 
........... 

100 

90 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
Moisture content, % 

NO. LOCATION AND DESCRIPTION REMARKS 

• Sample S2. "Core" Station 1+47, 1 ft OS 
Si I ty _SANO ~ Fi 11 upstream of 

A 
Sample F02, "Core" Station 2+48, 4 ft us 
Si I ty SAND Embankment Fi 11 

11111 
Sample FD4, "Core" Station 2+57, 0 ft OS 
Si I ty SAND Embankment Fi I I 

Sample FD7, '
1 Core 11 Station 2+63, 10 ft OS • Si I ty SAND Embankment Fi I I, 

Sample FD9, 11 Core 11 Station 2+63, 2.5 ft us x Si I ty SAND Embankment Fi I I, 

NO. uses AASHTO ~> 3/4 in 3< No.200 MAX. DRY DEN. OPT. MOIST. 

• SM 4. 1 % 46.0% 127. 1 pcf 9.6% 

A SM 7.5% 131 . a pcf 8.6% 

II SM 9.8% 132.2 pcf 8.4% 

• SM 4.5% 130.4 pcf 9.2% 

x SM 0.2% 128.4 pcf 8.0% 

GEi CONSULTANTS, INC. I WINCHESTER, MA Fi au re No. --



160 '"""I"' COMPACTION CURVES !'\.. 
~ ~ 

' 
.. , 

DATE: Apr i I 9, 1996 

' ' ........ ' ~ PROJECT NO . : 96069 
150 

"""'" 
........ ' PROJECT: Meadow Pond Dom 

......... ..... .... f'- Test spec i f i cot ion: 
r--... .... , ' ... ASTM D 1557-91 Method C, Modified 

' ' .......... 
Oversize correction opp! ied to each point 

" ' 
.... , 

140 .......... ...... i'.. 100% SATURATION CURVES .t. 
.... , ""i-..... " .. FOR SPEC. GRAV. EQUAL TO: 

r" ' 
.... , 2.8 

...... 
"""" ""'" ' 

2.7 

'+- ' '""' ........... 2.6 
u 130 ....... i'°"o.._ ""!'.. Q. 

"""" ' "I'< ~""'-. / ~ ""'- ')' ....... >, ..... 
+' 

" 
..... ~ ... ~ ""'r-..... ·-

UJ I ... ~ ~ .... , .......... 
c 120 
q; ..... ...... ...... ....... 
1J 

..... 
........... f""". ... .......... 

>, .......... ...... ..... ......... I... 

0 ......... ...... ..... ...... 

110 
...... ...... -..... ....... 

........... ...... ..... ......... 
........ .......... ...... 

""'- ._ ....... r" 
......... 

100 
I 

90 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
Moisture content. % 

NO. LOCATION AND DESCRIPTION REMARKS 

• Sample S2, "Core" Station 1+47, 1 ft OS 
Si I ty SAND - Fi 11 upstream of 

.i 
Sample FD17, "Core" Station 2+41 . 13.5 ft OS 
Si I t y SAND w i th Grovel Embankment Fi I I, 

NO. uses AASHTO %> 3/4 in %< No.200 MAX. DRY DEN. OPT. MOIST. 

• SM 4. 1% 46.0% 127. 1 pcf 9.6% 

ii. SM 33.0% 138.7 pcf 5.7% 

GEi CONSULTANTS, INC .. WINCHESTER, MA Fioure No. --



160 -:-"II COMPACTION CURVES r\.. 

' 
,,,. 

~ "!'... DATE: Apr i I 17, 1996 

' ' PROJECT NO . : 96069 

" "" "' 150 ....... " ' PROJECT: Meadow Pond Dam 

°'!'I.. '-,.... ~ Test spec i f i cation: 

' 
......... 

"""' 
ASTM D 1557-91 Method c. Modified 

' I'.. ........... 
Oversize correction applied to each point 

I' ' 
... , 

140 

'"'" "" ... ' 
100% SATURATION CURVES 

' 'i..... I' FOR SPEC. GRAV. EQUAL TO: 

-I'. ' 'i..... 2.8 
,,, ,. ~~ .... ' ..... ' 

2.7 

' 
~, ... ~ '"" 2.6 .... 130 u ..... ........_.._ 

' a. ..... 
~ """<: ;- .... 

. ......... )'< .... ' >, 
..... '< ·- ...... ........... 
Ul ........... .......... ....... ... 
c 120 
<lJ ..... ...... ........... ........... 
\J ........... ........... "" ... >, .......... ' ..... ...... I... 

0 .......... ..... ....., 
110 

...... ~ ...... ...... ....... 
r""-. ... ..... ..... , 

...... ....... ..... "' ..... 
""" ....... ...... 

........ 
100 

90 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
Moisture content, % 

NO. LOCATION ANO DESCRIPTION REMARKS 
Sample FD1. "Gravel Blanket" Station 2+48, 5 ft us • Narrowly Graded .SAND with Si It and Grovel Beneath sp i I I way slab 

NO. uses AASHTO ~> 3/4 in %< No.200 MAX. DRY DEN. OPT. MOIST. 

• SP-SM 16.4% 11 . 5% 134.9 pcf 6.5% 

GEi CONSULTANTS, INC., WINCHESTER, MA Fi au re No. --



160 -"""" COMPACTION CURVES ' I\.. ~ ,. 
' ~ DATE: Apr i I 18. 1996 !"' I'\.. 

" ' ~ 
PROJECT NO . : 96069 

150 

'""' " I\.. PROJECT: Meadow Pond Dom 

" ..... ......... ' Test spec i f i cot ion : 
... ~ """'- I"' ASTM D 1557-91 Method c. Modified 

r--... ' '""- Oversize correction applied to each point 

' ~ ... , 
140 ' ... ........ i'.. 100% SATURATION CURVES 

... ~ ........... , ........ FOR SPEC. GRAV. EQUAL TO: 

' i'.. ""r-..... 2.8 
.......... 

""'""' ' 
2.7 

' ... ~ ....... ,.., 2.6 
'+- 130 u ...... ""'- '""' ~ a.. 

!'... "'1'.:'v .,. 
""" . ..... 

l'oo.. f> ' >- .... 
~ 

'" I'< ... ~ """'-·-
(/) ~ ""1'.. !""'. .... c 120 
<1J • ..... 

l"o... ....... .... I'. 
"O 

f"""o,.._ !""- ""r-.., >-
""""'""' 

r--.. """"-'- - - - -l"lt a - - !""-... 1"'-o.. ""'""""-

110 I""'-- ... ~ """'""-.. f"""oo~ " """r-.... 
1' i...... .... .... 
~ 

r-.1'--- 1' 

""'r--.. 
100 

90 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
Moisture content, % 

NO. LOCATION AND DESCRIPTION REMARKS 

Sample FDJ. "Fi I ter Sand" Station 2+47, 5 ft OS • Si I ty SAND Chimney Drain -
Sample FD8, "Fi I ter Sand" Station 2+63, 5 ft OS 

A Si I ty SAND with Gravel Chimney Drain 
Sample FD11, "Fi I ter Sand" Station 2+63, 6 ft OS 

11111 Si I ty SAND with Gravel Chimney Drain 
Sample FD13, "Fi I ter Sand" Station 2+50, 5 ft OS • Si I ty SAND with Gravel Chimney Drain 
Sample FD16, "Fi I ter Sand" Station 2+41. 6.5 ft OS x Si I ty SANO with Grovel Chimney Drain 

NO. uses AASHTO %> 3/4 in %< No.200 MAX. DRY DEN. OPT. MOIST. 

• SM 1% 21. 6% 115.7 pcf 10.9% 
.A SM 0.6% 109.4 pcf 12.9% 

II SM 8.03 114. 1 pcf 8.93 

-· SM 10.8% 1 19. 2 pcf 8.53 
x SM 21. 4% 122.5 pcf 8.03 

GEi CONSULTANTS, INC., WINCHESTER, MA Fi au re No. --



170 -il\. COMPACTION CURVES 
'\ 

,_ 
I'\ ' DATE: Apr i I 26, 1996 

I\ ~ 

"\ "\. !\,. 
PROJECT NO. : 96069 

160 
"\ "\. ... , PROJECT: Meadow Pond Dam 

"\ f'. ... , Test spec i f i cat ion : 
"\ "\. ":\.. ASTM D 1557-91 Method c. Modified 

"\ ,, 
' Oversize correction applied point 

" "\. ' 
to each 

150 ' .... "\ ' 
1003 SATURATION CURVES 

""'" " .... ' FOR SPEC. GRAV. EQUAL TO: 
.... ..... , "\ 2.8 

.,r ~ '-. ' """"'" 
2.7 

.... ,........, 
'Ill ' ""'" 2.6 

u 140 
""'" ' ' Q. 

'" ""''" ... . A !"- ' V" >, 
+' ....... 

"""" ·- ' ... 1 ' (/) 

' 
v .... 

' '""'" c 130 v ........ I""'. .. ' "CJ 
~ "'r-.... .......... 

>, ..... I""'..._ ' '-

"""" a i'. ' -...... ...... 

120 
.... ~ ........... I,.._ 

.......... ....... ..... I'-
r-....._ ......... ... ..... 

........ ' ........ 
...... ...... -......._ 

110 
....... ..... 

......... 
...... 

100 

0 2.5 5 7.5 10 12.5 15 17.5 20 
Moisture content, % 

NO. LOCATION AND DESCRIPTION REMARKS 

Sample SS27, "Sand and Gravel" Station 2+26, 12 ft DS • Narrowly graded -GRAVEL with Sand Blanket Drain 

A 
Sample FD19, "Sand and Gravel" Station 2+32. 12 ft OS 
Narrowly graded SAND with Si It and Gravel Blanket Drain DS of CD 

NO. uses AASHTO %> 3/4 in ~< No.200 MAX. DRY DEN. OPT. MOIST. 

• GP 53.9% 0.2% 144.6 pcf 4.4% 

.A SP-SM 26.43 135.4 pcf 4.33 

GEi CONSULTANTS, INC., WINCHESTER, MA Fiaure No. --
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MEMO 
To: Bill Haswell, GEI 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 

S6 Kl Rigid Wall 1 x J0-3 cm/s 

FDI K3 Triaxial I x 10-4 emfs 

FD19 K2 Triaxial 1 x 10-3 emfs 

!g}UUVUU5 

A permeability correction for the triaxial cell porous stone was applied to the results ofFDl and 
FD19. The correction applied to FDl was negligible. The correction to FD19 was significant. 

Please call me if you have any questions. 

C \PROJBCTS\9GO(.O\BliASWEl.L.MEM 



CONSTANT HEAD PERMEABILITY TEST 

Project: 
Project No.: 
Sample: 
Soil Description: 
Test No.: 
Performed by: 
Date: 
Checked by: 
Date: 

Trial No. 

1 

2 

3 

Meadow Pond Dam 
96069 
S6, "Filter Sand" 
Narrowly graded SAND 
K1 
T. Moline 
04/18/96 

Sample Information 

Area (A): 
Length (l): 
Dry Unit vvt 

42 cm"2 
16 cm 

1.72 g/cm"3 

h (cm) Q (cm"3) t (s) 

77.5 191.1 600 
77.5 166.2 540 
77.5 180.6 600 

50 200.6 1320 
50 205.7 1440 
50 193.8 1290 

108 200.7 690 
108 193.4 720 
108 191.7 720 

10 

9 
8 
7 

C") 6 
I w 5 

q 
4 -
3 

2 3 

G== 
e= 

w= 
S= 

Q/At 

7.6E-03 
7.3E-03 
7.2E-03 

3.6E-03 
3.4E-03 
3.6E-03 

6.9E-03 
6.4E-03 
6.3E-03 

4 
h/l 

5 

k= 1.2E-03 cm/s 

GEi Consultants, Inc. Project 96069 

2.67 (assumed) 
0.55 

4.4% (initial) 
21.3% (initial) 

h/L k (emfs) 

4.84 1.6E-03 
4.84 1.SE-03 
4.84 1.SE-03 

3.13 1.2E-03 
3.13 1.1E-03 
3.13 1.1 E-03 

6.75 1.0E-03 
6.75 9.SE-04 
6.75 9.4E-04 

6 7 8 

06/06/96 



0 Trial 1 Influent 14 - ···--,------,.--------,.-----

1111 Trial 1 Effluent 
1 0 1-------l-----i----·-· 

o,J~~~---
12 _,_ 

---- Av. Flow 1 

10 -i-

Trial 2 Influent 

Trial 2 Effluent 

8 - - - - · ·· - · Av. Flow 2 

c ?'' A\:::,,· 
6 -·1------4------4----~:;.::....----l------+------i-------J 

f'' 
4 -·1------4----~·~/,~,~'--y 

/ ... 

··---1-----1-----.....J 

2 .-~-r---~ 

o v· -~-----------
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Elapsed Time (minutes) 

TEST SUMMARY 

PERMEABILITY : 1.1 x 10 •4 cm/sec 

SAMPLE INFORMATION 

Sample: FDl, "Gravel Blanket" Type: Compacted to 95% modified proctor density 
at 9.6 % water content 

Description: Narrowly graded SAND with Silt and Gravel 

SPECIMEN INFOR!'\1ATION 

Height: 6.27 inch Water Content: 14.8 % 
Diameter: 2.88 inch Total Unit Weight: 133.5 pcf 
Area: ' 6.53 in: Dry Unit Weight: 116.3 pcf 

TEST DATA 

Consolidation Stress 1.2 ksf Gradient Flow Rate Penneability 
Permeant Tap Water cm3/min cm/sec 
B- Value 0.96 Trial 1 7.128501 2.02975093 1.3 x 10 -4 

Trial 2 7.756563 l.83826035 9.3 x 10 -5 

Remarks: Tested using 1 teflon porous stone and l bronze porous stone. 

Test by: T. Moline 

State ofNew Hampshire 

Dept. of Environmental Services 

<I> GEI Consultants, Inc. 
616196 

Test Dare: 517196 

Forensic Evaluation 

Meadow Pond Dam 

Alton, NH 

Project 96069 

Checked By: 

TRJAXIAL 

PER.1\.1EABILITY TEST 

FD I, "Gravel Blanket" 

May-96 



-CJ 
CJ 

12 ··~----------------------- ..... . 

·----------+--------i-----··· ,,:._ /II 
10- __ // v 
a -··--·-+-------1--__,.-'-----,..c11111-------1--------1 

__ .--'/ 
6 

4 

2 

0 

0.0 

PERMEABILT1Y : 

Sample: 

Height: 
Diameter: 
Area: 

Consolidation Stress 
Pcnneant 
B - Value 

·-------
0 Trial 1 Influent 

1111 Trial 1 Effluent 

· ···- -- Av. Flow 1 

Trial 2 Influent 

Trial 2 Effluent 

- - - - - - - · Av. Flow 2 

' 

0.5 1.0 1.5 2.0 2.5 

Elapsed Time (minutes} 

TEST SUMMARY 

7.8 x 10 -4 cm/sec 

SAMPLE L~ORMATION 

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 

6.24 inch 
2.88 inch 
6.50 in: 

1.0 ksf 
Tap Water 

0.94 

TEST DATA 

Trial l 
Trial 2 

Water Content: 
Total Unit Weight: 
Dry Unit Weight: 

Gradient Flow Rate 
cm3/min 

2.711095 5.49115645 
3.436155 6.82360004 

% 
133.1 pcf 
114.9 pcf 

Permeability 
cmisec 

7.8x10-4 
7.7xl0-4 

Remarks: Tested using two teflon porous stones. 

Test by: T. Moline Test Date: 5113196 Checked By: 

State of New Hampshire 

Dept. of Environmental Services 

Forensic Evaluation 
Meadow Pond Dam 

Alton, NH 

TRIAXIAL 
PERMEABILITY TEST 

FD19, "Sand and Gravel" 

~ GEI Consultants, Inc. Project 96069 May 1996 

6/6/96 



Appendix E.2 

Concrete Compressive Strength Test Results 



1'11-11-l'+-l:r;'o ll• lO rr::Ul'I MTJ .. Jr'<'.U-t:.NV!t'<'.UNl"lt:.NIHL JU 1b~32247330 P.02/04 

4 April 1996 

Dr. Mahmoodi 
Thomson & Lichtner Co. Inc. 
111 First Street 
Cambridge Massachusetts 02141 

Simpson Gumpertz & Heger Inc. 

Consulting E'nglnears 297 Broadway Telephone. 

Arling1on, MA Arlington. MA 617 643 2000 
San Francisco. CA 02174-5310 Fax: 

617 643 2009 

Comm. 96132 Investigation of Bergeron Dam Failure, Alton NH 

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, SS, 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. I 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 should include sample identification. 
preparation procedures, sample conditioning, all sample measurements. load data, correction 
factors (if used), and ultimate 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 0. Hood of Wakefield Concrete if they call you. 

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

Sincerely yours 

,-2A~t2A 
Arthur G. Davies 
AGD1-96.ras 

cc: Mr. Richard Doherty 
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Consulting Engineers 

~THE raoM.PSON & UCHINER COMPANY, INC. 
!!l'gi:\eerillg and Testing Laboratories 

11.l ~ Street 

!'est Numbet 

Date Received 

Source 

Samples 

Test Procedure 

~s;imen Mp.rk 

Core Dimensiocs. Inches 

12.ngth as Received 

Diameter 

Lellgth a.:s !l'immed 

Length after Capping 

Concrete Density as 
Tested. SSD. pcf 

Uncorrected Compressive 
Strmgth, PSI 

Correaed Compressive 
Strength, PSI 

APR-16-1996 17:40 

Caxnbridp. M:wachusetts 02141 
Tel (617) 492-2111 Pax (617) 492-.5448 

April 12, 1996 

SIMPSON GUMPERTZ & HEGER, INC. 
ARLINGTON MASSACHUSETTS 

IESTS OF CONCR'Ei'E CORES 

COMM. 96132 
BERGERON DAM 

AJ,,TON. NEW HAMPSHIRE 

UU-881 

44-96 Dare Tests Co:mpleted - 4-8-96 

Submitted by your Mr. Arthur G. Davies vi.a courier mail, 
reference rus letter dated 4 April 1996 

Six nominal 4• diameter ecru of ~dened concrete, identified by 
you as: 
- S2, 54, 55, W6, W7, and W9 

ASThi Designation: C 42-90 methods whete they apply 

M "ill ':ill 
S2. ~ Sol A -~ ~ B ~ B -

u.3 121 12.3 123 12.2 12.2 

3.75 3.7S 3.76 3.74 3.7S 3.74 3.76 3.75 3.74. 

7Sl 7.60 7.58 3.72 3.73 :5.62 S.56 5.61 5.45 

7.71 7.71 7.70 3.82 3.8+ 5.75 Sfi1 5.73 S.58 

138.7 139.l 139.3 1333 1339 134.8 132.l DS.4 137.8 

5590 5'\60 5670 4100 '1800 3570 4120 4290 "!-230 

559-0 S460 5670 .3600 4200 3450 3Sl60 412.0 4060 

643 2009 P.02 
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TiiE 'THOMPSON &c UCHTNER COMPANY. INC. Simpson Gumpenz &:: Hcgef, lnc:. 
Tcsl Report No. UU..a8l 

Remarks 

APR-16-1996 17=41 

l. 

April 12, 1996 
Page 2 of 2 

As requested. the cores identified as W6, W7, and W9 
were. cut through the center to obtain two cores, marked 
by you as End A and End B. 

2. All the cores were soaked in a sanuated lline solution for 
64 hours prior co ~ting. · 

3. As requested, the tested samples are being rerumed. 

THE 1HOMPSON &~,INC. 

~M.iu.codi /.. 

643 2009 95% P. VI.~ 
TOTAL P.04 
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GEI Consultants, Inc. 

TO: 

FROM: 

DATE: 

RE: 

MEMORANDUM 

FILE 

Craig Ward~ 
June 4, 1996 

Interview with CSSI 
Meadow Pond Dam Forensic Evaluation 
Alton, New Hampshire 

53 Regional Drive 
Concord, NH 03301-8500 

Tel: 603 · 224 · 7979 
Fax: 603·224·7990 

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 
Costas Halvatzes 
Joyce Tucker 
Timothy Freese 
Michael Lenehan, Esquire 
Gonzalo Castro, Ph.D., P.E. 
Craig Ward, P .E. 

CSSI 
CSSI 
Acadia Insurance 
Acadia Insurance 
Ransmeier & Spellman, P.C. (representing CSSI) 
GEI Consultants, Inc. (GEI) 
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. 

I. 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 
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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 Cl 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 Cl 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. 

2. 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. 
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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. 

4. 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. 

5. 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). 

6. How was the concrete/or the spillway slab and cutoff wall poured? Any cold joints? 

CSSI did not perform the concrete work. 

7. 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. 

I 0. Construction start and completion dates. 

Construction start and stop dates are provided below: 

Date 

November, 1993 

December 29, 1993 

March 16 to 23, 1994 

May 20, 1994 

July 12, 1994 

Comment 

Construction started. 

Construction stopped due to winter 
conditions. 

Borrow materials excavated from on-site 
and stockpiled near dam. 

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. 

CSSI demobilized. 
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11. 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. 



GEI Consultants, Inc. 

TO: 

FROM: 

DATE: 

RE: 

MEMORANDUM 

FILE 

Craig Ward (3-vJ 

May 28, 1996 

Interview with the Bergerons 
Meadow Pond Dam Forensic Evaluation 
Alton, New Hampshire 

53 Regional Drive 
Concord, NH 03301-8500 

Tel: 603 · 224 · 7979 
Fax: 603·224·7990 

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 
Mark Mallory, Esquire 
Allen Marr, Ph.D., P.E. 
Gonzalo Castro, Ph.D., P.E. 
Craig Ward, P.E. 

Dam Owners 
Bouchard & Mallory, P.A. (representing the Bergerons) 
Geo Testing Express (representing the Bergerons) 
GEI Consultants, Inc. (GEI) 
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 April 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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"It 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." 

2. 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." 

3. 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. 

• 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. 

4. Was there any water flowing over the flashboards immediately prior to the failure? 

Mr. Bergeron indicated that the water level in the pond was just below the top of the flashboards 
immediately prior to the failure. 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, 199 5. The water 
level in the pond has never been more than about 1/4-inch above the tops of the flashboards. 

5. 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, etc. 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: 

• 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 darn 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 darn to determine if water was flowing over the flashboards or from 
the low level outlet. He saw an approximately 3-foot-diarneter 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 darn to the 911 dispatcher. While Mr. 
Bergeron was on the telephone, Mrs. Bergeron went out to look at the darn 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 darn. 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 form a "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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TO: 

FROM: 

DATE: 

RE: 

GE I Consultants, Inc. 
MEMORANDUM 

FILE 

Craig Ward 

June 17, 1996 

Interview with Roger Putnam 
Meadow Pond Dam Forensic Evaluation 
Alton, New Hampshire 

53 Regional Drive 
Concord, NH 03301-8500 

Tel: 603 · 224 · 7979 
Fax: 603·224·7990 

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 
Richard Mitchell, Esquire 
Craig Ward, P .E. 

Putnam Concrete 
Sullivan and Gregg (representing Farm Family Insurance) 
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 ifthe 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. 

I. 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 fonns for the various concrete structures. Mr. Putnam does not 

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



Memorandum 
June 17, 1996 
Page 2 

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: 

• 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. 

• 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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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. 
Gonzalo Castro, Ph.D., P.E. 
Craig Ward, P .E. 

Varney Engineering 
GEI Consultants, Inc. (GEI) 
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. Varney'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 Cl 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. 

2. 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. 

3. 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. 

4. Were any permeability tests conducted on borrow soils? 

Mr. Varney indicated that no permeability tests were performed. 

5. Was any concrete testing performed? 

Mr. Varney said that no concrete testing was performed. 

6. 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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Tusts 
Field Density Tests 
Grain Size Analyses: 

Compaction tests 

Quantity 
18 

6 (on soils used in the construction) 

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 ofNHDES since these materials were not used in construction of the 
dam. 

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. 

7. 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. 

8. 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. 

9. 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. 

I 0. 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: 

• 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. 

• Core material was obtained from an on-site 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. 

• Construction stopped for the winter on December 28, 1993. 

• 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. 

• 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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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. 
George Rief, P .E. 
Rod Stark, Esquire 
Gonzalo Castro, Ph.D., P.E. 
Craig Ward, P .E. 

Rivers 
Rivers 
Stark Law Firm (representing Rivers) 
GEI Consultants, Inc. (GEI) 
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. 

I. What was the latest revision date in the plans and design reports provided to the Bergerons and 
to the Water Resources Division ofNHDES? Where any other design documents (sketches, letters, 
reports) given to the Bergerons or NHDES? 
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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) ofNHDES. 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. 
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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. 
Gonzalo Castro, Ph.D., P.E. 
Craig Ward, P.E. 

WRD 
GEI Consultants, Inc. (GEI) 
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. Doyen'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. 

I. 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. 

2. Did WRD have any communications with the design engineers, the Bergerons, CSSL or Varney 
Engineering 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 

• July 1994: 

level outlet pipe. 

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 darn, WRD had no other 
communications with Mr. Bergeron after the July 1994 site visit. 



Left side of breach (looking upstream) after failure. (3/19/96) 

Left side of breach (looking downstream) after failure. (3/19/96) 
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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) 



Right side of breach (looking upstream) after failure. (3/19/96) 

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) 



Void beneath spillway slab. ( 4/2/96) 

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. 
(412196) 



Crack in cutoff wall and spillway slab. Note cold joint 
between cutoff wall and spillway slab. (3/20/96) 

::J J 

Chimney drain contaminated with core materials. (4/4/96) 

_} J 
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Void beneath spillway slab. (4/2/96) 

u 

Right side of breach after field investigations. (4/5/96) 




