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EXECUTIVE SUMMARY

Embrey Dam is a 22.' high concrete structure located just east of the Interstate 95
crossing of the Rappahannock River. The dam currently blocks anadromous fish from
migrating upstream to more than 70 miles of the upper sections of the river. Virginia Senate
Joint Resolution No. 296 was approved in early 1997 requesting the Virginia Department of
Game and Inland Fisheries to conduct a study on the recommended methods of providing fish
passage at Embrey Dam.

As a part of the study undertaken by the Virginia Department of Game and Inland
Fisheries, TIMMONS, Inc. has been contracted to evaluate the technical feasibility of three
previously identified alternatives for providing fish passage. The technical alternatives
considered include: constructinS a vertical slot fishway, breaching a portion of the dam, and
removing the entire dam. To fully evaluate these options for providing fish passage, a
IIdecision matrix" strategy was developed dividing the critical issues into technical, regulatory,
and "local" categories. Issues that could be assigned specific capital and/or maintenance costs
were included within a "technical decision matrix" to develop the recommendations outlined
within this study. Local issues that resulted from various meetings held with federal, state, and
local agencies provided input to create a "local decision matrix" of issues that have been
identified for further study.

The partial and complete dam removal alternatives require that the sediment that has
accumulated behind the dam be addressed. Options to address the sediment issue include full
removal/hauling of the sediment off-site, and various combinations of removal, release, and
stabilization of the sediment in place. The most expensive option is full removal and the least
expensive option is a full release. This following financial analysis utilizes a conservative cost
estimate of $4.24 million for full sediment removal to independently evaluate the three
alternatives for providing fish passage.

The results of the technical decision matrix include the following:

Fish Passage Complete Partial
Option 1 Dam Dam

Gravity Dam Removal Removal

50 year Present $ 10,200,000 $ 7,450,000 $ 7,400,000
Worth

The 50 year present worth analysis shows that either complete or partial dam removal is
significantly less expensive than the most cost effective option of constructing a fish passage.
The present worth of the two alternatives for dam removal are within two percent of each
other. This study therefore recommends that the alternatives for either total or partial dam
removal be progressed further through the regulatory process to effectively accomplish the goal
of providing fish passage at Embrey Dam.





PURPOSE AND NEED FOR ACTION

History of Fish Passage

Fish passage is not a new consideration in dam construction. The impacts on migratory
fishes have been recognized almost since the first blockage was created. Embrey Dam was
actually constructed between 1908 and 1910 with a Kail system fish ladder in its southern
abutment. The fish ladder has never been effective. In the past two decades, new emphasis has
been placed on attempting to reverse the effects of dams and blockages. As part of these
efforts, fish passages are being constructed, and dams are being breached or removed
completely.

In 1980, Virginia and Maryland legislatures established the Chesapeake Bay
Commission. The efforts of that commission to coordinate interstate planning and programs
led to the 1987 Chesapeake Bay Agreement. That Agreement proposed goals and priorities that
create a framework for restoring the Chesapeake Bay's resources. On December 15, 1987,
representatives from Virginia, Maryland, Pennsylvania, the District of Columbia, the United
States of America, and the Chesapeake Bay Commission signed the Chesapeake Bay
Agreement. The goal stated in the 1987 Chesapeake Bay Agreement is to "provide for the
restoration and protection of the living resources, their habitats and ecological relationships."

The Chesapeake Bay Agreement contains a commitment to "provide for fish passage at
dams, and remove stream blockages whenever necessary to restore natural passage for
migratory fish." Virginia Senate Joint Resolution Number 296 identifies a commitment to open
1356.75 miles of fish spawning habitat along the Bay tributaries by the year 2003. Embrey Dam
currently blocks seventy miles of the upper Rappahannock River, and hundreds more miles on
the Rapidan river and other tributaries. Fish Passage at Embrey Dam has been identified as a
major need in reaching that goal. Figure 1 shows the river reaches that would be opened to
migration by providing fish passage at Embrey Dam. A four year study (in its second year)
being performed by Virginia Commonwealth University states three objectives including
locating existing impediments to anadromous fishes in the Rappahannock River basin,
classifying streams with respect to potential habitat quality, and developing a quantitative
model of reproductive habitat relationships for anadromous clupeid fishes. This study will
likely reveal many additional miles of potential spawning habitat which would be opened
upon removal of Embrey Dam.

Part of Virginia State Senate Joint Resolution Number 296 directs the Virginia
Department of Game and Inland Fisheries to IIidentify... various options, including funding
needs and options, to create the fish passage." While the alternatives for providing fish passage
have been defined, an evaluation of their feasibility and estimated cost is necessary to-define
the next step toward the ultimate stated goal of providing fish passage at Embrey Dam.



The results of the analysis of technical issues represent solutions which remove all
sediment entrapped behind the Embrey Dam. The successful release of these sediments could
potentially reduce the cost of both dam removal alternatives. A full release of the sediment
downstream is being considered, therefore reducing the cost of disposal and/or stabilization in
place. A detailed field evaluation and model has been completed to predict the fate of the
sediment during a typical year and during a major storm event. The model indicates that, in a
normal year, approximately 15.6 % (82,749 cubic yards) of the sediments between the 1-95
bridge and Embrey Dam are scoured and transported downstream. Approximately 447,250
cubic yards will remain in place behind the dam. Sedimentation through Fredericksburg will
vary from zero to approximately 0.583 inches deep. After a large flood event (similar to the
major flood event in October 1942) approximately 16.6 %of the sediments between the 1-95
bridge and EmbreyDam will be eroded. Sedimentation after a major flood event is estimated
to produce an average layer of 0.51 inches deep in the first 7475 feet downstream of Embrey
Dam and approximately 2.96 inches deep from that point through Fredericksburg. The volume
of sediment predicted to be deposited in the reach of the Rappahannock through
Fredericksburg is significant and will likely require dredging, which will be difficult with a thin
layerover a large area. It would be easier to remove the sediment prior to removal of the dam.

To completely evaluate the impacts of the modeled sediment release, a separate impact
analysis of all sediment scouring and deposition on stream biota must also be conducted. If
sediment migration downstream and the scoured cross section upstream are not expected to
have substantial negative biological impacts, there may be additional opportunities to reduce
the estimated costs associated with both dam removal alternatives.

The regulatory issues included within the technical decision matrix include the Section
106 historic preservation, and 'the Section 401/404 requirements of the Clean Water Act. The
section 106 requirements of historical preservation should be immediately progressed in a
formal agreement between the City of Fredericksburg, the Virginia Department of Game and
Inland Fisheries, and the Virginia Department of Historic Resources as one of the next steps in
the process of providing fish passage. The U.5. Army Corps of Engineers (COE) should also
use the results of the technical alternatives analysis to progress the environmental permitting
requirements for either full or partial removal of the dam. The issues identified and listed
within the "local decision matrix" can be used to begin the environmental assessment and
possibly to initiate the Section 401/404 permitting process for either of these alternatives.

This report also suggests an implementation plan, schedule, and budget to progress this
project to completion. The implementation plan includes the above listed issues, and suggests
the following overall schedule and budget:

1. The environmental assessment, environmental permitting process, development of design
plans and specifications, and construction process will require approximately 3 years to
complete.

2. The overall cost of implementation, including design, permitting, environmental
assessment and construction, will vary from $3,580,000 to $7,580,000.



Objectives of Study

As a part of the study undertaken by the Virginia Deparbnent of Game and Inland
Fisheries, TIMMONS has been contracted to evaluate the previously identified alternatives for
providing fish passage with respect to technical feasibility and cost. The alternatives being
considered include constructing a vertical slot fish passage, breaching a portion of the dam and
removing the entire dam. 'The option of doing nothing is not considered an acceptable
alternative because it would not fulfill the project goal. Through exploring the feasibility of
each alternative for providing fish passage, this study offers estimated construction costs and
assists in developing project budgets. This study will provide a method for decision making
and a blueprint for progressing the project to completion.

To fully evaluate these options for providing fish passage, a "decision matrix" strategy
was developed dividing the critical issues into technical, regulatory, and "local" categories.
Issues that could be assigned specific capital and/or maintenance costs were included within a
"technical decision matrix" to develop the recommendations outlined within this study. Local
issues that resulted from various meetings held with federal, state, and local agencie,s and a
public information meeting provided input to create a "local decision matrix" of issues that
have been identified for further study. Regulatory issues are included. in both of the matrices; if
a capital cost could be included for the regulatory issue, it was included in the technical
decision matrix, other regulatory issues and future planning issues are identified in the local
decision matrix.
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Chesapeake Bay Tributaries

Section ofRappahannor.k River
to be made accessible via
current project.

SectionofRapidan
River to bemade
accessible via
current project.

(Figure 1)
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EXISTING CONDITIONS

Embrey Dam is located 2.4 miles upriver of the historic center of the City of
Fredericksburg (see Figure 2). The backwater from the dam extends almost to the interstate 95
bridge. The dam is owned by the City of Fredericksburg, but the majority of the dam is located
in Stafford County. Only the southern end of the dam is Within the limits of the City of
Fredericksburg. The dam is the only major obstruction to fish migration on the Rappahannock
and Rapidan Rivers. Anadromous fishes are able to migrate up to Embrey Dam, 150 miles
upstream from the Chesapeake Bay, but no migration upstream of the dam is possible.

Figure 3 shows the general configuration of the dam, abutments, and beginning of the
Rappahannock Canal. The dam is a concrete Ambursen dam design that uses slabs and
buttresses and includes an inspection waikway through the dam and the abutments. Figure 4
shows an isometric representation of Embrey Dam. The southern abutment includes the
headworks for the canal, a portion of the old canal and lock system, a gaging station used by
the United States Geological Survey, and an ineffective I<ail system fish ladder. While the dam
is approximately 22' high, significant sedimentation has left only about 6 to 8 feet of water
behind the dam. A crib dam is located just upstream of Embrey Dam. TIlls type of dam was
designed with crisscrossed timbers filled with earth and granular material. The crib dam was
originally used as a source of water for Fredericksburg's hydroelectric facility. Embrey Dam
was constructed to increase the level of the backwater and produce more hydroelectric power.
The crib dam hasbeen preserved by being submerged since the construction of Embrey Dam.

. Embrey Dam is 770' long (1070' long with abutments) and the upstream slab slopes at
about 38°. The foundation of the north end of the dam is significantly deeper than the rest of
the dam. Before the dam was constructed, the crib dam just upstream of the area failed and the
northern portion of the river was severely scoured. As a result, the river bottom in that area is
low. Embrey Dam is as much as 43 feet tall in that area compared to an average height of 22'.
The sloped slab is approximately 8" thick at the crest and about 1'4/1 thick at the heel. The
buttresses are 13' 8" from center to center, and the inspection slab is at an elevation of
approximately 41' .

In 1994, a report by Whitman, Requardt & Associates investigated water supply and
treatment alternatives for the City of Fredericksburg. Within the report, the condition of the
dam was described as relatively poor and identified the structural integrity of the dam as a
concern. An inspection of Embrey Dam was recently completed for the City of Fredericksburg.
A copy of the reinspection report is attached in Appendix E. The inspection included a detailed
investigation of each of the 54 bays, the abutments, and the canal headworks and sidewall
which are integral with the abutment. The findings from this inspection show some
deterioration since the last inspection performed (1991). In particular, the rate of seepage has
increased in certain areas of the dam. Portions of the inspection walkway have also
deteriorated. The estimated flow in these seeping areas ranges from one or two gallons per
minute to more than 30 gallons per minute. The inspection report recommends repairing the
areas of seepage. In addition to the currently recommended repairs, future inspections will
reveal areas in need of repair.

4
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ALTERNATIVES DEVELOPMENT

'Ibis study evaluates three previously identified alternatives for providing fish passage.
The altematives being considered include constructing a fish passage, breaching the entire dam
and removing portions of the dam. The option of doing nothing is not being considered an .
acceptable alternative because it does not fulfill the project goal.

Construction of a Fish Passage

In evaluating the feasibility of constructing a fish passage at Embrey Dam, consideration
must be given to target species. Target species include American shad, hickory shad, alewife,
blueback herring, and secondarily striped bass, and yellow perch. The secondary target species
such as perch and bass, do not generally use fish passages. The United States Fish and Wildlife
Service has recommended the facility be able to pass 150,000 shad and 1,500,000 herring during
an annual migration. The Virginia Institute of Marine Science recommended twice as many of
each species (300,000 shad and 3,000,000 herring). The target number for each species is based
on the amount of habitat available for spawning activities.

The Virginia Department of Game and Inland Fisheries has recommended that if a fish
passage is to be constructed at Embrey Dam, a vertical slot fish passage be considered. Dick
Quinn, of the u.S. Fish and Wildlife Service, concurs with that recommendation. The main
advantages of a vertical slot fish passage over other types of fish passages is its capacity for
passing large quantities of anadromous fishes. Construction of a vertical slot fish passage is
considered a viable option. Figure 5 shows a typical vertical slot fish passage.

Complete Dam Removal

Complete removal of the blockage will reestablish historic migration paths. This
approach offers the only permanent, maintenance free solution to blocked migration paths.
The removal of Embrey Dam along with associated sediment would restore a natural, passable
watercourse. Anadromous fishes would be able to travel upstream past the City of
Fredericksburg. The complete removal of Embrey Dam is also considered a viable option for
providing fish passage.

Partial Dam Removal

Removing a portion of Embrey Dam would also reestablish the historic migration route.
This option would consist of removing most of Embrey Dam, leaving only the last few
chambers on either side of the river and the abutments. This option also results in the
restoration of a natural watercourse. Leaving these sections in place, would reduce the initial
cost of removal and would leave a portion of the dam for historical appreciation. There would
be initial stabilization costs and recurring maintenance costs associated with the chambers left
in place. Removal of a portion of Embrey Dam is also considered a viable option for providing
fish passage.

9



The Rappahannock Canal (also known as the VEPCO Canal) flows through the City of
Fredericksburg. The canal was originally used for navigation and later for hydroelectric power
generation. The canal is no longer used for either of these purposes. A 36" pipe in the bottom
of the canal is used to supply 6 million gallons of raw water per day to the Cossey Water
Treatment Plant. Although this portion of the water withdrawn from the Rappahannock River
into the canal is not expected to be necessary after the year 2000, the City of Fredericksburg has
identified keeping water in the canal as one of their key concerns to be included in this study.

8



IDENTIFICATION OF ISSUES

All three fish passage alternatives create impacts on the river environment and the
utilization of the river as a resource for water supply and recreation. Identifying these issues is
critical to the evaluation of alternatives. To adequately determine all project issues, input from
various govemment agencies, including Federal, State, and Local review agencies and public
and private organizations was solicited. Prior to beginning this study, the VDG & IF
distributed a notice describing the intent and scope of the study for comment. A copy of the
notice is included in Appendix C. The notice identified the project as a fish passage feasibility
study for Embrey Dam on the Rappahannock River. Virginia Senate Joint Resolution Number
296 was enclosed to identify the authority directing the study. The responses received assisted
in identifying issues and concerns to be addressed or identified. in this study. The issues
enumerated in the responses included historical, environmental, and socioeconomic issues.

To fully evaluate the options for providing fish passage, a "decision matrix" strategy
was developed dividing the critical issues into technical, regulatory, and "local" categories. A
decision matrix using the technical issues has been created to help select the most appropriate
method of providing fish passage with respect to feasibility and cost. If a capital cost could be
included for the regulatory issue, it was included in the technical decision matrix. Meetings
held with various federal, state, and local agencies provided input to create a similar decision
matrix, which will be used to select the most appropriate method based on local and non
capital regulatory issues,

The issues were developed through a series of working meeting which were held
during July, August and September. The initial meeting, a kick-off meeting included The U.S.
Army Corps of Engineers, the VDG & IF, TIMMONS, and GKY and Associates. This was an
organizational meeting to coordinate a schedule that would provide the USACOE with a draft
report with enough time to review the report and respond to TIMMONS so that responses to
comments could be included in the final report.

The next working meeting was held with regulatory agencies on August 4, 1997. This
meeting further defined and evaluated technical and regulatory issues that are included in the
report. A similar meeting was held on August 22, 1997 with local government representatives
and other agencies interested in the project. A third working meeting was conducted on
September 11, 1997 which was advertised in local publications as a meeting open to the public
to solicit public comment. A progress presentation was made at each of these meetings.
Following the progress report, an open discussion provided insight into the issues from the
various perspectives. Attendance lists for these meetings is provided in Appendix C along with
related correspondence.

Following the public meeting, a draft version of the report was submitted to the
USACOE and the VDG & IF. The USACOE and the VDG & IF provided comments and
questions based on that report. These comments and questions were incorporated into the final
report.

11
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Supply of Water to Rappahannock Canal

One of the issues identified by the City of Fredericksburg is the Rappahannock Canal.
Invariably, the desire was to keep the status of the canal unchanged. The flow in the canal was
of concern for functional, environmental, and aesthetic reasons. The canal has been used for
almost 150 years for purposes of navigation, hydroelectric power generation, and aesthetic
enjoyment. Its historical value comes from both navigation and from the generation of
hydroelectric power. The City of Fredericksburg's right to withdraw water for the maintenance
of the Rappahannock Canal is historic. Since the beginning of hydroelectric power generation
in Fredericksburg in the late 18001s, water has been diverted into the canal. River water
demand has increased since then, but the withdrawal may be considered the city's right based
on the historic and normal operation of the canal.

In order to evaluate how much water should be diverted into the Rappahannock Canal,
the normal operations of the canal were discussed with representatives of the city. Then, to
evaluate what overland flow was contributing to the canal naturally, a report by Baker
Engineers was reviewed and the hydrology was revisited. Finally, field investigations were
performed to evaluate the potential for canal contribution to the wetland areas adjacent to the
canal.

Normal Operations of Rappahannock Canal

Water enters the canal through gates located at the southern abutment of Embrey Dam.
The entrance to the canal is equipped with five gates which control the flow into the canal (See
Figure 6). Two of the gates are located between the concrete wall adjoining the river and a
stone wall extending perpendicular from the gates. Only one of the two gates remains open
(approximately 12") during normal canal operations, with a rotation occurring between the two
gates about once every 2-3 weeks. These gates supply the canal with approximately 90 cubic
feet per second (60 million gallons per day) during normal operations. A 36" pipe, located on
the other side of a stonewall from the two normal operation gates, runs down the canal,
supplying water to Fredericksburg's Cossey Water Treatment Plant. Three other gates are
located on the inland side of this pipe. Two of these gates have been bolted shut and are not
operational. The third remaining gate is operational, however it is used only to flush debris
from in front of the pipe and is not used during normal operation of the canal.

The outflow of the canal is controlled by gates located just upstream of Princess Anne
Street (See Figure 7). The outlet for the canal consists of three 3' x 5' gates located at the bottom
of the canal. One of these gates remain open approximately 6"-12" during normal operations.
A 20' x 2' emergency spillway weir is located above the gates just underneath the operator's
platform. Water does not flow over this weir during normal operations, but does flow through
it during heavy rain. Downstream from the gate is a 16' x 16' flume followed by three 6'6" drop
tubes which flow under the hydroelectric plant and outflow into the Rappahannock River. An
emergency spillway channel (Mill Race) is located just downstream of the Charles Street bridge,
however this spillway is not used during normal operations.

13



Summary of Technical Issues

This report summarizes and evaluates the technical issues identified during the course
of the study. The first technical issue identified was the project goal of providing anadromous
fish passage. The most pervasive issue was the status of the water in the Rappahannock
(VEPCO) Canal. 'This issue was brought up with respect to providing water for the wetland
areas near the canal, providing water for the treatment plant, and the aesthetic quality of the
canal. Concerns were voiced about three water withdrawal permits just upstream of Embrey
Dam which have permit conditions tied to fish passage at Embrey Dam. Much discussion took
place about the effect that sediments behind the dam that have accumulated since the
construction of the crib dam would have on the river environment if Embrey Dam is breached.
The volume of these sediments in the pool behind the dam is estimated to be 530,000 cubic
yards (Appendix F). The stability of the dam and the safety nuisance created by the dam were
also identified as issues. Regulatory issues such as historical and environmental impacts have
been included in the discussions.' Finally, maintenance considerations have been visited as
have construction issues such as removal of rubble from construction or demolition activities.

Summary of Local Issues

The local decision matrix included issues where costs could not be attributed to
resolution of the issue. Mitigation of the historical aspects of Embrey Dam is important to the
City of Fredericksburg. The crib dam is not required to be preserved but it is included in the
local issues discussion along with the upper canal and lock system. The impacts to the historic
concrete dam are also mentioned in the local issues. Recreation in the affected reach of the
Rappahannock River is included from the perspectives of fishing and of canoeing and
kayaking. The river is identified as a state designated scenic river. Finally, the potential for
wetlands above the dam, the adjacent property rights and value and the economic development
impacts are cited in the local decision matrix.

A detailed summary of each of these issues follows.

12
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A preliminary HEC-RAS model was created to study to existing canal and its outlet
structures. The cross sections for the model where obtained from survey data generated for the
VEPCO Canal Hydraulic Inventory and Analysis for the City of Fredericksburg (Parsons
Brinckerhoff Quade & Douglas, Inc.; August 1985.) The model does not include any road
crossing sections and typical flow and water surface elevations were determined by field visits
and an interview with a Cossey Water Treatment Plant operator. It was determined from HEC­
RAS model that the water surface elevation in the canal is controlled by the gates at Princess
Anne Street Neither the flume or the drop tubes have an effect on the backwater to the canal
during normal operations. A normal flow backwater elevation of approximately 48.5' is formed
by the gates at Princess Anne Street, which controls the water surface elevation the entire
length of the canal.

The watershed contributing to the canal is represented in Figure 8. Approximately 588
acres of runoff contributes to the flow in the canal. This is substantial during storm events, but
is not a large enough drainage basin to keep the canal flowing continuously.

The 36" pipeline on the bottom of the canal provides 6 million gallons per day (less than
10 cfs) to the Cossey water treatment plant. While this source of water will not be needed
beyond the year 2000, it is a part of the estimated required flow to the canal to maintain its
current characteristics and usefulness. The overall quantity of water flowing through the canal
is important to facilitate flushing of the canal. Detention times in the canal of longer than one
day will promote degradation of the water in the canal. The most obvious effect of longer
detention times is an unpleasant odor.

There are several wetland areas adjacent to the canal. The first, Snowden Marsh and
Snowden Pond, is adjacent to an office development. The runoff from this development feeds
the marsh and pond. Outlet from the pond is controlled by a riser structure and flows into
College Marsh and Gayle's Pond. Snowden Pond is connected to the canal by a hydraulic gate.
This gate reportedly has not been used in the past several years, although the pond could be
filled by opening this gate. College Marsh and Gayle's Pond, just southeast of Snowden Pond
are not connected to the canal except that Snowden Pond could be filled by the canal and
Snowden Pond could then fill College Marsh and Gayle's Pond. These wetland areas do not
appear to be dependent on surface water flowing within the canal. The local representative for
the USACOE has agreed with this conclusion.

No investigation has been performed on the groundwater conditions along the canal. If
the canal is acting as a significant source for groundwater, the groundwater elevation could be
impacted by the canal. If the proposed method of providing fish passage involves eliminating
flow in the canal or leaving the canal dry for extended periods of time, further investigation
should be performed in order to determine potential impacts to groundwater.

]6



Sediments Upstream of Dam

Various responses and meetings conducted for this study have identified the fate of the
sediments upstream of the dam as a major issue. The quantity, characteristics, and the fate of
these sediments were the common concerns. As soon as the construction of the crib dam was
completed in the mid 1800's, sediments began accumulating behind it. An equilibrium level of'
sedimentation was likely reached in the late 1800's. When Embrey Dam was constructed, the
volume of sediments initially increased significantly but apparently reached an equilibrium
level similar to today by the early 1900's. A study of these sediments, funded by the
Environmental Protection Agency was performed by the Virginia Department of Game and
Inland Fisheries and the Virginia Department of Environmental Quality. Results characterized
the sediments as non-toxic to the environment (Appendix I).

Sediment Volume Calculation

The volume of sediment trapped behind the dam was estimated using the Average-End
Area method and depth soundings mapped by Russell, Axon & Associates in October of 1965
(see Attachment 3). Depth measurements taken during the sediment sampling field visit
conducted on July27th 1997 generally corresponded well with the 1965 study map.

An estimate of the river bottom slope was made by projecting the elevation of the toe of
the concrete dam (30.0 feet based on Whitman, Requardt and Associates Water Supply and
Treatment Alternatives report dated October 1994) upstream to the 1-95 bridge crossing where
the pooling effect caused by the dam ends. The elevation of the river bottom at the bridge
crossing was assumed to be 46.0 feet (Full Pool WSEL 52.0 - 6.0 feet measured depth to river
bottom).

Using the Average-End Area method, the assumed river bottom slope, average
elevations of the top of the sediment at 500 feet cross sections, and the river width at these cross
sections, the total volume of sediment behind the dam was estimated to be 530,672 cubic yards
or 329acre-feet.

Alternatives for Sediment Removal

One option of disposing of the sediments behind the dam is to allow a full downstream
release. Conversations with Scott Carney, the Floodplain Coordinator of Pennsylvania, indicate
similar situations in Pennsylvania are resolved by dam removal including releasing
accumulated sediment downstream. The sediment load associated with this release is a
generally a small portion of the normal year sediment load. Figure 9 shows a visual
representation of the comparative sediment load carried over Embrey Dam by a large storm
event versus normal flow.

The quantity of sediments, and the sensitivity of the downstream areas may dictate that
the sediments be removed prior to or in conjunction with dam removal. If necessary, options
for removal and disposal of the sediments include hydraulic or mechanical dredging and
disposal in a suitable location. The following disposal options are outlined in a report by GKY
and Associates in Appendix F.

1. Hydraulically dredge the entire volume of sediment and pump the sediment to a
disposal site located within 1 mile of the dredging operation.

19



Quantity of Flow in Canal

Based on field observations and the report entitled VEPCO Canal Hydraulic Inventory
and Analysis for the City of Fredericksburg (Parsons Brinckerhoff Quade & Douglas, Inc.;
August 1985),a typical flow of 90 c.f.s. has been concluded for the Rappahannock Canal.
Normal operations for the canal system were determined by field observations and an
interview with a Cossey Water Treatment Plant operator. The normal operation of the
downstream gates (at Princess Anne Street) include the opening of one of the gates at the
bottom of the canal approximately 6"-12". This procedure allows water to flow through the
gate with a normal water surface elevation just below the emergency spillway weir located
above the gates underneath the operator's platform. This operation was simulated and
confirmed using the HEC-RAS model of the canal system. Under this scenario, the turnover
time for the 77 acre-ft of water in the canal is 10.4 hours.

Method of Supplying Water to the Canal

Two methods of supplying water to the canal were considered. The first was a
mechanical pumping system. This option was quickly ruled out due to high operation and
maintenance costs. The selected option is to construct a pipe upstream along the banks of the
river to a point upriver where the water surface elevation will provide the required head to
supply the quantity of water. If the canal is required to have 90 c.f.s. of flow during normal
operation, then 3,600 L.F. of 72" pipe is required to provide water to the canal.

To minimize costs, the minimum required pipe size required to transport sufficient
water to the canal to achieve the desired characteristics within the canal was evaluated. An
alternative scenario was developed in which the canal system has a flow of only 40 cJ.s. and a
downstream gate opening of 4.5". The turnover time for the canal turns out to be 24 hours.
This turnover time is adequate to keep the water in the canal from stagnating and losing its
aesthetic qualities. Because the depth of flow in the canal is primarily a function of the
downstream gate, reducing the flow from 90 cfs to 40 cfs will require opening the gate slightly
less than the current normal operation. The uppermost point in the water surface is affected
just over 4 inches by reducing the flow to 40 cfs. This will not cause a significant impact on the
aesthetic quality of the canal.

If the canal is required to have only 40 c.f.s. of flow during normal operation, then 3,600
L.F. of 54" pipe is required. The cost estimates (provided in the evaluation of alternatives) for
both full and partial removal of the dam assume that the canal will require a typical flow of 40
c.f.s. during normal operations, thus requiring a 54" relief pipe.
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2. Mechanically dredge the entire volume of sediment and truck the sediment to a
location within 12 miles of the dredging operation.

3. Hydraulically dredge part of the sediment and pump the sediment to a disposal site
located within 1 mile of the dredging operation.

4. Mechanically dredge part of the sediment and place the sediment along the banks o'f
the. river.

5. Let sediment pass downstream

GKY and Associates performed a field visit to the Embrey Dam site on July 23, 1997 to
collect samples of the sediment trapped behind the dam. Using the City of Fredericksburg
Water Treatment Plant staff's boat, representatives collected sediment samples at six different
locations upstream of the dam. These samples were submitted to TIMMONS on]uly 25, 1997
for analysis by their soils laboratory. In general, the sediment appeared to be composed of silty
sands and clayey silts. Classification of the sediments using the Unified Soil Oassification
System (uses) showed the samples to be SP, 8M, and ML type soils. The engineering
characteristics of these types of soils are generally:

1. Good to fair shearing strength when compacted and saturated
2. Very low to medium compressibility when compacted and saturated
3. Only fair workability as a construction material
4. Generally not recommended for use in canal sections, foundations, or as roadway fill

It should be noted that the samples collected only characterize approximately the first
two feet of sediment on the bottom of the river. The depths measured during the field visit
generally corresponded well with soundings made by Russell, Axon & Associates in October of
1965. This suggests that the sediment trapped by the dam has been and continues to be in a
state of equilibrium. A report prepared by GKY and Associates, provided in Appendix F,
characterizes the sediments behind the dam .

For the purposes of this study, it is assumed that the sediments will need to be
excavated and disposed of as part of any dam removal scenario. The fate of these sediments
under the options involving removing the dam were modeled using HEC-6; an analysis of the
modeling results is provided in Appendix F. The results of the fate transport study should be
assessed with respect to the river reach involved to evaluate the impacts to the river
environment.
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Historical

Whenever federal funds or federal permitting is involved for a project, requirements of
Section 106 of the National Historic Preservation Act must be addressed. The history of
Fredericksburg is generally centered around colonial times and the Civil War. Embrey Dam,
however, offers a different perspective on the history of the City. Fredericksburg was a
thriving trading center and-transportation hub based at the fall line of the Rappahannock River.
Fredericksburg was on the technological forefront of hydroelectric power generation with the
conversion of the crib dam from navigation to a hydroelectric facility and with the construction
of Embrey Dam to increase the output of the hydroelectric power plant.

The historical value of Embrey Dam is not limited to its uses. The structure itself has
historical significance. Embrey Dam, built by the Fredericksburg Water Power Company
between 1908 and 1910, is an Ambursen dam. Patented by Nils S. Ambursen in 1903, the
Ambursen dam design uses slabs and buttresses. Through each buttress, an archway provides
access to an inspection walkway that allows access the entire length of the dam. This design
was not used extensively and few representative dams are remaining.

The crib dam, located just upstream of Embrey Dam, is an example of another type of
dam construction. An artists sketch of the crib dam is provided in Figure 10. Crib Dams are
characterized by crisscrossed timbers and rock fill, a technology that is no longer used. Because
of the materials used in their construction, these dams cannot endure prolonged exposure. The
crib dam is relatively intact because it has been submerged since the initial filling of the pool
behind Embrey Dam. Generally, the crib dam is submerged beyond view. During long dry
periods, if the water level drops low enough and the water is clear in the pool, the general
shape of the crib dam can be seen from the southern abutment.

Both Embrey Dam and the crib dam have historical value and are part of significant
chapters in the history of the City of Fredericksburg. By removing Embrey Dam, this portion of
Fredericksburg's history cannot be fully appreciated. If a portion of Embrey Dam were to
remain after construction, the Ambursen dam. could be seen and appreciated. However, the
crib dam would quickly deteriorate. A report by Douglas W. Sanford of the Center for Historic
Preservation of Mary Washington College entitled An Assessment of the Embrey Dam Area states
that "unknown underwater archaeological resources including dams, mill site components,
sunken vessels, other fishing traps" may be present in the vicinity. Mary Washington's report
calls for full Phase I testing of the floodplain along the northern bank and for consideration of
identifying and preserving underwater historic resources.
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Upstream Water Withdrawal Permits

Throughout the course of this study, Spotsylvania and Stafford County referred to
withdrawal permits either existing or pending approval which would be impacted by
providing fish passage at Embrey Dam.

Three upstream water withdrawal permits, City of Fredericksburg's Motts Run, Stafford
County's Rocky Pen, and Spotsylvania County's Hunting Run, will be affected by this project.
While none of the intake structures are in or are proposed to be in the pool above Embrey Dam,
permit conditions become effective when fish passage is provided at Embrey Dam. Once
anadromous fishes are able to migrate upstream of Embrey Dam, the flow in the river becomes
critical during the normal migration period.

The three withdrawal points are subject to the minimum flowby requirements defined
within the permits. The following section is an excerpt from Spotsylvania's permit:

Paragraph 14(d) : Spotsylvania County shall maintain the flowbys as
specified in the DEQ permit. Except as provided in paragraph 14(e)
below the DEQ permit and the Corps flowby conditions are unified.
Spotsylvania County is only authorized to withdraw water at either
intake when the natural flow (minus the withdrawals) in the
Rappahannock and/or Rapidan Rivers. The permit conditions for
flowbys are summarized as follows:

* **
March through May: 100% / 60% / 40% of the mean annual flow

June: 60% / 40% of the mean annual flow

July through February: 40% / 20 % of the mean annual flow

*

**

***

If, during the term of the permit, Embrey Dam is breached to
allow anadromous fish passage, and storage remaining in the
Hunting Run Reservoir is over 91%full for March, 94% full for
April, and 97% full for May.

If Embrey Dam is not breached, and the storage remaining in
Hunting Run Reservoir is less than the provisional storage levels
specified in the DEQ permit, and above the emergency volume
defined in the DEQ permit. Flowbys may be decreased to this
percentage of the MAF minus the withdrawal.

Same as ** except remaining storage in Hunting Run Reservoir is
less than the emergency storage levels specified in the DEQ
permit and the County's mandatory water conservation measures
are in effect.

The requirement for fish passage is a legal requirement of the Code of Virginia. The
method of fish passage does not affect the permit condition. Safe yield determinations
associated with the eventual impact of fish passage have been considered. Therefore this issue
should not influence the recorrunended method of providing fish passage.
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A meeting was held with the Virginia Department of Historic Resources on September
4, 1997 to discuss potential impacts to historic properties. The Mary Washington report has
been accepted by the Department of Historic Resources and the public information meeting
provided the opportunity for public comment on the alternatives. Table 1 provides a summary
of the requirements to satisfy Section 106 of the National Historic Preservation Act if either of
the alternatives are progressed

Table 1
Historical Preservation Requirements

Method of Providing Fish Passage

Construction of a fish passage

Removal of Entire Dam

Removal of Portion of Dam

Requirements for Historic Preservation

No adverse impacts to concrete dam or crib dam.
No further Action Required.

The adverse impacts to the concrete dam and crib
dam would need to be mitigated through additional

field investigations outlined in the agreement
between City and DHR, Additional study required.

The adverse impacts to both the concrete dam and
the crib dam would need to be mitigated by

thorough documentation.

The regulatory issues included within the technical decision matrix include the Section
106 historic preservation, and the Section 401/404 requirements of the Oean Water Act. The
section 106 requirements of historical preservation should be immediately progressed in a
formal agreement between the City of Fredericksburg, the Virginia Department of Game and
Inland Fisheries, and the Virginia Department of Historic Resources as one of the next steps in
the process of providing fish passage. This process has been initiated with the U.S. Army
Corps of Engineers.

25



•

..~'.~.,.
,

.
•

•-
'A

."....._
.

. --.
~
-

~/
.

--
I

-:~\.
~.

.
--

.
.­

....-
-'.

"
~
.

-.•
f

')1
"•

•
t

lt
'

I
-

~-.;
\

~
:

.'
f

I

~-'
.

~
:,•.r

to
,

--.
~

•

•
r



(F
igure

11)



Stability of Dam

The long term stability of Embrey Dam was found to be an issue during the course of
this study. Several inspections have been performed recently and the results generally
summarize that, although the stability of the dam. is not an immediate threat, Embrey Dam is in
need of substantial repairs in order to assure long term stability.

In 1978, Russel & Axon characterized the condition of the dam as having leaking
surfaces and joints. Dewberry and Davis, in 1990 described the condition as cracking, spalling,
deterioration of concrete and exposure of reinforcing. The most detailed inspection" report
provided by the City of Fredericksburg was completed in 1991 by representatives of the City of
Fredericksburg. The report detailed cracks and spalling in each chamber. The report estimated
the rate of flow in chambers exhibiting seepage.

In 1994, Whitman, Requardt & Associates listed spalling, leakage, cracking and further
deterioration of the inspection walkway. While this report was part of an evaluation for water
supply and treatment alternatives and not required for dam certification, it included an
assessment of the condition of the dam. Whitman, Requardt and Associates concluded that the
dam was in relatively poor condition and stated that the structural integrity of the dam is a
concern. Figure 11 shows an example of the condition of the inspection walkway.

TIMMONS, Inc. performed a detailed inspection of Embrey Dam on August 21, 1997.
There are 54 chambers in Embrey Dam. These chambers are separated by buttresses. Twelve
chambers exhibiting more seepage than estimated in the 1991 report were noted in the report
by TIMMONS. The state of deterioration in the remaining chambers generally agreed with the
1991 report. The amount of cracking and spalling was not quantified in most of the chambers.
Deterioration was moderate to significant over the six year interval.

If Embrey Dam is to remain in place, substantial structural repair work must be
performed. The latest inspection report calls for some minor repair work, however, to assure
long term stability, significant steps must be taken. Cost estimates for these repairs are
included in the Evaluation of Alternatives section of this report.

Public Safety

Several agencies involved in the research for this study have expressed concern about
the public safety aspects of Embrey Dam. The City of Fredericksburg budgets funds for
operation and maintenance of Embrey Dam. A significant part of these funds is geared toward
safety concerns. Embrey Dam provides an attractive nuisance by offering a secluded gathering
place for teenagers and young adults. There have been a number of deaths associated with
Embrey Dam. There is evidence of trespassing and alcohol consumption in the area of the dam.
The door to the north abutment has been removed forcibly. The dam is believed to be a
popular gathering place for minors and young adults. The area was not designed for public
access and lacks safety measures such as railings and stairs. The northernmost inspection
walkway slab was removed to attempt to reduce the number of trespassers on the inspection
walkway. Figure 11 shows how trespassers have placed trees across the missing slab to
accommodate access to the walkway. There is no security patrol at the abutments access and
trespassing is prevalent.

The operation and maintenance costs associated with efforts to keep the area safe or to
discourage trespassing is a significant cost that is included in present value cost estimates for
each of the alternatives evaluated in this report.
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EVALUATION OF ALTERNATIVES

The main project goal is to provide anadromous fishes passage through Embrey Dam.
This study evaluates the technical feasibility of the previously identified alternatives for
providing fish passage. Each alternative is developed with respect-to feasibility and cost, and
the resolution of critical outstanding issues. The evaluation is intended to provide a
recommended course of action based on technical issues. The alternatives considered include:
constructing a vertical slot fishway, breaching a portion of the dam, and removing the entire
dam. To fully evaluate these options for providing fish passage, a "decision matrix" strategy
was developed dividing the critical issues into technical, regulatory, and "local" categories.
Issues that could be assigned specific capital and/or maintenance costs were included within a
"technical decision matrix" to develop the recommendations outlined within this study. Local
issues that resulted from various meetings held with federal, state, and local agencies provided
input to create a "local decision matrix" of issues that have been identified for further study.
Regulatory and local issues are identified in the evaluation, but those listed in the local decision
matrix are not included in the recommendations.

Construction of a Fish Passage

The Virginia Department of Game and Inland Fisheries has recommended that if a fish
passage is to be constructed at Embrey Dam, a vertical slot fish passage be considered. Dick
Quinn, of the Ll.S, Fish and Wildlife Service has concurred that a vertical slot fish passage
would be the most appropriate type of fish passage for Embrey Dam. Vertical slot fish passages
function in varying headwater and tailwater levels. The Gatehouse Double Vertical Slot Fish
Passage at Turner's Falls on the Connecticut River is a vertical slot fish passage which has
proven to be effective at passing large quantities of anadromous fishes. In 1993,10,098
American shad passed at this facility. A similar passage is being constructed at Bosher Dam in
Richmond, Virginia. The target species along the Rappahannock River (American shad and
blueback herring) are the same in these projects. The success of the fish passage at Bosher dam
will be another good indication of the effectiveness of vertical slot fish passages.

Specific design issues of a fish passage are beyond the scope of this report. Studies
performed by the Virginia Department of Game and Inland Fisheries will provide necessary
information to properly design a fish passage. The location of the fish passage on Embrey Dam
needs to be evaluated based on existing river conditions. Field sampling using fish shocking
techniques will reveal the most common approach path to the dam and where the most
advantageous location is for a proposed fish passage. In addition to determining the preferred
approach of migratory fish, the headwater and tailwater curves must be analyzed to design the
invert of the entrance and exit channels. The attraction water system is another aspect of the
design of any fish passage. River flows will have to be evaluated and appropriate range of
attraction water flow will need to be determined.
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Adjacent Property Rights / Value

Certain property issues will arise if the selected method of fish passage includes the
removal of all or part of Embrey Dam. If the dam is removed, the pool above the dam will
revert to its original characteristics. The rights of upstream property owners need to be
evaluated, and the "view shed" of the property also will change. The evaluation of this change
is highly subjective. The view after dam removal would be a river versus the current view of a
pond. This could impact the state designation as a wild and scenic river. The change is
expected to be a positive impact.

A more material issue which would require resolution is the status of the land which
will be reclaimed if the waterway reverts back into a river. The owners on either side of the
pool currently own waterfront property. The headpond of Embrey Dam is a navigable water
and is therefore owned by the Commonwealth of Virginia. The upstream and downstream
reaches of the river have been studied during the preparation of this report. Based on those
evaluations, the river is expected to reduce to a width of approximately 500 to 600 feet to the
Interstate 95 bridge. The ownership of the reclaimed land must be resolved.

The county boundary would also be in question. The Spotsylvania / Stafford County
boundary is the southern shoreline. If the river width is reduced, a certain portion of Stafford
County will be on the south side of the river. Additionally, Spotsylvania County would lose
river frontage along the affected reach of river. The current county boundary would no longer
be the shoreline.

'Another aspect of the project is the effect on the Rappahannock as a state designated
scenic river. The viewshed will be altered from a backwater condition to a flowing river
condition. A letter from Richard Gibbons is included in Appendix C and asks questions
regarding the ultimate state of the affected reach of river.

Recreation

Canoeing and kayaking along the reach of the Rappahannock River by Embrey Dam
currently requires portaging around the dam. Access is difficult, and the safety of these
activities is questionable. Also, there are several areas within Fredericksburg that are open to
the public. Old Mill Park, Falmouth Beach, and City Dock Park are adjacent to the
Rappahannock River downstream of Embrey Dam. These downstream areas will not be
significantly altered by any of the three alternatives.

The river reach from the Interstate 95 bridge to Embrey Dam will be subject to a change
in flow patterns if Embrey Dam is removed. Embrey Dam is not designed to be a flood control
structure so the quantity of flow in the river will not be affected. Because the permanent pool
would be removed, river levels above the structure would be somewhat lower in all flood
events. The downstream reach of river will not be significantly affected.
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Methods and Cost of Fish Passage Construction

Construction of a vertical slot fish passage to provide fish passage achieves the project
goal with the least amount of change in the existing dam. However, the dam is deteriorating
and is in need of significant repair and stabilization. Recent inspections have recommended
patching of areas that exhibit leakage. However, if the dam is to remain, long term stability is a
concern and will require major repairs. The cost of this repair is considered within the overall
cost for this alternative. The options for repairing the dam to ensure long term stability include
transforming the dam to a gravity dam, reinforcing and repairing areas throughout the dam, or
performing partial repairs to critical areas.

Included within each of the following options is the cost of constructing a fish passage.
Several methods have been used for estimating fish passage construction cost. The U.S. Fish
and Wildlife Service has used a price per vertical foot for many of their estimates; a range of
$50,000 to $150,000 per vertical foot is expected.

A vertical slot fish passage is scheduled to be completed by the end of January 1998 at
Bosher Dam in Richmond, Virginia. This project gives an indication of expected range of
construction prices provided by contractors. The actual design and construction cost for Bosher
Dam is expected to be approximately $ 1.5 million. Because Embrey Dam is approximately
twice as high as Bosher Dam, construction costs are expected to be significantly higher. The
length of the passage required is approximately doubled. The construction access will be more
difficult at Embrey Dam. The cost of the attraction water system is not significantly changed.
Demolition and excavation are not as difficult at Embrey Dam as at Bosher Dam.

.Preliminary construction cost estimates for a fish passage at Embrey dam are
approximately $3.5 million. Downstream migration would be achieved by providing a flume
over the crest of the dam. This cost estimate does not include construction costs of repairing
and stabilizing the dam. The costs for dam modifications depend on the method of
stabilization and repair selected.

Option 1 - Gravity Dam

One viable option to repair Embrey Dam is to transform the existing buttress dam into a
gravity dam and construct a fish passage around the dam (See Figure 12). A gravity dam
would be formed by placing approximately 12,000 C.Y. of concrete and 80 tons of reinforcing
steel inside the bays of the dam (from Whitman, Requardt, Oct. 1994), thus sealing existing
leaks and creating a much more stable structure. The long term safety and stability of the dam
is now dependent on the structural integrity of the slabs and the buttresses. By transforming
the existing dam into a gravity dam, the weight of the concrete would maintain the stability of
the dam.. The recommended construction sequence is as follows:

• Close all the upstream gates to the canal and open the downstream gates to drain
the canal..

• Breach the concrete sidewall along the northern end of the canal system, open all the
upstream canal gates and divert the river through the canal headgates and through
the breached wall.

• Install a coffer dam around the existing dam and dewater the dam area.
• Place concrete and reinforcing steel as required for gravity dam using coffer dam as

causeway for construction entrance (See Figure 13).
• Construct fish passage
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• Remove coffer dam and close canal gates, draining canal.
• Reconstruct the concrete sidewall along the northern end of the canal system.
• Open canal gates and return to normal operating procedures for the dam.

The fifty year present worth of this option of fish passage in conjunction with
transforming the dam into a gravity dam is $10.2million.

Option 2 - Reinforce and Repair Embrey Dam

The option of reinforcing and repairing Embrey Dam is discussed in the Water Supply
and Treatment Alternatives (Technical Memorandum No.4, Embrey Dam Evaluations) report
buy Whitman, Requardt and Associates, October 1994. The following description of this
process was taken directly from the Whitman, Requardt report;

The second possible method ofrepair is to reinforce the weakand deteriorated areas using
concrete restoration techniques. Generally, this method of repair would includebut may not be
limited to:

• Diverting theflow over thecrestby useoftheexisting canal, siphons, temporary
upstream cofferdams and downstream dikes, or combinations ofsome orall of these
methods as previously described, so that repairs may be constructed overtheentire
lengthof thedam.

• Selectively remove deteriorated and weak concrete byusing concrete saws and
impacthammers 50 only soundconcrete remains and rust reinforcing steel is
exposed.

• Remove the rust from theexposed reinforcing steeland applya corrosion inhibitor.
Replace the reinforcing steel as required.

• Replace thecut out concrete with polymer modified cementitious mortars andfill the
cracks with epoxy injected grouts.

• Installa sprayed on epoxywaterproofmembrane on the upstream face of theconcrete
slab afterdewatering and dredging aroundthe upstream face ofthe dam.

• Demolish and rebuild the inspection walkway using cast-in-place concrete
construction or precast slabs. Expansion joints shouldbe installedas required to
control expansion andcontraction due to thermal effects.

• Repair theexisting deteriorated lateral buttress supports.

Judging by the condition of Embrey Dam, selective repair may be expected on all the
primarycomponents ofthedam. Prior to finalizing thisalternative, a thorough
inspection ofthedam is required to determine the soundness of the existingconcrete and
to define the limits and extent of theworksocontract documents canbe prepared.

The Whitman, Requardt report had an estimated construction cost of $3.912 million for
reinforcing and repair of the dam and the construction of a fish passage. The fish passage had
an estimated cost of $500,000, and a periodic repairs cost of $500,000 for every five years. A
new cost of $4.53 million has been estimated based on the cost of the proposed fish passage, the
construction of the cofferdam around the dam, and a present day estimate of all related
construction costs. The same periodic repairs cost of $500,000 is still recommended every five
years.

The fifty year present worth of this option of fish passage in conjunction with
reinforcing and repairing Embrey Dam dam is $19.6million.
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Table 2
Fish Passage Construction Cost Estimate

Fish Passage
22 VerticalFeet at $1 OO,OOON.F. $

15 % Contingency = $
3.500.000

525,000

Total = $ 4,025,000

Gravity Dam:
Concrete (12,000 C.Y.)
Cofferdam

$ 227,625 Rock Fill (1,300 L.F. x 126 S.F. =6,070 C.Y.)
$ 20,000 Membrane (Material and Installation)

Demolition
Equipment

15 % Contingency=

$ 3,000,000

$ 250,000

s 75,000

s 400,000

s 558,750

Total = $
Yearly Maintenance =

4,283,750
$20,000

Total +
Fish Passage

S 8,308,750

Reinforce and Repair Dam:
Concrete

Cofferdam

$ 227.625 Rock Fill (1,300 L.F. x 126 S.F, =6,070 C.Y.)
$ 20,000 Membrane (Material and Installation)

Demolition
Concrete Repair
Waterproofing
Dredging
Equipment

Contingency =

$ 71,000

$ 250.000

$ 60,000
$' 700,000
$ 190,000

$ 90,000
$ 380.000
$ 261,150

Total = $
Yearly Maintenance = $

2,002,150
100,000

Total +
Fish Passage

S 6,027,150

400,000
252.000
135.300

250,000$

$
$

Contingency = $

Partial Repairs to Dam:
Cofferdam

$ 227,625 Rock Fill (1,300 L.F. x 126 S.F. :: 6,070 C.Y.)
$ 20,000 Membrane (Material and Installation)

Concrete Repair
Equipment

Total = $
Yearly Maintenance = $

1,037,300
120,000

Total +

Fish Passage

$ 5,062,300
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Option 3: Perform Partial Repairs

The option of partial repairs to Embrey Dam is discussed in the Water Supply and
Treatment Alternatives (Technical Memorandum No.4, Embrey Dam Evaluations) report buy
Whitman, Requardt and Associates, October 1994. The following description of this process
was taken directly from the Whitman, Requardt report;

This alternative is similar to reinforce and repair alternative. However, rather than repair the
entire structure, thisalternative would repair only the mostcritical elements such as the slab
joints, thebuttress leaks and thebulkhead leaks. Thisalternative "Would serve asa stopgap
approach thatallows the City more time to perform permanent repairs .. , Yearly inspections
and repairs wouldberequired to determine the adequacy of the temporary repairs andaddress
additional damages.

The Whitman, Requardt report had an estimated construction cost of $2.08million for
partial repairs to the dam (which did not include the construction of a fish passage) and a
periodic repairs cost of $100,000. A new cost of $3.57 million has been estimated based on the
cost of the proposed fish passage, the construction of the cofferdam around the dam, the partial
repair of the dam, and a present day estimate of all related construction costs. The same
periodic repairs cost of $100,000 is still recommended.

The fifty year present worth of this option of fish passage in conjunction with
performing partial repairs on Embrey Dam is $19.5 million.

Least Expensive Method of Fish Passage Construction

Table 2 outlines the construction cost estimates of the three types of dam repairs. These
costs were inserted into Table 3 which estimates maintenance costs over the next fifty years.
The fifty year cash flow table was then used to derive a fifty year present worth for each option.
The gravity dam option is the most economical dam repair alternative based on a fifty year life
expectancy of the dam. The present worth of this option is $10.2 million.
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Resolution of Issues

The technical decision matrix offers summary statements about each of the identified
technical issues. The option of installing a fish passage accomplishes the project goal of
providing passage for anadromous fishes. The construction of a fish passage addresses many
of the project issues by not changing the current state of the dam. The water in the
Rappahannock Canal and the sediments behind the canal would not be affected by this option.

Under this option, the water withdrawal permits for the existing Motts Run, and the
proposed Rocky Pen, and Hunting Run will be affected. The minimum instream flow
requirements spelled out in the permit and discussed previously will be in effect. The existing
structures are only slightly altered; therefore the historical value of the existing structures is not
reduced. Conversations with the Virginia Department of Historic Resources have revealed that
construction of a fish passage would not be considered a historical impact. However,
converting Embrey Dam to a gravity dam would require extensive documentation.

While the headpond would remain unaffected so that property rights would not be an
issue, the dam is deteriorating and is in need of repair. Both the remaining structure and the
new fish passage will require recurring maintenance. The City of Fredericksburg will bear the
burden of this maintenance. In addition, the nature of the dam creates an attractive nuisance
that poses a hazard to trespassers. This liability also concerns the City. Another disadvantage
of this option is that recreation would not be enhanced.

While this option fulfills the project goal, it does not address certain other issues and
considerations. The construction costs of this option, summarized in Table 3, are substantial
and recurring maintenance costs are increased because of routine maintenance required for the
passage.
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Table 3
50 Year Present Worth Analysis

Assumed Inflation = 3.0 %

Fish Passage
Option 1 Option 2 Option 3

Year Gravity Dam Reinforce and Partial Repairs
Repair Dam to Dam

0 $ 8,308,750 $ 6,027,150 $ 5,062,300
5 $ 115,927 $ 579,637 $ 695,564
10 $ 134,392 $ 671,958 $ 2,731,040
15 $ 155,797 $ 778,984 $ 934,780
20 $ 180,611 $ 3,670,289 $ 1,083,667
25 $ 2,393,461 $ 1,046,889 $ 1,256,267
30 $ 242,726 $ 1,213,631 $ 4,932,561
35 $ 281,386 $ 1,406,931 $ 1,688,317
40 $ 326,204 $ 6,628,950 $ 1,957,223
45 $ 378,160 $ 1,890,798 $ 2,268,958
50

Present Worth $ 10,208,750 $ 19,591,450 $ 19,526,600
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Appendix F. An evaluation of these results with respect to impacts to the biota must
be performed. It is likely that some dredging will be required if this alternative is
chosen.

TableS
Cost of Sediment Disposal Alternatives

Option
Hydraulic Dredging of Entire Volume

Mechanical Dredging of Entire Volume

Hydraulic Dredge 1/2 Volume

Mechanically Dredge 1/2 Volume

Release of Sediment Downstream

Cost
$4.24 million

$6.89 million

$2.12 million

$2.915 million

Unknown

Considerations
Disposal site within 1 mile

Disposal site within 12 miles

Disposal site within 1 mile

Disposal site within 1 mile

Further study needed

For the purposes of this study, it is assumed that the sediments will require excavation
and disposal. Additional study is necessary to identify a suitable location for disposal of
sediment within one mile of the project site. A cost of $4.24 million is included for the
construction cost estimate for removal of the dam.

Methods and Cost ofRemoving Embrey Dam

The complete dam removal option requires a full breach of the dam followed by the
removal of the dam, the dam abutments and the existing headrace, and the option of removing
the sediment behind the dam. This option also requires the construction of a temporary
causeway (which will act as coffer dam) during demolition and the construction of a relief pipe
to supply water to the existing canal system (See Figure 14). The recommended construction
sequence is as follows:

• Close all the gates to the canal and drain the canal.
• Breach concrete sidewall along the northern end of the canal system, then open all

canal gates and divert the river through the canal headgates and through the
breached wall.

• Breach the upper half of the three northern most slab panels as shown in Figure 14.
• Grade a temporary diversion channel in the upstream sediment layer toward the

breached section of the dam.
• Remove the silt and crib dam from behind the dam, if required.
• Construct a temporary causeway along the upstream side of the dam for

construction access.
• Demolish the concrete dam working from the north side to the south side of the

dam.
• Removal all logs, concrete, masonry and steel to a depth of 12" below the existing

river bottom.
• Reestablish river flow by removing the causeway.
• Construct relief pipe for water supply to the canal.
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Complete Dam Removal

The complete removal of Embrey Dam would reestablish historic migration upstream of
the dam. While the removal of Embrey Dam would create certain issues which need to be
resolved, the complete removal of the dam is a permanent solution that would reduce recurring
maintenance costs. The removal of Embrey Dam is considered an option for providing fish
passage.

Upon removal of Embrey Dam, the river water surface elevation will drop too low to
provide water to the canal. In order to assure that water can be supplied to the canal, a pipe
would be constructed along the river bank, upstream approximately to the interstate 95 bridge
to carry water into the upper end of the canal. The amount of flow through the canal becomes
very important when evaluating the alternatives for supply water to the canal if Embrey Dam is
to be removed. The cost estimates for both full and partial removal of the dam will assume that
the canal will require a typical flow of 40 c.f.s. during normal operations, thus requiring a 54"
pipe constructed along the banks approximately 3600 feet upstream. A summary of estimated
costs for each of the pipe options is provided in the following table.

Table 4
Estimated Costs of Rappahannock Canal Pipeline

Pipe Diameter
72"
54"

Flow Provided to Canal
90 cfs
40cfs

Estimated Construction Costs
$900,000
$700,000

Another requirement of removing Embrey Dam is to evaluate the environmental
impacts of the ultimate fate of the sediments behind the dam.

A preliminary cost estimate has been developed for several options for removing the
sediment from behind the dam. A detailed sediment study including cost estimates for the
following options prepared by GKY and Associates is included in Appendix F:

1. Hydraulically dredge the entire volume of sediment (530,000 C.Y.) from behind the
dam at a cost of approximately $4.24 million (530,000 C.Y. x $S/C.Y.) This would
include mobilization, dredging, and pumping the sediment to a disposal site located
within 1 mile of the dredging operation.

2. Mechanically dredge the entire volume of sediment at a cost of approximately $6.89
million (530,000 C.Y. x $13/C.Y.) This would include mobilization, dredging, and
trucking the sediment to a location within 12 miles of the dredging operation.

3. Hydraulically dredge part of the sediment (265,000 C.Y.) onto the river banks at a
cost of approximately $2.12 million (265,000 C.Y. x $8jC.Y.) This would include
mobilization, dredging, and pumping the sediment to a disposal site located within
1 mile of the dredging operation.

4. Mechanically dredge part of the sediment (265,000 C.Y.) onto the river banks at a
cost of approximately $2.92 million (265,000 C.Y. x $11jC.Y.) This would include
mobilization, dredging and placement of the sediment to a location along the banks
of the river.

5. Breach the dam and release the sediment downstream. A detailed sediment
transport modeling study has been performed and results are summarized in
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Table 6
Removal of Entire Dam Cost Estimate

Complete Dam Removal- TIMMONS, 1997

$ 500,000
$ 350,000
$ 300,000
$ 175,000
$ 200,000

$ 50,000
$ 700,000

River Control
Concrete Removal from Dam (2,500 C.Y.)
Removalof Abutments (2,000 C.Y.)
Demolition/Blasting
Crib Dam Removal and/or Transport
Causeway

$ 175,000 Rock Fill (800 L.F. x 126 S.F. = 3,740 C.Y.)
$ 25,000 Membrane (Material and Installation)

Temporary Diversion Dike
Diversion Pipe for Canal

$ 600,000 3,600 LF. of 54" Rep
$ 100,000 Endwalls, Butterfly Valves, Misc.

New Headworks and Bulkhead for Canal $ 125,000

Subtotal = $
15% Contingency = $

Estimated Construction Cost = $
Excavation of Sediments (Appendix F) = $

Total Estimated Cost of Complete Removal of Dam = $

Yearly Maintenance of Diversion Pipe = $

Resolution of Issues

2,400,000
360,000

2,760,000
4,240,000

7,000,000

10,000

The technical decision matrix offers summary statements about each of the identified
technical issues. The complete removal of Embrey Dam would require construction of a 54"
relief pipe approximately 3600 feet upstream of the location of the dam to supply adequate
water to the canal. Also, if the dam were to be removed, the fate of the sediments must be
addressed.

Under this option, the water withdrawal permits for the existing Motts Run, and the
proposed Rocky Pen, and Hunting Run will be affected. The minimum instream flow
requirements spelled out in the permit and discussed previously will be in effect. The stability
and safety concerns about Embrey Dam are solved with the option of removing the Entire Dam.
Recreation in the area is enhanced by opening the river to canoeing and kayaking.

The historical value of Embrey Dam and the crib darn are not quantifiable costs. If
preservation of the crib dam is desired, Significant additional cost will be incurred. The cost of
preservation of these dams can be estimated. The cost of preserving a portion of Embrey Dam
is described in the option of removing a portion of Embrey Dam. Phase I testing should be
performed in the sediments along the north side of the river if Embrey Dam is to be removed
completely or partially. Property rights of upstream owners would also have to be addressed.
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Partial Dam Removal

Removal of a portion of Embrey Dam would address many of the same issues that
removal of the entire dam would. However, the stability of the remaining portions of the dam
would still need to be addressed. The same assumptions and design criteria are used for the
sediments behind the dam and for the water supply pipe.

Methods andCost ofPartial Dam Removal

The partial dam removal option requires a partial breach of the dam followed by the
removal of the dam and the option of removing the sediment behind the dam. This option also
requires the construction of a temporary coffer dam during demolition and the construction of
a relief pipe to supply water to the existing canal system (See Figure 15). By leaving three
chambers in place at each end of the dam. The historical significance of Embrey Dam can be
appreciated. Stabilization of these sections will be a cost during construction, maintenance of
these sections will bea recurring cost.

The following is a procedure for the option of removing a portion of the dam

• Breach to upper half of three slab panels near the northern end of the dam, as shown
in Figure 15.

• Grade a temporary diversion channel in the upstream sediment layer toward the
breached section of the dam.

• Remove the silt and crib dam from behind the dam, if required.
.• Construct a temporary causeway along the upstream side of the dam for

construction access.
• Demolish the concrete dam working from the north side to the southside of the

dam.
• Remove all logs, concrete, masonry and steel to a depth of 12" below the existing

river bottom.
• Reestablish river flow by removing the causeway.
• Leave three bays and the endwalls on each side of the dam.
• Provide bracing and repairs to stabilize the remaining portions of the dam.
• Construct relief pipe for water supply to the canal.

The cost estimate for the partial dam removal is provided in the following table. The
same cost estimates for removal of the sediment from behind the dam apply for the partial dam
removal as discussed in the complete dam removal option.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The options for providing fish passage at Embrey Dam include constructing a fish
passage facility, removing Embrey Dam completely, or removing a portion of Embrey Dam.
Issues which have been raised can be addressed with any of these options. The options with
the lowest initial capital outlay are complete and partial dam removal. Either of these options
allows for anadromous fish passage. As discussed in the Evaluation of Alternatives, water can
be maintained in the Rappahannock Canal under either of these scenarios by constructing a
water intake upstream near the Interstate 95 bridge.

The upstream water withdrawal permits will be affected by either of these options. It is
inevitable that the localities will have to' contend with the permit condition. Because the
method of passage does not affect the conditions, no further consideration to these permits
need be given to select the alternative.

The stability of the dam is an issue that needs to be considered if a portion of the dam is
to be left in place. Public safety, also will be an aspect of the final design of any scenario, but
merits special consideration if a portion of the dam is to remain.

Impacts on downstream areas will be a critical issue in evaluating the possibility of a
sediment release. Downstream habitat, and navigation channels could experience increased
sediment deposition. In order to evaluate the potential release of sediments through a dam
breach, a sediment fate transport study has been performed; a summary is included in
Appendix F. If the projected release of the sediments is determined to be acceptable, the cost of
disposing of the sediments could be greatly reduced. This issue must be evaluated based on
potential impacts to biota in the river reaches above and below the dam as well as the aesthetics
and safety related to the scouring of the sediments, and the deposition of the sediments in
downstream reaches.

By leaving a portion of the dam in place, the appreciation for the historical significance
of the dam can be enhanced. Leaving three chambers on each side of the dam would not
impede the river flow and should not pose a significant threat to canoe and kayak travel on this
reach of the river. The process of Section 106 of the National Historic Preservation Act has been
initiated with the U.S. Army Corps of Engineers. Measures to be taken in each potential
method of providing fish passage should be submitted to the Virginia Department of Historic
Resources.

The 50 year present worth analysis, provided in Table 8 shows that either complete or
partial removal is significantly less expensive than the most cost effective option involving
constructing a fish passage. The fifty year present worth of the two options involving complete
or partial dam removal are identical within the limits of accuracy of this report. Based on the
information contained in this report, the cost difference of the alternatives of providing fish
passage by removing Embrey Dam or by removing a portion of Embrey Dam are insignificant.
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TABLE 7
Removal of Portion of Dam Cost Estimate

Partial Dam Removal- TIMMONS, 1997

$ 100,000
$ 460,000
$ 180,000
$ 175,000
$ 200,000

$ 50,000
$ 700,000

R.ver Control
Concrete Removal from Dam (2,300 C.Y.)
Demolition/Blasting
CribDamRemoval
Causeway

$ 175.000 Rock Fill (800 L.F. x 126 S.F. =3,740 C.Y.)
$ 25.000 Membrane (Material and Installation)

Temporary Diversion Dike
Diversion Pipe for Canal

$ 600,000 3,600 L.F. of 54U Rep
$ 100,000 Endwalls, Butterfly Valves, Misc.

Repairof Abutments $ 200,000

Subtotal:: $
15 % Contingency = $

Estimated Construction Cost:: $
Excavation of Sediments (Appendix F) :: $

Total Estimated Cost of Partial Dam Removal:: $

Yearly Maintenance of Remain Portion of Dam = $
Yearly Maintenance of Diversion Pipe = $

Resolution of Issues

1,965,000
294,750

2,259,750
4,240,000
6,499,750

10,000
10,000

.The technical decision matrix offers summary statements about each of the identified
technical issues. The partial removal of Embrey Dam would require construction of a 54

11 .relief
pipe approximately 3600 feet upstream of the location of the dam to supply adequate water to
the canal. Also, the fate of the sediments would need to be addressed.

Under this option, the water withdrawal permits for the existing Motts Run, and the
proposed Rocky Pen, and Hunting Run will be affected. The minimum instream flow
requirements spelled out in the permit and discussed previously will be in effect. The stability
and safety concerns about Embrey Dam should be a part of the design criteria for construction
plans to remove a portion of the dam. Recreation in the area is enhanced by opening the river
to canoeing and kayaking.

The historical value of Embrey Dam and the crib dam are not quantifiable costs. If
preservation of the crib dam is desired, significant additional cost will be incurred. The cost of
preservation of these dams can be estimated. The cost of preserving a portion of Embrey Dam
is offset by the savings on demolition costs. Some maintenance costs will be associated with the
sections of dam left in place. Phase I testing should be performed in the sediments along the
north side of the river if Embrey Dam is to be removed completely or partially. Property rights
of upstream owners would also have to be addressed. '
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Suggested Implementation Plan

The following is a suggested procedure for implementation of the selected technical
alternative and a preliminary schedule:

1. Select method of fish passage (dam breach has been recommended).

2. Evaluate impacts to biota and river based on results of the sediment fate study.
Evaluate potential for sediment release in lieu of dredging to minimize construction cost
of dam breach alternatives.

3. Develop formal agreement for historic resource preservation and/or mitigation.

4. Prepare environmental assessment for selected alternative, including impacts of
sediment release on downstream river and habitats.

5. Prepare and submit Joint Permit Application to VMRC, DEQ and U.S. COE to initiate
Section 10, 401, and 404 permitting process.

6. Secure funding and develop contract documents for selected alternative.

7. Construction of selected alternative.

Preliminary Schedule

Suggested Schedule

Feasibility Study
Sediment Fate Transport Study
Historic Resource Preservation/Mitigation Agreement
Environmental Assessment
Environmental Permitting Process
Construction Documents and Specifications
Construction

"Can be completed concurrently

Preliminary Budgets for Implementation Plan

Environmental Assessment
Permit Application and Negotiations
A/E Services for Construction Documents
Inspection
Construction

Total Budget

Complete
Complete
3months*
6-12 months"
6-18 months"
6 months
6-12 months

$100,000.00
30,000.00

350,000.00
100,000.00

7,000,000.00**
$7,580,000.00

** Favorable results from the Environmental Assessment could reduce the cost by
approximately $4,000,000.
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Table 8
50 Year Present Worth ofFish Passage Options

Inflation = 3.0 %

Fish Passage Complete Partial
Option 1 Dam Dam

Year Gravity Dam Removal Removal

0 $ 6,813,750 $ 7,000,000 $ 6,500,000 Capital Outlay Costs
5 $ 115,927 $ 57,964 $ 115,927 Maintenance Costs

10 $ 134,392 $ 67,196 $ 134,392 Maintenance Costs
15 $ 155,797 $ 77,898 $ 155,797 Maintenance Costs
20 $ 180,611 $ 90,306 $ 180,611 Maintenance Costs
25 $ 2,393,461 $ 104,689 $ 209,378 Maintenance and Repairs required
30 $ 242,726 $ 121,363 $ 242,726 Maintenance Costs
35 $ 281,386 $ 140,693 $ 281,386 Maintenance Costs
40 $ 326,204 $ 163,102 $ 326,204 Maintenance Costs
45 $ 378,160 $ 189,080 $ 378,160 Maintenance Costs
50

Present $ 10,208,750 $ 7,450,000 $ 7,400,000
Worth

Recommendations

1. The recommended option for providing fish passage at Embrey Dam is to remove all or
part of the dam. The fifty year present value for either of these options is equal within the
limits of accuracy of this report. The option of breaching the dam should be progressed
through the next phases of the project.

2. A sediment fate and transport study has been performed to evaluate potential migration
. of sediments. An environmental assessment should be performed to evaluate impacts to the
biota in the affected river reaches. If sediment migration downstream is not expected to have
substantial negative impacts on stream habitat, there may be opportunity to reduce
substantially the cost estimates contained in this report. If it is not feasible to allow the
sediments to migrate downstream, disposal sites within a one mile radius should be evaluated
for capacity and suitability.

3. 'The U.S Army Corps of Engineers is required under Section 106 of the National Historic
Preservation Act to evaluate preservation of historic properties. Requirements of historical
preservation should be addressed in a formal agreement between the City of Fredericksburg,
the Virginia Department of Game and Inland Fisheries, the Virginia Department of Historic
Resources, and the U.S. Army Corps of Engineers as a portion of the next step in the process of
providing fish passage. .
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SENATE"JOINTRESOLUTION NO.296

Requesting the Department of Game and Inland Fisheries to conduct a study on providing fish
passage at Embry Dam.

Agreed, to by theSenate.February 4, 1997
Agreedto by the House ofDel~ February14, 1997

WHEREAS. the Commenwealth, as part of the multi-jurisdietional Chesapeake Bay Agreement
has committed to efforts to restore the living resources of the Chesapeake Bay and its tributaries,
including a commitment to "provide for fish'Passage at dams. and remove stream blockages whenever
necessary to restore natural passage for migratory fish"; and

WHEREAS. the Commonwealth and the other Bay states have committed to opening 1356.75
miles of fish $pawning habitat alODg the major Bay tributaries by the year 2003, to seek necessary
funding and to committing resources to reach the goal; and

WHEREAS. providing fish passage at Embry Dam would provide hundreds of miles of additional
fish spawning areas and has been identified as a major need in order to reach the fish passage goal;
and

WHEREAS, increased spawning 8IC8S for migratory fish species. including rock fish, shad and
hening are not only vital to restoring important living resources of the Bay and its tributaries but also
to providing stimulus to local, and state economies through recreational and commercial fishing
opportunities; and

WHEREAS. sediment bas accumulated behind Embry Dam and the dam's physical condition is
deteriorating; and .

WHEREAS, providing fish passage at Embry Dam will require preliminary study and coordination
between the City of Fredericksburg. the Department of Game and Inland Fisheries and numerous
other locaL state and federal agencies; and. ,.

WHEREAS, it is critical to take immediate action to begin Q process of determining the steps to
take and the feasibility of various options for providing fish passage at Embty Dam and to do so in a
mannerthat assures that the local impact of such options will be considered; now, therefore. be it

RESOLVED by the Senate, the HoU$C of Delegates concurring, That the Department of Game and
Inland FISheries be requested to undertake a study on providing fish passage at Embry Dam. The
study shall be conducted in close associa!ion with the City of Fredericksburg and shall strive to
include all necessary local. state and federal agencies to identify: (i) previous smdies relevant to
providing fish passage at Embry Dam; (ii) any funhcr smdy needs: (iii) steps necessary to achieve
fish passage at Embry Dam; and (iv) various options. including funding needs and options, to create
the fish passage. .

All agencies of the Commonwealth shall provide assistance to the Department of Game and Inland
Fisheries for this study. upon request. . .

The Department of Game and Inland Fisheries shall complete its work in time to submit its
findings and recommendations to the Governor and the 1998 Session of the General Assembly as
provided in the procedures of the Division of Legislative Automated Systems for the processing of
legislative documents. '
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,lriends of the Rappahannock
Cf To con.6crve, pro'ect, arrd educate It

F. O. R.

P. O. Box 7254
Fredericksburg, VA 22404
PhoneIFax (~40) ~i3.3448

Mr. Atan Weaver
Fish Passage Coordinator
Va. Cepartment of Game and inland Fisheries
12108 Washington Highway
AShland, VA 23005

Dear Mr. Weaver.

Aprtl1, 1997

As aresult ofthe Embrey Dam Fish Passage meeting In Janu81)', Friends ofthe Rappahannock
has been meeung Individually wtth members of the Fredericksburg City COuncil, City Staff,
Stafford County Staff. and the Stafford County Soard of Supervisors to present summaries of
InfarmaDon obtained at the meeUng and to solldt furtherconcemsllnterests regarding restoration
of nsh passage atEmbrey DIm. The meetings havebeen quite productive. and we are
encouraged by thegeneral tone of cooperation thathas prevailed.

These meetings have revealed a number of keyIssues thatneed to be investigated before
substantial progress can be made onthe fish passage effort. The purpose of this tetter is to
summarize these issues and to request that you InClude them Inyour study of fish passage
alternatives commissioned by the General Assembly.. .
Key ISlue. for FIsh PBssage Study

• WaterIn the VEPCO Canal. The City has been very clear thatthey'deslre to keep waterin
theVEPCO canaf, for aesthetic reasons as well as to maintain the hydrology of the SnOWden
Wetlands. The key question at this point Isto determine the estimated cost of keeping water
In the canal.. and the best method to do so. We request thatyourstudy investigate and
estimate costs for the following alternatives:

1. Feasibility and cost of running 8 pipe upriver to generale sufficient pressure head to
feed water Into the canal.

2. Feasibility and cost of using 8 wing dam todivert a portion of river fI~w Into the canal
or restoring Lock1 andthecanal for the same purpose.

3. Feasibility snd cost of mechanical pumplng'sftemaUves.
A corollary need that will factor Into each of these questions is the determination of the
minimum now needed in the canal to keep it aesthetically pleasing Oe. not stagnant).

• Sediment behind the Dam. The fate of the 700 acre feet of sediment behind the Dam is a
critical issue fOr both the City andStafford County. The following specific issues needto be
addressed:

1. A sediment fate and transport studYs needs to be oonduded to determine whatwould
nappen to the sediment if it were released into the river, and the nearand long term
effects of such 8 release. This should Indude vartous release scenarios ranging
from full release of all sediment toslow release using methods such ashydrosuction.
The analysis should also lnetude the effectof various seasonal now regimes and
how they would effect sediment transport. Ultimately. the study should address Ire
extent of downriver impacts that would be associated with different release
scenarios.
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Board of Supervisors

RONNIE B. ACORS
MARY LEE CARTER

BILl. JONES
JERRY I. l.OGAN

MMITT B. MARSHALL
BENJAMIN T. PITTS

RICK WOMBLE

C!lnunty nf 8tputsglnunin

Jraunbrb 1721

May 13,1997

County Administrator

L. KIMBALL PAYNE. III

P.O.BOX99
SPOTSYLVANIA. vtRGINIA zass
Voi~~pc.
FIlC~582~
TTY: (5.-0) 582-3594

Mr. L. Alan Weaver
Fish Passage Coordinator
Department of Game a..,d Inland Fisheries
12108 Washington Highway
Ashland, Virginia 23005

Dear Mr. Weaver:

Thank you for the opportunity to comment on the draft scope of services related to
the fish passage feasibility study for Embrey Dam on the Rappahannock River. At this
time, I have only one comment.

On the first page of the draft in the background section, there is a sentence that
states "In the near future. the dam will no longer be neededas a drinking water supply as
Fredericksburg will jointly be obtaining water from Motts Run Reservoirwith Spotsylvania
County." That statement is not completely accurate. Fredericksburg and Spotsylvania
will obtainwater from eitherthe Rappahannock River (directlyor water originally released
from Hunting Run Reservoir) and from the Motts Run Reservoir.

Thank you for the opportunity to comment. I wish you the best of luck on the
feasibility study.

Sincerely,

L.~~~
L. Kimball Payne, til
County Administrator

LKPIIl:pb
C~RS.I"7IWEAY£J'lll513



2. The feasibility and costassociated with the dredginglremoval of sediment behind the
Dam.

• Effects of Dam Removal on Upriver Water Withdrawal Pennits t:t;-
Stafford County has expressed concern regarding the effect of the removal of Embrey Dam
onfuture waterwithdrawals from the riverat Rocky Pen Reservoir. Their permits states that
If Embrey Dam ;s removed, nowithdrawals will be permitted during March thro\jgh May
when the river is lessthan 100°4 of normal flow. We request that the OGIF studyassess
flowrecords to determine historically the prevalence of such flows during the March through
May period, and the potentiallmpaet, If any, onthe Rocky Pen Run reservoir.

• HistoricPreservation
The crib dam behind Embrey Dam is of tllstolical significance. The study should address
costs associated with preservation of 8 section of the crib dam for historical interests. The
Department of Historic Resources should be consulted for costs of proper
documentation/preservation measures for Embrey Dam, If deemed warranted.

• Fish Passage Analysis by Scenario
We request that the fOllowing fish passage seenanos be evaluated In ~enns of 1) feaslblUty,
2) cost. 3) effectiveness In passing fish, 4) environmental impact. anG 5) corollary issues
such assafety hSZ8ros (e.g. from keeping the dam, or from damdebris in river)
1. Compete removal of Dam. dredging/removal of sediment. maintenance of water in

canal, preservation of portion of cribdam. .
2. Partiaf removal of Dam, partial dredging/removal of sediment, stabilization of remaining

sediment/dam, maintenance ofwater in canal. preservation or portJon of cribdam.
3. Options 1 and2. butwith a) full release of sediment or b) Slow release of sediment

(hyc:frosuaton).
4: Installation of fish Iidder, reinforcement of Dam, including ongoing maintenance costs.

Insummary, cost and feasibility data are the key types of infonnation that the localities (and
potential grantors) need In order to move forward on the fish passage issue. I would like to
emphasize thatthe assessment of thecorollary Issues (e.g. water\nthe canat, sediment Issues,
water permit iS$ues)"'is critical at thispoint. These areof greatest concern to the local
jurisdictions, (Inca theypose significant financial questions. We encourage you to workclosely
withthe City and $tafford County Inyourstudy. so 8S to mostaccurately address these tssues.

Thank youfor yourconsideration·of these requests. I look forward to continuing to wo,* with you
to achieve restoration of anadromous fish passage at Embrey Dam.

00: PriceSmith, VDGIF
John Kaufmann, VDGIF
Ed Stelnkoenlg, VOGtF

v-flal Wiggins. corpsof Engineers
Senator Edd Houck
~n Greenup,·Mayor City of Fredericksburg
.-.-Marvin Bollinger. Fredericksburg City Manager
~M. Williams, Stafford County Adminsitrator
·~Ordon Shetton. Fredericksburg CityCouncH

Bob Boss, Stafford County

.( ·K~l.~t, if-f- a.LLe~'



Friends ofthe Rappahannock
""0 conserve, protect, and educate"

Mr. Alan Weaver
Fish Passage Coordinator
Va. Department of Game and Inland Fisheries
12108 Washington Highway
Ashland. VA 23005

Dear Mr. Weaver.

P. o. Box 7254
Fredericksburg. VA 22404
PhoneIFax (540) 373·3448

May 21.1997

Thank you for the draft scope of work for the VDGIF fish passage feasibility
study at Embrey Dam. This letter is in response to your request for comment on
the scope of work.

We are very pleased with the scope of work, and appreciate your indusion of
the needs I cited in my April 1 letter. The final product of an analysis by
scenario will be a key tool in the decision process to follow the study.

The only addition we would have at this point is that VDGIF coordinate closely
with the Corps of Engineers in order to assure that the issues are addressed in a
way that meets federal permitting requirements. A meeting early in the process
with the Corps would be very important in designing studies that are
complementary.

Thank you for your good work.

Sincerely,

.u'C0?A1
JqJ'in P. TiPpe¥f "'-.I

ecutive Director



BOARD OF SUPERVISORS
LINOA V.MUSSELMAN

CHAIRMAN

ALVIN Y. 8AHDY
FERRIS M. BELMAN. SR.
~A.FRm'ER

,ROBERT C. G.eoNS
, L"LE RAy SMmf

May 14, 1997

1300COURTHOUSE ROAD
P.O. BOX 339

STAFFORD, VIRGINIA 22555-0339

COUNTYADMINISTRATOR
c. M. WUIAMS. JR.

Mr.L. Alan Weaver
FISh PassageCoordinator
VtrgiDia Department ofGame andInland FISheries
12108 Washington Highway
Ashland, VA 23005

Subject: EmbreyDam

Dear Mr. Weaver:

Thank: youfor sending methe information regarding the proposed Fish PassageFeasibility Study for
Embrey Dam. The draft Scope ofServices appears satisfactory.

As you know, the Rappahannock River is within the boundary of Stafford County. It is also
anticipated that the river wm provide waterfor the Rocky Pen Run Reservoir. That reservoirwillbe
a majorsource ofdrinking water for countyresidents. Therefore,we are interested in participating
in the study as it proceeds to a final recommendation.

I look forward to working with you on this regional project.

Sincerely, ...
<-~ •••>.
~~~

C. M Williams, Jr.
County Administrator

CMWJr:SC:cao



(north end) may be the logical part to be left in place. This option would also help to
preserve other historic resources on City owned property, such as Hunter's Iron Works
mdi~power~. .

The City is anxious to remove the dam and has obtained strong Congressional support in
this regard. As a consequence, the option to reinforce and maintain the existing dam
should certainly be studied but should not be ofprimary concern.

Ifyou have any questions, please don't hesitate to call.

Very trulyyours,

)t.IXP:s ..
Martin S.Bolinger
CityManager



~13l"\;n S. Bolingcr
City M:lmgt:r

Be\·crly B... CAmeron
Assistant City Manager

City of Fredericksburg
P.O. Box 7447

Fredericksburg, VA 22404-7447
Telephone: 703 372 1010

F:L't: i03 372 1158

~y23, 1997

L. Alan Weaver
FishPassage Coordinator
Departmentof Game and InlandFisheries
12108 Washingtou Highway
Ashland, VA 23005

RE: Embrey Dam, Fredericksburg

Dear Mr. Weaver.

The City staffhasexamined the scope ofwork fortheEmbrey DamFishPassage
Feastbility Study. The document appears to be quite thorough andthe resulting study
should be useful to all concerned. I offer the following comments for your
consideration:

1. The Background section indicates the Embrey Dam is 22 feet high. Our research has
revealed that there is considerably moreconcrete at the dam's northernend. The river
bottom in thisareawasverypoor for the earliercrib dam'and a flood in 1889 caused this
end to give way. The rush of water scoured out the riverbank and the Embrey Dam
builders had to remove an enormous amount of rubble and dig deep to find a suitable
foundationarea. As a consequence, the concrete dam is as high as 43 feet in this area.

2. The Scope of Services section identifies water in the VEPCO Canal as a key issue. It
should be noted that the original canal lock that first watered this canal is extant as is a
large portion of its related canal. Certainly repairs will be needed and piping required
where it has been obliterated, but some of the original canal may be reusable.

3. Also underScope ofServices are historic preservation items. It should be noted that the
18505 crib darnwas in disrepair when the 1910dam wasbuilt Ifpreservation of a portion
of the crib dam proves infeasible, extensive photo documentation may be a reasonable
alternative before it collapses.

4. If a portion ofEmbrey Dam is to be retained, the section where the most concrete exists
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ect Narrative for
ec::IllDlcal Altemative. ADalYluaDd Fealibility Study

.-ovidiDl Filh P.I.age at Embrey Dam
or Frederickaba.... Vlrgiaia

The purpose ofthis study is to conduct a technical alternatives analysis for
pro dinI fishpause at Embrey Dam. The study will complete a field. inlpClction of the
dun lite to docwnent eximnS QOnditiQh5. inspect the key lINes relardillg safetyt the

CO Canal. exiitiDs eccSilufttation, and historicprelervation alternative•• and to
~n crt relevant aele! information to aalilt in complotJns the alternatives analysis. We will
.110 eviGW 111 previOUI correspondence,'historical analysisperformed by Mary
W' Collep. PEJ..C and water witbdrewal permit., plansy and technical studies
that va been preparod for the Embrey DL'" and prepare a IW1UIW')' of the information
'that I relevant to GOmpletilijJ • technical alternatives analyalJ.

A draAICOpe of .ervices wu prepared for this study by the Virswa Department
" Inland Fisheries (VDG&IF). The dr~ IC;Op' was sent to area municipalities

mment. and was reviled to include key issues to cx.emiD..du.riq this £'tudy incIUcli,:

taininl water in the VBPCO Cmal.
'ExI~18 sedimmt. behind the dam.

s of pO'.ible dam. removal on upitream water withdrawal permits.
'ItUlPVJtdon ofhistoric propenie. including the Bmbrey Darn and the existing crib dam

just upstream.

This study will prepare an overview ofall potential alternative. far providing fish
pu tbroush the Embrey Dam site in~ludin8 tbo altcmative of no action. ileduce the
alte nativea to prepare a detailed aDalyai$ ana decilion matrix to evaluate all practical
-.It tivel•. Thf31 a.ltM"ftanvQ& thAt will be developed in deWl Vw'ill inelucle:

-ea.mlete removal of dam
-I' ·al removal ofdam
-pr vidiQg a fish pUMge through a reinforced section of the dam

The alternativea analysis will evaluate each alternative on the baail of feasibility.
effectiveness ror providihg fish pUI&ge. cursory review ofenvironmentalllDd
rical impactI, safety, relative impacts from 5Od.imcnt, and other key issues identified

the fteld investigation. This sNdy will utilize existing data only and will not inelu e
fiel topographical survey, dam safety inspectien, Minimum Inatre.am Plov.' studies for th
riv r, or a detailed ICdlmcrtt trarwport study for each alternative. A decision matrix will e

oped u a presentation tool to promote discusaion regarding the project. ,
I
i
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PfAFT
Fllb Pallale JreadbUtly Study for Embrey Dam

Contr_loR: Agency: Vlralnla Department of Game lit Inland FI.berles
4010 West Broad Street
P.O. Box 11104
Richmond. VA 23230-1104

t.

n.

Bmbrey Dam on the Rappahannock River just downstream of 195

SinalI': Project Services

~_u:: The Virginia Department of Game and Inland Pisheries has been c11rected by
teo Joint Reaolutlon No. 296 (Attaehment A) to conduct i feasibUity Ibldy for

roviding fish pass8lc for anadromous fi,hcs at Embrey Dam on the Rappahannno~
lver. Services requested include, but are not ltmitecl to investigations. studies. ~

eports, synthesis of existing information. cost analyses and other required engineqring

ervkeu! ~=:=::t:;7::;e5 dri~~atcr for dle Ci~ of j'
'edericklburg. The dam also supplies water to the old VBPCO canal. In the
ture, the dam will no lanaer be needed &1 a drinking water IUpply &5 Frederlckst>urg
ill jointly be obtaining water from Mott's R.un Reservoir with Spotsylvania Coun~.

brcy Dam i& 22 feet in height and is approx.lmatcly 1000 feet in length. The d~l is
Ambwlon dam and was constructed circa 1910. There is also a crib dam loca~

'ust upstream or Embrey Dam that was conat:ructed circa 1858. i
;

I

The dam e.ffectlvely blocks anadromous fish access to 70.6 miles of potential
pawNDg habitat on the Rappahannock River mainste.m alone as well as approximately

IDS miles of major tributaries- The target nih ,peete. fOT pauagc are the river :'
erring. which is a collective term 'for blueback herring and al~wlfe, American 8~d
ncl hickory .had. These fishes ascend Virginia's coasmI streams each spring for the
urpOIC of spawning and are found at the hue of Embrey Dam caehspring. The!
igratory run and spawning period for these species belins in late Pebruary and n)&Y

xtend until earl)' June. Juvenile fish down migrate in the summer and fall. !
i

The Virginia Department of Game and Inland Fisheries (VDGIP) conducte~ a
ediment study in 1995 with assistance from the Virginia Department of Environmental

lit)' and Mary Washington College is completing a Phase I historical and j

rcbeological reeonaissance of the dam and Us environs for VDOIF. The City of
rederiek&burg completed two engineering studies of the darn, one in 1990 and one in

1994. Study reports are attached for your convenience. I

In. : The engineering firm shall provide services for a complete
easibility study and cost analysis for providing fish passage at the dam 36 well as



:.--- : : .: .:.. - :"-
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) Optiaftl 1 and 2 but with a) full relel.e of sediment or b) slowrcleale of .ediment
ydroluction) .

) wWlation of flShway. reinforcement or dam. including continuous maintenance
,,' II.

: TIle fee for servia" .halt be Degotlated on a lump sum basis consiclerl11l the.
copeof Sc:rvic:e required I the man houri required for each tevel/dllclpUne. and the
abor rates alrecd upon 4uring the initial negotiations.
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ddreuinl any potential impaeta fish passaiC may have on other ~sour"•. The
lea Iball include, but not be limited to the following; Synthesis of exiatiq

ormation and ltudies, evaluatiolll, ana1YI1I, recommendations, coat and time .
•tlmates, repOrts, prcplann1na ltudle8. engineering, plaming and surveying services

sal')' ~o 1) study the dam lito and itl environs and identify the 'molt eolt effective
pproadl to providing fish pas.,.e, 2) conduct a sediment fate and transport study ~if

iI to be removed or breached). 3) recommend feasible methods for continued I
rovision of water for the VBPCO canal if the dam were ~moYcdlbreached,and 4)
etermiDe tile effectl on lo~l hiltorle properties if the dam Is alt=red (c.g. removed).

i
ey lllUCI to examine durina tb18 ltudy that have been identified by various partie~

ith veIled intereats are 81 follows;

Water in the VBPCO canal \
a) Feasibility and COlt of extending a pipe upriver to I location with suffici~nt

head to water the canal. :
b) Feasibility and COlt of constructing a ~iDl dam to divert river flow into f\e
canal or restorina Lock 1 and the canal for the lame purpose..
c) Peulbility and cost of mechanical pumplns alternatives. II

d) Determine minimum flow rcquirementa for all scenarios. I

2) Secliment5 behind the dam (shown to be non-toxic in 1995 'Oldy ~y VDGIF).
a) Pale and transport soodY to include analysis of potential release scenarios and
impacts on downstream resources.
b) Foasiblity and cost or dredging/removal of sediment.

3) Meets of possible dam removal on upatream water withdrawal permits.

4) Preservation of historlc properties Including Embrey Dam IDd the old crib dam jU8t
upstreun of Embrey Dam. I

Speclncally, the final prod~l of this study will be an analysis of fish passaiC at I
Embrey Dam outlining several scenarios, The following sconariol will be evaluated In
tenns of 1) feasibility, 2) cost. 3) effiectivene88 of passing ana.dromous fishes. 4) !
enviroruncntal lmp.~tSJ and 5) corollary 1.lues such as safety hazards (e.g. keepi~ the
dam, or dam debris m the river after removal):, r.,c'V-41'.o... " \ .~ h:\~";-- r--~

1) Complete removal of dam, dredging/removal fo sediment, maintenance of water in
Lhe canal. preservation of portion of crib dam.

2) I~tial removal of darn, partial dredging/rernoval of sediment. stabilization of
remaining sediment/dam, maintenance of water in the canal. preservation of portion of
crib dam.



SENT BY:Xerox Jeleccpier 7020 7-17-97 S:2dAM 540BSS358S...

-2-

We recommend that the proponent for a project involving a
of the Dam consider the removal of the sediment retained ~

am either chrough mechanical and/or hydraulic dredging or a
al release of sediments into the river so as to meet stal1e

r qua11ty 8tandards. we lock forward to assisting the Ci y
all interested parties in the development of a plan to ad·ress
removal of the sediment. retained by the Embxy Dam. I

Another issue that is being addressed is Section 106 of ~he

onal Historic Preservation Act (NHPA). Section 106 of th~

requires licensing or permitting federal licensing agencies
e the Corps) to eonsider the effects of their undertakingr
ps permit) on hiscoric properties and to consult with the
inia Deparcment of Hiscoric Resources (VDHR)- AC this ci~e,
iminary comments from the VDHR on a draft report of the ~ry
(Enclosure 3) indicates the VDHR concurs with the finding~ in
report that the 20~h-eentury concrete Dam and the 19th-eeptury

Dam are significant structures eligible for listing on t.he
onal Register of Historic places. The VOHR further agree~
the report that the assessment of the Dam as a significapt

eric structure should not impede the proposed project (i.~­

con8cruct~on of a fish passageway at the site C¥ the Virg~nia

rtment of Game _ Xnland Fisheries). During a review of a:
ntial fish passage project at Embry Darn. the Corps will :
dinate with the VDGIF. VOEQ. and VDKR and weigh the hiGco~ic
ificanee of the Dam against the value of restoration of
rO!l\ous fisheries in the Rappahannock River. Other issues: that
be addressed related to fish passage and a possible brea~h

safety/navigational issues that may be associated with t~e
val of a partial structure (i.e. Crib Dam and/or Embry Da~) .

Xn addition to our regula cory role, I met in June 1996 with
ericksburg City Manager Marvin Bolinger. The purpose of !the
ing was to discuss flood control and other water, :
ronmental, and related land resource needs the city may have,
uding fish passage on the Embry Dam. At this cime, we a~e
ting a reply from the City concerning any assistance the'
olk District can provide regarding the aforementioned to~iC:S.
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able Herbert H. Bateman
sentative in Congress
r. John Goolrick
Sou~hpoint Parkway
rieksburg. Virginia 22407

This is ·in reference to your request of December 23, 1996
ding informat.1on concerning State Senator Houck' s· fish
ge project at the Embry Dam and the role of the Corps of
eers in this project. -In August 1992, Mr. Hal Wiggins of ~ staff met with
sentatives from the City of Frederieksburg. u.s. Fish anq
ife Service, the Virginia Department of Envircnmen~al

ty, and the virginia Department of Game & Inland Fisheries to
as fish passage issues related to the Embry Dam on the
hannock River. It was determined at that time that a
tment of the Army permit would be required for work involving
redging and/or construction aasociated with the breaching of

Dam. Formal comments were provided to the City concerning
egulatory role in the fish passage project (Enclosure 1).

Since that timet several of the issues related to a breaqh of
am have been addressed. We are currently concluding a p~rm~t
n in which the County of Spotsylvania and the City of !
ricksburg will jointly share a new water intake on che i
hannock River near Motts Run. The current water supply I
e structure on che Embry Darn will therefore eventually b,'
oned, thus the city will no longer depend on the Embry 0 m
heir water supply.

i
Further, we concur with the findings in the report proviqed
e Virginia Department of Environmental Quality (Enclosur~ 2)
the sediment study data indicates that characteristics o~ the
ants retained by the Embry Dam are comparable to ocher .
ants upstream and that the potential for these sediments Ito
nsidered a hazardous waste is minimal. However. we would
en that water quality degradation associated with a suddeP
ubstantial release of sediment into the water column which
occur from breaching the Dam is a concern to us.
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"I don't think we're g;ng to
permit· something that's ing lo
leave a big pile of rubble a t in the
river," 'said Hal WiggIns Iof the
eerps' local offlce. J

And the biggest quesUon1Who il
going to pay for It1 .

HWhen you've got all O! thae
things, you've just got to g~ in anc!
study them,- Ogle sald.

The darn was buill ara d lilO
and i. deteriorating. Supp ten of
removing it hoped lhat might

dynamite in the right places,
"There's a lot of things la look

al," he sald, "U's not just boom. you
remove the dam."

The city, for example, wanta to be
sure that water can reach the
Rappahannock Canal and adja­
cent marahes and pond.. And il
wants old canal locks from the
clty's industdal palt preserved.

There's also tbe issue of how to
handle the lons of sediment behind
the dam's 33-foot-hlgh wall. And
there's the matter of exaeUy how to
take the dam doWn.

By" BERT BURKESr." _poIffIr
A lve to remove the Embrey

Dam Is laiDing support among
FreeS ricbburl area loe.UUes.

Bu that", unlikely to speed up
seve Y'ian: of studl.. planned by
the' .5. Arnty Corps of Engi-
nee . .

It· gDing te be a long preeess-«
anell aught to be, .ald Robert Ogle
ot t • corps planninl 'office in
Nod lk.

·Ta tna the dam down isn't 85

aim e u dropping 8 few .tlck!' of

11 aring down the Embrey Dam
G ting job done will require lots of money and patience

Ptl.! I'1toft>

Oetting rid of the Embrey Dam wilt be a alow, bureaucratic
precess, officials IBY.
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if I may be of some assiscance, please let me know.

Sincerely,

£1:f11£;o-fJr~
Colonel, U.s. Army
Oiscrlct·Commander

sures

Copi s Furnished (w/out Encl):

of Fredericksburg, FredericKsburg
senator Ed Houck, Spotsylvania

Fish • Wildlife Service, White Marsh
nal Marine Fisheries Service, Oxford
nia Department of Environmencal Quality, woodbridge
nia Department of Game & Inland Fisheries, Richmond
nia Department of Historic Resources, Richmond
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crlUc:al in helping to pay for the
project, said City Manager Marvin
BoUnger. While the dam bela gs to
the ei ly, tb. river hi a stat and
national asset, he said.

Greenup ••ld that while St ffftrd
and Spabylvanla .uppart the 1 88 of
removing the dam, III thInk th they
do .ant to take a look at to ,.,hat
mctent each one of them auld
benefit" before they agree help
pay for .tUdies.

The elt)' currently drs its
drh,ktnl water fram behin the
dam, but It ha. a.reed' to build new
.ater plant with Spotsylvania. That
project makes the dam expen able.

speed th proc:ea5, but' Ogle laid
no.

If the d m is a ha7.ard, that's the
state and the clty's problem, he
said. He oWlJPlayed the potential
Cor the da to break.

..)tl. ju t a smaIl dam, reany.
During. oad, [it'.) almost ,ube
merced. t it f.Ued whU. lt's
submerle ... you wouldn't even
feel Lbe ee et,"

Area 10 .litia can belin the
process by skin. the COrpl for help.
Those wh want the dam remavm
are tryinc a get a6 martY lacaUties
invnlved t the request a. possible.

Frederi k,butl hl\l already
passed a olutton; Slafford and
Spo15ylva a counties are expected
to Soah, .a Frederlcksburl Mayor
But Green p. ,

When a three have approved
separate oluUons they'll.end a
letter to th eorpa. Greenup said.

Sen. JO, Warner wantll the dam
gone, too, nd has promised to use
his inOue e on key senate eem­
mittees to ake it happen.

Ogle 88' studies on the projecl'
could best a. early as this fall if
Warner ca get money for them in
the corps' 880 budget, The fiscal
year for t deral ageneles begIns

Oct. 1.
Corps planners would first do a

yearlon, study to determine if
there'l 8 federal tnlerellt in the
projeet.. The corps would pay tor thJl
Itudy. It would eost about $100,000
8 nd mclucle an agreemelJt on paying
for the next .tep, called a feulbl1tty
study.

That takes three yeafS and would
include evaluating the environmen­
tal impact Df the project.

The corps would p.y half the coat
of the f••slbmty sLudy, which could
run. around $1, million, aile said.
The ....t would presumably eame
from the localities, he Nld.

Al this poJnt, Ogl8 said, the corp.
eould esUmate the preJect's total
COlt.

I...ut com_ three years of ensl­
neerlng and de!lllO work. The cnrps
would pay 7S ptlreentof this expense,
which 0lle said ".ries depending an r...
the project. '

Ogle did .~ the p,aceas could be
accelerated If the state Department
of Game and Inland Fisheries goe.
ahead with a study on fllh passage
at the dam.

The corps could borrow from
serne of that work. Ogle said.

Getting the state involved is
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FREDERICKSBURG. VIRGINIA
WEDNESDAY, MAY 21, 1997

OPINION
EDITORIALS

Friend of the Rappahannock
. .

S n. John Wartler • suddenly becoming one
of best friends theRappahannock River has

had. The senator, who carries a bll stick on
: a ommlttee that· oversees pubHe works
.~ eta, says be wmdo wbathe can to expedite
the oval of the Embrey Dam, which has
1ID;~1edthe river'. flaw .iDee 1810.

t's more, the 8enator .ays he would like
- at least part of the river omciaUy
gnated as wlld 8,Dd scenic by the federal
rnment.
Over rats say those kinds of thlDgs .lithe

, but it is Utaeomrnon for 8 U.S. senator to TOM '''leU I "'." ~tOr1"fJ1'''''
-Ie~ out frOnt and lead the way on an issue' After ,ettlng. close look at the Embrey Dam
. In lYing the environment. '. ~r t .... we.and, u.s. Sen. John Warner,

.~ pparently h1I zeal comes from the fact that A-VII., aid he wlll work tor federal funds
. Warner-who fishes for pleuure-rec~ t I • L. R k AIo 1zes a beautUul .tretch of water when he 0 r.maw t ,rom tne appahBnnac var.

it.. . th~der, said he wants local government
for the pollUc& involved. Sen. Warn8J" has officials and citizens to get behind the dam­

out that the Embrey Dam doesn't have . removal effort before he starts cutting through
of lupport-literally or f1Iurative1y. It is an J red tape and seeking money for the eaT!y stages
crumbllna .~c;ture ~hat ne.edsto come of the job..

D. Unfortunately, a Corps of Engineers rep­
nee the dam Is gone, shad and other teaentative said Saturday that his agency wUl
atoJ;)" fish will be able to get upriver each' need seven years te .study any proposal to

IIPItlna to their migratory spawning grounds, remove the darn. Sounds awfully bureaucratic,
.canoeists and by.kerB 'wll1 be able to doesn't it?

dleaUthewaydownthefree-nowlngstream Nature could intercede before then. One
. the. Blue Ridge Mountains to Fred- tropical storm. or hurricane might be aU that's

kaburg, where the Rappahannock becomes needed to end the dam, which can be seen from
del riwr. Fall Hill Avenue not faf upstream from the

e clam is 34.8 reet high and 1,070 feet long. Falmouth Bridge.
a U.S. lenator can live the B7-yeal'-old The City CouncU commissioned e study that
c:ture a push. he ~Ul cUaplay the kind of determined that rio homes would be inundated

that's useful to his eonsUtuent& . if the dam broke. but anyone fh~hjng or
n, Warner, • Republican, took bis stand in 8ightseelng downstream could drown in a wall

de ense of the river on Satuntay during' a of water. That safety factor lends a sense of
meting. with representatives of the gov~. urgency to the 'issue that could give Sen. Warner

. e. menta .. of Fredericksburg and Stafford· a stronger hand to play in Washington.
C ty, the Department of Game and Inland Because the river bed is in Stafford County,
Ti heries, .the u.s, Army Corps of Engineers the Board of Supervisors'will also have a say in
a Friends of the Rappahannock. Tbemeetiitg .the , proposed ;dem1Jle ot the Embrey Dam.
a ut the dam was called by Democratic state' Supervisors ought .te raise any concerns they
S . Edd Houck, a leader in efforts to preserve have, but they shou1ddo it as quickly as possible
th upper Rappahannock. because Sen. Warner is ready to dip a blgpaddle

n. Warner, careful not to steal all the in the water.
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Embry Dam Fish Passage Meeting

August 4, 1997
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COMMONWEALTH of VIRGINIA
DEPARTMENT OF CONSERVATION AND RECREATION

203 GOYemor Street. Suile 326

TDD (804) 786-2121 Rictunond. Virginia 23219-2010 (804) 786-2556 FAX: (804) 371-7899

August 15, 1997

K.thleerl W. tawralCl!
Din:c:tor

Mr. Hal Wiggins
U. S. Army Corps of Engineers
Fredericksburg Field Office
10789 Columbia Drive
Frederick urg Virginia 22407

Subject: Feasibility Study for Providing Fish Passage at Embr~Yl>am

The Department of Conservation and Recreation supports the goal of providing fish passage at
the Embrey Dam on the Rappahannock River. This will specifically provide for enhanced
recreation upstream for the citizens of Virginia.

The Fish Passage Feasibility Study for the Embrey Dam should include an assessment of several
additional areas or issues. As you are aware, the Rappahannock is a state-designated Scenic
River. The designation begins at river headwaters near Chester Gap and extends downstream to
the Maysfield Bridge in Fredericksburg. This designation means that important scenic,
recreational, and other natural resources exist in the river and along the corridor.

The study) as it currently defined, does not adequately take into account impacts or potential
impacts on recreation and scenic values of the river. Several important factors concerning
boating need to be addressed in each of the study alternatives; cae is the quality of the recreation
experience associated with each of the actions. What type of whitewater experience will the
removal or partial removal of the dam create in the river? Will one of the alternatives produce
an enhanced experience? The second factor concerns the considerations that need to be
addressed for each alternative in order to provide a SAFE boating experience.

On the aesthetic values of the river -- what will be the impact of each of the alternatives on the
river and river corridor aesthetic qualities? Each course of action will have a negative short term
impact by the alteration of the pool of water now currently in the river because of the dam. The
edges of the river will re-establish over time, and revegetation will take place. It is important to
know the duration of impacts and if one course of action has fewer scenic consequences than
another.

An Aeencv or the Natural Resources Secretariat



~ The C.ol1ege Of
.WILLIAM&MARY

Wetlands Program

Virginia Institute of Marine Science
School of Marine Science
P.O. Box 1346
Gloucester Point, Virginia 23062
8041642-7380, FAX 8041642·7179

Mr. Hal Wiggins
U.S. Anny Corps of Engineers
Fredericksburg Field Office
10789 Columbia Drive
Fredericksburg, VA 22407

Dear Hal:

This letter is in response to your request for our comments following the 4 August 1997
Technical Alternatives Analysis and Feasibility Study for Providing Fish Passage at Embrey Dam
meeting that Dr. Carl Hershner and I attended.

Due to the large sediment load that the Rappahannock River presently receives, it is possible that
a release of sediment from behind the dam may not have a significant adverse impact on the
downstream fisheries resource if the release is timed not to coincide with certain critical life stages
of the fish. However, to better understand the extent of the impact that a sediment release would
have on the Rappahannock River, it will be necessary to determine the amount of sediment to be

. released and its possible downstream distribution.

The Virginia Institute of Marine Science has conducted much research on sediment modeling and
the fishery resource of the Rappahannock River and would be interested in assisting as this project
develops. Should you have any additional questions, please do not hesitate to contact me.

Sincerely,

~q~
Kirk J. Havens, Ph.D.
Department of Resource Management & Policy

c Ms. Heather Wood, VMRC

~J;,\et\andS-"~~~ Program
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Mr. Hal Wiggins
August 15, 1997
Page 2

Consultation with the City of Fredericksburg is recommended to determine what future uses may
be made of the river, canal and corridor. The removal of the impoundment may result in the
addition of lands to the floodplain that could be used for recreation or education.. There should
be a careful analysis of proposed alternatives to ensure that none preclude the region's ability to
use the river, the canal, and the corridor's attendant resources for future recreation, education,
and economic development.

The crib dam behind the Embrey Dam is an important historical feature, along with the canal
and some of its related constructed features. A careful study should be done to determine if a
portion of the crib dam and the Embrey dam could be saved and developed for educational
purposes. This could involve some plan. to retain water between the two dams and to develop
walkways on or around the features. The Virginia Department of Historic Resources is the
source of technical assistance for historic preservation projects.

This project should be coordinated with the Rappahannock Scenic River Advisory Board;
Mr. John D. Mitchell is Chairman. He can be reached by phone at (540) 371-2030 or by mail at
1025 Hillcrest Terrace, Fredericksburg, Virginia 22405.

I appreciate the opportunity to participate in the scoping and planning for the fish passage
project. The end result should be enhancement of the river and its resources.

cc: Ron Hedland
John R. Davy, Jr.
John D. Mitchell, Chairman

Rappahannock Scenic River Advisory Board
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October 1, 1997

Northern Virginia Regulatory Section
(Rappahannock River)
92-8628-45

Mr. Tim Davey·
Timmons & ~.ceiates

711 N. Cou:thouse Road
Ric~nd, Virginia 23236-4099

Dear Hr. Oavey:

This is in referene. to our review cf your draft -Fish
Passage at zmbry Dam- report prepared on September 15, ,
1996. CuI: preliminary technical comment. were provided to
you on September 25, 1997.

w. are pleased with the efforts eonauceed ~ a~1

part:Les in the preparation cf the repcr~ an4. this effoZ't in
general. Xt is significant that local, s~ate and federal
government can wo:k together in close coordination and
cooperation to insure that all public interest ~actors are
consider~d with this ~ortant effort.

As you know, we met on two oeeasions with the
inter••ted and affected public eo discuss your atudy~ The
Virginia Znstitute of Marine Science and the Virginia
Department of Conservation and Recreation provided written
~omments (enclosed) on the project.

At this t~e, we are coordinating the historic
assessment report entitled "An Assessment of the Embxy Dam
Are.- with the Virginia Oeparcment of Historie Resources
(VDHR). We anticipate that the VDHR wi~l C:oncur with the
conclusions "and recommendations in the report and our
finQings. Xn addition, please f~d enelosed former
corre.pondence provided by the Corps to Congressmen Bateman
and the City of Fredericksburg. This correspondenee .hou~a

be included in the report.

We look forward to working with you closely to address
the comments contained in the draft report. In addition,
we'would 1ike to meet with you and our planning division
staff to d~scuss additional steps involved with the
reconnaissance study conducted by the Corps.



CHESAPEAKE BAY FOUNDATION
,

Resource Protcctid
Environmental Educatios;

September 22, 1997

Mr. Timothy M. Davey, P.E.
Timmons
711 N. Courthouse Road
Richmond, VA 23236

Dear Mr. Davey:

We would like to submit this letter of comment for inclusion in the final report to the Virginia
General Assembly regarding the removal of Embry Dam as required by Senate Joint Resolution 296 (SJR
296). The Chesapeake Bay Foundation (CBF) is the largest private non-profit organization dedicated to
the protection and restoration of the Chesapeake Bay. We appreciate the effort by Timmons to incorporate
public comments into the fmal report through the information meeting held in Fredericksburg on
September 11, and the inclusion of comment letters in the fmal report.

CBF has identified a set of nine "indicators" or benchmarks of ecosystem health that help to direct
our efforts toward achieving our goal of a healthy Bay. One of the indicators is migratory fish, with the
quantitative goal of 1,500 additional river miles opened for upstream migration of fishes such as American
shad, hickory shad, river herring and striped bass by the year 2005. T61hat end, the complete removal of
Embry Dam, near Fredericksburg, Virginia, would be a significant step toward our goal.

According to the decision matrix presented by Timmons at the September 11 public meeting, the
complete removal of the dam will incur an estimated maximum $7.5 million over 50 years. While there
remains some concern regarding the fate of sediments residing behind the dam, the complete removal of
the dam is clearly the best option for achieving fish passage and relieving the City of Fredericksburg of the
long-term costs of liability insurance and maintenance associated with the dam. Further study is needed to
determine the best option for disposing of sediment behind the dam which, while apparently non-toxic,
could impact downstream resources such as shellfish beds.

Once again, we appreciate this opportunity to comment on this study, and look forward to the next
steps to providing passage for migratory fish on the Rappahannock River.

Robert D. Brumbaugh, Ph.D.
Fisheries Scientist

100 West Plume Street # 336
Norfolk, Virginia 23510
757.622.1964, fax 757.622.7861

Joseph H. Maroon
Virginia Executive Director

Headquarters Office: 162 Prince George Street, Annapolis, Maryland 21401, 410.268.8816, fax 410.268.6687
Maryland Office: 164 Conduit Street, Annapolis, Maryland 21401, 410.268.8833, fax 410.280.3513
Pennsylvania Office: 214 State Street, Harrisburg, Pennsylvania 17101, 717.234.5550, fax 717.234.9632
Virginia Office: IClO I E. Main Street, Suite 710, Richmond, Virginia 23219, 804.780.1392. fax 804.648.4011 Non-Chlorine Bleached Recycled Paper
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DEPARTMENT OF THE ARMY
NORFOLK DISTRICT, CORPI 0' ENGINE!".

"'O~T No.,rOLIC ,.01 ....aNT STIII.I!T
NOAftCLIC. "' ..OtNt", lita...,",

".PI.'" TO October 1, 1997
A"rTIlNTIC* o~:

Northe~ Virginia Regulatory Section
(Rappahannoek River)
92-8528-45

Cars Harbecke Hetz
VirQinia Department of Histori~ Resources
221 Governor street
Richmond, Virginia 232~9

Dear Ks. Metz:

The Corps of Engineers has been in the process of
working with the Virginia Department of Game & %nland
Fisheries their consultant and other interested and affected
parties to review a project involving fish passage at the
existing Embry Dam on the R~pahannock Rive~in Stafford
County, virginia.

In June 1997 an historic assessment report entitled -An
Assessment of the Embry Dam Area "eorrpl.eted by the Center
fo~ Historie Preservation (CHP) was conducted and revised.
The report contains the f~dings and recommendations for
three a~ternatives for providing fish passage at the Emb~

Dam. The Corps of Engineers concurs with the conclusions
and recommendations in the report.

In aecordance with Section 106 of the National Historic
Preservation Act, your comments on the historie assessment
report (enelosed) and conourrence with us is requested. ~f

you have not commented on the report within 30 days of the
receipt of this letter we will assume that you concur with
the conclusions and recommendations ~ the report.
Ultimately, we would like to meet with you and discuss a
possible Memorandum of Agreement (MOA) between you, the
Corps, and the Virginia Department of game and inland
Fisheries for handling historic properties based on the
alternative chosen.

Thank you for your attention to this matter. The Norfc~k

District fully ~preciates the opportunity to fu~fil1 the
requirements of Section 106 of the National H~storic

Preservation Act regarding effects of Corps authorized
undertakings on properties· inc~uded in or e~igib1e for the
National Register of Historic Places.



Should you have questions, please call Mr. Hal Wiggins
at (540) 898-3568 at our Fredericksburg Field Office.

Z
· n ely, / .

~ f.J.,(-2' .'-'- (,.•.,»)
Bru~e F. W:Llri'-ms 4'
Chief, Northern Virginia
Regulatory Section

Enclosure

Copies furnished (w/o encl):

Virginia Department of Game & Inland Fisheries, Richmond
State Senator Edd Houok, Prederioksburg
City of Fredericksburg, Fredericksburg
Virginia Department of Environmenta1 Quality, Woodbridge

'Priends of the Rappahannock, Freaericksburg
Corps of Engin~.rs, Planning Division, Norf~lk-

(

"



SIGN IN SHEET



If you have any questions, please call Mr. Hal Wiggins at
(540) 898-3568.

~
i eerely. r. /' .

cc,/~·9 .';-. (fC-'1)
Bruee F. Willi~ ~
Chief, Northern Virginia
Regulatory Section

Enolosure

Copies Purnished (w/o' encl) :

State Senator Edd Houck, Fredericksburg
Virgin~a Deparbment of Game and Inland Fisheries, Richmond
City of Fredericksburg, Fredericksburg
County of Stafford, Stafford
National Park Service, Fredericksburg
Mary Washington College Center for Historic.-freservat~on,

Predericksburg
Corps of Engineers, Planning Division, Norfolk
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Virginia Department of

Game and Inland Fisheries

Embrey Dam Fish Passage Study
Local Decision Matrix

@ TIMMONS_

Not affected.

Not affected.

NOI affected.

Not affected.

Not affected.

Not affected.

Not affected.

No passagefor any fish.

Additional studies required.

All species would be able to pus.

No limit on population.

The impacts would need to be 'I
mitigated through additional field

invcsription outlined in agreement I

between ownerand DHR. I
Additional study reqwred. ,

'-.,.
: This altemative eliminates ponage

andmay provide additional

canoe/whitewater possibility.
Additional studies required.

Additional studies required.

The impacts would needto be

mitigated through thorough
doc:umenration.

All species would be able to pass.
No limit on population.

-------- --~

I

I

Property rights, including new Property rigbts, including new

boundaries. of adjacent landowners I boundaries, of adjacent landowners

must be addressed. . must be addressed.

Additional sediment tr'anspon study Additional sediment l1anSport study I
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impacts. impacts

, Will provide opportunity to expose I Will provide opportunity to expose
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, Will need to be removed because i Will need to be removed because

! dewatering will cause deterioration. ! dewatering will cause deterioration.
Section 106 process requires I Section 106 process requires

documentarian. documentation.
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Not affected.
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Creation of Gravity Dam means
impacts would need to be mitigaced
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i

: Additional river front utilization and . Additional river front utilization and I

No Significant change to river front i impacts on scenic river will need to impacts on scenic river will need to :
utilization or viewshtd. : be evaluated. Additional studies be evaluated. Additional studies !
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i This alternative eliminates portage

I and may provide additional
The dam is an existing safety hazard; I canoe! hi 'b'l'

. . ed I W tewater POSSI Ilty,
pottage IS reqUIt to pass. : although abutments may be a safety .

I haurd. Additional studies required.

Targe'l and some non-target species II

and populationpus with vertical slot

fishw.y. All species pass with I
elevator.

I

-------------------~~ --~-~



DAM SAFETY PROGRAM

DEPARTMENT OF CONSERVATION & HISTORIC RESOURCES
Division of Soil &Water Conservation

203 Governor Street, Suite 206
Richmond, Virginia 23219-2094

REINSPECTION REPORT FOR CLASS 1 AND CLASS II IMPOUNDING STRUCTURES

Reference: Impounding Structure Regulations, Chapter 3, Virginia Soil and Water Conservation Board

Embrey Dam

Other Name (if any) _

Project Information:

a. Name of Impounding Structure ---::==....,.==~ _

b. Inventory Number 17905

1.

c. Name of Reservoir --lRalz:.&:p~pah:=:o:.:an=:..!.n~oc=k.:.:Ri=:=.:·v:.:::e~r _

d. Purpose of Reservoir Divert water to the Fredricksbu~ Water Treahnent Plant

2. Location of Impounding Structure:

a. City/County Stafford Magisterial District---::n=.:..:;/-=a:.....- _

b. Located 3500 feet/miles upstream/downstream of Hilhway Number 1-95

c. Name of Riveror Stream --£:Ra~RPa:::.:a=:.t;h.:.:::a~n~n:::::oc~k::..Ri~·~v~er'__ _

d. Latitude _3:::..;8=-°....::.1-=-9_' Longitude _7.:-7.:....°"",,2=9_'_~ -

3. Ownership:

a. Owner's Name ----:C=i'.:.lty'"-"o=f....::.F..:..;re=d=n=·c=ks=b::..::u=rz_-~- _

b. Mailing Address ---::p;..:.;.O=.:..::Bo=x.....::7~4~4....:..7 _

Fredricksbu~, VA

c. Telephone (....:.7.:::;O.:::;.3J-)-l3~7:..=2=--~10~2=.l3~ _

4. Owner's Engineer:

a. Engineering Firm/Engineer samuel E. Saunders: P.E.

b. Virginia Number -.::..14..:.,:5=..:3::..:2=-- _

c. Mailing Address 71 I N. Courthouse Rd.

Richmond, VA 23236

d. Telephone (=8;.;.0..;:,41-)-.:.7....::::9~4---'-3::::.:5:::..::5=0::...._ _

DCHR/DSWC;DS-2RR
199-076; (2/ I /89) Page 1 of 7





h. 1.2.8 Normal operating procedures, changes no _X_ yes. If yes, describe:

Two sates (alternating every 2-3 weeks) used to divert water into the

Rap,pahannock Canal.

x1.3.1 Drainage area; change_~_ no yes. If yes, describe:1.

j. 1.3.2 Discharge at dam site;changes X no yes. Ifyes, describe:

k, 1.3.3 Dam and reservoir data, changes X no yes. If yes, describe:

7. Provide. a narrative de~bing any changes in the impounding structure from the
Inspection Report, section Two - Englneenng Data:

a. 2.1 Designchange X no yes. If yes, describe:

Phase I

b. 2.2 Construction, change X no yes. If yes, describe:

c. 2.3 Evaluation change X no yes. If yes, describe:

8. Provide.reinspection observationsof the impounding structure and appurtenances; Phase I
Inspection Report, Section 3 - VISual Inspection, .

a. Reinspection date ...A::....:.=,ugustg.==2=1+-,-=-19_9;;..7"-- _

b. Reinspection by Samuel E.Saunders, III. P.E.~ Lance I. Koth, P.E.i Brad Jones

c. , General observations Clear, 850; Pool elevation was 52.5' MSL + (approximately 0.5'
above spillway crest)~ Tailwater was 31.0' MSL +.

DCHRlDSWC; DS-2RR
199-076 (2/1/89) Page 30f7



5. Phase 1 Inspection Report:

a. Phase 1 Inspection Report Prepared By Norfolk District. Corns of Engineers

b. Phase 1 Inspection Report date: _-=Se=pt=e=m=be=r,~1:...::9:..:=9~7 _

6. Provide a narrative describing any changes in the impounding structure from the Phase I Inspection
Report, Section One-Project Information:

a. 1.2.1 Description ofdam and appurtenances, changes __ no __X_ yes

The gates are operable to divert water into theIf yes, describe: _--"-":":'::::"'~=';=~===-:;:"==~=="':=':==-==__

Rappahannock Canal.

x1.2.2 Location, change_--"~_no yes. If yes, describe:b.

x1.2.3 Size classification, change _....::.;:..-_ no yes. Ifyes, describe:c.

d. 1.2.4 Hazard, classification, change
-.

X no yes. If yes, describe:

e. 1.2.5 Ownership, change X no yes. If yes, describe:

f. 1.2.6 Purpose of dam, change X no yes. If yes, describe:

g. 1.2.7 Design and construction history, changes X no yes. If yes, describe:

DCHR/DSWC;DS-2RR
199-076; (2/1/89) Page 2 of 7



b. 4.2 Maintenance, changes X no yes. If yes, describe:

c. 4.3 Warning system, changes no X yes. If yes, describe:

Propertv owners to be included in Eme~ency Action Plan.

d. 4.4 Evaluation, changes X no yes. If yes, describe:

10. Provide a narrative describing any changes in the impounding structure from the Phase I Inspection
Report, Section 5 - Hydraulic/Hydrologic Data.:

a. 5.1 Design, change X no yes. Ifyes, describe:

b. 5.2 Hydrologic records, change ~X,""""-_no yes. If yes, describe:

c. 5.3 flood experience, change X no yes. If yes, describe:

d. 5.4 Flood potential, change X no yes. If yes, describe:

xReservoir regulations, change_~__ no yes. If yes,e. 5.5
describe:

XOvertopping potential, changes _.....:.=__ no yes. If yes, describe:5.6f.

DCHR/DSWC; DS-2RR
199-076; (2/1/89) Page 50f7



d. Dam See Attachment 1

e. Principal Spillway:---!SelQ2::e~A:.::.ttac=h~m=en~t:..-l~ _

f. Emergency Spillway: ---llN..:.:I:....!,A~ _

g. Low Level outlet _N~IAt.:.- _

h. Other Appurtenances: _~Se=::e=:...:A~ttac=~h~m~e~n::ot~] _

.
.i, Reservoir Area: Sediment has not changed noticeably since ] 965.

J. Downstream ChannellArea: Downstream area is stable of rocks, cobbles, boulders

in stream and along banks.

k. Instrumentation: _N~/A~ _

I. Evaluation/Recommendations: _.!l!::Se~euA~ttae~t.!,;h~m~e::.!.n~tAl -_

9. Provide a narrative describing any changes in the impounding structure from the Phase I
Inspection Report, Section 4 - Operational Procedures:

a. 4.1 FToceduxes, changes X no yes. If yes, describe:

DCHR/DSWC; DS-2RR
199-076; (2/1/89) Page 4 of 7



13. If this Reinspection Report is being prepared in order to update an existing operation and
maintenance certificate, describe any changes in:

xEmergency Action Plan; change _-=__ no yes. If yes, describe:a.

xOperation and Maintenance Plan; change _-..:.,:;__ no yes. Ifyes, describe:b.

CERTInCATION BYOWNER'SENGINEER

I hereby certify that the information provided in this Reinspection Report has been examined by me and found
to betrue~rmy professional judgment.

signedS'o Va.Number 1t!t~ 7his I ~ day of s. p. " , 19n
fessional Engineer

DCHR/DSWC; DS-2RR
199-076; (2/1/89) Page 7 of 7



g. 5.7 Reservoir emptying potential, change X no yes. If yes, describe:

h. 5.8 Evaluation, change x

11. Provide a narrative describing any changes in the impounding structure from the Phase I Inspection
Report, Section 6 - Dam Stat6tlity.

a. 6.1 Foundation abutments, change X no yes. If yes, describe:

b.

c.

6.2.1 Embankment materials, change X no yes. If yes, describe:

6.2.2 Embankment stability,change X no yes. If yes, describe:

d. 6.3 Evaluation, change no _X_ yes. If yes, describe:

12.

Dam has several areas with seepage. Stability does not apPear to be an

immediate danger. Extensive repairs are needed for long term stability.

Provide a narrative describing any changes in the impounding structure from the Phase I Inspection
Report, Section 7 - Assessment/Remedial Measures:

a. 7.1 Dam assessment, change no

Three canal zates are operable.

X yes. If yes, describe:

b. 7.2 Recommended remedial measures, changes X no yes. If yes, describe:

DCHRlDSWC; DS-2RR
199-076; (2/1/89)

Bays with exposed reinforcinz bars: large cracks or honeycombing, should be

repaired.

Page 6 of 7



Attadament • __ '~orm DS-2RR

Concrete/Masonry Dams Visual Inspection Checklist

Name of Dam: Embrey Dam

Date(s) Inspection: 09121/97

County: Stafford

Weather: Cloudy

State: Virginia

Temperature: 85°F

Coordinates: Lat 38°19'3"
Long 77°29'4"

Pool Elevations at Time of Inspection:
±52.5' MSL (approximately 0.5' above spillway crest)

Inspection Personnel:

Lance J. Koth, P.E.

Samuel E. Saunders. III. P.E.

Brad Jones

Recorder:

Brad Jones

Tallwater at Time of Inspection:
±31.0'MSL



Attachment 1

8. Provide inspection observations .

d. Dam: Railings have been replaced along walkway at upper end of canal adjacent to
dam. Some kickplates are still missing. Access is restricted by a gate at the
beginning of the walkway.

e. Principal Spillway: Principal spillway is approximately 770' ofdam. Evaluation was
difficult because ofwater passing over dam. Several spots on the spillway have
irregular flow indicating spalling.

h. Other Appurtenances: Spalling in areas of the southern abutment. Some of this
spalling has been repaired. Access to inspection walkway is through a hatch using
an extension ladder. A more permanent access is recommended.

1. Evaluation Recommendations: Spalling, cracking, and honeycombing throughout dam
should be repaired. Dam short term stability does not appear to be a threat,
however long term stability remains a concern. Extensive repair is needed to
stabilize dam.



VISUAL EXAMINATION OF

Surface Cracks!
Concrete Surfaces

Structural Cracking

Vertical and Horizontal Alignment

Monolith Joints (Vertical)

Construction Joints

CONCRETEIMASONRY DAMS

OBSERVATIONS

Significant spalling and cracking of the dam crest
has occurred at numerous places as evidence by the
discontinuity of water flowing over the crest. Most
of the 55 Chambers exhibit spalling, cracking, and
honeycombing at both the construction joints and
across the slab. These range in severity. Refer to
the enclosed tabulation of Slab/ButtresslWalkway
Inspection Findings for more detail. Several of the
Chambers had exposed reinforcing steel in the slab
above the walkway where the concrete has spalled.

Cracking observed in the slabs, inspection walkway,
and buttresses of most of the chambers. Reinforcing
bars are exposed in several of these chambers and
the cracking/spalling extends across the entire slab
in some cases.

No evidenceof movement observed.

N/A

Cracking in the slabs and buttresses has occurred
primarily at the construction joints. Each of the 55
Chambers exhibit significant cracking at the joints.
Refer to the enclosed Tabulation of
Slab/Buttress/Inspection Findings for more detail.

REMARKS OR RECOMMENDATIONS

Repairs should be performed throughout
structure.

Concrete repairs should be performed throughout
the structure.

Concrete repairs should be performed throughout
the structure..



VISUAL EXAMINATION OF

Seepage or Leakage

Structure to Abutment!
Embankment Junctions

Drains

Water Passages

Foundation

CONCRETEIMASONRY DAMS

OBSERVATIONS

Significant orange colored seepage (2 GPM) was
occurring through the soil approximately 10 feet
east of Chamber 1.

Left Abutment: Cracking and spalling at junction.
Evidence of abutment slab undermining. Seepage
with orange color.

Pipe in Chamber 37 appears clogged.

The gates area exercised every 2-3 weeks.

Unable to evaluate.

REMARKS OR R&COMMENDATIONS

Seepage could lead to piping of left abutment.
Significant seepage occurring in several
chambers. Repairs should be performed to
eliminate it.

Repair cracking and spalling.

This pipe could be a pressure relief drain which
might be fed by additional collector drains laid
longitudinally along base of darn, however, no
plans or spedfications exist. Remove material
clogging drain.



VISUAL EXAMINATION OF

Cracking and Spalling ofConcrete
Surfaces in Outlet Conduit

Intake Structure

Outlet Structures

Outlet Channel

OUTL~ r WORKS

OBSERVATIONS

Minor Cracking and spalling was observed in the
concrete surface.

Trash racks are littered with debris. Five gates
exist to release water into the Rappahannock canal.
Only three gates are equipped with a gate stem and
wheel. None were operated during the inspection.
According to the maintenance supervisor the two
gates nearest the dam are exercised every 2-3
weeks. The pipe valve control platform which
regulates flow from the canal to the Rappahannock
River downstream of the Dam has no railings and
access into the dam is through (by ladder) a 2' x 3'
opening in the platform. The pipe valve did not
have a control mechanism on it.

N/A

Good cond ition.

REMARKS OR RECOMMENDATIONS

Repair the spalled areas.

None.

None.

None.



VISUAL EXAMINATION OF

Concrete Weir

Approach Channel

Discharge Channel

Fish Ladder

UNGATED SPILLWAY

OBSERVATIONS

-Extents of deterioration could not be observed due
to flow over the dam.

The approach channel was clear of debris

The discharge channel was observed to exist in its
natural state.

Fish ladder is not functioning. Sections of wood
are broken but some water still runs through ladder
structure. A crack exists in the interior wall from
the top of the arch at the access door downstream to
the corner of the wall.

REMARKS OR RECOMMENDATIONS

During periods of -low flow the crest joints
should be repaired.

None

None



VISUAL EXAMINATION OF

Other: Buttresses

Hydrologger and Staff Gauges

INSTRUMENTATIONIMISCELLANEOUS (CONTD.)

OBSERVATIONS

The concrete buttresses are cracking at joints and
spalling on most of the buttresses. The
downstream edge of all buttresses are covered with
damp vegetation and several have spalled sections
and eroded joints. All buttresses are scoured at and
belowthe water level insideeach chamber.

There are three gauges in the vicinity of Embrey
Dam. The firs is located near the 1-95 bridge over
the Rappahannock River and is operated by the
U.S. Geological Survey. The second gauge is
locate on the City's side of the Embrey Dam, at the
Canal intake structure. This gauge is owned by the
National Weather Service and is a hydrologger
unity which is connected by telephone directly to
the NWS is Sterling, Virginia. The third gauge is a
staff gauge located at the City Dock and Boat
Ramp downstream of the Dam,

REMARKS OR RECOMMENDATIONS

None. Foundations should be inspected during
low flow period.



VISUAL EXAMINATION OF

Monumentation/Surveys

Observation Wells

Weirs

Piezometers

Other: Concrete Walkway in
Inspection Gallery

Other: Walkway along Outlet Channel

Other: Walkway along intake/outlet structures

INSTRUMENTATIONIMISCELLANEOUS

OBSERVATIONS

It was reported that a VEPCO elevation marker
existed in the natural rock wall just upstream of the
intake structure. A USGS elevation marker exists
on top of the intake structure wing wall.

None observed

None observed

None observed

The concrete walkway is in poor condition.
Concrete has spalled and has been scoured in all of
the chambers and severely deteriorated in several
chambers to the point where the walkway is
missing or hanging by the reinforcing bars.
Handrails are missing along entire length of
walkway. Refer to the enclosed tabulation of
Slab/Buttress/Walkway Inspection findings.
Timber walkways have been installed in two
chambers where concrete walkwayhad failed.

Sections of aluminum walkway kickplates are
missing. Concrete walkway has been paved with
asphalt or replaced with wood planking attached to
original walkway supports with steel straps.

Aluminum railings have been replaced and appear
to be in good condition.

REMARKS OR RECOMMENDATIONS

Locate survey monuments on and near the dam
so that horizontal and vertical alignment can be
checked at regular intervals.

None

None

None

Access to Inspection Gallery has been restricted.
A handrail should be installed on the
downstream side of the walkway. See general
recommendations.
Steel door at north abutments should be
replaced.

Access to area has been restricted with fencing
and steel doors.



VISUAL EXAMINATION OF

Condition
(Obstruction, Debris, etc.)

Slopes

Approximate No. of Homesand Population

DOWNSThAM CHANNEL

OBSERVATIONS

The downstream channel exists in its natural state
with no debris nor obstructions noted. The
overbankareas are wooded.

The slopes along the Rapphannock River vary from
steep to flat and are characterized by trees/brush
cover and rock outcrops.

Most of land downstream of Embrey Dam is
designated flood plain. Parkland, undeveloped land
a few homes are located in the downstream
inundation area. See E.A.P.

REMARKS OR RECOMMENDATIONS

None.

None.

None.



VISUAL EXAMINATION OF

Slopes

Sedimentat ion

RESERVOIR

OBSERVATIONS

Reservoir area exists in natural state with
topography ranging from relatively flat to steep
near the inlet/outlet structure of the right abutment.

Sedimentation was evident on the upstream side of
the dam and was reported to exist by the
maintenance supervisor. Sedimentation has not
changed significantly since 1965.

.; ......

REMARKS OR RECOMMENDATIONS

None.



ITEM

Design Reports

Geology Reports

Design Computation
Hydrology & Hydraulics
Dam Stability
SeepageStudies

Materials Investigation
Boring Records
Laboratory
Field

Post-Construction
Surveys of Dam

Borrow Sources

Spillway Plan
Sections
Details

DESIGN, CONSTRUCTION, OPERATION CHECKLIST

REMARKS

None available

None Available

None Available

None Available

None Available

N/A

N/A



ITEM

Plan of Dam

Regional Vicinity Map

Construction History

Typical Sections of Dam

Hydrologic/Hydraulic Data

Outlets - Plan
- Details
-Constraints
-Discharge Ratings

Rainfall/ReservoirRecords

I

DESIGN, CONSTRUCTION, OPERATION CHECKLIST

REMARKS

Not available

See Attachment 3.

The dam was construction for Spotsylvania Power Company in the early 1900's. It is currently
owned by the City of Fredericksburg.

See "Preliminary Drawings, Additions, and Improvements to Existing VEPCO Dam" dated
October 1965, 'Plat I, Append IX in COEPhase I Report.

Not available - summaries contained in the COEPhase I Report.

See Fredericksburg Dam, Canal Headgates at Embrey Hydro Station October 1965 Plat 2 of COE
Phase I Report.

None Available
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ITEM

Operating Equipment
Plans & Details

Monitoring Systems

Modifications

High Pool Records

DESIGN, CONSTRUCTION, OPERATION CHECKLIST

REMARKS

None available

N/A

None Performed

None available

Post Construction Engineering Studies and Reports

Prior Accidents or Failure of Dam Description Reports

Maintenance Operation Records

See COE Phase I report for listing of studies completed. Dewberry and Davis performed a
reinspection of the dam in February, 1988 and also a Water Supply and Embrey Dam Study in
January, 1990, both of which have been forwarded to the Virginia Division of Soil and Water
Conservation.

See COE Phase I report for a description of the 1978 seepage problem.

None Available.



Chamber No. Slab Condition

45 Surfacespalling and honeycombing
accompanied by minor wet spots/seepsat slab
joints. Vegetation prominentalong slab at
construction joint. Rebar is exposed in upper
southern portion of slab.

44 Surfacespalling accompanied by minor wet
spots/seeps at slab joints. Vegetation/moss is
dense at joints/cracks. Rebar is exposed at the
upper construction joint. Honeycombing and
crackingare also present. Rebar in top of slab
exposed.

43 Surfacespallingaccompanied by minor wet
spots/seeps at slab joints. Vegetationprominent
along slab. Spallingand honeycombing with
exposed reinforcing in upper portion of slab.

42 Surfacespalling and honeycombing
accompanied by minor wet spots/seepsat slab
joints. Vegetation prominentalong slab.

41 Discolored (orange stains) seepage and leaksat
surface spalls at slab joints and along back wall
were observedto seep at a rate of 30-40 gpm,
heavierat south side, very severe spalling at
joints.

40 Surfacespalling accompanied by minor wet
spots/seeps at slab joints. Vegetation prominent
across slab. Rebar is exposed in ceiling at
buttresses.

Buttress C\J1Jdition

Buttress is damp with vegetation and surface cracking
at joints. Crack over south arch. Hole in south
buttress(4" x 2" completely through) - spalling 4' up
left of door.

Buttress is damp with vegetation and surface cracking
at joints. 4' crack at connection to slab above southern
arch, spalling and cracking at bottom on north buttress,

Buttress is damp with vegetation and surface cracking
at joints. Crack on top of south arch, holes on both
buttresses where slab fell.

Buttress is damp with vegetation and surface cracking
at joints. Crack over south arch and spellingalong
buttress. Crack left of north arch.

Buttress is damp with vJ~etation and surface cracking
at joints

Buttress is damp with vegetation and surface cracking
at joints. Spallingat south arch connection with slab,
crack with no apparent spallingon lower north
buttress. Spalling on both buttressesalong the end of
each.

Walkway Condition

Concretesurface is spalled and crackedalong
southern end.

Concretesurface is spelled.

Walkway has fallen into bottom of chamber;
temporarywooden bridge in place of walkway
during inspection.

Concrete surface is spalled
honeycombing and spallcd 2" deep at north
arch.

Concrete surface is spalled, 2" deep at south
arch.

Concrete surface is spaJled.



Chamber No. Slab Condition

54 Recently repaired, good condition.

53 Surface spalling at joints beginning to seep at
estimated rate of I GPM. Wet spots and
vegetation observed at joints midway up slab.

52 Numerous surface spalls/cracks/seeps at
construction joints all dripping at an
approximate rate of 2 GPM.

51 Minor surface spalling/cracking observed.
Very minor seepage observed at the construction
joints, less than I GPM.

50 Minor surface spalling observed in slab wall at
the lower construction joint and is leaking iess
than I GPM. There was a 4 ft2 spall
approximately 3 in in depth, with a l ' diameter
honeycomb hole near the top slab seeping at less
that I GPM.

49 Surface spalls observed in slab wall.
Major seepage evident at the bottom of wall­
concrete was damp with no running fcak. Top
of ramp spalled with exposed rebar.

48 Minor spalling, seepage and vegetation observed
in slab wall.

47 Surface spalling accompanied by dripping at
slab joints. Vegetation evident along slab.

46 Surface spalling accompanied by minor wet
spots and seeps at lower slab joint. Vegetation
prominent along slab. 0.75 sfx 2" dry hole in
upper part of slab. Upper portion of slab is
relatively dry, while lower portion is rather wet.

ButtressCondition

Minor spalling/cracking observed.

Very minor seepage (dripping) occurring in left and
right buttresses at joints.

Surface spelling/cracking evident.

Surface spalling/cracking evident.

Surface cracking observed at joints.

Surface cracking observed at joints.

Surface cracking observed at joints.

Buttress is damp with vegetation and surface cracking
at joints.

Buttress is damp with vegetation and surface cracking
at joints. Three is a crack up to 112" deep above
archway. Spalling up to 6" deep.

"l,

Walkway Condition

Concrete surface is spalled.

Concrete surface is spalled.

Concrete surface is spalled,

Concrete surface is spalled.

Concrete surface is spalled.

Concrete surface is spalled.

Concrete surface is spalled, cracks forming at
buttress.

Concrete surface is spalled.

Concrete surface is spalled.



Chamber 1'10. Slab Condition

33 Surfacecracking/spallingwith associated seeps
and vegetation observed at joints. Some
stalactites have formed.

Significant orange colored seep observedat right
joint between buttress and slab midwayup slab.
Crackand spalling has exposed several
reinforcing bars on right side of slab wall.

Buttress L-v.ldition

Buttress is damp with vegetation and surface cracking
at joints. Large spalled area 3 sf by 6H with rebar
exposed midway up north buttress.

Walkway Condition

Concrete surface is spalled.

32

31

30

29

28

Surface cracking/spalling with associated seeps
observed at joints.

Orangecolored seep entire length of back slab.

Somesurface spalling with no seepage,
relatively dry.

Slab is dry and in moderatelygood condition
with minor spelling at joints observed. Spalling
and honeycombing on south side top portion.
Rebarshowing north side upper portion.

Surface cracking.lspalling with associated seeps
and vegetation observed at joints.

Surfacecracking/spalling with associated seeps
and vegetation observed at joints.

A major longitudinal crack and spall midway up
slab has exposed the reinforcing bar and was
seeping at an approximate rate of 5 GPM.
Reminder of seepage was observed occurringat
leftjoint between buttress and slab.

Buttress is damp with vegetationand surface cracking
at joints. Honeycombing adjacent to walkwayon
south buttress. Spalling on north buttress 3' below
walkwayat downstream edge.

Buttress is damp with vegetation and surface cracking
at joints. Spallingon south buttress 3' below walkway
at downstream edge.

Buttress is damp with vegetation and surface cracking
at joints. 3' x 6" crack on north buttress (cracked
through to bay 29)

Buttress is damp with vegetation and surface cracking
at joints. Left buttress has a largespall at the
constructionjoint at the f,ase. Rightbuttress has a 4"
deep spall at the downstream edge. 3 ~ x 6" crack on
south buttress (cracked through to bay 30).

Buttress is damp with vegetation and surface cracking
at joints.

Left buttresshas a 4" deep spall at the downstream
edge.

Concrete surface is spalled.

Serious spalling, surface cracking has exposed
reinforcing leaving portion of walkway
hanging by the reinforcing bars, and an open
joint at right buttress.

Concrete surface is spalled.

Concrete surface is spalled.

Concrete surface is spalled, crack along south
end of walkway at connection to buttress.



Chamber No. .Slab Condition

39 Minor surface spaIlingaccompanied by minor
wet spots/seepsat slabjoints. Vegetation
evident along slab. Some honeycombingnear
top of slab.

38 Minordrips and surface spalls observed.
Stalactites fanning from ceiling. Rebar is
exposed in ceiling.

37 Surface cracking/spelling observed at joints;
major seepage flow (10-20 gpm) observed at
buttress/slab comer joints midway up slab, with
entire back wall wet with seepage.

Small pipe (low level outlet of pressure relief
pipe) in bottom of slab appears clogged and is
dripping slightly.

ButtressCondition

Buttress is damp with vegetationand surface cracking
at joints. 2" wide crack through to bay 40 in southern
buttress. Some patch work done on southern buttress.

Buttress is damp with vegetationand surface cracking
at joints.

Buttress is damp with vegetationand surface cracking
at joints

Walkway Condition

Concrete surface is spalled.

Concrete surface is spalied
mid eastern portion of walkway is broken rebar
exposed.

Concrete surface is spalled.

36

35

34

Surface cracking/spallingobserved at joints; wet
spots/drips and small seeps observed at cracks­
vegetation and minor spalling evident
throughout slab. Major spall at upper
constructionjoints with rebar exposed with
heavy vegetation growth and small leaks. Rebar
exposed in several areas of ceiling.

Surface cracking/spallingwith associated seeps
and vegetation observed at joints. Major spall at
upper construction joint with rebar exposed and
heavy vegetative growth and small leaks.
Spallingat lowerjoints.

Surface cracking/spalling with associated seeps
observed at joints. Significant orange colored
seep observed at leftjoint between buttress and
slab 3 feet above water level. 3 gpm leakage at
lower portion of south side of slab.

Minor spalling/seepageand vegetationevident on both
buttresses above walkway and at majorjoints. A large
spall on downstream edge about I' below top of slab
ceiling

Buttress is damp with v'etation and surface cracking
at joints. Honeycombed crack above north arch.

Buttress is damp with vegetationand surface cracking
at joints. Orange stained leak midway up left buttress
at slabjoint. Major spalling at same location. Other
spalls on right buttress with wood embedded in
concrete. Spallingalong buttress connection with slab

Concrete surface is spalled heavy vegetation
growth on walkway. Crack at northern end of
walkway.

Concrete surface is spalied heavy vegetation
growth on walkway. Crack at southern end of
walkway.

Concrete surface is spalied heavy vegetation
growth on walkway. Crack at south end.



Chambt. J. Slab Condition Buttress jition Walkway Condition

22

21

20

19

18

17

16

15

Surface spalls/cracks with associated wet spots
observed.

Minor surfacespalls/cracks with associated wet
spotsobserved. Rebar is showing in ceilingat
southern end.

Minor surfacespalls/cracks with associated wet
spots observed.

Surface spallingand seepagewas observed.
Crackalong upperjoint on southern side.

Surface cracking/spalling with associated seeps
and vegetation observedat joints. Significant
orange coloredseep observedat leftjoint
between buttress and slab midway up slab.
Rebar is exposed in the ceiling.

Surface spalls/cracks with associated wet spots
wereobserved across the face of the slab.

Extensive surface spalling/cracking
approximately I foot deep has exposed 3
reinforcing bars in one direction and 5 along
entireslab width. Minor seepage is occurring
through these cracks.

Extensive surfacespallinglcracking has exposed
3 reinforcing bars along entire slab width.
Seepage is occurringthrough cracksat an
approx. rate of 5 gpm.

Buttress is dampwith vegetation and surfacecracking
at joints. South buttress has major spall downstream
edge of just abovewater level.

Buttress is dampwith vegetation and surface cracking
at joints.

Surface spalls,cracks, vegetation, wet spots and seeps
wereobserved on north buttress adjacentto walkway
opening. Spall on north buttress at downstream edge at
walkway level.

Significant spalling, seeps,cracksand vegetation
observed on both buttresswalls at joint with slab.4" x
6" , 4" deep spall 3~ above walkway on downstream
southern edge.

Buttress is dampwith vegetation and surfacecracking
at joints. South buttress has majorspalling. North
buttress has missing sections of concreteon
downstream edge.

Buttress is dampwith vA~etation and surfacecracking
at joints.

Buttress is damp withvegetation and surfacecracking
at joints. Spalling on downstream edge of both
buttresses.

Buttress is dampwith vegetation and surfacecracking
at joints.

Concrete surface is spalled.

Concrete surface is spalled.

Concrete surface is spalled. Crackalong north
end of walkway at connection with buttress.

Approx. 2' of east end of walkway is broken
off with reinforcing barssupporting the rest of
the walkway.

Concrete surface is spalled.

Concretesurface is spalied there is a crack at
the joint with the right buttress.

Concrete surface is spalled.

Concretesurface is spalled.



Chamber No. Slab Condition

27 Surface crackinglspalling with associated seeps,
exposed rebarand vegetation observedat joints.

A major longitudinal crack midwayup back
wall has exposed the reinforcing bar and was
seepingat an approximate rate of S gpm.
Remainder of orangecoloredseepagewas
observed OCCUlTing at leftjoint between buttress
and slab.

Buttress Condition

Buttress is dampwith vegetation and surfacecracking
at joints. 6"x 6" spall on north buttress 3' below
walkway.

Walkway Condition

Concrete surface is spalled.

26

25

24

23A

23

Surface cracking/spalling with associated seeps
and vegetation observed at joints.

A majorsurface spallingarea was observed
seeped at the rightcomer joint between the slab
and buttress with orange coloring.

Surface cracking/spelling with associated seeps.
Vegetation is very dense on slab wall at cracks.
Water is dripping from cracks andjoints. Rebar
is exposed in the ceiling

Surface cracking/spalling with associated seeps
and minorvegetation observed at joints. Orange
coloredseep (approx. 5 gpm) observedat left
joint between buttress and slab midway up slab.

Surface cracking/spalling with associated seeps
observed at joints.

Minor surface spalls/cracks with associated wet
spotsobserved. Orangecolored seepobserved
alongback wall.

Buttress is dampwith vegetation and surfacecracking
at joints. Northbuttress has a sectionmissingfrom
downstream edge.South buttress has a spall at the joint
belowthe slab.

Significant spalling, vegetation, and seepageobserved
on north buttress. Northbuttresshas a sectionmissing
on downstream edge.

Buttress is dampwith vegetation and surfacecracking
at joints. Both buttresses have spaliedand eroding
joints. South buttress has a honeycombed hole6"
deep at walkway arch. Spalling at walkway level2'
high aroundarchway. S~uth buttress crackedalong
connection withslab.

Buttress is dampwith vegetation and surfacecracking
at joints. Inter-chamber drain hole in left buttress is
spelling. North buttress has sectionmissingon
downstream edge. Southbuttresshas 6It X 8", 4" deep
spall alongdownstream edge.

Buttress is dampwith vegetation and surfacecracking
at joints. Northbuttress has majorspalied
downstream edge of just abovewater level.

Concrete surface is spalled.

Walkway is severelycrackedand spalled;
downstream portion has brokenotT, reinforcing
steel is exposed. Heavy vegetation growthon
walkway.

Walkway is severelycrackedand spalled;
downstream portion is saggingtoward river
suspended only be reinforcing steel.

Concrete surface is spalled.

Approx. 1/4of walkway has broken off and
rebar is exposed through remainder of the
walkway.



ChamberNo. Slab Condition

6 Extensive surfacespallinglcracking has exposed
5 reinforcing bars through a 5' x 3' crack in
back wall.

5 Extensive surface spallinglcracking has exposed
4 reinforcing bars through a 6' x 2' spall in
centerof slab, has caused orange staining with
approx. 5-10 gpm of seepage.

4 Extensive surface spalling/cracking has exposed
3 reinforcing bars through a 6' x 3' area and one
reinforcing bar is exposed for the entire slab
width. Approx. 10 gpm of seepage through
crack. Extensive wet spotsand drips were also
observed in the back chamber wall, with orange
staining prevalent.

3 Extensive surface spalling/cracking has exposed
3 reinforcing bars along entire slab width. The
majority of the upstream lowerconcrete cross
bracehas spalled leavingthe four reinforcing
bars visible. Seepage is occurringthrough
cracks.

2 Extensive surface spalting/cracking with
associated vegetation and seepage was observed
form top to bottom across this slab. Both lower
cross beamshave been seriouslyspalled
exposing the four reinforcingbars in each.
Several sectionsof exposed rebar in top section
of slab.

Extensive surface spalling/cracking has exposed
four reinforcing bars along entire slab width.
Spalling is extensivealong entire slab. Seepage
is occurringat severalof these spalied areas.
Spallsand seep areas are stained orange.

Buttress Condition

Buttress is damp with vegetation and surfacecracking
at joints. Sections of concrete have spalied off the
downstream edge of both buttresses.

Buttress is damp with vegetation and surfacecracking
at joints. Spall in both buttresses 2' belowwalkway.

Buttress is damp with vegetation and surface cracking
at joints. Spallingon north buttressdownstream edge.

Buttress is damp with vegetation and surface cracking
and spallingat joints. North buttresshas 12"wide, 6"
deep spallingalong downstream edge and a crack
belowthe walkway.

There is extensive spalling on the north buttresswith
orangestain. South buttress has 12"wide, 6" deep
spallingalong downstream edge.

Left buttresshas spalled inter-chamber drain hole in
left buttress. An orange coloredseep is coming
through drain hole in right buttress.

Walkway Condition

Significant cracks and scouringobserved in
walkway.

Significant cracksobserved in walkway at joint
with north buttress. Significant surface
scouring.

Significant cracksand surfacescouring
observedin walkway.

Significant cracks and surfacescour observed
in walkway.

Significant cracks observed in walkway at the
joint with the north buttress.

The majorityof the walkway has deteriorated
and has fallen to bottomof chamber, leaving
only 2' of walkwayat the south buttress. A
temporarywooden bridgewas in place at the
time of inspection.



Chamber No. Slab Condition

14 Minorsurface spalls/crackwith associatedwet
spots and vegetation observed.

13 Minor surfacespalls/cracks with associatedwet
spots observed.Large spalled area middle of
slab (5 sf).

12 Surfacecracking/spalling with associatedseeps
and vegetation observed at joints. Orange stain
on north side, seepageat approx. I gpm.

I I Surfacecracking/spalling with associatedseeps
and vegetation observed at joints. Orange
staining with approx. I gpm of seepage,
honeycombing in the middleof the slab.

I0 Surfacecracking/spalling with associated seeps
and vegetation observed at joints. Some orange
stains with approx. I gpm of seepage.

9 Surfacecracking/spalling with associated seeps
and vegetation observed at joints. Orange
staining with approx. 3 gpm of seepage.

8 Significantcracking/spalling observed along
with minor seepage through them. One lower
cross brace spanningthe chamber between
buttresswalls was missing

7 Surfacecracking/spalling with associated seeps
and vegetation observed at joints. Large spall in
middleofslab with orange stain, approx. I gpm
of seepage.

Buttress Condition

Buttressis damp with vegetationand surface cracking
at joints.

Buttressis damp with vegetationand surfacecracking
at joints. Largecrack (6') on north buttressat top of
downstream end.

Deep (6") spalls with seeps and vegetationobserved in
left buttressat joint with slab. Orange stain at lower
portion of southern buttressseeping at approx. 5-10
gpm.

Buttress is damp with vegetation and surface crackin-g
at joints. Cross braces betweenbuttressesare
moderately scoured.

Buttressis damp with vegetationand surfacecracking
at joints. Rebar is exposed at the walkwayarch in the
right buttress. Cross braces between buttressesare
moderatelyscoured.

Buttress is damp with vegetationand surface cracking
at joints. A large spall (approx. I t1 X 2u deep) with no
seepage was evident or/the right buttress.

Buttress is damp with vegetationand surface cracking
at joints. The downstream crossbar is missing,while
the other cross brace is severelyscoured with exposed
rebar.

Buttress is damp with vegetation and surface cracking
at joints. Spalls at downstream edge both sides below
walkway.

Walkway Condition

Concrete surface is spalled.

Approx. 2' of north end of walkway is broken
off with reinforcing bars supporting the rest of
the walkway.

Concrete surface is spalled.

Concrete surface is spalied

Concrete surface is spalled.

Significantcracking and spallingof walkwayat
both edges were observed with a large crack at
the joint with the south buttress.

Significantcracking and spalling of walkwayat
both edges were observed.

Significantcracks observed in walkwayat joint
with north buttress.



Embrey Dam Fish Passage Alternatives Analysis
Sediment Issues Report

Purpose

The overall objective of this study was to conduct a technical alternatives analysis
for providing fish passage above Embrey Dam. GKY&A was tasked with investigating
the issues associated with the sediment accumulated behind the dam. Specifically, to make
an estimate of the volume ofsediment trapped behind the dam, and to assist in identifying
potential methods for disposal of the sediment. This report documents GKY&A's efforts
under the current scope of services. It contains documentation ofdata sources,
descriptions ofthe methods used, results ofthe various analyses, and recommendations
based on the results ofthe study.

Sediment Sampling Field Visit

A field visit was made to the Embrey Darn site on July 23, 1997 to collect samples
of the sediment trapped behind the dam. Using the City ofFredericksburg Water
Treatment Plant staff's boat, GKY&A engineers collected sediment samples at six
different locations upstream ofthe dam. Figure 1 shows the'11>proximate locations ofthe
sampling sites.

The sampling was performed using a device constructed of one inch diameter
metal conduit pipe. A ten foot long piece ofconduit was attached to three and four foot
long, one inch diameter sampling tubes using threaded compression fittings. A ball valve
was attached to the opposite end ofthe ten foot conduit to help hold the sample in place
as it was pulled up from the bottom of the river (hydraulic head caused by trapped water
in the sample tube tended to push the sample out the end ofthe tube when the valve was
not closed). Sampling tubes #4 and #8 were lost on the bottom of the river due to failure
of the compression fitting.

These samples were submitted to Timmons on July 25, 1997 for analysis by their
soils laboratory. Table 1 summarizes the results ofthe laboratory analyses. The full
laboratory analysis report with grain size distribution charts appears in Attachment I. In
general, the sediment appeared to be composed of silty sands and clayey silts. The sample
(#5) taken between the old timber crib dam and the concrete dam appeared to be mostly
sand. Samples taken from the south side ofthe river (#2, #3, and #7) had a higher
percentage of silts and clays, while samples taken on the north side (# I, and #6) contained
more sand. Classification of the sediments using the Unified Soil Classification System
(USCS) showed the samples to be SP, SM, and ML type soils. The engineering
characteristics of these types of soils are generally:

1. Good to fair shearing strength when compacted and saturated

2. Very low to medium compressibility when compacted and saturated
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Table 1.
Embrey Dam

sediment Sampling Results

Based on samples collected on 7/23/97 by GKY&A
Lab tests performed on 8/1197 by Timmons
Sample #'s 4and 8 were lost due to equipment failure
Sample # 9 was not submitted for lab tests

Notes:

IBUIIC IBulk
Tube Sample Density Density OrganIC uses AASHTO
Length Length Dry Wet Content Classlftca Classltlcatl

Sample ". (Inches) (Inches) 010 (mm) % Gravel 0/0 Sand 0/0 SlftlClay (Ibslft') pbs1ft') " lion on Description
1 45 22 0.141 0.0 53.2 48.8 59.9 91.6 4.9 8M A-4l0.0) Brownish graysiltysandwi trace mica
2 46.5 29 0.0 11.1 88.9 61.4 100.4 ,1.0 ML A-7-5 17.1 Brownish gray clayeysiltVII trace mica sand
3 34.5 19 0.0 8.3 93.7 60.7 98.6 1.2 ML A-7-5 13.5 Brownish gray clayeysiltwI trace mica sand
5 35 17 0.264 0.0 93.3 6.7 47.3 87.7 2.3 SP-SM A-3 Lt. brown siltysandwI tracemica
6 34.75 13.5 1.01 9.3 82.3 8.4 98.4 111.1 1.8 SP-SM A-1-b Brown siltysandwI trace mica andgravel
7 35 26 0.0 3.0 97.0 54.1 94.5 4.6 ML A-7-5(18.2) Brownish grayclayeysiltwi trace mica,sand

Average 38 21 0.472 1.6 41.5 56.9 63.6 97.3 2.6_. .

w

Table 1 9/11/97

, ..:.
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in the next couple ofmonths. Ifa breach is scheduled prior to completion of this project,
a field visit to the site will be made to document the breach.

Sediment Volume Calculation

The volume of sediment trapped behind the dam was estimated using the Average­
End Area method and depth soundings mapped by Russell, Axon & Associates in October

. of 1965 (see Attachment 3). As stated earlier, depth measurements taken during the
sediment sampling field visit conducted on July 27th 1997 generally corresponded well
with the '1965 study map.

An estimate of the river bottom slope was made by projecting the elevation ofthe
toe ofthe concrete dam (30.0 feet based on Whitman, Requardt and Associates Water
Supply and Treatment Alternatives report dated October 1994) upstream to the 1-95
bridge crossing where the pooling effect caused by the dam begins. The elevation of the
river bottom at the bridge crossing was assumed to be 46.0 feet (Full Pool WSEL 52.0­
6.0 feet measured depth to river bottom).

. 'Using the Average-End Area method, the assumed river bottom slope, average
elevations of the top ofthe sediment at 500 feet cross sections, and the river width at
these cross sections, the total volume of sediment behind the dam was estimated to be...
530,672 cubic yards or 329 acre-feet. Table 2 summarizes the sediment volume
calculations.

Sediment Disposal Alternatives

There is a substantial amount of sediment estimated to be trapped behind Embrey
Dam. Roughly halfof the full pool storage volume behind the dam is taken up with
sediment. Any fish passage alternative that involves partial or full removal of the dam will
require addressing the issue ofhow to dispose ofthe accumulated sediment.

The laboratory tests of the sediment samples collected during the field visit to the
dam revealed that the average Dso(median particle size) ofthe sediment for the three
samples with measurable Dso'swas 0.472 mm. The other three samples had median
particle sizes that were smaller than 0.075mm (opening size ofa #200 sieve). The
potential for movement ofsediment particles can be evaluated by comparing the flow
velocity in the river to the critical velocity for the beginning ofmation ofbed materials of
a given size. The critical velocity for a given sediment particle size can be calculated using
the following equation (FHWA HEC-18 Manual) EvaluatingScourat Bridges, pp12-13):

v, = 6.19 yll~ll3

where:

Vc = Critical velocity above which bed material of size D and smaller will
be transported, mls

5



3. Onlyfair workabilityas a constructionmaterial

4. Generally not recommended for use in canal sections, foundations, or as roadway fill

It shouldbe noted that the samples collected only characterize approximately the
first two feet of sediment on the bottom ofthe river.

Also during the field visit, GKY&A engineers used a 14 foot long pole with one
foot markings to get a general idea of water depths at various locations between the dam
and the Interstate 95 bridge crossing. Surprisingly, the depths measured using the pole
generaUy corresponded well with soundings made by Russell, Axon &, Associates in
Octoberof 1965. This would appear to suggest that the sediment trapped by the dam has
been and continues to be in a state ofequilibrium.

Pennsylvania Dam Breach Field Visit

At this time a field visit has not been made to any dam breach sites in Pennsylvania.
However, a phone interview was conducted with Scott Carney of the Pennsylvania Fish &.
Boat Commission's Benner Springs Research Station. He said that his agency has been .
involved with nine dam breaches for fish passageover the last severalyears and they
expect to breach four more this year. Some ofthe breacheddams include:

1. Muddy Creek Dam in York County (6 feet high, 250 feet wide)

2. Rock HillDam in Lancaster County

3. Castle Fin Dam to be breached in September/October 1997(6 feet high, 200 feet
wide)

4. Williamsburg Station Dam

S. Dam (only toe ofdam exists) in Central Pennsylvania (4 feet high, SO feet wide)

He said that dam breaching is their preferred methodfor providing fish passage for the
following reasons:

• Provides unrestricted passage for fish and boats

• Restores the riverine ecosystem

• Eliminates a potential public safety hazard to boaters and swimmers

• Eliminates operations and maintenance costs associated with other methods

Attachment 2 contains a fact sheet describing the procedure adopted by the
Pennsylvania Department ofEnvironmental Protectionfor facilitating the breaching of
dams in Pennsylvania. As mentioned earlier, they are expecting to breach four more dams
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y = Depth ofFlow, m

D = Size ofbed material, m

Table 3 summarizes the results of applying this equation for a bed material size of
0.472 mm (average Dso for sediment samples) and varying flow rates. Manning's equation
was used to calculate flow velocities in the river for these same flow rates using an
assumed river bed slope of 0.00457 1ftIft. By comparing these flow velocities to the
critical flow velocity a determination was made as to the potential for sediment movement
downstream. Based on the results of this analysis it appears that sediment of this size will
tend to move downstream under all flow conditions checked (500 cfs to 150000 cfs which
covers the historical range offlows measured at the USGS Fredericksburg gaging station).

Given that the sediment is likely to move further downstream, there are several
possible alternatives for dealing with disposal ofthe trapped sediment:

Alternative 1. Hydraulically Dredge Entire Volume of Sediment and Transport to a
Suitable Disposal Site

Alternative 2. Mechanically Dredge Entire Volume of Sediment and Transport to a
Suitable Disposal Site

Alternative 3. Hydraulically Dredge a Portion of the Sediment Volume onto River Banks

Alternative 4. Mechanically Dredge a Portion of the Sediment Volume onto River Banks

Alternative 5. Allow Sediment to Pass Downstream after Breaching

Alternatives 1 and 2 would remove the entire volume of accumulated sediment
from behind the dam. These alternatives would probably be called for if the entire dam
were to be breached. The material would be dredged off the bottom of the river and
transported to a suitable site elsewhere. The only difference between the two alternatives
is the method ofdredging.

Alternative 1 uses a hydraulic dredge sitting on a floating barge to suck the
sediment off the bottom ofthe river and pump it to a disposal site which is usually located
within 1 mile of the dredging operation. The distance to the disposal site is limited
because a temporary booster pump/pipeline system must be constructed to convey the
material to the site. Also the particle size that can be pumped is limited to 3-4 inches in
diameter (flow velocities necessary to move larger particle sizes are not practical).

Alternative 2 uses a mechanical dredge sitting on a floating barge to scoop up the
sediment and either load it onto another transport barge or trucks for delivery to the
disposal site. Because the material is being mechanically manipulated and trucked, there
are not the same limitations on disposal site locations and sediment particle sizes.
However. adequate access must be available to get the trucks close to the dredging site.
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Table 2.
Embrey Dam

SedimentVolume Estimate

LOcatiOn
Upstream Reach Avg. Elev. Est. Elev. Depth of River CompUted Sediment
of Dam Length Top of of River Sediment Width End Area Volume

X-8eetlon (Ft,,) I(Ft.) Sediment Bottom (Ft.) (Ft.) (FtI) (Ycf)
A 100 43.8 30.0 13.8 800 11040
B 800 500 45.7 32.3 13.4 640 8585 181714
C 1100 500 45.8 34.8 11.0 580 8397 138720
0 1800 500 44.7 38.9 7.8 570 4470 100620
E 2100 500 44.3 39.1 5.2 530 2733 88701
F 2600 500 43.5 41.4 2.1 440 911 33747
G 3100 500 43.8 43.7 0.1 460 39 8804

HC ..85 3800 500 46.0 46.0 0.0 590 a 385
Totals 630672
Notes: Assumed Rwr Slope=

Table 2

0.004571
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Alternatives 3 and 4 would remove only a portion of the accumulated sediment
and leave the rest in place. This would be the case if the dam were being partially
breachedand the river flow was being channelized through the breach area. Again, the
only difference between these two alternatives is the method ofdredging the material.

In either case it is assumed that a channel (approximately 300 feet wide with 3:1
sideslopes) would be dredged to direct the river flow through the partially breached dam
whilethe remaining material would be left in place. The dredged material would be placed
on the banks ofthe river. The material left in place (and possiblythe dredged material)
would probablyrequire some sort ofstabilization measures (riprap, vegetation etc.) to
keep it from being eroded and transported downstream. It is estimated that these
alternatives would require dredging approximately halfofthe estimated total volumeof
accumulated sediment.

Alternative5 would allow the sedimentto pass downstream after breachingthe
dam. As discussed earlier, preliminary calculations suggest that the sediments behindthe
dam willbe carried downstream and deposited in reaches where the flow velocitiesare
lower than the critical flow velocity for a given particle size. This could require dredging
the material out ofboat channelsand other areas further downstream. In order to
properly analyze this issue, a detailed sediment transport modeling study must be
conducted. This level ofdetailed modeling is beyond the scope of this report.

Sediment Disposal Alternatives Cost Estimates

Rough cost estimates for the five alternatives just described are sununarized in
Table 4. A discussion of the assumptionsused in developing these cost estimates follows.

Alternative J. Hydraulically Dredge Entire Volume ofSediment and Transport to a
Suitable Disposal Site ($4.24 mil/ion)

Assumptions:
1. Volume ofsediment to be dredged is approximately 530,000 cubic yards.
2. Sediment disposal site will be located within 1 mileof the dredging operation.
3. Sediment material to be dredged willbe 3 inchdiameter or less.
4. Adequate access/easementsto the dredgingand disposal sites are available.
5. Costs for obtaining required permits (COE Section404, Va. Water Protection,

Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
6. Unit cost for hydraulic dredgingis assumedto be S8/cubicyard which includes

mobilization, dredging, and delivery (pumping) to disposal site.

Estimated Cost = 530,000 yd3 x $8/yd3
= $4.24 million.

Alternative 2. Mechanically Dredge Entire Volume ofSediment and Transport to a
Suitable Disposal Site ($6.89 million)

9



Table 3.
Embrey Dam

Potential for Sediment Movement

Mannings n= 0.03
Stope (ftIft)= 0.004571

A~.RNerVVKfth= 575
AYQ.Dso(mm)= 0.472

Assumptions:

FlOW Flow Flow Critical Critical Sediment
Rate Depth Velocity Flow Velocity Velocity Movement
(Ft.l/s) (Ft.) (FtJs) Depth (m) (mls) (FUs) Predi~d

500 0.44 1.95 0.14 0.35 1.14 Yes
1.000 0.67 2.58 021 0.37 1.22 Yes
1.500 0.86 3.03 0.26 0.39 1.27 Yes
1,750 0.94 3.23 0.29 0.39 1.29 Yes
2,000 1.02 ·3.41 0.31 0.40 1.30 Yes
3,000 1.30 4.01 0.40 0.41 1.36 Yes
4,000 1.55 4.50 0.47 0.43 1.40 Yes
5.000 1.77 4.92 0.54 0.44 1.43 Yes

10.000 2.68 6.50 0.82 0.47 1.53 Yes
20.000 4.07 8.59 1.24 0.50 1.64 Yes
30.000 5.19 10.12 1.58 0.52 1.71 Yes
40.000 6.16 11.36 1.88 0.54 1.76 Yes
50.000 7.05 12.42 2.15 0.55 1.80 Yes

100.000 10.68 16.41 3.26 0.59 1.93 Yes
150,000 13.62 19.32 4.15 0.61 2.01 Yes.

Table 3 8 9/11/97



Assumptions:
1. Volume of sediment to be dredged is approximately530,000 cubic yards.
2. Sedimentdisposal site will be located within 12 miles of the dredging

operation.
3. Adequate access/easements to the dredging and disposal sites are available.
4. Costs for obtaining required permits (COE Section 404, Va. Water Protection,

Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
S. Unit cost for mechanical dredging is assumed to be $13/cubic yard which

includesmobilization, dredging, and delivery (trucking) to disposal site.

Estimated Cost = 530,000 yd3 x S13/yd3 =$6.89 million.

Alternative 3. Hydraulically Dredge a Portion ofthe Sediment Volume onto River Banks
($2.12 million)

Assumptions:
I. Volume ofsediment to be dredged is approximately 265,000 cubic yards (1/2

oftotal estimated volume - 300 foot wide channel with 3:1 sideslopes).
2. Sediment disposal site will be located within 1 mile of the dredging operation.
3. Sediment material to be dredged will be 3 inch diameter or less.
4. Adequate access/easements to thedredging and disposal sites are available.
S. Costs for obtaining required permits (COE Section 404, Va. Water Protection,

Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
6. Unit cost for hydraulicdredging is assumed to be S8/cubic yard which includes

mobilization, dredging, and delivery (pumping) to disposal site.

Estimated Cost = 265,000 yd3 x $8/yd3 = $2.12 million

Alternative 4. Mechanically Dredge a Portion ofthe Sediment Volume onto River Banks
($2.92 million)

Assumptions:
l. Volume of sediment to be dredged is approximately 265,000 cubic yards (1/2

of total estimated volume - 300 foot wide channel with 3:1 sideslopes).
2. Sediment disposal site will be located within I mileof the dredging operation.
3. Adequate access/easements to the dredging and disposal sites are available.
4. Costs for obtaining required permits (COE Section 404, Va. Water Protection,

Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
5. Unit cost for hydraulic dredging is assumedto beSl l/cubic yard which

includes mobilization, dredging, and delivery (placement) to disposal site.

Estimated Cost = 265,000 yd3 x SII/yd3 = $2.92 million
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Table 4

Table 4.
Embrey Dam

Sediment Disposal Alternatives Costs

Dreagea
Material Dredging
Volume Unit Cost Estimated

Alternative # Description (Ydl
) (S/Yda) Cost

1 Hydraulically Dredge Entire Volume 530,000 8 $4,240,000
2 Mechanically Dredge Entire Volume 530,000 13 $6,890,000
3 Hydraulically Dredge Partial Volume 285,000 8 $2,120,000
4 Mechanically Dredge Partial Volume 265,000 11 52,915,000
5 Let Pass Downstream Uknown Uknown Uknown

Note: see costassumptons In report
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Attachment 1.
Sediment Samples Labontory Analysis Report



Alternative 5. Let Sediment Pass Downstream after Breaching

Without performing a detailed sediment transport modeling study, it is not possible to
estimate the amount of sediment that may need to be dredged. It is likely that some
dredging will be required if this alternative is chosen, possibly to clear sediment out of the
navigation channels around the City docks just downstream ofthe dam.

12
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COMMONWEALTH OF PENNSYLVANIA. DEPARTMENT OF ENVIRONMENTAL ~ftCTECTJQN

BREACHING OF DAMS IN PENNSYLVANIA

The Division of Oam safety has ~do"ted i procl!du,~ 'to fildlitau the breaching ef dams in Pennsylvania. The
procedure descrtbed below has been adopted to make it easier and more .Hordable for a darn aw".r to remev,
an unwanted Ind oftc!1'l unsafe dam.· This wULaid in th. protection 01 p...blic health. safety, 'Mtlfare. Ind ~roperty

downs'U'8.m .1 well IS the re-esQblishl'r,.~"tof str,ams to their free flowi"9 ".tur.' state. In ord.r to qualify for
this pr-cae.au", the proposed breach pt." must essentiaUy restoPe the st;ra,,,, to itS natural fr.e flOWing state
'thrQugh the impoundment area ina dam faDtprint .rea.

mp,
The darn owner Of his/her engine,r should submit to
th. Civlslon of Cam S.fe~ .. plan of the proposed
breach. This pJ." should indude I pl." view and
cross-.ctians as neceuary tel complete ~he ~'aj.et.

This plan should indude dimensions, than"e' lining
specifications, and thl! proposed locatien of 'th. IJaOif
area.

mll
The Oivision of~m Silfety will dQthe falJcwl"9!

Rlvi.w the plan tor proper breath sizing, re­
establisnment of the stream throug;, the project
~reil. ippropri~t~ cMennel proteeticn, a"d
ptoperly located 5poil arRas,

Conduct an Environmental Assessment 10r the
~roiflct. If m~icr enviro"",entaf impacts .Ire found
to result from the proposed breach, a Cam· P~rmi't
will be rec;uired to provide a more campr."'.n,i",
review proctss_

Coordinlte the review o'f the propoud dam
breach wIth the Pennsyl".ni. Fish and Ba~t

Commission and th~ appropriate Corps of
Engineers' Oistriet Office.

mu
Upo" acc:epta"'c=e 01 the plan by the Division of Cam
Safety, the prQlect will be authori~ed u"der the
waiver ~ovi5icm of SeC'!:iol'"l 105.12 ell} (16) as a
restoration of a stream 'to Its natural free f1';'''''i"9
condition. The following conditions will be
sttputated:

. ErQsion and Sedimentation Contred Plan ~PP'oval

by the apprDpri~teCounty Cansel"'fatlon Oistrict.

• Noti'fication to the Pennsylvania Fist'! and Beat
Commission's appropriate regional afficc ~riar to
canstruetron.

• S.CUM! Orawaown P,rmit jf required.

- Notifiation of the 'Ip~ropriate Oepamnent
Reg'on~lOffic. '0 days In Idv8rtCe of th@ proposed
construction date.

• Submission af as-built dra""ings to the Olvlslc:rn of
Oilrn Safety within:ill days 01 'ChI campleticn ot the
breach.

~.

Notify the Iccal municipalitY 10 days in advanr:e ot
the proposed c:c"stru~':londate.

s~,.-
'ine Oepartmen'C's Regional Office shall ccndua a final
inspeCtion of the site.'

For more information contact:

Oepartment 01 Environmental Protee:tion
Bureau of Oams. Waterways, and Wetlilnds
Division ot Dam Safety
P.O. Box 8554
~arrisburg,F'A 17t05-8554
(7' "'87-8568 .
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Pennsylvania Department of Environmental Protection

Dam Breaching Fact Sheet
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Attachment 3.
Russell, Axon & Associates Depth Soundings Map
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Flow data used in the model was taken from the USGS gaging station (01668000) located
just upstream of the 1-95 bridge crossing. A statistical analysis of the USGS daily flow
data was performed to determine the magnitude and duration of flows that occur during a
typical year. Figure 1. shows a distribution curve of daily flows for a typical year based
on an analysis of flows recorded from 1907 through 1994.

The sediment size distribution used in modeling the transport of entrapped sediment was
assumed to be consistent with the results of the field samples taken in July of 1997.

It should be noted that because the model does not account for local changes in bed slope
between the modeled cross sections there may be some additional scouring or
sedimentation that occurs along the river at various points.

Scour

There is currently no data available to estimate the amount of sediment being transported
into the reservoir from upstream sources. Without having site specific monitoring data
regarding the bed load moving into the reservoir under various flow rates, it is not
possible to make a reasonable assumption of this sediment inflow for use in the model.
Therefore it was assumed that there was no upstream sediment load flowing into the
reservoir. This assumption provides for conservative results regarding the scouring of
entrapped sediment because there will be no "backfilling" by upstream sediment which
would serve to counteract the scouring of sediments within reservoir. Scouring of the
existing channel downstream of the dam was not allowed.

Sedimentation

With regards to sediment deposition in the river below the dam, this study does not take
into consideration possible deposition of sediment being carried by the river from sources
upstream of the reservoir. However, depth measurements taken during a sediment
sampling field visit conducted on July zr: 1997 generally corresponded well with depth
soundings mapped by Russell, Axon & Associates in October of 1965. This would
appear to suggest that the sediment trapped by the dam has been and continues to be in a
state of equilibrium meaning that the sediment that flows into the reservoir passes
through the dam and into the downstream reach. Therefore any deposition that is
currently occurring with the dam in place will probably continue to occur at a similar rate
if the dam were removed. Thus the sediment deposition predicted by the model
(sediment source being that which is currently trapped by the dam) would be in addition
to existing deposition (from sources upstream of the 1-95 bridge).
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Background

Virginia Senate Joint Resolution No. 296 requested the Virginia Department of Game and
Inland Fisheries (VDGIF) to conduct a study on providing fish passage at Embrey Dam
near Fredericksburg, Virginia. In June of 1997, TIMMONS, Inc. was contracted to
conduct a study to evaluate the technical alternatives for providing fish passage at the
dam. GKY & Associates was tasked with investigating the issues associated with the
sediment accumulated behind the dam. As a result of this study it was determined that a
substantial portion of the overall cost for fish passage alternatives is associated with
sediment removal. Therefore it was recommended that a sediment transport modeling
study be conducted to estimate the potential for downstream transport of the trapped
sediment if the dam were removed. The modeling study would provide information for
making better estimates of the need for sediment disposal and the associated costs. This
report documents the results of the sediment transport modeling study.

Modeling Approach

The study is being conducted using the Army Corps of Engineers' HEC-6 Scour and
Deposition in Rivers and Reservoirs computer model. HEC-6 is a one-dimensional
movable boundary open channel flow numerical model designed to simulate and predict
changes in river profiles resulting from scour and/or deposition over given time periods.
Generally a continuous flow record is partitioned into a series of steady flows of variable
discharges and durations. For each flow, a water surface profile is calculated thereby
providing energy slope, velocity, depth, and other information at each cross section.
Potential sediment transport rates are then computed at each section. These rates
combined with the duration of the flow, permit a volumetric accounting of sediment
within each modeled reach. The amount of scour or deposition at each section is then
computed and the cross section is adjusted accordingly. The computations then proceed
to the next flow in the sequence and the cycle is repeated beginning with the updated
geometry. Through this process, the HEC-6 model can predict the approximate spatial
and temporal distribution of sediment within the modeled river reach.

For the Embrey Dam study, the river reach from the 1-95 bridge crossing to a point just
south of the City of Fredericksburg limits at Mayfield was modeled assuming removal of
the dam. The dam removal is considered to be instantaneous because the river is
expected to be diverted during dam demolition and then redirected through the breached
section of the dam.

The reach was modeled using twenty seven cross sections which were created using the
USGS topographic quad map, NOAA nautical charts, and depth soundings mapped by
Russell, Axon & Associates in October of 1965 (Depth measurements taken during a
sediment sampling field visit conducted on July 27, 1997 by GKY & A generally
corresponded well with the 1965 study map). Detailed representations of these cross
sections are included in Attachment 1.
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Synthetic Hydrograph
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Figure 2. General Shape of Synthetic Hydrograph

A model run was also made using a 7 day hydrograph for the largest flood event (October
1942) that was ever recorded at the gaging station which had a peak flow of
approximately 117,000 cfs. The hydrograph for this flow event is shown in Figure 3.

October 1942 Flood Hydrograph
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Figure 3. Hydrograph for Largest Recorded Flood Event
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Distribution of Daily Flows for Typical Year
Years 1907 to 1994
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Figure 1. Distribution of Daily Flows for a Typical year

It can be seen from the curve that during the period of record:

.' approximately 50 percent of the flows recorded were less than 1000 cfs
• approximately 90 percent of the flows recorded were less than 3300 cfs
• approximately 10 percent of the flows recorded were between 3300 cfs and 50,000 efs

In order to model the sediment transport that occurs during a typical year, a combination
of steady state low flows (255 days @ 1000 cfs and 75 days @ 3300 cfs) and five
different 7 day synthetic hydrographs with peak flows ranging from 10,000 cfs to 50,000
cfs was used. The general shape of the synthetic hydrographs is shown in Figure 2. The
hydrograph begins on day one with base flow and ends on day seven with a receding flow
still slightly above base flow.
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Scenario 1 - End ofa Typical Year Without a Major Flood Event

The first scenario being considered is a typical year with no major flood event occurring
during that year. Flows reflected in the scenario consist of255 days of 1,000 efs, 75 days
of 3,300 cfs, and five storm events ranging from 10,000 to 50,000 cfs. Model runs
numbered 1 through 7 are represented in this typical year.

The results of applying the sediment transport model using flows expected in a typical
year are shown in Figures 4 and 5. Figure 4 shows the status of sediment following only
dry (low flow) periods (3,300 cfs or less). Figure 5 shows the status of sediment for a
typical year's flows including normally expected flows up to 50,000 cfs. The term
"Transported" in each of the following scenarios refers to the sediment which passes the
indicated station into the downstream reach. The term "In Transit" refers to the sediment
which is temporarily deposited in the reach immediately upstream ofthe indicated
station.

Dry(Low Flow) Period Sediment Movement

:c In Transit !

ilTransported

539

28,013

50,000 ro------------------------__,
45,000

40,000

; _ 35,000
::I •
'0 '2 30,000
> (I

'E ~ 25,000.. -
E.g 20,000-u! - 15,000

10,000

5.000

o '--_.......
Dam Falmouth

Station

Mayfield

Figure 4. Sediment Movement During Dry (Low Flow) Periods
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This run allows an estimate of the volume of sediment that would be transported out of
the reservoir and into the downstream reach during the largest historical flood event to be
made. A listing of the eight model runs made is shown in Table 1.

Model Peak Flow Duration
Run# Description (CFS) (Days)

1 Steady State Median Flow 1,000 255
2 Steady State 10% Exceeds Flow 3,300 75
3 Synthetic Hydrograph 10,000 7
4 Synthetic Hydrograph 20,000 7
5 Synthetic Hydrograph 30,000 7

6 Synthetic Hydrograph 40,000 7
7 Synthetic Hydrograph 50,000 7
8 October 1942 Flood Event 117,000 7

Table 1. Sediment Transport Modeling Runs

By evaluating various combinations of the results ofthese eight model runs, estimates of
the volume of sediment being transported out of the reservoir and into the downstream
reaches of the river were made.

Results

The results of the modeling efforts are expressed in tenns of sediment movement through
three distinct stations on the river:

• The "Dam" station corresponds to a location on the river at Embrey Dam
• The "Falmouth" station corresponds to a location on the river -7,475 feet downstream

of Embrey Dam
• The "Mayfield" station corresponds to a location on the river -5,000 feet downstream

of the City's boat dock (approximately 24,300 feet downstream of Embrey Dam)

These three stations were chosen because each one is located where a significant change
in bed slope occurred and they correspond to areas of specific interest to the study (e.g.
Mayfield station is close to the City's boat dock). The three reaches of the model are
shown graphically in Attachment 1.

Of the twenty-seven cross sections used in the HEC-6 model, 10 were located in the reach
above Embrey Darn, 10 were located between Embrey Dam and the Falmouth Station,
and 7 were located between the Falmouth Station and the Mayfield Station.
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Scenario 2 - Major Flood Event Closely Following Dam Breach
(Based on October 1942 Flood Event)

Figure 6 shows the results of applying the model using the hydrograph for the October
1942 flood event which had the highest recorded daily flow of approximately 117,000
efs. It shows the volume of sediment that is transported through the indicated station to
the downstream reach ("Transported") and the volume of sediment that is temporarily
deposited in the reach upstream of the indicated station ("In Transit") for the historical
flood event.

Scour

A major flood occurring immediately following the removal of the dam would scour
approximately 16.6 % of the sediments between the 1-95 bridge and Embrey Dam. The
model predicts that a flood of equal magnitude to the October 1942 flood event would
erode approximately 88,192 cubic yards of the sediment trapped above Embrey Dam.

October 1942 Flood Event Sediment Movement
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Figure 6. Sediment Movement During October 1942 Flood Event

Sedimentation

Approximately 5 % of the eroded sediment will be deposited in the 7,500 foot reach of
the river between the Dam station and Falmouth station. If uniformly distributed in the
reach, it will result in a 0.51 inch layer of sediment being deposited in the reach. The
remaining 95 % of the eroded sediment will be transported downstream of the Falmouth
station. Approximately 43 % of this eroded sediment will be deposited in the 13,300 foot
reach of the river between the Falmouth station and Mayfield station, If uniformly
distributed in the reach, it will result in a 2.96 inch layer of sediment being deposited in
the reach. The remaining 57 % of the eroded sediment will be transported downstream of
the Mayfield station.
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Scouring

In the first year after the removal of Embrey Dam, if no major flood event occurs,
approximately 15.6 % (82,749 cubic yards) of the sediments between the 1-95 bridge and
Embrey Dam are scoured and transported downstream. Approximately 447,250 cubic
yards will remain in place behind the dam.

Sedimentation

Based on distributing the sediment uniformly throughout the reach from the Dam station
to the Falmouth station, the "In Transit" sediment is estimated to produce an average
benthic layer of 0.325 inches which varies from zero inches following a storm to
approximately twice the average following a dry (low flow) period. Approximately 10 %
of this eroded sediment will be deposited in the 13,300 foot reach of the river between the
Falmouth station and Mayfield station. If uniformly distributed in the reach, it will result
in a 0.583 inch layer of sediment being deposited in the reach. The remaining 900/0 of the
eroded sediment will be transported downstream of the Mayfield station
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Scenario 3. Typical year's flows with an October 1942 typejloodevent (Combine
Scenarios 1. and 2.)

Neglecting the effects of natural annoring and vegetative cover a conservative estimate of
sediment transport under this flow scenario can be made by combining the results of flow
Scenarios 1 and 2.

Approximately 32.2% of the volume of sediment trapped in the reservoir will be eroded
in a 365 day period.

Sedimentation

Approximately 2.6 % of this eroded sediment will be deposited in the 7,500 foot reach of
the river between the Dam station and Falmouth station. Ifunifonnly distributed in the
reach, it will result in a 0.51 inch layer of sediment being deposited in the reach. The
remaining 97.4 % of the eroded sediment will be transported downstream of the
Falmouth station. Approximately 25.6 % of this eroded sediment will be deposited in the
13,300 foot reach of the river between the Falmouth station and Mayfield station. If
uniformly distributed in the reach, it will result in a 3.543 inch layer of sediment being
deposited in the reach. The remaining 74.4 % of the eroded sediment will be transported
downstream of the Mayfield station.

Scenario 4. Two typical year's flows occurring in succession

Neglecting the effects of natural armoring and vegetative cover a conservative estimate of
sediment transport under this flow scenario can be made by adding the results of flow
Scenario I for a two year period

Approximately 31.20;() of the volume of sediment trapped in the reservoir will be eroded
in a two year period.

Sedimentation

Approximately 10 % of this eroded sediment will be deposited in the 13,300 foot reach of
the river between the Falmouth station and Mayfield station. Ifunifonnly distributed in
the reach, it will result in a 1.166 inch layer of sediment being deposited in the reach.
The remaining 90% of the eroded sediment will be transported downstream of the
Mayfield station.
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Successive Years

In general, the sediment that is transported in a flowing river such as the Rappahannock is
composed of various sizes ofparticles ranging from fine silts and clays to sands and
gravels. As scouring of the sediment occurs, the smaller particles are picked up and
transported downstream first, leaving the larger sands and gravels behind. These larger
particles tend to exhibit an armoring effect on the sediment beneath them. That is, they
act similar to a riprap material protecting neighboring particles from scouring. Therefore
as the degradation of the bed sediment proceeds over time, there is a coarsening of the
bed material which leads to a decreased rate of degradation. Because of this natural
armoring process, we would expect to see a decreasing rate of scouring of the entrapped
sediment over successive years which would be directly dependent upon the grain size
distribution of the sediment. Thus the rate of erosion of the sediment deposit in the
reservoir for successive years will be less than the rate predicted for the first year.

Also as time elapses, vegetative cover will tend to creep into the sediment overbank areas
providing further resistance to scour. The timeframe for establishment of vegetation in
these areas will depend upon the nutrients available in the sediment deposits, rainfall,
sunlight exposure, and the method of seeding. Appendix A shows pictures of the
vegetation that was established over two growing seasons upstream of the Williamsburg
Station Dam (Pennsylvania) after it was breached in 1995.

Discussions with Scott Carney, the Pennsylvania Floodplain Coordinator, revealed that
optimum seeding and fertilization methods would be site specific. In some instances,
Pennsylvania dam breaches have not required any seeding or fertilization to establish a
vegetative cover.

Sedimentation

With regards to sediment deposition in the river below the dam, this study does not take
into consideration possible deposition of sediment being carried by the river from sources
upstream of the reservoir. However, depth measurements taken during a sediment
sampling field visit conducted on July 27th ~ 1997 generally corresponded well with depth
soundings mapped by Russell, Axon & Associates in October of 1965. This would
appear to suggest that the sediment trapped by the dam has been and continues to be in a
state of equilibriwn meaning that the sediment that flows into the reservoir passes
through the dam and into the downstream reach. Therefore any deposition that is
currently occurring with the dam in place will probably continue to occur at a similar rate
if the dam were removed. Thus the sediment deposition predicted by the model
(sediment source being that which is currently trapped by the dam) would be in addition
to existing deposition (from sources upstream of the 1-95 bridge)

10



In conclusion, if the sediment is not removed by dredging prior to removal of the darn, it
will tend to be deposited just downstream of the dam during low flow periods and remain
there until enough large flow events occur to carry it further downstream of the City. The
process of natural transport of the accumulated sediment downstream may take many
years.

13



Scenario 5. Typicalyear's flows with an October1942 typeflood event and another
typicalyear'sflows occurring in succession (Combine Scenarios 1. and 3.)

Neglecting the effects of natural annoring and vegetative cover a conservative estimate of
sediment transport under this flow scenario can be made by combining the results of flow
Scenarios 1 and 3.

Approximately 47.8% of the volume of sediment trapped in the reservoir will be eroded
in a two year period.

Sedimentation

Approximately 1.75 % of this eroded sediment will be deposited in the 7,500 foot reach
of the river between the Dam station and Falmouth station. Ifunifonnly distributed in the
reach, it will result in a 0.51 inch layer of sediment being deposited in the reach. The
remaining 98.25 % of the eroded sediment will be transported downstream of the
Falmouth station. Approximately 19.98 % of this eroded sediment will be deposited in
the 13,300 foot reach of the river between the Falmouth station and Mayfield station. If
uniformly distributed in the reach, it will result in a 4.126 inch layer of sediment being
deposited in the reach. The remaining 80.02 % of the eroded sediment will be
transported downstream of the Mayfield station.

Conclusions

Based on the results of the eight model runs made, it appears that if the dam were
removed a typical year's flows would move approximately 15.60/0 of the entrapped
sediment out of the reservoir. Practically all of this sediment would be transported
through the reach between the Dam station and the Falmouth station with some
temporary deposition of sediment occurring between flood events. About 10 % of this
sediment would be deposited in the reach between Falmouth station and Mayfield station
with the remaining 90% moving downstream past Mayfield station.

If a large flood event (e.g. October of 1942 Flood Event) were to occur, it would tend to
flush approximately 16.6 % of the sediment out of the reservoir deposit in a seven day
period. Approximately 95% ofthis sediment would be transported through the reach
between the Dam station and the Falmouth station. Then 57% of this sediment would
continue to be transported through the reach between Falmouth station and Mayfield
station with the remaining 43% of the material remaining in the reach. Because the event
occurs over a seven day period there is probably not enough time for the material to be
completely transported out of this lower reach. However, as other flow events occur they
would tend to re-suspend the sediment that was deposited by this large flood event and
move it downstream of the Mayfield station.

12



Exhibit A - Location of Stations used in Model
Scale: 1"=2000'

From Fredericksburg LSGS Quadrangle Sheet



Attachment 1
Modeling Parameters



Initiation - at Dam Cross Section

Mid Point - at Dam Cross Section

WILLIMASBURG STATION DAM DEMOLITION - 1995



Attachment 2
Williamsburg Station Dam Breach Photographs :



Look upstream - two growing seasons late

At Dam Cross Section - two growing seasons later

WILLIAMSBURG STATION SEDIMENT STREAM
REGRESSION TO NATURAL STATE - ]997



Looking upstream

Another view looking upstream

WILLIAMSBURG STATJON DAM DEMOLITION - ]995
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6) exploring other opportunities and facilities which may serve to improve flood control provisions

along the River;

1) preserving the water rights of the localities; and

BE IT FURTHER RESOLYED, that the Commonwealth of Virginia is hereby requested to

serve as the non-federal sponsor for returning the River to its natural state working closely with the local

jurisdictions of the City ofFredericksburg and the Counties ofSpotsylvania and Stafford.

Cc:k Js Certificate

I. the undersigned, een:ift thatI am Cleric of the ColD1~) of-the City of Ftedericksburg. Vtrginia. andthat the foregoing is a true

copy ofRcsalution 97-53 duly adopted at a meetingof the City

Council held May 27. 1997at which a quonun was presentand voted.

GiVCI UDder my band and the officialsealof theCity.

IJU;~ J ./:tJlj.p-J
Deborah H. iWliffe
Clm. ofCouncil



Marvin S. Bolinger
CityMmagcr

Beverly B.. Cameron
Assisant Gty Manager

RESOLUTION 97-53

City ofFrcdcricbburg
P.O. Box 7447

Fredericksburg, VA 22404-7-H7
Telephone: 540 372 1010

Fax: S40 372-1158

5)

3)

'4)

WHEREAS, the Rappahannock River is ofvital importance to the City ofFredericksburg, the

Counties ofStafford and Spotsylvania and the entire region with its beauty, economic value and

recreationalvalue; and

WHEREAS, the Embrey Dam was built in 1910 on the River to divert water to the City's water

trea1ment plant, but has now deteriorated and has the potential to collapse; and

WHEREAS, the citizens ofthe area desire to remove the Embrey Dam from the Rappahannock

River, particularly since the City ofFredericksburg and the County ofSpotsylvania are building a new

water treatment plant and the Dam will no longer be needed for water supply; and

WHEREAS, the area localities are most desirous of returning the Rappahannock River to its

natural state allowing migrating fish to swim further upstream and thereb-y encouraging more recre­

ational and economic opportunities; .

NOW, THEREFORE, BE IT RESOLVED this 28th ofMay, 1997, that the City Council of

the City of'Fredericksburg, VJrginia, does hereby join with its neighbors in the Counties ofSpotsylvania

and Stafford to request the Congress of the United States to provide the support and direction through

the Corps ofEngineers, Norfolk Division, to return the river to its natural state while at the same time:

1) ensuring that an acceptable level ofwater flow is maintained in the Rappahannock Canal;

2) ensuring that the abundant and critical wetland resources and vegetation located adjacent to the

Rappahannock Canal, including the Snowden marsh and pond, Gayles marsh and pond, College

iaarsb and the presettling pond adjacent to the City's Kenmore Water Plant, are preserved in their

present status;

ensuring the preservation ofhistorically important locks adjacent to the Canal;

recognizing and documenting the 1855 Crib Dam and its importance in Fredericksburg's early

industrial history and water power origins;

considering the potential for improving and enhancing regionally important recreational areas

adjacent to the River downstream from the Dam (Old Mill Park, Falmouth Beach, City Dock

Park, and others);



1987 CHESAPEAKE BAY AGREEMENT

HE alESAPBA.KE BAY IS A NATIONAL TRE..tl.SURE

UJd a~ ofworldwide signifJCaDCe. Its ecoJogial, eccnomic, and caIa;u'aJ imporance ate felt far beyond its waters and

the mmmuaities thatline its shores. Man·s useand abuse of itS boancy, however, tOgether with the amcinuedgrowth aod

~t of population in itS waterShed. have cakena toll on the Bay system. In a:cmt decades, me Bay hassuffeted

serious declines in quality aod pEOductivity. e REPRE:SENTING me Pedeta1 government and the States whichsurmuod

the ~p::ak.e Bay, we acknowledge our stake in the~ of meBay aDd accept our share of respoasibility for itS
, .

current coaditioxL Weare determinedthat this dedioe willbe te,eaed. In tespoose, allofour jurisdiaioas ba.ve embuked

OQ ambitious pmgrams to ptotea ourshaJ:cd. resource and restOre it to a mote produa:ive state. 0 IN 198O, the legislatures

of VugiDia and Muylaod esr:ab1isbm tb:: Ov-sapeake Bay Commissioo ro CDOniinaa: iDteaare pJanniDg and propms

&om a legislame pe:speaive. In 1985, Pennsyhmia joinedthe Commksioa. And,"tn 1983, Virgiaia, MaIyla.ad. Pennsyl­

vania, theDistrictof Columbia, theU.s.EnviroameaaJPtOteaion AgeDt:y and the O1esapeake Bay.Commissioo fonnally

~ to a cooperative t.pproacb to this~ aDd esablisbedspecific memanismsfor its cxxmiinarionSince 1983,

~ joimcnmmianenr has carried usto new" levelsd ~me:mal coopemioo and sQeurific undem:andiDg. It has foaned

a firm base for the future~ of this long-term PtOFam: The extent and complexity of our f3Sk DOW all for an

ezpaoded and n!:fined agreement to guide our effoas mwud die ~.fiISt.a:mury. e RECOGN!ZING that the

Chesapeake Bay"s imporance maascends~bouodaries,we commit to managing me O1esapeake Bay asan imegmed

emsySCC1l1 and pledge" our best effons to achievethegoalsin this.Agrec:meat. We~ a serieS ofob~ that will

esablisb a poUq and.iastitutio~ &zmework for mntianed CDOperaci've effom to ft:StOLe and proteCt OtesapeakeBay. We

funber commit1Dspecific actions to achieYe those objectives. Tbe implementation of thesecommirmems willbereviewed

mnua1ly andadditiooa1 mMmhmems deVeloped as aeecIed..

GOALS AND PR,IOR,ITY COMMITMENTS

T HIS NEW AGREEMENT CONTAINS Goals aod Priority
CommitmentS foeLiving~ Water Quality; Popala-

• cionGrowth and Devdapmenr; Public 1aiormation. Educa­
tion 2nd Patticipation; PublicAa:=s; and~ 0 The puties

IX)~ 1987 Agn:cment arc: the U.s.Envitoar:nenal ProtectionAgenq

rcp~ the FedcnJ govemmem. the District of Columbia. me
Sate of Muyla.od aod me CocDmcJaweakbs of Pcnmyfvania 2nd Vir­

ginja (bcmDafter the '"ScucsN

) andme C1le:sapcab: BayCommission.
This~tmay beameaded and~ added iii the funue
byunanimousaaioa of the Ovosape'ke &a:.urive Coancl.



AppendixH

1987 Chesapeake Bay Agreement



WATER QUALITY

Go II. L: R.BDUCE AND CONTROL POINT AND NON·

POlNT$O~OP~TO~'nIE lV.,Q'ER

QlWn'Y CONDmON .NEc:m.ay T~.S~PPRTna
lVlHG RESOURCES OPTHE JWY. lbc imptO~~ .Del maiDa:­
.aaof-=quaJir:y u.: tb=siDgIl: mastaiDalc:Jemcats illmemu­
J1 n:saxuiDc1 m:i peal :ric I of me~ Bay. Waer is~
.u..mill wbich&11 living~ of me bar 1m:. aad dIcir IbiJiI:J a;t

~mclikludshisGira::dJ :leI"" Wtr OIl it. 0 To c:DSml:.me pro­
»::r:iftlyolt:be Ii9iDg~ofmeBar, wemast~csa.blishme
waa=rcpUrrCODfirions cb:r reqairetad....dlmaaaiA_~

dae CDyljQnns Fotaa::aAt .. must impowe or~ diaoM:ci
c:IIID= CI:I ." atiaas ill me Bay mi a ubsarics dJzaasb. a CDD­

cimIed ad"P'adof mmmianmr; CD me~ of aua:ic::m:s &om
bach paiar IDi aaapoiDc saaa:es. We muse dome SIDle fDc a:mics m:i

Gld4Wtiaaal pnlJrnaa 10 b:~ we wil de'vdop basiD-widc"
"'pene PI'· 4' pbas lor die aJdUolmd n:dua:ioooip?'bJ!7nn wbic:b.
~ bI8d CXl oar best nnr\ !II iing (mdadiag dw: deriwd &am

m~ d Fng)of* Baradia aia:Idcs8S an imqntc:d sysa:m.

OBJECTIVES: .

o PmftdedmdyCDaSU~.~CZ'!'jmrmnce of public: mr:i private
ar:waaae &a1iDes 1I)aSmft:~al paUmzCt~

<> B.edaae. die disdI&rF of.aaaeated or~ aem:d SC'W2F
iaIo Bay -= &am sud1 saam:s a cnmbiac:d sewer~

akiaall:WlF~-faili&1gsepE~
<> &Ume aad icJ.sda:R, wbc:fe~~mn .Lpc

fat p:im saara: paIlutioc amtl'OJ. such as biologiral DIIUicm ~
DXn'al aDd laMappGatioDofeffiucatto rcdua: poIIaci.xlloads in.
CDSt~maaDe:t.

o Esnbtisb aad c:aiom:~ limiarions CD ecsare cmnpIizn&%
wilD wae&"qa:Wly kws.

o B.edDa: me IeveJs of aonpointsoum=s of poIlutiDn.

<> \ Recb:le~ by~ en£om:m:nr of cxmicg

amc:ml quJ:acioas.
<> Biminate poUuanrdisd1ugcs from~ boats..

<> ~dentify aDd cccaol tOxic cfiscbarges to the Bay sysa:m.. iDdud.iog

mea.Isand r:mic~, to procca warer qaality, aquaric resouro:s
aod human be:alch duooghimp~C2tion and eniorc:c:mem of me

srata· NaDoaal PoUuant DisdJuge E!imination s,sa:m p:smit
pcopms ladocb:rpmpms.

o "Raiua: <bIariDe discbuges in ,.aiIial 6afi:sh aDd. sbcIIfisb m:u.
Mirrimize.WI&U paIlutioc iacidcar:s andpmride~~
U) paUuaat s:p1Is.

<>~ 5eWIFsJudsc. dm:iged~ JndhautdDus Wa.sI2S U) pm-
a::cr:me:Brar.sra=- .

o N.amF pauadwaa:rII) paRa thewaerquality ex Ib: Bay.
<> Quamifrme impa:s andidcatiy dieDJr'D:5 of UI:DOSpbcric iapazs

QD die ky.$JSIZ:D.

COM W I.,. WEN T :

TOJfam!YE tHIsGOAL 1n'4iGR.EE:

<> by1-'7 198& m~ tdopc md • impCmenminn « a

basiG--wide scna:gr~~ adJi:ge brcb: ,ear2000at bst a
40~~oE~mi phospbacuse:m::ingmeDllin
scaD"of ~"t'h:saP'""'kr: Bay. ~sa2IIII81 sboWdbebaed oc Igu:ed
upon 1985 poim5OUra:: loads·~ ocl 00Clp0iac loads in a.a ncage
raia&.Il ,ac

e by~ 1991. m~ the40 pem:m~ cugec
• basedOQ die~ of madding.~ moaioxiag md ocb::r

iDCoaDztioao naibbIe. mar lime.
e ~D«ember1988. DdeteIap, adopt am beginimpL=mcmarjoo of

a bISiu-widesuate:gy U) u:bieft a miua:ionofII:IEiaa:wr;js:emwich
the Viaa' QaJir:y.Act of 1987 .aich wiJl cmare pwc:eaiou of
~ beakb .ID! Ii'fillg teialZm!S. The suueaJ~ am:r bach
poim andDOOpaiDt soara:s. !J'OC'inYirtg pcoaxols. m centof
ptm'MC"Q"M~ aDd~ for deaIiDg 1rim iD-pIaa:
IDZicsedi£nenrs wbea:~

<> byJ".l988. tD~m:lldopc.u~ byme WaaQaalky
Aaof 1981. a basia-.nde imp'ecnenrarioa scmqy farme IDaDIF"'
meoraDd~«c:rZ~w poIb:amserm:ingmeCbesa~F
Bay system &Omp.:;im" aDd noapoisu socuces.

() by1sy 1988. d:Je Enviromnencal Protcaioo~. aaiag foeme:
federal govemmem. will de9cJop, 3dopt andbegin imp!emeyaaca

of a SuatM:gy for dle <Dntt01 and reduction of poine~ noapoim

SOUtQ';S of autticnc. roxX: and CDn~ pollucioa from all

feden1 bcilitic:s.



L I v I x c: It E s o to, R C E ~

Go At.: PROVIDE FOR THE RESTORATION AND PRO·

TEC110N OFTHE UVlNG RESOURCES. THEIR HAB1T.ATS

AND ECOLOGlCAL REU170NSHlPS. The ~'.
.iw:aity and abundaao: of living~ ale me best ukimare mea·
,lIftS of me Chc:sap:aJce Bay's 'conditicxL These living~ are the

min focus of me n:smQtian and ptoa:.uiou effort. Some sp:cics of
oheUf'lSh IDdfinfishareof immc:ase commetcia! and~ value

:0 mm.omen are valuable bc:ause cbey ue put of the vm amy of

plantaad IDima1 life dw make up the Qesapea'ce Bay «as~stem on

whichan species~ We remgnize that me erlrile naan1 sysn:m

anust be bezk:hy and~ We willdetennine the essential cJc.
meats ofbabiut and envizonmenca1 quality oea:ssary to suppott living

ft:5CUIO:S lad .,iIl seethat these~ areaaainr:d :mel maim::ained.
We wiD alsomaaagethe hanest of and monitor popUarions of cam­

mm:ially,~y and~ va1u:Ible species [0 ensureses­
tained. WabIe stOdcs. We recognize thar 10 be sua:esstW. theseactions
must b:arricd OUt in anin~ aad CDOI'dinzted manaer2ao5S the

whole BaySJSQ:m.

OBJECTIVES:

o Resaxe. eoiwxz. proo:a andmanage submI='ged~~
e Ptotea. eMma: :md resicn wetlands. coastal sand duneS. foresr

buffea and ocher shoreline and ri¥criiDe systemS impor=nt to
wuerqaality aDd habiar.

e Conserve sail~ and reduce erosion and sedimentation to

procea Bay habiar.

o Mainain m:smnrer flow regimes oecessary ro susWn escua..-ine

habicats. incNdiag.....here appropriate. e:sab~ minimum in­

sm:amflows.
o ~p ampaable Bay-wide stOCk assessment programs.

o Develop Bay-wide fISheries management straregies :lnd develop

compiemenary sare pr'OltmN and pbns tu proeecr:lnd restore [he
fU1fISh md shclIflShswdcsof the Bay. e5pccQlIy the fresh'W;,1ter and
CStU:Irine spawners.

o Provide for the rcstot:ltion of shellfISh Stocb in the B:lY. especi:ally

the~ of c:ommc:rci:lJly impotent species.

o Restore. enhana: :ltId~~terfowi :and wildlife.

c 0 ~1 MIT ~1 E x T '

TOACHIEVEnirs GOAL 'F'E AGRa..

o ~. JlUIIIIlfj 1988.t:e cicYelop and adopt guidelines fer th~ pnxection

or 'l.':I.ter quality:mel h:biac ClX1ditions nea:ss:ry cosupport the Ii,'·

ing resources found in the 01csapeab: B:ay system. andto use these

guidelines in the implc:mcnction of water quality and h:1bic:u: pro-
o • '_

teCt10D programs.
o by Jllly1988.ro deveiop,adopt ~~in to im9Jemcnt a B:ay-wiik

pbn for the assessment of cx)lnmetci:lUy. ~tion:lUy and seleaed

«ologially valuabJe species.

o by jld)' 1988. to~ 2 schedulefor the development of Bay-wide.

teSOIUte m:magemcnt sm.a:gies for commercially, reae:::u:ion:lUy

and seJec:ted emJogiaUy~ species.
o by /1Ji, 1989. to~ 3dopc andbegin to implement &y-wide

maaagemenc pIaas foroyscc:rs. blue a2bs md J\mcrian Sh:ld. Pbns

forcxberma;or~. rcae:ationaily andccologially~le,

species should be iniciued by 1990.
o by Oc&erlliHrr 1988. to develop a Bay·wide policy for the protecrion·

of tidal and non-ticbf 'IIedands.
<) Pmvide for fish pass;age at cWns. and remove seream bloc::bses,

"'~ oecessaryto n:storen:ztura.l~ for migr:tory fish,
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B y THIS AGRE£MEN'I were:affir:sn ourqwnm;""""r 110 n::sax'C aDd pma:ct de cea'osicJ' incqrily.~ md·b=eficial uses «-=
Ch:sapeaJr.e BIysysrc:m. We agree110~ in~ 1989 on pcop:ss made ill faIfiIIias~CDDIDiaDcms in chisagt=IIXm. md 110

consider at mac amc addicioaal CDrDIDiaDena. The impicmeftaciaa saa:ps wbidI willbee clcpd~ to chisap:c:lDl:ftt 'IrilI be
tppendeci U anDl:II:S. and annual a:pxa wiD iaduck ID .......mrjng of J'I'OSl'CSo" madeGO adll1lllq1.

<DIa:) } /

FORnarunOFAWRYLdHD

.fOR THE COMMOHlf"EAaH OFPEHHmYANIA

FORTriE UNII'ED SUIES' 01 JfNEJUCf
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GOVERNANCE

Go A l: SUPPORTAND ENHANCETHZ PRESENTCOM·

PREHENSlVE., COOPERAllVC AND COORDINATED N­

PROAQlTOW.A:RDMANAGEMENTOF1HEQiESAPElfKE

MY~

Go A l: PROVIDE FOR CONTINUITY OF, '.Md.N.A:GE­

MENT EFFORTS AND PERPE:TUJ'CIION OF COMMIT-

. AIENTS NECESSARY TO ENSURELONG-7"ERM RESU1:I'S.
1h: CDOpeaOoa acc:=sary II) suscaiD an' effca:ne' 6.,.s~~ke· Bay'

I"5'Onrion md~ cf£ort~ a~~'~
mc:m imolviag the saces a.ad me fe:ic::al~~ iasrim- ~

~~ must, allow for aodp~~ indi'nduaI '
aaioas cxxxdim.a=d within -~ weil-defJDed coat=t of the~

responsibilities aod~ of C3Cb State and the f~~
meet. Ie must aJsp ensule ~[,aa:ioas which reqaitei'~
Bay-.ide appmach be addressCd, in cnmmon and~duplia~

One "9'! me.~~ of the cnord.ioa~ iDscitution is to

develop. stategic plans 2nd mersee their impL:mentation, based on

advia: fmm~~~m me ~tifJC cxxnmunity~ from user

~ 0 ~.addi~ the CXlOtdicacing body~~~p ro

~ pablk suppcm. aDd it must be~ for progress mad;
'CIDder meICmS of thisagm:meac. The axxdinatiDg body will mncinue

co be c::a1Ied me Gesapealce~Council. The OJ.esapeakc &ecu­

dYe<Awxil shall be amJprised of the Govcroors, me Mayor of the

Disma of Cahzmbia. the Administra.tor of the~ Protec­
DonAfP.'Ci and the C1a..itm3n of the 01esape:ake Bay Commission.
The dlairnwlship of rh: Councilshall rowe annuaiIyas deo:::r.tnined by

rh: dir.dCnie'teen of the awnnanshallbeoee JC2t. The :hcim.mis­
a'aUX' of me EmUoamcntal Pma:aioclAgencyshall represent the fed­
cal~ andthe OWrmanof cbe ~2p:a1:le BayConwis.sion
shaDn:presenr its~

o BJ E"C T I V E S :

o Continue ro demonstrate scroag. regiooalle2dcrShip bycnnvening

~ aoaua1 publicmeetingof the 0esap-aIa-Exi:cittiveCouncil.
<> Coatinw: to support the 01es:apc:ake &e:utive Cooncil and provide
.. foe~ aDd public policyadvice by maint2iniog~ advisory

commirtecs.
¢ Coordinate Bay~[ activities and devdop aod mainain

effcaive mechanisms for acmu.at:ability.

¢ The 01esapc:ake Bay liaison Office shall provide staff suppon [0

the Olesapeake Executive 0>una1 by providing 3JUiyscs and data

~c. and by generating reportS ~iated (0 die ovenll pro-

pam. The Implcm:::natioo Cocnmit=: shall provide guidano: to

the <:BOO Oireaor in an maac:s relatingto support for the CoUDcil

and dIeir supporting CXIfL'In1ittees, subrommittec:s andworic groups
indud.ing the~ of all plans andocher documents asso­

ciatcd widl meCouncil.
<> Examine me fasibility of joint funding support of the 0le:sape::1kc

Bayliaisoa Offic::. .
<> 1iU mel enlu:ate aaivities which tiray' affect estuarine warer

~ aDd resourc:s aDdreport at Ie:lst aanuaily.
o Deon:Iop aod maUiain 2 GDOcdimei01esapeaia: Bay daa nun­

agemc:n[~

o CoatitJue to ia:1p&emeat a axl£diDated Bay-wide mooimcingsystem .

and mcleYdop a Bay-wide liVing resoura::s monitOringsystem.

o Developaod itnpleiDent a CXlOtdinaa:d Bay-wide rescut:hpmgnm.

COMMITMENT:

TO AQilEVE!HESE GOdLS WEAGRE:E:

o to develop U1 annual 0les:I.pe3ke Bay wade plan endorsed by d­

O1esapeakeE.xe::utM: Couoc::iL
o to CDa~~·m suppo~ &y-~. environmeocaJ. monitoring and

rt::SeUdl II) provide the t'eChnica1 and scientifIC iafonnacion eeees­

sarytOsup~rt~dO;:is~
<> to sm:ngrbe:t chc G1esapeake B~ Liaison Offia: by assigning. as

appropria=, saif pesees &om eadl jurisdiction and from partici­
p;.cing federal agencies to assistwith the~ support futlctioas
of that oi:fx%.

<> by1-'7 1988,to ckvdop and adop[ a compt'ehensive reseudt PW:
to becnJua~me!updated.annuallyto address cheteehnial needs
of the Ox:sapokt:BayPtogam. , "

o by lilly 1988,· <boelop a Bay-wide monicoring plan for seiected
cocnmea:WlY. rc:crc:uioD2lly and eccJogiaUy V2luab1e species.

o byMm:h1988, to escablisha Joal government advisorycommittee

to c:he~peake Execncive Council andcharge that CX>IDIIlirtce to

deveiop a Strategy for local government parciciparion L'l the Bay

progrz.m.
o to consider md review the feasibility of establishing en independen[

0le:sape2ke BayExecurive Board.
<> by jlliy 1988. the Eoviron:menal Proceaion Agency, acting for the

feden! governmenc. will develop, a coord.in.au:... feden! agency

wodcplaa which identifIeS specific feden! progruns to be integQted

wm :.I coord..Uatedf~ effOrT: to support the restOration of [he

01csapc:ake Bay.

6



COMMONWEALTH of VIRGINIA
DEPARTMENT OF ENVIRONMENTAL QUALI1Y

Office of Water Resource Management
Water Quality Assessment and Planning

Peter W. Schmidt
Director

Friday, April 21, 1995

Commonwealth ofVirginia
Attn.: Mr. L. Alan Weaver
Department of Gameand Inland Fisheries
12108 Washington Highway
Ashland., Virginia 23005

Dear Mr. Weaver:

P.O. Box 10009
Richmond. Vwginia2324ס-סoo9
(804) 762-4000

Thank you very much for providing the completed laboratory data for your Embrey Dam
Sediment Study. The data are generally low or less than the detection limit and are
summarized below by organic Target Analytes (TALs) and by inorganic TALs
constituents.

ORGANIC COldPOUNDS

The organic 14-\1.S including BTEX, TCLP, Total Organic Halogens and Total Petroleum
Hydrocarbons were below the method detection limit in most cases and are summarized
as follows:

PESTICIDES "
BTEX VOLATILES SEMI VOLATILES HERBIODES TOX TPH

TOTAL NUMBER OF

I
24 198 216 162 18 18

MEASUREMENTS

NUMBER Of DETECTS 0 0 0 2 7

The two detects in the Toxicity Characteristic Leaching Procedure (TCLP) fractions for
pesticides and herbicides were for 2,4-D at very low concentrations and are not
considered significant. The one detect for TOX and seven for TPH are at low
concentrations and probably represent background levels.

i:'wqa'rogtr'lcttcn\9~Q31~A.PQC aae... I «r J
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. Appendix I

VDGIF and VDEQ Sediment Characterization Report



breaching the dam. Prior to any action to remove any part of the dam please contact the
Department for assistance and guidance with the appropriate regulatory requirements.

Alan, I want to thank you very much for your hard work and perseverance in completing
this portion of yourvery large project If I can be of any further assistance to you please
contract me directly at 804.762.4449.

Very truly yours,

R.E. Stewart II
Environmental Program Planner
rstewart@freenet.vcu.edu

attachments

cc: Cynthia SaleNRO
GlennMoore WRM
Chester Bigelow OWRM:

j',wq:a\rog(r\I(tt(n\9S031 ~ -\ poc



INORGANIC COMPOUNDS

The inorganic TALs including Total and TCLP metals were below the method detection
limit in most cases. and are summarized in the attached tables. After review of the raw
data and comparison with existing metals sediment data., two inferences can -be made
regarding the potential of the sediment to contain significant concentrations ofTALs.

1) Data from sites located upstream from the dam were retrieved from the National EPA
Water Quality database STORET and compared to the study data. The comparison was
made between total concentrations because no historic TCLP data was found. The
average concentrations of the study data were lower than the STORET data for all TALs.
The mean Arsenic and Meteury concentrations for the study data are within two standard
deviations of the STORET data. The mean Cadmium and Chromium concentrations for
the study data are within one standard deviations of the STORET data. The study data
and STORET data are similar.

2) Total and TCLP data for metals were compared to the Regulatory Thresholds (RT)
listed in the Virginia Hazardous Waste Management Regulations, VR 672-20-10,
effective September 8, 1993. For all observations the total concentrations were less thana
factor of20 ofthe RT. The factor of20 is applied to samples which are considered 100%
solid, as these sediment samples would be, to determine the potential maximum leaching
concentration. In theory we postulate that all of the metal in these samples leached into
the extract prepared during the TeLP analysis resulting in a TCLP concentration below
the RT. Additionally the actual TCLP concentrations are below the RT and the mean of
each TALis more than two standard deviations less than the RT.

N.B. These specific STORET sites were selected for comparison to the study sites
because they were located in the same basin upstream of the study site and they contained
the same study data parameters. STORET contains no detailed information on site
history including information on site selection. Consequently the data analysis maybe
influenced by unknown site specific conditions.

In conclusion the sediment study data indicates that the characteristics of the sediments
retained by the Embrey Dam are comparable to other sediments upstream and that the
potential for these sediments to fail a hazardous waste characteristic as defined in VR
672-20-10 is minimal.

The Department may be concerned with water quality degradation associated with a
sudden and substantial release of sediment into the water column which could occur from

i=\wgll\roger\letten\9S031 SA DOC nags: ., flf J



RAPPAHANOCK SEDIl\1EN'I' STUDY
STORET PARAMETERS FOR SITES ON RAPPAHANNOCK

·otal concentrations, mglKg

Arsenic
Station

3-RAP006.53

Cadmium Chromium Mercury

./ ' ,-~ , ~ -r . "-.r" - - ~ ~m

_~ ...,;;,~""'i•. _. ,,' -r , ••• ' ll~)'L' , ;--. _' : ,.1;""1'-1£1' - , __ . /)I~./""'I, ,•. :
~~.......x.. . . . ..:.r~_.. _.- ....... t • -

3-RAP030.21

c-' .... ~. • - ~ .......-, •. - 'r.r.-:-r- .' .~~..
,,~,~ 1--' -.- -ih;f..d:~· -. ,~.,;-.:v,q.-- '; -. ,-'- " .
•~.":.~...J .... ,...- ~ -...---.' + ,... V'~ - o--_~ ~._ I. ~:""I..."t.:.. -;:-- - ..... ~_

.~.,~ '.' .. _, "cr.· -, - - - .c/:~.... ~ -" -. /7"~ -• -... I '.• ' '•.• _ .•• - '~.,-.j'~,.- -,' - -,;100:1 .- • - - -- 11.-'1 •
,. ~ ... ... or- . ' • _ ...~_ _ .. - -. ~. '-. _ ~. ..,J. _ -.......-. •

3-RAP045.08

3-RAP066.54

3-RAP077.28

_~ClBV!I1SM_D!Q_3q;oli

fl2!o~;B~_!§oJjjj

mean concentration 8.76 0.79 23.90 0.25

prepared by the
Department of Environmental Quality SEOIMENT.XLS 3122195 Water Quality Assessment and Planning



EMBREYDAMSED~NTSTUDY

VIRGINIA DEPARTMENT OF GAl\1E AND INLAND FISHERIES

Total concentrations, mg/Kg

Site 10
C-1-B

Arsenic Cadmium Chromium Mercury

C-1-M

C-1-T

C-2-8

C~2-M

C-3..B

C-3-M

C-3-T

e-4-B

C-4-M

C-4..T

C-5-B

e-S-M

C-5-T

C-6-B

C-6-M

C-6-T

.ut2_0.:~~~_Of020.

._oS"i;~.·.~·;_O~02_

.O!5P1_0@5:=;~_.~:~l1tllll5fS;_I02.

mean concentration

THEORETICAL MINIMUM
CONCENTRATION THAT
WOULD EXCeeD TCLP

REGULATORY
THRESHOLD

0.58

100.00

0.17

20.00

10.90

100.00

0.05

4.00

prepared by the
Water Quality Assessment and Planning
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Core #1

EMBRY DAM CORE DESCRIPTIONS

84 inches long Site 42

C-l-B 0-12 inches Leafy, mulch, very organic, twigs, very
silty, amorphous grey, black, brown.

C-l-M 12-28 inches Very silty, sandy, clay mixed with
gravel, Brown tan white mixed grain, sites unconsolidated.

C-l-T 28-84 inches Grey, black, brown, tan, unconsolidated,
very fine grained to qravel.

Core '2 64 inches long site 18

C-2-B 0-4 inches Grey-brown, amorphous clay, very silty.

C-2-M 4-20 inches Very fine grained~, grey to tan to coarse
grained sand, unconsolidated.

C-2-T 20-64 inches Coarse grained to gravel, unconsolidated.

Core #3 76 inches long Site 77

C-3-B 0-24 inches Grey-tan, amorphous clay wet, very silty,
very fine grain sand, slightly organic, some leafs, twigs.

C-3-M 24-56 inches Very sandy, highly organic, leafy, mat
type compaction. Not much degredation.

C-3-T 56-78 inches
grained sand, grading
consolidated.

organic, leafs, twigs, silty,
towards course grained sand,

fine
very

Core #4 48 inches long site 94

C-4-B 0-10 inches Highly organic, leafy twigs, very silty,
highly compacted, very fine gravel sand, slightly amorphous well
bound together.

C-4-M 10-36 inches Very silty, very fine grained sand
quartz.ite, micatious, unconsolidated.

C-4-T
gravel.

36-28 inches Very fine grained sand, grading towards
Full spectrum of grain size.



EMffiREYDAMSEDUMENTSTUDY
VIRGINIA DEPARTMENT OF GAME AND INLAND FISHERIES

TCLP concentrations, mg/L

Barium
Site 10

C-1-B

Chromium Lead Mercury

C-1-M

C-1-T

C-2-B

C-2-M

C-2-T

C-3-B

C-3-M

C-3-T

C-4-B

C-4-M

C-4-T

C-5-B

C-5-M

C-5-T

C--6-8

C-6-M

mean concentration

REGULATORY LEVEL

0.50

100.00

0.10

5.00

0.54

5.00

0.0005

0.2000

prepared by the
Department of Environmental Quality SEDIMENT.XLS 3122195 Water Quality Assessment and Plannrng
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Core #5 45 inches long site 7

C-S-B 0-6 inches Very silty, slightly orqanic~ amorphous
clay, very fine grained sand.

C-S-M 6-24 inches Rubble, very sandy to gravel. Gravel
grades into fine grained sand at top.

C-5-T 24-45 inches Very silty, amorphous very tight
compaction with organic grading towards gravel at top.

Core #6 40 inches long

C-6-B 0-16 inches Very organic, silty, amorphous, very fine
grained, sandy grading towards course gravel.

C-6-M 16-28 inches
course grained.

C-6-T 28-40 inches
at top.

Very fine gravel sand grading towards

Course grained sand grading toward gravel






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

