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May 9,2006 

Ms, Dale C. Young 
Lead Administrative Trustee 
The Commonwealth of Massachusetts ­
Executive Office of Environmental Affairs 
100 Cambridge Street 
Boston, MA 02114-2524 

Re: 	 Biennial Structural Integrity Assessment (April 2006) 
Quarterly Inspection Report (April 2006) 
Woods Pond Dam, Housatonic River, Lee/Lenox, MA 

Dear Ms. Young: 

On November 29, 2005, GE's consultant MWH Americas, Inc, (MWH) conducted a 
structural integrity assessment of Woods Pond Dam. While this assessment was not 
schedule until November 2007, it was performed one year in advance as a precaution 
due to the high Housatonic River flows in October 2005, The results of this inspection 
are presented in the enclosed report "Woods Pond Dam: 2005 Structural Integrity 
Assessment", which was prepared by MWH. 

This biennial inspection of Woods Pond Dam is part of GE's overall operation and 
maintenance program for the dam. This program includes monthly, quarterly and 
biennial inspections, GE conducts the monthly inspections and the quarterly 
inspections, which are more detailed than the monthly inspections, The biennial 
inspections are conducted by a registered professional engineer and assess the 
structural integrity of the dam. The next biennial inspection is scheduled for November 
2009. 

Also enclosed is the April 2006 Quarterly Inspection Report. 

If you have any questions associated with the Biennial Structural Integrity Assessment 
or the Quarterly Inspection Report, please contact me at (413) 448-5910. 

Very Truly Yours, 

v~ r1 ~Kevin G. Mooney 
GE Project ManagerU 



Cc: Kenneth Finkelstein, NOAAlCPRD 
Ken Munney, USFWS 
Susan Peterson, CTDEP 
Susan Svirsky, USEPA 
Susan Steenstrup, MADEP 
Roderic McLaren, GE' 
Andrew T. Silfer, GE' 
Michael T. Carroll, GE' 
James Bieke, Goodwin Procter' 
Laurence S. Kirsch, Goodwin Procter 
Sam Gutter, Sidley Austin Brown & Wood' 
Mario Finis, MWH 

• Without copies 
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I Quarterly Inspection Form Woods Pond Dam Structural Integrity Assessment Training 

I 1.0 GENERAL COMMENTS AND SUMMARY OF INSPECTION 

J Date of Inspection: Y - -z..., - 0 L. 

J Inspection By: 

. 2. 1'-\ A..::...t.c.... '-' f>. S "" ~ s /C '7 

• 
I 

3. 7. L.£~S'G?'-'E 

4. lC.cV ..... HOONC1 

I ~~S- - r ,,_u ~ ~_~-r______________~_________________________VVeaili~: __ ________ ____ 

I 
J Comments: 

I 
I 

I 
I 
I 
I 
I 
I 
I 
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Quarterly Inspection Form Wood~ Pond Dam Structural Integrity As"e"sment Training 

I 

I 

I 

~ 

I 

I 

I 


-


2.0 CONCRETE OVERFLOW SPILLWA Y 

Is there any evidence of-

Discontinuity of smooth spillway overflow? A. 
Accumulation oflarge. debris 11pstream? B. 
Seepage from face of abutment walls? c. 
Settlement Or movement ofwalls or slabs?D. 
Unusual conditions? E. 
Vandalism?F. 

Comments: 

YES NO 
L/'" 
L/ 

~ 

/' 

v 
L/' 

I 
I 
t 

I Status of any detrimental conditions, if any, observed during last inspection: 

I 
I 
I 
I 
I 
D 
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t Quarterly Inspection Form Woods Pond Dam Structural Integrity Assessment Training , 
I 

3.0 WEST (RIGHT) ABUTMENT 

[s there any evidence of" 
YES NO 

I, 
}. 
! 

I 
A. Erosion ofmaterial upstream or 
B. Settlement or cracking of concr
C. Dislocated or missing riprap? 

downstream? 
ete? 

, 

/' 
<./' 

I D. Seepage aroWld the end of the a
E. Excessive flow downstream ofth
F.. Significant change in wetland ar

butment? 
e"abutment? 
ea? 

./ 

t../ 
./ 

f G. Unusual conditions? 
H. Vandalism? 

c./ 

.../ 
v 

I Comments: 

I 

r 


Status of any detrimental conditions, if any, observed during \ast inspection: 
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Quarterly Inspection Form Woods Pond Dam Structural Integrity Assessment Training 

4.0 EAST (LEFT) ABUTMENT 

Is there any evidence of: 

A. Erosion of material upstream or downstream? 
B. Settlement or cracking of concrete? 
C. Dislocated or missing riprap? . 
D. SeeQage around the end of the abutment? 
E. Excessive flow downstream ofthe abutment? 
F. Unusual con4itions? 
G. Vandalism? 

YES NO 
..../ 
(.../' 

{./ 

L/ 

./ 
v 
--./ 

Comments: 

I 


I 

I 

I 


I 
I Status of any detrimental conditions, if any, observed during last inspection: 

( 


t 
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Quarterly Inspection Form Woods pon~ Dam Structural Integrity Assessment Training 

J 5.0 RACEWAY CLOSURE STRUCTURE 

Is there any evidence of' 

" f 


r 


YES 
A. Damage to chain lock or handrails? 
B. Damage to hoisting mechanism? 
C. Missing or damaged concrete stoplogs? 
D. Settlement or cracking ofconcrete deck? 
E. SheeJpile bowing or interloqk distress? 
F. Loss of interior fill? , 
G. SeejJage? 
H. Unusual conditions? 
r. Vandalism? 

Comments: 

NO 
~ 
v--

L/' 

~ 

/~ . 
~ 

/,-

L/' 

/' 

Status of any detrimental conditions, if any, observed during :Iast inspection: 
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Quarterly Inspection Form 	 Woods Pond Dam structurat Integrity Assessment Training , 
6.0 RACEWAY EMBANKMENT 

Is there any evidence of 

A. 

B. 
C. 
D. 

E. 

Local subsidence, sinkholes, animal burrows, or . 
depressions? 
Erosion at the water lineJraceway or river side)? : 
Seepage on downstream face ofembaUkment? 
Large "trees or heavy vegetation impeding 
inspection? 
Accumulation of debris in raceway channel? 

YES 

. 

NO 

V-­
v­

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

V­
~ 

F. 
G. 

Settlement ofcrest? 
Sloughing or slides? 

v---­
....,-­

H. 
1. 

Unusual conditions? 
Vandalism? 

~ 

0..-/ 

Comments: 

Status of any detrimental conditions, ifany, observed during last inspection: 

Page 32 	 @)MWH 
e02:jj 90 L2 Jd8S612-v6v-Elv 



J 

t Quarterly Inspection Form Woods Pond Dam 'Structural Integrity Assessment Training 

I , 
f·7.0 RACEWAY STOPLOG SLUICE STRUCTURE' i 

I' 
Is there any evidence of: 

f 

I 


I 


Conunents: 

YES NO 
A. Missing or damaged stoplogg? V-
B. Substantial leakage through stoplogs?· , v 
C, Cracking or movement ofconcrete walls? (./' 

D, Leakage from crack(s) in concrete walls? V 
E. Seepage arolUld the walls or under the 'apron? v 
F: Accumulation ofdebris on stoplogs' or apron? ,/ 
G. Settlement offill? I~ 

H. Deterioration of concrete? /' 
1. Unusual conditions? ......----
J. Vandalism? 1/ 
K. Deterioration or damal(e to upstream masOnry walls? ,/ 

Status of any detrimental conditions, ifany, observed during last inspection: 
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t Quarterly Inspection Form Woods Pond Dam. Structural Integrity Assessment Training 

r 

I 

r 

I 
I 

I 
I 
I 
I 

I 

I 

8.0 PIEZOMETERS 

Is there any evidence of' 

A. Damage to casing? . 
YES NO 

./
B. 
C. 

Is the cap locked and in place? 
Is there debris or other obstruction inside tbe casing? . 

./ 

./ 
D. 
E. 
H. 

Is there ice inside tbe casing? 
Is there settlement arDtmd the piezometers? 
Unusual conditions? 

I 

~ 
V 
./ 

I. Vandalism? c/ 
. 

PIEZOMETER READINGS 

Elevation at Top Depth to Water 
Piezometer of Pipe (ft) . Water (ft) Elevation (ft)

61) . (b) (c) = (a) - (1)) 
BH-l 952.82 ,,\.-yo '0, .... "3. 0"2­

BH-2 . 953.79 \ I. -z.. '-\ 9 '-{ -z.. s- s­
BH-3 ·954.03 c:..... , C> 9'-i ... ""13 

Note: ElevatIon at top of pIpe resurveyed on 28 November 2005. 

Comments: 

Status of any detrimental conditions, if any, observed during last inspection: 
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Quarterly Inspection Form Woods Pond Dam Structural Integrity Assessment Training-
9.0 SURFACE WATER READINGSI 


I 

I 

J 

I' 

I 

I 

I 

I 

I 

I 

I' 


I 

I 

I 


• 

Elevation at Deptl,J to Water Elevation 
Location Benchmark (fti Water (ft) (ft) 

(a) (b) ~ =1llj -_(b) 
Reservoir 954.14 '-j.YS" '9 '-1 'l 'Z-"? 
Raceway 954.10
Channel ~. 10 Cj'-\L..oO 

River 
(downstreamL 

944.26 -Z."to 4 '-{ l . "3l­

Locations ofBencluilarks. 
Reservoir: Chiseled square on the northwest comer ofeast abutment ofraceway 

closure structure. 
Raceway 
Channel: 

River: 

Chiseled square on the southwest comer of east abutment 6f.raceway 
closure structure. 
Chiseled square on the southwest comer ofnorlh wingwall ofraceway 
stoplog structure. 

10.0 PHOTOGRAPHS 

Typical photographs ofproject features to be inspected as iNell as conditions encountered in the 
past are presented in Section F. Locations of each photograph are shown on the Photo Location 
Map. Suggested photographs to be taken at the Quarterly inspection are highlighted in· green on 
the Photo Location Map. 

# Photograph Taken? 

2 Railroad area at west (right) abutment IFc,,-#<j9 
3 Crest ofwest (right) abutment _-=/l!Jr /13 
4 View of reservoir from upstream ofwest (right) abutment 101 
5 Wetlands area from doWnstream right bank looking upstream III/­
6 Overflow spillway and left training wall from right training wall '. 102 
7 ruprapped riverside of raceway embOnkment taken from wetlands area downstream of toe 103 
8 End ofbase ofright spillway training wall IO_J.f­
9 Concrete cap ofraceway closure structure LO§
10 Left upstream masonry wall upstream of raceway closure structure lOb 
11 View of raceway channel from raceway closure structure 107 
12 End and base ofleft spillway training wall and depression area at spillway toe L4f 
13 llight spillway training wall 
14 View of right spillway wall from raceway closure structure la~ 
15 Crest of raceway embankment : /LO 
18 Upstream face ofraceway stoplog sluice structure 11'2..­
20 Downstream of raceway stoplog sluice structure· Itl 
21 View ofconcrete overflow spillway from raceway embankment 
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Woods Pond Dam Quarterly Inspection - April 27, 2006 

Crest of Spillway Looking West to East 


Woods Pond Dam Quarterly Illspectioll - April 27, 2006 

Crest ofSpillway Looking East to West 




Picture was not recorded 

Woods Pond Dam Quarterly Inspection - April 27, 2006 

View of Dam Looking Upstream 


Woods Pond Dam Quarterly Inspection - April 27, 2006 
Raceway Channel Looking Downstream 
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Woods Pond Dam: 2005 Structural Integrity Assessment Preface 

PREFACE 

At the request of General Electric Company, an independent inspection of the Woods 

Pond Dam was performed to assess the structural integrity of the dam, including 

conditions and circumstances that could lead to catastrophic failure of the dam and/or 

substantial release of the sediments contained in the impoundment behind the dam. This 

is the fourth assessment conducted pursuant to Paragraph 123.a of the Consent 

Decree (CD) executed by Generai Electric and various iederai and state agenCies, which 
was effective upon approval by the court on October 27, 2000. At GE's request, this 

assessment was performed one year in advance of the scheduled biannual assessment as a 
precaution due to high flows in October 2005. :The inspection was performed on 
29 November 2005 by Mario Finis, P.E. and Manoshree Sundaram; P.E., both of MWH 

Americas, Inc. (MWH). 

:The reported condition of the dam is based upon onsite observations and data available to 

the inspection team at the time of the inspection. 
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Project Description and 
Woods Pond Dam: 2005 Structural Integrity Assessment Background 

1.0 PROJECT DESCRIPTION AND BACKGROUND 

1.1 Background 

Woods Pond Dam is located on the Housatonic River near the towns of Lee and Lenox, 
Massachusetts, as shown on Exhibit I. The original dam was reportedly constructed in . 
about 1864. The original structure consisted of a 9-foot high rock-filled timber crib 
overflow dam with a 14-foot-high earthfill embankment parallel to the river channel as its 
east (left) abutment. The original structure was replaced in 1989 with a new concrete 
overflow spillway and new abutments with the centerline of the new dam located 
downstream from the crest of the old darn. An earthfill (raceway) embankment forms a 
30- to 50-foot wide raceway channel east of the main river channel. The raceway 
channel conveys flow to a small mill pond, which at one time was a forebay for a water­
powered mill that has been retired. The darn impounds the Woods Pond Reservoir, 
which is part of the Housatonic River Valley Wildlife Management Area. No design or 
construction drawings for the original project structures are known to be available. 

Prior to the 1989 rehabilitation and darn replacement, the original Woods Pond Dam was 

in a deteriorated condition and could not pass a flood greater than about the 10-year flood 

event without overtopping the raceway embankment at the east (left) abutment. 

Overtopping ofthe embankment at the east (left) abutment could have caused a breach of 

the embankment, resulting in the uncontrolled release of the reservoir, including silt, 

which had settled to the bottom of the reservoir. 


Beginning in 19'79, studies and investigations were performed to assess the condition of 
the darn and to develop recommendations for repair and rehabilitation of the darn. In 

1983, the timber planking and heavy gage sheet metal on the main overflow dam were 
replaced with an 18-inch-thlck reinforced concrete cap. After placement of the cap, a 
leak developed at the east abutment masonry wall, presumably due to the cut-off of 
natural seepage through the timber crib darn. The joints in the masonry wall were filled 
with mortar shortly after the 1983 construction, temporarily stopping the leakage, which 
therein contributed to pressure buildup behind the wall resulting in lateral movement of 
the wall. 

In 1988, a plan was developed to rehabilitate the darn to provide a safer, more reliable 
project structure. Based on a geotechnical investigation, a detailed design report for the 
darn rehabilitation was prepared in 1989 [Reference I]. The rehabilitation was carried 
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Project Description and 
Woods Pond Dam: 2005 Structural Integrity Assessment Background 

out in two stages. The first stage consisted of the construction of a raceway closure 
structure with concrete stoplogs to divert flow away from the raceway and mill pond. 
The purpose of the closure structure is to protect the raceway embankment from 
overtopping and potential failure during high flows. During later (second stage) 
construction, the closure structure was used to divert water through the raceway channel 
while work was performed on the new spillway and abutments. The· second stage 
consisted of the construction ofa replacement spillway and non-overflow gravity sections 
a short distance downstream of the original spillway. A rockfill berm was also 
constructed on the west (right) bank of the river between the original spillway and new 
spillway, and the upper 2.5 feet of the original timber crib spillway were demolished. 
A general plan of the rehabilitated project is shown on Exhibit 2. Exhibit 3 presents 
typical cross sections of the structures. The original stoplog sluice gate structure at the 
downstream end of the raceway embankment was rehabilitated in 1991. This structure 
controls the water level in the Mill Pond and raceway channel. The drawings for the dam 
and raceway closure structure were provided in an Appendix to the 2000 Structural 
Integrity Report [Reference 6]. 

1.2 Project Features and Project Classification 

The dam consists ofa 140-foot.long concrete overflow spillway, a concrete non-overflow 
gravity section at the west (right) abutment, and a concrete and steel sheetpile raceway 
closure structure at the east (left) abutment, all constructed since 1989. The dam has a 
maximum height of approximately 14 feet. The ogee spillway has a crest elevation of 
948.3 ft National Geodetic Vertical Datum (NGVD). The raceway closure structure 
forms the east (left) abutment of the dam and has a top elevation of 954.0 ft NGVD. The 
west (right) abutment is a non-overflow gravity structure with a sloped downstream face 
and a top elevation of 954.0 ft NGVD. The new structure is completely independent of 
the original structure and is located about 200 feet downstream of the original structure. 
The new structure does not rely on any ofthe original structures for stability. 

The structures are founded on shallow "marbleized" bedrock, which is vertically bedded 
and is generally fine grained, hard with variable medium to close joint spacing. This was 
determined during the 1988 geotechnical investigation program, which also included soil 
borings and water pressure testing of the rock. Details of the subsurface field 
investigation can be found in the General Design Report for Woods Pond Dam 
Rehabilitation [Reference 1]. 

In accordance with the Massachusetts Department of Conservation and Recreation, 
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Project Description and 
Woods Pond Dam: 2005 Structural Integrity Assessment Background 

Division of State Parks and Recreation (DCR) Regulations (302 CMR 10.00, November 

2005), Woods Pond Dam is designated as a "large" size dam with a "significant" hazard 

(Class II) potential. This size classification is based on the storage capacity that occurs 

during the spillway design flood, while the hazard potential classification is based on the 

presumption that a failure of the dam may result in the loss of life and significant 

property damage immediately downstream of the dam. A failure of the dam could also 

result in the uncontrolled release ofsediments from the reservoir upstream of the dam. 

1.3 Previous Inspe(!tions and Reports 

Harza Engineering Company, Inc. (Harza), a predecessor to MWH Americas, 

Inc. (MWH), inspected the dam in 1991, shortly following completion of the project 

rehabilitation [Reference 2]. Harza inspected the dam in 1998, with a report prepared in 
March 1999 [Reference 3]. Harza also prepared a Downstream Raceway Embankment 
Slope Stability Analysis in March 2000 [Reference 4]. In addition, the Massachusetts 

Department of Environmental Management (DEM, now DCR) performed an inspection 
of the dam in 1998 [Reference 5]. Harza then performed the first Structural Integrity 

Assessment of Woods Pond Dam in December 2000 with a report submitted in January 

2001 [Reference 6]. This was performed in accordance with the Consent Decree (CD) 

executed by General Electric Company (GE) and various agencies. As a result of the 
2000 assessment, various modifications to the project were completed to improve the 

structuraI integrity of the project. According to GE, at the invitation of the Lead 

Administrative Trustee (LAT) under the CD, a DEM staff member reviewed the 

modifications to the dam during a site visit in January 2002. MWH performed the second 
Structural Integrity Assessment of the Woods Pond Dam in October 2002. As part of that 

work, MWH reviewed the modifications performed as a result of recommendations made 

in the 2000 report and prepared record drawings to reflect the work performed in 2001. 

These drawings were provided in an Appendix to the 2002 Structural Integrity Report 

[Reference 10]. MWH performed the third Structural Integrity Assessment of the project 

in November 2004 and, as part of that report, made recommendations for minor repair 

work [Reference II]. The work was completed in 2005. 
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Project Description and 
Woods Pond Dam: 2005 Structural Integrity Assessment Background 

1.4 Recent Project Activities 

As part of the Structural Integrity Assessment perfonned in 2004 by MWH [Reference 
II], several recommendations were made to improve the structural integrity of the 

project. These were implemented in 2005 and included the following: 

• 	 Stabilization of the remaining section of river-side raceway embankment slopes 
immediately downstream of the spillway by pJacing riprap to a minimum of three 
feet above the nonnaI water line; 

• 	 Repair of voids and deterioration at the waterline on the upstream face of the left 
and right masonry training walls at the stop log sluice structure (at the downstream 
end ofthe raceway channel). 

Observations on these modifications are discussed in Section 2.0. 
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Woods Pond Dam: 2005 Structural Integrity Assessment Field Inspection 

2.0 FIELD INSPECTION 

2.1 General 

The field inspection was performed on Tuesday, 29 November 2005. The weather was 

cloudy with drizzle, with a temperature of approximately 53°F at the time of the 

inspection. Weather records for Pittsfield, Massachusetts indicate a high temperature of 

60°F and low temperature of 50°F for that day with average precipitation of 0.10 inches. 

Temperatures were higher than typical for this time of year. A very thin ice cover was 
observed over most of the water surface in the raceway channel as snow and cooler 
weather was experienced in the preceding week. However, flow over the spillway was 
fairly strong and no ice formation was observed in the reservoir, Mill pond, or main river 

channel. 

The reservoir water level (upstream of the overflow spillway) was measured at 
approximately EI. 949.4 ft NGVD, 13 inches above the spillway crest, which is at 
EI. 948.3 ft NGVD. The tailwater was at approximately El. 946.7 ft NGVD. 

The inspection was made by Mr. Mario Finis, P.E. and Ms. Manoshree Sundaram, P.E., 
both ofMWH. Prior to visiting the project site, the inspection team met with Mr. Kevin 
Mooney, Mr. John Levesque, and Mr. John Novotny of General Electric Company as 
well as Mr. John Powers, Mr. Mark Wasnewsky, Mr. Jim Roff, and Mr. Sean Coyle of . 
O'Brien & Gere, Inc. to conduct refresher training sessions both in the office and in the 
field for personnel who are responsible for conducting and overseeing the monthly and 

quarterly inspections ofWoods Pond Dam. 

The inspection performed by MWH involved observations of the portions of the 
structures visible at the time of the inspection. No sUbsurface or underwater inspections 
were included as part of this field inspection. Photographs taken during the inspection 
are included with this report. 

2.2 Reservoir and Overflow Spillway 

The reservoir rim and water surface in the immediate vicinity of the project structures 
were inspected. No sloughing, slides, or other indications of instability or unusual 

conditions that could affect the integrity of the project structures were observed along the 
reservoir rim near the project structures. 
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Woods Pond Dam: 2005 Structural Integrity Assessment Field Inspection 

The surface of the overflow spillway was not clearly visible during the inspection due to 
nearly thirteen inches of water flowing over the crest. The flow over the spillway crest 
was generally smooth with no observations of irregular flow patterns or evidence of 
differential movement of the monoliths (Photos I and 2). Observations made with this 
flow over the spillway indicate that the concrete on the crest and downstream face of the 

spillway is in good condition (refer to Appendix A for explanation of project feature 
condition scale), with no observed deterioration since the last inspection. Algae 
accumulation observed on the downstream face of the spillway does not appear to impede 
flow over the spillway or cause other potential problems. A horizontal line across the 
spillway located several feet upstream of the toe appears to cause a slight disruption of 
the flow. However, this appears to be the location of the end of the forms used to 
construct the spillway ogee, and marks the transition between the formed and unformed 
surfaces. There is no evidence of erosion at this location based on observations, but this 
area should be monitored as part of the quarterly inspections and should be observed 
during a period of low flow, if possible. Flow at the toe of the spillway was relatively 
level, with no visual indication of scour or undermining. No areas of visible spalling, 
cracking, erosion, or signs of concrete deterioration across the spillway were observed. 
The concrete at the spillway-abutment contacts is also in good condition. 

An investigation consisting of probing and sounding of the riverbed downstream of the 
toe of the concrete overflow spillway was performed in 2002 and revealed a small 
depression near the left training wall approximately three to four feet lower than the 
average riverbed elevation. At this time, it is unclear if this depression existed at the time 
of construction of the new overflow spillway, or if this depression has developed since 
construction was completed. Results of the 2002 investigation as well as exhibits and 
photographs showing the top of rock as observed and recorded during construction are 
included in the 2002 Structural Integrity Assessment Report [Reference 10J. 

Visual inspection of this small depression area during this inspection did not reveal 

cloudy or muddy seepage or signs of erosion in the general area of the depression; 
however; it is recommended to observe the area in a time of low flow to allow closer 

inspection of the low spot. Also, it is recommended to perform a survey within the next 
year to compare with the results of the 2002 baseline survey to determine if the 
depression area has enlarged or experienced additional deterioration. 

To facilitate estimates of the water levels in the reservoir, and reduce risks to personnel 
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taking measlII'ement" parti~ularly during hi gh !lows, we suggest a staff gage be installed 

or elevations he painted on the spillway tmining wnlls. tlcvations cOldd be paintl'll on 

the lett tr:lining w~1I to Hldlitate vicw Irom Cryst:t! Street or from the railroad trucks/west 

abutment, and on the right training wall to lilcilitat e reading Iroul the nest or tlte r'"Tway 

embankment or from near the c10slIre structure. fi gure I below illustrates a snggested 

loca tion for a staff galle or to paint relcr<' nec elevntions to filcilitatc reservo ir kvd 

readings. 

.­
Figure 1. Left Abutment - Suggested locotlon for sto ff 

J.:agr ur lu painl rl'f,'n'!U'c ,'Il'vatiulls (rj~ht almlmt'nf In 

he similar) 

2.:1 West (Right) Abutment Non-overOo\\, Gravity Section 

The west (right) abutment consists or a training wall adjacent to the spillway, whi ch 

extends upstream and downstream of the spillway crest. 011(1 a mnss concrete gmvity 

section thnt ends at the railrond tracks at a shcetpile wall. The abutment was observcd to 

be in good wndilion. No signs of differential movement of the concrele gravity 

monoliths, arens of visible spall inn, significant cracking, erosioJl, exposed reinforcement, 

or other signs of deterioration on the visible portions of the upstream facc, n es t. 

downstream face. or riverside face were ohserved. The joints ahove 1o:rOllno were 

tlbscrved 10 be in gtlOU etlnuititln. A lew sm:11I cracks Ihat have been observed in Ihe past 

three inspections in the lop of the right tmining wall at the right abut/llent do not appear 

to have changt·d. The riprap along Ihe west embankment. bolh upslrc:ml :md downslream 

of the spillway. appeared 10 be in gOt)d condition with no seollr or lIndcl'lnining or th<~ 

riprap observed (Photo }). 
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The training wall at the end of the overflow spillway is in good condition with no 
large cracks or significant deterioration or signs of movement or undennining observed 
(Photo 4). Some deterioration and rust-colored stains have been noted near the base of 
the training wall downstream of the spillway crest. The concrete in this area should 
continue to be monitored for signs of deterioration or rusting reinforcing steel. 

Upstream of the spillway crest, the slight bulge at just above the waterline along the 
vertical joint in the training wall, which was observed in the 2004 inspection, does not 
appear to have changed or moved. 

The concrete abutment ends at the east side of the Housatonic (formerly Boston and 
Maine) Railroad tracks with riprap placed against the sheetpile (photo 5). Approximate 
measurements of the top of railroad bed were made. The sheetpile extends to 
approximately 4 inches above the top of the concrete abutment. The distance from the 
top of the sheetpile to the top of the rail was measured at 7V. inches while the distance 
from the top of the rail to an approximate top of the bedding was measured at 16 inches. 
This area should be routinely monitored for any seepage through or around the concrete 
non-overflow section or for signs ofmuddy or cloudy flow. No adverse conditions, such 
as settlement" depressions, or sinkholes in the surface of the railroad bedding were noted 
during the inspection. 

The wetland area noted in previous inspections downstream of the west abutment along 
!he right bank was wetter than noted in the previous visit due to recent precipitation. The 
water observed was clear, with no high velocities. No erosion of the backfill behind the 
abutment wall was observed. The area where the 12-inch diameter drainage pipe was 
identified beneath the railroad tracks should continue to be monitored for changes in !he 
rate of flow or for signs that the water is muddy or cloudy. Flow from the drainage ditch 
along the western edge of the railroad feeds the wetland area via !his drainage pipe; 
however, if signs of muddy or cloudy water are noted, these could indicate potential 
seepage from the reservoir. The vegetation in the area is reasonable and does not 
currently obstruct observation. However, it is recommended that !he woody vegetation in 
this area be kept to a minimum to facilitate inspection for potential problems. 

2.4 East (Left) Abutment and Raceway Closure Structure 

The east (left) abutment consists of a steel sheet pile cell-type structure with concrete cap 
and provisions for stoplogs controlling the flow into the raceway (raceway closure 
structure). The right-side face of the sheetpile structure is covered with concrete and 
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forms the left spillway training wall. A small concrete retaining wall on the downstream 
side of the structure acts as an extension of the spillway training wall and retains fill for 
the raceway embankment. Masonry and sheetpile walls upstream of the stoplogs act as 
training walls. Overall the structure is in good condition. 

The minor cracking in the concrete facing on the left spillway training wall, just 
downstream of the crest of the spillway, has not changed or worsened from previous 
inspections (Photo 6). This concrete is a facing on the steel sheet pile and is not critical 
to the integrity of the water retaining structures, but helps with the approach hydraulics 
and smooths flow over the spillway at the abutment interface. The cracks have no 
structural integrity significance. The concrete cap between the sheetpiles is in good 
condition (Photo 7). The joints have been cleaned and refilled, and are holding up well. 
The steel sheetpile is in good condition with no indiCation of bowing or interlock distress 
in any ofthe piles or ofloss offill from within the sheetpile. 

The repairs made in 200 I to the left masonry wall upstream of the entrance to the 
raceway stoplog closure structure are in fair condition and have not changed since the last 
inspection. The chipped corners of the patch appear stable and have not appreciably 
changed since past inspections. The purpose of this patch was to minimize the potential 
for water to seep through the bank and around the end of the abutment under Valley 
Road. The area around the left abutment and the surface of Valley Road in this area 
should continue to be monitored for signs ofseepage or piping. The trailers noted during 
the last inspection remain stored in this area. Inspection of the ground surface and slope 
at Valley Road showed no sinkholes, depressions, erosion, or other signs of seepage 
around the abutment or movement of the abutment. 

The raceway closure (stoplog) structure is in good condition. Several of the ladder rungs 
located on the downstream side of the stoplogs remain bent. Also, there was some 
leakage through the stoplogs, providing a small amount of flow into the raceway channel. 
These conditions do not affect the integrity or operation of the dam. 

We recommend the current stoplog operating procedure be revised. The current 
procedure involves placing additional stoplogs during rising reservoir water levels, then 
removing them to lower levels for normal conditions. In terms of practicality, especially 
in times offlood, we suggest placing all the stoplogs under normal conditions and leaving 
them in-place all the time except for maintenance. If the need to lower the reservoir 
arises, thestoplogs can be removed. The practice of maintaining flow in the raceway 
channel by having water spill over the top of the stoplogs is no longer necessary. Flow in 
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the raceway is now maintained by leakage through the stoplogs. Ifnecessary, spacers can 
be placed between two stoplogs to maintain a minimal flow in the raceway channel. As 
little as a one-inch space between two stoplogs should suffice to maintain a minimum 
flow in the raceway channel. The small amount of flow going through the one-inch 
opening during a flood would not be an issue in tenns of dam safety. Leaving the 
stop logs in-place all the time will avoid the need to install stoplogs as water levels are 
rising, alleviating a potential personnel safety concern, and potential dam safety concerns 
if the stoplogs were not able to be placed for some reason while water was rising. 

2.5 Raceway Embankment 

The raceway embankment upstream of the new dam consists of a masonry wall around 
the embankment and grouted and ungrouted riprap over the surface of the embankment. 
This feature is no longer a water-retaining structure and serves no dam safety function. 
The left wall of the upstream raceway embankment (to the right of the raceway closure 
structure) continues to move and separate from the raceway embankment. The wall is 
leaning out at the top nearly six inches. If the movement continues, the wall could 
collapse into the reservoir. This wall upstream of the raceway closure structure serves no 
structural p\JWose so further deterioration or collapse of the wall will not affect the 
overall integrity ofthe water retaining structures. 

Downstream of the dam and raceway closure structure, the raceway embankment consists 

of earthfill and riprap. This raceway embankment, which is about 12 to 14 feet high, is 

located between the river channel and the raceway channel. Under normal conditions, 

the water surface in the raceway channel is about one to two-feet lower than the reservoir 

water level, and about 4 to 5 feet higher than the water level in the river channel. 


All of the vegetation along the raceway channel side of the raceway embankment has 
been removed since the previous inspection. The entire length of the raceway channel 
side of the raceway embankment was regraded and fully riprapped, and is in good 
condition (Photo 8). The landside (left side) embankment along the raceway channel was 
also riprapped in 2001 for a distance of approximately 130 feet downstream of the 
raceway closure structure to remediate erosion and locally steep slopes near the project 
structures. This area is also in good condition. Some erosion along the remainder of the 
left embankment was observed. However, the left slope of the raceway channel 
downstream of the riprapped section serves no function concerning the structural 
integrity of the dam. The erosion should be monitored for possible sloughing of material 
into the raceway channel or for trees falling into and blocking the channel, which could 
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then back up water in the channel so that it might overtop the embankment. The inasonry 
wall on the left side of the culvert at the end of the raceway channel was observed to be 
leaning outward (photo 9) more than during the last inspection. This masonry wall does 
not serve any dam safety or water retaining function, so its condition is not relevant to the 

structural integrity of the dam. 

All significant vegetation on the river-side of the raceway embankment has also been 
removed and the slopes have been protected with riprap from the toe to the crest. The 
short length of embankment just downstream of the spillway previously without riprap 
was now covered with riprap like the rest of the embankment and is in good condition 
(photos lOa and lOb). The slopes were measured to vary from approximately 2H:IV to 
2.5H:lV and are in good condition with minimal vegetation. The riprap is of good 
quality and is predominantly well graded. A few areas were noted where large pieces of 
riprap have loosened or where a higher percentage of finer materials exist (photo 11). A 
few stones at the base of the slope may have moved or rolled into the riverbed, possibly 
as a result of the recent high flows. These stones should be restored to their proper 
positions as part of routine maintenance each spring. The riprap near the water lines 
should be inspected each spring as part of the quarterly inspections for signs of damage 
due to freeze/thaw action andlor high flows. 

The three piezometers installed along the crest are marked with orange traffic cones. The 
locking caps for the piezometers were damaged during the recent riprap placement 
activity and therefore new locking caps were placed with additional visible identification 
(photo 12). The newly repaired piezometers have been resurveyed to provide for 
accurate piezometer readings. Readings from these instruments are currently taken 
quarterly and are discussed further in Section 4.0. Based on discussions between GE and 
MWH, the frequency of the readings will be increased to a monthly basis. 

Some ruts, likely due to earthmoving equipment used in the riprap placement activity, 
were observed along the crest, especially along the length where new riprap was placed 
earlier in 2005. Other minor depressions were also noted. The crest of the embankment 
should be periodically surveyed, at least once every 10 years, to verify the crest elevation 
is at El. 952 ft or above, and all areas below El. 952 feet should be raised (photo 13). In 
the event that the ruts and depressions extend to a significantly greater depth than 
currently is the case, the potential for overtopping of the raceway embankment would 
increastw, 
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Beaver activity observed during this visit appeared to be at a minimum however, some 
activity was observed and should continue to be monitored so that blockage of flow in the 

raceway channel is avoided. 

2.6 Raceway Stoplog Sluice Structure 

The. raceway stoplog sluice structure is a concrete and masonry structure located at the 
downstream end of the raceway channel, just upstream of the Mill Pond. The purpose of 
the structure is to maintain the water level in the Mill Pond and raceway channel and to 
allow lowering of the water in the reservoir or raceway channel and Mill Pond for 
inspection and/or maintenance. 

As noted in past inspections, the upstream masonry wing walls of the structure are 
deteriorated, particularly at the waterline, and are in marginal condition. As first noted in 
the 1999 inspection report [Reference 3], the walls appear to be leaning outward slightly. 
The voids identified in the 2004 inspection on the left and right masonry walls at the 
waterline and within the walls themselves have been repaired and are in good condition. 
Some deterioration was noted on the right wall at the waterline, as well as a vertical crack 
approximately six feet to the right of the edge of the stop log structure. These should be 
repaired within one year to minimize possible seepage or piping which may lead to 
washout around the structures and/or movement ofthe walls (photo 14). 

Several branches, possibly due to beaver activity, and other debris were located on and 
behind the stoplogs. The debris over the stoplogs should be kept cleared so that it does 
not cause excessive backup of water in the raceway channel, which might overtop the 
embankment. 

The wingwaJls downstream of the stop log sluice structure are in fair condition. The 
vertical cracks noted on the north and south abutment walls during the previous 
inspection have been repaired as have the small holes previously observed in the south 
abutment wall. No evidence of settlement of the structure or surrounding backfill, or 
seepage around the structure, was observed. However, flow of about 1 GPM was 
observed coming from the base of the vertical crack on the left wall (photo 15). The 
accumulation of sand in this area was thought to be a result of the high flows from a 
recent high water event, rather than from the flow through the crack. The sand and debris 
in this area should be cleared and the flow rate and quality of the flow (clear, turbid, 
presence ofdeposits, etc.) should be monitored visually as part of the monthly inspection. 
In addition, the flow rate should be measured quarterly. The source of the leakage should 
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be investigated, perhaps by fluorescent dye test or other means. If the point at which the 
water is getting though the upstream wingwall can be identified, it should be sealed from 

the upstream side. The crack and leakage should not be sealed or plugged from the 
downstream side, as this could result in a buildup of pressure behind the wall or in the 
water finding a new exit path which could cause erosion, piping or other problems 
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3.0 SPILLWAY ADEQUACY 

The new spillway was designed in 1988 and constructed in 1989. The design criteria for 

the spillway required that: 

• There would be no change in normal Woods Pond reservoir levels; and 
• There would be no change in the 100-year flood reservoir level. 

The design and construction of the dam was approved in 1989 by the DEM, under 
Chapter 253 Dam Safety Permit (Waterways Application No. 89W-077, License 
No. 2028, August 2, 1989). The DEMIDCR regulations were subsequently revised in 
December 1996, May 2004, and November 2005. Adequacy of the spillway under the 
revised regulations was discussed in the March 1999 inspection report [Reference 3). 
Section 10.14 (6) of the regulations, Spillway Design, has not changed since the March 
1999 inspection report. The discussion presented in that report concluded that the 500­
year flood flow can be passed without failure ofthe dam. 

The area to the right of the west (right) abutment at the railroad bed has been previously 
identified as a low spot and would be the first area to be overtopped during a major flood. 
The potential for erosion and subsequent failure of this area was explored and is 
summarized in the 2002 Structural Integrity Assessment Report [Reference 10). While 
this area at the railroad bed is not part of the dam structure reconstructed in 1989, it does 
form part of the water retaining features of the project. The plan view of the area, shown 
on Figure 2 below shows the location of the railroad and its proximity to the project. 
A schematic illustrating the profile along the crest of the dam (viewed looking 
downstream) is shown in Figure 3. 

During the 100-year flood, the reservoir level is estimated at EI. 954.6 ft., while the 
tailwater level is estimated at EI. 951.5 ft. [Reference 3). The reservoir level during the 

SOO-year flood is estimated at EI. 955.8 ft. with associated tailwater estimated at 
EI. 952.8 ft. [Reference 3). These flows will overtop the east and west concrete 
abutments by 1.8 feet, which can be safely withstood by the structures. As illustrated in 
Figure 3, the lowest area along the project profile other than the spillway is the railroad 

bed. During the 100-year and SOO-year floods, water will flow through this low area. 
Evaluation of flow velocities and durations for these floods concluded that flows will 

overtop the railroad bed area, but that the size of the bedding stone and configuration of 
the project features should not result in the failure of the project structures or 

uncontrolled release of the reservoir for flows up to and including the 500-year flood (see 
Appendix C and Appendix D). 
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Figure 3. Schematic Profile Along Crest of Dam Looking Downstream. 
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3.1 October 2005 Flood 

The high flow event of 9 October 2005 had a reported peak flow at the U.S. Geological 
Survey stream gaging station in CoitsviIle, upstream of Woods Pond Dam, of 6,510 cfs, 

which was reported to be between the 50-year and 100-year recurrence interval flood. 
This is reported to be the highest flow on record at the gage which has records going back 
70 years, to 1936, exceeding the previous peak of 6,400 cfs in 1938 (Note: provisional 
USGS data, provided in Appendix B, indicates this flow to be between the 5-year and 10­
year recurrence interval flood, while also noting that this is the flood of record for the 
gage which has records going back to 1936. The footnotes also state that the flow had a 
50 year recurrence interval excluding October 2005 peaks. It is MWH's opinion that the 
5-10 yr designation may be in error, and thatthe 50-yr return interval designation is 
correct). The Coltsville gage drainage area is about 1/3 that ofthe Woods Pond dam. 

For the same event, the peak flow recorded at the USGS stream gaging station in Great 
Barrington was 8,080 cfs, which is about the 20-year recurrence interval flood. 

MWH believes that the Great Barrington gage is a better representation of the historical 
flows at Woods Pond Dam than the Coltsville gage because of the smail size of the 
Coltsville gage drainage area relative to the drainage area ofthe Woods Pond dam. 

Based on the flow at the Great Barrington gage, the peak flow at Woods Pond Dam 
is estimated to have been about 4,900 efs, with an associated water level of about 
E1. 952.8 ft. The actual water level appeared to be a bit lower than this, and did not result 
in flow going over the low point at the railroad bed. Photos 16 and 17 show water levels 
at the project as observed by GE staffimmediately following the high flow event. 

The high flows at Woods Pond dam in October 2005 do not appear to have caused any 
significant damage to the project structures or to have threatened the integrity of the 

facility. The only observed damage that might possibly be attributed to the high flows is 
the movement of some of the riprap stones at the base of the raceway embankment along 

the left side of the river channel. These few stones can be restored or replaced as part of 
normal maintenance measures. Overall, the project performed very well during the high 

flow event. 
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4.0 INSTRUMENTATION 

Beginning in 2003, as part of its quarterly inspection procedures, GE began taking 

readings at each of the three piezometers located on the crest (BH-I, BH-2, and BH-3) to 

monitor the phreatic surface (i.e., the depth to groundwater) within the raceway 

embankment. Reference elevations of the water levels in the reservoir, river channel, and 

raceway channel are also taken at each reading. The instrumentation data collected to 

date were reviewed prior to this inspection and a time history plot of the data was 

developed to evaluate the data and help to identit'y possible trends and/or anomalies in the 

data. Exhibit 4 presents the time history plot of the readings from the piezometers since 
April 2003. For evaluation purposes, reference elevations of the water levels in the 

reservoir, raceway channel, and river are also plotted. As can be seen on Exhibit 4 and in 

Tables I and 2 below, the piezometer readings generally remain between EI. 942 ft. and 
EI. 945 ft. and remain between the water levels in the raceway channel and the river 

channel and below the reservoir elevation. The readings taken in October 2005 are 

slightly higher and reflect elevated water levels associated with the high rainfall and high 

flows in the river. It is also noted that readings taken for piezometers BH-2 and BH-3 
may have been inadvertently switched in April 2004 and then back again in January 

2005. The slightly higher readings reported by piezometer BH-2 reflect the location of 
this piezometer near the raceway edge of the embankment crest, whereas piezometers 

BH-l and BH-3 are located near the center of the embankment crest. Exhibits 5 and 6 

present cross-sections through the raceway embankment showing the October 2005 and 

July 2005 readings, respectively for each of the piezometers. This cross-section 
graphically presents the level of saturation of the raceway .embankment between the 

water levels in the raceway channel and the river channel. The higher values recorded on 

28 October 2005 reflect the recent storm event, and may be due to surface water 
infiltrating the embankment, higher water levels in river channel, or both. 

Table 1 - Water Level Elevations 

Reservoir Raceway Channel River 

Dateo' Benchmark Depth ElevaUon Benchmark Depth Elevation Benchmark Depth EJevation 
Reading Elev. (ft) (ft) (ft) EJev. (ft) (ft) (ft) Elev. (It) (ft) (ft) 

28-Apr-03 
29-Ju~03 948.67 946.27 940.38 

28-0ct-03 954.14 3.96 950.18 954.10 7.45 946.65 944.26 1.25 943.01 
28-Jan-04 4.40 949.74 7.40 946.70 2.60 941.66 
22-Apr-04 4.65 949.49 7.80 946.30 2.80 941.46 
27-Ju~04 

10-Nov-04 S.03 949.11 8.29 94S.81 3.28 940.98 
2O-Jan-05 4.10 950.04 7.00 947.10 2.30 941.96 
22-Apr-OS 5.13 949.01 8.18 945.92 3.40 940.86 
27-Jul-OS 7.45 946.69 8.10 946.00 3.91 940.35 

28-0ct-05 3.99 950.15 8.10 946.00 1.35 942.91 
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Table 2 - Piezometer Readings 

I d d 8maged d ri Oct. 2005 inspection; weD easl to be repaired and res yedNote: •• Well cas ngsno e uno ... UMI 

BH·l BH·2 BH·3 

Daleaf 
TOp of 
C..... 

Depth 10 
Water 

Piuomefric.,. Top of 
Casing 

Depth to 
W..... Piezomttric EI. 

Top of 
Ca&lng 

Depth to 
Water Piezometric EI. 

Reading .'(IL) (ft.) (IL) .,(ft.) (IL) (ft.) ., (n.) (ft.) (n.) 

21J..Apr·03 952.29 9.28 943.01 953.17 8.48 944.69 
2g..Ju~03 9.87 942.42 8.82 944.35 

28-{Jct·03 8.93 943.36 7.9 945.27 
2IJ..Jan-04 7.98 944.33 frozen frozen 
22·Apr-04 953.13 8.88 944.25 954.07 9.31 944.76 954.14 11.53 942.61 
27.Ju~04 10.62 942.51 9.71 . 944.36 12.37 941.77 

10-Nov·04 10.80 942.33 10.08 943.99 12.2 941.94 
2O.Jan·OS 10.09 943.04 11.57 942.50 10.18 943.98 
22-Apr-{)S 9.35 943.76 11.78 942.29 8.99 945.15 
27·Ju~0~ 

26-Oct·05 .. 11.35 
6.96 

941.78 
944.15 •• 

12.65 
10.32 

941.42 
943.75 .. 10.16 

6.44 
943.98 
945.70 

Based on discussions between GE and MWH, the pie20meters will continue to be read at 
monthly intervals coinciding with the monthly inspections. Readings should be plotted to 

help identifY irregular readings, readings that do not correlate with those taken in the past, 
changes in the trends that have been observed in the past, or readings that exceed the 
water elevations in the reservoir, river channel, or mceway channel. These types of 
observations may indicate an erroneous reading or can indicate a potential seepage or 
piping problem. In the event of an irregular reading, a set ofverification readings should 
be taken to confirm the irregular reading. The plot included in Exhibit 4 provides 
guidance regarding the general acceptable range of readings at the Project. 
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5.0 STRUCTURAL STABILITY 

Structural stability and embankment slope stability are discussed in the 200 I Structural 

Integrity Assessment Report [Reference 6]. The dam is a concrete gravity structure 

founded on rock. The stability analyses performed for the new structures in 1988 are in 

accordance with the analyses required by the DEMIDCR regulations in 302 CMR 10.00 

and the required factors of safety were met. Detailed design information and calculations 

are contained in the General Design Report for Woods Pond Dam Rehabilitation 

[Reference I]. The horizontal force coefficient used for pseudo-static earthquake design 

loading was 0.1. This design value is considered equivalent to a peak seismic 

acceleration of about 0.1 5g to 0.2g. Full uplift was assumed for all loading cases. The 

value used in the 1988 design for cohesive strength at the interface of a concrete dam 
founded on bedrock was 100 psi for the non-overflow west abutment. with a coefficient 

of friction of 0.75. In the 1999 report [Reference 3]. the factors of safety for the stability 

analyses were recalculated to evaluate the sensitivity of the factors of safety relative to 

values of cohesive strength. Revised factors of safety were calculated using values of 10 

psi for cohesive strength with a 0.75 coefficient of friction. The bedrock encountered 

during construction was angular rock with some irregularities; therefore. the values for 

cohesive strength and coefficient of friction are conservative for this analysis. As shown 

in the 2000 Structural Integrity Assessment Report [Reference 6]. all factors of safety. 
even with this much lower value of cohesion. are acceptable and the dam is in 

compliance with the DEMIDCR regulations in 302 CMR 10.00. 

Slope stability analyses were performed for the raceway embankment, and are included 

in the Downstream Raceway Embankment Slope Stability Analysis [Reference 4]. 
prepared by Harza in March 2000. The embankment acts as a dike between the raceway 

and the main channel with a hydraulic head differential of approximately 5 feet under 

normal conditions. The most critical section of the raceway embankment existing at that 

time. i.e.• the narrow section previously located approximately 100 feet downstream of 

the new dam. was selected for analysis. Soil parameters were established using field 

classification of the subsurface materials, standard penetration test N-values. grain size 

distribution. and water content from a subsurface exploration program conducted in 1999 

(see Ref. 4 for results of the subsurface investigation). No cohesion was used in the 

analysis. A number of variations of the phreatic surface through the embankment were 

estimated for the different analysis cases. These phreatic surfaces correlate with the 
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actual piezometer readings observed. The results of this analysis indicated that the 

overall stability of the embankment satisfied the recommended factors of safety for 

stability. 

As observed during this inspection, the addition of riprap along the slopes of the raceway 

embankment provides additional slope protection and stability to the embankment. The 

previous narrow spot in the embankment has been filled and no longer exists. The 

oversteepened slopes have been flattened, and the erosion at the toe of the embankment 
has been repaired. The placement of riprap along the short riverside section of the 
raceway embankment just downstream of the spillway also improves the stability of the 
raceway embankment. The modifications made over the past several years have 

improved the stability of the embankment. All minimum factors of safety for 
embankment stability have been met or are exceeded. 
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6.0 SUMMARY AND RECOMMENDATIONS 

Overall, the Woods Pond Dam is in good condition and has been well maintained. The 
1989 structures were designed in accordance with the DEM (now DCR) Dam Safety 

Rules and Regulations (302 CMR 10.00) applicable at that time, and were approved by 
DEM. The dam safety rules and regulations have been revised since the design of the 
structures, in 1996, in May 2004, and, most recently in November 2005. The new dam, 

raceway closure structure, and riprap constructed in 1989 are in good condition and the 
modifications completed between 2001 and 2005 are also in good condition. The 
spillway and tailrace were under flow at the time of the inspection, but there was no 
indication of deterioration or distress. The overall condition and integrity of the water 
retaining structures have been significantly improved as a result of the modifications 
made since 1998, most recently with the riprap added to the raceway embankment in 
2005. The structures safely withstood the high flows in October 2005, estimated at about 
the 25-year return interval flood, with no noticeable deterioration or degradation, except 
for the possible movement of some of the riprap at the base of the raceway embankment. 
With implementation of the modifications recommended herein, the structural integrity of 
the project water retaining structures should remain intact for flows up to and including 
the Soo-year flood. 

The original dam structures are in a deteriorated state; however, these structures, 
including the upstream raceway embankment, serve no water-retaining function and are 
not relevant. to dam safety. The cracking and movement observed in the walls of the 
upstream raceway embankment are not critical to the integrity of the water retaining 
structures or dam safety. 

On the basis of our 2005 visual inspection, implementation of the following physical 
modifications is recommended. 

1. 	 Install a staff gage or paint reference elevations on the spillway abutment walls 
for ease in estimating the reservoir water levels, especially in times of high flow 
(Section 2.2). 

2. 	 The deterioration along the waterline in the upstream face of the right masonry 
training wall at the raceway stoplog sluice structure should be repaired. Also, the 

vertical crack in the upstream face of the right masonry wall located 
approximately six feet from the right wall edge should be repaired (Section 2.6). 
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3. 	 The seepage at the base of the left downstream training wall at the raceway 
stoplog sluice structure should be investigated to determine its source, and 
monitored regularly. A dye test or other test is recommended to determine if the 
water is coming from the raceway channel. lfthe raceway channel is identified as 
the source of the leakage and point of leakage through the upstream walls can be 
identified, repairs to the upstream walls should be implemented to stop the 
leakage. The water level in the Mill pond and raceway channel could also be 
lowered to look for possible deterioration at and/or below the water line on both 
the left and right upstream wingwall sections (Section 2.6). 

4. 	 Riprap similar to that placed along the raceway embankment should be placed 
along the area just downstream of the right (west) abutment for a distance of 
approximately 20 to 40 feet (Appendix C and D). Given the close proximity to 
the railroad tracks, placement of the riprap will likely require access pennission 
from the Housatonic Railroad. 

In addition, GE and its contractors should continue the quarterly and monthly inspections 
to inspect and monitor the project site in order to identitY changes in site conditions that 
may indicate a problem with the dam. Areas of the project site that should be closely 
monitored during these inspections were covered during the training session and are 
listed below. 

I. 	 The overflow spillway should be evaluated during a period of no/very low flow to 
determine the condition of the concrete and joints, and determine if there has been 
any movement of the monoliths and if there is any damage to the overflow 
structure itself (Section 2.2). 

2. 	 The riverbed downstream of the spillway toe should be monitored during a period 
of low flow t6 allow close investigation of the depression identified as the result 
of a survey performed in 2002. This area of depression should be monitored for 
any cloudy or muddy seepage or any signs of erosion or enlargement that might 
undennine the dam or abutment (Section 2.2). 

3. 	 The cracks in the right (west) abutment non-overflow wall should be monitored 
for changes (Section 2.3). 
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4. 	 The wet areas at the west abutment (the downstream side) should be routinely 
monitored for any increase in seepage through· or around the concrete non­
overflow section or for signs ofmuddy or cloudy flow (See/ion 2.3). 

5. 	 The rust colored stains at base of right (west) concrete training wall should 
continue to be monitored for signs ofdeteriomtionlrebar corrosion (Section 2.3). 

6. 	 Revise the stoplog operations procedures for the stoplog closure structure by 
installing all stoplogs under normal conditions, with a one-inch gap left between 
two stoplogs to provide a base flow in the raceway channel (Section 2.4). 

7. 	 The raceway embankment downstream of the new dam should continue to be 
monitored for signs oferosion, piping, seepage and instability (Sec/ion 2.5). 

8. 	 An inspection of ripmp along the river channel side and raceway channel side of 
the raceway embankment should be performed each spring as part of the quarterly 
inspections to identilJ areas where high flows or freeze/thaw action may have 
caused damage (Sec/ion 2.5). 

9. 	 The raceway channel, areas upstream and downstream of the raceway stoplog 
sluice structure, and areas upstream and downstream of the raceway stoplog sluice 
structure should be monitored for beaver activity to prevent blockage of the 
mceway channel (Sec/ions 2.4,2.5. and 2.6). 

10. The crest of the raceway embankment should be surveyed periodically (at least 
every 10 years) and should be raised as necessary to the minimum design 
elevation (Section 2.5). 

II. 	The east abutment of the raceway closure structure, left upstream masonry wall at 
the entrance to the raceway closure structure, and upstream masonry wing walls at 
the mceway stoplog sluice structure should be monitored for any indications of 
piping or seepage. Indications of piping may include (but are not limited to) 
washout around the structures and settlement of fill materials behind the 
structures. Movement may be indicated by relative movement of the structure 
away from adjacent fill materials, heaving of adjacent fill materials, or differential 
movement ofthe structure (indicated by cmcking) (Sections 2.4 and 2.6). 
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12. 	 Any changes in site conditions identified during the inspections should be 
reviewed and evaluated by a registered professional engineer with experience in 

dam inspection and rehabilitation. 

Additionally, the Operation and Maintenance Manual and Emergency Action Plan for the 

project will be updated to reflect the current condition of the project, specifically the 
raceway embankment. Procedures for maintenance of the riprapped slopes on the 

raceway embankment should be included. Similarly, the record drawings for the project 
will be revised to reflect the current condition of the project and should be included in the 

Operation and Maintenance Manual as well as the Emergency Action Plan, for reference. 
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DISCLAIMER 


This report and the recommendations contained within are based solely on the 
information made available. This report is intended for discussion and advisory pUlJloses 
only. Conclusions and recommendations may materially vary due to events and 
circumstances that are not reasonably foreseeable, are beyond the scope, or not part of 
this report, or due to inaccurate or incomplete data provided. This report is provided 
strictly for the benefit of GE. MWH is not responsible for use, dissemination, or 
disclosure of the information contained herein by GE to any third party. MWH is also 
not responsible for updating this report to reflect events or circumstances occurring after 
the date of submission. 
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LIST OF EXIDBITS 

EXHIBIT 1 PROJECT PLAN 

EXHIBIT 2 GENERAL PLAN 

EXHIBIT 3 TYPICAL CROSS SECTIONS 

EXHIBIT 4 WOODS POND DAM PIEZOMTER READINGS 
APRIL 2003 THROUGH OCTOBER 2005 

EXHIBIT 5 TYPICAL SECTION THROUGH RACEWAY CHANNEL AND 
RACEWAY EMBANKMENT SHOWING PIEZOMETERS BH-J, BH-2 
& BH-3, OCTOBER 2005 READINGS 

EXHIBIT 6 TYPICAL SECTION THROUGH RACEWAY CHANNEL AND 

RACEWAY EMBANKMENT SHOWING PIEZOMETERS BH·J, BH·2, 
& BH-3, JULY 2005 READINGS 
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LIST OF PHOTOGRAPHS 

Photo I View ofreservoir, overflow spillway and left.walls and abutment from 
upstream ofright abutment training wall. 

Photo 2 View of overflow spillway and left training wall from right training wall. 

Photo 3 Riprap protection along right bank upstream ofoverflow spillway; railroad 
at right abutment. Viewed from the right bank upstream of the overflow 
spillway. 

Photo 4 View ofright training wall from raceway closure structure 

Photo 5 View ofriprap in railroad area on right (west) abutment looking upstream 
(north). 

Photo 6 View ofoverflow spillway and left concrete training wall from right 
training wall. Inset is photo taken in 2004 for comparison. 

Photo 7 View of concrete cap on raceway closure structure from upstream (north) 
edge looking downstream (south). 

Photo 8 View ofraceway channel from raceway closure structure looking 
downstream; thin layer of ice on water. 

Photo 9 View ofdownstream end ofraceway channel from crest ofraceway 
embankment. 

Photo lOa View ofriverside ofraceway embankment from downstream toe ofright 
(west) training wall. Note newly riprapped area. 

Photo II View ofrip rapped riverside ofraceway embankment from the downstream 
(south) end looking upstream (north). 

Photo 12 Orange cone identifying piezometer locations on crest. 

Photo 13 View ofcrest of raceway embankment from downstream (south) end near 
raceway sluice structure looking upstream (north). Orange cone shows 
indicates location ofcrest piezometer. 

Photo 14 Upstream face ofraceway stoplog sluice structure. Note damage at 
waterline and vertical crack (with vegetation) on right wall. 

Photo 15 Flow observed at base ofvertical crack in left downstream training wall 
downstream of raceway stoplog sluice structure. 

Photo 16 View from right (west) abutment during October 2005 high flow event. 

Photo 17 View ofdownstream river channel from right (west) abutment during 
October 2005 high flow event. 
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Phlltu I View IIf rc""cn'lIir,lI\'crnUW xpillwH)' amlll'ft ,wall" Itml Hhulllll'lIt frullI upatfl'"m nf riJ.thl 
lthultllcnllraining wHI1. 

View uf u\,ernow sllillmiY HlIlllcfl tra illillJ.,t wall frum right trHiliinc \\'31 1. 
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Photo 3 Riprap protection Along right bonk uPStr4HUIl of uvernow spilln'at)'i rHilruad at rlc.h1 

Rltutrucnl. Viewed (rom IIle right bRnk upstream of the ovcrno\"l' sVilh""'ty. 


Photo 4 Vicw of right tl'IlinU1A willi from I'ncc",uy closure structure 
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J'hoto 5 View 01' rlprAp In railroAd Arc. on rlCht (west) Abutment looklng IIpstroAm (north). 

Photo 6 Vicw of ovcrnow S,lJiHWRY and left COIlC(CIC trailling n'a il froIH right IrAillill~ wttll. 

Ins('t is photo lakcli ill 2004 for cOlll}lnrisoll. 
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Pllntu 7 Vicw of concrC'te cop on rRcewny closure structure from upstrcllnl (norCh) ('dge 
tooklng downstream (south). 

Photo 8 View uf rlirt'\\'3)' chann~1 from nlIceway closure slructurc looking downstream: thin 
layer IIf ie t! tin water. 

®)MWHP-7 



Woods Pond OUIIl: .2U05 Slrliclurnl Inlegrily Assessmenl PhOlographs 

Pholo 9 View flf cluwnNlnHm ~ml of rJU:CWHY channel frum enst uf raceway t'mhankm~n1. 

Pholo lOA View of riversld, of rAcewAY 

embankmenl from downsl"Rm loe of rlghl (wesl) 


IrRlnlng waU. ~Olr newly rlprapp,d nreR. 


Photo lOb VIC'w from closur(' structur(' along 
rlpropped rlversld, ,lop' of rnceway embankmenl 


looking down5lr,.m (soulh). 
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Phulll 1 J View "f ripntvpeu rivenitle of nu:elvay emblukmeliC from Ihe uowlIslrt'HIll (~uuth) 
end lookiug upstream (north). 
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Photo 12 Orange cone identifying pi~7.umeter locatiuns nn crest. 
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Photo 13 View of crest of rAe('wR)! c01bRniun('nt from downsll'('om (south) cnd nC1I1' .. ,,('('Wit)' 

.sluic(l strll('tuf(' looking IIpSt((,~1ll (north). OrRngc ('am"5ho\''f5 indicat(ls IO(,Ation of (Test piczonle-tcl'. 

I'holo 14 Lfpslr~Am fnee of raee.wa), 'lOp log slulee slructure, NOle domoge nt woterline nnd 
..... lIe,,1 cr",'k (with vegetation) on rlghl W31l , 
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Photo 15 Flo \'1' observed 3t bas(' of 
Y"rtkol ('rAck in left downstrram trAining 

wall downstn":lnl of" racewny stoplog 
sillier Ktructllrr. 

LPhoto 16 View frum right (WC)it) ahutnumt e1uring Octuhcr 2005 h..il::h Ouw l!\'t'nt. 
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Plwh.17 View !If duwlI~lrcam ri\'er chalillc) frolll right (wc.'\o ubulmt'lit tlurill~ Oeluhl'r 2005 

high nuw l'V\'III. 
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PROJECT FEATURE CONDITION SCALE 


CONDITION DESCRIPTION 

Excellent 
No noticeable defects. Some aging or wear may be 
visible. 

Good Only minor deterioration or defects are evident. 
-

Fair 
Some deterioration or defects are evident, but function is 

not significantly affected. 

Marginal Moderate deterioration. Function is still adequate. 

Poor 
Serious deterioration in at least some portions of the 
structure. Function is inadequate. 

Very Poor Extensive deterioration. Barely functional. 

Failed 
No longer functions. General failure or complete failure of 

a major structural component. 

Note: Condition Scale taken from REMR Condition Index Scale, "The REMR Condition Index: Condition 
Assessment for Maintenance Management of Civil Works Facilities", REMR TN OM8CI~I.2. 
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U. S. Geological Survey Massachusetts - Rhode Island Water Science Center 

PEAK RIVER STAGES, DISCHARGES, AND APPROXIMATE RECURRENCE INTERVALS DATA FOR FLOODS 
OF OCTOBER 8 - 19, 2005 (updated 1012412005) 

USGS GaQinQ Stations Where Flood Recurrence Intervals Equaled or Exceeded 2 Years 

(Data are provisional and are subiect to revisions1 

Note: A 5-year flood has a one in five chance of occuring in anyone year; a 1 DO-year flood has a one in one 
hundred chance of occuring in anyone year 

Station Station name Date 0 f Time of P&ak Peak Flood Start Year Of 
Number Peak Peak Gaoo HOlght Of scharco Recurnmce Gaolno Station 

(hours (fo.n I(cubic foot Interval 
IDar second Ivoarsl 

MERRIMACK RIVER BASIN 
01094400 NORTH NASHUA RIVER AT FITCHBURG. MA 15-0ct 0800 7.11 2.380 5 1935 

01096000 SQUANNACOOK RIVER NEAR WEST GROTON. MA 15·OCI 2130 6.73 2.170 5 1949 

01097000 ASSABET RIVER AT MAYNARO. MA 16·0cl 0730 5.48 1,460 3 1941 

01099500 CONCORD R BELOW R MEADOW BROOK. ATLOWELL, MA 19·OCt 0400 7.47 2.550 2 1938 

01100000 MERRIMACK RIVER BL CONCORD RIVERATLOWELL. MA 16-OcI 2015 53.51 55.500 5 1923 

01100600 SHAWSHEEN RIVER NEAR WILMINGTON, MA 16·OcI 1100 7.04 630 3 1963 

MYSTIC RIVER BASIN 
01102500 IABERJONA RIVER AT WINCHESTER. MA 15-0ct 2100 12.99 467 3 1939 

I 
CHARLES RIVER BASIN 
01103500 CHARLES RIVER AT DOVER, MA 19-OcI 0215 6.09 1.840 5 1937 

01104500 CHARLES RIVER AT WALTHAM. MA 15-Oct 1715 4.1 1.310 2 1931 

NEPONSET RIVER BASIN 

01105000 NEPONSET RIVER AT NORWOOD, MA 15-OcI 1500 9.96 860 10 1939 

01105500 EAST BRANCH NEPONSET RIVER AT CANTON, MA 15-Oct 1430 5.88 1.100 10 1952 
. 

WEYMOUTH BACK RIVER BASIN 
01105600 10LD SWAMP RIVER NEAR SOUTH WEYMOUTH, MA 15-0ct 1545 5.92 458 10 1966 

I 
SOUTH COASTAL RIVER BASIN 

01105870 IJONES RIVER AT KINGSTON, MA IS-Oct 2245 4.99 297 5 1966 

I 
TAUNTON RIVER BASIN 
01108000 TAUNTON RIVER NEAR BRIDGEWATER, MA 17-Oct 1200 12.38 3,860 25 1929,76.1985-86,1996 ­

01109000 WADING RIVER NEAR NORTON, MA 16-OcI 0300 10.79 1,060 25 1925 

BLACKSTONE RIVER BASIN 
01109730 BLACKSTONE RIVER, W. MAIN ST. AT MILLBURY, MA 15-Oct 0930 11_76 5.960 unknown 2002 

01110000 QUINSIGAMOND RtVER AT NORTH GRAFTON, MA 15-OcI 1600 4.61 657 50 1939 

01110500 BLACKSTONE RIVER AT NORTHBRIDGE. MA 15-Oct 1600 13.65 7.410 25 1939-77,1995 ­

01112500 BLACKSTONE RIVER AT WOONSOCKET, RI 15-Oct 2400 15.34 16.400 25 1929 

MOSHASSUCK RIVER BASIN 

01114000 MOSHASSUCK RIVER AT PROVIDENCE, RI 15-0ct 1000 B.26 2.020 25 1963 

I 
WOONASQUATUCKET RIVER BAStN 

01114500 IWOONASQUATUCKET RIVER AT CENTERDALE. RI 16-0ct 0400 4.86 1,670 50 1941 

I 
PAWTUXET RIVER BASIN 
01116000 SOUTH BRANCH PAWTUXET RIVER AT WASHINGTON, RI 16·0cl 0400 4.86 1670 20 1940 

01116500 PAWTUXET RIVER AT CRANSTON, RI 15-Oct 1430 13.6B 4.260 40 1939 

PAWCATUCK RIVER BASIN 
01117420 USQUEPAUG RIVER NEAR USQUEPAUG, RI 16-Oct 0730 8.09 932 10 1959.1976 ­

01117468 BEAVER RIVER NEAR USQUEPAUG. RI 15-OcI 1345 3.97 321 10 1974 

01117500 PAWCATUCK RIVER AT WOOD RIVER JUNCTION, RI 16·0cl 1615 5.98 1.110 10 1940 



I 
MILLERS RIVER BASIN 

01162500 PRIEST BROOK NEAR WINCHENDON. MA 16·Oct 0330 5.66 569 5 1916 

01166500 MILLERS RIVER AT ERVING. MA 15·0<:1 1345 7.09 5.930 5 1915 

DEERFIELD RIVER BASIN 

01166500 DEERFIELD RIVER AT CHARLEMONT. MA 9·0cl 0415 13.53 25.700 10 1913 

01169000 NORTH RIVER AT SHATIUCKVILLE. MA 9·0cl 0515 12.32 16.600 100 1939 

01170000 DEERFIELD RIVER NEAR WEST DEERFIELD. MA 9-0<:1 0730 13.35 37500 15 1940 

01170100 GREEN RIVER NEAR COLRAIN. MA 9·Oct 0500 9.14 6.030 150 1967 

CONNECTICUT RIVER BASIN 

01170500 CONNECTICUT RIVER AT MONTAGUE CITY. MA . 9-0<:1 1045 35.04 121,000 5 1904 

01171500 MILL RIVER AT NORTHAMPTON. MA 9-0<:1 0415 13,95 a 8,860· 200 • 1936 
New DDak dlscharoo 

Previous peak dlschar e 6.300 cfs. 6119/55 

CHICOPEE RIVER BASIN 

01173500 WARE RIVER AT GIBBS CROSSING. MA 15·0<:1 1615 8.54 5.310 10 1912 

01174500 EAST BRANCH SWIFT RIVER NEAR HARDWICK. MA 15·Oct 1930 21.36 1.210 5 1937 

01175670 SEVENMILE RIVER NEAR SPENCER. MA 15·0ct 0545 12.95 400 25 1960 

01176000 QUABOAG RIVER AT WEST BRIMFIELD. MA 15·0<:1 0600 9.32 3.500 25 1912 

01177000 CHICOPEE RIVER AT INDIAN ORCHARD. MA 15-0<:1 1430 12.92 12.000 10 1926 

WESTFIELD RIVER BASIN 

01181000 WEST BRANCH WESTFIELD RIVER AT HUNTINGTON. MA 9·0<:1 0300 14.35 27900 5·10 ,. 1935 
Now peak discharge 

Previous Deak dlschar e 26.100 cf •• 8/19/55 

01183500 WESTFIELD RIVER NEAR WESTFIELD. MA 9-0<:1 0900 16.59 18.400 5 1914 

FARMINGTON RIVER BASIN 
01165500 IWEST BRANCH FARMINGTON RIVER NEAR NEW BOSTON. 9-0<:1 0300 8.81 6.460 5 1914 

I 
HOUSATONIC RIVER BASIN 

~01197000 EAST BRANCH HOUSATONIC RIVER AT COLTSVILLE. MA SoOcl 0530 8.14 II 6.510 II 5·10· 1936 
New peak dlscharae 

Previous Deak dlschar e 6400 cfs 9/21/36 

01197500 HOUSATONIC RIVER NEAR GREAT BARRINGTON. MA 9-0ct 1530 10.34 8.080 20 1913 ~ 
HUDSON RIVER BASIN 
01332500 HOOSIC RIVER NEAR WILLIAMSTOWN. MA 6·0<:1 2200 12.36 9.840 25 1940 

Prior recurrence Interval excludlna October 2005 Deaks 

01171500 MILL RIVER AT NORTHAMPTON. MA >500 

01181000 WEST BRANCH WESTFIELD RIVER AT HUNTINGTON. MA 100 

01197000 EAST BRANCH HOUSATONIC RIVER AT COLTSVILLE. MA 50 

-• Return periods for these stations were recalculated following BuHetln 17·8 guidelines from the annual series of peak flows including the most . ..­
recent October 2005 peaks. This assumeslhallhe most recent peaks are the maximum flow for the 2006 waler year, and thus are subject to 
change. 

a Based on peak.stage Indicator 

Values may be higher pending resufls of survey of high-waler 
b marks 
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Woods Pond Dam: 2005 Structural Integrity Assessment Appendix C 

REVIEW BY OTHERS OF PREVIOUS REPORTS 

The Lead Administrative Trustee (LAT) requested Woodlot Alternatives, Inc. (Woodlot) 
to review the Woods Pond Dam Structural Integrity Assessments performed in 2000, 

2002, and 2004. Based on their review, several items were identified for which 
clarification was requested. These are discussed below. 

Ct.t Apparent Elevation Discrepancies 

Woodlot noted apparent discrepancies between water surface elevations presented in 
Section 3.0 of the 2002 Structural Integrity Assessment Report (2002 Report) and those 
presented in the hydraulic analyses in Appendix C of the 2002 Report. The apparent 
discrepancies resulted from conservative assumptions used in hydraulic analyses in 
Appendix C of the 2002 Report. The elevations presented in Section 3.0 of the 2002 
Report are correct based on available information. The primary purpose of the hydraulic 
analyses performed and presented in Appendix C of the 2002 Report were to obtain the 
duration of overtopping of the railroad bed west of the end of the right (west) abutment. 
The inflow hydro graph was conservatively developed using rainfall in the watershed and 
through calibration of the hydrologic model to match recorded peak flows at the 
downstream USGS gaging station at Great Barrington. The elevations and calculations 
have been revised to eliminate the discrepancy and any potential confusion and are 
presented in Appendix D of this report. The revised elevations do not affect or alter the 
previous results or conclusions. 

Cl.2 Railroad Ballast Stability 

A question was raised regarding the average versus maximum particle size of the railroad 
ballast and its stability under overtopping flow. A missing subscript in the 2002 Report 
inadvertently led to a comparison of the required median stone size to the maximum size 
of the ballast. The calculations for the required median stone size did not change, and 
remains 1.3 inches. As shown on Table 1 in this section, a review of typical railroad 

ballast gradations recommended by the American Railway Engineering and Maintenance 
of Way Association (AREMA) shows the closest match for the materials observed at 

Woods Pond Dam is the gradation for material 4A with a maximum particle size of 2Y2 

inches. The median size for this 4A material is 1.5 inches, larger than the 1.3 inches 

required. This matches MWH's field observations which indicate the material to have a 

maximum particle size of about 3 inches and a median size of about 1.5 inches (see Photo 

CI). The revised calculation sheets correcting the typographical error are included in 

April 2006 Page C-2 ~MWH 
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Woods Pond Dam: 2005 Structural Integrity Assessment Appendix C 

Ct.3 Overtopping of Right AbntmentJRailroad Bed 

Woodlot noted that the railroad bed at the right abutment will be overtopped by less than 

a 50-year event and qncstioned whether the existing slope protection downstream of the 

west (right) abutment was sufficient. Stability analyses for the; west abutment show that 

the west abutment structure meets the required factors of. safety under flood loading 

conditions without any of the downstream earthfill being in place. The design of the west 

abutment appears to have considered the possibility that the backfill downstream of the 

westabutrnent structure might erode during a flood, amI designed the structure to meet 
required factors of safety under that loading condition. The potential erosion of the 

railroad embankment was reviewed as well and is discussed in the following section. 

CIA Potential for Railroad Embankment .Erosion 

A question was raised regarding the possibility for scouring of the fill downstream of the 

west (right) abutment, compromising the integrity of the railroad grade, and ultimately 

mobilizing sediments in the upstream impoundment. The situation was reviewed and 

evaluated as a potential failure mode for floods up to and including the 500-yenr flood. 

Because of the rapid rise in taHwater levels, the available energy head at the 500-year 

flood flow is small at 3.1 feet and it discharges into a very high tailwater pool at EL 951.5 

ft. Scour would stop once equilibrium was reached, which would nol extend lar below 

EI. 951.5 ft. Erosion and scour also would be resisted by the railroad ballast (with a 

ballast size up to 3") and by vegetation. Vegetation is \Ised in some spillways for erosion 

protection for flow velocities of 3 to 5 feet per second. The steel sheetpile at the end of 

the dam would also limit undermining and erosion of the railroad embankment adjacent 

to the darn. 111<'re could be sloughing of the railroad embankment laterally into a scour 

hole, downstream of the sheetpile, with erosion then proceeding in the upstream direction 

(headcutting). To connect to the reservoir, there is a very large volume of material in the 

railroad embankment that would have to be eroded and moved, which is unlikely with 

short dumtion and low energy flow associated with floods up to the SOO-year flood. 

Moreover, the entire right bank of the river upstream of the abutment between the old 

dam and the new abutment was built-up with a rockllll benn on lop of the railroad 

embankment, with a minimum crest width of 10 feet. The crest of the rockfill benl1 

immediately upstream of the west abutment is much wider and extends the full 54-foot 

width of the concrete abutment.. This is large riprap that would no! be subject to erosive 

forces, and was placed in large quantities. 
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Nevertheless, some small potential for erosion and scour exists. To be conservative, GE 

could consider minimizing the potenti~l for scour and erosion downstream of the west 
(right) abutment by placing riprap in this area for a distance of approximately 20 to 40 

feet (Appendix D). 

April 2006 Page C-S ~MWH 



Woods Pond Dam: 2005 Structural Integrity Assessment AppendixD 

APPENDlXD 


UPDATED HYDRAULIC ANALYSIS 

OF RAILROAD BED OVERTOPPING 


April 2006 Page D·I ®)MWH 



Woods Pond Dam: 2005 Structural Integrity Assessment AppendixD 

Notes for Updated Hydraulic Analysis 

To conduct the analysis of the railroad bed overtopping during a flood event, it was 

necessary to create a simulated inflow hydro graph that could be routedtbrough the 
reservoir in order to obtain the depth and duration of overtopping at the railroad 
embankment. NOAA's TP-40 Rainfall Frequency Atlas data were used as the starting 

point for this analysis. Runoff hydro graphs were adjusted based on site specific 
conditions to result in peak flows that would match previously determined peak flows for 
various recurrence interval storms. A comparison of the output from this simulation 
model to data contained in this and previous reports shows the following: 

Flow (efs) 

Event 
(return Int-dural/ont Report Model Difference % Difference 
500 vr-24 hr 12100 12113 13 0.11 
100 vr-24 hr 8600 8626 26 0.30 

50 yr-24 hr - 7441 - -

Stage (ft) 

Event 
(return Int-duration) Report Model Difference 
500 yr-24 hr 955.8 955.68 -0.12 
100 vr-24 hr 954.6 954.50 -0.10 
50 yr-24 hr - 953.98 -

Based on this comparison, the simulated hydro graph and routing model were considered 
sufficiently accurate for our purposes. The slight differences in peak reservoir elevation 
between the model and the report are acknowledged here but are considered insignificant, 
and well within the accuracy of the modeling. 
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Woods Pond Dam - Revised Rating Curves 
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Flow and Velocity Over Railroad Tracks - SOO-Vr, 24-hr Storm Event 
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Flow and Velocity Over Railroad Tracks - 100-yr, 24-hr Storm Event 
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Flow and Velocity Over Railroad Tracks - 50-yr, 24-hr Storm Event 
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Based on this review, the flow for the 100-yr flood can be easily withstood, while the flow from the 500­
yr flood may cause some incipient motion of the bedding material. Because of this, some additional 
investigation and sensitivity analysis has been conducted. 

The Isbash equation yields armor that is essentially 'non-moving' under the action of the design forces 
considered. The existing stone bedding, assumed D50 of 1.5 inches, would be considered non-moving 
for velocities up to 4.26 feet-per-second, which is greater than the 100-year flood but less than that for 
the 500-yr flood. There are several conservative inputs and assumptions in this analysis and In using 
the Isbash equation that should be considered. The required D50 is determined based on an average 
flow velocity, a recognized conservative assumption (see paragraph 4 and 5 of the attached Sheet 712­
1, Attachment 1). The actual velocity at the boundary conditions, where the flow is actually in contact 
with the stones, is typically less than the average flow velocity, and sometimes as little as Y. the 
average velocity. Secondly, the Isbash equation itself may be conservative in this application. The 
Isbash equation is appropriate for specifying material In dis-equilibrium with existing channel conditions, 
and sizes stone for essentially no movement. This is typical when considering riprap and other local 
scour protection around piers or at the ends of stilling basins. For more channel-like conditions which 
may exist at the railroad bed due to the long horizontal approach distance and long, continuous 
horizontal stone bedding layer itself, stability methods for channel linings may be more appropriate. 

There are various methods that can be used for stability of channel linings. Table 2-5 of EM-111 0-2­
1601 (Attachment 2) provides suggested maximum permissible mean channel velocities for various 
materials, and indicates that fine gravel «3/4 inch in size) can withstand velocities up to 6 fps. 
Additional analysis was done using equations for stability of stone blankets in a current field from other 
references (Attachment 3). This analysis shows that stone with D50 of 1.5 inches would resist the 
expected velocities for the 100 and 500-yr floods. 

Given these factors, the existing stone bedding at the railroad bed is considered acceptable. Some 
movement of the smaller stones could be expected, but significant erosion is not anticipated. 

QUALITY ENGINEERING - A MWH TRADITION 
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HYDRAULIC DESIGN CRITERIA 

SHEET 712-1 

STONE STABILITY 

VELOCITY VB STONE DIAMETER 

1. Purpose. Hydraulic Design Chart 712-1 can be used as a guide 
for the selection of rock sizes for riprap for channel bottom and side 
slopes downstream from stilling basins and for rock sizes for river clo­
sures. Recommended stone gradation for stilling basin riprap is given 
in paragraph 6. 

2. Background. In 1885 Wilfred Airyl showed that the capacity of a 
stream to move material along its bed by sliding is a function of the sixth 
power of the velocity of the water. l Henry Law applied this concept to the 
overturning of a cube,2 and in 1896 Hooker2 illustrated its application to 
spheres. In 1932 and 1936 Isbash published coefficients for the stability 
of rounded stones dropped in flowing water. 3,4 The design curves given in 
Chart 712-1 have been computed- using Airy's law and the experimental coef­
ficients for rounded stones published by Isbash. 

3. Theory. According to Isbash the basic equation for the movement 
of stone in flowing water can be written as: 

V~C [2{\ Y,] 
1/2 

(D)l/~ (1) 

where 
~-------

V = velocity, fps 

C = a coefficient 

2 


g = acceleration of gravity, ft/sec 


Y = specific weight of stone, lb/ft3 

s 

Y = specific weight of water, lb/ft3 
w 

D = stone diameter, ft 


The diameter of a spherical stone in terms of its weight W is 

substituting for D in equation 1 results in 
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,. 	,[,{, ;." r(;;,r (3) 

....hich describes Airy's law stated in paragraph 2. 

4. Experimental Resulto. Experimental data on stone movement in 
flowing water from the early (1786) wgrk of DuBuat5 to the more recent 
Bonneville rlydl'aulic Laboratory tests have been shown to confirm Airy's 
law and Isbash's stability coef'ficients. 7 The publi3hed experimental data 
arc genel'all,y defined in tel'ms of bottolIl volocities. However, some arc in 
terms of average flow velocities and oOlIle are not opecified. The Isbash 

o ment 
re 1'e resentative of the velo t a a n 

stone movement resu e y s ng, a coefficient of O. 
was obtained. When movement was effected by rolling 01' overturning, a co­
efficient of 1.20 resulted. Extensive U. S. Army Engineer Waterways Ex­
periment Station laboratory testing fOl' the design of riprap below still ­
ing basins indicates that the coefficient Of 0.86 should be used with the 
average flow velocity over the end sill for sizing stilling basin riprap 
because of the excessively high turbulence levell in the flow. For impact­
type stilling basins, the Bureau of Reclamation has adopted a riprap de­
sign curve based on field and laboratory experience and on a study by 
Mavis and Laushey. 9 The Bureau curve speci1'ies rock weighing 165 1b/n3 
and is very close to the Isbash curve for similar rock using a s~"bil1ty 
coeffident of 0.86. 

,. Application. 'fh. curVes glven in Chart 712-1 are applicable 
to sp"ciric stone weights of 135 to 205 1b/ft3 . The Boe 91' the averMe 

~~~**~ The sona-fille curvesn and other high-level tur­
bulence conditions. The dashed line curves are recommended 1'0r river clo­
s\\)'es and similar low-level turbUlence conditions. Riprap bank and bed 
protection in natttral and artificial flood-control channels should be de­
signed in accordance with reference 10. 

6. 	 Stilling Basin Riprap. 

a. 	~ The W50 stone weight and the D50 stone diameter 
for establishing riprap size for stilling basins can be ob­
tained using Chart 712-1 in the manner indicated by the 
heavy arrows thereon. The effect of specific weight of the 
rock on the required size is indicated by the vertical 
spread of the solid line curves. 

b. 	 GI'adation. The following size criteria should serve us 
guidelines for stilling basin riprap gradation. 

(1) 	 'l'he ~ower limit of W50 stone should not be less than 
the weight of stone determined using the uPP1'opriate 
"Stilling Basins" curve in Chart 712-1. 
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(2) 	 The upper limit of W50 stone should not exceed the 
weight that can be obtained econ~nically from the quarry 
or the size that will satisfy layer thickness require­
ments as specified in paragraph 6c. 

(3) 	 The lower limit of W100 stone should not be less than 
two times the lower limit of W50 stone. 

(4) 	 The.upper limit of W100 stone should not be more .than 
five times the lower limit of W50 stone, nor exceed the 
size that can be obtained economically from the quarry, 
nor exceed the size that will satisfy layer thickness 
requirements as specified in paragraph 6c. 

(5) 	 The lower limit of W15 stone should not be less than one­
sixteenth the upper limit of WIOO stone. 

(6) 	 The upper limit of W15 stone should be less than the up­
per limit of W50 stone as required to satisfy criteria 
for graded stone filters specified in EM 1110-2-1901. 

(7) 	 The bulk volume of stone lighter than the W15 stone 
should not exceed the volume of voids in the revetment 
without this lighter stone. 

(8) 	 Wo to W25 stone may be used instead of W15 stone in cri ­
teria (5), (6), and (7) if desirable to better utilize 
available stone sizes. 

c. 	 Thickness. The thickness of the riprap protection should be 
2D50 max or 1.5D100 max , whichever results in the greater 
thickness. 

d. 	 Extent. Riprap protection should extend downstream to where 
nonerosive channel velocities are established and should be 
placed sufficiently high on the adjacent bank to provide pro­
tection from wave wash during maximum discharge. The re­
quired riprap thickness is determined by substituting values 
for these relations in equation 2. 

7. 	 References. 

(1) 	 Shelford, W., "On rivers flowing into tideless seas, illustrated by 
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(2) 	 Hooker, E. H., "The suspension of solids in flowing water." Trans­
actions , American Society of Civil Engineers, yo136 (1896), pp 239­
340. 
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Woods Pond Railroad Track Erosion Potential Assessment 

Stone blanket stability design equation (for stable stone blankets in current fields) 

1_sin20d,o 	=S C rw 112( -It J]'12 
sin 2 rph f' [(r.-rJ F:ih 

K,= 

The critical depth-integrated velocity (Og) (obtained by re-arranging the above equation) 

-'_(_1)21'(.!!...)"1O [ (ra-rw) ]"2II< - g K, d30 

Sf C, d,o rw 


where 

a= depth-integrated mean flow velocity 

00 = critical depth-integrated mean flow velocity 

h = flow depth associated with a 

dao = stone or riprap size of which 30% in finer by weight 

Yw = the specific weight of water 

Ya = the specific weight of armor stone 

Sf =safety factor (minimum =1.1) to allow for debris impacts or other unknowns 

Cs = stability coefficient for incipient motion 
= 0.30 for angular stone (0.38 for rounded stone) 

Kl =a side slope correction factor to account for blankets placed on sloping 
channel side walls 

e= channel sidewall slope 

rp = angle of repose of blanket armor (40' approx. for riprap) 

References: 

1. 	 Coastal Engineering Manual (Draft), Engineer Manual EM 1110-2-1100 (Part VI), 
Fundamentals of Design, US Army Corps of Engineers, 2003 

2. 	 Hydraulic Design of Flood Control Channels, Engineer Manual EM 1110-2-1601, 
Engineering and Design, US Army Corps of Engineers, 1991. 

3. 	 Boundary Shear Stress Distributions in Open Channel Flow, D.W. Knight, K.W.H. 
Yuen, and A.A.I.AI-Hamid, Mixing and Transport in the Environment, John Wiley 
&Sons Ltd., 1994. 
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.:ri lit:a t s\'our vclocitks is given by th ~~ Task Conuniu.,.:<..' 
011 Prcp:1ulliol1 of Scdimcnllliioll Manunl (1966). 
Tablr. 2-·5 giv(.·s ,I s('1 of penuissibk velocities thai can be 
u~l:d liS II guide 10 design 1I0ll Scourill~ nood cOlllrol 1.:110­
/llIcls. Lillie (1955) prcsc ills \.:ur"\.'!j sltuwillg pl:nnissiuh: 
chLlnnd Shl.'iU sll\: ss 10 h\.' ItSI.'U lur lh;s i~l\, "lid tht: Suil 
(\ms,"fvntioll SI.'I'\'icc (1954) pn..':,t.:nls lllrUnJl\lliuli un 
gfOS;j- IiW:t.i dlllllltf.:ls . Dl.:jlilrlup.::-; rrum s ll~gc s l c t1 

Tnblo 2-5 
SuggQ&lo(t Mnlmum Porml5!llblo Moan Channel Vc locl 11c5 

Mean Ch,mool 
C/lol1l1(;1 Mutodal Velocily. Ip, 

pl:nnislliblc vclucity or sheilT \'aluc'\ should be basrd 011 
rcli alJh: Odd c;.;pcriencc ur l<thor" tnry tests. Channels 
whose vdocilics "nd/m shear c)(cccd penlli ss iblc villlI('S 
will requi re paving or hank rCVClIncn1. The pt'nllissible 
n tillcs of velocity iHld/or sheilr shoHln he de lenni ned so 
Ihal "amage exceedinG nemnal lnainlt'o;\nCC will 11 0t res ult 
from any nom\ Ih~1 cOllld be rC(l sl\nably ('xpectcd \0 O(,C'IIJ 
c1l1rinl~ the service life of the ch(lnncl. 

Fino SClnd 

CQIllSQ Sonll 

Fill !;! Cr,wel ' 

Eallh 
SOIllJy Sill 
Silt CI.,y 
Cra)' 

Gross·linod ~arth 
(~ l l)i'l,/~ IQ:;:.I 
Ihim 5%)~ 

Bermuda Gross 
Sandy Silt 
Sill Cloy 

KAnlur.ky Rill!') 
Gross 

Sandy Silt 
Sill Clay 

Poor Rock (usu",Uy 
sedimentary) 

SoH Sandstone 
sorl Shale 

Good Rock (U 611;)\ly 
Igneous or hard 
mOlomorph!c) 

20 

4.0 

6.0 

2.0 
3.5 
6.0 

ti.O 
00 

5.0 
7.0 

10.0 
6.0 
J , ~ 

20.0 

Note:>. 
1 For pM iclp.s l;1rGer thon fine grilver (o\Jou\ 20 mitlirm::lll;!l:I (111111) 

'" 3/4 In.>, see rlales 29 and 30. 
2. 	Keop volocilies IQs',j (hun 5.0 I~~ unless good cover e nd proper 

maIntenance can bA tlh l ;tlm~d . 
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~cdimCnl Ir:msport in alluvial channels anri design of• 
\:lUlal~ hal; bt:t:11 ahly pn.::;cnh.:d hy L,:liuv:;ky ( 1955 ). 
FunJaml.:utal illfunnatiull un bcu·lmuJ 1.:4ualluns and their - h.u.:kgruuml with cxamplt::; or usc in l:hunm:! d i::: .~ign is .. 	 gi\,~11 ill Rou!'ic ( 1950) (SI.:C PP 71i9-H57). An exce llent 

f\.'vicw wilh an cxtt!nsivt: hih liugraphy is i:I.\·ailahlr.: (Chicn 
1956). This review im:ludcs the generally accepted 
Einstein approach to sediment trampOI1 . A C01l1rarafive .. 
ITcatmenl of the mllny bec1-load r.qWHlnns (Vanonl, 
Rrooks, and Kennedy 19111) with fi elrl data inrilcate." rh?1 
no \)m: fmmulu is conl:iusivcly hCltt:r than an)' other ami 

that the accuracy of pn:dictiun is ahou1 ±100 perc en!. A 
rl:ccnl puper hy C:olhy t 19f:J4h) proposes a ~implc. rilrcct 
Im:thuu uf l'mpiril:ully I.: um:lating b1o:d- luad t.lis~hargc 

w ilh JH\!UIl \.:\luullcl vl.:lvt.:i ly ul vurivus fluw lh:pthli und .. median grain sil.c dinnu:t('f!J. This pcoc~lIur\.: is adl)plL:u 

11I::rcill lor ruu~h cstilllu(c~ uf bo:tl- luatl JIIUVI""nt':lJt ill num! 
l 'ulL trul dUIIIIII:b. 

.. c Dt::i ixlJ cllrves. Plnte 27 give:; curves uf bcd-Iuud 
dischnrge versus chauud vducily for thn:c dcplhs ur now 
and four sediment sizes. The basic nUlgcs or depths I1ml 
velocities have Ixcn extrapolated and interpolated from 
the curves presented In Lo tby ~1~MaJ tor use In t100d 
contro l ch:lI1nel design. Con'ectioll s for water h:mpcraturc 
and COl\c~ntr(\tlon of tine sediment (Colby 1964a) are not 
includl!d beciluse of their stnitll intluence. Th~ elln'cs In• 
Plate 27 shollirl he "pplicnhle for cSlimalinc bed-load dis­
charge in ch:lnne l ~ having g.eo logie and hydra ulic chi"lntc ­

Icristic;>I simi lar to tho"e In the channels from which the 

• 	 basil: uata were nbtained. The curves. in this plate can 
alsu hc used to c:-.timatc the relative dfecL'\ of il chance 10 

l:hunnel l:harHctcri~tic.'\ on heel- load mo"·ement. For exam~ 
pic, the effect of a 5crics of check dam..;; or drop structlJrCS

• 	 lhut iue provided tu decrease chunncJ slope would he 
renected ill tbe hytlruulit.: t.:hllractcriliticii by dccrca.'Iing the 
chaunel velocity. The curv\.:s euuld then bl.: used 10 csti. 
lIIate the uccn,:ulic in sediment luad. The eun'cs can a. 1 ~o• 
be used to upproxilllll tc the ellui librium sediment dis­
charge. If the supply of sl",duucut frum upstream sources 
is less than the sediment di!ichurge cumputed by the rating 
curves, the aplJfoximul\,: Uflluunt of li tn:ambcd seour can 
be estimated from 1111,: curVe:;. Similarl y, deposition will 
occur if the sedinn:ut supply is gn:uler thtm the sediment 
discharge indicated by the ratiul: l!urVC!i. An cxample of 
this is a lar~c licdimcnl luud from tl small side channel 
thot COU!iI::S tll.'pusition in u major floud channel. If the 
location of sedimenl dcposilioll is tu bl.: l!"onlrullcd, the 
estimated size of il sediment detent ion facility CUll br.: 
approximated using the curves. Au ex-ample of lhe usc tlf 
a sediment dischilrgl: (:~ \ uutiuu ill chunncl t.ksign i~ given 
in USAED, Los Angele, (1963). 

t·· 

2-7. Stab le Channels 

( I) I he deSign of slllblc channels requin:s Ihat the 
ch<lnne l ht:: 10 millen" \ or hned wilh l1l~t eriaJ cilpabk of 
resi sting. the sco1lCIOg furces of the flow . CIKl.nn1!1 3rmor­
tng IS required If Ihc~e forces are gn.:atl;r limn those that 
the bed and bank material can Icsi::;t. The basic pliuciples 
of st"blt' ch.\Un!.'1 dC'sign hav~ be-cn prcsenkd by Lane 
( l Y :"i ~J and c~p<lnd('(\ and modified by TeiTel! ami Borlallli 
(1951:1) ,md Carlson i'md MIller (1956). An outline: of til.., 
methor\ of channel deSIgn to resist srouring fo rces h ilS 

heell given 111 ~imnn , ( 1957) The most ('.ommon type of 
channel Ins!ahllity encoli nTered In Oood \-:on!col des lg.n IS 

scnurin' of the hed and hank ,!; ThiS results from reb ­
tn'ely large dJ;,:ch;uges. S H~e ch:l1l11el slopes, and norm"IJ)' 
limiled channel righ i-of-way Widths. These tAW:WS fn'­
4ucntly require Ihe usc of protcctive revetmenl In prevent 

s!.:uuring. 

(2) Whilc clay and silt arc fairly r;:.sislanl 10 scour, 
espcl:iully if l.:uvl:ccd ,...·ith vl"gdut iun , it is nl"l!l"ssary III 

prOVide channe l le v\!UnC'nt whell lru\:tivc for\.:\.."s lin.: 
:;ufficiclltly lli gh to l:UU:-'I,,' I.:H):\ion ur ;.:hannl!ls in finl." 
material. Litt le is kllUwu i.luout llie rcsblmll.:c uf day anti 
silf to t.'fosion as plu1icles in Ihis sizt! rnng~ urc illnIlCII\;l·(1 

10 a l.uge r:'l:tenl by C"uhcsivl! forccoS. A sUlIlIllary of SOIll~' 
of the. ene.cls is given by th e Task COllllllittee Oll Prepara­
tion of Sedimentation Manu,,1 (1966). SU;I!t'slcd Jl}axi ­
mum hmHIIl avera e chan nl..' vt'locities lor .' I co VI? 

malcfI:lls Me Isle 111 c below and plotted in Plate 2~ . 

b. Pr(:\'..·rllioll of scow'. Scour nud deposition occur 
most commonly whe-n partick' sizes range from rille !l(lud 
to grav~I , i.e., from about 0.1 mm through 50111111 
(I' late 2M). Erosion of sands in the lower range of sizes is 
especially critical as Ihe sand particle weight is small , 
there is no cohesion between grains, ,\nd there is usually 
little vegetMiun along the channel. This particle size 
r<lnge comprises the majority of the bed and susp~ndcd 
load in m"ny stremns. Paragraph 2 ~G above discusses 
sediment movem~l\t and preseots " S\'.diulent filting curve 
as a guide 10 predicting channel stabi lity. 

c::tC. Pcrmissihle v'fo i1\ ' mId The erll1issi .' , 
,-eloci . and sh~3r for a nonerod ible hall 
somewhat less th<ln the cnllcal veloci ty or shear tl1m will 
erode tht ch:mnel. 1 he adopti on of max imum pl.?rmlssible 
velOClIlt'S that are lIsed In the design of channels has been 
widely accepted since publication of J table of "(lInes uy 
t,'onicr and Scobey (1926). The. l"test information 011 
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Project information and pertinent data 

Railroad track invert = EI. 952.8 ft 
Effective channel width = 20 ft 

Kl = 1.0 (no side slope correction assumed) 


Hydraulic conditions (from separate analysis) 


1OO-yr flood 500-yr flood 

W.S. elevation 954.60 955.80 

Flow depth, h 1.80 ft 3.00 ft 


Approximation of dso 

Vso= 1.7 Vao (approx.); dso = 1.7 d30 (approx.) (Reference 2) 

Section mean-velocity, Vav• and depth-integrated velocity, Ci 

957.0 

956.0 

""c­
0... 955.0 

~ 
ill 954.0 

953.0 

952.0 

zo~e5 I Zone 6 C IR 
-- ---- ---1----- -" •• - -r ----- -----+- --- --- --- ~ -- -.50D.y):.. E~..955.S. -- - - - - ~- - -_. - - ---- - - - JY!I!8__ " 

. I . . . . 
---n__ u_; ___ -. --_.. -f ---- ----___;_u __ ---·;1O~~TEr. "Qs.ur --;- ------0-- -! ------n. +---uu --­

: I : ' , : ; 
~- ----~- ~-- .--- --- ------_.. -r _.. .. ---- ---- _."" -- -_." -;-- --------­
, ! ' , : : :
- -Top 0' fI.~.Ballasl_ - - - - - - - .,. - - - - - - - - - - r - - - - - - - - - - ',- - - - - - - - - - - r - - - - - - - - - - "," - - - - - - - - - ­

t , I , , 
, , I , , 

0.0 10.0 20,0 30.0 40,0 50.0 60.0 70.0 SO.O 

Distance, ft 

Flood Flow Q, cis Area, ft Vave, IUs 0 
ftlsyear depth, It Zone 5 Zone 6 total Zone 5 Zone 6 total QtotaJAtolal 

100 1.8 118.0 4.0 122.0 36.0 27.0 63.0 1.94 2.13 
500 3.0 306.0 270.0 576.0 60.0 75.0 135.0 4.27 4.48 

Note: 
o= 1.05 Vav• (Reference 3 - Figure 1) 
Basic hydraulic data obtained from a separate study. 
• Froude number, Fr = 0.44 



Critical scour velocity, lie 

d30 
inches 

d50 
inches 

Y. 
Ib/tt' 

B, flood 
years 

depth, h 
It 

0 
IUs 

Oc 
IUs 

0.88 1.50 160 1.1 100 1.80 2.13 4.14 
500 3.00 4.48 ' 4.36 

0.88 1.50 160 1.0 100 1.80 2.13 4.30 
500 3.00 4.48 4.53 

1.00 1.70 160 1.1 100 1.80 2.13 4.33 
500 3.00 4.48 4.56 

1.00 1.70 165 1.1 100 1.80 2.13 4.43 
500 3.00 4.48 4.68 

1.00 1.70 165 1.0 100 1.80 2.13 4.62 
500 3.00 4.48 4.86 

Summary 

For all cases considered above, the critical depth-averaged velocities (Oc) computed 
based on dso are greater than the depth-averaged velocities (0) computed based the 
flow area including the area between R.R. and Crystal Rd. Significant movements of 
ballast stones are not anticipated under both 100- and 500-yr flood conditions due to 
interlocking nature of the ballast stones. 

2121/06 



---

MIXING AND TRANSPORT IN THE ENVIRONMENT56 
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Figure 4.4 Variation of depth-averaged velocity across trapezoidal channels for constant aspect ratios 
and various Froude numbers 
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