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1.0 INTRODUCTION

1.1 Site Description

Arlington Reservoir Dam is located between Lowell Street and the Boston and Maine Railroad tracks on the town lines of Arlington and Lexington (see Figure 1 for dam location).  The dam impounds water from Monroe Brook.  The Town of Arlington Department of Public Works owns and operates the dam.  The dam was constructed prior to 1900 with the spillway modified in 1957 and 1958.  No construction documents are available for the original design.

The earth-filled embankment dam was originally constructed to provide water supply for the town of Arlington; however, it is currently used for recreation and flood control purposes.  The dam has an average top width of approximately 20 feet, a maximum height of about 14 feet, and upstream and downstream slopes ranging from a minimum 2.5H:1V to 1.5H:1V.  The overall length of the dam is approximately 1,770 feet, including a 9-foot wide emergency spillway with a concrete crest located near the center of the dam. 

The dam contains a crest gate spillway (principal spillway), an emergency spillway, and a low-level outlet.  The emergency spillway is located about 400 feet from the right end of the dam and the crest gate is about 20 feet to the left of the emergency spillway.  The low-level outlet is located about 800 feet left of the crest gate spillway.  

The principal spillway has concrete sidewalls with concrete wing walls in the approach area.  The gate is 9 feet long and can be raised a total of 6 feet from its lowest position at elevation 153 feet.  At its fully raised position (elevation 159 feet), the spillway crest is 3 feet below the top of the dam.  A concrete slab spans the top of the sidewalls of the spillway just upstream from the crest gate.  The gate can be raised and lowered manually by a worm drive mechanism located on the concrete slab. A security fence encloses the crest gate and worm drive mechanism.  Overflow from the spillway passes into a 60-inch diameter, 70-foot long concrete pipe and ultimately into Mill Brook.  

The emergency spillway is a stone and mortar channel that is about 20 feet wide and 3 feet deep. Overflow from this spillway empties into Mill Brook.  A steel service bridge spans the spillway.

A 12-inch diameter pipe controlled by a gate valve serves as a low-level outlet for the dam and is located about 800 feet to the left of the crest gate spillway.  According to Department of Environmental Management (DEM) reports, the 12-inch outlet connects to a 15-inch concrete storm drain, which then empties into Mill Brook.  The gate valve is reported to be operational and is housed within a brick chamber on the crest of the dam, which was built below grade and can be accessed through a manhole at the top of the chamber. 

1.2 Engineering Data

The following sections are based on information obtained from available reports and are intended to provide an overview of the impoundment.  We have checked the accuracy of some of this information (dimensions, elevation, etc.) based on our visual observations in the field.  Other information was not verified, as it was outside the specified scope of work.  

1.2.1 Drainage Area

The drainage area for Arlington Reservoir Dam is approximately 1.75
 square miles.  

1.2.2 Reservoir

1.2.2.1 Dimensions (feet)

A.
Length of normal pool:
1,150

B.
Width of normal pool:
   800

C.
Length of pool at top of dam:
1,850

D.
Width of pool at top of dam:
1,000

1.2.2.2 Storage (acre-feet)

A.
Normal pool:



At Elevation 153
75



At Elevation 159
246


B.
Top of dam:
494

1.2.2.3 Surface (acres)


A.
Normal pool
:
29


B.
Top of dam:
43

Additional Elevations (feet)


A.
Top of dam:
162 MSL ±


B.
Normal pool
:
153 to 159 MSL ±


C. 
Spillway crest, gated:
159 MSL ±


D.
Spillway crest, ungated:
153 MSL ±


E.
Emergency spillway crest:
159 MSL ±


F.
Downstream water:
148 MSL ±

1.2.2.4 Main Spillway


A.
Type:
Spill Crest Gate


B.
Length of weir:
9 feet


C.
Crest elevation (gated):
159 MSL ±


D.
Crest elevation (ungated):
153 MSL ±


E.
Upstream channel:
Arlington Reservoir


F.
Downstream channel:
Flows into 5-foot diameter concrete pipe and exits to Mill Brook

1.3 Regulatory Classifications

1.3.1 Size Classification

The maximum storage capacity of Arlington Reservoir Dam is approximately 494 acre-feet at maximum pool, as calculated in the Phase I Inspection Report prepared by ASEC Corporation and a structural height of approximately 14 feet, measured from the dam crest to the lowest point of the downstream slope.  In accordance with Department of Environmental Management (DEM) classification, under the December 27, 1996, DEM Code of Massachusetts Regulations 302 CMR Dam Safety Rules and Regulations, Arlington Reservoir Dam is an Intermediate size dam.  

1.3.2 Hazard Classification

There is a housing development immediately downstream of the dam.  In the event of dam failure, loss of more than a few lives and excessive property damage is likely.  As a result, under DEM Guidelines, Arlington Reservoir Dam should be classified as a Class I (High) hazard dam.
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2.0 VISUAL INSPECTION

2.1
General Findings

On October 11, 1999, a WSE engineer visited Arlington Reservoir to observe the dam and related structures.  The purpose of the visit was to evaluate the surficial conditions of the earthen dam, concrete outlet works, and emergency spillway; to check for seepage; and to measure the water depth of the reservoir.  We inspected the earthen dam for surface cracks, upstream and downstream condition of the slopes, seepage, debris, undesirable growth, and animal burrows.  The concrete outlet works were also inspected dimensionally and for concrete damage and overall visual stability. The emergency spillway’s training wall and masonry slab were inspected for undesirable growth, missing stones, and visual stability of the walls.  A boat was used to measure the depth of the reservoir at several locations.  In general, we judge the dam to be in fair/poor condition.

At the time of the inspection, the crest gate spillway was lowered to a horizontal position at elevation 153 feet.  This lowered the reservoir elevation to 153 feet, approximately 9.5 feet below the top of the spillway’s concrete training walls (at about elevation 162.5 feet). 

2.2
Dam

We judge the upstream face of the dam to be in poor condition.  The upstream face of the dam is covered with a thick growth of brush and large trees that have grown through the existing riprap layer.  The upstream slope is estimated between 1.5H:1V to 2H:1V.  The riprap is barely visible at most locations due to leaves and other organic materials.  At the toe of this slope the riprap layer is being unraveled towards the crest of the dam by a combination of tree roots and wave action resulting in a 1- to 1.5-foot vertical drop to a gently sloping gravelly-sand beach (see Figure 2).  

We judge the crest of the dam to be in fair condition.  Presently the crest is used as a walkway for town residents, and is subject to considerable foot traffic, which has resulted in eroding the dam top. Regardless of the foot traffic, the northern end of the dam shows no signs of cracks, depressions, or animal burrows, and is generally free of brush and tree growth.  The southern end of the dam crest is covered with wood chips, piles of logs, and other debris that prevented us from observing the crest of the dam.  The southern end of the dam appears to have widened in order to facilitate the storage of organic matter and logs (see Figure 3).

We judge the downstream face of the dam to be in poor condition.  The downstream face of the dam is covered in a thick growth of brush and large trees.  The slope undulates but is estimated between 1.5H:1V and 3H:1V.  The toe of this slope is undercut by 1 to 1.5 feet horizontally by either erosion from Mill Brook or from seepage forces.  At the time of the inspection the water in the reservoir was too low to accurately determine the cause of erosion.  There were no signs of cracks on this slope. The southern section of the slope had numerous animal burrows.  At the northern end, we observed localized areas of shallow sloughing, possibly resulting from freeze-thaw action or seepage force. The downstream slope is bordered by Mill Brook and wetland areas.

2.3
Emergency Spillway

We judge the emergency spillway to be in poor condition.  The emergency spillway is approximately 15 feet wide and has a thick stand of brush and small trees growing up through the masonry stone work.  The stone work of the training walls and the spillway appears to be in good shape but the process of removing the brush and small trees may dislodge the stones.  The easternmost 5 to 10 feet of the southern training wall of the emergency spillway is undercut and must be rebuilt.

2.4
Concrete Outlet Structure

We judge the concrete outlet structure to be in fair shape and to require only minor repairs.  Three spalls at the top of the training walls were observed and should be repaired.  Two cracks in the concrete were observed at the western end of the flared portions of the training walls.  The crack on the southern wall is up to 1/8-inch wide and runs the entire height of the wall.  The crack on the northern wall is in the upper two feet of the wall and is less than 1/16-inch wide.  Both cracks should be repaired.

The eastern ends of the vertical steel plates that extend from the side of the crest gate are heavily corroded.  At the northern wall a gap has opened between the steel and concrete structure.  The vertical plates themselves are thinly rusted and are missing paint.  The gate was covered in water and was not available for inspection.

The downstream outlet pipe was three-quarters full of water and the exposed surface appeared to be in good condition.

2.5
Low-Level Outlet Pipe

The downstream end of the low-level outlet pipe was covered in water but the last section of pipe appears to have failed and the first exposed joint is parted.

2.6
Reservoir Depth

Several locations in the reservoir were checked for depth.  At the time of the inspection the crest gate was horizontal and had approximately 2 to 4 inches of water flowing over it.  The southern half of the pond was generally 3 to 5 feet deep.  The northern half of the pond was less than 6 inches deep. Throughout the reservoir a 1- to 1.5-foot layer of very soft muck existed at the mudline.  Please refer to Figure 4 for depth locations and measurements.
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3.0 SPILLWAY DESIGN FLOOD ANALYSIS

3.1
Introduction

The WSE team completed a Hydraulic & Hydrogeologic analysis to assess the storage capacity and overtopping potential of Arlington Reservoir Dam under test flood conditions.  The initial objectives of the analysis were:

1. To assess the reservoir’s storage/discharge capabilities and overtopping potential for the ½ Probable Maximum Flood
 (PMF).

2. To assess the inundation zone affected by the dam failure during the ½ PMF.

At a later stage, we also completed the following analysis:

3. Inflow Design Flood (IDF), which evaluated flooding conditions immediately downstream of the dam under the 100-year, 500-year, and ½ PMF storm conditions with and without dam breach.

3.2
HEC-1 Analysis

3.2.1
General

As stated before, the dam’s principal spillway crest length is about 9 feet and is controlled by a small taintor gate.  Based on our review of existing information, the spillway crest elevation (NGVD) is 153 and 159 with the taintor gate open and closed, respectively.  The total drainage area was delineated based on the 7.5-minute USGS quadrangle for the dam, and divided into three sub-basins.  Please refer to Figure 5, watershed map.  Based on land use characteristics, the Soil Conservation Service (SCS) Soil Survey of the area and Haestad Methods’ Quick TR-55
 computer program, a weighted curve number was assigned to each sub-basin.  Lag time was estimated for each sub-basin using the SCS method for areas of less than 2,000 acres
.

3.2.2
Inputs

The rainfall/runoff process was simulated using the Army Corps of Engineers’ HEC-1 Flood Hydrograph Package
 computer program.  An inflow hydrograph was generated for the 100-year storm using a 24-hour, SCS Type III rainfall distribution, a design rainfall depth of 6.7 inches, and Dimensionless Unit Hydrograph methodology.  The 100-year storm was used as a calibrating event.  The HEC-1 runoff model was also run under the 500-year flood (total rainfall = 8.2 inches) for comparison purposes.  The ½ PMF was generated from a 72-hour ½ Probable Maximum Precipitation (PMP) of approximately 18.06 inches.  Incremental runoff values were sequenced and the storm orientated in such a way as to produce maximum runoff potential.

The following key input parameters were used in the HEC-1 simulation:

· Total Drainage Area:
1.75 square miles

· Rainfall:


72-hour, ½ PMP

· Runoff Potential:

Expressed as SCS Curve Number (CN)


Sub-basin 1 = 64


Sub-basin 2 = 62


Sub-basin 3 = 70

· Watershed Lag Time:
Sub-basin 1 = 2.36 (Time of Concentration - Tc = 3.93 hours)


Sub-basin 2 = 1.20 (Tc = 2.00 hours) 


Sub-basin 3 = 1.80 (Tc = 3.00 hours) 

3.2.3
Results

As we have previously concluded, Arlington Pond Dam has insufficient capacity to safely pass the ½ PMF without overtopping.  Given the large volume of runoff generated under ½ PMF conditions, there is no appreciable peak flow attenuation through the reservoir/dam.  The peak ½ PMF inflow/outflow is estimated to be about 3,100 cfs.  The maximum pool elevation behind the dam reached 162.3 feet and 162.68 feet, under the ungated and gated scenarios, respectively. Since the crest of the dam embankment is about 162 feet, the resultant water level overtops the dam by about 0.4 and 0.7 feet, respectively.  These results assume an initial operating pool level coincident with the spillway weir at an elevation of 153 in the ungated scenario and 159 in the gated scenario (NGVD) at the onset of the test flood.  This assumption is consistent with normally accepted engineering practices for spillway design.  

The result for the 500-year event, however, indicates that the dam’s combined spillway safely passes the flood flow under the ungated condition with a freeboard of 1.7 feet.  For the gated scenario, the dam crest is overtopped by about 0.1 feet.  Likewise, the ungated spillway has the capacity to pass the 100-year flood with about 2.9 feet of freeboard, but the gated spillway will result in overtopping the dam crest by less than 1 inch.  The following table summarizes the spillway HEC-1 analysis
 results: 

HEC-1 Results

Storm Event

Gate Conditions
Total Rainfall Vol. (in)
Peak Inflow (cfs)
Peak Outflow (cfs)
Maximum Stage (feet-NGVD)

100-year, ungated
6.7
700
450
159.06

100-year, gated
6.7
700
600
162.04

500-year, ungated
8.2
1,000
670
160.31

500-year, gated
8.2
1,000
980
162.14

½ PMF, ungated
18.06
3,100
3,100
162.37

½ PMF, gated
18.06
3,100
3,100
162.68

3.2.4
Discussion of the Results

The results of the test flood analyses indicate that Arlington Reservoir Dam’s spillway can pass approximately 572 cfs or 18 percent of the ½ PMF inflow design flood.  Thus, the dam will be overtopped for both gated and ungated conditions.  The dam will also be overtopped during the 100-year and 500-year floods for the gated conditions.  As indicated, these results assume an initial operating pool level coincident with the principal spillway gate crest elevation (159 MSL) at the onset of the test flood.  This assumption is only valid during the summer months when the reservoir elevation is maintained at 159 feet for recreational use. 

However, if the reservoir is maintained at elevation 153 feet with the gate opened, normal operating procedures for the rest of the year, then the dam will be overtopped only during the ½ PMF.  For the 500-year flood, the dam will have 1.7 feet of freeboard, and 2.9 feet during the 100-year flood.  Although the peak outflows under these scenarios are large, the impact on the flood elevations in the Mill Brook will be negligible based on a study completed by the CE Maguire, Inc., in 1974. 

HEC-1 computer printouts of input/output data are provided in Appendix B.

3.2.5
Spillway Modifications

HEC-1 analysis indicates that the dam is overtopped under the ½ PMF for both gated and ungated conditions, and is overtopped when the dam is gated (i.e., gate closed) for the 100- and 500-year floods.  For comparison purposes, we evaluated to what degree the emergency spillway length (crest EL = 159) would have to be increased to pass the various flood scenarios.  For the ½ PMF, with the principal spillway gate open (ungated), the emergency spillway needs to be widened from the existing 20 feet to about 180 feet to provide sufficient discharge capacity.  The total length of the emergency spillway would need to be modified to about 30 and 60 feet to pass the gated condition for the 100- and 500-year floods, respectively.  It is our understanding that the gate is typically closed during the summer recreation period when the water level is maintained at about elevation 159, and is lowered in the late fall.  Extreme runoff events are typically associated with hurricane storms occurring between June and November.  Thus, the ability to open the spillway gate and allow lowering of the reservoir level to about elevation 153 will be a critical operations component for the long-term safety of the dam.  
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4.0 INFLOW DESIGN FLOOD ANALYSIS

4.1
Introduction

As part of this study, our team completed an Inflow Design Flood
 (IDF) analysis to evaluate if a less severe storm than the ½ PMF may be acceptable as the spillway design flood (SDF).  The IDF is the flood flow above which the incremental increase in water surface elevation below the dam (due to dam failure) is not considered to present an unacceptable threat to downstream life and property. In the case of Arlington Reservoir Dam, a flood less than the ½ PMF may be adopted as the SDF if the consequences of dam failure at flood flows larger than the selected SDF are acceptable (i.e., no increased damage to downstream areas is created by dam failure).  In general, the consequences of failure are considered acceptable when the incremental effects (depths) of failure on downstream structures are approximately two feet or less
. 

The IDF analysis was conducted under the scenarios with and without dam breach for both the ½ PMF and 500-year flood conditions.  The National Weather Service (NWS) DAMBRK
 computer program was used to predict the hypothetical dam break wave formation at Arlington Dam and the wave’s downstream progression along Mill Brook to its confluence with the Lower Mystic Lake, located about 2.9 miles downstream from the dam. 

4.2
Inputs

Under both 500-year flood and ½ PMF scenarios, lateral inflow from the adjacent tributary was added to the stream flow 0.10 miles downstream of the dam.  The channel was assigned a Manning’s coefficient of 0.045, and an overbank Manning’s value of 0.10.  The breach opening was assumed to have a trapezoidal shape with an average maximum width of 40 feet and side slopes of 0.5H:1V. The time to maximum breach was set at 0.5 hours.  

4.3
Results

For the 500-year flood, the peak discharge through the Arlington Reservoir Dam breach opening is approximately 2,800 cfs; combined peak flow just downstream of the unnamed tributary is 3,000 cfs.  Peak flow beyond the tributary for the 500-year, without dam failure, is about 1,230 cfs.  Flood depths along Mill Brook range from about 4.6 to 10.5 feet for the 500-year flood without dam breach, and from 5.1 to 12.1 feet for the 500-year with dam breach scenario.  

Under the ½ PMF, the peak breach discharge at Arlington Reservoir Dam is about 5,100 cfs.  The difference in breach flow between the two flood events occurs because under the 500-year flood the reservoir is not completely filled, while under the ½ PMF the dam overtops.  Combined peak ½ PMF flow, just downstream of the unnamed tributary, is about 6,300 cfs.  Flood depths along Mill Brook range from about 6.4 to 15.6 feet for the ½ PMF with dam breach scenario.  Computer input and output summaries for the various DAMBRK simulations are included as Appendix C. 

The results of the above-described IDF analysis were inconclusive with respect to adopting an SDF less than the ½ PMF established per MADEM dam safety regulations.  The incremental increase in downstream flood depths (i.e., with versus without dam breach) was found to be less than two feet for both the 500-year and ½ PMF scenarios.  Incremental increases in flood depths range from about 0.6 to 1.8 feet for the 500-year flood and between 0.3 and 1.1 feet for the ½ PMF.  The incremental flooding along Mill Brook is less than two feet under the ½ PMF scenario and may be considered inappreciable from a downstream hazard standpoint. 
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5.0 DISCUSSION

5.1
General
The dam under its current operations plan will potentially overtopped during the ½ PMF design storm, as well as the 500-year and 100-year storm events, in the summer months when the reservoir elevations are maintained at 159 feet. This overtopping ranges between less than 0.1 feet to 0.7 feet in depth, and might result in a dam failure, which ultimately results in the flooding of some neighborhoods in Arlington.

However, if the reservoir is permanently maintained at elevation 153 feet with the spillway gate always opened, then the overtopping potential will be eliminated during the 500-year and the 100-year floods.  Because of the magnitude of the peak inflow during the ½ PMF, estimated at 3,100 cfs, there is no attenuation effect from the dam, and the peak outflow is also estimated at 3,100 cfs for both gated and ungated conditions. 

Although the results of the IDF analysis (described in Section 4) were inconclusive with respect to adopting an SDF less than the ½ PMF established per MADEM dam safety regulations, we believe that the 500-year event is an acceptable SDF.  As stated in Section 4, the incremental increase in downstream flood depths (i.e., with versus without dam breach) was found to be less than two feet for both the 500-year and ½ PMF scenarios.  The incremental flooding along Mill Brook is less than two feet under the ½ PMF scenario and may be considered inappreciable from a downstream hazard standpoint.  Thus, the town of Arlington may want to weigh the added risk/liability in adopting the 500-year flood criteria versus the incremental costs required to modify the spillway to safely pass the ½ PMF.  

We have evaluated the following issues related to the required repairs at Arlington Reservoir:

· Geotechnical Issues:

1.
Expand spillway capacity to bypass the design storm.

2.
Control seepage at the dam toe.

3.
Increase slope stability on both the upstream and downstream sides.

· Structural Issues:

1.
Repair existing concrete training walls and spillway.

2.
Repair/replace existing bridge.

· Recreational Issues:

1.
Maintain Beach Area for use in the summer.

2.
Repair top of dam for use by residents for hiking.

· Environmental Issues:

1.
Evaluate impact of any repair option on existing wildlife and habitat.

5.2
Geotechnical Issues

5.2.1
Spillway Modification

As stated, the existing spillway is insufficient to pass the design storm of ½ PMF without overtopping the dam.  To meet the requirements of the MADEMD, the emergency spillway has to be expanded to 180 feet (from its current 20-foot width) to pass the ½ PMF with the principal spillway opened (ungated).  For the 500- and 100-year floods, the emergency spillway has to be expanded to 30 and 60 feet, respectively.

However, if the spillway can safely pass the 3,100 cfs flood, the remaining issue for residential neighborhoods downstream from the dam is the current 5-foot diameter culvert of the Brook.  This culvert controls the flow passing through the spillway into the Brook, and under current conditions, the culvert does not have the capacity to pass the 3,100 cfs.  Therefore, even with the dam safely passing the design flood, the area downstream from the dam will be flooded due to the restrictive culvert flow. 

5.2.2
Seepage Control

Although the seepage observed at the toe of the dam did not contain any fines, seepage in general is detrimental to dam’s stability and safety.  Seepage generally results in creating a pipe-like void within the earthen dam, and a progressive failure starts to occur.  This progressive failure, called piping, will ultimately result in a dam breach and sudden release of water currently stored within the reservoir. 

Based on our field observations, we believe that seepage could be controlled in one of two ways. The first would allow the seeping water to go through the dam section; however, it would provide a filter drainage to control the migration of fines and thus the development of a void.  This option is considered economically advantageous to the second option, the cut-off wall option.

This second option involves the installation of a cut-off (barrier) that will prevent water from seeping through the dam section.  Several cut-off wall types could be constructed at the site, but all are considered to be highly expensive for Arlington Reservoir.  Steel sheeting, slurry mix, and soil mixing are considered to be acceptable types for the dam.  The wall has to extend to about 35 to 50 feet from the top of the dam, and along the entire western section of the dam.  This solution is prohibitively expensive, and does not provide an extra safety factor at the margin.

5.2.3
Slope Stability

Both the upstream and downstream slopes of the dam need to be stabilized by either adding riprap or planting grass cover to prevent further erosion from taking place. 

5.3
Structural Issues

In the event the town of Arlington select to replace the principal spillway completely, there will be no need for structural repairs.  However, if the existing spillway remains, then the owner needs to complete some repairs at the training walls and the bridge. 

5.4
Recreational Issues

5.4.1
Beach Area

The one recreational issue that is important at this site is the maintenance of the beach area that currently exists at the northern edge of the reservoir.  The beach area is separated from the main reservoir by a rock fill berm.  The berm, in its current condition, does not hydraulically separate the beach area from the reservoir.  Lowering the water elevation in the reservoir will also lower the water elevation in the beach area, and might result in losing the use of the beach.

If the owner selects to permanently maintain the water in the reservoir at elevation 153 feet, then either the beach area needs to be hydraulically isolated from the reservoir or a substitute for the beach are needs to be constructed.  The separation of the beach area is beyond the scope of this study.

5.4.2
Top of Dam

During the design of repairs for the dam, the designer should place materials at the top of the dam that are suitable for hiking trails to support the current use of the dam.  Crushed stone, pavement, or other course cover will provide both protection against erosion in the event of overtopping and also a trail for public use.  If the town selects the use of a grass cover, then an extensive maintenance plan needs to be implemented to maintain the grass cover.

5.5
Design Options

We have developed the following recommendations based on our field observations, results of hydraulic analysis, discussions with the design team, and experience with similar dams.

We have evaluated four options for Arlington Reservoir:


Option No. 1:
Do nothing.


Option No. 2:
Comply with MADEM requirements.


Option No. 3:
Modify Dam (Limited Repairs) with Operation & Maintenance Plan.


Option No. 4:
Isolate Swimming Area and Reduce Design Requirements.

5.5.1
Option No. 1: Do Nothing

Under this option, the owner will maintain the current use of the dam with minor repairs on the slopes and clearing of the channel downstream.  As a minimum, the owner will be required to:

1. Plan and implement a monitoring program for the dam.

2. Complete an Emergency Action Plan (EAP) for implementation in the event of a dam breach.

3. Complete an Operation & Maintenance Plan.

4. Monitor and control the seepage observed at the toe of the dam.

5. Increase the stability of the slopes by placing riprap on the upstream side of the dam.

However, if the owner selects this option, there is a high risk of increasing the flooding impact of the dam on areas in Arlington due to the high risk of dam overtopping during the 100-year storm and events greater than the 100-year storm.  If the dam breaches due to overtopping, an additional volume of water will be released toward residential neighborhoods.  

The estimated cost for Option No. 1 is $150.000.  

5.5.2
Option No. 2: Comply with MADEM Requirements

Under this option, the owner will complete the following:

1. Expand the existing spillway to pass the ½ PMF flow safely.

2. Raise the dam top to provide a minimum of 1 foot of free board during the design storm.

3. Control the seepage at the toe of the dam.

4. Stabilize the upstream and downstream slopes of the dam.

5. Prepare an Emergency Action Plan.

6. Prepare and implement an Operation & Maintenance plan.

7. Clean the channel downstream of the dam.

8. Remove trees from the dam and repair the dam top.

The estimated construction cost for Option No. 2 is $585,500
.

5.5.3
Option No. 3: Modify Dam (Limited Repairs) with Operation & Maintenance Plan

Under this option, the owner will complete the following:

1. Repair the existing spillway.

2. Repair/restore the dam top.

3. Control the seepage at the toe of the dam.

4.
Stabilize the upstream and downstream slopes of the dam.

5.
Prepare an Emergency Action Plan.

6.
Prepare and implement an Operation & Maintenance plan
.

7.
Clean the channel downstream of the dam.

8.
Remove trees from the dam and repair the dam top.

The estimated construction cost for Option No. 3 is $327,500
.

5.5.4
Option No. 4: Isolate Swimming Area and Reduce Design Requirement

Under this option, the owner will complete the following:

1. Petition to MADEM to accept 500-year as an SDF.

2. Maintain the swimming area permanently at elevation 159 feet by separating it from the reservoir.

3. Repair the dam embankments for structural stability.

4. Repair the spillway for structural deficiencies.

5. Evaluate any environmental impacts.

6.
Prepare an Emergency Action Plan.  

7.
Prepare and Operation & Maintenance Plan.  

The estimated cost for Option No. 4 is $160,000
.  
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6.0 CONCLUSIONS AND RECOMMENDATIONS

1.
Based on WSE’s interpretation of Massachusetts Dam Safety Regulation (302 CMR 10.00), Arlington Reservoir Dam is classified as Intermediate Size with a High Hazard Potential.  Based on these classifications, the spillway test flood adopted for the dam is the ½ PMF.

2.
Based on field observations made during our site visit, the dam is judged to be in fair/poor condition.  The dam upstream and downstream slopes show signs of erosion. The concrete inlet structure is cracked, and the top of the dam is eroded due to foot traffic.  

3.
Currently there is no formal Operation & Maintenance Plan.  The town of Arlington maintains the reservoir elevation at 159 feet in the summer months and at 153 feet between September and May.  Water elevations in the reservoir are controlled via a gate on the principal spillway.

4.
Under the assumed operating conditions, where the water is at elevation 159 feet, Arlington Reservoir Dam can pass only 18 percent of the ½ PMF, 58% of the 500-year flood, and 95% of the 100-year event.  The dam will overtop by 0.68 feet during the ½ PMF, 0.14 feet during the 500-year event, and less than 1 inch during the 100-year flood.

5.
If water is maintained at elevation 153 feet, Arlington Reservoir Dam will overtop only during the ½ PMF by 0.37 feet.  During the 500-year event, the dam will have 1.7 feet of free board, and during the 100-year event, the dam will have 2.9 feet of free board.

6.
Results of IDF analysis indicated that the incremental increase in the downstream flood depths (i.e., with versus without dam breach) was found to be less than two feet for both the 500-year and ½ PMF flood scenarios.  Incremental increases in flood depths range from about 0.6 to 1.8 feet for the 500-year flood and between 0.3 and 1.1 feet for the ½ PMF.  The incremental flooding along Mill Brook is less than two feet under the ½ PMF scenario and may be considered inappreciable from a downstream hazard standpoint. 

7.
We recommend that the town petition MADEM to lower the SDF from ½ PMF to 500-year event due to the inappreciable incremental flooding along Mill Brook during the ½ PMF.  The town needs to weigh the added risk/liability in adopting the 500-year flood criteria versus the incremental costs associated with modifying the spillway to safely pass the ½ PMF.

8.
Engage the services of a qualified professional engineer, licensed in the Commonwealth of Massachusetts, to prepare and implement a formal Operation & Maintenance Plan. Due to the impact of the initial water elevation in the Reservoir at the onset of the storm (elevation 159 feet vs. 153 feet), it is crucial that the plan clearly specifies lowering the water elevation in the reservoir prior to major storm events (25-year or larger). 

9.
Engage the services of a qualified professional engineer to prepare a final design study to establish the actual configuration of the spillway weir.  The study should be based on adopting the 500-year flood for the design of the spillway after obtaining the approval of MADEM.  The study should take into account the limitations imposed by the existing channel and culverts downstream from the dam to prevent flooding of the Mill Brook banks. The study should also include recommendations for structural improvements to the headwall and the training walls at the outlet structures.  This work could be completed as part of the overall dam improvement project.

10.
We recommend that the town engage the services of a licensed land surveyor to complete a detailed location and elevation survey of the existing features including the dam crest, embankments, spillway, emergency spillway, low-level structure, spillway channel, normal pond elevation, and Mill Brook.  This will be needed to confirm the assumptions made in this study. 

11.
Engage the services of a professional engineer to develop a formal Emergency Action Plan (EAP).  The EAP should set forth basic procedures, duties, and responsibilities to be implemented by the dam operators (Arlington DPW) and other State and local emergency management agencies in the event of an emergency situation at the dam.  The EAP should also include a formal Operation & Maintenance Plan for regulating the seasonal pond level to meet recreational and flood control requirements.

12.
Complete a study to evaluate options for permanently isolating the recreational beach area from the reservoir to maintain water elevation within the beach area at 159 feet regardless of the water fluctuation within the reservoir. 

13.
Complete a study to evaluate environmental impacts of maintaining water elevations in the reservoir at 153 feet.  The study should evaluate the impacts on the environment and wildlife habitat.
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� The drainage area for the dam was reduced from 2.89 square miles.


� Based on DEM guidelines when the reservoir is at Elevation 159 feet.


� This depends on the crest gate spillway being open or closed.  The DPW keeps the reservoir elevation at 159 feet in the summer.  The rest of the year the reservoir elevation is maintained at 153 feet.  


� Based on the dam’s size and hazard classification, the Spillway Design Flood (SDF) is ½ PMF.  


� Soil Conservation Service, US Department of Agriculture.  “Technical Report 55.”  Haestad Methods.  Waterbury CT. 1989.  


� Soil Conservation Service, US Department of Agriculture.  “Hydrology.”  August 1972.  


� US Army Corps of Engineers, Hydrological Engineering Center.  “HEC-1 Flood Hydrograph Package.”  Haestad Methods.  Waterbury CT.  1992.  


� Please note that the HEC-1 analysis assumed free discharge over the principal and emergency spillways.  Actual tailwater elevations in Mill Brook under flooding conditions may cause backwater submergence onto the weir(s) which may decrease actual discharge capacity.  These tailwater conditions should be evaluated prior to finalizing recommendations for spillway modification.  


� Federal Energy Regulatory Commission – Office of Hydropower Licensing, “Engineering Guidelines for the Evaluation of Hydropower Projects,” revised October 1993.  


� Federal Emergency Management Agency, Mitigation Directorate, National Dam Safety Program (FEMA 94), “Federal Guidelines for Dam Safety:  Selection and Accommodating Inflow Design Floods for Dams,” prepared by the Interagency Committee on Dam Safety, October 1998.  


� The DAMBRK model represents current state of the art in the understanding of downstream inundation impacts of dam failures and the utilization of hydrodynamic theory based on a description of the dam failure mode and a hydraulic computational algorithm for determining the time history (hydrograph) of the outflow through the breach as affected by the breach description, reservoir inflow, reservoir storage characteristics, spillway outflows, downstream valley characteristics, and downstream tailwater elevations.  The DAMBRK model is based on the Saint Venant equations of conservation of mass and momentum which most accurately describes the changes in momentum and acceleration a large flood wave undergoes as it progresses downstream.  The model uses the dynamic wave method to account for the significant acceleration effects associated with the dam break wave and the influence of the downstream unsteady backwater effects provided by channel constrictions, dams, and tributary inflows.  


� This cost estimate does not include engineering fees for design or permitting.  


� The O&M Plan will require the dam caretaker to lower the reservoir to elevation 153 prior to a major storm.  


� This cost estimate does not include engineering fees for design or permitting.  


� This cost estimate does not include the cost of separating the swimming area, the environmental impact studies, or engineering fees for design or permitting.
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