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1 March 1982 1270-76-3

SUBJECT: Engineering Report for
Harriman Dam Improvement Project

,

!' Mr. Denton E. Nichols, Senior Engineer
New England Power Service Company'

25 Research Drive
Westborough, MA 01581r

s

Dear Denton:

MAIN is pleased to submit herewith, a final report discussingi
'

the purpose, design, analysis and construction of the down-
stream overlay placed on Harriman Dam. Soil testing summaries

- are enclosed to demonstrate the accer:.bility of all materials
;, \ placed. "As-Built" drawings and plat u illustrate many of

the consruction related features. On the basis of MAIN's
quality assurance program, performed throughout the construction
period, Harriman Dam has factors of safety against shallow
failure slides in excess of 1.8.. The filter blanket installed
will safely transfer embankment seepage through the embankment,
without excessive pore water pressure buildup. All of the
piezometers installed prior to construction were centralized
to common readout locations, thereby, maintaining a check on
embankment stability.'

<

It is recommended that the Surveillance Program presented
herein, be performed by NEPSco through 1984. It is further
recommended that the newly installed weir boxes be measured
and recorded throughout this program.

Fifteen reports are enclosed for your distribution and review.
If there are any questions or problems with respect to this..

report, do not hesitate to contact us.

!
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|
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.NEW YORK,NEW YORK . 80STON, MASSACHUSETTS . CHARLOTTE, NORTH CAROLINA . DENVER, COLORADO . PORTLAND,09EGON
- _ - - . - - - ._ - -- . . _ - _ -_ --



. . ,

Mr. Denton E. Nichols
J' 1 March 1982

Page Two,

,

The cooperation of Messrs. Larry Underwood, Warner Goff,
,

Forest Meader, Robert Harvey and Evert Flagg of New England
Power Service Compcny was greatly appreciated.

Very truly yours,

CHAS. T. MAIN, INC.

L, ,' . UJ4 (Jew
,

William H. Walton. ,

l Geotechnical Engineer
,. .

WHW: sac

Enclosures

cc: Mr. L.D. Pierce - NEPSCo
Mr. A.P. Davis, Jr. - MAIN'
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HARRIMAN DAM IMPROVEMENT PROJECT
. s ,

ENGINEERING REPORT

.

I. INTP.0 DUCTION

Harriman Dam is owned and operated by New England Power Company.

The dam is located just south of Wilmington, Vermont on the Deerfield River.

The dam was constructed in 1922-23 by the semi-hydraulic fill method using>

'

high lift dumped fill shells and a puddle core formed by sluicing the dumped

.-

shells with hydraulic monitors. The original naction is of compound slopes
il

~

,

with a puddle core and beach (wash) zone occupying approximately the central
I

..] half of the structure. The maximum section height is 215.5 feet above the

toe, 1300 feet long, and has a crest width of 12 feet with a normal free-
, .

board of 29.5 feet above spillway crest elevation 1386.0 Historic reservoir

:(
operation has included 6 feet of flashboards to elevation 1392.0. The

.

right half of the dam is approximately 115 feet high.

Based on observations of seepage at several points on the downstream

|/ toe and abutments of the dam, a comprehensive analytic, field and laboratory

-il * investigation was performed on Harriman dam during the past year and a number

:!
~.

'

of minor potential problems were identified geotechnically. These minor
,

problems were addressed and solutions developed. New England Power Service

1 Company retained Chas. T. Main, Inc. for geotechnical assistance to assess

j the problems and formulate solutions. Specifically, the purposes of the

study were, 1) to eliminate the potential for seepage breakout onto the j

|0
downstream slope of the embankment and 2) to raise the factor of safety |

|

1 \

for static stability above 1.5 for current (1981) standards.
s,

.

'O |
j. I

iV

] -1-

:
' no
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'\ II. DISCUSSION OF PROBLEMS

On the basis of visual observations and readings from piezometers
.

installed on the downstream slope, high pore water pressures had been

identified at several locations along the downstream face of the dam,
,,

generally below elevation 1370. Minor visible seepage was observed in

late February,1981 during a period of high pool elevation, a 55 year'

record monthly rainfall, and warm temperatures while the frost was still
,

in the ground. At the same time, some of the shallow piezometers exhibited

high pore water pressures close to the embankment surface. A numericalr

i'

finite-element flownet analysis performed on Harriman dam indicated-

potential seepage breakout onto the downstream slope for a reservoir ate'

f
' elevation 1392.0.

[ Laboratory investigations performed by Geotechnical Engineers, Inc.

(GEI), have been used to assign effective stress friction angles (6')
,

and wet unit weights for each component of the dam (core, dumped shell,.

and the 1964 compacted overlay materials). A sufficient number of un-'

disturbed samples were obtained to facilitate laboratory testing which-

indicated the following properties:

Material Wet Unit Weight, pef Friction Angle, 6
,,

s Puddle Core 130 35' 4
Dumped Shell 135 35' 4
1964 overlay 145 37' /
Proposed 1981 overlay 140 36' *

4 - Undisturbed specimens
'. * - Compacted specimens

Considerable effort was focused toward assigning soil properties to the:

dumped shell material. At least seven boreholes were installed during

|~ O '

the spring of 1981 to obtain undisturbed samples of till from the dumped

i'
-2-

|
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.-

shell. Triaxial testing illustrated that D' was at least 35*. The-

g combination of high pore water pressure and moderate frictional resistance

in the dumped shell (O' = 35*) yield factors of safety (FS) less than

1.5 for normal operating pool levels.
,,

4

r

I

..

e *
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f,

.

.
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III. DESIGN AND ANALYSIS.

(} It was determined a downstream overlay could raise the FS above 1.5

for steady state seepage at pool elevation 1392.0. This would eliminate

the potential for seepage breakout (seepage breakout itself is not a
. , .

failure mechanism; however, it provides an opportunity for " piping" to'

' begin). The proposed 1981 improvement is shown on Plates 1 through-7.

The improvement includes stripping the downstream face, installing a

compacted filter drain, and placing a compacted fill on top of the filter

providing a mass to increase the static f' actor of safety. To insurer,

l
. protection against seepage breakout, the proposed overlay will have a,

~ filter drain layer extending from the downstream toe up to a minimum
'

elevation of 1374.0. It was specified that any addition to Harriman dam
;(

completed in 1981 should be able to accommodate a possible future raising.i

%

The proposed improvement will provide a banch at elevation 1380.0 for
.,

'l
3 future work, if required.

j Stability analyses on the proposed overlay were performed using MAIN's
,

'' ' computer program SL6PE and piezometric pressures estimated for a steady

state pool elevation of 1392.0. To define pore water pressures for the 1392.0

operating limit, actual piezometric records were analyzed to extrapolate
.

j pressure levels for higher pool elevations. Extrapolated pressures were

determined by graphical construction techniques projecting data between June

and September 1980.
|

| Heavy inflows were recorded during November,1980, and key piezometers
i' '

responded with increasing pool elevations for this period. Extrapolations'
,

were again drawn for this period of record. Both extrapolations yielded

similar results. The resulting pore water pressures were ceasonable andi s

p' ( } provided for construction of a phreatic surface and equipotential lines of

i: , pressure within the embankment.
's.

-4-
,
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The simplified Bishop circular are technique was used to assess

(} slope stability. The computer program SLDPE was used to find the

critical failure surface. Factors of safety from the SLDPE stability

analysis were overly conservative since the program computes pore water

pressure uplift as the vertical distance from the phreatic surface to
'

the failure are times the unit weight of water. This method is correct

for vertical equipotential lines, but highly conservative for shallow

sloping equipotential lines. Plate 8 illustrates the estimated

;- equipotential lines and phreatic surface for a 1392 pool elevation, at
!
sc station 12+00. Once the critical failure surface was defined, a hand

r calculated simplified Bishop analysis was performed, using flownet pore
'

water pressure uplif t values. The hand method provides a more accurate
(
'

FS result for a given input. For the design overlay to elevation 1380.0,
,

the minimum FS equals 'l.8 using material properties noted earlier. In

I - addition, Plate 8 illustrates the critical failure surface along with

the elevation 1392.0 steady state pore water uplift pressure distribution.

Y

,

'!

I
l.

.

4

.%
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l
- IV. CONSTRUCTION DETAILS |

/~N a. General - The work consisted of constructing a compacted earth |.. V
overlay and filter drain layer over the downstream face, installing

,

collector drains to monitor seepage water, constructing a service road

across the top of the overisy, installation of several new piezometers,

'

and extending existing piezometer leads to monitoring stations adjacent to-

;

- the dam. Plates 1 through 7 illustrate "Ae-Built" construction details, in

addition, Photos 1 throt.gh 11 illustrate many of the construction details.,

.- b. Contractor - The work was awarded to Pizzagalli Construction

}
Company, Inc. of South Burlington, Vermont. Subcontractors to Pizzagalli-

- were, 1) Timber Clearing - G. Browne, Wilmington, Vermont, 2) Filter

- Processing - T. Ondrick Construction Comapny, Chicopee, Massachusetts, 3)

! Filter Trucking - Eiler's Brothers, Readsboro, Vermont and 4) Instrumentation
\

Relocation - Haley and Aldrich, Inc., Cambridge, Massachusetts. The

contractor mobilized at the site on 10 August 1981.

:( c. Borrow Sources - A glacial till deposit, located immediately down-
i

stream from the right dam abutment, was the source for the impervious fill*

e,

; ) overlay material. The till borrow source was a 14 to 16 acre area extending

from 1,000 to 4,000 feet downstream from the dam (along the right abutment
. ,

.

|[ valley slope) extending from elevation 1330.0 to 1440.0. See Plate 1 of

the "As-Builts" for relative location. The contractor selected a hard

blue-grey till as the overlay material, being careful to remove all

overburden and control ground and surface water infiltration. Photo 1
1 s,

shows the till borrow area during production. Overly wet and oversize,,

material was rejecten within the pit. Only the required amount of impervious-

till was removed from the borrow area to meet daily requirements. The till

'(} was not stockpiled due to occasional rain and excessive surface water

runoff.
-

-6-
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.-

Tha filtar drain blankat source was developed about 8.5 miles down- -

g

stream from the dam and a half a mile downstream from Harriman powerhouse
,

' i
on the east side of Sherman Reservoir. See Plate 1 for relative location.n

A four to five acre area was prepared within a river terrace deposit for
i processing. These terraces exhibit silts, sands and gravels, well ta

poorly sorted. The location of this source is known as the Carbide pit,

formerly used for the Bear Swamp Project - FERC LP No. 2669 during 1971'

through 1973 for production and processing of concrete aggregate. Photo 2
;.

shows the filter material borrow area.
1'

d. Downstream Overlay and Ae-Built Ouantities - The compacted earth,

. cverlay extends over the entire downstream face of the dam, except the
~

top 30 feet (see Photo 11). Plate 2 presents a typical crose-section of

*

Harriman Dam with the actual overlay shaded. The overall thickness of

the overlay ranges from five to 20 feet measured normal to the slope.

I() Stripping grades range from five to ten feet in the lower sections of

the dam to no more than one or two feet near the top of the overlay.f

a

Heavier stripping was required on the lower slope to remove old stumps
, r

and root systems. Thickness of the filter drain blanket is three feet

normal to the slope. Along the interface between the new overlay and,

| the abutments, collector drains (filter fabric wrapped - four inch diameter

,- perforated PVC pipe) were installed to collect and remove seepage water
!

passing down through the filter blanket.

1

Piezometer leads from the former 25 piezometer cover pipes within the

overlay area were collected and extended in shallow sand backfilled'

trenches, to two piezometer monitoring stations. Each monitoring station,

is located off the embankment at each abutment and convenient for vehicular
- access,

c
-7-
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Plecament of overlay material commenced on 25 August 1981 and finished.,

on 25 November 1981, with an 18 inch thick gravel base material placed
-

across the top of the overlay. The actual in-place quantities calculated
4

by double-end area method, are tabulated below:

>> ' Material Quantities
' '

a Subgrade excavaticn 47,200 CY
Filter Blanket 40,500 CY

- Impervious Fill 111,200 CY
*

Collector Drain Pipe 3,050 LF

!. These quantities were used for payments.

Earthwork Control - New England Power Service Company providede.
.j.

the field testing laboratory and the quality control for the project.

MAIN provided personnel to maintain quality assurance and to provide

engineering /geotechnical decisions in the field. Visual and laboratory

inspection was performed throughout construction. Examples of visual

inspection include, evaluation of sufficient abutment treatment or subgrade

preparation, acceptance of overlay material free of oversize and organics,

monitoring lift thickness, insuring sufficient number of compactor passes,;

insuring the filter drain blanket was not contaminated or travelled on,
,

and making sure that the contractor stayed within the contract specifications.

An on-site materials test laboratory was used to insure quality
i

control on construction materials. The laboratory was fully equipped to

perform: 1) the "Hilf Method of Rapid Compaction Control", USDI Bureau

of Reclamation Engineering Monograph No. 26, 1966, Grain size analyses

(ASTM D-422), including wash (#200) analyses, and Standard Proctor testing1

(ASTM D-698). The testing schedule met the following testing criteria:

Filter Drain Blanket Material

One (1) grain size analysis per lift or every 1000 cubic yards

O
% .0

j m e

r

- . - - _ - __
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.

''Jeparvious Rollsd Fill
1

One (1) Hilf Test per lift or every 1000 cubic yardsOv..

Standard Proctor test on borrow material performed when directed by
the Engineer.

..

1~

To insure the filter drain would perform adequately, occasional moisture-

/ density tests (sand-cone density test, ASTM D '556) were performed on

the in place filter. Several times during the work, field permeabilities

were performed to assess the adequacy of the filter. Many attempts were

made during the pre-construction analysis program to assign in-placej.

i
', densities of the dumped shell material. Since the subgrade was stripped

significantly below old ground, NEPSCo/ MAIN performed moisture-density,-

'I
tests on the subgrade material. Plate 9 illustrates the relationship between

dry density and the natural moisture content of the dumped shell material.

Note the average saturated density, assuming the specific gravity of

() till equals 2.75, equals the assumed density used during the analysis'

program. In addition, grain size analyses were performed on filter,

material directly out of the processing plant (Carbide pit). These

3 tests were performed several times a day and provided a preliminary

check on the quality of the filter material before it was brought to the

b site. A brief summary of all the testing results are presented in

' Appendices A and B. Location of tests performed are shown on Plate 10.
|

| (1) Subgrade Preparation and Abutment Treatment - Tha existing
-

embankment and abutments were cleared, grubbed, and strippedi
it
i

to specified subgrade elevations. The subgrade, except for,,.
.

! bedrock surfaces, was prepared by leveling with the backhoe

and tracked with dozers so that the surface would be compact-

and bond well with the layer of filter material. Stripping
'

;w.

-9-
'

,
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-

depths on the embankment ranged from one to ten feat. Plate
4

2 illustrates the typical subgrade used for the overlay.

Along the left abutment between elevations 1245.0 and,

1330.0, bedrock was exposed. Special care was exercised to

.I clean the bedrock of all muck and loose or weathered rock.

Photo 5 shows the results of bedrock cleaning. Bedrock
,,

'

cleaning involved hand work and air jetting. Before earth
:.

'

:}
fill was placed on the bedrock NEPSCo/ MAIN personnel inspected

:

the abutment for complete and proper cleaning.

I, To effectively tie the overlay into the earthen abutments,

sufficient material was excavated to expose a minimum eight
'1 -

#- foot face. The excavation was extended into the abutment

until acceptable material was exposed; under no circumstances

were topsoil or organic materials included in the eight foot
,

high cut.

During the initial phases of construction, subgrade

' excavation on the existing embankment was restricted to

; exposing only an area 15 feet above the overlay placement
'

operations, as shown in Photo 3. As time went on, this

i} restriction was relaxed due to the excavation operation

:r- holding up overlay placement. Therefore, subgrade excavation

was extended up to 45 feet above overlay operations. Photo
i

:,i 9 illustrates the exposed subgrade from elevation 1330.0 to
;t

1355.0.
.

This change allowed for unrestricted overlay placement;
!

when there was inclement weather, the filter blanket portion
,

of the overlay was cleaned of all slope wash debris. Several

i times the subgrade was e rer-excavated to remove rain water

', saturated material back to a reasonable dry, solid material.
; u.

'

10 __
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(2) Filter Drain Blanket Material - To intercept the ' minimal*

\

[ seepage passing through the original embankment, a 3.0

foot thick (normal to the slope) filter zone was placed in

horizontal lifts on top of the subgrade. Photos 3, 6 and,,

7 show the filter blanket placement operations during the

construction program. No moisture control was required
,

for placement. There are two types of filter drain blanket

materials placed the overlay. Filter material A extends

from the toe, elevation 1208.0, to elevation 1296.0.

s
J Filter material B extends from elevation 1296.0 to the top

of the filter zone, elevation 1374.0. Material A met thee
l

"

following gradational limits:

Percent Passing
ASTM Sieve Size by Weight

-

'

3" 100
3/8" 48 - 100'

#4 35 - 100
#10 25 - 77

'

'
#40 7 - 40

|'' #200 0 - 6 (dry sieve)
'

i

Acceptance or rejection of material A was based on
,

results from dry sieve analyses recognizing, however, that

the actual percentage of fines (silts and clays) passing

/ the #200 sieve would be higher, if a wash analysis was

performed. To insure that filter material A would pass

I seepage water readily, field laboratory measurements were.

$ ..

performed to determine the material's permeability (k).,

Results from falling head permeability tests yielded

permeabilities ranging from 1.6 to 7.0 x 10-3 cm/sec. The
.

[) original dumped shell material, on which the filter material

is placed, has permeabilities that range from 10-4 to 10-5
..

11 --

-_. . - - - - - . - . - . , - - _ - . . - - - - _ . _ - . . . , . . . . - - - . . . - , - _ -. -



. __ . _

.-

s

cm/sec. Based on field tests published in the Phase II
'

{ report by Geotechnical Engineers, Inc. (1981) filter material

A demonstrates at least one magnitude greater permeability
4

,
than the original dumped shell material. Furthermore, no

:

visible water was seen ponded or set up on the filter
4

blanket as a result of precipitation or storm runoff during

construction.
i

To better control the amount of fines (< #200 sieve)

present in the filter material, a second filter material,

, B, was required to accommodate the actual wet areas (seepage

line extends from stations 11+00 to 12+50 along elevation

1327+), as well as potential seepage areas that range from

elevation 1320.0 to 1360.0. Filter material B met the

following gradational limits:

) Percent Passing,
,

ASTM Sieve Size by Weight

3" 100
3/4" 44 - 100
3/8" 27 - 100

#4 23 - 100
#10 17 - 771

| #40 7 - 40
i #200 0 - 6 (wash sieve)

The preceeding limits provide 1) an adequate filter to

prevent " piping" of the dumped shell into the filter zone;

and, 2) higher permeabilities than measured in filter
e

;. material A.
1

At the interface between the two filter zones, a drain

pipe system was installed to collect seepage water passing down

(} through material B before it reaches material A. To insure

that filter material B exhibited acceptable permeabilities,

!'
i - 12 -
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UEPSCo/ MAIN performed in-situ field permeability tests
%

{) (Well Permeater Method, USBR Designation E-19). Results of

'
which follow:

./.

Test Station Elevation k (cm/sec)/~
If

P-1 10+50 1305.0 5 x 10-2

P- 2 9+40 1344.0 3.9 x 10-2

In terms of filter design criteria, required permeabilities
,

'. in the filter blanket should be greater than 10-3 cm/sec.

All permeability tests performed satisfied this criteria;

therefore, the in place filter material should perform

well, as it did throughout the construction period.
,

The filter material was end dumped into place and thenr
i

icose graded into 12 inch lifts. Between elevation 1208.0
8 and 1296.0 (filter material A) the 12 inch lifts were

compacted with two passes of a RayGo 600A smoothed wheeled

roller. No vibration was used. Filter material B, between

elevations 1296.0 and 1310.0 was placed in 12-inch loose

lifts and compacted with two passes with the roller. At

elevation 1310.0, the lift thickness was increased to 18,

inches, however, two pass compaction remained the same.

( Upon reaching elevation 1350.0, the moisture content of

the filter material delivered from " Carbide pit" was high
b.

I'- ao2 the subgrade surface overly saturated due to fall

weather conditions. Whereupon, the 18 inch lifts werei

!

| dozer compacted using a Case 850 up to elevation 1374.0.
;

l Summary of earthwork control data for the filter draini

ba

h.
'

- 13 -
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* blanket material is presented in Appendix A. Moisture-density

r'
D} results for each filter type, lift thickness and compaction

mode combinations are included.

A statistical summary of gradations performed on filter
,

.

materials A and B are summarized in Appendix A. Plates i

A(1) and A(2) exhibit a range of gradations for both filter

materials against a published range of gradations for the

dumped shell material (Abstract of Stability-Related Data
.

Harriman Dam, Geotechnical Engineers, Inc., 1981). The

t
dashed line represents the cummulative average of all filter,

gradations measured. Filter materials A and B meet accepted
;

filter design criteria. To avoid having the base material
'

pass through the pores of the filter, the filter should

meet the following criteria (Cedergren, 1977):

( D
15 (filter) < 4 to 5 < 15 (filter)
u85 (base) u15 (base)

.

Using filter material B as an example, the fine particle
,

size limit for D85 base equals 0.65 mm and the coarse particle

size limit for D15 filter equals 1.66 mm, the D15 (filter)/D85

(base) equals 2.5. Using the coarse limit for D15 of the

;' base (0.16 mm), the D15 (filter)/D15 (base) equals 10.0.
!
l

Both ratios meet the above criteria. Current filter design,

methods recommend a maximum particle size of three inches

and there should be no more than five to six percent fines
'

(< #200 sieve). Considerable effort was directed toward

developing a relationship between dry sieve and wash sieve,

i
? analyses, a composite plot showing this relationship is showni

on Plate A(3) in Appendix B. Visual inspection of Plate A(3)
:
\-
t
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reveals that a factor of 1.35 times the dry sieve percentage

is equal to the wash sieve percentage.

The filter zone was tied directly into the abutment,

features. This insured pore water pressure equalization, , ,

between the overlay and the abutment. ' Failure to allow

pressure equalization could cause surface slides or excessive

pore water pressure buildup. Occasionally the subgrade

i material was overly wet, requiring additional filter material

to be placed. An additional foot of filter drain blanket,

k material was used between station 11+00 and the left abutment

extending from elevation 1311.0 to 1335.0. Additional
,

filter drain blanket material was used between stations

9+00 and 11+00 from elevation 1317.5 to 1325.0. In these

areas the four foot thick blanket insured a quality filter

with no " pumped up" subgrade material, the additional

filter material behaved much like a mud-mat, without adversely'

'

i

affecting the flow capacity of the three foot thick blanket.

(3) Impervious Rolled Fill - The major portion of the overlay

was constructed with glacial till found along the right,

|
'J abutment. This material was wall suited for the project

j with a natural moisture content averaging one percent above

optimum (based on Standard Proctor tests) and the wet bulk

'{ density achieved during compaction was better than expected,.

averaging above 146.0 pounds per cubic foot (pcf). Minimal

processing was required to prepare the till, and loaders

were used to remove oversize in the pit (see Photo 1).
.

Any oversize found on the overlay were pushed aside with

dozers and hand labor.
.-
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' Compaction effort for the till was accomplished using
,

a DynaPac CC 50-PD (a double drum soil comp ctor with

articulated steering and hydrostatically driven dual amplitude

vibratory pad drums). Initially, this piece of equipment.

did not meet the particulars of the contract specification;
,

therefore, requiring the machine to be proven on test

sections. The machine performed favorably. Initial lift

thickness was 12 inches loose with an eight inch maximum

particl'e size. This was relaxed later to 18 inch lifts with
,

i 12 inch maximum particle size. To insure compactive effort,

| density measurements were made on the bottom six inches of
,

the lift. There were only seven failures on the overlay
,

section during the entire project. Either, overly wet

, material was brought onto the fill, or the actual section

. had not received the required number of passes. Each

failed test resulted in corrective action by removing wet

material or additional compaction and was retested.

The Hilf Method of Rapid Compaction Control compared

well with the Standard Proctor tests performet on the
' borrow material. The Hilf method indicated that the optimum

j moisture content was 9.1 percent, Standard Proctor tests

average 9.2 percent. On the basis of 161 Hilf tests

' performed, the average fill moisture was 10.1 percent.

The average wet bulk density was 146.5 pcf. Based on wet

)I bulk densities, the average fill density is 100.8 percent

of Standard Proctor. In terms of dry density, Standardi

Proctor tests yielded an optimum density of 131.7 pef.

.

16 --
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;

Assuming averages with the Hilf method, the 146.5 pef wet,

() density is 133.1 pcf dry (10.1 percent water). Comparing

dry densities (in place Hilf tests with Standard Proctor

, tests) the percent compaction is 101.1 percent of Standard

Proctor. This represents less than one percent error

using the Hilf method. Earthwork control summaries on the

Impervious Fill are presented in Appendix B. Results of

Standard Proctor tests performed on the borrow material

are presented on Plate B(1).,.

I
Throughout the construction program, the impervious

:I fill was travelled uniformly to reduce rutting and pumping.

In addition, after every period of rain or heavy frost a

sufficient thickness of material was removed from the
.

current working level to expose undisturbed material.

O
Progrecs of the construction effort was measured in

'

terms of the amount of impervious fill placed to-date. The
,

project fill curve is shown on Plate 11. Estimated daily

1truck count volumes (cubic yards) and elevations placed-to- '

date are shown on the curve.
:t

'
- f. Location of Wet Areas Exposed During Construction - Since

l

Harriman Dam was overgrown with small shrubs and trees along the abutments,

the stripping and excavation operations exposed a number of wet areas.

These wet areas were located during the inspection and analysis programs

(c. 1981). However, the extent and/or source of these wet spots were

not well known nor understood. Plate 12 illustrates the seeps and wet

!

areas exposed during the excavation operations. Overall, there was ;

() little seepage exiting through the embankment onto the downstream slope.

Most seepage areas were limited to the embankment abutment contacts

17 --
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4

and were especially evident along the toe of the embankment between,

stations 3+50 and 7+00. There was one line of seepage on the embankment

slope between stations 11+00 and 12+50 and elevations 1325.0 and 1328.0.

Photo 7 shows the result of this line of seepage flowing down the exposed
r'

'

subgrade, it should be noted that the quantities are minimal. This line

of seepage was recognized in 1979, when a NEPSCo/ MAIN effort installed a

french drain to collect a portion of this seepage for measurement.

? The seeps along the right abutment between stations 9+00 and 7+50
;!

are not directly related to embankment seepage. The seeps are generated

i from the swamp area. Seepage passing through the embankment is collected

g- and carried by an ablation till (permeable silty sandy gravel) which

overlays a lodgement till (impermeable silts and clays). The interface

between these soil types carries considerable amounts of water. Thesei

two layers are easily recognized along the right abutment. The slope
,

!. between the swamp area and the former river bottom (glacial terrace), as

;( shown on Photo 4, exits a line of seepage across this slope. Plate 13

illustrates the hypothesis made above. Water draining down the slope

from the two soil contacts collects along the embankment / abutment contact.,

The water flows downstream along the contact, however, it was evident
'

s

when material was excavated the water did not saturate the embankment itself.

< g. Drain Collector System - A series of perforated drain pipes

! were installed within the filter drain blanket. These drain pipes were

located along the abutments and downstream toe of the embankment overlay

as shown on Photo 6 and on Plates 4 and 7. Additional drain pipes were

installed near visible wet spots, notably the drain pipe replacing the

former french drain near station 12+00 (elevation 1327.0). Locating the,

drain pipe near the wet areas facilitates more rapid dewatering. At the

18 --
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.

*^ interface between filter materials A and B a positively graded drain

pipe system was installed in material B to collect embankment seepage

before it entered material A (see Photo 7). The entire drain pipe

collection system has six outfall locations. At each outfall, a 60*
' "V"-notch weir box, is provided to measure seepage flow. There are two

weir boxes in a precast manhole to facilitate a dry measuring environment

and minimize freeze of the drain pipe collection system. Plate 5 shows

the "As-Built" details of the collector drain manholes. The collector

drain manholes are locared at three locations; 1) Manhole No. 1 " swamp

area", station 5+80/53+84 as shown in Photo 8; 2) Manhole No. 2 - toe of

/J the embankment, station 10+00/56f43.5 and 3) Manhole No. 3 - lef t abutment,

station 13+25/53+83. Weir box identification proceeds from right to

left looking downstream, e.g. weir box #1 and #2 are located in Manhole

No. 1.,

Before construction began, a decision was made not to use the

originally planned coarse filter material around the perforated drain
,

pipe. In lieu of the coarse filter material, a four inch diameter PVC

drain pipe with 5/8" perforated holes was wrapped with filter fabric
!

(Mirafi or equivalent), thereby allowing the filter fabric wrapped drain

pipe to be installed directly in the filter drain blanket material.

h. Instrumentation - Forty two (42) piezometers were installed on

~

,
the downstream face of the embankment between the period of July 1979 and

i

June 1981. To place an overlay on the downstream face, the instrument

leads for each piezometer had to be relocated from their present location

to centralized monitoring stations. Piezometer lead relocation was

f accomplished by removing the old cover pipes and splicing new leads onto

the leads which connect to the piezometer unit in the embankment. Once

the new leads were connected, piezometer readings were made to see if

19 --
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, the readings might have changed. Plate 6 illustrates the details of the j

|piezometer lead relocation program. None of the piezometer readings

change significantly, but the time to obtain initial reading became longer,

. _
e.g. two to four minutes. Once the piezometer leads were filled with the i

nitrogen gas after the initial readings, the reading time was significantly
reduced. The leads were then placed in trenches excavated at least two

feet below the proposed stripping grades. Once the trenches were excavated

to their required elevation, they were backfilled with two or three

inches of filter material for bedding, then the piezometer leads were set
,

{ on top. A two foot minimum of filter material was backfilled over the

q leads to insure proper protection. Random fill (till) was backfilled over

the filter material to protect against truck traffic and slope wash.

Locations of all the piezometer lead relocation trenches are shown on

Plate 7.

() There are two piezometer monitoring stations that contain all of the '

downstream leads. Monitoring Station No. 1 is located on the left abutment

and Monitoring Station No. 2 is located on the righ? abutment. Details

concerning the monitoring stations are shown on Plate 6. All piezometer

leads are mounted with quick connect fittings to the instrument panel. In
i

all cases, the black tube (output) is mounted on the left and the white

tube (input) is mounted on the right. The layout arrangement for each

penel is noted in the Haley & Aldrich, Inc. Memorandum to Pizzagalli

i Construction Co. dated 9 October 1981. This memorandum is included inv

Appendix C. In addition, this memo contains all piezometer readings

recorded during the construction period.

Prior to overlay construction, there were nine ground water observation

(} wells on the downstream slope. Many of these wells have been monitored

continuously since c. 1934. It was decided that three of the wells, Nos.

- 20 -
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21, 25 and 26, would be instrumented with piezometers. The remaining six

wells Nos. 6, 19, 27, 29, 30 and 31, would be grouted and abandoned.q
V

Observation wells Nos. 21, 25 and 26 were instrumented with SINC 0 Model

No. 51481 piezometers. Plate 5 illustrates such an instrumented observation

well. Key information concerning the instrumented wells follows:

Well No. Diaphragm Elevation Bottom of Pipe

21 1312.0 1310.0
25 1313.2 1311.2
26 1366.5 1364.5

Piezometric pressures recorded from the wells are exactly the same as
' pressures measured in the instrumented soil borings and therefore should

|; be treated equally in any future analyses.

Piezometers Nos.11A,12A,13A and 14A located in borings B-11,12,

13 and 14 located in the " swamp area" were buried. Observation well, GW-

101, was also buried. If in the future, piezometric data is required

from these boreholes, the cover pipes will have to be uncovered. To gain

access to the impervious fill borrow area, the piezometers at B-10 were

abandoned.

i. Crest Service Road - Filter material was used as base material

for the roadway across the top of the overlay. The base is 18 inches

thick and 20 feet wide. No bituminous surface treatment was applied due
I

to inclement weather. The surface treatment should be applied early

summer 1982.<

j. Swamp Drain - Extending from the " swamp area" on the right

abutment to the toe of the embankment is 342 feet of 12 inch diameter

asphalt coated corrugated metal pipe (ACCMP). Th!s drain exits water

from the " swamp area" to the river valley bottom without erosion. Former

drainage ran directly over the valley wall creating an unsightly gully.

The only water entering this drain pipe is seepage water that enters the

- 21 -
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invarted filter rain which undarlying the " swamp area" and also water

passing through a newly installed french drain, which extends from Manhole

No. I to drain pipe inlet headwall. Seepage water entering the swamp

drain is a?.most entirely embankment toe seepage between stations 3+50 to

6+60. Location and details of the swamp drain are located on Plate 4.
|

k. Toe Spring - A rectangular weir was installed at the toe seep

at Harriman dam, just right of the discharge tunnel rock spoil pile. l
>

Dimensions of the rectangular weir are; height of notch equal eight

inches and the width of the notch is 12 inches. There is approximately

four feet of still water behind the opening assuring laminar flows over

the notch. See Plate 2 for weir location and Plate 5 for weir details.
5

,

O
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V. SURVEILLANCE PROGAM

O MAIN recommends that a select group of piezometers and weir boxes be read

and recorded on a regular basie over the next two years. A list of 20 Critical

Piezometers and seven weirs should be read on following schedule:

1 January to 28 Feburary -- once a week (Tuesday)

1 March to 31 May -- twice a week (Tuesday, Friday)

; 1 June to 31 December -- 02:e a week (Tuesday)

This schedule should be revised during any abnormal storm period effecting
a

j the normal operation of the dam with the readings taken twice a week. A sample

recording sheet is shown in Appendix D. In addition, all piezometers at,

't

Harriman dam should be read the first Tuesday of every month. The reservoir

elevation should be recorded each time the peizometers are read. The surveillance
it

program after two years (c. 1984) would be reduced to monitoring the Critical

()' Piezometers and weirs biweekly and taking readings on all of the piezometers

every two months to insure proper operation and to maintain nitrogen in the
'

, .

piezometer leads.
'

' ~ ,'

To calculate flow rates based on head levels running 6ver the'wiers, charts c:'

for the "V" notch and rectangular weirs are presented in Ap'pendix D. Flow shall
,

~

'I be recorded in cubic feet per second (cfs). '

' '

. ,
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SOIL TESTING SUMMARY - FILTER BLANKET MATERIAL' '
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SOIL TESTING SUMMARY

EARTHWORK CONTROL FOR FILTER BLANKET MATERIAL

Cumulative Total

APPROXIMATE CUBIC YARDS PLACED 40,500

Number of gradations 109
"

Test rate (CY/ test) 370

GRAIN SIZE CONTROL
,

Filter Material A (n = 24)

Il
1 Cum.

Gradation (% Passing) Spec. Max. Min. Ave.
.

3" 100 100 100 100
3/8" 48 - 100 86 37 62

#4 35 - 100 67 30 49

'l'. "'l
\ #10 25 - 77 57 23 38

#40 7 - 40 23 9 17
:

1#200 - 0-6 5.7 2.4 4.4s

Filter Material B (n = 85)
1

Cum.

' Gradation (% Passing)_ Spec. Max. Min. Ave.

,t 3" 100 100 100 100'

3/4" 44 - 100 98 43 62' 3/8" 27 - 100 61 28 46
#4 23 - 100 51 22 37

#10 17 - 77 41 17 29
#40 7 - 40 19 8 13

1#200 - 0-6 5.1 1.7 3.4
2#200 0-6 7.1 2.3 4.9

.

i

(
Note:() 1. dry: sieve analysis

2. wash sieve analysis

!-
._ _ - . . _ _ . . . _ . _ _ _ _ ._. _ _ _ _ _ _
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SOIL TESTING SUMMARY-

EARTHWORK CONTROL FOR FILTER BLANKET MATERIAL

FIELD UNIT WEIGHT CONTROL
^l

Cum.
Max. Min. Ave.

.

Filter Material A

1. Elevation 1208.0 to 1296.0

Method of Compaction - 12" lif ts, 2 coverages w/RayGo 600A

i Moisture Content (%) 8.3 4.2 4.8
Dry Density (pcf) 136.0 125.9 131.3

'

Relative Density (%) 80.8 57.5 70.1
.

(n = 11)

Filter Material B
3
' 2. Elevation 1296.0 to 1310.0

(} Method of Compaction - 12" lif ts, 2 coverages w/RayGo 600A

Moisture content (%) 6.6 4.0 4.8
[ Dry Density (pcf) 139.0 130.1 132.8
| Relative Density (%) 87.1 67.7 73.7

(n = 5)
'

,

I 3. Elevation 1310.0 to 1350.0

,[ M<>thod of Compaction - 18" lif ts, 2 coverages w/RayGo 600A
,8

Moisture Content (%) 11.7 3.9 5.7
Dry Density (pcf) 141.7 119.4 131.4

'

Relative Density (%) 92.5 40.4 69.8

(n = 21)

! 4. Elevation 1350.0 to 1374.0

Method of Compaction - 18" lif ts, dozer compaction (Case 850)
|

| Moisture Content (%) 8.4 3.6 5.0
Dry Density (pcf) 133.5 123.3 130.1
Relative Density (%) 75.4 50.9 67.6

,

(n = 8)

RELATIVE DENSITY 145.6 106.4

|
[ _ . . _ _ _ _ _ _ _ _ _ _ _ _ - _. _ _ _ __ -
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SOIL T" STING SUMMARYu

EARTHWORK CONTROL FOR IMPERVIOUS FILL MATERIAL
)

Cumulative Total

APPROXIMATE CUBIC YARDS PLACED 111,200

Number of Tests 161

Test rate (CY/ test) 690

FIELD UNIT WEIGHT CONTROL (n = 161)
Cua.

Max. Min. Ave.

Wet bulk density (pcf) 157.9 121.3 146.5
Moisture content (%) 12.3 7.9 10.1
Dry density (pcf) 144.7 110.2 132.3

HIFT METHOD OF RAPID COMPACTION CONROL (n = 161)

"O
Moisture control (based on standard proctor, 1/13.33 CF/ mold)

Cum. Cum.
Frequency of Occurrence F F %,

'

2.3 - 2.7
$ 1. 8 - 2. 2
'a 1.3 - 2.2
" 1. 3 - 1. 7
"

0.8 - 1.2
0.3 - 0.7 1 1 1 0.6,

+0.2 to -0.2 p,ntr,M .Mff M _Mtr 30 31 19.3*
3 0.3 - 0. 7 M M Int 4W Mff utt 4tr till 39 70 43.5
: 0.8 - 1.2 D W M Mtt' 4 w M Str 1 31 101 62.7

1. 3 - 1. 7 MWD 4f X ,MW M 25 126 78.3*o $ 1.8 - 2.2 M M X M lill 24 150 93.2
.E 2.3 - 2.7 M lill 9 159 98.8

2.8 - 3.2 11 2 161 100"
3.3 - 3.7

> 3.8
TOTALS 161

p W -Wf = Variation of Fill Moisture of Minus -3/4" Material from LaboratoryoV Optimum.



.

Cum.

O Ave.

Mean Variation from Optimum Moisture (w -wf) + 1.0% (wet)o
In-Place Moisture Content 10.1%
Optimum Moisture Content (Hilf Method) 9.1%
Specification Limits for w -wg - 1.0% to + 3.0%o

Relative Compaction Control (based on Standard Proctor, 1/13.33 cf/ mold)

Cum. Cum.
i x Frequency of Occurrence F F %' " < 89.0 11 V 2 2 1.3

E 90.0 - 90.9
! 3 91.0 - 91.9

., xm 92.0 - 92.9 | * 1 3 1.9
$T 93.0 - 93.9 11 * 2 5 3.1

. eZ 94.0 - 94.9 tg * 2 7 4.4
! B3 95.0 - 95.9 3Hr ) 6 13 8.1e

S Y$ 96.0 - 96.9 titt 4 17 10.6
E: 97.0 - 97.9 . m r gli 8 25 15.6x
u& 98.0 - 98.9 JHf _p+1 S W M 20 45 28.1x,

*

3" 99.0 - 99.9 W DW _lut t 16 61 38.1
"

E o' 100.0 - 100.9 19e W .1.Hf M 20 81 50.6
| 8 $$ 101.0 - 101.9 mr M MH SW || 22 103 64.4
t m.5 102.0 - 102.9 .mt .1Ht' til 13 116 72.5u

s "e 5 103.0 - 103.9 JW'Mt M til 18 134 83.8
- 104.0 - 104.9 ,WW JHf I 11 145 90.6
d 3 105.0 - 105.9 4tt t 111 9 154 96.3' " *

106.0 - 106.9 til 3 152 98.1" > 107.0 till 4 161 100, *
|| TOTALS 161
|

|

; Cum.
1. Max. Min. Ave.

f

Relative Compaction (%) 108.6 84.1* 100.8

Standard Proctor Tests Run on Impervious Fill Burrow Material (n = 4)

Cum.
Max. Min. Ave.

Optimum Moisture Density (%) 9.6 8.6 9.2
Optimum Dry Density (pcf) 134.3 129.1 131.7

7

E Note: All tests were D < 95%. The actual fill was retested after remedial work.
All retests were acceptable.

|

_, ._. ._ . _ , . _ _ _ _ - - _ . _ _ -_
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9 October 1981 1

File No. 4900 I

1
i

Pizzagalli Construction Co.
Harriman Road
Whitingham, VT 05361

Attention: Mr. Fred Kilar

Subject: Harriman Dam Instrumentation,.
'

Whitingham, VT

Gentlemen: .

Enclosed are the requested piezometer readings that I took
during the entrenching operation. They have been tabulated.

by date and the function they serve: 1.e. before cut, after-:

'| splice and from the monitoring stations. Also included are the
layout of the piezameters as I mounted them on the instrument!

panel for future reference, should there ever be a question as,

'. . to which piezameter is which.

All the readings from the monitoring station indicate that the,,
i piezameters survived construction rigors and are in working order

with the exception of 201C, which read anomolously high. S'ee
Bill Walton of C.T. Main for details of 201C. Please note that
108 A&B and 102 A&B have not yet been routed into MS$2 for a

| final check. I hope .that these readings will be accepted by
New England Power Service Co. as viable data.

If you have any questions please do not hesitate to call. It
has been a pleasure working with you.
Sincerely yours,
mW ALD CH, INC.

Jeffrey M. L gham '

JML/bms
cc: .T. Main, Inc.; Attn: Mr. William Walton

New England Power Service Co. ; Attn: Mr. Larry Underwood
.O.

..

- - - _ - , . . . _ _ . . _ . , _ - _ _ . _ _ . _ , . . _ . _ . . _ _ _ _ _ _ _ _ , _ . , _ _ - . _ _ _ . . - _ _ , , _ _ _ . _ _ , . _ _ _ . _ . . , _ . . . - . . _ . , . _ _ _ . _ _ . .
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APPENDIX D

CRITICAL PIE 20 METER - RECORDING SHEET
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