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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: 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.

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 “identify... 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 I-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 I-95
bridge and Embrey Dam 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
layer over 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.S. 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 Department 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. :



Chesapeake Bay Tributaries

Section of Rappahannock River
to be made accessible via
current project.

Section of Rapidan
River to be made
accessible via
current project.
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(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 walkway 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 Kail 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. This 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 has been 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 14” 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.
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ALTERNATIVES DEVELOPMENT

This study evaluates three previously identified alternatives for providing fish passage.
The alternatives 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.



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.



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 government 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 sociceconomic 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 1800's, 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 riormal 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.



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 July 27t 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 329 acre-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.
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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 c.f.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.



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 of
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 July 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 Classification
System (USCS) showed the samples to be SP, SM, and ML type soils. The engineering
characteristics of these types of soils are generally:

Good to fair shearing strength when compacted and saturated

Very low to medium compressibility when compacted and saturated

Only fair workability as a construction material

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

Ll e S

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:

* sk etk

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 recommended 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 Requirements for Historic Preservation
Construction of a fish passage No adverse impacts to concrete dam or crib dam.
No further Action Required.
Removal of Entire Dam 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.

Removal of Portion of Dam 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 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. This process has been initiated with the U.S. Army
Corps of Engineers.
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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 immedjiate 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 damis 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 respectto 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 U.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 “viewshed” 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

Canceing 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 tl.e 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..

o 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).

o 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 $10.2 million.

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 of repair is to reinforce the weak and deteriorated areas using
concrete restoration techniques. Generally, this method of repair would include but may not be

limited to:

Diverting the flow over the crest by use of the existing canal, siphons, temporary
upstream cofferdams and downstream dikes, or combinations of some or all of these
methods as previously described, so that repairs may be constructed over the entire
length of the dam.

Selectively remove deteriorated and weak concrete by using concrete saws and
impact hammers so only sound concrete remains and rust reinforcing steel is
exposed.

Remove the rust from the exposed reinforcing steel and apply a corrosion inhibitor.
Replace the reinforcing steel as required.

Replace the cut out concrete with polymer modified cementitious mortars and fill the
cracks with epoxy injected grouts.

Install a sprayed on epoxy waterproof membrane on the upstream face of the concrete
slab after dewatering and dredging around the upstream face of the dam.

Demolish and rebuild the inspection walkway using cast-in-place concrete
construction or precast slabs. Expansion joints should be installed as required to
control expansion and contraction due to thermal effects.

Repair the existing deteriorated lateral buttress supports.

Judging by the condition of Embrey Dam, selective repair may be expected on all the
primary components of the dam. Prior to finalizing this alternative, a thorough
inspection of the dam is required to determine the soundness of the existing concrete and
to define the limits and extent of the work so contract documents can be 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 $19.6 million.
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Table 2

Fish Passage Construction Cost Estimate

Fish Passage
22 Vertical Feet at $100,000/V.F.

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

15 % Contingency =

Total =

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

Demolition
Equipment

Reinforce and Repair Dam:
Concrete
Cofferdam

15 % Contingency =

Total =
Yearly Maintenance =

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

Demolition
Concrete Repair
Waterproofing
Dredging
Equipment

Partial Repairs to Dam:
Cofferdam

Contingency =

Total =
Yearly Maintenance =

$ 227625 Rock Fill (1,300 LF. x 126 S.F. =6,070C.Y.)
$ 20,000 Membrane (Material and Installation)

Concrete Repair
Equipment

Contingency =

Total =
Yearly Maintenance =
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525,000

4,025,000

3,000,000
250,000

75,000
400,000
558,750
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$20,000

71,000
250,000

60,000
700,000
180,000
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2,002,150 RECROraLIt
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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, this alternative would repair only the most critical elements such as the slab
joints, the buttress leaks and the bulkhead leaks. This alternative would serve as a stopgap
approach that allows the City more time to perform permanent repairs ... Yearly inspections
and repairs would be required to determine the adequacy of the temporary repairs and address
additional damages.

The Whitman, Requardt report had an estimated construction cost of $2.08 million 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 summmary 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 Remarks
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|Capital Outlay
5 $ 115927| $ 579,637 $ 695,564|Operation & Maintenance
10 $ 134,392] $ 671,958| $ 2,731,040|Full repair for option 3
15 $ 155,797 $ 778,984| $ 934,780
20 $ 180,611] $ 3,670,289 $ 1,083,667|Second full repair for option 2
25 $ 23934611 $ 1,046,889 $ 1,256,267
30 $ 242,726 $ 1,213,631 $ 4,932,561|Second Full repair for option 3
35 $ 281,386] $ 1,406,931| $ 1,688,317
40 $ 326,204} $ 6,628,950 $ 1,957,223|Third full repair for option 2
45 $ 378,160f $ 1,890,798 $ 2,268,958|Operation & Maintenance
50
$ 10,208,750{ $ 19,591,450 $ 19,526,600

Present Worth
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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.
Table 5
Cost of Sediment Disposal Alternatives
Option Cost Considerations
Hydraulic Dredging of Entire Volume $4.24 million Disposal site within 1 mile
Mechanical Dredging of Entire Volume $6.89 million Disposal site within 12 miles
Hydraulic Dredge ¥2 Volume $2.12 million Disposal site within 1 mile
Mechanically Dredge % Volume $2.915 million Disposal site within 1 mile
Release of Sediment Downstream Unknown 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 of Removing 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.

e 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 Flow Provided to Canal Estimated Construction Costs
72" 90 cfs $900,000
54" 40 cfs $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 $8/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 $8/C.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 $11/C.Y.) This would include

mobilization, dredging and placement of the sediment to a location along the banks
of the river.

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

River Control
Concrete Removal from Dam (2,500 C.Y.) $ 500,000
Removal of Abutments (2,000 C.Y.) $ 350,000
Demolition/Blasting $ 300,000
Crib Dam Removal and/or Transport $ 175,000
Causeway $ 200,000
$ 175,000 Rock Fill (800 L.F. x 126 S.F. = 3,740 C.Y.)
$ 25,000 Membrane (Material and Installation)
Temporary Diversion Dike $ 50,000
Diversion Pipe for Canal $ 700,000
$ 600,000 3,600 L.F. of 54" RCP
$ 100,000 Endwalls, Butterfly Vaives, Misc.
New Headworks and Bulkhead for Canal $ 125,000

Subtotal= $ 2,400,000

15% Contingency = $ 360,000

Estimated Construction Cost= $ 2,760,000

Excavation of Sediments (AppendixF)= $ 4,240,000
$

Total Estimated Cost of Complete Removal of Dam = 7,000,000

Yearly Maintenance of Diversion Pipe= $ 10,000

Resolution of Issues

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 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 described in the option of removing a portion of Embrey Dam. Phase [ 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.



o
~ b
, P
/ S Y

"REMOVE EXISING /7%
HEADWALLS - AND =

SIDEWALUS; 7 7
. / R

e
T

!

: Voo
: ' '
: ! §
: 1
: ':. :
|
[
Co
AN N
=1 8 .
b f
a § :
= | |
= ; !" Lo . \‘\.:‘ !
D v NN "‘\f‘.;'\“ -
OPEN GATES ANQ N, S\F
— DRAIN THROUGH s ot
N BREACHED WALL . T3\ N
.| ;

PR

Y I
e { Z

1 \ i
H ,
: LI ‘
! i ' .
I ;/ l-‘ !-
‘ l !, ’ '
Py .
A I} H
- .
ll‘ t HEY 8 ;
Q vt '
vt S
NEW CANAL = \ o
DIVERSION i n e
PIPE TEMPORARY §
DIVERSION N
CHANNEL \» %
ATH
PR

. INIMAL
" BREACH

SEDIMENT REMOVAL
&

CRIB DAM REMOVAL TEMPORARY

CAUSEWAY

Ty
] I
- S % v
..’:l."'c."l."t-"v-"o-"1-""\"'0-”0'."c-' T BT BT BT BT B ¢
| . =

B EEEEEEE A AR

ST T T T U 0T T
‘ REMOVE

\ - ENTIRE DAM

TOP OF EXISTING DAM

/ ) N '
/ TN o § ’ ; i
4 4 d : ’ o ro
g/ e [ s s ¥ ' / [
- N [ i / P ¢ H
/ - H / /\
7 . AP H
! i

' ; ! i
/ / L ¢ i P4 !

’ /’ AN . 1a ! .

Full Breach Option




(g1 2an31y)

TEMPORARY . !
DIVERSION A
CHANNEL

SEDIMENT REMOVAJl;

CRIB DAM REMOVAL TEMPORARY
CAUSEWAY

'Oy Oy T PR T TV a’d p P TS -
AL XA YA A A YA YA YSCAIIN YA YL YA UA YA VA YA

N ‘
o ~.
'5 ‘: i "\
l i P/ .
i‘ !/ ’ "
H 4’ i .
\ y
§ l';; H .
. i !
R AN g3
Q Vi L
NEW CANAL = \ RS '
DIVERSION LD
PIPE s
o ENDWALL

INITIAL
BREACH

AND 3 BAYS

TO REMAIN /

TOP OF EXISTING DAM W AA
EEEREEEEEEEEREEREEEREREEBE T

. i
. TN s ¥
- A . ! / o o
\ rd e 7 ,‘ P H
4 - ! et . H i { H
, ,_. P
/ . ; : i
// i /’ : ! i L '
3 i . it 1
p ! ' - A v / ’ ’ ;
) g ! / \ /, ' / s !
f , P ;
'
/ p ( “ - ) / !

{ £

Partial Breach

"



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 and Cost of Partial 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 be a recurring cost.

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

e 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 south side of the
dam. '

e 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
injtiated 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

River Control 3 100,000
Concrete Removal from Dam (2,300 C.Y.) $ 460,000
Demolition/Blasting $ 180,000
Crib Dam Removal $ 175,000
Causeway $ 200,000
$ 175,000 Rock Fill (800 L.F. x 126 S.F.=3,740C.Y.)
$ 25,000 Membrane (Material and Instaifation)
Temporary Diversion Dike 3 50,000
Diversion Pipe for Canal $ 700,000
$ 600,000 3,600L.F.of 54" RCP
$ 100,000 Endwalls, Butterfly Valves, Misc.
Repair of Abutments $ 200,000
Subtotal= $ 1,965,000
15 % Contingency = $ 294,750
Estimated Construction Cost= $ 2,259,750
Excavation of Sediments (Appendix Fil= $ _ 4,240,000
Total Estimated Cost of Partial Dam Removal= $§ 6,499,750
Yearly Maintenance of Remain Portion of Dam= § 10,000
Yearly Maintenance of Diversion Pipe= § 10,000

Resolution of Issues

_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” 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

Task Suggested Schedule
Feasibility Study Complete
Sediment Fate Transport Study Complete

Historic Resource Preservation/Mitigation Agreement 3 months*
Environmental Assessment 6-12 months*
Environmental Permitting Process 6-18 months*
Construction Documents and Specifications 6 months
Construction 6-12 months

*Can be completed concurrently

Preliminary Budgets for Implementation Plan

Environmental Assessment $100,000.00
Permit Application and Negotiations 30,000.00
A/E Services for Construction Documents 350,000.00
Inspection 100,000.00
Construction . 7,000,000.00**
Total Budget $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 of Fish 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 $ 115927 $ 57964 $ 115927 Maintenance Costs
10 $ 134,392 $ 67,19 $ 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 $ 281386 $ 140,693 $ 281,386 Maintenance Costs
40 $ 326,204 $ 163,102 $ 326204 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 JOINT RESOLUTION NO. 296

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

Agreed to by the Senate, February 4, 1997
Agreed to by the House of Delegates, February 14, 1997

WHEREAS, the Commonwealth, as part of the multi-jurisdictional 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 comnntted to opening 1356.75
miles of fish spawning habitat along the major Bay tributaries by the year 2003, to seck 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 areas for migratory fish species, including rock fish, shad and
herring are not only vital to restoring tmportant living resources of the Bay and its tributaries but also
to pmvidmg stimulus to local and state economies through recreational and commercial fishing
opportunities; and

WHEREAS, sediment has accumula:ed 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, ntxscnncaltotakcunnwdxmacnontobcgmt&pmeessofdemmlmngthestcpsto :
take and the feasibility of various options for providing fish passage at Embry Dam and to do so in a
manner that assures that the local impact of such options will be considered; now, therefore, be it -

RESOLVED by the Senate, the House 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 association with the City of Fredericksburg and shall strive to
include all necessary local, state and federal agencies to identify: (i) previous studies relevant to
providing fish passage at Embry Dam; (ii) any further study 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 Iniand
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 Govemor and the 1998 Session of the General Assemhly as

provided in the procedures of the Division of Legislative Automated Systems for the processing of
legisiative documents.
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‘riends of the Rappahannock P. 0. Box 7254
“ To conserve, protect, and educate” Fredericksburg, VA 22404
Phone/Fax ($40) 373-3448

Mr. Alan Weaver

Fish Passage Coordinator

Va. Department of Game and inland Fisheries

12108 Washington Highway ‘ ,
Ashland, VA 23005 April 1, 1887

Dear Mr. Weaver,

As & result of the Embrey Dam Fish Passage meeting in January, Friends of the Rappahsannock
has been meeting individually with members of the Fredericksburg City Councll, City Staff,
Stafford County Staff, and the Stafford County Board of Supervisors to present summaries of
information obtained at the meeting and to solicit further concerns/interests regarding restoration
of fish passage at Embrey Dam. The meetings have been quite productive, and we are
encouraged by the general tone of cooperation that has prevailed.

These meetings have revealed a number of key issues that need to be investigated before
substantial progress can be made on the fish passage effort. The purpose of this letter is 1o
summarize these issues and to request that you include them in your study of fish passage
altematives commissioned by the General Assembly.

Key Issues for Fish Passage Study

« Waterin the VEPCO Canal. The City has been very clear thet they desire o keep water in
the VEPCO canal, for aesthetic reasons as well as to malntain the hydrology of the Snowden
Waetlands, The key question at this point Is to determine the estimated cost of keeping water
in the canal, and the best method to do so. We request that your study investigate and
estimate costs for the following alternatives:

1. Feaslbiiity and cost of running a pipe upriver to generale sufficient pressure head o
feed water into the canal.
2. Feasibliity and cost of using a wing dam to divert a portion of river flow Into the canal
or restoring Lock 1 and the canal for the same purpose.
3. Feasibility and cost of mechanical pumping alternatives,
A corollary need that will factor into each of these questions is the determination of the
minimum flow needed in the canal to keep it aesthetically pleasing (le. not stagnant).

+ Sediment behind the Dam. The fate of the 700 acre feet of sediment behind the Dam is a
criticat issue for both the City and Stafford County. The following specific issues need to be
addressed:

1. A sediment fate and transport study needs to be conducted 1o determine what would
happen to the sediment If it were released into the river, and the near and long te:m
effects of such a release. This should include various release scenarios ranging
from full release of all sediment to slow reiease using methods such as hydrosuction.
The anatysis should also Include the effect of various seasonal flow regimes and
how they would effect sediment transport. Ultimately, the study should address the

extent of downriver impacts that would be associated with different release
scenarios.
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@ounty of Spotaylvania

Board of Supervisors

County Administrator

RONNIE B. ACORS
Ry LEE aooRs L. KIMBALL PAYNE, It1

E%lLL JONES P.O. 80X 99

JERRY . LOGAN SPOTSYLVANIA, VIRGINIA

MMITT B. MARSHALL ¥ uuuheh 1721 Voice: " o 2
BENJAMIN T. PITTS £ ;

RICK WOMBLE

May 13, 1997

Mr. L. Alan Weaver

Fish Passage Coordinator

Department of Game and Inland Fisheries
12108 Washington Highway

Ashland, Virginia 23005

Dear Mr. Weaver:

TTY: (540) 582-3584

Thank you for the opportunity to comment on the drait scope of services related to
the fish passage feasibility study for Embrey Dam on the Rappahannock River. At thlS

time, | 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 needed as a drinking water supply as
Fredericksburg will jointly be obtaining water from Motts Run Reservoir with Spotsyivania
County.” That statement is not compietely accurate. Fredericksburg and Spotsylvania
will obtain water from either the Rappahannock River (directly or water originally released
from Hunting Run Reservoir) and from the Motts Run Reservair.

Thank you for the opportunity to comment. | wish you the best of luck on the

feasibility study.
Sincerely, 6@
L.&WMQ,»@: \er'”
N\

L. Kimball Payne, HI \J\
LKPIil:pb

County Administrator
cwooms—rrzus-mmvm 1 © Q\ ﬂ“ O\
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2. The feasibility and cost associated with the dredging/removal of sediment behind the
Dam.
+ Effects of Dam Removal on Upriver Water Withdrawal Permits &—
Stafford County has expressed concem regarding the effect of the removal of Embrey Dam
on future water withdrawais from the river at Rocky Pen Reservoir. Their permits states that
If Embrey Dam is removed, no withdrawais will be permiited during March through May
when the river is fess than 100% of normal flow. We request that the DGIF study assess
flow records to determine historically the prevalence of such flows during the March through
May period, and the potential impact, if any, on the Rocky Pen Run reservoir.
+ Historic Preservation
The crib dam behind Embrey Dam is of historicat significance. The study should address
costs associated with preservation of a section of the crib dam for historical interests. The
Department of Historic Resources should be consuilted 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 scenarios be evaiuated in terms of 1) feasibility,
2) cost, 3) effectiveness in passing fish, 4) environmentat impact, anc 5) corollary issues
such as safety hazards (e.g. from keeping the dam, or from dam debris in river)
1. Complete removal of Dam, dredging/removal of sediment, maintenance of water in
canal, preservation of portion of crib dam. '
2. Partial removal of Dam, partial dredging/removal of sediment, stabilization of remaining
sediment/dam, maintenance of water in canal, preservation of portion of crib dam.
3. Options 1 and 2, but with 8) full release of sediment or b) slew release of sediment
(hydrosuction).
4. Installation of fish ladder, reinforcement of Dam, including ongoing maintenance costs.

In summary, cost and feasibility data are the key types of information that the localities (and
potential grantors) need in order to move forward on the fish passage issue. | would like to
emphastze that the assessment of the corollary issues (e.g. water in the canal, sediment Issues,
water permit issues) is critical at this point. These are of greatest concem to the local
jurisdictions, and they pose significant financial questions. We encourage you to work closely
with the City and Stafford County in your study, so as to most accurately address these issues.

Thank you for your consideration of these requests. | look forward to continuing to work with you
to achieve restoration of anadromous fish passage at Embrey Dam.

_&é&pm b

: . , o ¢« 2EF
ce: 5:;: E::fftr?{a\rﬁ,%gem [l will stnd nck ot wek + 2
Ed Stelnkoenlig, VOGIF
vHal Wiggins, Corps of Engineers
Senator Edd Houck
»wBill Greenup,” Mayor City of Fredericksburg
»Marvin Bollinger, Fredericksburg City Manager
vC.M. Williams, Stafford County Adminsitrator
-w&ordon Shetton, Fredericksburg City Councll
Bob Boss, Stafford County
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Friends of the Rappahannock P. 0. Box 7254
To conseruve, protect, and educate” Fredericksburg, VA 22404
Phone/Fax (540) 373-3448

Mr. Alan Weaver

Fish Passage Coordinator

Va. Department of Game and Inland Fisheries

12108 Washington Highway

Ashland, VA 23005 May 21, 1997

Dear Mr. Weaver,

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 inclusion of
the needs | cited in my April 1 letter. The finai 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,

ecutive Director

&



BOARD OF SUPERVISORS

1300 COURTHOUSE ROAD
LtNDAcV. MUSSELMAN P. ©. BOX 339
HAIRMAN STAFFORD, VIRGINIA 22555-033g
KENNETH T, MITCRELL
VICE CHAIRMAN PHONE: (54 3
ALVINY, BANDY FAX: (540) 659-7643 D
FERRIS M. BELMAN, SR. METRO: 22

COUNTY ADMINISTRATOR
C. M. WRLIAMS. JR

A, FRITTER
OBERT C. GIBEONS

LYLE RAY SMITH

May 14, 1997

Mr. L. Alan Weaver
Fish Passage Coordinator
Virginia Department of Game and Inland Fisheries

12108 Washington Highway
Ashland, VA 23005

Subject: Embrey Dam
Dear Mr. Weaver:

Thank you for sending me the information regarding the proposed Fish Passage Feasibility Study for
Embrey Dam. The draft Scope of Services appears satisfactory.

As you know, the Rappahannock River is within the boundary of Stafford County. It is also
annupatedthatthenverwmprowdewaterforthe Rocky Pen Run Reservoir. That reservoir will be
a major source of drinking water for county residents. 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

CMWIr: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
and 1ts power canal.

5. 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 of primary concern.

If you have any questions, please dor’t hesitate to call.

Very truly yours,

Matwin S. Bolinger
City Manager



Marvin S. Bolinger

City of Fredericksburg
Ciry Manager

P.0. Box 7447

Fredericksburg, VA 22404-7447
Telephone: 703 372 1010

Fax: 703 372 1158

Beverly R. Cameron
Assistant Ciry Manager

May 23, 1997

L. Alan Weaver

Fish Passage Coordinator

Department of Game and Inland Fisheries
12108 Washington Highway

Ashland, VA 23005

RE: Embrey Dam, Fredericksburg

Dear Mr. Weaver:

The City staff has examined the scope of work for the Embrey Dam Fish Passage
Feasibility Study. The document appears to be quite thorough and the resulting study

should be useful to all concemed. 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 more concrete at the dam’s northern end. The river
bottom in this area was very poor for the earlier crib 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
foundation area. As a consequence, the concrete dam ic ac high ac 42 faet 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 under Scope of Services are historic preservation items. It should be noted that the
- 1850s cnib dam was in disrepair when the 1910 dam was built. If preservation of a portion

of the crib dam proves infeasible, extensive photo documentation may be 2 reasonable
alternative before it collapses.

4. If a portion of Embrey Dam is to be retained, the section where the most concrete exists

‘,.“ P
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ect Narrative for

schnical Alternatives Analysis and Feasibility Study
for Providing Fish Passage at Embrey Dam
City of Fredericksburg, Virginia

The purpose of this study is to conduct a technical alternatives analysis for
prowiding fish passage at Embrey Dam. The study will complete a field inspection of the
damjsite to document existing conditions, inspect the key issues regarding safety, the
ERCO Canal, existing sediraentation, aad historic praservation alternatives, and to
collgct relevant fleld information to assist in completing the aiternatives anslysis. We will
also} eview all previous correspondance, historical analysis performed by Mary

ington College, FERC and water withdrewal permits, plans, and technica! studies
sve been preparad for the merey Dum and prepare 8 su.mmn.ry of the information

A draft scope of services was prepared for this study by the Virginia Department
ame & Inland Fisheries (VDG&IF). The draft scope was sent to area municipalities
gomment, and was revised to include key issues to examine-during this study includinﬁ:

pntaining water in the VEPCO Canal.

gting sediments behind the dam. '
fpcts of possible dam removal on upstream water withdrawal permits.

servation of historic properties including the Embrey Dam and the existing crib dam
ed just upstream.

This study will prepare an overview of all potential alternatives for providing fish fl
ge through the Embrey Dam site including the alternative of no gction. Reduce the |

cos effectiveness for providing fish passage, cursory review of environmental and
prical impacts, safety, relative impacts from sediment, and other key issues identified
durjng the field investigation. This study will utilize existing data only and will not include
fiel§ topographical survey, datmn safety inspection, Minimum Instream Flow studies for th
river, or a detailed sediment transport study for each alternerive. A decision metrix will be
rveloped as a presentation tool to promote discussion regarding the project.
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DRAFT

Fish Passage Feasibiltly Study for Embrey Dam

Contrapting Agency: Virginia Department of Game & Inland Fisherfes

4010 West Broad Street

P.O. Box 11104

Richmond, VA 23230-1104

Projec Location: - Embrey Dam on the Rappahannock River just downstream of [95

Perlod jof Contract: Single Project Services

pose: The Virginia Department of Game and Inland Fisheries has been directed by
Senate Joint Resolution No. 296 (Attachmant A) to conduct a feasibllity study for
providing fish passage for anadromous fishes at Embrey Dam on the Rappahsannnock
River. Services requested include, but are not limited to investigations, studies,
eports, synthesis of existing information, cost analyses and other required cngme%tiug
services as needed to accomplish the project. l

: : Embrey Dam currently supplies drmklng water for the City of :.J-

i adericksburg The dam also supplics water to the old VEPCO canal. In the

future, the dam will no longer be needed as a drinking water supply as Fredericksburg
ill jointly be obtaining water from Mott's Run Reservoir with Spotsylvania Counb.

Embrey Dam is 22 feet in height and is approximately 1000 feet in iength. The dam is

an Amberson dam and was constructed circa 1910. There is also a crib dam locatcd

just upstream of Embrey Dam that was constructed circe 1858, ;

The dam effectively blocks anadromous fish access to 70.6 miles of potential
spawning habitat on the Rappehannock River mainstem alone as well as approximately
105 miles of major tributarics. The target flsh species for passage are the river ]
herring, which is a collective term for blueback herring and alewife, American shZi
and hickory shad. These fishes ascend Virginia's coastal streams each spring for
urpose of spawning and are found st the base of Embrey Dam e¢ach spring. The l
igratory run and spawning period for these species begins in late Rebruary and mny
extend until early June. Juvenile fish down migrate in the summer and fall. !

|
The Virginia Department of Game and Inland Fisheries (VDGIP) conducted a
sediment study in 1995 with assistance from the Virginia Department of Environmental
ality and Mary Washington College is completing 8 Phase I historica] and !
archeologicel reconaissance of the dam and its environs for VDGIR. The City of
Fredericksburg completed two engineering studies of the dam, one in 1990 and one in
1994. Study reports are attached for your convenience.

III.  [Scope of Services: The engineering firm shall provide services for a complete !
feasibility study and cost analysis for providing fish passsge at the darn as well as
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) Options 1 and 2 but with g) full reisase of sediment or b) slow release of sediment
rosuction). '

) Insuilation of fishway, reinforcement of dam, including contimious maintenance
-Eosts.

: The fee for services shall be negotiated on a lump sum basis considering the
cope of Service required, the man hours required for each level/discipline, and the
abor rates agreed upon during the initial negotiations.
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ddressing any potential impacts fish passage may have on other resources. The
ices shall include, but not be limited to the following: Synthesis of existing
ormution end studies, evsluations, analysis, recommendations, cost and time .
stimates, reports, preplanning studies, engineering, plsaning and surveying services
sary to 1) study the dam site and its environs and identify the most cost effective
pproach to providing fish passage, 2) conduct & sediment fate and transport study (if
is to be removed or breached), 3) recommend feasible methods for continued |
rovision of water for the VEPCO canal if the dam were rernoved/breached, and gj
etermine the effects on locs] historic properties if the dam is altered (¢.g. removed).

ey issues to examine during this study that have been identified by various pames
ith vested interests are as follows: |

P) Water in the VEPCO canal !
) Feasibility and cost of extending 8 pipe upriver to & location with sufﬁcigm

head to water the canal.

b) Feasibility and cost of constructing a wing dam to divert river flow into t.he

canal or restoring Lock 1 and the canal for the sune purpose., l

¢) Peasibility and cost of mechenical pumping alternatives.

d) Determine minimum flow requirements for all scenarios.

2) Sediments behind the dam (shown to be non-toxic in 1995 sdy by VDGIF). .

a) Fate and transport study to include analysis of potential relcase scenarios and
impacts on downstrearn resources.

b) Feasiblity and cost of dredging/removal of sediment.
3) Effects of possible dam removal on upstrearn water withdrawal permits.

4) Preservation of historic properties including Embrey Dam and the old crib dam just
upstream of Embrey Dam.

|
Specifically, the final product of this study will be &n analysis of fish passage st |
Embrey Dam outlining several scenarios, The following scenarios will be evaluated in
terms of 1) feasidllity, 2) cost, 3) effiectiveness of passing ansdromous fishes, 4)|
environmental impacts, and S) coroilary issues such as safety hazards (e.g. keepi the
dam, or dam debris in the river after removal): | rec18 Toual aws hisdurie | lrad

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

2) Partial removal of dan, partial dredging/removal of sediment, stabilization of

remaining sediment/dam, maintenance of water in the cansi. preservation of portion of
crib dam.
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We recommend that the proponent for a project involving a

h of the Dam coneider the remcval of the sediment retained by
either through mechanical and/or hydraulic dredging or a
al release of sediments inte the river so ag to meet sta
r quality standards. We look forward tc assisting the Clgy
all interegted parties in the development of a plan to address
removal of the sediment retained by the Embry Dam. !

Another issue that is being addreassed is Section 106 of the
onal Historic Preservation Act (NHPA). Section 106 of the
requires licensing or permitting federal licensing agencies
e the Corps) to consider the effects of their undertaking
pe permit) on histeoric properties and to consult with the
inia Department of Kisteoric Resources (VDHR). At this time,
iminary comments from the VDHR on a draft report of the Yy
(Enclosure 3) indicates the VDHR concurs with the findings in
report that the 20th-century concrete Dam and the 19th-century
Dam are significant structures eligibld for listing on the
onal Register of Historic Places. The VDHR further agreeb
the report that the assessment of the Dam as a significanht
oric structure should not impede the proposed project (i.p.
construction of a fish passageway at the site by the Virginia
rtment of Game & Inland Fisheries). During a review of a;
ntial fish passage project at Embry Dam. the Corps will |
dinate with the VDGIF, VDEQ. and VDHR and weigh the historic
ificance of the Dam against the value of restoration of
romous fisheries in the Rappahannock River. Other issues! that
be addressed related to fish passage and a possible breach
safety/navigational issues that may be associated with t@b
val of a partial structure (i.e. Crib Dam and/or Embry Dam).

In addition to our regulatory role, I met in June 1996 with
ericksburg City Manager Marvin Bolinger. The purpose of'the
Ling was to discuss flood contrel and other water,
lronmental, and related land resource needs the City may have.
luding fish passage on the Embry Dam. At this time, we aqe
Llting a reply from the City concerning any assistance the
fFolk District can provide regarding the aforementioned toﬂ;cs

(&)

k24
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DEPARTMENT OF THE ARMY
NORFOLK DISTRICT, CORPS OF ENGINEERS

FORY NORFOL K, 803 FRONY STREEY
NORFOLK, VIRGINIA 33310100

REFPLY TO
ATYENTION OF: January 17, 1997

Northern Virginia Regulatory Section
(Rappahannock River)

Honotrable Herbert H. Bateman
sentative in Congress

r. John Goolrick
Southpoint Parkway
ricksburg, Virginia 22407

Mr. Goolrick:

This is in reference to your request of December 23, 1996
ding information concerning State Senator Houek's fish ,
ge project at the Embry Dam and the role of the Corps of
eers in this project.

-
In Aygust 1992, Mr. Hal wWiggins of my staff met with
sentatives from the City of Fredericksburg, U.S. Fish and
ife Service, the Virginia Department of Environmental
ty, and the Virginia Department of Game & Inland Fisheries to
88 fish passage igsues 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 associated with the breaching of
Dam. Formal comments were provided to the City concerning
egulatory role in the fish passage project ({(Enclosure 1).

Since that time, several of the issues related to a breagh of
am have been addressed. We are currently concluding a pﬁrmit
n in which the County of Spotsylvania and the City of |
ricksburg will jointly share a new water intake on the ]
hannock River near Motts Run. The current water supply |
e structure on the Embry Dam will therefore eventually be
oned, thus the City will no longer depend on the Embry Dam
heir water supply.

|
Further, we concur with the findings in the report provided

by tke Virginia Department of Environmental Quality (Enclosure 2)
that |the sediment study data indicates that characteristics ofl the
sadiqents retained by the Embry Dam are comparable to other :
sedijents upstream and that the potential for these sediments to

nsidered a hazardous waste is minimal. However., we would
on that water quality degradation associated with a sudden
ubstantial release of sediment into the water ceclumn wh;ch
would occur from breaching the Dam is a concern to us.
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aring down the Embrey Dam

Gegting job done will require lots of money and patience

By RPBERT BURKE

e a3 dropping a few sticks of

dynamite in tha right places,

“There's a lot of things to look
at” hegald, “1t’s not just boom, you
remove the dam.”

The city, [or example, wants to be
sure that water can reach the
Rappahannock Canel and adja-
cant marshes and ponds. And it
wants old canal locks from the
clty’s industrial past preserved.

There's also the issue of how to
handle the tons of sediment behind
the dam’s 23-foot-high wall, And
there’s the matter of exactly how to
take the dam down.

permit something that’s going to
jeave a big plie of rubble out in the
river” ‘said Hal Wiggins |of the
corps’ local office. j

And the biggest question! Who is
going to pay for it? 1

*When you've got all of these
things, you've just got to go in and
study them " Ogle sald,

The dam was built aro
and is deteriorating. Supp
removing it hoped that

“I don't think we're g%’ing to

1810
ters of
might

A PHLE phofo
Qetting rid of the Embrey Dam will be a slow, bureaucratic
process, officisis say.

tos 784 T638,810

be Free Lanie-
Sfar
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If I may be of some assistance, please let me know.

Sincerely,

%ohert H. Reardon. Jr%

Colonel, U.S. army
Digtricet Commander

Enclpsures
Copi%s Furnished (w/out Encl):

Cicy| of Fredericksburg, Fredericksburg

Statp Senator Ed Houck, Spotsylvania

U.s.frish & Wildlife Service. White Marsh

Nati?nal Marine Fisheries Service, oxford

Virginia Department of Environmental Quality, Woodbridge
Virginia Department of Game & Inland Fisheries, Richmond
Virginia Department of Historic Resources, Richmongd




state and|the city’s problem, he
said. He downplayed the potential
for the dam to break.

“It's jugt a small dam, really.
During a flood, [it's] almost sub-
t it falled while it's
.+ . you wouldn't even

want the dam removed
o get as many localities
the request as possible.

itksburg has already
olution; Stafford and
a counties are expecied
Fredericksburg Mayor

P. .

When al} three have approved
olutions they'll send a
corps, Greenup sald.
Warner wants the dam
nd has promised to use
e on key Senate com-
ake it happen.

gone, too,
his influe

as early as this fall if
get money for them in
998 budget. The fiscal
deral sgencles beglns

process, but Ogle said

studies on the project’
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Corps planners would first do a
yearlong study to determine if
there's a federal interest in the
projeet, The corps would pay for this
study. It would cost about $100,000
and include an agreement on paying
for the next step, called a feaslbllity
study.

That takes three years and would
include evaluating the environmen-
tal impact of the project.

The corps would pay half the coat
of the feasibility study, which could
run around $1 million, Ogle said.
The rast would presumably come
from the localities, he sald.

At this point, Ogle said, the corps
could estimate the project’s total
cost.

Last comes three years of engl-
neering and design work. The corps
would pay 75 percent of this expense,

which Ogle said varies depending on

the project.

Ogle did say the proceas could be
accelerated if the state Department
of Game and Inland Fisheries goes
uhead with a study on {ish passage
at the dam,

The corps could borrow from
soeme of that work, Ogie said.

Getting the state involved is

critical in helping to pay for the
project, said City Manager Marvin
Bolinger. While the dam belongs to
the city, the river is a state and
national asset, he said.

Greenup sald that while Statford
and Spotsylvania support the iea of
removing the dam, “I think they
do want to take a look at to|what
extent emch one of them
benefit™ before they agree
pay for studies,

drinking water from behin
dam, but it has agreed to build b new
water plant with SpotsylvaniaThat
project makes the dam expendable.
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FREDERICKSBURG, VIRGINIA
WEDNESDAY, MAY 21, 1997

OPINION

—

. EDITORIALS

BN John Warner is suddenly becoming one
8 best friends the Rappahannock River has
evex had. The senator, who carries a bigstick on
;a dommittee that' oversees public works
. projects, says he will do what he can to expedite
tha ) al of the Embrey Dam, which has
npeded the river's flow since 1610.

fhat’s more, the senator gays he would like
ee at least part of the river officially
de gnated as wild and scenic by the federal

BITAC

Aiver rats say those kinds of thinge all the
img, but it is uncommon for a U.S. senator to

get out front and lead the way on an issgue

- invplving the environment.
" Apparently his zeal comes from the fact that
o], Warner—who fishes for pleasure—rec-
g izes a beautiful stretch of water when he
BEEN ;t
* Ag for the politics involved, Sen. Warner has
figyred out that the Embrey Dam doesn’t have
'a 1qt of support—literally or figuratively. It iz an
sl crumbling structure that needs to come
oW .

dam is gone, shad and other

g to their migratory spawning grounds,
| ‘canoeists and kayakers will be able to

- the Blue Ridge Mountains to Fred-
eribksburg, where the mppahannock becomes
. a tldal river.

e damn is 34.8 feet high and 1,070 feet lonfd

cture & push, he will display the kind of
ar that’s useful to his constituents. .

Ben, Warner, a Republican, took his stand in
defense of the river on Saturday during a

“erpments .of Fredericksburg and Stafford
unty, the Department of Game and Inland
Xipherles, the U.S. Army Corps 6f Engineers

. Edd Houck, a leader in efforts to preserve
the upper Rappaharmock.
en. Warner, careful not to steal all the

~

pratory fish will be able to get upriver each

eting with represeéntatives of the pgov-

Friends of the Rappahannock. The meetifig
bout the dam was called by Democratic state

Friend of the Rappahannock

) TOM PRILCE / Steff phomgrepher
Aftar gtttlng a close ook at the Embrey Dam
over the weekend, U.S, Sen. John Warner,
R-Va., sald he will work for federal funds
to remove It from the Rappahannock River.

thunder, said he wants local government
officials and citizens to get behind the dam-
removal effort before he starts cutting through
red tape and seeking money for the esrly stages
of the job. -

Unfortunately, 8 Corps of Engineers rep-
tesentative said Saturday that his agency will
need seven years to study any proposal to
rernove the dam. Sounds awfully bureaucratlc
doesn't it?

Nature could intercede before then. One
tropiceal storm or hurricane might be all that's
needed to end the dam, which can be seen from
Fall Hill Avenue not far upstream from the
Falmouth Bridge.

'The City Council commissioned a study that
determined that no homes would be inundated
if the dam broke, but anyone fighing or
sightseeing downstream could drown in a wall
of water. That safety factor lends a sense of
urgency to the issuc that could give Sen. Warner
a stronger hand to play in Washington.

Because the river bed is in Stafford County,
the Board of Supervisors will also have a say in

‘the pfoposed :demise of the Embrey Dam.

Supervmors ought to ralse amy concerns they

have, but they should do it as quickly as posstble
because Sen. Warner is ready to dip a big paddie
in the water.

B04 784 7638:8M1
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George Allen

Kathleen W, Lawrence
Cavernor

Director
.y Norton Dunlop

decretary of Natural
Resources

COMMONWEALTH of VIRGINIA

DEPARTMENT OF CONSERVATION AND RECREATION
203 Governor Street, Suite 326
TDD (804) 786-2121 Richmond, Virginia 23219-2010 (804) 786-2556 FAX: (804) 371-7899

August 15, 1997

Mr. Hal Wiggins

U. S. Army Corps of Engineers
Fredericksburg Field Office
10789 Columbia Drive
Frederickspurg) Virginia 22407

Subject: ibility Study for Providing Fish Passage at Embre

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 wil! 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 Agency of the Natural Resources Secretariat



Wetlands Program

Virginia Institute of Marine Science
School of Marine Science

P.O. Box 1346

Gloucester Point, Virginia 23062
804/ 642-7380, FAX 804/ 642-7179

Mr. Hal Wiggins August 11, 1997
U.S. Ammy 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 Embrcy 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,

Ry Ny
Lol —
Kirk J. Havens, Ph.D.
Department of Resource Management & Policy

C: Ms. Heather Wood, VMRC

@ wetands 7
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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 3t (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.

Sincerel ;
s
IV'/ g M_/

- R . ¥ibbons
i ' vironmental Program Manager

'RGG/r

cc: Ron Hedland
John R. Davy, Jr.
John D. Mitchell, Chairman
Rappahannock Scenic River Advisory Board
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DEPARTMENT OF THE ARMY

NORFOLK BISTRICT, CORPS OF ENGINEERS
FORT NORFOLK, 803 FRONYT STREETYT
' NORFOLK, VIROGINIA RI)C~1006
REPLY TO ’ October l' 1597
ATTENTION OF:

Northern Virginia Regulatoxry Section
{Rappahannock River)
92~8628-45 :

Mxr. Tim Davey

Timmons & Associates

711 N. Courthouse Road
Richmend, Virginia 23236-4099

Daar Mr. Davey:

This is in reference te cur review of your draft “Fish
Passage at Embry Dam” report prepared on September 15,
1986. Our preliminary technical comments were provided to
you on September 25, 1997.

We are pleased with the efforts conducted by all
parties in the preparation of the report ang thia effort in
general. It is significant that local, gtate and federal
government can work together in closge coordination and
cooperation to insure that all publiec interest factors are
considered with this important effort.

As you know, we met on two occasions with the
interested and affected public to discuss your atudy. The
Virginia Institute of Marine Science and the Virginia
Department of Conservation and Recreation provided written
comments {(enclosed) on the project.

At this time, we are coordinating the historic
assessment report entitled “An Assessment of the Embry Dam
Area” with the Virginia Department of Historic Resources
(VDHR). We anticipate that the VDHR will concur with the
conclusions 'and recommendatione in the report and our
findings. In addition, please find snclosed former
correspondence provided by the Corps to Congressmen Bateman
and the City of Fredaricksikurg. This correspondence should
be included in the report. .

We look forward to working with you closely to address
the comments contained in the draft repeort. In addition,
we would like to meet with you and our planning division
staff to discuss additicnal steps inveolved with the
reconnaissance study conducted by the Corps.



CHESAPEAKE BAY FOUNDATION

’

Resource Protcctiq’
Environmental Educario\, _

September 22, 1997

Mr. Timothy M. Davey, P.E.
Timmeons

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 final report through the information meeting held in Fredericksburg on
September 11, and the inclusion of comment letters in the final 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. Té~hat 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.

Sincerely,

st iyl —

Robert D. Brumbaugh, Ph.D.
Fisheries Scientist

2 2/

e

Joseph H. Maroon

100 Wesi Plume Street # 336 -~ Virginia Executive Director
Norfolk, Virginia 23510
757.622.1964, fax 757.622.7861

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: 1001 E. Main Street, Suite 710, Richmond, Virginia 23219, 804.780.1392, fax 804.648.4011 Non-Chiorine Bleached Recycled Paper
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DEPARTMENT OF THE ARMY

NORFOLK DISTRICT, CORPS OF ENGINEERS
PFORY NORPFOLK, 803 FRONT STREET
NORFOLK, VIROINIA R35)0~1006
REPLY TO October 1, 1987
ATTENTION OF; .
Northern Virginia Regulatory Section
(Rappahannock River)
92-8628-45

Cara Harbecke Metz

Virginia Department of Historic Resources
221 Governor Street

Richmond, Virginia 23219

Dear Ms. Metz:

The Corps of Engineers has been in the process of
working with the Virginia Department of Game & Inland
Fisheries their consultant and other interested and affected
parties to review a project involving fish passage at the

- existing Embry Dam on the Rappahannock Rivewms, in Stafford
County, Virginia.

In June 1987 an historic assessment report entitled “an
Assessment of the Embry Dam Area “completed by the Center
for Historiec Preservation (CHP) was conducted and revised.
The report contains the findings and recommendations for
three alternatives for providing fish passage at the Embry
Dam. The Corps of Engineexrs concurs with the conclusions
and recommendations in the report.

In accordance with Section 106 of the National Historic
Preservation Act, your comments on the historic assessment
report (enclosed) and concurrence with us is requested. If
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 in 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 Norfolk
District fully appreciates the opportunity to fulfill the
regquirements of Section 106 of the National Historic
Preservation Act regarding effects of Corps authorized
undertakings on properties included in or eligible 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.

Sin ely,

. B T (] )
Bruc%. wingns ‘ 't/

Chief, Northern Virginia
Regulatory Sec¢tion

Enclosure
Copies furnished (w/o encl):

Virginia Department of Game & Inland Fisheries, Richmond
State Senator Edd Houck, Fredericksburg

City of Predericksburg, Fredericksburg

Virginia Department of Envircnmental Quality, Woodbridge
"Friends of the Rappahannock, Fredericksburg -
Corps of Engineers, Planning Division, Norfolk
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If you have any questions, please c¢all Mr. Hal Wiggins at
(540) 898-3568.

Sincerely.

agg?’»—~ (Pﬁﬂ)
Bruce F. willz g

Chief, Northern Virginia
Regulatory Section

Enclosure
Copies Furnished (w/o encl):

State Senator Edd Houck, Fredericksburg :
Virginia Department of Game and Inland Fisheries, Richmond
City of Fredericksburg, Fredericksburg

County of stafford, Stafford

National Park Service, Fredericksburg

Mary Washington College Center for Historic Presezvat;on
Fredericksburg

Corps of Engineers, Planning Division, Norfolk
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Embrey Dam Fish Passage Study
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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 Il IMPOUNDING STRUCTURES

Reference: Impounding Structure Regulations, Chapter 3, Virginia Soil and Water Conservation Board
1. Project Information:

a Name of Impounding Structure ___Embrey Dam

b. Inventory Number ___17205 Other Name (if any)

c. Name of Reservoir __Rappahannock River

d Purpose of Reservoir _Divert water to the Fredricksburg Water Treatment Plant
2. Location of Impounding Structure:

a City/County _Stafford Magisterial District __n/a

b. Located 3500 feet/miles upstream/downstream of H'%way Number ___1-95

c. Name of River or Stream _ Rappahannock River

d. Latitude _38°19’ Longitude _77°29’
3. Ownership:

a. Owner's Name __City of Fredricksburg

b. Mailing Address __P.O. Box 7447

Fredricksburg, VA

c. Telephone (703) 372-1023

4. Owner's Engineer:
Engineering Firm/Engineer ___Samuel E. Saunders, P.E.
b. Virgima Number _14532
c. Mailing Address __711 N. Courthouse Rd.
Richmond, VA 23236
d. Telephone (804) 794-3550

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






h. 1.2.8 Normal operating procedures, changes no _X__yes. If yes,describe:
Two gates (alternating every 2-3 weeks) used to divert water into the

Rappahannock Canal.
L 1.3.1 Drainage area; change X___no yes. If yes, describe:
J- 1.3.2 Discharge at dam site;changes__X __ no yes. If yes, describe:
k 1.3.3 Dam and reservoir data, changes X __no yes. If yes, describe:
7. Provide a narrative describing any changes in the impounding structure from the  Phase |
Inspection Report, Section Two - Engineering Data:
a. 2.1 Designchange __X___no yes. If yes, describe:
b. 2.2 Construction, change X_no yes. If yes, describe:
c. 23 Evaluation change X_no yes. If yes, describe:
8. Provide reinspection observations of the impounding structure and appurtenances; Phase I
Inspection Report, Section 3 - Visual Inspection. '
a. Reinspection date _August 21, 1997
b. Reinspection by _Samuel E. Saunders, III. P.E.; Lance ]. Koth, P.E.; Brad Jones

¢. + General observations __Clear, 85¢°; Pool elevation was 52.5° MSL + (approximately 0.5’
above spillway crest); Tallwater was 31.0° MSL +.

DCHR/DSWC; DS-ZRR
199-076 (2/1/89) Page 3 of 7



5. Phase 1 Inspection Report:
a. Phase 1 Inspection Report Prepared By __Norfolk District, Corps of Engineers

b. Phase 1 Inspection Report date: ___September, 1997

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

a. 1.2.1 Description of dam and appurtenances, changes no__X_ _yes

If yes, describe: ____The gates are operable to divert water into the

Rappahannock Canal.

b. 1.2.2  Location, change X no yes. If yes, describe:

c. 1.2.3  Size classification, change X _ no yes. If yes, describe:

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:

Property owners to be included in Emereency 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/ Hydmlggic Data: 8es 8

a. 5.1 Design,change __ X no yes. If yes, describe:

b. 5.2 Hydrologic records, change _X no yes. If yes, describe:

c. 5.3 Fiood experience, change X n§ yes. If yes, describe:

d. 5.4 Flood potenhal, change X _no yes. If yes, describe:

fi.e scribe:s-s Reservoir regulations, change X no yes. If yes,

f. 5.6 Overtopping potential, changes X no yes. If yes, describe:

DCHR/DSWC; DS-2RR
199-076; (2/1/89) Page 5 of 7



d. Dam __See Attachment 1

e. Principal Spillway: __See Attachment 1

f. Emergency Spillway: __N/A

. Low Level outlet: _N/A

h. Other Appurtenances: ___See Attachment 1

1 Reservoir Area: __Sediment has not changed noticeably since 1965.

J.  Downstream Channel/Area: _Downstream area is stable of rocks, cobbles, bouiders

in stream and zalong banks.

k. Instrumentation: _N/A

L Evaluation/Recommendations: ___See Attachment 1

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

a. 4.1 Procedures, 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:

a. Emergency Action Plan; change X no yes. If yes, describe:

b. Operation and Maintenance Plan; change X no yes. If yes, describe:

CERTIFICATION BY OWNER'S ENGINEER
I hereby certify that the information provided in this Reinspection Report has been examined by me and found

to be true and ct in my professional judgment.
2
Signed &L__—V& Number 1462 this {3 dayof SEe 1997
fessional Engineer

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



& 5.7 Reservoir emptying potential, change X __no yes. If yes, describe:

h. 5.8 Evaluation, change X no yes. If yes, describe:

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

a. 6.1 Foundation abutments, change ___ X no yes. If yes, describe:
b. 6.2.1 Embankment materials, change X no yes. If yes, describe:
c. 6.2.2 Embankment stability, change X no yes. If yes, describe:

'd. 6.3 Evaluation, change no ___X___ves. If yes, describe:

Dam has several areas with seepage, Stability does not appear to be an

immediate danger. Extensive repairs are needed for long term stability.
12. 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 X ___yes. Ifyes, describe:

Three canal gates are operable.

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

Bays with exposed reinfoxcing bars, large cracks or honeycombing, should be
repaired.

DCHR/DSWC; DS-2RR
199-076; (2/1/89) Page 6 of 7



Attachment i . form DS-2RR

Concrete/Masonry Dams Visual Inspection Checklist

Name of Dam: Embrey Dam County: Stafford State: Virginia

Date(s) Inspection: 09/21/97 Weather: Cloudy Temperature: 85°F

Pool Elevations at Time of Inspection: Tallwater at Time of Inspection:
+52.5° MSL (approximately 0.5” above spillway crest) +31.0° MSL

Inspection Personnel:

Lance J. Koth, P.E.

Coordinates: Lat 38°19’3”
Long 77°29°4”

Samuel E. Saunders, 111, P.E.

Brad Jones

Recorder:

Brad Jones




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.

¢. Principal Spillway: Principal spillway is approximately 770’ of dam. Evaluation was
difficult because of water passing over dam. Several spots on the spillway have
irregular flow indicating spalling.

h. Other Appurtenances: SpalIing 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

CONCRETE/MASONRY 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/Buttress/Walkway
Inspection Findings for more detail. Several of the
Chambers had exposed reinforcing steel in the slab
above the walkway where the concrete has spalled.

REMARKS OR RECOMMENDATIONS

Repairs should be performed throughout
structure.

Structural Cracking

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.

Concrete repairs should be performed throughout
the structure.

Vertical and Horizontal Alignment

No evidence of movement observed.

Monolith Joints (Vertical)

N/A

Construction Joints

Cracking in the slabs and buttresses has occurred
primarily at the construction joints. Each of the §5
Chambers exhibit significant cracking at the joints.
Refer to the enclosed Tabulation of
Slab/Buttress/Inspection Findings for more detail.

Concrete repairs should be performed throughout
the structure..



VISUAL EXAMINATION OF

Seepage or Leakage

CONCRETE/MASONRY DAMS

!

OBSERVATIONS

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

REMARKS OR RECOMMENDATIONS

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

Structure to Abutment/
Embankment Junctions

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

Repair cracking and spalling.

Drains

Pipe in Chamber 37 appears clogged.

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

Water Passages

The gates area exercised every 2-3 weeks.

Foundation

Unable to evaluate.



VISUAL EXAMINATION OF

Cracking and Spalling of Concrete
Surfaces in Outlet Conduit

OUTLx f WORKS
OBSERVATIONS

Minor Cracking and spalling was observed in the
concrete surface.

REMARKS OR RECOMMENDATIONS

Repair the spalled areas.

intake Structure

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.

None.

Qutlet Structures

N/A

None.

Outlet Channel

Good condition.

None.



VISUAL EXAMINATION OF

Concrete Weir

UNGATED SPILLWAY

OBSERVATIONS

-Extents of deterioration could not be observed due

to flow over the dam.

REMARKS OR RECOMMENDATIONS

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

Approach Channel

The approach channel was clear of debris

None

Discharge Channel

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

None

Fish Ladder

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.



VISUAL EXAMINATION OF

Other: Buttresses

INSTRUMENTATION/MISCELLANEQUS (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
below the water level inside each chamber.

REMARKS OR RECOMMENDATIONS

None. Foundations should be inspected during
low flow period.

Hydrologger and Staff Gauges

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.



VISUAL EXAMINATION OF

Monumentation/Surveys

INSTRUMENTATION/MISCELLANEOUS

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.

REMARKS OR RECOMMENDATIONS

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

Observation Wells None observed None
Weirs None observed None
Piezometers None observed None

Other: Concrete Walkway in
Inspection Gallery

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 walkwayrhad failed.

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.

Other: Walkway along Qutlet Channel

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.

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

Other: Walkway along intake/outlet structures

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



VISUAL EXAMINATION OF

Condition
(Obstruction, Debris, etc.)

DOWNSTRr.AM CHANNEL

OBSERVATIONS

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

REMARKS OR RECOMMENDATIONS

None.

Slopes

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

cover and rock outcrops.

None.

Approximate No. of Homes and Population

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.

None.



VISUAL EXAMINATION OF

Slopes

‘ RESERVOIR

OBSERVATIONS

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

REMARKS OR RECOMMENDATIONS

None.

Sedimentation

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.



DESIGN, CONSTRUCTION, OPERATION CHECKLIST

ITEM REMARKS
Design Reports None available
Geology Reports None Available
Design Computation None Available
Hydrology & Hydraulics
Dam Stability
Seepage Studies
Materials Investigation None Available
Boring Records
Laboratory
Field
Post-Construction None Available

Surveys of Dam

Borrow Sources N/A
Spillway Plan N/A
Sections

Details



DESIGi\I, CONSTRUCTION, OPERATION CHECKLIST

ITEM : REMARKS

Plan of Dam ' Not available

Regional Vicinity Map See Attachment 3.

Construction History The dam was construction for Spotsylvania Power Company in the early 1900’s. It is currently

owned by the City of Fredericksburg.

Typical Sections of Dam See “Preliminary Drawings, Additions, and Improvements to Existing VEPCO Dam” dated
October 1965, Plat |, Append 1X in COE Phase I Report.

Hydrologic/Hydraulic Data Not available - summaries contained in the COE Phase I Report.
Outlets - Plan See Fredericksburg Dam, Canal Headgates at Embrey Hydro Station October 1965 Plat 2 of COE
- Details Phase I Report.

-Constraints
-Discharge Ratings

Rainfall/Reservoir Records None Available
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DESIGN, CONSTRUCTION, OPERATION CHECKLIST

ITEM REMARKS
Operating Equipment None available

Plans & Details

Monitoring Systems N/A

Modifications None Performed

High Pool Records “None available

Post Construction Engineering Studies and Reports 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.

Prior Accidents or Failure of Dam Description Reports See COE Phase | report for a description of the 1978 seepage problem.

Maintenance Operation Records None Available.



Surface spalling and honeycombing
accompanied by minor wet spots/seeps at slab
joints. Vegetation prominent along slab at
construction joint. Rebar is exposed in upper

Surface spalling 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
cracking are also present. Rebar in top of slab

Surface spalling accompanied by minor wet
spots/seeps at slab joints. Vegetation prominent
along slab. Spalling and honeycombing with
exposed reinforcing in upper portion of slab.

accompanied by minor wet spots/seeps at slab
joints. Vegetation prominent along slab.

Discolored (orange stains) seepage and leaks at
surface spalls at slab joints and along back wall
were observed to seep at a rate of 30-40 gpm,
heavier at south side, very severe spalling at

Chamber No. Slab Condition
45
southern portion of slab.
44
exposed.
43
42 Surface spalling and honeycombing
41
joints.
40

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

Buttress Cuudition

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 spalling along
buttress. Crack left of north arch.

Buttress is damp with végetalion and surface cracking
at joints

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

Walkway Condition

Concrete surface is spalled and cracked along
southern end.

Concrete surface is spalled.

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

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

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

Concrete surface is spalled.



Chamber No.

54

53

52

St

50

49

48

47

46

Stab Condition

Recently repaired, good condition.

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

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

Minor surface spalling/cracking observed.
Very minor seepage observed at the construction
joints, less than 1 GPM.

Minor surface spalling observed in slab wall at
the lower construction joint and is leaking less
than 1 GPM. There was a 4 ft? spall
approximately 3 in in depth, with a 1’ diameter
honeycomb hole near the top slab seeping at less
that 1 GPM.

Surface spalls observed in slab wall.

Major seepage evident at the bottom of wall-
concrete was damp with no running icak. Top
of ramp spailed with exposed rebar.

Minor spalling, seepage and vegetation observed
in slab wall.

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

Surface spatling 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.

Buttress Condition
Minor spalling/cracking observed.

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

Surface spalling/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 1/2” deep above
archway. Spalling up to 6" deep.

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 1vo0.

33

32

31

30

29

28

Slab Condition

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Some
stalactites have formed.

Significant orange colored seep observed at right
joint between buttress and slab midway up slab.
Crack and spalling has exposed several
reinforcing bars on right side of slab wall.

Surface cracking/spalling with associated seeps
observed at joints.

Orange colored seep entire length of back slab.

Some surface spalling with no seepage,
relatively dry.

Slab is dry and in moderately good condition
with minor spalling at joints observed. Spalling
and honeycombing on south side top portion.
Rebar showing north side upper portion.

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

Surface cracking/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 occurring at
left joint between buttress and slab.

Buttress v ..udition

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

Buttress is damp with vegetation and surface cracking
at joints. Honeycombing adjacent to walkway on
south buttress. Spalling on north buttress 3* below
walkway at downstream edge.

Buttress is damp with vegetation and surface cracking
at joints. Spalling on 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 large spall at the
construction joint at the base. Right buttress 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 buttress has a 4™ deep spall at the downstream
edge.

Walkway Condition

Concrete surface is spalled.

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 soutl
end of walkway at connection to buttress.



Chamber No.

‘Slab Condition

39

38

37

36

35

34

Minor surface spalling accompanied by minor
wet spots/seeps at slab joints. Vegetation
evident along slab. Some honeycombing near
top of slab.

Minor drips and surface spalls observed.
Stalactites forming from ceiling. Rebar is
exposed in ceiling.

Surface cracking/spalling 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.

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

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

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

Buttress Condition

Buttress is damp with vegetation and 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 vegetation and surface cracking
at joints.

Buttress is damp with vegetation and surface cracking
at joints ’

Minor spalling/seepage and vegetation evident on both
buttresses above walkway and at major joints. A large
spall on downstream edge about 1’ below top of slab
ceiling

Buttress is damp with ngetation and surface cracking
at joints. Honeycombed crack above north arch.

Buttress is damp with vegetation and surface cracking
at joints. Orange stained leak midway up left buttress
at slab joint. Major spalling at same location. Other
spalls on right buttress with wood embedded in
concrete. Spalling along buttress connection with slab

Walkway Condition

Concrete surface is spalled.

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

Concrete surface is spalled.

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 spalled heavy vegetation
growth on walkway. Crack at south end.



Surface spalls/cracks with associated wet spots

Minor surface spalis/cracks with associated wet
spots observed. Rebar is showing in ceiling at

Minor surface spalls/cracks with associated wet

Surface spalling and seepage was observed.
Crack along upper joint on southem side.

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Significant
orange colored seep observed at lefl joint
between buttress and slab midway up slab.

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

approximately | foot deep has exposed 3
reinforcing bars in one direction and 5 along
entire slab width. Minor seepage is occurring

Chambe. . Slab Condition
22
observed.
21
southern end.
20
spots observed.
19
18
Rebar is exposed in the ceiling.
17
16 Extensive surface spalling/cracking
through these cracks.
15

Extensive surface spalling/cracking has exposed
3 reinforeing bars along entire slab width.
Seepage is occurring through cracks at an
approx. rate of 5 gpm.

Buttress _lition

Buttress is damp with vegetation and surface cracking
at joints. South buttress has major spall downstream
edge of just above water level.

Buttress is damp with vegetation and surface cracking
at joints.

Surface spalls, cracks, vegetation, wet spots and seeps
were observed on north buttress adjacent to watkway
opening. Spall on north buttress at downstream edge at
walkway level.

Significant spalling, seeps, cracks and vegetation
observed on both buttress walls at joint with slab. 4 x
6", 4" deep spall 3’ above walkway on downstream
southern edge.

Buttress is damp with vegetation and surface cracking
at joints, South buttress has major spalling. North
buttress has missing sections of concrete on
downstream edge.

Buttress is damp with vL'getation and surface cracking
at joints,

Buttress is damp with vegetation and surface cracking
at joints. Spalling on downstream edge of both
buttresses.

Buttress is damp with vegetation and surface cracking
at joints.

Walkway Condition

Concrete surface is spalled.

Concrete surface is spalled.

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

Approx. 2’ of east end of walkway is broken
off with reinforcing bars supporting the rest of
the walkway.

Concrete surface is spalled.

Concrete surface is spalled there is a crack at
the joint with the right buttress.

Concrete surface is spalled.

Concrete surface is spalled.



Chamber No.

27

26

25

24

23A

23

Slab Condition

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

A major longitudinal crack midway up back
wall has exposed the reinforcing bar and was
seeping at an approximate rate of 5 gpm.
Remainder of orange colored seepage was
observed occurring at left joint between buttress
and slab.

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

A major surface spalling area was observed
seeped at the right corner joint between the slab
and buttress with orange coloring.

Surface cracking/spalling with associated seeps.
Vegetation is very dense on slab wall at cracks.

Water is dripping from cracks and joints. Rebar
is exposed in the ceiling

Surface cracking/spalling with associated seeps
and minor vegetation observed at joints. Orange
colored seep (approx. 5 gpm) observed at 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
spots observed. Orange colored seep observed
along back wall.

Buttress Condition

Buttress is damp with vegetation and surface crackiﬁg
at joints. 6x 6" spall on north buttress 3* below
walkway.

Buttress is damp with vegetation and surface cracking
at joints. North buttress has a section missing from
downstream edge. South buttress has a spall at the joint
below the slab.

Significant spalling, vegetation, and seepage observed
on north buttress. North buttress has a section missing
on downstream edge.

Buttress is damp with vegetation and surface cracking
at joints. Both buttresses have spalled and eroding
joints. South buttress has a honeycombed hole 6”
deep at walkway arch. Spalling at walkway level 2’
high around archway. Sbuth buttress cracked along
connection with slab.

Buttress is damp with vegetation and surface cracking
at joints. Inter-chamber drain hole in left buttress is
spalling. North buttress has section missing on
downstream edge. South buttress has 6 x 8", 4" deep
spall along downstream edge.

Buttress is damp with vegetation and surface cracking
at joints. North buttress has major spalled
downstream edge of just above water level.

Walkway Condition

Concrete surface is spalled.

Concrete surface is spalled.

Walkway is severely cracked and spalled;
downstream portion has broken off, reinforcing
steel is exposed. Heavy vegetation growth on
walkway.

Walkway is severely cracked and spalled;
downstream portion is sagging toward river
suspended only be reinforcing steel.

Concrete surface is spalled.

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



Chamber No,

Slab Condition

Extensive surface spalling/cracking has exposed
5 reinforcing bars through a 5° x 3’ crack in
back wall.

Extensive surface spalling/cracking has exposed
4 reinforcing bars through a 6’ x 2’ spall in
center of slab, has caused orange staining with
approx. 5-10 gpm of seepage.

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 spots and drips were also
observed in the back chamber wall, with orange
staining prevalent.

Extensive surface spatling/cracking has exposed
3 reinforcing bars along entire slab width. The
majority of the upstream lower concrete cross
brace has spalled leaving the four reinforcing
bars visible. Seepage is occurring through
cracks.

Extensive surface spalling/cracking with
associated vegetation and seepage was observed
form top to bottom across this slab. Both lower
cross beams have been seriously spalled
exposing the four reinforcing bars in each.
Several sections of exposed rebar in top section
of slab.

Extensive surface spalling/cracking has exposed
four reinforcing bars along entire stab width.
Spalling is extensive along entire slab. Seepage
is occurring at several of these spalled areas.
Spalls and seep areas are stained orange.

Buttress Condition

Buttress is damp with vegetation and surface cracking
at joints, Sections of concrete have spalled off the
downstream edge of both buttresses.

Buttress is damp with vegetation and surface cracking
at joints. Spall in both buttresses 2' below walkway.

Buttress is damp with vegetation and surface cracking

at joints. Spalling on north buttress downstream edge.

Buttress is damp with vegetation and surface cracking
and spalling at joints. North buttress has 12" wide, 6”
deep spalling along downstream edge and a crack:
below the walkway.

There is extensive spalling on the north buttress with
orange stain. South buttress has 12" wide, 6™ deep
spalling along downstrefm edge.

Left buttress has spalled inter-chamber drain hole in
left buttress. An orange colored seep is coming
through drain hole in right buttress.

Walkway Condition

Significant cracks and scouring observed in
walkway.

Significant cracks observed in walkway at joint
with north buttress. Significant surface
scouring.

Significant cracks and surface scouring
observed in walkway.

Significant cracks and surface scour observed
in walkway.

Significant cracks observed in walkway at the

joint with the north buttress.

The majority of the walkway has deteriorated
and has fallen to bottom of chamber , leaving
only 2’ of walkway at the south buttress. A
temporary wooden bridge was in place at the
time of inspection.



Chamber No.

14

13

Slab Condition ;

Minor surface spalls/crack with associated wet
spots and vegetation observed.

Minor surface spalls/cracks with associated wet
spots observed. Large spalled area middle of
slab (5 sf).

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Orange stain
on north side, seepage at approx. | gpm.

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Orange
staining with approx. 1 gpm of seepage,
honeycombing in the middle of the slab.

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Some orange
stains with approx. | gpm of seepage.

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

Significant cracking/spalling observed along
with minor seepage through them. One lower
cross brace spanning the chamber between
buttress walls was missing

Surface cracking/spalling with associated seeps
and vegetation observed at joints. Large spall in
middle of slab with orange stain, approx. 1 gpm
of seepage.

Buttress Condition

Buttress is damp with vegetation and surface cracking
at joints.

Buttress is damp with vegetation and surface cracking
at joints. Large crack (6°) on north buttress at top of
downstream end. ’

Deep (6”) spalls with seeps and vegetation observed in
left buttress at joint with slab. Orange stain at lower
portion of southern buttress seeping at approx. 5-10

Buttress is damp with vegetation and surface cracking
at joints. Cross braces between buttresses are
moderately scoured.

Buttress is damp with vegetation and surface cracking
at joints. Rebar is exposed at the walkway arch in the
right buttress. Cross braces between buttresses are
moderately scoured.

Buttress is damp with vegetation and surface cracking
at joints. A large spall (approx. 1” x 2” deep) with no
seepage was evident orfthe right buttress.

Buttress is damp with vegetation and surface cracking
at joints. The downstream crossbar is missing, while
the other cross brace is severely scoured 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 spalled:

Concrete surface is spalled.

Significant cracking and spalling of walkway at
both edges were observed with a large crack at
the joint with the south buttress.

Significant cracking and spalling of walkway at
both edges were observed.

Significant cracks observed in walkway at 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 of sediment 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 of data sources,
descriptions of the methods used, results of the various analyses, and recommendations
based on the results of the study.

Sediment Sampling Field Visit

A field visit was made 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, GKY&A engineers collected sediment samples at six
different locations upstream of the dam. Figure 1 shows the 3pproximate locations of the
sampling sites.

The sampling was performed using a device constructed of one inch diameter
metal conduit pipe. A ten foot long piece of conduit 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 of the 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 of the 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 of the laboratory analyses. The full
laboratory analysis report with grain size distribution charts appears in Attachment 1. 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 of the river (#2, #3, and #7) had a higher
percentage of silts and clays, while samples taken on the north side (#1, 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
- ul ul
Tube Sample Density |[Density lorganic [USCS JAASHTO
Length [Length Dry Wet Content |Classifica[Classificat
Sample # [(Inches) (inches) Dy, (mm) |% Gravel |% Sand |% Sitt/Ciay Jibsitt’) Jabsit) {% tion on Description
1 45 22 0.141 00 | 532 48.8 59.9 91.6 4.9 SM. A-4 (0.0) {Brownish gray silty sand w/ trace mica
2 46.5 29 0.0 11.1 88.9 81.4 100.4 1.0 ML JA-7-5 (17.1){Brownish gray clayey silt v/ trace mica, sand
3 345 19 0.0 6.3 93.7 60.7 98.6 1.2 ML 1A-7-5 (13.5)|Brownish gray clayey silt w/ trace mica, sand
5 35 17 0.264 0.0 93.3 6.7 47.3 87.7 23 SP-SM A-3 Lt. brown silty sand w/ trace mica
3 34.75 135 1.01 93 823 84 98.4 1111 1.8 SP-SM A-1-b__ |Brown silty sand w/ trace mica and gravel
7 35 26 _ 0.0 3.0 97.0 54.1 94.5 4.6 ML A-7-5(18.2}|Brownish gray clayey silt w/ trace mica, sand
Average 38 21 0.472 16 415 56.9 63.6 97.3 26 »

Notes: Based on samples collected on 7/23/97 by GKY&A
Lab tests performed on 8/1/97 by Timmons
Sample #'s 4and 8 were lost due to equipment failure
Sample # 9 was not submitted for lab tests

Table 1 9/11/197
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Figure 1. Sediment Sampling Locations



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

Sedinient 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 27" 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 I-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 of the sediment at 500 feet cross sections, and the river width at
these cross sections, the total volume of sediment behind the _gam 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 half of 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 of how to dispose of the accumulated sediment.

The laboratory tests of the sediment samples collected during the field visit to the
dam revealed that the average Ds, (median particle size) of the sediment for the three
samples with measurable Dso’s was 0.472 mm. The other three samples had median
particle sizes that were smaller than 0.075mm (opening size of a #200 sieve). The
potential for movement of sediment particles can be evaluated by comparing the flow
velocity in the river to the critical velocity for the beginning of motion of bed 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, Evaluating Scour at Bridges, pp12-13):

V. =6.19y"D"
where:

V.= Ciritical velocity above which bed material of size D and smaller will
be transported, m/s



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.

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
generally corresponded well with soundings made 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.

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 Camey 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 passage over the last several years and they
expect to breach four more this year. Some of the breached dams include:

1. Muddy Creek Dam in York County (6 feet high, 250 feet wide)
2. Rock Hill Dam 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 of dam exists) in Central Pennsylvania (4 feet high, 50 feet wide)

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

e Provides unrestricted passage for fish and boats

¢ Restores the riverine ecosystem

e Eliminates a potential public safety hazard to boaters and swimmers

o Eliminates operations and maintenance costs associated with other methods
Attachment 2 contains a fact sheet describing the procedure adopted by the

Pennsylvania Department of Environmental Protection for facilitating the breaching of
dams in Pennsylvania. As mentioned earlier, they are expecting to breach four more dams



y=  Depth of Flow, m
D= Size of bed material, m

Table 3 summarizes the results of applying this equation for a bed material size of
0.472 mm (average Dy, 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 0.004571fV/ft. 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 of flows 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 of the 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 of dredging.

Alternative 1 uses a hydraulic dredge sitting on a floating barge to suck the
sediment off the bottom of the 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.



Table 2.

Embrey Dam

Sediment Volume Estimate

10N
Upstream [Reach |Avg. Elev. |Est. Elev. {Depth of |River Computed |Sediment
of Dam Length |Topof |of River {Sediment |Width |End Area [Volume
X-Section |(Ft) __ |(Ft)  |Sediment [Bottom |(Ft. (va)
A 100 43.8 30.0 13.8
B 600 500 45.7 32.3 13.4 5 181714 |
C 1100 500 456 34.6 11.0 580 6397 138720
D 1600 500 44.7 38,9 7.8 570 4470 100620
E 2100 500 44.3 39.1 52 530 2733 86701
F 2600 500 435 414 2.1 440 911 33747 |
G 3100 500_ 43.8 43.7 0.1 460 30 8804
“H@ 95 3600 500 46.0 46.0 00 | 590 0 365
T 530672
Notes: Assumed River Slope = 0.004571
Tabie 2 6 9/11/97



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
breached and the river flow was being channelized through the breach area. Again, the
only difference between these two alternatives is the method of dredging 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
while the remaining material would be left in place. The dredged material would be placed
on the banks of the river. The material left in place (and possibly the dredged material)
would probably require some sort of stabilization measures (riprap, vegetation etc.) to
keep it from being eroded and transported downstream. It is estimated that these
alternatives would require dredging approximately half of the estimated total volume of
accumulated sediment.

Alternative S would allow the sediment to pass downstream after breaching the
dam. As discussed earlier, preliminary calculations suggest that the sediments behind the
dam will be carried downstream and deposited in reaches where the flow velocities are
lower than the critical flow velocity for a given particle size. This could require dredging
the material out of boat channels and other areas further downstream. In order to
properly analyze this issue, a detailed sediment transport modeling study must be
conducted. This level of detailed modeling is beyond the scope of this report.

Sediment Disposal Alternatives Cost Estimates

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

Alternative 1. Hydraulically Dredge Entire Volume of Sediment and Transport to a
Suitable Disposal Site ($4.24 million)

Assumptions:

Volume of sediment to be dredged is approximately 530,000 cubic yards.
Sediment disposal site will be located within 1 mile of the dredging operation.
Sediment material to be dredged will be 3 inch diameter or less.

Adequate access/easements to the dredging and disposal sites are available.
Costs for obtaining required permits (COE Section 404, Va. Water Protection,
Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
Unit cost for hydraulic dredging is assumed to be $8/cubic yard which includes
mobilization, dredging, and delivery (pumping) to disposal site.

b WN -~

o

Estimated Cost = 530,000 yd* x $8/yd’ = $4.24 million.

Alternative 2. Mechanically Dredge Entire Volume of Sediment and Transport to a
Suitable Disposal Site (36.89 million)



Table 3

Table 3.

Embrey Dam

Potential for Sediment Movement

Flow  [Fiow  |Flow Critical |Critical |Sediment
- |Rate Depth Velocity |[Flow Velocity [Velocity |Movement
‘ (Ft.'ls) (Ft.) (FthL Depth (m)l(m/s) _ (Ft./s) Predicted

I 500 0.44 1.95 0.14 0.35 1.14 Yes
1,000 0.67 2.58 0.21 0.37 1.22 Yes
1,500 0.86 3.03 0.26 0.39 127 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 1.77 492 0.54 0.44 143 Yes

10,000 268 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 0.52 171 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 3.26 059 | _ 193 Yes
150,000 13.62 19.32 415 0.61 2.01 Yes
Assumptions:

Mannings n= 0.03

Slope (ftft)= 0.004571

Aw. River Width 575

Avg. Dgg(mm)= 0472

9/11/97



Assumptions:

1.
2.

3.
4,

5.

Volume of sediment to be dredged is approximately 530,000 cubic yards.
Sediment disposal site will be located within 12 miles of the dredging
operation.

Adequate access/easements to the dredging and disposal sites are available.
Costs for obtaining required permits (COE Section 404, Va. Water Protection,
Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
Unit cost for mechanical dredging is assumed to be $13/cubic yard which
includes mobilization, dredging, and delivery (trucking) to disposal site.

Estimated Cost = 530,000 yd® x $13/yd® = $6.89 million.

Alternative 3. Hydraulically Dredge a Portion of the Sediment Volume onto River Banks
(32.12 million)

Assumptions:

1.

nhwh

o

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).
Sediment disposal site will be located within 1 mile of the dredging operation.
Sediment material to be dredged will be 3 inch diameter or less.

Adequate access/easements to the dredging and disposal sites are available.
Costs for obtaining required permits (COE Section 404, Va. Water Protection,
Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
Unit cost for hydraulic dredging is assumed to be $8/cubic yard which includes
mobilization, dredging, and delivery (pumping) to disposal site.

Estimated Cost = 265,000 yd® x $8/yd’® = $2.12 million

Alternative 4. Mechanically Dredge a Portion of the Sediment Volume onto River Banks
(52.92 million)

Assumptions:

i
2.
3.
4.

S.

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).
Sediment disposal site will be located within 1 mile of the dredging operation.
Adequate access/easements to the dredging and disposal sites are available.
Costs for obtaining required permits (COE Section 404, Va. Water Protection,
Erosion & Sediment Control, VPDES Storm Water etc.) are not included.
Unit cost for hydraulic dredging is assumed to be $11/cubic yard which
includes mobilization, dredging, and delivery (placement) to disposal site.

Estimated Cost = 265,000 yd® x $11/yd® = $2.92 million

11



Table 4

Table 4.

Embrey Dam
Sediment Disposal Alternatives Costs

Dredged

Material |Dredging

Volume |Unit Cost JEstimated

Alternative # |Description (Yd®) ($7vd®) [Cost
1 Hydraufically Dredge Entire Volume | 530,000 8 $4.240,000
2 Mechanically Dredge Entire Volume $30,000 13 $6,890,000
3 Hydraulically Dredge Partial Volume 265,000 8 $2,120,000
4 Mechanically Dredge Partial Volume | 265,000 11 $2,915,000

5 Let Pass Downstream Uknown | Uknown Uknown

Note:

See cost assumptions in report

10

9/11/97



Attachment 1.
Sediment Samples Laboratory 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 of the dam.

12
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COMMONWEALTH OF PENNSYLVANIA o DEPARTMENT OF ENVIRONMENTAL PROTECTION
BREACHING OF DAMS IN PENNSYLVANIA

The Division of Dam Safety has adopted a procedure 1o facilitate the breaching of dams in Pennsyivania. The
procedure described below has been adopted te make it easier and more affordable for a dam ewner e remove
an unwanted and often unsafe dam.. This willaid in the protection of public heakh, safety, weifare, and property
downstream as wall as the re-establishment of streams to their free flowing natural state. in order to qualify for

this procedurg, the praposed breach plan must essentially restore the stream to its natural free ing state
through the impoundment area and dam footprint area.
STEP 1 ) - Notification to the Pennsylvania Fish and Beoat

Commission’s appropriate regional office prior to

The dam owner or his/her engineer should submit to construction.

the ODivitlon of Dam Safety a plan of the proposed
breach. This plan should include a pian view and - Secure Drawdown Permit if required.
cross-sections as necessary to complete the project.
This plan should inciude dimensions, channe! fining
specifications, and tha proposed lecation of tha speil

- Notification of the -appropriate Department
Regional Cffica 10 days In advance of the arepased
canstruction date,

area.
STEP 2 - Subrission of as-built drawings to the Division of
3 Dam Safety within 30 days of the completion of the
The Division of Dam Safety will de the fallewing: breach.
- Raview the plan for proper breach sizing, re- - Notify the local municipality 10 days in advance of
establishment of the stream through the project the praposed construction date.
area, appropriate channel protection, ahd
properly iocated spoil areas, STEP 4

- Conduct an Environmental Assesstent for the | The Department's Regional Office shall conduct a final
project. If major environmental impacts are found inspection of the site.’
to resuit from the proposed breach, a Dam Permit
will be required to provide a more comprehensive

review progess. Department of Envirenmental Protection

Coordinate the review of the proposad dam Bureay of Dams, Waterways, and Wetlands
breach with the Pennsylvania Fish and Boat | Otvlsion of Dam safety

— . P.O. Box 8554
-Commission and the appropriate Corps of .
. ' Nieppi . Marrisburg, PA 17105-8554
Engineers’ District Office. (717)787-8568
STeP 3 =

Upon acceptance af the plan by the Division of Dam
Safety, the project will be authorized under the
waiver pfovision of Sectiom 105,12 (a) (16) as 3
restoration of a stream to Iis natural free flowing
condition. The foliowing conditions will be
stipujated:

For mare information cantact:

- Erosion and Sedimentation Control Plan approval
by the appropriate County Conservation District.
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Attachment 2. _
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 I-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 27", 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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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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Figure 1. Distribution of Daily Flows for a Typical year
It can be seen from the curve that during the period of record:

e approximately 50 percent of the flows recorded were less than 1000 cfs
e approximately 90 percent of the flows recorded were less than 3300 cfs
e approximately 10 percent of the flows recorded were between 3300 cfs and 50,000 cfs

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.



Scenario 1 - End of a 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 of 255 days of 1,000 cfs, 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 of the indicated
station.

Dry {Low Flow) Period Sediment Movement
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30,000
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5,000

Sediment Volume
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[ |539_.

Dam Falmouth Mayfield
Station

:Qin Transit |

'@ Transported

Figure 4. Sediment Movement During Dry (Low Flow) Periods



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 Fiow 1,000 255

2 Steady State 10% Exceeds Fiow 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 of these 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 terms 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

e 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 Dam, 10 were located between Embrey Dam and the Falmouth Station,
and 7 were located between the Falmouth Station and the Mayfield Station.



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
cfs. 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 I-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.



Typical Annual Sediment Movement
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Figure 5. Sediment Movement During Typical Year’s Flows

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 [-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 90% of the
eroded sediment will be transported downstream of the Mayfield station



Scenario 3. Typical year’s flows with an October 1942 type flood event (Combine
Scenarios 1. and 2.)

Neglecting the effects of natural armoring 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.

Scour

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. If uniformly 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 1 for a two year period

Scour

Approximately 31.2% 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. If uniformly 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
Scour

In general, the sediment that is transported in a flowing river such as the Rappahannock is
composed of various sizes of particles 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 Camney, 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 27", 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 I-95 bridge)
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In conclusion, if the sediment is not removed by dredging prior to removal of the dam, 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. Typical year’s flows with an October 1942 type flood event and another
typical year’s flows occurring in succession (Combine Scenarios 1. and 3.)

Neglecting the effects of natural armoring 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.

Scour

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. If uniformly 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 15.6% 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% of this 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.
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Exhibit A - Location of Stations used in Model
Scale: 1"=2000"

From Fredericksburg USGS 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 - 1997



Another view looking upstream

WILLIAMSBURG STATION DAM DEMOLITION - 1995



Appendix G

City of Fredericksburg Resolution 97-53
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6) exploring other opportunities and facilities which may serve to improve flood control provisions
along the River;
7 pmcrvi.qg the water rights of the localities; and
BE IT FURTEER RESOLVED, 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 of Fredericksburg and the Counties of Spotsylvania and Stafford.

Clesk’s Cemificate

1, the undersigned, certify that I am Clerk of the Count,:xlof
the City of Fredericksburg, Virginia, and that the foregoing is 2 true
copy of Resolution 97-53 duly adopted at 2 meeting of the City
Council held May 27, [997 at which a quorum was present and voted.

Givea under my hand and the official seal of the City.

Dt AL

Deborah H. Ratliffe
Clerk of Council

—Sfr




Marvin S. Bolinger

City of Fredericksburg

City Manager P.O. Box 7447

Fredericksburg, VA 22404-7447

Telephone: 540 372 1010

Beverly R. Cameron Fax: 540372-1158
Assistant Ciry Manager

WHEREAS, the Rappahannock River is of vital importance to the City of Fredericksburg, the
Counties of Stafford and Spotsylvania and the entire region with its beauty, economic value and
recreational value; and

WHEREAS, the Embrey Dam was built in 1910 on the River to divert water to the City’s water
treatment plant, but has now deteriorated and has the potential to coilapse; and

WHEREAS, the citizens of the area desire to remove the Embrey Dam from the Rappahannock
River, particularly since the City of Fredericksburg and the County of Spotsylvania 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 thereby encouraging more recre-
ational and economic opportunities;

NOW, THEREFORE, BE IT RESOLVED this 28th of May, 1997, that the City Council of
the City of Fredericksburg, Virginia, does hereby join with its neighbors in the Counties of Spotsylvania
and Stafford to request the Congress of the United States to provide the support and direction through
the Corps of Engineers, Norfolk Division, to return the river to its natural state while at the same time:
1)  ensuring that an acceptable level of water 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

1narsh and the presettling pond adjacent to the City’s Kenmore Water Plant, are preserved in their

preseat status;
3)  ensuring the preservation of historically important locks adjacent to the Canal;
4) recognizing and documenting the 1855 Crib Dam and its importance in Fredericksburg’s early
. industrial history and water power origins;
5)

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 CHESAPEAKE BAY IS A NATIONAL TREASURE
1nd a resource of worldwide significance. Its ecological, economic, and culrural importance are felt far beyond fts waters and
the commuaities thac line irs shores. Man's use and abuse of its bounty, boweves, together with the continued growth and
development of popuiation in its watershed, have taken a toll on the Bay system. In recent decades, the Bay has suffeced
serious dedlines in quality and productivity. ¢ REPRESENTING the Federal government and the Scates which surround
the Chesapeake Bay, we acknowledge our stake in the resources of the Bay and acoept our share of resporsibility for its
current condition. We are determined that this dacline will be reversed. In response, all of our jurisdicrions have embarked
oa ambitious programs to protect our shared resource and restore it t 2 more producrive state. © IN 1980, the legisiatures
of Virginia and Maryland estblished the Chesapeake Bay Commission © coordinate interstate planning and programs
from 2 legislative perspective. In 1985, Pennsyivznn;omedd:cCommmon.And,th?; Virginia, Maryland, Peansyl-
vm&eDsmof&lumMﬁeU&EmmdemnAgmaﬁdx&sap&th&mnfmﬂy
~greed to a2 cooperative 2pproach to this undertaking and established specific mechaisms for its coordination. Since 1983,
wur joint commitment has carried us w new levels of governmental cooperation and scientific understanding, It has formed
a firm base for the future success of this long-term program: The extent and complexicy of cur task now all for an
expanded and refined agreement ® guide our efforts toward the twenty-first cenmury. © R.ECOGN_ZZNGt&t:be
Chesapeake Bay's importance transcends regional boundacies, we commit to managing the Chesapeake Bay as an integrared
ecosystemn and pledge our best efforts © achieve the goals in this Agresment. We propase a series of objectives that will
establish a policy and insdrutional framework for continued cooperacive efforts to restore and protect Chesapeake Bay. We
further commit to specific actions to achieve those objecrives. The implementation of these commitments will be reviewed
anmnﬂyandaddmomloommmnemsdﬂebpedasneeded.

GOALS AND PRIORITY COMMITMENTS

HIS NEW AGREEMENT CONTAINS Goals and Poority representing the Federal government, the District of Columbia, che

Commiumnents for Living Resources; Water Quality; Popuia-  State of Maryland and the Commoaweaiths of Pennsyivania and Vir-

B don Growth and Developmens; Public Information, Educa-  ginia (hereinafter the “Saawes™) and the Chesapeake Bay Commission.

donagd?anidpation;?ublicAm;deovm O Thepardes  This Agreement may be amended and armachspents added in the furure
%o this 1987 Agreement are the US. Environmmental Protection Agency by unanimous action of the Chesapeake Execurive Council
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1987 Chesapeake Bay Agreement



WATER QUALITY

POINT SOURCES OF POLLUTION TO ATTAIN THE WATER

QUALITY CONDITION NECESSARY, TO SUPPORYT THE
IVNG&BOUR@OP!HEW'Ibemmuﬂm
ance of wager quality are the single most aricical elements in the over-
1l resweation and prowection of the Chesapeake Bay. Water is the
nedium in which all living resources of the bay live, and their abiliry w
arrvive and flourish is direcrdy dependentenic. ¢ To easure the pro-
$ucxivity of the living resources of the Bay, we must dearly. escablish che
those condidons Foremast, we must improve of maintain dissolved
oxypen concenmstions in the Bay and irs wiboaaries dhrough 2 cn-
tinued snd expanded comminmenr © the rednctioa of outrients from
boch paint 2nd noapoins sources. We must do the szme for wxics and

( ; O AL: REDUCE AND CONIROL POINT AND NON-

aventions! palierants. To be sffecrive, we will develop basin-wide

implementation plans for the cortral 2nd reducsion of polluznes which

we based oa our best understanding (inchuding thar derived from

modeling) of the Bey and s critxsaries &s 20 integrated sysoem.

OBJECTIVES: " '

© Provide tdmely constroction and aninrenance of public and privaze
sewerage facilities w assare coarral of pallacnt dischacges.

© Reduce the discharge of untreared or inadequarely eared sewage

© Evahmte and institooe, where 2ppropriate, sitermrive wechaologies
for painr source pollution control, such 25 biological mutrient re-
moval and land spplication of efflucat to redice poliacioa loads ina
cost-effective manner

o &:ﬁlﬁhmmmwmmwx\p{m
with waeer quality hws.

© Reduce the levels of noapoint sounces of poltution.

] R.edmesedm.onbysueugdmgeufommofcmung
cux:oltcgu.lznoos.

© Eliminare polluanr dischanges from recreational boats.

© aldentify and coatrol wxic discharges w the Bay system, induding
m!smdnoxicacg:niq,mpmamquﬁ:y,aqmdcm
sod human health chroagh implementation and enforcement of the

programs and ocher progracs.

¢ Reduce chiorine discharges incrifical finfish and shellfish ereas.
npnﬂlmntspﬂk.

< M:mgemﬁﬂge.dmigadspoﬂznihandnxvmmpm—
vece the Bay.system.

" ¢ Mamge groundwater w protec the water quality of the Bay.

¢ Quancify the impacrs and idendfy the sources of zemospheric inpurs
oa the Bay syseem.

COMMITMENT:

T0 ACHIEVE THIS GOAL WE AGREE:

O by July 1988, © develop, sdopc 20d begin implemenasion of 2
basin-wide strategy w equirbly adhieve by the year 2000 1t least a
40 percens sedhwerion of nitrogen and phosphioeos entesing the main
soern of the'Chesapeake Bay. The scracegy shoudd be based on agreed
upon 1985 poinr source koads 20d oa aoapoine loads in 2a average

¢ by December 1991, w re-evalmee the 40 peccenx rednction target

*  based on the resuirs of modeling, resezrch, monitocing and ocher
infocmatioa svailsbie st that tme.

© by December 1988, w develop, adopt and begin implementation of
a basin-wide strategy to achieve 2 recion of mxics consiswene with
the Water Quality Acx of 1987 which will ensure prowsrioa of
human bealth aod living resousces. The strategy will cover both
potar and noapaint sources, moaitaeing peowddls, enfoccement of
toxic sediments where necessary

© by Jady.1988, w deveiop and sdope, 45 required by the Water Quality
Acx of 1987, ahsn-vdcmplﬂnm:mmwgyfozd::mmge-
madmdmnnwdpo&msmg&@mpb
Baysysmﬁompomr:ndmnpmmm

O by July 1988, the Eavircnmental Protection Agency, acting foc the
federal povernment, will develop, adopt and begin implementadon
of 2 strategy for the control 2nd reduction of point 20d noopoint
sources of autricnt, toxic aod mnventiomal pollutioa from ail
federal fadilicies.



LIVING

O AL: PROVIDE FOR THE RESTORATION AND PRO-
GTECDON OF THE LIVING RESOURCES. THEIR HABITATS
AND ECOLOGICAL RELATIONSHIPS. The productivicy.
Jversity and abundance of living resources ace che best ultimate mea-
ures of the Chesapeake Bay's condition. These living cesources are the
nain focus of the restoration and protection cffore. Some spedies of
shellfish and finfish 2re of immense commercial and recyeationa! vaiue
0 man. Ochers are valuable because they are part of dhe vast array of
plant and animal life that make up the Chesapeake Bay ecosystem on
which all spedies depend. We remgnize that the eridire natural sysem
must be heaithy and productive. We will determine the essential eie-
ments of habitac and environmental quality necessary to support fiving
resources 2nd will see thar these conditions are atained and mainmined.
We will also mznage the harvest of and monicor populzdons of com-
uﬂmlly,mmllyandembgnllyvalu:bkspm 10 ensure sus-
tained, viable stocks. We recognize thac w be successful, these actions
must be arried out in an integrared and coordinated mannes across the
whole Bay system.
OBJECTIVES:
© Restore, enhance, provect and manage submerped aquark vegetation.
© Protect. enhance and restore wetlands, mastal sand dunes, forest
buffers and other shoreline and riverline systems impartant tw
wrater quality and habicac.
© Conserve soil resources and reduce erosion and sedimenation
procect Bay habiar.
Maintain freshwater flow regimes necessary W sustain estuasine
habitass, including. where appropriate. esmblishing minimum io-
stream flows. .
© Develop compatible Bay-wide stock assessmenc programs.

RESOURCESR

© Develop Bay-wide fisheries numg&nenr srrategies and develop
compiementary stare programs and plans o protect and testore the
finfish and shellfish stocks of the Bay. especially the freshwarer and
estuzrine spawners.

© Provide for the restoration of sheilfish stocks in the Bay, especially
the abundance of commercially important species.

9 Restore. enhance and protect waterfowi and wildlife.

COMMITMENT:

TO ACHIEVE THIS GCAL WE AGREE:

© by January 1988. to develop and adopr guidelines for rne protection
of warer quality and habicat conditions necessary o supporr the liv-
ing rescurces found in the Chesapeake Bay system, and to use these
guidelines in the implemenation of water qualicy and habitar pro-
tection pmgrzms. = '

O by July 1988. to deveiop, adopt and begin tw imolement a Bay-wide
plan for the assessment of commercially. recreacionzlly and selected
ecologiaaily valuzble speces.

O by July 1988. to adope 2 schedule for the development of Bay-wide
resource management strategies for commercially, recreacionally
and selected ecologiaily valuable species.

O by July 1989. w develop, adope and begin o implement Bay-wide
managemenc plaas for oysters, blue crabs and American Shad. Plans
for ocher major commercially, recreationaily and ecologically valusble.
species should be iniciared by 1990.

O by December 1988. w0 develop 3 Bay-wide palicy for the protection”
of tidal 2nd non-tidal wedands.

© Provide for fish passage at dams, and remove stream blockages
wherever necessary w restore aawural passage for migratory fish.



PUBLIC INFORMATION,

“~NOQAL: PROMOTE GREATER UNDERSTANDING
“AMONG COITIZENS ABOUT THE CHESAPEAKE BAY SY3-
TEM. THE PROBLEMS FACING IT AND POLIQIES AND

OGRAMS DESIGNED TO HELP IT AND TO FOSTER INDIVIDUAL

SPONSIBILITY AND STEWARDSHIP OF THE BAY'S RESOURCES.

"N OAL: PROVIDE INCREASED OPPORTUNITIES FOR
CIIZENS TO PARTICIPATE IN DEQSIONS AND PRO-
GRAMS AFFECTING THE BAY The undesstanding and

pport of the general pablic 2nd interest groups are essendal © sus-

mning the long-tenn commitment to the restration and peotectioa of
< Chenapeake Bay syscem and is living resources. Cicizens mast have
spartenities 20 .leara abour thac system 2nd assochated mamgement
alicies and programs and muse be given opportuniies © cattibue
leas abour how best w0 manage thac patural system.
VBJECTIVES:
Provide timely information on the progress of the restoradion
pogrsm. .
> Assure a continuiog process of public inpot 2nd participaticn in
9 Echancr Bay-oriented education opportunities o increase public
mmdwdmndingdch:ﬁiym

PUBLIC

O AL: PROMOTE INCREASED OPPORTUNINIES FOR
GPUBUC APPRECIATION AND ENJOYMENT OF THE BAY
AND ITS TRIBUTARIES. Interest in 204 commizment w the
Chesapeake Bay and ics tribwsczries are greatly affecred by personal @o-
=SS @ the shores-and wacess of the sysem are essential i poblic
swareness and suppoct age w be meinrsined and incressed.
(o] B‘I ECTIVES:
© Improve and mamain acess © the Bay incuding public beaches,
parks and foreswed lands.
¢ Improve opportniries for recreationa! 20d commercial fishing.
© Seazre shoreline acrexge 1© mainain open space sad provide oppor-

EDUCATION AND PARTICIPATION

O Provide enrricuk and fieid expeniences for studentes.

¢ Promoce oppormunities w involve drizens directly in Bay restocation
effores. .

¢ Coordinate the production and distriburion of Bay infarmation and
education materials.

COMMITMENT:

TO ACHIEVE THESE GOALS WE AGREE:

9 o conduc cocdinated edicarion and informatioa programs ©
community associztions and achers of their coles, responsibilities
and oppormnicies in the restoration and pronection effort, 20d w -
promoo: public involvement in the mamgemen: and decision-
making process. | = -

¢  provide for public review and commenr on all implemenadan
plans developed pursuant to this agreement.

© by Merch 1988, © develop state and federal communicadion plans
1988, t0 develop a unified, Bay-wide communicrioa plan.

© 1w promoce Chesapeake Bay restoracion efforts by esablishing o

anama| Bay-wide seties of Chesapeske Bay Watesshed Awareness
events, w inciude 2 Governor's Cup Fishing Tournzment.

ACCESS

© Scoure neaessary acreage to proces: unique habitar and environmen-
ually sensitive areas.

COMMITMENT:

TO ACHIEVE THIS GOAL WE AGREE: -

© 1w intensify our effores w0 itnprove and expand public access oppor-
tunities being made available by the federal government, the stamms,
and loaxl governmens, by developing 2 strategy, which inctudes a0

- fventory-of cxrent access opportnities by fudy 1988, which arges
by December 1990 sloag the Bay and its oribuearies

© by December 1968, o prepere s dmprehensive guide  acess fa-



POPULATION GROWTH AND DEVELOPMENT

OAL: PLAN FOR AND MANAGE THE ADVERSE EN.

VIRONMENTAL EFFECTS OF HUMAN POPULATION

GROWTH AND LAND DEVELOPMENT IN THE CHESA-
EAKE BAY WATERSHED. There is a dear corrclation between
degradadion in the Chesapeake Bay systemn. Enhancing, oc even main-
aining, the quality of the Bay while acommodaring growdh will fre-
wationed rod enhanced commitment o proper development stan-
dards. The states 2nd the federal government will assert the fall mes-
sure of their mthoriry to mirigaee the potenrial adverse effects of coo-
tiomed growth, ¢ Local jurisdicions have besn dalegared surhacity
both direct and indirect effects on the Chesapeake Bay system 20d irs
fiving resonrces. The role of local governments in the restoration and
rorection effort will be given proper recognition 2nd support through

seate and federal tesources. O Seates will engage in an active parmer.-
ship with Jol governments 1o estahiish policy guidelines to manzge.

growth and development.

OBJECTIVES:

¢ Designare a sae-level office respoasible for ensuring consiseeacy
mene activities.

© Mwmmfmmmﬂmw

©° Cnmkvnh.hdgovm:cpmmumd:ed:vdom
d&szpah&ymummdpxmphmuﬁpmgzm

© B:unfyandngepnbkmgmmmuvemdodm
poceworty examples of loal government restoration and protec-
tion-related programs.

© Assure thac government development projects meet all environ-

< Pm&:at:, amoog local, sz and federal governments, and che
private sector, the wse of innovative techaiques o avoid and, where
negessary, mitigate the adverse impacrs of growdh,

COMMITMENT:

T0 ACHIEVE THIS GOAL WE AGREE:

© o commission 2 panel of experts 1 repox, by Decensber 1988, an
anticdpated popuktion growth and kznd development pareems in
REnrs NECeSSEry o serve growth and development, enviroamental
programs nesded to improve Bay resources while acommodaring
growth, aleerpative means of managing 20d directing growth and
environmenral coatrals. The panel of experes will coasist of rwelve
members: three each from Virginia, Maryland and Pennsyivania,
and one each fram the Districe of Columbiz, Eavironmental Prowc-
tioa Agency and the Chesspeake Bay Commission.

© by Jarsary 1989, to adopt development polickss and guidelines de-
signed o reduce-adverse impacrs oa the watwer quality sod biving
for development 20d to coperatively assist Jocal governments in

< o evaluate stre and federal development projeats in ligh of theis
potential impacts on the warer quality and fiving resourcss of the
Chesapeake Bay, and design and carry out each stare and federal
dadopumryzo}ec:soaswmastmoddfocdgpﬁums«mr
in eens of land-nse pracrices.

© bmeberlQS&mdcnbpasmgympxwﬁcmes.'
wechnical assismace and guidance w local governments to acdvely
encourage them to incorporate procection of tidal and noo-tidal wer-
{ands 2nd fragile nanmal aceas in cheir land-use planning, water and
sewer planning, coastruction and otber growth-relamed manage-
MEAT Processes.



Y THIS AGREEMENT, we reaffirm our commirment o reswore and procect the ecological ineegrity, producrivity and beneficial uses of the

Chesapeake Bay systemn We agree w report in Jenssry 1989 on progress made in fulfilling the commitments in this agreement, and ©

consider ac that tme additional commicments. The impiementation sategies which will be developed pursuzat to this agreement will be
ippended as annexes, and annual reports will indude an acounting of progress made oa each sraregy.
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FOR THE COMMONWEALTH OF VIRGINIA é&dé_[- gd\ L! ("

FOR THE STATE OF MARYLAND /

FOR THE COMMONWEALTH OF PENNSYLVANIA L Iy yid
FOR THE UNITED STATES OF AMERICA T

FOR THE DISTRICT OF COLUMBIA _)ﬁ % 1 Mé%"“"‘/‘
FOR THE CHESAPEAKE BAY COMMISSION M@v—

e Qurespmms [? o Th O ~ 1/ /A W Sumumg - '




GOVERNANCE

O AL: SUPPORTAND ENHANCE THE PRESENT COM-
GPKEHHJSIVE, COOPERATIVE AND COORDINATED AP-
PROACH TOWARD MANAGEMENT OF THE CHESAPEAKE
OAL: PROVIDE FOR CONTINUITY OF MANAGE-
MENT EFFORTS AND PERPETUATION OF COMMH’
' MENTS NECESSARY TO ENSURE LONG-TERM R.ESUUS'.
The moperation necessary o sustin 10 cffective Chcsapakc Bay
xsmmazndmcﬁonmumzfocmlvo&mgzmngc-
mmolvmg:hgsutsudduieualgavmﬁumm
mmlumgemmtmns:aﬂowhrandpmmmhmqmﬁul
mm&mmm:w&-&fwmd&w
mbﬂmandmuhormsdachmmd:befednlgovm
mkmdmmsmdmmswh:d:mqmmacomd.
Baydw:dcapgxmchbeaddrssed_mmmmnmdw_ldmdnplam
One of the principal funcrioas of the coordinating iwsdtution is to
dcvdopmgncphnsmdmdm:unpl:mmambasedou
advnfmmdt.publz.&umch:muﬁcmmnmtymd&nmuscr
groups. O Inaddition, the aordinating body st exert leadeship o
macshal pablic suppor, 20d it must be accountable for progress made
under the terms of this 2greement. The cordinating body will contimes
0 be alled the Cheszpeake Executive Coundil The Chesapeake Execu-
dve Coundl shall be comprised of the Governors, the Mayor of the
Districr of Columbiz, the Administrztor of the Enviroomentai Protec-
ton Agency and the Chairman of the Chesapeake Bay Commuission
“The dhairmanship of the Council shall rotate anmeaily as determined by
the Coandll. The texm of the Chairmati shall be oo year The Adminis-
erasor of the Environmental Protection Agency shall represent the fed-
exal government 2nd the Chairman of the Chesapeake Bay Commission
shall represent its members.
OBJECTIVES:

Qe &mw@nmmmq@h@h@zﬁumg
20 anmual public meeting of the Chesapeake Exgcurive

° Conmmmppouth:ChmpukcF:cmwcCumalmdpmvlde
formdmn!mdpubhcpohcyzdmbymmmnmgsumgmvsory
committess.

© Coordinzte Bay management activities and develop and mainain
effective mechanisms for acoountability.

© The Chesapeake Bay Liaison Office shall provide saff suppor to
the Chesapeake Executive Coundl by providing analyses and daca
management, and by generatng reports reiated to the overall pro-

gram. The lmplemencacion Commitwee shall provide guidance to
the CBLO Director in all matrers relading o support for the Council
induding the development of all plans and ocher docaments asso-
ciared with the Coundl

¢ Enmm:d::fasiu‘lxyof;omfmdmgmoponofzbcaxesap::ke
Bay Liaison Office.

quality and fesources zod reporr a¢ least angually.

° Dcvclopandmnnumzmotﬂmaadc}mpam&ydanm
agetnenc system.

¢ Condinue w implement 2 coordinared Bay-wide monitocing system -
and © develop 2 Bay-wide living resourass monitoring system.

© Develop 20d impleinent a coordinated Bay-wide research program.

COMMITMENT:

TO ACHIEVE THESE GOALS WE AGREE:

© t develop 2n annual Chesapeske Bay work plan endorsed by o
C'hs:pal:e!'zmmveCounnl

© 10 continve © SPPOLT Bay-wndc environmenal moaitoring and
zmrchmpmvndcthcmduualmdsccnuﬂcmfomumﬂs
sazymsupponmngemm:dscsms

o msm:ngdmdzersapusz:yLmsouOfﬁcebyassigning,u
appropriare, saff persons from each jurisdiction and from partid-
pating federal 2gendies w assist with the wchnical support funcrions
of tu office.

© by Judy 1988, to develop and adopt 2 comprehensive reseaech pian
wbcmhmcdmdupdzmdmnmﬂytoaddr&dxwdmnlmcds
oft:he(}:esapalm&yf’mgmx.

© by July 1988, develop a Bay-wide monicoring plan for selected
comenercially, recreationally and ecologiczlly valuable spedes.

O by March 1988, ro esablish a loca! government advisory committes
to che Chesapezke Executive Council and charge that commirtee ©
develop 2 swaregy for Jocal government parricipadion in the Bay
‘program.

O 1o consider and review the feasibility of establishing an independent
Chesapeake Bay Execurive Board .

O by July 1988, the Environmental Protection Agency, acting for the
federal government, wiil develop, 2 coordinatc., federal agency
workplza which identifies specific federat programs t be integrated
into 2 cordinared federal effort to support the resworation of che
Chesapeake  Bay.



COMMONWEALTH of VIRGINIA

DEPARTMENT OF ENVIRONMENTAL QUALITY
Office of Water Resource Management

Water Quality Assessment and Planning

Peter W. Schmidt P. O. Box 10009
Director Richmond, Virginia 23240-0009
(804) 762-4000

Friday, April 21, 1995

Commonwealth of Virginia

Atm.: Mr. L. Alan Weaver

Department of Game and Inland Fisheries
12108 Washington Highway

Ashland, Virginia 23005

Dear Mr. Weaver:

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 organmic Target Analytes (TALs) and by imorgamic TALs
constituents.

ORGANIC COMPOUNDS

The organic TALs 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 HERBICIDES TOX TPH
TOTAL NUMBER OF 24 198 216 162 18 18
MEASUREMENTS
NUMBER OF DETECTS 0 0 0 2 i 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.

viwgalrogerietrersi9203154.POC Dage | of 3




- 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 your very large project. If I can be of any further assistance to you please
contract me directly at 804.762.4449.

Very truly yours,

|2 5siBw st

R.E. Stewart II
Environmental Program Planner
rstewart@freenet.vcu.edu

attachments
cc: Cynthia Sale NRO

Glenn Moore WRM
Chester Bigelow OWRM
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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 of TALSs.

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 Mercury 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 than a
factor of 20 of the RT. The factor of 20 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 TCLP analysis resulting in a TCLP concentration below
the RT. Additionally the actual TCLP concentrations are below the RT and the mean of
each TAL is 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. Consequent.ly 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

is\wgalrogeriletters\950315A,.DOC page 2 af 3




RAPPAHANOCK SEDIMENT STUDY
- STORET PARAMETERS FOR SITES ON RAPPAHANNOCK

A e _—_—_———_____——_____________

‘otal concentrations, mg/Kg

Arsenic Cadmium Chromium Mercury
Station
3-RAP006.53
3-RAP030.21
TR
3-RAP045.08
3-RAP066.54 i e DN s A
3-RAP(077.28
mean concentration 8.76 0.79 23.90 0.25

prepared by the
Department of Environmental Quality SEDIMENT.XLS 3/22/195 Water Quality Assessment and Planning



EMBREY DAM SEDIMENT STUDY
VIRGINIA DEPARTMENT OF GAME AND INLAND FISHERIES

Total concentrations, mg/Kg

Arsenic Cadmium Chromium Mercury
Site ID

c-1-8 SR T TR A s s S e AR

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
C4-T
C-5-B
C-5-M
C-5-T
C-6-8

C-6-M

C-6-T
mean concentration 0.58 0.17 10.90 0.05

THEORETICAL MINIMUM
CONCENTRATION THAT
WOULD EXCEED TCLP  100.00 20.00 100.00 4.00
REGULATORY
THRESHOLD

prepared by the X
- - T LA TN T CEMIMENT X S 3/22/95 Water Quality Assessment and Planning



EMBRY DAM CORE DESCRIPTIONS

Core #1 84 inches long Site 42

C-1-B 0-12 inches Leafy, mulch, very organic, twigs, very
silty, amorphous grey, black, brown.

C-1-M 12-28 inches Very silty, sandy, clay mixed with
gravel, Brown tan white mixed grain, sites unconsolidated.

C-1-T 28-84 inches Grey, black, brown, tan, unconsolidated,
very fine grained to gravel.

Core #2 64 inches long Site 18
Cc-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, unconsclidated.
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 Organic, leafs, twigs, silty, fine
grained sand, grading towards course grained sand, very
consolidated.

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
quartzite, micatious, unconsolidated.

C-4-T 36-28 inches Very fine grained sand, grading towards
gravel. Full spectrum of grain size.



EMBREY DAM SEDIMENT STUDY
VIRGINIA DEPARTMENT OF GAME AND INLAND FISHERIES
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TCLP concentrations, mg/L

Barium Chromium Lead ' Mercury

Site ID
C-1-B

C-1-M
C-1-T
C-2-8
C2:M
c2-T
C-3-8
C-3-M
C-3-T
é“"‘B Ry 07 et (=1 (At s
C-4-M
c4-T
C-5-B
C-5-M
C-5-T
C-6-8
C-6-M

C6-T

mean concentration 0.50 0.10 0.54 0.0005

REGULATORY LEVEL 100.00 5.00 5.00 0.2000

prepared by the
Department of Environmental Quality SEDIMENT.XLS 3/22/98 Water Quality Assessment and Planning
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Core #5 45 inches long Site 7

C-5-B 0-6 inches Very silty, slightly organic, amorphous
clay, very fine grained sand.

C-5-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 grayel.

C-6-M 16-28 inches Very fine gravel sand grading towards
course grained.

C=-6-T 28-40 inches Course grained sand grading toward gravel
at top.









	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

