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1. SUMMARY

The Vernon Project is located on the Connecticut River in the Towns of Vernon, Vermont
-. and Hinsdale, New Hampshire. The licensed project consists of a 600-foot-long spillway

and a powerhouse (Fig. 1). The east abutment is a long natural soil ridge called Vernon
Neck. The project was constructed between 1907 and 1910. A powerhouse addition was
constructed between 1918 and 1921.

The effective date of the Federal Energy Regulatory Commission (FERC) license is June 1,
1979 and it expires on April 30, 2018.

Previous FERC quinquennial safety inspections for this project performed in accordance
with Federal Power Commission (FPC) Order No. 315 were dated November 1967,
November 1972, and November 1977. The 1982 and 1987 quinquennial inspections were
conducted in accordance with FERC Order 122.

This report contains the findings of the Sixth Quinquennial FERC Safety Inspection of the
project and was performed in accordance with Part 12 of FERC Order No. 122 effective
March 1, 1981 and FERC letter dated March 18, 1992, Appendix H.

There have been no federal, state, or independent consultant reports relating to safety of
*project structures since the 1987 Quinquennial Safety Inspection Report.

The project structures are in very good condition and well maintained. The powerhouse
superstructure is in good condition and all mechanical equipment, except decommissioned
Unit No. 8, is well maintained and serviceable. The project spillway structure and
powerhouse intake have been modified extensively to improve spillway crest control, obtain
access to Vernon Neck, and to improve trash rack cleaning procedures.

The project structures are founded on hard massive gneiss. There are no adversely oriented
bedding planes or joints observed at the site and there are no known active faults in the
project's area. .

Project instrumentation consists of an extensive powerhouse crack monitoring program.
Until the 1987 Quinquennial Safety Inspection, there has been no indication of changes or
trends other than seasonal (thermal) cyclic variations in the crack dimensions. It was
recommended in the 1987 safety inspection report this program can be terminated; however,
the gages should be maintained and read after major floods, or felt earthquakes.

A survey of four Vernon Neck cross sections is conducted at five-year intervals to detect
upstream/downstream changes its configuration. No changes indicating any significant
reduction in cross section have been detected to date. This program should continue at five-
year intervals or after major floods (Q 2! 150,000 cfs).
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The project spillway can pass up to 51 percent of the Probable Maximum Flood (PMF) at
zero freeboard. The flood of record is 185,000 cfs or 32 percent of the PMF in March
1936. The estimated PMF is 567,100 cfs. At PMF, significant damage to project structures
would result due to overtopping flows.

Stability analyses show the powerhouse structure meets stability guidelines for normal
operating reservoir, ice loading, and zero freeboard using procedures, formulations, and
criteria currently accepted by FERC (2, 4). Additional stability analyses were performed
in the 1987 inspection report (5) to include 0.10 g earthquake loading, and analysis of the
modified spillway structures. The structures satisfied FERC stability criteria for the loading
conditions investigated. At PMF, the spillway structures become submerged weirs and the
powerhouse will be damaged heavily. I
Based on the information available from prior inspection reports and the observations made
durinLg this inspection, we conclude no emergency remedial actions are required at this time. [
The rock scour downstream of the deep tainter gates should be evaluated, and the tree and
brush growth on the Vernon Neck be controlled to aid annual inspections.

I.

I.

I
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2. DESCRIPTION OF PROJECT

2.1 General

The Vernon Project was constructed by the Connecticut River Power Company and is
presently owned and operated by the New England Power Company (NEP). Construction
began in 1907 and was completed in 1910. The power plant was put into commercial
operation on December 1, 1909. In 1910, the final three of the eight original generating
units were placed in operation. An addition to the powerhouse and the installation of two
additional generating units started in 1918 and was completed in 1921. These units were
put into commercial operation on March 12, 1921.

The project is located on the Connecticut River in the towns of Vernon, Vermont and
Hinsdale, New Hampshire (Fig. 1). The project structures include a gravity concrete
spillway section equipped with stanchion bays, radial gates, hydraulic panels. tiedown
anchors, and sluice gates, and a non-overflow section comprised of a trash sluice, fishway
head works, and powerhouse.

2.2 Project Data

The following project data are taken from References I through 4. The gross drainage area
above the project is approximately 6266 square miles. The reservoir extends upstream
above the project for approximately 30 miles and has a surface area of 2550 acres at
El. 220.13 NGVD. For reference, elevations are given as NGVD with equivalent project
datum in parentheses.

Other statistics are as follows:

Normal Maximum Reservoir Elevation
Normal Operating Reservoir Elevation
Normal Tailwater Elevation
Usable Storage (8 feet drawdown)
Spillway - Length - clear
Crest El. - 10 x 50 gates (4)

- 10 x 10 panels (10), flashboards
3 (bays)

- 20 x 50 gates (2)
Discharge Cap. - W.S. El. 220.13

- W.S. El. 228.13

220.13 feet
218.00 feet
184.80 feet

18,300 acre feet
542.50 feet
212.13 feet
212.13 feet

202.13 feet
83,200 cfs

127,600 cfs

2.3 Powerhouse

The project powerhouse contains 10 generating units consisting of eight units rated at
2000 kw and two units rated at 4200 kw. The installed capacity is 24.400 kw. The
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powerhouse has an integral intake structure with intake gates, trash racks, and trash rake.
See Figs. I through 5 for location and details. An upstream trash boom protects the F
structures against floating debris. Unit No. 8 (2 mw) was removed from service in
November 1991 due to mechanical failure. This original 1909 unit and units 5, 6, and 7 are
proposed to be replaced by two 14 mw units in 1997.

2.4 Trash Sluice

A 7- by 9-foot trash and ice sluice abuts the left (east) side of the powerhouse and is
controlled by a motor-driven drop gate, Fig. 6. i

2.5 Spillway

The project spillway is 600 feet long. See Fig. 2 for spillway configuration and details. In
1990, stanchion beams and stoplogs were installed in the spillway to replace the three bays
of flashboards. The modified spillway consists of the following:

Type Number Height (ft) Width (ft)
Shallow Tainter Gates 4 10.0 50.0
Hydraulic Steel Panels 10 10.0 10.0
Stanchion bays 3 10.0 50.0
Deep Tainter Gates 2 20.0 50.0
Sluice Gates 8 9.0 7.0

2.6 Vernon Neck

The Vernon Project is located on a bend of the Connecticut River. Vernon Neck is a
natural soil ridge that extends approximately 1h mile to the east of the project spillway. See
Fig. BE in Appendix B for additional information.

2.7 Spillway Warning Devices

In 1990, spillway warning devices and signage were installed to comply with t'1989 FERC
order. The safety warning consists of fluorescent orange "drums" connected with cable to
anchorages. Warning signs were installed upstream of the spillway cables.

2.8 Standard Operational Procedures

The Vernon Project is operated as a daily cycled reservoir hydroelectric project. Flows in
excess of station generation requirements are released by operating the project spillway crest
control structures.

L

(.

1*
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3. CONSTRUCTION HISTORY AND DEVELOPMENT

The construction history of the Vernon project is summarized in Section III of the 1987
Quinquennial Inspection Report (5).

In 1987, concrete and riprap were installed along the spillway's east abutment to control
erosion. Safety rails and related items were installed along the intake trash rake forebay
area in 1988.

In 1990, stanchion beams and stoplogs were installed in the spillway to replace the three
bays of flashboards, and a downstream migrant fish by-pass conduit was installed between
units No. 4 and 5. See Fig. 1 for location of project features.

v
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4. GEOLOGY

The geologic conditions at the Vernon project site are summarized in Section IV of the 1987
Quinquennial Inspection Report (5).

There has been no significant seismic activity at the project site since the 1987 safety [
inspection.

f-

I.-
I

I.t

I
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-" 5. INSTRUMENTATION

5.1 Powerhouse

Numerous cracks in the project powerhouse are monitored for activity by use of trammel
. points, and tell-tale gages. New Avongard Calibrated Crack Monitoring gages were

installed in 1980 to determine if any progressive expansion of the cracks was occurring
which would warrant remedial repairs. Readings taken until 1987 indicated no significant
changes or trends were discernible in the trammel points or Avongard gages other than
seasonal (thermal) cyclic variations.

Avongard gage readings taken from November 26, 1988 to June 1, 1992 are presented in
Figs. Al to A18, Appendix A. Readings using other devices are presented in Fig. A19,
Appendix A. These data continue to show no significant changes in the crack dimensions
other than seasonal temperature variations.

Water leaking through cracks in the sluice gate operator gallery has been monitored since
1984. Measurements of the total seepage are given in Figs. A20 to A21, Appendix A. A
total seepage of 1-2 gallons per minute is measured when the trash sluice gate is opened,
and leakage occurs in the stairway. There is negligible seepage but damp conditions exist
when the trash sluice gate is in the up (closed) position.

*5.2 Vernon Neck

At five-year intervals, NEP conducts cross-section surveys at four locations on Vernon
Neck. The most recent surveys were taken on June 3, 1992 (See Fig. B-1 in Appendix B).
When superimposed on surveys taken since 1924, no significant changes are indicated in
the main neck section. Some continuing minor changes at the downstream toe caused by
seasonal river erosion and deposition during flood flows is considered insignificant since the
toe is protected by riprap. Future surveys of Vernon Neck should be conducted as part of

, the next quinquennial safety inspection or following a major flood (Q>150,000 cfs).

5.3 Adequacy

The current program of instrumentation and monitoring of project structures is adequate, and
no new or supplemental programs are required. The original data are on file at the project
office.

The crack monitoring and sluice gate operation gallery leakage monitoring programs be
terminated. However, the gages should be maintained so they can be read following major
floods or felt earthquakes.
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6. FIELD INSPECTION

6.1 General

The project structures were inspected on May 12, 1992 by Messrs. Alton P. Davis, Jr., and
William H. Walton of GEI accompanied Mr. Denton E. Nichols of the NEPSCo and Messrs.
Hugh W. Sullivan, Charles M. Harrington, and Brian R. Dame of NEP. Water surface
elevations at the time of inspection were approximately as follows:

Headwater Elevation 219.6 NGVD
Tallwater Elevation 185.6 NGVD (

An inspection checklist is included as Appendix C while inspection photographs are
included in Appendix D. (
In general, the various project features contain many detailed points of interest and
significance relating to their current condition, such as cracks, seepage, instrumentation
performance, and concrete spalling. In previous inspection reports, these conditions have
been discussed in detail, and, to avoid repetition, only changes or previously unreported
conditions are highlighted in the following subsections.

6.2 Powerhouse and Intake

The powerhouse superstructure brickwork, structural steel, and roof are in very good
condition. Refer to Figs. 3, 4, 5, and 6 for powerhouse features. The gantry crane appeared
in good operating condition. The El. 226.38 generator floor was in very good condition (see
Photo No. 1), with only minor floor cracks. The substructure was observed with no
evidence of structural displacement or severe cracking. The unit wheel pits are in generally
good condition. Unit No. 8 turbines (triple runner style) are no longer operational;
therefore, the unit is decommissioned leaving nine operational turbine generators at this
project. The turbine pits appear unchanged from conditions noted in the 1982 Quinquennial
Inspection Report (4).

The El. 189.13 walkway over the draft tubes was observed. The 1987 observed concrete
erosion on the downstream piers at the water line was not visible due to high tailwater.
However, the piers for Units 1-4 are scheduled for concrete work before the next 5-year
inspection. On the exterior wall of the tailrace gallery at Units 7 and 8, the concrete is
heavily spalled with patterned cracks and efflorescence (see Photo No. 2). These conditions
are surficial and have not changed since the 1987 Report. In 1991, NEP installed a new
downstream migrant fish by-pass conduit between Units 4 and 5 in the old exciter unit draft
tubes (see Photo No. 3).
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The powerhouse intake structure has been modified since the last inspection to include
installation of safety rails and related items along the intake/trash rake area. The
intake/trash rake structure is in excellent condition (see Photo No. 12). The trash and ice
booms are in place and observed free of debris.

The right abutment upstream and downstream training walls are in good alignment, and the

*earthflll behind the wall is stable with no signs of sinkholes, settlement, or erosion.

*~ 6.3 Trash Sluice

The sluice was operational during the inspection (see Photo No. 4 and Fig. 1 for location).
The El. 226.38 deck, upstream and downstream piers are in good condition. The 1987
inspection reported a light to moderate spalled ogee, and chute and concrete erosion on the
powerhouse wall below the stairs was not observable due to discharge flows.

* 6.4 Spillway

The spillway ogees, piers, and concrete along the upstream waterline appeared to be in good
condition. See Fig. 2 for spillway location and details. The spillway chutes show light to
moderate spalling and erosion. There was heavier concrete erosion along the toe of the
shallow tainter gate spillway chutes Nos. 3 through 6 at the tailwater line (see Photo No. 5).

The two east deep tainter gates (Nos. 1 and 2) were closed. The gate, seals, mechanical
*' equipment, and hoisting mechanism are in good condition. In 1990, NEP installed stanchion

beams and stoplogs in the three former pin flashboard controlled spillway bays. The beams,
release mechanisms, and timber boards were in good condition (see Photo No. 6). Nominal
leakage was observed between the boards and at the concrete spillway contact. The six
hydraulic controlled flashboard spillway bays were in closed position and showed no signs
of significant leakage. The gates, seals, and mechanical equipment were in good condition
(see Photo No. 7). The steel grated and plate girder spillway bridge was in good condition.

The spillway inspection tunnel and sluice gate operator gallery were observed. The two
easterly gates (Nos. 1 and 2) have been plugged with concrete. See Fig.. 2 for gate
locations. The eight remaining gates were reported operational. The sluice gate operators
appeared in good condition (see Photo No. 8).

At the west end of the sluice gate gallery is a room with storage tanks containing hydraulic
fluid for operation of the gates. The right wall of the room has a heavy buildup of
efflorescence. Seepage continues to emanate from cracks in concrete near the access
stairwell from the powerhouse to the gallery. Along the downstream crown of the gallery,
a lift line continues to make seepage and show efflorescence. There is a lift line on the
upstream wall approximately 1 foot above the gallery floor that makes light seepage (see
Photo No. 8). Seepage locations and quantity of flow have not increased since the 1987
Inspection Report.
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According to NEP reports, all mechanical operated gates were operated during 1991.
Emergency power was used to operate the gates in 1991, as reported in Appendix F. An
emergency gasoline driven generator provides power for the tainter gates. Standby power
for the spillway tainter gates is any one of the nine operational generating units, which are
capable of "black start."

The east abutment upstream and downstream spillway training walls are in good alignment. [
The wall concrete is in very good condition. Since the last inspection, NEP installed new
concrete (see Photo No. 9) and riprap downstream of the east spillway training wall to retard
erosion.

6.S Fish Ladder {
The fish ladder was not operational during this inspection. Figure 3 shows a plan of the fish
ladder system. However, the structural and mechanical works appeared in good condition.
The fish ladder was placed in service in 1981 and has operated seasonally since that time.

6.6 Vernon Neck

Vernon Neck is a natural soil ridge of high ground between the reservoir and the
downstream river channel and forms the east abutment the reservoir and spillway. No toe
seepage was emanating from the slope, and there was no evidence of upstream or
downstream sloughs or wet areas. Minor erosion and deposition was noted at the toe of
slope due to seasonal river flooding. The area is inspected regularly by NEP personnel and
no significant changes have occurred to date (see Photo No. 10). Brush control on the Neck
is scheduled as a periodic basis.

6.7 Emergency Action Plan

The Emergency Action Plan (EAP) is visibly posted in the control room and the Station
Superintendent knowledgeable of its contents. The EAP was updated in September 1991.

The Vermont Yankee Nuclear Power Station is sited 'A-mile upstream of the Vernon
powerhouse (see Photo No. 11). The EAP has provisions of evacuation in case of a
declared radiological emergency condition at the Vermont Yankee Nuclear Power Station.

6.8 Miscellaneous Items

The required summertime spillway warning control devices (i.e., floats) were being installed
immediately upstream of the spillway during the inspection (see Photo No. 12) and safety
signage was observed in place. These were installed based upon the FERC 1989 order.
NEP reported there are no state or federal inspection reports since the 1987 Inspection
Report.
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NEP reported there are no state or federal inspection reports since the 1987 Inspection
Report.

The reservoir rim was scanned in the vicinity of the Development. There are no areas
observed which appear to present a potentially hazardous condition relating to the overall
safety of the development. There are no observed changes in the river channel downstream
of the dam and spillway.

0
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7. SPILLWAY ADEQUACY 3I

Spillway adequacy is addressed in the first four inspection reports and their supplements (1
through 4) and summarized in Section VII of the 1987 Inspection Report. Conversion of
the three pin flasbboard spillway bays to stanchion stoplog sections does not change
spilway geometry or the spillway rating curves.

Appendix E contains the spillway rating curve and the 50 percent PMF flood hydrograph
for the project (2). The project spilway can pass up to 51% of the PMF at zero freeboard.
The flood of record in March 1936 was 185,000 cfs or 32 percent of the PMF. The
estimated PMF is 567.000 cfs. At PMF. significant damage to the project powerhouse and
spillway superstructures would result due to overtopping flows.

[..

I,

{
I.

I.
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8. STRUCTURAL STABILITY

*8.1 Visual Observations

As noted in Section 6, the project structures continue to be well maintained and are in very

good condition with no significant deterioration or structural distress observed.

8.2 Analysis

The results of analyses on project structures for various loading cases are summarized in
* Appendix G. The change from pin flashboards to stanchion stoplogs for three spillway bays

does not alter the structural adequacy of the piers and spillway ogee. For convenience, the
stability analysis summary from the 1987 Inspection Report is included as Appendix G
herein.

8.3 Evaluation.

From the results of the analyses summarized in Appendix G, GEI concludes that the project
structures meet stability guidelines for loading conditions up to zero freeboard flood using
procedures, formulations, and criteria currently accepted by FERC. Although the structures
meet stability guidelines for the PMF. the spillway structures would become submerged
weirs and there would be substantial damage to the powerhouse and spillway
superstructures.
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9. ADEQUACY OF OPERATION AND MAINTENANCE I

Operation and maintenance methods at the project are well planned and executed. The
condition of all facilities is of a high order.

There are no observations made during this inspection requiring any emergency actions or [
repairs.

On October 1, 1991, Aqua Tech, Inc. conducted an underwater survey of the spillway sluice '
gate chambers. Aqua Tech, Inc. reported some minor erosion downstream of the sluice gate
guides due to cavitation. No action is required at this time. 'The concrete plugs in (
abandoned sluice gates No. 1 and 2 (Fig. 2) were reported to be in good condition.

I.

* /

I..



IRichard Emch-HYDCT-OPS-'O2"8"2"..Ipdf . .Page20•

-15-

10. CONCLUSIONS

Based on this inspection, the results of monitoring programs, and review of prior inspection
reports, GEI concludes the project structures do not require any emergency remedial work
at this time.

The project structures meet stability guidelines for loading conditions up to the zero
freeboard flood using procedures, formulations, and criteria currently accepted by FERC.
The spillway is adequate to pass approximately 51 percent of the PMF at zero freeboard.
The flood of record in March 1936 equaled 32 percent of the PMF. At PMF, the project
will experience overtopping flows up to 18 feet above the top of the spillway piers. Heavy
damage to the project structures is likely at PMF.

Project instrumentation consists of numerous crack monitoring gages in the powerhouse.
This program has shown no significant movements in crack widths to date except for
seasonal (thermal> cycles. In our opinion, this program may be terminated. However, the
gages should be retained to permit reading after high flood flows or felt earthquakes. No
additional instrumentation is required at this time.

The Vernon Neck surveys show no significant changes in the cross section of the neck.
These surveys should continue on a 5-year basis and after major floods exceeding
150,000 cfs.

Project maintenance is very good. Surveillance and operational procedures are adequate.
The EAP was posted in the control room and was updated in September 1991. Plant
personnel receive an annual EAP training program. The plan includes a Radiological
Response plan for the Vernon Nuclear Plant 'A mile upstream. There are no changes in the
downstream channel.

The spillway gates are operable and were used during the April 1992 spring freshet.
Standby power is provided by any one of the nine operational generating units. The eight
spillway sluice gates are operable. An emergency generator provides power te operate the
tainter gates.

The spillway toe erosion previously observed downstream of the sluice gate and tainter gate
sections is of less concern since the spillway has been modified and post-tensioned to
bedrock. This area should be inspected after major floods and at 5-year intervals to detect
any changes that might warrant future remedial work. Concrete repair work is scheduled
to repair the tailrace piers in the draft tube area.

NEP has compiled with all recommendations from prior inspection reports for the Vernon
Project.
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11. RECOMMENDATIONS

Based on the information available from prior inspection reports and the observations and
analyses made during this inspection, we conclude no emergency remedial actions are
required for this project at this time. .

Based on the visual inspection reported herein and review of past inspection reports, we
have the following recommendations for the Vernon Project:

Evaluate the surficial concrete erosion downstream of the right tainter gate
Nos. 3 through 6, sluice gates, draft tube piers at Units" through 4, and J
schedule for repair.

Routinely clear the tree and brush growth on Vernon neck to permit annual f
inspection of the upstream and downstream slopes.

Maintain and read the powerhouse and spillway inspection gallery crack (
monitoring devices after major floods or felt earthquakes.

r

I'

__{*.
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F12. CERTIFICATION

This report covers our inspection of the project carried out in accordance with Part 12 of
FERC Order No. 122. The project inspection and preparation of this report was done under
the direction of the undersigned. The assistance of NEP project staff in conducting the

L inspection and assembling project data is gratefully acknowledged.

*. We certify all work performed in connection with the inspection and investigation of this
project and preparation of this report has been done in compliance with Part 12 of FERC

* Order No. 122 dated March 1, 1981. All conclusions and recommendations in this report
I are made independently of the licensee, its employees, and its representatives as required

by paragraph 12.37(c)(7) of that order.

Respectfully submitted,

GEI CONSULTANTS, INC.

Alton P. Davis Jr., P.E.
Vice President
Design Division Manager
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Lýyngard

AVONGARD CALIERATED CRACK MONITOR CRACK PROGRESS SHEET

Project: \I=iJ.N,

Location ,---±-

of Monitor 7-,.:P'-,-A -,-IT,"sF._?A,,=.\'..k,"Tt:p

Indicate on the diagrams below the "Monitor" movement at each reading:

n "-n 20 2Comi 1012fmm I. 11 20

L
t0M•

U,
% • i : : - i l ll ] •

Date of Reading: I A. A-4-;- :,A Date of Reading: a- Z-
NIT 7 - -

~II I I
-- ---- . ... i ~ m U

I
I1= I

.• L,,l, i iIIiII II ,,I,
Date of Reading: 7- a-ff

-- E I -

10

DM.

0

Date of Reading: I/- 2--w

Date ,,,,,,IIn II:, I
Date of Reading:

__ J !LE

10
Date of Reading:

Date of Reading:
I

FIGURE AlDate of Reading: 11-0.90
I



I Richard Emch -HYDCT-'OPS-002.8.2.1.ipdf .. .. Page 33t
I Richard Emch - HYDCT-OPS-002.8.2.1.Ddf Paae 3311

. .

AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: Vr-------o-.

Location - - . - S iLO '"
of Monitor P-.3- o

Indicate on the diagrams below the "Monitor" movement at each reading:

10•1111 Jilll ml1T 011 I II
20I

Date of Reading:

Date of Reading:

-----------------

-•~ I I II WI iW W1 II l!1i1ii

0

10

Date of Reading:

I IIIII II I 1111 JIII 11444

Date of Reading:

UI [L I [- ~UL

Date of Reading:

WIILU UII HIM W111111 11!

0

10 * 1

'I

*10

I
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Date of Reading: Date of Reading:

FIGURE A2
Avongard Products USA * 2836 Osage e Waukegan. Illinois 60087
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AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: \?--, ?.: rt,

Location L • ":J -

of-Monitor L* ' tIJY-YT '-. b7

____________________________ 4

Indicate an the diagrams below the "Monitor" movement at each reading:

2o0m io 0l .10 20 2orm 10 01 10 20

I.

I..

1%

I i .... .. I1I. J.-iI• IIh

Date of Reading: I, * ....

V IIII IIIII IIII II IIIII1 i 1111

omD

0O

10

- I
Dat of IRe I d in:11

Date of Reading: f - ;z -

__ ! -" - - -

' l J I---I-" n

Date of Reading:

Date of Reading:

- VVTE:~TI I I
1Q

0

10

Date of Reading: / I1-,.-9l

II
- - I ;1 : ,., .Y -- n

II IE¶2ThP.P W~W1]Ii'

I I II
II

1iz51!ILLL±LALL
I U

in
Date of Reading: II -q.:qqb Date of Reading:

FIGURE A3
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AVONGARO CAU BRATIED CRACK MONITOR CRACK PROGRESS SHEET

Project: V I•.,,.-

Location
of Monitor C .-- ...,f - .

Indicate on the diagrams below the "Monitor" movement at each reading:

.20= 1O 01 10 20_

Date f Reaing: O [in7

Date of Reading:

Date of Reading:

1(6
20nn 10
ERT1[ Tim

0 10~ 20
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10 •11111 ~M111 II1llllll ll 1=llDate 7 -

0

I0

MCIm
Date of Reading:

0
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0 IW 111 11LU W1111 111

*ii.

I
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Date of Reading: Date of Reading.

Avongaro PfcauctS USA 9 2836 Osage A Waukegan, llinois6r'87 * FIGURE A4



I. Ri(•h-a-Fd Em-ch.- HYDCT-OPS:002.8.2.i .pdf Page 361l
I Richai~d Emch - HYDCT-OPS-002.8.2.1 .ndf Page 36!j

F
If...

AVONGARD CALISPATED CRACK MONITOR CRACK PROGRESS SHE=-T

Project6: \~- '

Av ngard Location
kof Monitor ---. f -- .. . . " 1.

Indicate on the diagrams below the "Monitor" movement at each reading:
• 4-tS GP.J.- S AP•. ~ PIr'-•" .J tJ

20rm * 10 -- 10 rf t.` 220 0= 1_0 1in •
10 20

I
I

1V Jil:l _-loam~ II
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= -- 1 -
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Date of Reading: I I=- - "-L. ;
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1. M11. I N I =

] "~. " . "I:[ "=

Date of Reading: q - "Y 10

10o

Date of Rea--ding: per4j ,qC_

TI II :;: I I

Date of Reading:

Date of Reading: I NI I.

-I ti1 - i.. =

Date of Reading:

- I•,: ' =
I• -

I
. I I

Date of Reading: 5--I-17"

-u

10

0

I

_________ I * I I

U

10
Date of Reading: FIGURE:: A5Date of Reading: ' I I -%- qt
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Indicate on the diagrams below the "Monitor" movement at each reading:

9Wir 10 0 2n

Date of Reading: o(-o-q•,

11 I ~ ~III Il1ll I dI III1 1 11A"11,1

Dat of -n-

Date of Reading:

Date of Reading:

• lll1W I! U I! il rll 1

-0

0

10

10 10 20

• ! 1!11(T m 11111111!!!1!

Date of' Reading.
-

Date of Reading:
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Date of Reading:_II I IIII UI .Ii 111 U II l 1J
Date o +ffRaig

0r , A~iur

10 'I
10:nn

0 I.

10

(
0

i
KU1 ! IiiII11j
Date of Reading:

LI II 111 !110
Date of Reading:

Avonga3t Products USA e 2&36 Osage * Waukegan. Illinois 60087 FIGURE A6
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Av gard

AVONGARD CALISRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: V.

of Monitor ;. , - T..

Indicate on the diagrams below the "Monitor" movement at each reading:

20=fm -10 0 1 _2 1___ ._...._1_0 20

I - 0

Date of Reading: I :
11 1 1 1 1 111, J ll11 1
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I =
- r~. Z - £ - 4- - -
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Date of Reading: * 2

N .1111 IIIjIII IIII:IIIII
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Date of Reading: -

-II I~ l I I =

Date of Reading: I-.2a'/

teI I IRead- l
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''" 11 1•
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Date of Reading: I -/-
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Date of Reading: FIGURE A7Date of Reading: I I -% -ý"
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AVONGARD CAUBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: V'Jrr ,,.

Location V-
of Monitor -50 - fd ,-:So .

Indicate on the diagrams below the "Monitor" movement at each reading:

20mD 10 0 10 20

:tt ll III I I LLULll III III I1_
+-H

Date of Reading: oo-o - q..z
# 11___ II I Il !I 1•III IIII 1111 H1 1 1 1 _1

Date of Reading:

Date of Reading:

•.•_lJ III IUJ lIl IdII Jl

2•x

F
10 10 l 0
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10 Date of Reading:

W__ I II I W I1 II II ULL U I11I•
0

10 Date of Reading:
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10
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LW 1 III]-B 1UJ111I
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Date of Reading: Date of Reading:
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AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

LIProject: V..
Avciingard Location @,F"- i,!-L- 7";

Jof Manitor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Indicate on th.e diagrams below the "Monitor" movement at each reading:
0 .13 10 2 2O~m 10

20m 1 10 20

IH-H+r~, I I

10i

0-

10

1 rn-.
Date of Reading:

•wL1i~l ill I~ltKFl~l,

Date of Reading: ;21A"

- i 111111111 d ill 1111 i111

1111 plilillifillil 11 Jill 11 ii--
.ý-= I I

I i w I n
I , I i I I|

I i

Date of Reading:
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Date of Reading: 0-I -i.Z-9I

I
- - i 1 .L ~ - -vi
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Date of Readin g:

-111 il-

10

___ 1__ ,ii,, , I, II, I,, I Il ll ll,

Date of Reading:

-z T7 -

-111,I'-- 0O

10
Date of Reading:

Da~teiRea•ding:DteofRlleaoi ngU EL . .Date of Reading: FIGURE A9
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AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: Oe-o

Location
of Monitor C-, - (c-W ,,u\ - 7 - _`

Indicate on the diagrams below the "Monitor" movement at each reading:

I, n 3%- I 20 1In
Jl• |ll tl I|l lU =

fli1 -mT ll -4

Date of Reading:

Date of Reading:rmmIiimI wm II Irini

0

, Q

10

0

10

lDTn

- - - • -

Date of Reading:

!I lI Ifll ! 1 1 11 I III III!!11,

Date of Reading:

_ -JIItig

0

10
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0

10
Date of Reading: Date of Reading:

Avongard Products USA e 2836 Osage & Waukegan. Illinois 60087 FIGURE A10
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Avd'ngard

AVONGARD CALISRATED CRACK MONITOR CRACK PROGRESS SHET

Project:

of Monitor c .7i-
7;

Indicate on the diagrams below the "Monitor" movement at each reading:

J I20n 2t0 ?7- 10 n1orrrn • 1V 1N 70

I IT I1::::I.I
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Date of Reading:
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Date of Reading: FIGURE AllDate of Reading: I



Page 43 il~Ithr -mh - IiYDlfT-flPS- 02 82 1ndfPae41

L 
It"

AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: \reflor,-

Location
of Monitor %co'- iW-'

______________________________ I

Indicate on the diagrams below the -Monitor" movement at each reading:

20num 10 10 20

Date of.Reading:

' W _

Date of Reading:

Date of. Reading:Date f Rea ingi

*0

10

1mm

0

10
lOn

0
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Date of"Readi

Date of Reading:

Date I R ing I:
Date of Reading:
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Date of Reading:
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0

10ThL WI1II ull jIl IlUmi1u~
Date of Reading:

Avongard Products USA - 2836Osage * Waukegan, Illinois 60087 FIGURE A12
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AVONGARO CALIERATE': CRACK MONITOR CRACK PROGRESS SHEET

Project:

Location <-of Monitor 2•P'.•.-÷''' -- l-: _r-•7

Indicate on the diagrams below the "Monitor" movement at each reading:

20rrrn - .10 .ni "in 20 2r{n 10 in g
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Date of Reading: FIGUREDate of Readino: I II -cl; -q. A13
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AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project: Virno

Location
of Monitor S.>\_ •o•_-L'.,... \\w Ni. ,J a.- .e

Indicate on the diagrams below the "Monitor" movement at each reading:

20mmn 10 0 10 20
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Date of Reading:
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AVONGARD CALIBRATED CRACK MONITOR CRACK PROGRESS SHEET

Project:- rfefr oc'.

Location
ofMonitor •Ilbu• G - \\-\hs)•

f,.
Indicate on the diagrams below the "Monitor" movement at each reading:
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Indicate on the diagrams below the "Monitor" movement at each reading:
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Inventory No. F•.Rc. :t0-

Sheet I Ofo

VISUAL 1::SpECTI0N MCH-CIST

1.
2.
3.
4.
5.

Name of Dar:
Inventory No.: Vcp'._ L-.p .io 4

Razard Category: 1-6 tL
Site Classification:
Ovner:

2.5A CA.~L 5 8 7-

* 6. Date Inspected: MAa• 1-?-, lqctL
7. Pool Elevation: Z-ci.9.
B. Tailwater Elevation:
9. 'Purpose of Da: 1 aO

10. Weather:

Directicns: Hark an "X- in the "Y!S" or -NO- column.
if i:ez does not apply, vrite "N/A' in %!AR.S- column.

Use '0:her Comments- space to amplify "RL•RS-.

|

I,

1. A-rv Urs::ea= Develoznent? Inenov No.: '(o~lc"sA.

2.An --szrean Z-,-oundments? 15.. 5

3.Shoreline Slide -ýotentlzl?

4.Sirnificant Sedinenz:1~on?
5. Any :rash Boo=? , i.

6. Arv Zee Soo=? __

7. Ojera:±nr ?rocee~re Chanres? ~~-

a. B.rOding or Backcu::z!.ng? j ".- LeJ-i- NoA e. 4m

b.SlouehinF? SA

e._Sridcinr?_________________

2. D0.N1S-R=A. LO"±________________
a. Otenoled Eousinr?________________

c. PRecreztion Areas?_________________
d._Chzn~ed_'raxardPotential?_________________
e. sew. Develovmnz~?

1NS7TLý-!-A7 1,O _______________

1. Are there
a. ?iezo-neters?
b._;:eirs? _________________

C.__SettlementPin=s? ___________________

d._Observation_;:e!2s?________________

e- Ozher? C-eQ ( -qoe"~p. ______________

2. Are readints _________________

a. Availzble? ________________

b.__flIotted? __________________

C. .-aken ?-eriodicz jl'? _______________

GETI HN)A r-4* r:szc
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b¶veftoty No.-EPr t rn. 1-cv0-f

Shoot _______ of .4 F
C

F

I

-J

-S

*1

-i
.3

.1

I
1

ITEM YES NO REMARKS

I1TN-AK.ZS

1. EOuI?x=;T_______________

a._TrashRacks? _________________

b. Trash Rake?-
c. Mechanical E-aui.)enr ODerable? _______________

d. !htzlhe Ca-zes? .

e. Are Racks and Ca".es Maintained?

f. Are Gaze Overators O~erable?
2. COlJCR=T= SJRACE-S

V~. A.-t Deterioratibr.?
c. ,rosion? D667ýtAe J

d. !"~osed Rei-.!orcement?
e. A-e Join:s !liszlaced?
f. Are Jointsianc-

3. CONC:?! CONDUZ:S________________

b. A.= neterierz:1en? 
.1 It_______________

c. sresesn? ________________

e. !,yesed TReinoemen:7 I
e. ;re Joints flisi1aced?

f. A.7e Joi'.:s lreakinr?

4. METAL CON-DU-LS mr5

a. -y Merel Corroded? v________________

bs. is Condeit Cracked?_________________

c. ,'re 3oinzs :xs-gaceed?________________

d. nre 3oinra tL~zk±,t?_________________

5.' oL ___________________

a....... Xaterisal' _____________________/A

__ _ __ _ __ _ __ _ __ _ __ _ __ _ _ j I .,47ii
C~~rj4.t !eec..-ze?

--!o 2Iok zbe

K

I
I

J
Other Comments:

GE=~CHXI2CA2. r-NiEERS INC.
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Inventory No. lree.c. tcio'
-f 4

-: V-(P.uýrJ Pv2..Wur

!

i

'I

ITEM YE.S NOREAK

SPILV.:A'YS YE '6 11' %'-e,-,

a. Anv Settlements?
b,. Anv Xis1allirn-eits? __ _______________

d. Anv Dleterioration? W- -,I -%- Xo. s4. -4 ATe.*, c 1

b._!:L,_Cpteý_"aiitz±,red? __________________

12" -4 -TO -A,

4-T. -I rcJ!- .:v: M~4~~ TOeAppi -- ,AL (k.t

~ ~ ~ V

*~Yr 
1, V 4a¶ ýjj~

NJO~ C.'L 61

___________________________4,;____ _ ct P q

G.- cl LA---

bx',%N.q J 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1' C"

.4

j
Other Comments:

.1
I
J

CEOTECH?42CAL L1r-VINrERS INC.



Richrd Emch - HYDCT-OPS-002.82. . pdf_ ... Page_57I

-:VF~-I~~j famP-~Jc.¶

* Invenmory No. 'E,.
Sheot-1 f 4

*1

-I

ITEM YES NO REMARKS

LO'W LEVE-L OUTLET Tyfl:: S --*.•€t C"• . ,

__________________________A-it_ 
2C A.51 A-va-~

1. GATES
a . Mechanical Equi~ent Operable? ______________

b. Are rates R~emotely Controlled?

c. Are Cates Mpintained?
2. CONCiRrTE CO?%flUI':S

a. Anv Crackinit? w a\U

b._AmvDeterloraticn? _______________

c. Mrosion?
d. Bxvosed 'Reinforeint?________________

e. A-e Joints DiSD12ced?
f. Are Joints Leaki-i_________________

-3. MZ7AAL CONT3IJIS
a. is Metal Corroded? psrc6 1

b. is Conduit C-eel -d?__________________
c. A,-e Jolints f~~ed _______________

d. Are Joints Leaklmr_________________

bo. lreakave?

Olher CommenlS:

C ET ECVCL:CNESIC
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APPENDIX D

Inspection Photographs
May 12, 1992
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Photo No. I

Vernon Project

Powerhouse Gener-
ator Hall

Photo No. 2

Vernon Project

Concrete Spalling
in Tailrace Gallery
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Photo No. 3

Vernon Project

El. 189.13 Power-
house Tailrace
Gallery - Note:
Migrant Conduit

Photo No. 4

Vernon Project

Operational Trash
Sluice Flow Down-
stream
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Photo No. 5

Vernon Project

Tylpical Concrete
Erosion at Bottom
of Ogee (Nos. 3
to 6)

Photo No. 6

Vernon Project

New Stanchion
Stoplog Spillway
Bay
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Photo No. 7

Vernon Project

Westerly Tainter
Gate Spillway Bay

I
I

I
I
I
I
I
I
I
I

Photo No. 8

Vernon Project

Shlc Gate Opator
in bspectk Gamlcy
Note: Seepage from
Lift Joint
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Photo No. 9

Vernon Project

New Ccmef at Left
Downstream Spill-
way Training Wall

Photo No. 10

Vernon Project

Downstream Slope
of "Vernon Neck"
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Photo No. 11

Vernon Project

View Upstream of
Vermont Yankee
Nuclear Power
Station

Photo No. 12

Vernon Project

Spillway Warning
Devices and Intake
Structure/Forebay

!
!
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APPENDIX E

I
Spillway Rating Curve

Source: Chas. T. Main, Inc., "Inspection Report of the New England
Power Company Wilder Project," November 1972.
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APPENDIX F

Spillway Gate Operation Report

S
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New England Power Company

33 West Lebanon Road

New England Power P.O. Box 52,
Lebanon, New Hampshire 03766-0528

December 11, 1991

Mr. Anton a. Sidoti
Regional Director
Federal Energy Regulatory Commission

201 Varick Street, Room 664
New York, New York 10014

Re: NEPCo 1991 Spillway Gate Test Reports/Minizum Flows, L.P.'s

8 892 1904 2077. 2 669

Dear Mr. Sidoti:

In compliance with FERC Order 122, Section 1244, we submit

our annual report on spill gate operation for the year 1991.

Attached documentation verifies that each gate has been operated

at least once during the preceding 12 month period. Gates that

[have emergency power available were also operated via emergency

power.

In regards to minixmum flows at our projects, there have been

no instances in the past 12 months where the minimum flow was not

maintained through our projects. Records of these flows are part

of our daily log records and are available for inspection.

Sincerely,

H. W. Sullivan
Director - Hydro Sroduction

HWS: 1w

Enc

- __3_ 1 ,

-J~

I
A New England Electric System company
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APPENDIX G

Stability Summary

Source: Chas T. Main Inc., "Fourth Five-Year Safety Inspection of the New England
Power Company Bellows Falls Project, FERC Project No. 1855," November 1982.

Spillway and Revised Earthquake Loading Case
Geotechnical Engineers Inc.
"Fifth Quinquennial Safety Inspection, Vernon Project, FERC Project No. 1904,"
October 30, 1987.

0
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APPENDIX G

STABILITY ANALYSIS

1. Values and Assumptions for Stability Analysis of Concrete

Sections

A. Nomenclature:

Effective Length - uncracked portion of base

FH - Summation of Horizontal Forces - kips

FV - Summation of Vertical Forces - kips (including uplift)

Mr - Summation of Resisting Moments - kip-ft

Mo - Summation of Overturning Moments - kip-ft

Mr - Factor of Safety Against Overturning

FH - Coefficient of Sliding

T`V

B. Unit Weight of Concrete: 150 lbs/cu ft

C. Unit Weight of Water: 62'.4 lbs/cu ft

D. Uplift Pressure:

The base pressure was assumed to vary linearly from full
headwater pressure at the upstream side to full tailwater
pressure at the downstream side taken over 100 percent of the
base area for each case analyzed.

Uplift on any portion of the base or section not in
compression is assumed to be 100 percent of the.headwater
pressure for any case with no foundation drainage systems.

Due to the transient or short-term nature of earthquake
loading, the uplift is not changed from the pre-earthquake
condition due to further propagation of a tensile crack.

E. Lateral Water Pressure:

Headwater pressures were computed using the full heights of
water to headwater elevations over the projected height of
the structures. Tailwater pressures are taken at full
tailwater elevation for non-overflow structures. For
overflow structures, tailwater back pressures are based on
Figs. 14 through 18, Ven T. Chow Open Channel Hydraulics,
1959.

Chas. T. Main, Inc.
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F. Ice Load: 5 kips per linear foot at normal water level.

G. Earthquake:

Accelerations of 0.10g were applied in a horizontal direc-
tion. To obtain the worst case, the resultant force action
on the structure due to earthquake is taken in the downstream
direction.

The hydrodynamic force was determined using a method
presented in Design of Small Dams, USBR, pages 336-337.

H. Resistance to Sliding:

Where the ratio of FH/FV is greater than 0.65, the shearing
resistance of the foundation to horizontal movement must be
investigated using the Shear Friction Formula.

The factor of safety against sliding is determined by the
Shear Friction Formula as:

Ss-f " f V + c A

where: f - coefficient of the angle of internal friction of

foundation material (Tan 0 - 0.65)

V = summation of vertical forces

c - unit shearing strength at zero normal load on
foundation material (0.192 ksi)

A - area of potential failure plane (area of base in
compression)

H - summation of horizontal forces

Typical values of "f" and "c" were taken from "The Sliding
Stability of Dams" by Harold Link in Water Power Magazine,
March, April and May 1969.

The following factors of safety are generally r-quired for
the calculated stress and shear-friction factor of safety
within the structure and at the rock-concrete interface,
assuming a planar failure surface.

High or Significant Hazard Potential Dams

Usual Loading Combination 3.0
Unusual Loading Combination 2.0
Extreme Loading Combination 1.0

Chas. T. Main, In
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Low Hazard Potential Dams

Usual Loading Combination 2.0
Unusual Loading Combination 1.25
Extreme Loading Combination 1.0

Loading Conditions to be Investigated

a) Usual Loading Combination: Normal Operating Condition
b) Unusual Loading Combination: Flood Discharge Condition
c) Extreme Loading Combination: Normal Operating Condition

with earthquake

The applied loads should include the appropriate concrete,
water, earth, silt, ice, earthquake, and uplift forces appli--
cable to the loading conditions being investigated.

I. Bearing Pressure:

Maximum bearing stress - 20 tsf on bedrock (278 psi)

J. Factor of Safety Against Overturning:

The minimum factor of safety against overturning is 1.0.

K. Strength of Vertical Connections:

For structures connected to adjacent structures via keyways,

the maximum shear strength used across the key - 250 psi.

2. Cases Used in Stability Analysis

CASE I Normal Operating Water Levels
H.W.L. - 218.0 (123.9)

T.W.L. 184.8 (90.7)

CASE II Normal Operating Water Level with Earthquake
H.W.L. - 218.0 (123.9)
T.W.L. 184.8 (90.7)

CASE III Normal Operating Water Level with Ice
H.W.L. - 212.1 (118.0)
T.W.L. - 184.8 (90.7)

CASE IV Normal Flood Conditions
(3' over flashboards and prior to flashboard collapse)
H.W.L. 223.1 (129.0)
T.W.L. - 185.1 (91.0)

CASE V Flood of Record Q - 185,000 cfs
H.W.L. - 231.4 (137.3)
T.W.L. - 222.9 (128.8)

CASE VI Probable Maximum Flood Q - 567,100 cfs
H.W.L. " 251.0 (156.9)
T.W.L. - 247.0 (152.9)

Chas. T. Main. Inc.
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APPENDIX H

Letter from FERC
Accepting Independent Consultant
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FEDERAL ENERGY REGULATORY COMMISSICDiO I

WASHINGTON.0. C.20426 *.

IAR I " ENG. DEPT.

Project No's. 2077, 1892,
1855, & 1904

Fifteen Mile Falls, Wilder,
Bellows Falls & Vernon

New England Power Service

Mr. Denton E. Nichols
ManaggTr - Civil Engineering
New England Power Service
25 Research Drive
Westborough, Massachusetts 01582-0099

Dear Fr. Nichols:

By letter dated March 4, 1992, you proposed Mr. Alton P.
Davis as the independent consultant to be responsible for the
sixth Part 12 safety inspections of the Projects listed on
Enclosure A. Mr. Davis' resume confirms that he meets the
Commission's independent consultant qualifications specified in

* Section 12.31(a) of the regulations. Mr. Davis is therefore
approved as the independent consultant for these inspections. in
accordance with Section 12, Subpart D, the approved independent
consultant must either personally inspect the projects or be
present during the inspections to supervise those individuals
that conduct the inspections. You are also reminded to instruct

* your consultant that should any condition be discovered that
requires emergency corrective measures, he must immediately
notify you, since you are required to submit a report to the
Regional Director in accordance with Section 12.36.

Fr. William Walton may participate as a member of the
inspection team.

Three copies of the inspection reports must be filed with
the New York Regional Director by the. dates listed on Enclosure A.
The consultant's reports must be formatted in accordance with the
enclosed outline (Enclosure 5).

You are reminded that not later than 60 days after each
report of the independent consultant is filed with the Regional
Director, you must submit to the Regional Director three copies
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of a plan and schedule for designing and carrying out any

proposed corrective neasures for that project.

sincerely,

Ronald A. Corso, Director
Division of Dam Safety and

Inspections

Enclosure
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Enclosure A

Project No.

2077

1892

1855

1904

Proj~ect Nare

Fifteen Mile Falls

Wilder

Bellows Falls

Vernon

Date Due

January 2, 1993

November 1, 1992

November 1, 1992

November 1, 1992


