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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

5 Identification No.: VT 00263
Name of Dam: WARREN LAKE DAM
Town: WARREN
County and State: WASHINGTON, VERMONT
Stream: MILLS BROOK
Date of Inspection: 3 JUNE 1981

BRIEF ASSESSMENT

• -Warren Lake Dam is a compacted earth embankment structure approximately
520 feet long. The dam has a maximum hydraulic height of 35 feet. Top of dam
storage capacity is 1780 acre-feet. The dam was estimated to be about 85% com- ML
plete at the time of inspection. Construction began in 1980.

The purpose of the dam is to provide a 48-acre impoundment for private rec-
reational use. When completed,the dam crest will serve as a relocated route for

* Town of Warren Highway No. 28 known as Plunkton Road.

The principal spillway is a 36-inch diameter corrugated metal pipe conduit
with a 48-inch corrugated metal riser. There is a separate 24-inch diameter
corrugated metal conduit which serves as a pond drain.

* There is an emergency spillway made up of three 44-inch by 72-inch corru-5 gated metal pipe arch culverts. The culvert bottoms are at an elevation 7 feet
above the normal pool level. The top of dam is to be 15 feet above the normal
pool level.

The dam is judged to be in poor condition in its present state. The visual
observations made during the course of the inspection revealed deficiencies in-
cluding erosion gullies, particularly at the contacts between the embankment and ,

*i abutments, soft and wet areas at the downstream toe, poor concrete work and de- S
flections in pipe walls.

Because the dam has an intermediate size and a high hazard potential classi- -.
fication, the test flood is the Probable Maximum Flood (PMF). The test flood --
inflow for Warren Lake which has a drainage area of 0.93 square miles was esti-
mated to be 2325 cfs.

Effects of surcharge storage would reduce the test flood inflow to a routed
test flood outflow of about 360 cfs. Assuming the lake is at its normal pool
elevation (1550 NGVD) at the start of the flood, water would rise to a level of
4.8 feet below the top of dam under test flood conditions. Spillway capacity
at the top of dam is 760 cfs which is 210% of the routed test flood outflow.

- ~ . A number of recommendations are given for implementation by the owner within
12 months from receipt of this Phase I Inspection Report. These recommendations,
in general, are as follows:

Retain a qualified Registered Professional Engineer to:

- Make a reassessment of the entire project from
a design standpoint.

Warren Lake Dam
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Investigate the 36-inch and 24-inch conduits and
design instrumentation and establish methods and e
schedules for monitoring possible seepage along
the conduits.

- Investigate and design repairs for soft and wet -1
- areas at the downstream toe.

- Design methods to repair erosion gullies and
methods to prevent recurrence of these gullies.

- Reevaluate the mechanical apparatus for the 24-
inch drain conduit with respect to potential for
plugging with debris and damage by ice. -9,

- Establish methods and schedules for monitoring
flows from the toe drains.

- Investigate the hydraulic adequacy of the emer-
gency spillway approach and discharge channels
and design repairs.

- Investigate the structural stability and design

repairs to the concrete work for the emergency
spillway culverts.

- Investigate and design repairs to the outlet
structure for the 36-inch conduit.

- Investigate the adequacy of riprap on the up-
stream slope.

- Supervise completion of the dam and record all as-

built information and foundation conditions.

- Establish procedures for filling of the lake anda supervise filling of the lake after construction
and all repairs are complete.

The owner should carry out all the recommendations made by the engineer.
All work should be done under the supervision of the engineer.

The owner should also implement the maintenance program which has been
- established as part of the design for this dam. In addition, the owners

should clear the main discharge channel and the emergency discharge channels,
grade disposal areas, monitor seepage flows, and establish a formal written
program for surveillance and downstream warning.

A qualified Registered Professional Engineer should be engaged to make a
comprehensive technical inspection of the dam and dike once a year.

VK

NO. 3592 r-

RO John F. Cysz
Project Manager
VT P.E. No. 3592
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PREFACE

RS
.-S This report is prepared under guidance contained in the Recommended

Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief of
Engineers, Washington, D.C. 20314. The purpose of a Phase I Investigation
is to identify expeditiously those dams wtich may pose hazards to human
life or property. The assessment of the general condition of the dam is _6

n, based upon available data and visual inspections. Detailed investigation, .
and analyses involving topographic mapping, subsurface investigations, test-
ing, and detailed computational evaluations are beyond the scope of a

. Phase I investigation: however, the investigation is intended to identify
• .any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team. In
cases where the reservoir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions which might
otherwise be detectable if inspected under the normal operating environment O
of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and is
evolutionary in nature. It would be incorrect to assume that the present

nK' condition of the dam will continue to represent the condition of the dam
at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines, thea Spillway Test flood is based on the estimated "Probable Maximum Flood" for 0
the region (greatest reasonably possible storm runoff), or fractions thereof.
Because of the magnitude and rarity of such a storm event, a finding that a

' spillway will not pass the test flood should not be interpreted as necessarily
posing a highly inadequate condition. The test flood provides a measure of
relative soillway capacity and serves as an aide in determining the need for
more detailed hydrologic and hydraulic studies, considering the size of the S
dam, its general condition and the downstream damage potential.

Phase I Investigation does not include an assessment of the need for
fences, gates, no-trespassing signs, repairs to existing fences and rail-
ings and other items which may be needed to minimize trespass 'and provide
greater security for the facility and safety to the public. An evaluation S
of the project for compliance with OSHA rules and regulations is also
excluded.

Wr-
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

WARREN LAKE DAM
SECTION I

PROJECT INFORMATION

1.1 GENERAL

a. Authority
Public Law 92-367, August 8, 1972 authorized the Secretary of the Army,

1 through the Corps of Engineers, to initiate a National Program of Dam Inspection -.
throughout the United States. The New England Division of the Corps of Engineers
has been assigned the responsibility of supervising the inspection of dams within
the New England Region. Robert G. Brown & Associates, Inc. has been retained by
the New England Division to inspect and report on selected dams in the Common-
wealth of Massachusetts and State of Vermont. Authorization and notice to proceed
were issued to Robert G. Brown & Associates, Inc. under a letter of 23 October
1980 from William E. Hodgson, Jr., Colonel, Corps of Engineers. Contract Number
DACW33-81-C-O004 has been assigned by the Corps of Engineers for this work.

b. Purpose of Inspection
(1) To perform technical inspection and evaluation of

non-Federal dams to identify conditions which
threaten public safety and thus permit correction
in a timely manner by non-Federal interests.

(2) To encourage and prepare the states to initiate
quickly effective dam safety programs for non-
Federal dams.

(3) To update, verify and complete the National Inven-
tory of Dams.

* 1.2 DESCRIPTION OF PROJECT

a. Location
Warren Lake Dam is located in the Town of Warren, Vermont. The dam is

on Mills Brook, 1.1 miles upstream of the brook's confluence with Mad River.
The dam site is located on the USGS "drren,VT Quadrangle at latitude N44' 04.5'
and longitude W72' 50.0'. Access to the site is by Plunkton Road (Town of
Warren Highway No. 28).

b. Description of Dam and Appurtenances
Warren Lake Dam is a compacted earth embankment structure, approxi-

mately 520 feet long with a maximum hydraulic height of 35 feet. The long
axis of the dam is oriented in a north/south direction. At the time of this
inspection, construction of the dam was approximately 851 complete.

The crest of the dam is designed to have a width of about 30 feet and
will serve as a roadway for the relocated route of Plunkton Road. Both the
downstream and upstream faces have slopes of 3H to IV. There is an earth key
trench designed to be a minimum of 4 feet deep intn the dam foundation.

Warren LLe Dar'
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The principal spillway consists of a 36-inch diameter asphalt coated
" corrugated metal pipe (ACCMP) about 190 feet in length through the embankment.

There is a concrete end wall at the outlet of the 36-inch conduit (see Appen-
*dix C, Photograph 8). There are steel anti-seep collars on this conduit.

There is a 48-inch diameter corrugated metal pipe riser connected to the upstream
end of the conduit with a prefabricated tee (see Appendix C, Photograph 3). The
crest of the riser is designed to be set at elevation 1550 NGVD. At the time of
the inspection, the riser was not complete; however, the design plan calls for
the riser to have a trash rack and anti-vortex device, plus a 1" diameter trickle
flow outlet, and a 24-inch diameter shear gate to allow the lake level to be ad-
justed to elevation 1545 NGVD. The invert of the 36-inch conduit is designed for
elevation 1541 NGVD. The design top of dam elevation is 1565 NGVD.

Approximately 15 feet to the south of the 36-inch conduit there is a
* -24-inch ACCM pipe about 240 feet in length which also passes through the embank-
-* ment (see Appendix C, Photograph 3). There are steel anti-seep collars on the

24-inch conduit. The purpose of the conduit is to provide a means for complete
draining of the lake. The design elevation for the inlet of the drain is 1536
NGVD.

At the time of this inspection there was no valve or operating mechanism
for the drain. However, the plan calls for a 24-inch mud valve to be installed
on the conduit. Originally the design called for a slide gate valve. The mud
valve is to be operated by a steel shaft of unspecified diameter approximately
60 feet long. The shaft is to be encased in a galvanized pipe housing supported
by treated timber posts with maximum spacing of 8 feet. The timber posts are
to be embedded in the upstream slope of the embankment. The plan calls for a
reinforcing bar trash screen around the inlet to the 24-inch drain. This is

* shown on Sheet 4A of Design Plans with supplemental revision in Appendix B.

Approximately 320 feet south of the 36-inch conduit there is an emer-
-. gency spillway made up of three 44-inch by 72-inch corrugated metal pipe arch

culverts with a concrete headwall and endwall (see Appendix C, Photographs 9
tIrough 12). The three culverts are designed to have 8-inch thick concrete
cutoff walls into ledge at mid-length. The design plans originally called for
the emergency spillway to be three 6-foot by 10-foot reinforced concrete box
culverts. The inverts of the inlets for the three pipe arch culverts are de-
signed to be at elevation 1557 NGVD. The emergency spillway flow is directed
to the culverts by an excavated approach channel which was incomplete at the
time of inspection (see Appendix C, Photograph 10). The discharge from the
emergency spillway is conveyed to the downstream channel through an excavatedJ _channel with an earthen berm on the downhill side (see Appendix C, Photograph 13).

The emergency spillway discharge channel was incomplete at the time of inspection.

At the downstream toe of the dam, on either side of the outlet for the
24-inch conduit, there are two 6-inch diameter PVC drain pipes (see Appendix C,
Photograph 8). These PVC pipes collect water from a gravel toe drain which
reportedly extends a maximum of 80 feet upstream of the toe of dam. The design
plan shows the gravel toe drain as being 1 foot in thickness and wrapped in
filter fabric (see Design Plans, Sheets 3R and 4 in Appendix B). At the ends
of the 6-inch PVC drains there are 6-inch PVC cleanout risers. There are two
2-foot wide gravel trench drains wrapped in filter fabric which extend from the
gravel toe drain to both abutments.

1 2 Warren Lake Dam
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The road base for Plunkton Road is to consist of 6 feet of gravel placed
between elevation 1559 NGVD and the top of dam elevation 1565 NGVD. A compacted
earth blanket will cover the gravel on the upstream slope of the dam (see Design
Plans, Sheet 4 in Appendix B). This blanket has not been constructed to date.
A riprap blanket is called for at the normal pool elevation on the upstream slope.
The upstream riprap blanket is incomplete (see Appendix C, Photograph 2)..-

Riprap is also called for on the downstream slope above elevation 1559
NGVD. This ripraD is not in place.

c. Size Classification
- The size classification of this dam is Intermediate according to criteria ,

set forth in Recommended Guidelines for Safety Inspection of Dams by the Corps of
Engineers. The dam has a top of dam storage of 1780 acre-feet (within the range
of 1,000 to 50,000 acre-feet storage), and a maximum hydraulic height of 35 feet. .
The size classification is based on the storage criteria.

d. Hazard Classification
The dam is in a high hazard category because a major breach of the dam

could cause a large amount of property damage and the loss of more than a few
lives. The Village of Warren, Vermont is located about 18,000 feet downstream
of the damsite. There are 6 to 12 structures which could be flooded by 2 to 10
feet of water as a result of a major breach of the dam. Prior to the breach,
water would be about 10 feet below the lowest structure (see Section 5.5). _

e. Ownership
The dam is presently owned by a partnership of Lenord Robinson of

- Warren, Vermont 05674, Telephone (802) 496-3788, and Jack C. Keir of 481
Brookwood Road, Wayne, PA 19087, Telephone (215) 688-9028. Upon completion
of the project, ownership of the dam and lake will be vested in a landowner's
association. The Town of Warren will have an easement over the dam in order to 0
relocate Plunkton Road.

f. Operator
All activities at the damsite are presently supervised by:

Lenord Robinson
Warren, Vermont 05674 S
Telephone: (802) 496-3788

g. Purpose
The dam will impound a 48-acre lake which will be used for private

recreation. When completed, the dam crest will serve as a relocated route for
Town of Warren Highway No. 28 (Plunkton Road).

h. Design and Construction History
The design of Warren Lake Dam is described in a document entitled

"Analysis and Design of a Private Recreational Pond for Jack C. Keir and Lenord
Robinson, Warren, Vermont" dated Rev. December 1979. (See Appendix B.)

The design of the dam is shown on a set of plans as follows:

Sheet Date

SP-I Rev. Dec. 1979 I
1 August 19792 August 1979

3 Rev. Dec. 1979.9
3R (Alt. #2) August 5, 1980
4 Rev. Feb. 10, 1980
4A Rev. Feb. 10, 1980
5 Rev. Dec. 1979

- 3 Warren Lake Dam



There is a supplemental sheet No. 4A dated June 30, 1980 which shows a
revised pond drain (mud valve type). Specifications for the dam have revision
dates of December 1979 and February 18, 1980.

pThe dam was designed by James P. Olsen, P.E. of Hinesburg, Vermont.

As part of the design, 3 soil borings were made to depths of 24 feet,
18.5 feet and 37 feet. The borings were made by Green Mountain Boring Company
Inc. of Barre, Vermont between October 18 and October 23, 1979. Copies of the
boring logs are included in Appendix B. Boring locations are shown on the design
plans.

The maximum depth of rock cored in any of the 3 borings was 2 feet. All
three borings were at the north end of the dam. One of the borings (SB2) en-
countered what appeared to be loose gravel. This condition was judged on the
basis of further test pits to be an anomaly. (A reportedly isolated area of sand
and gravel was also later found during construction in a borrow area on the south
side of the valley section about 250 feet upstream of the southerly abutment.)

In addition to the 3 borings a series of test pits were excavated. Logs
of the test pits are included in the design report (see Appendix B). Locations
of the test pits are shown on the plans.

The design study included a stability and seepage analysis; laboratory 0
testing of soil permeability; a compaction test on a composite sample of borrow
material; and grain size analyses of borrow materials. No permeability tests
were made in the dam foundation.

Construction of the dam began in early July 1980. The contractor was
Lenord Robinson Building and Excavating Contractors of Warren, Vermont. No
unusual or unforseen problems were reported during construction except that the
gravel toe drain was replaced because the gravel fill became contaminated with
fines.

A cofferdam and the 24-inch ACCM conduit were used to control water
13 during construction of the dam. The key trench was excavated after the installa-

tion of the 24-inch conduit. The 36-inch ACCM conduit was then installed. Both
the 24-inch and the 36-inch conduits are reported to have been placed on natural
soil and backfilled with compacted earth. Both the 36-inch and the 24-inch con-
duits were provided with metal anti-seep collars. The collars, pipe, and riser
tee were fabricated by Northeast Culvert Corp. of Westminster, Vermont. The
size of the fabricated collars for the 24-inch conduit was smaller than the size
called for on the design plans. The contractor installed an extra collar to
compensate for the dimensional difference.

Approximately 26,000 cubic yards of earth fill was used to construct
the dam to its present condition.

The design engineer made about 12 in-place density tests, using nuclear
technique, at various locations in the embankment. There are no records of in-
place density tests made within the zone of backfill for the 24-inch conduit.

Most of the borrow material was excavated from an area just upstream of
the northerly abutment. The specifications called for earth fill to be compacted
to at least 95% of Standard Proctor Density. The one laboratory compaction test
indicated the maximum dry density (Standard Proctor Test) was 127 pcf at 10%
moisture content.

1- 4 Warren Lake Dam
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The emergency spillway was constructed using three 44-inch by 72-inch .
corrugated metal pipe arches with concrete headwalls instead of the reinforced
concrete box culverts originally planned. There are no reports of concrete
tests made on any of the concrete used at the dam.

The emergency spillway approach channel and discharge channel have not
yet been excavated to the dimensions indicated on the design plans because of
rock encountered during construction.

Construction on the dam was suspended in November of 1980 and, as of
the time of this inspection, there has been no significant construction activity
since that date.

Currently a portion of the proposed pond area is being excavated to
remove organic deposits which are being marketed for sale by the owners. .

1.3 PERTINENT DATA

a. Drainage Area
The drainage area consists of 0.93 square miles of wooded, mountainous

terrain. The entire watershed lies within the Town of Warren. The watershed
has a long axis of about 6000 feet oriented in a northerly direction. Several
natural drainage swales enter along the area which will be flooded by the dam.
Elevations in the watershed range from 1960 NGVD at the easterly boundary to
1530 NGVD at the toe of the dam.

b. Discharge at Damsite
Discharge at the damsite is through a principal spillway made up of a

36-inch diameter asphalt coated corrugated metal (ACCM) conduit with a 48-inch
diameter ACCM riser. The riser crest will maintain a normal pool at elevation
1550 NGVD. A 24-inch shear gate will be installed to allow the pool to be low- .
ered to elevation 1545 NGVD. A 1-inch diameter hole in the side of the riser
at elevation 1545 NGVD will provide a trickle flow during dry weather should
the lake level fall below the riser crest.

(1) Outlet Works - 36-inch diameter ACCM conduit
with 48-inch ACCM riser crest at 1550
NGVD. Capacity is 127 cfs with water at 1565 NGVD.
Capacity of 24-inch diameter ACCM pond drain is
47 cfs with water at 1565 NGVD.

(2) Maximum Flood at Damsite - Dam has not im-

pounded water.

(3) Ungated Spillway Capacity at Top of Dam -
Combined capacity of three 44-inch by 72-
inch corrugated metal culverts plus 36-inch
conduit is 757 cfs with water at 1565 NGVD.

(4) Ungated Spillway Capacity at Test Flood S
Elevation - 360 cfs at 1560.2 NGVD.

(5) Gated Spillway Capacity at Normal Pool Ele-
vation - not applicable.

(6) Gated Spillway Capacity at Normal Pool Ele- _
vation - not applicable.

1 - 5Warren Lake Dam
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(7) Total Spillway Capacity at Test Flood Eleva-
tion - 360 cfs at 1560.2 NGVD.

(8) Total Project Discharge at Top of Dam -

757 cfs at 1565 NGVD.

(9) Total Project Discharge at Test Flood Ele-
vation - 360 cfs at 1560.2 NGVD.

c. Elevation (feet above NGVD based on datum of construction plans)
(1) Streambed at Toe of Dam - 1530 NGVD.

(2) Bottom of Cutoff - unknown. Minimum of 4'
depth into foundation called for on con-
struction plans.

(3) Maximum Tailwater - unknown.

(4) Normal Pool - 1550 NGVD (at principal spillway crest).

(5) Full Flood Control Pool - not applicable.

L (6) Principal Spillway Crest - 1550 NGVD.

(7) Design Surcharge - 1561.9 NGVD. (Original Design assumes no outflow.)

(8) Top of Dam - 1565 NGVD.

(9) Test Flood Surcharge - 1560.2 NGVD.

d. Reservoir (length in feet)
(1) Normal Pool - 2600 feet.

(2) Flood Control Pool -not applicable.

(3) Principal Spillway Crest Pool - 2600 feet.

(4) Top of Dam - 2800 feet.

(5) Test Flood Pool - 2700 feet.

e. Storae (acre-feet)
(1) Normal Pool - 360.

(2) Flood Control Pool - not applicable.

(3) Principal Spillway Crest Pool - 360.

(4) Top of Dam - 1780.

(5) Test Flood Pool - 1150.

f. Reservoir Surface (acres)
-) Normal Pool -48.

(2) Flood Control Pool not applicable.
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(3) Principal Spillway Crest Pool- 48.

(4) Top of Dam - 150.

(5) Test Flood Pool -110.

g. Dam
T1T Type - Compacted earth embankment.

(2) Length - 520 feet.*

(3) Height - 35 feet.

(4) Top Width - 30 feet.

(5) Side Slopes - 3H to IV both upstream and
downstream.

(6) Zoning - gravel fill above elevation 1559
NGVD with compacted earth blanket on upstream
slope. Gravel drain at downstream toe.

(7) Impervious Core - no special core, homogeneous
fill.

(8) Cutoff - earth key trench.

(9) Grout Curtain - none.

h. Diversion and Regulating Tunnel - not applicable.

i. Principal Spillway
(1) Type - 36-inch diameter ACCMP conduit with

48-inch ACCMP riser.

(2) Length of Weir - 12.6 feet circumference of riser weir.

(3) Crest Elevation - principal spillway riser crest

at 1550 NGVD.

(4) Gates - one 24-inch shear gate on riser, gate
invert at 1545 NGVD.

(5) U/S Channel - riser for principal spillway is
embedded in embankment and has no approach
channel other than pond.

(6) D/S Channel - Mills Brook.
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(1) Type - three 44-inch by 72-inch corrugated
metal pipe arch culverts.

(2) Length of Weir - 18 feet combined base width of -
pipe arch culverts.

(3) Crest Elevation - culvert inverts at 1557 NGVD.

(4) Gates - none.
on0

(5) U/S Channel - excavated channel through earth and
rock approximately 150 feet long by minimum 12
feet wide.

(6) D/S Channel - culverts discharge to excavated
channel through earth and rock about 300 feet
long by 10 to 15 feet wide with 6-foot high
earthen berm on the downhill side. Channel
discharges to natural wooded area above Mills Brook.

k. Regulating Outlets
L (1) Invert - 1536 NGVD.

(2) Size -24 inches diameter.

(3) Description - ACCM drain conduit.

(4) Control Mechanism - mud valve (not in place)
operated by gate stem supported by timber
posts in upstream slope.

(5) Other - 24-inch shear gate with invert at 1545
NGVD in riser crest for purpose of lowering

U pool.

L..-.
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SECTION 2
ENGINEERING DATA

II 2.1 DESIGN DATA

Complete design data are maintained in the files of the design engineer
James P. Olsen, P.E., of Hinesburg, Vermont. The design of Warren Lake Dam is
described in a document entitled "Analysis and Design of a Private Recreational
Pond for Jack C. Keir, and Lenord Robinson, Warren, Vermont" dated Rev. December
1979. Design plans and specifications are described in Section 1.2h. -

2.2 CONSTRUCTION DATA

Construction records are maintained in the files of the design engineer.
" Records of inspection by the State of Vermont are on file with the Vermont AIL

Water Resources Board. There are no as-built plans available to date.

Construction Progress Reports were prepared by the design engineer twice
a month during 1980 construction and submitted to the Vermont Department of
Water Resources. The State Dam Safety Inspector also made periodic visits to
the site during construction. These reports are on file with the Vermont De-

L partment of Water Resources. Copies of selected reports are attached in
Appendix B.

No in-place density tests were made during construction around the 24-
inch ACCM conduit and no strength tests were made on any of the concrete work.

2.3 OPERATION DATA -

The dam has not impounded water and as such has not been operated to date.
Construction is approximately 85% complete.

*2.4 EVALUATION OF DATA

a. Availability
Design and construction data including plans and specifications were

made available by the design engineer.

b. Adequacy
The final assessments and recommendations of this investigation are

based primarily on the visual inspection and hydrologic and hydraulic calcula-
tions made as part of the inspection report.

c. Validity
The engineering data provided by the design engineer have been deemed

* adequate for the purpose of this Phase I inspection. This investigation did not
include a detailed engineering check of design calculations.
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SECTION 3
VISUAL INSPECTION

3.1 FINDINGS

a. General
Warren Lake Dam was inspected on June 3, 1981. The weather was clear

at the time of inspection. Water was flowing through the 24-inch diameter drain
at a depth of 3 inches (estimated flow of about 1 cfs). There is no valve at the
end of the drain conduit. The dam was impounding no water (see Appendix C, Photo-
graph 2).

Construction on tne dam was suspended in November 198U. The dam is in-
complete and has never impounded water.

During the inspection, tho owner indicated that the planned permament
pool elevation of 1550 NGVD will be lowered to 1548 NGVD; however, there has I
been no official proposal on this matter. This inspection report is based on
the approved normal pool elevation of 1550 NGVD.

The 36-inch conduit was observed from the interior. The interior of
the 24-inch conduit could not be viewed.

b. Dam
T17 Crest - As of the date of this inspection, the

crest of the dam is at approximately elevation
1563.5 NGVD. The design top of dam is at ele-
vation 1565 NGVD, but is to be constructed with
a camber to allow for settlement. The existing
crest width is approximately 25 feet near the
dam center because the compacted earth blanket
on the upstream slope has not been constructed.
The crest is designed to be 30 feet wide with
the compacted earth blanket. The existing crest
is roughly graded. There are wheel tracks about 0
4 inches deep in the crest (see Appendix C,
Photograph 1). No surface cracks were observed
in the crest. There are random erosion gullies
up to 4 inches deep along the edges of the exist-
ing crest.

(2) Upstream Slope - The upstream slope has hay
mulch and is sparsely vegetated with rye grass.
The upstream slope above elevation 1559 NGVD
has not been completed. (This is the compacted
earth blanket noted in the previous paragraph.)
There are random erosion gullies up to 10 inches
in depth on the upstream slope. There is no
material on the slope which resembles topsoil.
The riprap at the normal pool level is about 60
percent complete. The stone size varies between
about 6 inches and 10 inches. The riprap appears
to be thin, hand placed in one layer on top of
the compacted earth embankment. There is no
visible evidence of a filter blanket or bedding
beneath the riprap.
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An 8 to 12-inch deep gully was observed around
the 48-inch riser pipe. _

There is a stone lined swale on the upstream
slope at the contact with the northerly abut-
ment. This lined swale ends at about the normal
pool.

A pile of jagged rock fragments and solid rock out- -0
cropping is located where the upstream slope contacts
with the southerly abutment in the area of the
excavation for the emergency spillway approach
channel (see Appendix C, Photograph 10).

- No evidence of sloughing or mass soil movements 0

on the upstream slope was noted.

(3) Downstream Slope - The downstream slope has hay
mulch and is sparsely vegetated with rye grass.
There are random erosion gullies up to 6-inches
deep. An 18-inch deep erosion gully exists at
the contact with the northerly abutment (see
Appendix C, Photograph 4). There is a I gpm
seep at the end of this gully. This gully has
caused a washout at the ends of the 36-inch and

L 24-inch conduits (see Appendix C, Photograph 7 -

and 8) exposing the pipes. 0

The backfill for the dry laid stone endwall for
the 24-inch drain is washed out. The owner has
constructed a temporary dike at the north abutment

m to divert water away from this gully.

A 12-inch deep gully exists at the contact with
the southerly abutment (see Appendix C, Photograph
5) and along the southerly downstream toe. There
is standing water in this gully which appears to
be seepage from the southerly abutment area.

Approximately 180 feet south of the 36-inch con-
duit, along the downstream toe of the dam, there
is a 3-foot wide by 10-foot long area which is
soft, spongy, and appears to indicate a quick
condition (see Appendix C, Photograph 6). Since
the dam is not impounding water, this condition 9
is probably the result of a spring which has not
been intercepted by the dam's foundation drain-
age system.

No evidence of sloughing or mass soil movements
on the downstream slope was observed. The top S
of the downstream slope is gravel fill for the
proposed Plunkton Road relocation.

c. Appurtenant Structures
(1) Foundation Drainage System - The two 6-inch PVC

outlets for the foundation drain were visible.
The ends of the two pipes are deformed where they
pass through the dry laid stone endwall for the
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24-inch drain (see Appendix C, Photograph 8).
Small animal guards for these pipes are called
for on the design plans but are not in place.
The southerly 6-inch outlet had a 1 quart per
minute flow of clear water. The northerly 6-
inch outlet had a 1 pint per minute flow of O
clear water. There is rust color slime at the
ends of both 6-inch outlets. The bottom of
the northerly outlet is 2 to 3 inches above the
24-inch drain. The southerly outlet is about

inch lower than the 24-inch drain.

Um There are two 6-inch solid PVC cleanout risers
on the downstream slope. These risers mark the
ends of the 6" PVC foundation drain pipes. The
northerly and southerly pipes extend above the

embankment 5.8 feet and 1.2 feet respectively.

The gravel blanket toe drain is reported by the
design engineer to extend a maximum of 80 feet up-
stream from the downstream toe. The limits of the
gravel trench drains could not be determined on the
basis of observation. It is not known if the trench

V- drains extend to the 3' x 10' soft area noted in -O
paragraph 3.lb(3). The engineer reports that one
spring in the southerly abutment was encountered
during construction.

(2) Principal Spillway - The 36-inch diameter con-
£ duit was observed from the interior between the 0

downstream end and a point about 60 feet down-
stream of the 48-inch riser. The pipe is asphalt
coated corrugated steel. There is a bent pipe end
at a joint about 40 feet upstream from the outlet.
There is rust color seepage at a pipe joint about

* halfway between the ends of the 36-inch conduit.
(This water could be caused by condensation.) The
flow at the end of the 36-inch conduit was judged
to be about i pint per minute.

Within a length of about 75 feet downstream of the
48-inch riser, there ere 3 low areas in the bottom
of the 36-inch conduit which have an accumulation
of silt. The base of the 48-inch riser is concrete.
The anti-vortex device trash rack and sheargate
are not in place. There are no ladder rungs in the
riser.

At the downstream end of the 36-inch conduit there -
is a concrete endwall (see Appendix C, Photograph 8).
The endwall also forms a discharge apron. Wood form-
work is embedded in the concrete. The wingwalls for
tne structure have rough and honeycombed concrete. The
bottom of the 36-inch conduit is about 2 inches above
the concrete discharge apron instead of the 2 feet
shown on the design plans.
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(3) Pond Drain - The 24-inch drain conduit is open and
L is passing the full flow of Mills Brook. The flow

in the conduit was estimated at 1 cfs at the time of
inspection. The interior of the 24-inch conduit was
not visible. There is no valve or operating mechanisms
on the upstream end of the conduit (see Design Plans,
Sheet 4A in Appendix B). The 24-inch conduit presently

* projects about 5 feet beyond the upstream toe (see -*

Appendix C, Photograph 3). At the downstream end of
the 24-inch conduit, there is a dry laid stone endwall
(see Appendix C, Photograph 8). A portion of the
backfill for this wall is washed out. The end of the - -

24-inch conduit is about 3 feet upstream of the end of

the 36-inch conduit. The design plans show the 24- .
inch extending further downstream.

(4) Emergency Spillway - The emergency spillway is made up
of three 44-inch high by 72-inch wide corrugated steel
arch culverts. The steel appears to be galvanized
(see Appendix C, Photograph 9). The concrete walls at
both the upstream and downstream ends of the culverts
are of irregular width, (between 5 and 8 inches wide),
roughly formed, and have approximately vertical cracks
about 1-inch wide at the top of each culvert (see
Appendix C, Photographs 10, 11, and 12). The buttresses

L on the downstream wall have no footings. The upper por-
tions of tne walls are not backfilled. There is up to
about 2 inches of deflection in the tops of the culverts
(see Appendix C, Photograph 11). It is not known if
the cutoff collar for the culverts was installed.

The shapes and layout of both the approach channel and

discharge channel for the emergency spillway vary from

the design plan (see Appendix C, Photographs 10 and 13).
Rock mass is visible in the sides of both channels.

The existing emergency spillway approach channel has a
width of about 12 feet at a point 80 feet upstream of

P the inlets to the emergency spillway culverts. The de-

sign plan calls for a width of 60 feet at this point.

Rock is exposed in the sides of the approach channel.
The owner reports that this rock cannot be excavated -1
without blasting.

Trees are growing adjacent to the emergency spillway S
discharge channel. Several trees have fallen across
the channel. An earth dike along the north side of the

discharge channel has not been constructed as of this 791]
inspection. This dike is necessary to prevent emer-
gency spillway flow from being directed towards toe of

the dam. The existing emergency spillway discharge
channel has a bottom width of about 12 feet and 3H to
1V side slopes except that the channel has steeper
side slopes where it is in rock cut. The discharge
channel called for on the design plans varies in
width from 35 feet at the dam to 85 feet at a point
400 feet downstream of the dam. S
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There is a 15-inch diameter corrugated metal culvert
(see Appendix B) which discharges into the emergency
spillway approach channel. This culvert collects water W..

from a slope area downstream of the dam. The culvert was
flowing at about 5 gpm.

d. Reservoir Area
wnth the lake at its normal pool elevation 1550 NGVD, the dam will im- .

pound a lake having a surface area of about 48 acres. There are no structures
along the shoreline. Plunkton Road (see Location Map) is to be relocated so as
to pass over the dam.

The owner is currently excavating organic deposits from the pond area.

e. Downstream Channel
The 36-inch diameter principal spillway and the 24-inch diameter pond

drain discharge directly to Mills Brook.

The emergency spillway discharges to a 300-foot long excavated channel
(see Appendix C, Photograph 13) which directs flow to a wooded slope about 15 I
feet above and 100 feet from Mills Brook at a point about 100 feet downstream
of the toe of the dam.

There are some dead trees along the main channel of Mills Brook down-

stream of the dam (see Appendix C, Photograph 7).

3.2 EVALUATION

The Phase I visual inspection of Warren Lake Dam indicates that the dam

is about 85% complete. The dam is judged to be in poor condition in its

present state. The visual inspection revealed deficiencies which if not

* remedied, have the potential for developing into hazardous conditions.

The dam has not impounded water to date, therefore deficiencies may not have
been visible during the inspection which might otherwise be detected if the dam
was inspected under full impoundment conditions.

The following are areas of specific concern:

The corrugated metal conduits are bedded and backfilled
with earth. There is a concern that complete filling of
the voids beneath the corrugated pipe cannot be accom-
plished with this type of construction. (Note that con-
duits through earth dams having operating heads similar
to this dam are commonly laid on concrete cradles.)
There are low areas in the bottom of the 36-inch conduit
which could have been caused by poor support. There are
no records of compaction tests made adjacent to the 24-
inch conduit. Water could travel through voids along
the pipe. A method should be designed to determine if
seepage along the conduits is occurring. Leakage through
pipe joints could aggrevate this condition. The hydraulic
appurtenances for the 48-inch riser should be installed
before the spillway is allowed to operate.

- The compacted earth blanket on the upstream slope above
elevation 1559 NGVD should be constructed since leakage
or piping through the gravel crest could occur if water
in the lake rose above this elevation.
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The erosion gullies on both the upstream and downstream
slopes, and at the contacts with abutments have caused
loss of embankment materials. These areas should be
properly excavated and refilled with compacted earth.
A method of surface water control should be designed to
prevent the gullies from recurring. The slopes of the _.
dam should be vegetated with a grass type which pro-
tects against erosion but which will not obscure condi-
tions of the slopes during inspections.

The mechanical apparatus for the 24-inch drain conduit
is not in place. Before the equipment is installed the ..
proposed mechanisms should be reevaluated to determine
the potential for plugging by debris. Also the operat-
ing mechanisms should be reevaluated to determine the -

potential for damage by ice. Sizes and material types
for the operating shafts should be determined.

The 3-foot by 10-foot area displaying quick conditions At

at the southerly downstream toe requires further study
to determine a method of repair. A study of the ade-
quacy of the existing drainage system should be made
to assess if this quick area and the wetness of the
downstream toe in general can be eliminated by improve- 0 -1
ments or enlargement of the exisitng drainage system.
Seepage flows from the toe drain should be monitored
and recorded both before and after filling of the lake
so that quantities of flows from springs in the abut-
ments can be differentiated from seepage flows through
the embankment. The ends of the drain outlets should
be repaired or replaced by pipes which will not deflect, 0
and small animal guards installed. The tops of the
cleanout risers should be adjusted to final grade and capped.

The hydraulic adequacy of the emergency spillway approach
discharge channels should be investigated to assess the
need to enlarge the channels. Rock excavation by blast- U
ing in the area of the dam could cause damage to the dam
and its foundation.

The cracks in the headwall and endwall for the emergency
spillway culverts are evidence of wall movements. Thewalls appear unstable and require repairs or replacement.. .

The concrete work is rough and there are areas where the
concrete is honeycombed. The causes and repairs to the
deformations of the culvert walls should be investigated
since the culverts will also provide structural support
for the road above.

The rough concrete wo-k for the outlet structure of the
36-inch principal spillway and the embedded formwork
could lead to early failure of the structure. This struc-
ture should be investigated and repairs designed as neces-
sary including the repair of eroded backfill.
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The riprap on the upstream slope is not complete and does
not appear to be bedded in materials which will protect
against loss of embankment materials and undermining of
the riprap.

The dike on the north side of the emergency spillway dis- O

charge channel is required to prevent emergency overflows
from flowing towards the downstream toe of the embankment.

.AIL
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SECTION 4
OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 OPERATIONAL PROCEDURES

a. General
The dam is approximately 85% complete and has not impounded water.

Upon completion of the project, maintenance of the pond and the dam will be
vested in a landowner's association. Each member of the association will own
a portion of the lake/embankment and will be assigned continuing responsibility
for maintenance during their ownership period. The maintenance responsibility
will be a deed covenant to be continually transferred with land ownership.
Since the crest of the dam will be utilized for the relocation of Plunkton Road,
an agreement with the Town of Warren is being formalized regarding mutual re-
sponsibilities for maintaining that portion of the structure which will serve
as the road.

b. Description of any Warning System in Effect
There is no written surveillance or warning system in effect or planned.

4.2 MAINTENANCE PROCEDURES

a. General
A formal maintenance plan has been established for this project. The

plan is described in an undated document entitled "Warren Lake - Maintenance
Procedures", which lists ten routine maintenance procedures. A copy of this
document is attached in Appendix B.

b. Operating Facilities
K' The riser crest of the principal spillway will maintain the normal pool

at elevation 1550 NGVD. The design plan calls for a 24-inch shear gate to allow
the level to be lowered and maintained at elevation 1545 NGVD. (This shear gate
was not in place at the time of this inspection.) There is a 24-inch conduit
which is designed to completely drain the lake. The control valve for this drain
is designed to be placed on the upstream end of the conduit. The established

*maintenance plan calls for this valve to be exercised at least annually. This
valve was not in place at the time of this inspection.

The emergency spillway requires no operation except that the approach
channels and discharge channels are to be kept clear. The established main-
tenance plan calls for snow to be removed from the emergency spillway in order
to provide free water flow at all times. It is not clear whether this item is a
maintenance responsibility of the Town or an operational responsibility of the
owners.

4.3 EVALUATION

The written maintenance plan has been established for this project. The
owners should implement the plan and periodically review it to determine if it
requires modification. The owner should retain a qualified Registered Pro-
fessional Engineer to make annual technical inspections. Initial filling of
the lake should be under the supervision of the engineer.

A formal written surveillance and downstream warning (emergency prepared- -q

ness) plan should be established for this structure.
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The responsiblity for keeping the emergency spillway clear of snow should

be clarified.

Lb 5A
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SECTION 5
EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 GENERAL .0

The drainage area consists of 0.93 square miles of wooded, mountainous
terrain. The entire watershed lies within the Town of Warren. The watershed has
a long axis of about 6000 feet oriented in a northerly direction. Several natural
drainage swales enter along the area which will be flooded by the dam.

Elevations in the watershed range from 1960 NGVD at the easterly boundary
to 1530 NGVD at the toe of the dam.

5.2 DESIGN DATA
AIL

Hydraulic and Hydrologic design data for this project are included in a
document entitled "Analysis and Design of a Private Recreational Pond for Jack C.
Keir and Lenord Robinson, Warren, Vermont"; having a revised date of December
1979 (see Appendix B). The dam was designed for a maximum high water elevation
1561.9. Hydrologic methods of the U.S. Department of Agriculture Soil Conser-

L vation Service were used in the design.

5.3 EXPERIENCE DATA

The dam is not complete and has not impounded water to date.
I -.

5.4 TEST FLOOD ANALYSIS

Warren Lake Dam is classified as intermediate size having a maximum hy-
draulic height of 35 feet and a top of dam storage of 1780 acre-feet. The dam
was determined to have a high hazard classification. Using the Recommended
Guidelines for Safety Inspection of Dams, the test flood is the Probable Maxi-
mum Flood (PMF).

The Probable Maximum Flood was estimated using methods contained in "Pre-
liminary Guidance for Estimating Maximum Probable Discharges in Phase I Dam
Safety Inspections" issued by the New England Division Corps of Engineers.
The curve for mountainous terrain was used in this estimate.

The PMF test flood inflow from 0.93 square mile drainage area was esti-
mated to be 2325 cfs (2500 CSM). Storage effects would reduce the test flood
inflow to a routed test flood outflow of approximately 360 cfs.

During test flood conditions water would rise to elevation 1560.2 which is 0
about 4.8 feet below the design top of dam. Water would be passing through the
emergency spillway at a depth of 3.2 feet and at a flow rate of 240 cfs.
Spillway capacity at the top of dam (1565 NGVD) is 760 cfs which is 210 percent
of the routed test flood outflow.

This analysis assumes that the lake is at elevation 1550 NGVD at the start
of the test flood and that the 24-inch drain conduit is closed.
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5.5 DAM FAILURE ANALYSIS

The impact of failure of the dam was assessed using Corps of Engineers
"Rule of Thumb Guidance for Estimating Downstream Dam Failure Hydrographs".
The estimate assumes:

a. the reservoir surface is at the test flood elevation (1560.2 NGVD)
at the time of the breach, and

b. a breach of 40% of the dam length at mid-height occurs (104 feet).

A The estimated initial discharge resulting from the breach would be approxi-
mately 29,000 cfs.

Immediately downstream of the dam the breach flow would be contained within
the valley section of Mills Brook. There presently is no development along Mills
Brook. About 6000 feet downstream of the dam the breach flow would enter the
Mad River which flows in a northerly direction.

Approximately 8300 feet downstream of the dam, Mad River crosses Route
100 beneath a steel stringer bridge. There are 2 or 3 structures in the area
of this bridge which could be flooded by 2 or 3 feet of water. Prior to the
breach, the water would be about 20 feet below the level of these structures.

Approximately 18,000 feet downstream of the dam, Mad River flows through
the Village of Warren. There are between 6 and 12 structures which could be
flooded by 2 to 10 feet of water. Prior to the breach, water would be about
10 feet below the lowest structure.

Because of the potential for a large amount of property damage and the
possible loss of more than a few lives, Warren Lake Dam was classified as High
Hazard.
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SECTION 6
EVALUATION OF STRUCTURAL STABILITY

6.1 VISUAL OBSERVATIONS

The dam has not impounded water to date, therefore deficiencies may not
have been visible during the inspection which might otherwise be detected if the
dam was inspected under its full impoundment conditions.

The most significant visual observations regarding the structural stability
are the following: S

(1) The corrugated metal pipe conduits pose unique
problems with soil compaction, particularly along
the lower half of the pipe. The corrugations
make it difficult to fill all voids beneath the
pipe with compacted earth. This can cause
settlements in the pipe and can lead to seepage
of water along the conduit. This could cause a
piping failure in the embankment. Low areas
noted in the bottom of the 36-inch conduit
could be the result of pipe settlement caused
by voids in the supporting soil. Recommendations
are made in Section 7 for investigation of the
conduits and future monitoring.

(2) The erosion on the slopes and at contacts with
abutments have caused significant loss of embank-
ment materials. The backfill for the outlet
structure at the downstream end of the 36-inch
diameter conduit has been eroded causing the crown
of the 36-inch pipe to be exposed.

(3) The quick condition at the southerly downstream
toe and the wetness of the downstream toes in
general require investigation to determine a
method of repair.

(4) The concrete headwall and endwall for the emer-
gency spillway culverts are irregular in width
and are cracked. The cracks appear to be a re-
sult of wall movements. The walls do not appear S
to have any foundation. Buttresses on the down-
stream wall do not have footings. Concrete work
is rough and is honeycombed.

6.2 DESIGN AND CONSTRUCTION DATA

Seepage and slope stability analyses were made during design of the project.
A failure arc tangent to the foundation line and having a 60-foot radius, was
analyzed. Engineering checks of these computations were not made as part of this
inspection report. A complete set of design and construction records are in the
possession of James P. Olsen, P.E., the design engineer. S

6- 1

Warren Lake Dam

. . . . . .. L L T I"T " " '"



V 0

Various correspondence, legal documents, and inspection reports made by
' the State of Vermont are on file at the Vermont Water Resources Board in

Montpelier.

3 6.3 POST-CONSTRUCTION CHANGES 0

At the time of this inspection report, the dam was judged to be about 85,"
complete.

* 6.4 SEISMIC STABILITY -.

The dam is located in Seismic Zone No. 2 and in accordance with recommended
Phase I guidelines, does not warrant seismic analysis.

* S

| .0
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SECTION 7
ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Condition
The Phase I visual inspection of Warren Lake Dam indicates that the

dam is about 85'1 complete. The work remaining is considered to be necessary
for the safe operation of the dam and as such, the dam is judged to be in - -

poor condition and should not impound water. The dam has not impounded water

to date, therefore deficiencies may not have been visible which might otherwise
be detected if the dam was inspected under its full impoundment conditions.

b. Adequacy of Information
The adequacy of this dam was assessed based primarily on the visual

inspection and sound engineering judgement. Available data including borings,
test pits, design report, design plans, stability and seepage analyses, and
specifications were reviewed. Information contained in the logs of soil bor-
ings at the south end of the dam (see Appendix B) was not sufficient to con-
firm if rock encountered in the borings was ledge or boulders.

c. Urgency
The recommendations and remedial measures described in Paragraphs 7.2

and 7.3 should be implemented by the owner within 12 months from receipt of
this Phase 1 inspection report.

C 7.2 RECOMMENDATIONS

The owner shoulo retain a qualified Registered Professional Engineer to:

(1) Make reassessment of the entire project from a
design standpoint.

I •

(2) Investigate and design repairs as necessary to
insure the water tightness of joints in both the
36-inch and 24-inch diameter conduits. Instru-
mentation and a schedule for monitoring possible
seepage along the conduits should be designed by
a qualified geotechnical engineer. The low areas
in the bottom of the 36-inch conduit should be in-
vestigated and repairs designed as necessary.

(3) Design methods to repair erosion gullies on the
embankment slopes and at contacts with the abut-
ments. A surface drainage system should be de-
signed to prevent gullies from recurring. Also
a permanent type vegetation type should be speci-
fied which will protect the embankment against
erosion and not inhibit inspection of the slopes.

7 -1
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(4) Reevaluate the mechanical apparatus for the 24-inch
drain conduit. The mechanisms should not be prone
to plugging with debris or damage by ice.

(5) Investigate and design repairs to wet areas at the
downstream toe including the 3-foot by 10-foot quick
area at the southerly toe. As part of this investi-
gation, the adequacy of the entire toe drain system
should be evaluated to determine if improvements
to or enlargement of the drainage system are necessary.
Repairs to the deformed ends of the drain outlets
should be designed including small animal guards at
the downstream ends and caps on the cleanout risers.

(6) Establish methods and a schedule for monitoring flows _0
from the toe drainage system.

(7) Investigate the hydraulic adequacy of the emergency
spillway approach and discharge channels and design
any necessary enlargements. Consideration should be
given to potential damage to the dam caused by blast-
ing of rock.

(3) Investigate the structural stability and design re-
pairs or replacements to the cracked and irregular
concrete headwall and endwall for the emergency
spillway culverts. The deformations in the culvert
walls should be investigated and repairs designed
as necessary.

(9) Investigate and design repairs to the outlet structure
for the 36-inch conduit including the eroded backfill

m and the rough concrete with embedded formwork. S

The outlet conditions at the 24-inch conduit should
be investigated and methods designed to insure that
discharge from the 24-inch conduit does not cause
erosion of the outlet works for the 36-inch conduit.

*(10) Investigate riprap on the upstream slope to insure •
that the adequate depth of riprap is provided and
that the riprap is bedded with adequate filter ma-
terial to prevent loss of embankment material from
beneath.

(11) Supervise completion of the dam and record all S
as-built information and foundation conditions
encountered during construction. A permanent
bench mark and monumentation should be estab-
lished to monitor future movements in the dam.

(12) Establish procedures and supervise filling of the S
lake when construction and all repairs are satis-
factorily completed. Procedures during filling
should include monitoring of flows from the toe
drains and monitoring for possible seepage along
conduits.

The owner should carry out all the recommendatiors made •
by the engineer. All work should be done under the
enginimer's supervision.

7 -2
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7.3 REMEDIAL MEASURES

The owner should implement the following remedial measures:

(1) Remove all dead and fallen trees and debris for
at least 10 feet away from the main discharge
channel and emergency discharge channel.

(2) Grade and establish vegetation within disposal
areas downstream of the dam.

- (3) Monitor seepage flows according to procedures
and schedules specified by the engineer.

(4) Implement the existing formal written program
for operation and maintenance.

( ) Engage a qualified Registered Professional
Engineer to make a comprehensive technical
inspection of the dam at least once a year.

(6) Develop a formal written program for warning
downstream residents in case of an emergency

h- (emergency preparedness program). The plan
should include round-the-clock surveillance .
during periods of unusually heavy precipitation.

7.4 ALTERNATIVES

There are no practical alternatives to the above recommendations.

7-,-
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APPENDIX A

I VISUAL INSPECTION CHECKLIST



VISUAL INSPECTION PARTY ORGANIZATION

NATIONAL DAM INSPECTION PROGRAM

DAM: WARREN LAKE DAM VT 263

DATE: 3 June 1981

TIME: 10:30 a.m.

WEATHER: Cloudy, dry

W.S. ELEV. 3" above invert in of 24" pond drain U.S.

2" below invert out of 24" pond drain DN.S.

ELEV. DATUM: NGVD based on design plans

INSPECTION PARTY:

1. J. F. Cysz, P.E. (Hydrology/Hydraulics)

2. K. N. Hendrickson, P.E. (Structural)

3. J. E. Walsh, P.E. (Baystate Environmental Consultants, Inc.) (Geotechnical)

4. R. E. Hoogs (Measurements)

6.•6. _ _ _ _ _ ___

OTHERS PRESENT DURING INSPECTION:

1. Lenord Robinson, Owner •

2. J. P. Olsen, P.E., Design Engineer

3. A. Peter Barranco, P.E., Vermont Dept. of Water Resources

4. _
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VISUAL INSPECTION CHECKLIST

DAM . WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREA EVALUATED CONDITION

DAM EMBANKMENT

Crest Elevation 15"-18" below finish grade - rough graded 0
only. Crest to carry 24' wide Plunkton
Road.

Current Pool Elevation 3" above invert in of 24" 0.

Maximum Impoundment to Date None. Never been flooded.

Surface Cracks None observed.

Pavement Condition No pavement.

Movement or Settlement of Crest Not applicable. Crest not yet to design 1
grade - rough graded only.

Lateral Movement Not applicable. Never flooded.

Vertical Alignment Not applicable. Finish grading not yet
complete. 0

Horizontal Alignment Not applicable. Finish grading not yet
complete.

Condition at Abutment and at Springs at left abutment causiny localized
I Concrete Structures quick condition in 3' x 10' area on left

downstream toe (see sketch). Right abut-
ment has 18" deep x 12" wide gully. Water
now diverted, active seep 1/2 gpm at
right abutment, 12" deep gully at left
abutment/toe.

Indications of Movement of Cleanout pipes on ends of foundation drain
Structural Items on Slopes are tipped downstream - maybe by con-

struction.

Trespassing on Slopes Under construction.

Vegetation on Slopes Sparse rye grass with hay mulch. --0

note: Dam/lake never flooded.
Water control thru 24" 0.
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VISUAL INSPECTION CHECKLIST

D DAM: WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREA EVALUATED CONDITION -I

DAM EMBANKMENT (continued)

Sloughing or Erosion of Slopes No sloughing - random sheet and rill ero-
or Abutments sion (6" deep) both upstream and down- -

stream slopes. Also gully is 18" deep at
right abutment, 12" deep at left abutment •
and downstream toes. All headwallswashed out, gully 8"-12" around 48" riser.

Rock Slope Protection - Riprap Riprap not complete - thinly placed -
Failures 1 layer thick, 60% of length. No bedding,

6"- 10" size.

Unusual Movement or Cracking at None observed.
or near Toes

Unusual Embankment or Downstream Springs at left abutment causing localized
Seepage quick condition in 3' x 10' area on left

downstream toe. 1/2 gpm seep on right
abutment. Drip rust color in 36" 0 about
mid length lower half of pipe joint.
Entire left toe soft and wet by apparent
springs.

Piping or Boils Not applicable - pond empty.

Foundation Drainage Features 80' wide gravel blanket toe drain and 2'
wide trench drains shown on plans.

Toe Drains 2 -6" PVC drains at each side of 24" out-
let. Flow from south drain-1 quart/min.
Flow from north drain-I pint/min.
Flow is clear, some rust slime at ends
of 6" outlets. No animal guards on pipe
ends. Ends of 6" drains deformed where
they project through stone cndwall. No
caps on 6" PVC cleanout risers.

Instrumentation System None.
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VISUAL INSPECTION CHECKLIST

DAM: WARREN LAKE DAM VT 263 DATE: June 3. 1gRI

AIREA EVALUATED CONDITION

OUTLET WORKS - INTAKE CHANNEL AND Includes 48" principal spillway riser.
INTAKE STRUCTURE

a. Approach Channel Pond

Slope Conditions No side slopes. Riser is in embankment.

Bottom Conditions Not applicable.

Rock Slides or Falls None.

Log Boom None.

Debris Pond not flooded.

Condition of Concrete Not applicable.
Lining

Drains or Weep Holes Not applicable.

K b. Intake Structure •

Condition of Concrete Not applicable. 48" ACCMP riser.

Stop Logs and Slots Not applicable. No stop logs.

Note: Constructin not complete.

,,S
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VISUAL INSPECTION CHECKLIST

D AM: WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREAEVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER 48" ACCMP riser.

a. Concrete and Structural

General Condition Under construction.

Condition of Joints Typical CM joints banded and tarred.

Spalling Not applicable. I

Visible Reinforcing Not applicable.

Rusting or Staining of No. Concrete in bottom of 48" up to 36"
Concrete invert out.

Any Seepage or Efflorescence Not applicable. Pond not flooded, dam
under construction.

Joint Alignment OK.

Unusual Seepage or Leaks in Not applicable.
Gate Chamber

Cracks Not applicable.

Rusting or Corrosion of Steel No. Asphalt coated pipe is new.

b. Mechanical and Electrical No mechanical or electrical devices.

Air Vents

Float Wells

;rane Hoist

Elevator

Hydraulic System

Service Gates Note: Mud valve not yet installed on up-
stream end of 24" drain. Operating

Emergency Gates shaft not yet installed. Trickle
flow and opening with sheargate nnt

Lightning Protection System yet installed. .4

Emergency Power System

Wiring and Lighting System A-5
in Gate Chamber
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VISUAL INSPECTION CHECKLIST

DAM: WARREN LAKE DAM VT 263 DATE: June 3. 1981

AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND CONDUIT 36 24"

General Condition of Concrete ACCMP with banded Observed interior from
and tar joints, downstream end to up-

stream end. Horizon-
tal and vertical
alignment appears OK.
Interior of 24" pipe
is not visible. Can
see upstream end from
downstream.

Rust or Staining on Concrete Not applicable. Not applicable.I

Spalling Not applicable. Not applicable. 0

Erosion or Cavitation Not applicable. Not applicable.

Cracking Not applicable. Not applicable.

Alignment of Monoliths Not applicable.
Three 1" deep sags
4' long in up-
stream 75' section
of 36".

Alignment of Joints Lip of pipe deformed -.
at joint - 40' up-

stream of outlet
(approx.) drip in
pipe joint about
mid-length of 36" 0,
lower 1 of pipe
joint. Max. flow
to date 4" deep in
36" 0.

Numbering of Monoliths Not applicable.

A-6
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VISUAL INSPECTION CHECKLIST

DAM: WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE AND Concrete headwall for 36" 0. Rock headwall
OUTLET CHANNEL for 24" 0, and discharge channel..0

General Condition of Concrete New work, rough construction.

Rust or Staining No.

Spalling No. Honeycomb, rough finish, some formwork A
not yet removed. Some wood embedded in
concrete.

Erosion or Cavitation Not applicable. No flow yet.

Visible Reinforcing Form ties exposed. No rebars exposed.

Any Seepage or Efflorescence No.

Condition at Joints No joints observed.

Drain Holes None.

Channel

Loose Rock or Trees Overhanging No loose rock. Some trees on edge of dis-
Channel charge channel. (See photo.)

Condition of Discharge Channel Fair.

Also note height of outlet relative
to apron 2" actual, 2' plan.

A-7
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VISU2.'L INSPECTION CHECKLIST

DAM: WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR, Emergency spillway
APPROACH AND DISCHARGE CHANNEL .

a. Approach Channel Under construction.

General Condition Needs widening and realignment. Could
become obstructed with debris.

Loose Rock Overhanging Yes.
Channel Yes.

Trees Overhanging Channel No.

Floor of Approach Channel Boulders and ledge. -

b. Weir and Training Walls Ledge walls on approach channel.

General Condition of Concrete Weir is invert of 3 CMP arch culverts with
rough, concrete headwalls. Headwalls
have irregular thickness 5" - 8" thick-
ness,vertical cracks above each culvert,
improperly backfilled and washed out.
Pipe arches deflected (2"-3"). One pipe
arch rotated. No footings/cutoffs for
headwalls observed. (See photos.)

Rust or Staining No.

Spalling Honeycomb.

Any Visible Reinforcing No (form ties exposed).

Any Seepage or Efflorescence No.

Drain Holes No.

c. Discharge Channel

General Condition Not complete. No containment on right side.

Loose Rock Overhanging No loose rock - rock mass exposed on sides.
Channel

Trees Overhanging Channel Yes. Cutting back required.

Floor of Channel Natural and ledge cut. 9

Other Obstructions Downed trees.

A-8
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VISUAL INSPECTION CHECKLIST

DAM: WARREN LAKE DAM VT 263 DATE: June 3, 1981

AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE No bridges. Earth fill over culverts to ---
P carry 2 lane 24' road, Plunkton Road. -

No service bridge to riser. Three cul-
verts are 44" high by 72" wide (see

a. Super Structure Page A-8).

Bearings

Anchor Bolts

Bridge Seat

L Longitudinal Members

Under Side of Deck

Secondary Bracing

Deck

Drainage System

Railings

Expansion Joints

Paint

b. Abutment & Piers

General Condition of Concrete

Alignment of Abutment .

Appracch to Bridge

Condition of Seat & Backwall

A-9
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APPENDIX B

ENGINEERING DATA

Page Number

LIST OF AVAILAB3LE DESIGN, CONSTRUCTION
AND MAINTENANCE RECORDS B-1 to B-19

PREVIOUS INSPECTION REPORTS B-20 to B-30

PLANS, SECTIONS AND PROFILES B-31 to B-38

BORING LOGS B-39 to B-43
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LIST OF AVAILABLE DESIGN,

CONSTRUCTION AND MAINTENANCE RECORDS -0

A. PLANS AND SPECIFICATIONS

Design Plans and Specifications dated August 1979 with revisions through .
August 1980 are on file with the Vermont Department of Water Resources
in Montpelier and also from the design engineer, Mr. James P. Olson, P.E.,
RD 1 Box 163, Hinesburg, VT 0:461. (Copies of selected plans are attached.)

B. DESIGN RECORDS AD

The design records are on file with James P. Olson, P.E.. A document
entitled "Analysis and Design of a Private Recreational Pond for Jack C.
Keir and Lenord Robinson, Warren, Vermont" Revised December 1979, is also
on file with the Vermont Department of Water Resources. (Copy attached.)

C. CONSTRUCTION RECORDS

Construction records are on file with James P. Olson, P.E.. Periodic
inspection reports by the designer and by the State Dam Safety Inspector
are on file with the Vermont Department of Water Resources. No as-built
plans or data were available at the time of the inspection.

.D. MAINTENANCE

No maintenance has been performed since construction is not complete.
A maintenance plan has been drawn up. (Copy attached.)

B-l
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Revised December 1979

A.NALYSIS AND DESI3N

'F A k
PRIVATE RECREATIONAL POND

FOR

JACK C. KEIR

AN D0

7 NORD ROBINSON~

WARREN, VERMONT

B-2
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COMP ACTED EARTH EMBANKMENT (Continued)

Test pit logs and results or irain size analyses for soi L samples-
considre repreientative of toundariin condltions -ind borrow material
are included in the Appendix. Furthe r soil expLoration and rock coring
have taken Diace since the snriginal report wa:s prepared, and the soil types
-ricounte red were Or the '3drlt 'ipe as previouslv sampled and reported. 3edrock
dt-,ths */adr,'/rom', atDroximat2L,- 3 feet below t-xistinq, around -to approximately
3r- :eet b--elow existing FrournJ. 7,,Dica 11 y, the shallow bedrock occurs on
the- cout'h Fide of the stream aind r:,e jeep 'bedrock is on ',he north side o"

th itream in toe- 'icin ity )-: the -'am. The 'Ior-hole locations and new test
I L:a n!4 are .;ro (wn a)n )r !w ToT13: ln 3nd borehole lco';s

?orma,-ion test results 'or r-Dresentat_'ve sznples indicate that -he
soils to e use-d in the emba'nkm ent have ain optimum moisture content OF
approximatelv J_, percent and -a maxi:mum dry Aiersitv (if 127.2 pounds per c u',i cAI
root ihen ,&ompacted in a StanU'ard Proctor laboratory compaction test. Based
-ioon t:he lanoratorv results, I) prcent of -the maximum dry density will be
120.-3 p ouncl.s p e- rubic foot. The laboratory compaction data are presented

n t t, A p e nix.

a4
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Test Pit 7Logs (Locations on FPlan) July 19, 1)7-,

3 Warren Lake -Warren, Vermont 0

N L-AL

~-.5 Red Ii.Sh-t ''wI Fa--T~v loam

Grey si ,- s.-n sone, lamp
~ '-3' revish Dlue L3va T 1) V

a-i. ' edi7., - ;rown zana'j/ loam

L. .j1Q' re>, sllt, sime storie, lamp

eg e (shale) enco,),intererd at 10' to 12' depth across test pit

TH-A3

o-1. 0' Peddish-L;rown sandv loam

1.,)-3.,-) Gr'ey sit, some stIone, damp
Ledge (shale) enccunterpd at 3' depth

iH-AL4

0-1.0 Loam
1. 0-10 Gr e' silt and -- one, damp

Lecdg e encountered 3- S' to .10' depth

S1. 0 Redd,'sh-Dr(Dwn ,;andy loamn

1-12.0' G're', silt and ;tone

12'-12.q' Gravel .,en(ge); otctnus

12.5'-18' rGrev silt --nd st onp, damp
No ledge encounte -re'i

i-I Loam

11-18' Grey silt, stone, till

- No gravel encountered

Nlo ledge encountered
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COMPACTION TEST Data Sheet 9

I,"Project ! , ,. :.,)- . ": , _r, Job No.

Location of Project . 'i A.- . T. Boring No.-P Sample No.. .L-LA

Description of Soil .,' A

Test Performed By ' DateofTest . .. _ .

Blows/Layer No. of Layers Wt. of Hammer 5L" lb

Mold dimensions. Diam. _ft Ht. _ft Vol. _ ,____ cu ft
a A

Water Content Determination

Sample no. 1 2 4 5 6

Moisture can no.

Wt. of can+ wet soil j . , l 2 :*,

Wt. of can + dry soil ,. ..

Wt. of water." '. ,0.

Wt. of can ,, ,, .

Wt. ofdrysoil • .4- iH •

Water content, w% .

Density Determination

Assumed water content .4

Water content, w% ,

Wt. of soil + mold -"

W t. oftmold Ll .. .'t: : " ' , .

Wt. of soil in mold . "-i.". ' ' " .I

Wet density. pcf , -"''>,' .-

Dry densityy, pcf i7-. .' . e7 ' _____,

..- s S

C.,.

* ... O

-- T -. J. . .-

-'I Water content, w%

Optimum moisture , % Maximum dry density = ! z. pcf

B-12
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GRAIN SIZE DISTRIBUTION Data Sheet 5

Project____________ Job. No. Sml o

Location of ProjectBoring No. Sml o

Description of Soil Depth of Sample

Tested By. Date of Testing

Gravel Sand Fines

Coarse to Fn itCa
____________ medium Fn itCa

U. S. standard sieve sizes

6 0 0 6 6 d

100

so-S

80-

C 4

20

0~ --r 0LI III T

0 -0 A.

Grain diameter, mm

Visual soil description

Soil classification:

- -'---- system . __________ _______
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GRAIN SIZE DISTRIBUTION Data Sheet 5

(. Project Job. No. _________________

Location of Project Boring No. Sample No. -

Description of Soil Depth of Sample

Tested By. Date of Testing

Gravel Sand Fines

Coarse to Fn Silt Clay
medium

U.S. standard sieve sizes

Z Z

100

80f

C 0

Ci

0

414



GRAIN SIZE DISTRIBUTION Data Sheet 5

Location___ ofroec____gNo Sample No.____

Tested By. Date of Testing

Gravel Sand Fines

Coarse to Fine Silt Clay
____________ medium

U.S. standard sieve sizes

0 0Zz ZZ Z Z

200

4 ~C6

System



marshfield
engineering
services

DONALD MARSH P.E.
MARSHFIELD, VERMONT 056 d

802 426 35A65

Tenord Robinson-

'"arren, Vermont 3 July 1979

Soil rnvestjations

'.itation 23 +10 2-2 0 (brook +15' elevation)
0 -6" FUmU S
6" -1.5' Black silty loam, siltAI

1.5' - 5' Gray- c-rean .lIacial till, moist but unsaturated,
co.m-:act

5' - 7' Bro.-m fine silty sand
7' - 12' .ediam sandy gravel, saturated

Some malclay-silt lenses
Hole filled immediately with water 2 8'
, LTD

T 23 + 64 L 100'
6" Humus

- 1.5' Redd ish-bro,,.n sandy loam
1.' - ,Bron fine ilty sand with lenses 4" to 12"

tick of fine gravel from l' to 14'
PILTD " !T_

_-H- ? - 6' To r..o ii..<-,

" - 1' Reddi-bo.r. sandy loam
1' - 10' Li h4" 'r y silty sand ",ith stones - till

N{ot co:'mact, not mottled

N LTD :2 ,-.

0 - 6" "umu F,
- R 5' eddish-bro.m sand:y loam;

.i -' .ight -ra, silty sand with stones till
:Xot comrct, not mottled
S1ightly more compact 2) 5-6'
" LO " ::2D

-5 S-2-

.., - ..... . t . ro'm, sz.... y stand " .

ot cc:-,ct ot till

3-16
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- !cnord Robinson
s' qoils Investipsations -2- 3 July 1979

Th-16 5 -20
- 8' Same soils as TH-i5 but slightly more compact

NLTD) 7," 'DA

T7- 17.5 S-1
o - ' Same soils as T{-13

,,:ottled from 2'-8'
Seeps ) 6'

Mb Saturated cravel P 6'-7'N LTD -

' :_ - - "'

6" - 1' Ped4dizh-bro,.m sandy loam
1' - 1O' - r-v-brorn till. not compact

-I from ' *
See

T-!9 e - 9' -~-e soils as TH-!3
o' mottled, not compact_

: rTD S

T,.-20 a - 6" i- ',:

6 - 2' Redd .h-bro',m sandy loam
2' 4' cii-ht ray-brown silty sand (till),

more c-. act, not mottled

S - ' Till '..tr ,a ny stones;
N:L?D ~rm T

0 6" u:, u s
6" - 7' Li-ht oray-brown till, mottled from 3'-4'

-ore com-act - 4'
7' Led:e or boulder

- 2' Reddih-brown sandy loam
2' - 7' grav-brown till, not too compact, not mottled

T :,,: TD ,'T .-. ...

.oD - o edoe to deth
- "o ;water -o deth 7'

Don-17 ;.:?rsh, E.
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W~AIRREN '-A - mAINTENANCE PROCEDURE

-a .Maianie an' orerat,*on of the dlar constructed for impoundment of -

Aairen Lake will b-e performed on a regular scnedlule to insure the normal

;~eat~nof -22uipnent an-, appurtenances and aliow for efficient function-

ing Dr service and emergency spi llways and drains. Specific items to be

cr-ec,-ed and oo .er ated, and their schedules are listed: 4

1. 7c-c g-ate 'valve for the emergency pond drain will 1be fully opened

and4 closed cat least once each vear. The Decartmen: of ;, ater Resources-

llbe notified prior to operation so that a representative may be

:resent to monitor any release of sediments. Measures may b_-e required

to control the release of any accumulated sediments.

2. Vegetation in the emergency spIllway approach and outlet sections

will b)e mowed at least twice each growing season. Ve-cetation on both

upstream and downstream slopes of the embnmn ilbemwda es

-annually. Brush and tree growth will not be permitted within the

emergency spillway approach and exit channel, nor in the embankment

slopes, nor within 10 feet of the toe of 'he downstream slope.

3. Snow removal will take place as necessary to provide -free water

-flow through the energency so illway at all times.

-. The pond level control valve will De operated at least once each

,iear to insure normal operation.

5. The trickle tube flow aperature will 1;e inspected monthly during

tne -,ummer months to insure maintenance of minimum flow conditions.

K.All conduits will be 'iulyinspected twice each er Ifdri

nas dccumulated in a conudi, it will be cleaned to allcw unobstructed

-. flow ~fwater. f.1 deteri'orat-on is orbserved, the Vermont Department of

,4ater Pesources will 'be Informed i7;imediately to allow their inspection

ndeval-uat ion.

he merenv soiliwav _,no serv,*-e s~i~aponi d-rain, and found-

a- cn 4rain and c ul ea ~ will !9-- A~a f ri 3 and In tod,

:- rler at all i,2

B-18
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Maintenunce Procedure - 2

. The "plunge cool" at tho e'<ir noint of the service sillIway conduit

will be inspected each Sprinz and Fall to insure that excess erosion is

not occurring. -f erosion is deemed excessive-, remedial measures will

he taken as soon as possible frer consultation w':th rhDe Partment of

Water Resources.

4. The crest. upstream slope and downs:ream slope, and toe of the emba- - S
:!;,ment will he inspected ar least annualil. Anv serious orohlem such as

'ic] n-n, , ir' 's.Dr will !,c immediatelv resorted to

t .se )eiartment of Water Resources.

. routine inspection by ,-_e Water Resources Department reveals the

-XisenCe of any maintenance :rTblems, such measures to correct the

croblen will te undertaken in accordance with their directive.

0
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PREVIOUS INSPECTION REPORTS

Construction Progress Reports were prepared by the design
engineer twice a month during 1980 construction and sub-
mitted to the Vermont Department of Water Resources. The
State Dam Safety Inspector also made periodic visits to
the site during construction. These reports are on file
with the Vermont Department of Water Resources. Copies
of selected reports are attached.

B-20
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' t mber 12, 1980

Water Resources Department SE? mS 19.Water Resouces Board

c/o Mr. A Peter Barranco DEpt. I ty ResourC.ir Agency of Environmental Conservat' n V r OsMontpelier, VT 05602

Subject: Construction Progress Report-Robinson/Keir Dam, Warren, Vermont

Dear Mr. Barranco: .

This letter is a Construction Progress Report for the subject project.
At present the placement and compaction of the embankment is the major --
activity taking place at the site. Progress since the last reporting - . -

period is det3iled as follows:

1. Compacted fill for the embankment has risen to elevation 1554+
(as of Sept. 8, 1980). Field compaction tests were taken with a
Nuclear moisture-density gage as filling and compaction has proceeded.
Test data at elevations 1542 to 1545 and 1553 to 1554 indicate consistent
densities averaging 97.5 percent compaction. Moisture content of the
fill at placement has ranged from 5% to 16.5% with an average of 9.3%. "

2. One week of time was lost while efforts were under way to resolve
a difference of opinion over the quality of material(gravel) to be used
in constructing the downstream toe drain. The installation of the drain.
has now been completed to the satisfaction of the Dept. of Water Resources.

3. Work is presently underway on the construction of the foundation
for the 48 inch riser pipe and placement of the riser for the service .

spillway. " -

It is our estimate that the remainder of the embankment will be
completed to approximately subgrade elevation (1564) by the end of the S
next reporting period. At that time, we would anticipate seeding with
a rye grass and mulching to attempt to catch some growth before winter-
ing over. -

At this time, comparing the work completed and in progress with the
schedule submitted, all major items are on schedule or ahead of schedule .

- - except for two items. One is the emergency spillway and the other is
the relocated roadway. We have delayed working on the spillway since we
were studying the feasibility of requesting a modification to the spillway
and have subsequently done so. The roadway work away from the embank-
ment is work that can be completed during the Fall and Winter months
prior to closing the drain in the Spring of 1981. •

We hope this report has addressed each of the issues desired by
the Board in condition 8 of the permit. We anticipate a request for an
extension of the construction period will be made at the upcoming Board
meeting on Sept. 22, 1980.

B2
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0
Water Resources Board - 2

This request will deal with time necessary for completing the install- A
ation of the emergency spillway and the request to allow work on the
roadway to continue into the winter. It is estimated that all work4 associated with the embankment will be completed by October 31, 1980 -0
if the spillway modification is approved. If the modification is not
accepted, then the spillway construction will be expected to be comple-
ted by November 15, 1980.

Sincerely yours,/ >2
James P. Olson, P.E. AD-

-0

B-22
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1',IHinesburg, V 4 t 05461
198 o

A Va"Or Q
Water Regources Department 9. ..
Water Resources Board

S c/o Mr. A. Peter Barranco
Agency of Environmental Conservation
Montpelier, Vermont 05602

- . Subject: Robinson/Keir Dam - Warren, Vermont

Dear Mr. Barranco: J
This letter is a Construction Progress Report' for the Robinson/Keir

Dam for the period October 16, 1960 to November 3, 1980. The progress
to date is as follows:

1. Seeding and mulching of the embankment slopes has been
completed with the exception of a small area at the south
end of the embankment adjacent to the emergency spillway conduits. O

2. Concrete headwalls and buttresses (or counterforts) are in
place for the emergency spillway conduits.

3. With items 1 and 2 above complete, the sturcture of the embankment
is in place and complete except for placement of the gravel --

roadbed surface. The Contractor has been precluded from
completing the gravel fill due to rainfall occurring on a
sufficient number of days to keep the surface wet and unworkable.

4. Corollary items which now remain to complete the overall project are:

a. completion of gravel road south of the embankment
connecting to the original road,

b. placement of the trash rack/anti-vortex plate to the
service spillway inlet,

c. installation of the pond drain valve and level control valve.

The undersigned and the Contractor will await word from you and/or the
Board to schedule a site visit and inspection as you dem necessary. Also,
if there are questions pertaining to this submittal, please call at your "7-
convenience.

Sincerely yours,

James P. Olson, P.E.
JPO/jcd
cc: L. Robinson S

J. Keir
J. Hutton
W. Bartlett B-23
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State of Vermont

% 41% AGLNCY OF ENVIRONNIENTAL CONSERVATION

Montpelier, Vermont 05602 -.

Department of Fish and Game Department of Water Resources
Department of Forests, Parks, and Recreation and
Department of Water Resources and Environmental Engineering Environmental Engineering
Division of Protection
Natural Resources Conservation Council WATER QUALITY DIVISION -

August 11, 1980

Mr. John G. Hutton, Esq.
Bridge Street
Waitsfield, VT 05673

RE: Warren Lake Dam - Warren --

Dear Mr. Hutton:

This ts to confirm our telephone conversation on August
8, 1980 regarding the blanket drain at the Warren Lake Dam
and the Department's position that the drain as presently
installed is unacceptable and should be removed and replaced
with gravel and/or sand meeting specifications.

As requested, I am herewith enclosing copies of my letters
* of. July 30, 1980 and August 4, 1980 to Jim Olson concerning

the blanket drain.

Please be assured that I am anxious that this project
go forward with as little delay as possible so that your
clients achieve a safe and successful project at an early
date.

Sincerely,

A. Peter Barranco, Jr. P.E.

Dam Safety Engineer •

APB/las

Enclosure: Letters

cc: James P. Olson, P.E.
Lenord Robinson
William Bartlettt

B-27
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State of Vermont *

_______ N Vi IONNMNTAL CONSERLVATION'

rGENERAL Montpelier, N'errnont 056021_1/- )I_ - f4OfEI DATE Department of Water Resources -" .

Department of Fish and Game rE)O1 DpametoWtrReuce
Department of Forests, Parks, and Recreation and
Department of Water Resources and Environmental Engineering Environmental Engineering
Division of Protection
Natural Resources Conservation Council WATER QUALITY DIVIS IO

- 7!7F TT_
FILE

July 30, 1980

Mr. James P. Olson, P.E.

RD #I
Box #163
Hinesburg, VT. 05461

RE: Warren Lake Dam - Warren

Dear Jim:

This is to confirm our telephone conversations on July
28 and 30 regarding the blanket drain and the gravel

samples I took when I inspected the site on July 25.

Two samples were taken and analyzed by the Agency
of Transportation's Materials Division. Sample #1 was

taken from a pile of surplus gravel near the right clean-

out and Sample #2 was taken from the in-place drainage
blanket to the left of the pond drain. Care was taken to
insure that these were representative samples. Fine content
(percent passing No.200 sieve) was as follows;

Sample Il - 10% (total sample) 19% (sand portion)
Sample #2 - 7% (total sample) 9% (sand portion)

If these samples are repres, atative of the material

in the drainage blanket they are well in excess of the
maximum 2% called for in the specifications and are unacceptable.
The entire drainage blanket should be removed and replaced
with material meeting the specifications.

In addition, it was noted during the inspection that the

6" drain discharge pipes leading from the collector pipe
were perforated. These should be replaced with solid pipe
as called for in the plans.

B-28
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James P. Olson, P.E., July 30, 1980

Please let me know when the blanket drain and pipes

have been replaced so that I can inspect it before it

is covered again. I would also like you to provide me

with a copy of a sieve analysis for the new drainage material.

Sincerely,- O

A. Peter Barranco, Jr., P.E.
Dam Safety Engineer

B-29
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State of Vernont

~""~W. AI~NY 0!LNVIUNMLTALCONSE~RVATION

Mouilflrier, Vermont 05602
,D.,men of F.h and Game RO U T IN G Departincnt of Water Resources

Department of Forests. Park&. and Recreation and
DeDatment of ',aler Resources and Environmental Engineering GEN&RAL Lnvironinental Engineering
D..qon of P'otect,on________ _________

Natural Resourcet Conservation Council TO h r3NOTED DATE WATER QUALITY DIVISION

August 4, 1980

• U3'CNO TO

Mr. James P. Olson, P.E. FILE

RD #i, Box ;1163
Hinesburg, VT 05461

RE: Warren Lake Dam - Warren

Dear Jim:

This will confirm your telephone call at 8:00 a.m. Monday, August 4
advising me tLhat the blanket drain had been removed and replaced with
screened gravel (3/4" - 1") and that the toe drain discharge pipes had
been replaced with solid pipe. It is ny understanding that this work was
at least substantially completed last Saturday (August 2). Prior commitments
did not permit me to inspect the site on August 4.

p . As stated in my letter of July 30, the original gravel material in the
drain was unacceptable and should be replaced with material meeting the S
specifications, and the perforated pipe should be replaced with solid pipe
as called for in the plans. I also indicated in my letter that I wanted to
inspect the installation before it was covered.

Although I am pleased that the unsuitable material and pipes were replaced,
I am quite disturbed that the replacement material was not a graded gravel meeting .
the specification but, as I understand it a nearly uniform screened gravel
(3/4" - 1"). This material obviously meets permeability requirements but does ..
not meet piping criteria, and resistance to piping must be accomplished solely
by the filter fabric. If the filter fabric meets filter requirements and is
installed properly the system thcoreticallv should perform well. However,
it is critical that the fabric is installed so that no gaps or tears are
present or can develop in which case piping could be readily initiated.

Although the drain could perform well, it is still a potentially dangerous
system for a homogeneous earth dam with silty soils. Since this is a Class I
dam, I do not feel that reliance on the filter fabric as the sole means of
preventing piping is a wise decision and in my opinion tle drain in unacceptable
and should again be replaced with material meeting the specifications.

Sincerely,
/. / B-30
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A. SKETCHES COMPILED DURING PHASE I INSPECTION SHOWING

GENERAL LAYOUT OF DAM, TYPICAL SECTIONS AND DETAILS

OF SIGNIFICANT FEATURES:

Figure 1. General Plan of Damsite _0

Figure 2. Typical Section

B. CONSTRUCTION PLANS:

Sheet 3R Alt #2: Proposed Revision Emergency Spillway

Sheet 4: Sections and Details - I

Sheet 4A: Sections and Details - II

Sheet 4A Revision: Pond Drain Valve

• - Mud Valve details

* 0

O

B-31
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IRON BODY MUD or PLUG DRAIN VALVES '=g
BRONZE DISC RING NON2RISING STEM

* SEAT RING AND STEM
Regularly furnished with 2" square wrench nut. Furnished with
handwheel, extension stem or extension stem and floor stand
when specified (Pages 24-13 and 24-14).

NJ G .-

- A-25600: Flanged Frame
Non-rising Stem \V B

Sizes: 3", 4", 6", 8". 10", 12". 14", 16", 18", 20", 24" AIJ
A-25600

H

g A-25601: Spigot Frame
Non-rising Stem 1-

Sizes: 3", 4", 6", 8", 10", 12", 14", 16", 18", 20", 24" F

E

NI A-25601 0

Dimensions In Inches

Size A B C D E F G H
3" 7 113// 3% 4-6-9-12 8 1i/4 1
4" 9 "A 6  14% 4 4-6-9-12 11 6 1!/8 1/8
6" 11 1 16% 7 4-6-9-12 1 8 3 / 1

8" 131/2 1/ 19, 98 4-6-9-12 1" 45
/6 1 /

10" 16 13
/6 22/ 11' 4-6-9-12 1V/ 6  5 i 1! -

12" 19 1 24,4 13%/ 6-9-12 1 6 1/,
14"- 21 1- -  27 . 15b9 -12 75 1
16" 23/z 1/46 29 % 17 6-9-12 1 ,' i'4

18' 25 11/6 324 191 6-9-12 111/ 1 83I l'a
20" 2712 1 1 6 37 21/ 6-9-12 16':6 9,e 8

24" 32 1 41 !/ 25% 6-9-12 2i 12"/16 23,3

*Also 18" and 24" Available on 12" Only.

B-38

ORDER BY QUANTITY, SIZE, CATALOG NUMBER AND
METHOD OF OPERATION. MUELLER CO. 24 11

For A-25601 also specify length of spigot end. DECATUR. ILL.
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TYPICAL BORING LOGS R

Location Plan (portion of Construction Plan Sheet No. 1)

Test Borings No. SB-I, SB-2, and SB-3 0

B -39
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-Portion of Construction Plan,
Sheet No. I dated August 1979
showing Test Locations.
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Mount2- ARVn MN 05641 ncSHEET ..... ... OF

enr bionADDRESS .. Warz'e.~ V..... .... .... DATE .... J7

PROJECT NAME Z~en Robinnon-Loake........ LOCATION . ..."...... !........... ... HMtE NO. .. B..)L.......

REPORT SENT TO .9 1-0 0 12.... .v....... ........... PROJ. NO .................... .......... LINE &STA. ... .

SAMPLES SENT TO " . II. .. ..... OUR JOB NO. 79-50P ....... .... O FEo ..........

GROUND WATER OUSRVA1IOtS CASING SAMPLER CORE BAR. SURFACE ELEV . ....... .......

A t 5 Hour Typ S p lit sp oon DATE STARTED 1 0 /1 /7 9 ......
atz ... .. 1 /eI A COMPt. 10/18/79-..

Sizamer . 2Y.1... 1 -&' ..... BT OOING FOREMAN Velander_.

Ata ... ... Hours amr al 2414 30"ETO
Ham erFal .... . ...... . ....... - SOILS ENGR. 01 1 . . ..

LOCAIONOF BORING, YP004. Domn ....ite ........

CasOing 1 ;~ s~ p 6 Bo sp r6 M oisre Srata SOI ID N1IC SAMPLE

pe om Drlln To& sle nd tc No. e Rec.

forot-To~ 0-6~ 6-12 i12-18 Consist. nsDiln it em n t. ko o

15 Used rollei rock it to 41thep bit c ring Woods duff into silty sand
14 &___ - gra'rel

15l -JL1-
- =.1i. .iL. Damp 5.5' Medium gravel into silty I

_____ - gray sand..

L.L 10' A,1.! ~ Dry Silty gray sand v/0=11aJ2 L

______ - -stone (till)

51 1 (r __Dr Silty ra sand v/small.

114

118.1-211 2-6 Damp Very fine silt v/sand & 4l! 4
trace-of clajY

iRUN gj221-F. Re oy Badily fractm-ed rock (Black carbonaceous

_____________ - ___ alst /l into beds of quartzite.

B-41

GROUND SURFACE TO -. 2 ... .. USED "'CASING: THEN 2"1 core barrel

Sample Type Proporions Used I1AO lb. Wt. x 30" fell on 2" 0. D. Sampler SUMMARY:
Hard~e Bok-oringat

UP -Undisturbed Pist ItI. 10 to 20% 10-30 Mod. Deti 4-0 M/5st* 3Wmgples

TP - Teit Pit A- AugtvV VeTs~t same. 20 to 35% 30-50 Dens. 9-13 sfiff .



- Green Mountain Boring Co., Inc.
- R. D. 2 - BARRE, VERMONT 05641 SHEET ...2 OF 3 ......

T'O Lenord Robinson ADDRESS ...... WPrren1 t...V. ............ .DATE 10/18/79
PROJECT NAE Ken Robinson Lake . LOCATION " " HOLE NO. SB 2.

REPORT SENT TO Lenord Robinson ... ....... .. PROJ. NO .. ....................... LINE & STA.
SAMPLES SENT TO " OUR JOB NO. 79.-50 OFFSET

GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. SURFACE ELEV ....... .................

Al None .1 Hour Type Split. spoon 2" DATE STARTED 10/18/79.j BORING FOREMAN .. Velander

At at ...... Hours Hammer Wt. 300# 140. BIT INSPECTOR
Hammer Fall 24"- ....... 30j ....... SOILS ENGR.

LOCATION OF BORING: Toy End of DapNorth End ..

Blows Sample B on Smper Dnst Strata SOIL IDENTIFICATION SAMPLEperws pern Mosu Change Remarks include color, gradation, Type ofPo. in Deth Blowsngper D h From To or Elev. soil etc. Rock-color, type, condition, hard-foot From - To ____ 0-6 6-12 12-18 Consist. _____ ness, Drilling time, seams and etc. No. Pen Rec.

1 0 Silty sand and gravel w/l].x-,

-5 cobbles or boulder
20
100 RfslOIL bou der
25 Roller ro ked hrouh a.-sted boulde to 7'
3 No recovery on spoon
I __39 appears to be loose grave-

10 100' -

Used rolle roc L_= i ri ough aested toulders to 13.5'
68 _ _--

.. .14 5'5 ! q 63 Damp Silty sand w/small stone100 1 very hard packed gravelRefusal on casing at 16.51'"'

IUsed rolle4 roc drilled 6" glaci till onto rock

RUN # 1.- 17'-i8.51 A" rinvery fract ed rock, this could be boulder L Rot

'_ _ - -.

____ ____ ___B-42

GROUND SURFACE TO USED 2h'1 "CASING: THEN core barrel
Sample Type Proportions Used 140 lb. Wt x 30" fall an 2" 0. 0. Sampler SUMMARY:

Cohesionless Density Cohesive ConsistencyD - Dry C -Cored W-Washed trace 0 to )0%I 0-10 Loose ! 0.4 Soft1 30 + Hard kEarth Boring

UP-Undisturbed Piston little 10 to 20% 10-30 Med. Dense 4-8 M/SlifF Samples 
TP Test Pt A-Auger V-Vane Test some 20 to 35% 30-50 Dense 8-15 Stiff

---- ..... . . °



-
!  Green Mountain Boring Co., Inc.

R. D. 2 - BARRE, VERMONT 05641 SHEET 3 OF 5...

P-TO Lenord Robinson ADDRESS Warren, Vt. DATE 10/23/79
"PROJECT NAME Ken Robinson Lake LOCATION , . HOLE NO. SB 'a,

REPORT SENT TO Jim Olson PROJ. NO. LINE & STA.
-SAMPLES SENT TO , OUR JOB NO. 79-9 OFFSET None - .

E GROUND WA'rIE OBSERVATIONS CASING SAMPLER CORE BAR. SURFACE ELEV. .

At Ground at 1 Hours Type Split spoon DATE STARTED 10/23/79
DATE COMPL 10/23/79

Size . D. 3/8 BORING FOREMAN Velander

Aa Hours Hammer Wt. " 10 BIT INSPECTOR
Hammer Fall 2411 SOILS ENGR. J. Olson

V LOCATION OF BORING: On Roadway way between SB 1 and SB 2

Casitg Sample g lows per 6" I Moisture SOIL IDENTIFICATION SBlople on Sampler
Depths 1 1 on Sampler Density C e mol incude color, gradation, TypeFro To Fro Toow or Eeptvs soi etc Rokcooangecndton

foot From - 0-6 6-12 1 12-18 Consist. I e s. Drilling time, seams and etc. No. Pen RecL_ _ _ _ _ _ _ - _

5B[,25

'- 6.5' D i25 30 1 Dry Silty fine sand w/small .[ I : stone

o_4 _ _ _ _ I

oi 4
30 '10' -1iio51 -4 46 __1 Dry Silty hard packed sand I "33 i Har-iaj

__ ___ __ _12.5'

.5, .i19 1 26 1 45 Damp Silty gray sand, decayed 18 Wt 1811
46 i I__ rock and trace of silt

-205' D 2 1 Silty gray fine sand, small'4 il 14
________ __ _stone

, DSilty gray sand w/smalJ 8 0
_________ ________stone (glacial till)

52 ___,____ ,__ I _____

J,_59
030-31.5' I 4) <A Damp / Medium brown sand & decaye d J 6 1' i '

Roller rocled to 551-i t er'•

- i U 1 "5'- 37' iecoverv 14'! lede Badly fractured rock
_____________Black carbonaceous shist

W/ interbeds of quartzite

____-_ _I S • ,I' B-43

GPOIJND SURFACE TO 35' USED " CASING: THEN core barrel
SdmpleType Proportions Used 140 lb Wt x 30" fall an 2" 0 D Sampler ___SUMMARY

.- .. C Coredrt Cohesonless Density Cohesive Consistency E-rtr rn-- --3 51

WWashed 10% 0-10 Loose 0-4 Soft 30 -- Hard Rock Coring 21iJP.jniri,~,,jrtOPd Piston little 10 to 20% 10-30 Med Dense 4-8 M/Stff Samples 7 0r: r Pr A Auger V-=Vane Test some 20 tO 35 % 30.50 Dense 8 15 St, f



6 APPENDIX C

* PHOTOGRAPHS

Page Number

iiPhotograph Index C-i1

Photographs C-2 to C-8

'Warren Lake Damn
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Photograph 1 - Southerly view showing embankment crest and
downstream slope. Note standing water and tem-
porary diversion dike at north abutment. 0

* 0

Photograph 2 View of upstream slope showing riprap and
48-inch riser. Note shelf on upstream slope
at approximate elevation 1559 NGVD.

C-2

Warren Lake Dam
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Photograph 3 - View of inlet to 24-incn pond drain at toe of
upstream slope and 48-inch diameter riser.
Note gully at contact with northerly abutment.
Note riprap blanket at normal pool level.

Photograph 4

View of 18-inch deep gully at
contact of northerly abutment
and downstream slope. Note .
seepage at lower end of gully
and note temporary diversion I "
dike at top of gully.

Warren Lake Dar-
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Photograph 5 -View of southerly downstream toe showing general
wet condition of toe.
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Photograph 6 -View of 3' x 10' area with quick condition at
southerly downstream toe.
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Photograph 7

, " View of downstream channel. Note
washout behind concrete outlet
structure for 36" conduit.

.- .. •:."

g

Photograph 8 - View of outlets for 36-inch and 24-inch conduits.
Note deformed ends of 6-inch drains on each side
of the 24-inch conduit. Note washouts at conduit
ends. Note embedded formwork in concrete structure.

C-5 Warren Lake Dam
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Photograph 9 -Inlet for emergency spillway showing rough and
. irregular concrete headwall. Nte rock in

approach channel.

Photograph 10 -View of emergency spillway approach channel looking
upstream. Note irregular concrete headwall with
eroded backfill. Also note exposed rock.
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Photograph 11 - Close up of one of three 44" x 72" CMP arch culverts
which make up emergency spillway. Note deformation

i; in top of culvert and crack in concrete endwall. Con-

crete does not surround pipe at bottom.

U .

Photograph 12 Overall view of emergency spillway outlet.
Note cracked, rough, and irregular concrete
endwall and buttresses. Buttresses have no --

footings.
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Photograph 13 -Emergency spillway discharge channel looking
downstream from culvert endwall1 Note exposed
rock.
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U HYDRAULIC AND HYDROLOGIC COMPUTATIONS

* Page Number

Drainage Area Map D-1

Computations 0-2 to 0-16
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APPENDIX E0

* INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DAMS

Warren Lake Dam
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