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1. Introduction

The U.S. Army Corp of Engineers (COE) is pursuing the Wilmington Harbor Deepening project, which
includes deepening of the harbor and relocation of a turning basin in the Northeast Cape Fear River. The
feasibility report and final EIS for the Wilmington Harbor Deepening project were completed in June 1996,
and the project has resulted in environmental issues that have required mitigation, including potential
impacts to the endangered shortnose sturgeon. The Biological Opinion (BO) issued on August 3, 2000
stated, "The COE must construct a fish passage structure at Lock and Dam No.! on the Cape Fear River."
To address mitigation measures required for the Wilmington Harbor Deepening project, the COE is
preparing a General Reevaluation Report (GRR) in which the COE will evaluate and recommend an
alternative for providing fish passage at Lock and Dam No. 1.

The purpose of this report is to evaluate the proposed modifications to Lock and Dam No. 1 and assess
potential impacts to the water supply intakes operated by the City of Wilmington (City) and the Lower
Cape Fear Water and Sewer Authority (LCFWSA).

The scope of this report consists of the following:

= Determine the capacity of the existing water supply intakes.

= Evaluate the proposed modifications to Lock and Dam No. I to determine potential impacts on the
capacity of the City’s and LCFWSA’s intakes.

= Qualitatively assess water quality impacts resulting from the potential migration of the “salt wedge”
upstream after removal or modification of the dam.

= Determine if intake modifications are feasible to offset or compensate for adverse impacts on water
supply intake capacity. Estimate water supply intake capacity after proposed modification is complete.

= Develop a conceptual design for recommended intake modifications and estimate construction costs.
2.  Existing Facilities
2.1 City of Wilmington Raw Water Intake and Pump Station

The City of Wilmington obtains raw water from the Cape Fear River through its Kings Bluff raw water intake
and pump station located upstream from Lock and Dam No. 1. The City’s raw water supply facilities are
shown in Figure 1. A site plan of the City’s intake and pump station is shown in Figure 2. The Kings Bluff
Pump Station was constructed in 1943 and has an effective capacity of 15 million galions per day (MGD). A
14-ft wide canal conveys raw water from the Cape Fear River approximately 600-ft to the pump station wet
well. The pump station is equipped with a traveling screen with 0.5-inch stainless steel mesh for removal of
large debris. The intake channel leading to the traveling screen is 4-ft wide. The traveling screen was
replaced in 1994.
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At the backwater elevation under low flow conditions of 11.5 ft. msl, there is approximately 7.4 ft. of depth
in the intake channel. The approach velocity is 0.78 ft./sec. New intakes permitted in North Carolina are
required to have a maximum design approach velocity of 0.5 ft./sec. It is assumed that for any
modifications to the intake and pump station, the approach velocity would need to meet the current
standard.

The Kings Bluff pump station is equipped with three horizontal centrifugal pumps; a 15 mgd pump, a 16.5
MGD pump, and a 9 MGD pump. The 9 MGD pump is equipped with a diesel generator drive, and no
other standby power is provided.

Raw water travels from the Kings Bluff Pump Station via a 30-inch pre-stressed concrete cylinder pipe
approximately 21 miles, where it connects to two 24-inch cast iron pipelines. The two 24-inch cast iron
lines convey raw water approximately 1.5 miles to two 48-inch raw water lines that are tunneled beneath
the Cape Fear River and terminate at the Sweeney Water Treatment Plant (WTP) site.

2.2 LCFWSA Raw Water Intake and Pump Station

The LCFWSA owns and operates an intake and pump station, constructed in 1984, at Kings Bluff upstream
from Lock and Dam No. 1. A site plan of the intake and pump station is shown in Figure 2.

The raw water intake includes three stainless steel, wedgewire tee screens each with a rated capacity of 15
MGD (Figure 3). A 48-inch intake pipe conveys raw water to the pump station wet well. The pump station
is equipped with three vertical turbine pumps with two speed motors. The firm capacity of the pump
station is 45 MGD. Two 2.7-MW diese! engine generators provide standby power.

Raw water is transported from the pump station via a 48-inch pipeline approximately 14 miles to a three
million gallon ground storage tank located near the Brunswick County Water Treatment Plant. From the
tank, the 48-inch raw water line travels a route along US Highway 421 approximately five miles to the
meter vault that serves the City of Wilmington. This 48-inch pipeline also serves several industries along
its route and has one section of 60-inch line that is approximately one mile long.

LCFWSA is proposing to construct an expansion of the existing pump station to increase firm pumping
capacity to 100 MGD. The improvements include the following:

e (3)27.5-MGD wedgewire intake screens
e 60-inch raw water intake pipeline (approximately 1,200 feet)
¢ New air backwash control building

e 3 new vertical turbine pumps (firm pumping capacity 55 MGD)
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2.3 Lock and Dam No. 1

Lock and Dam No. 1 is located on the Cape Fear River at approximately river mile 39 (Figure 2). Lock and
Dam No. 1 was constructed in 1915 at an elevation of 8 ft. msl and later modified in 1934 to increase the
dam spillway to 11 ft. msl. The dam is a rock fill, timber crib dam with a 275-foot long concrete spillway.
A bathymetric survey of the area upstream from Lock and Dam No. | was conducted by COE (Figure 4).

Lock and Dam No. | provides approximately 2.0 billion gallons of storage based on a backwater elevation
of 11.5 ft. msl under low flow conditions and a minimum elevation of 7 ft. msl to maintain operation of the
LCFWSA intake screens. This is an estimate based on the linear distance between Lock and Dam No. 1
and No. 2 and a rough approximation of the mean river channel width (based on the average channel width
at 5 transects). Based on the rated capacity of the City’'s pump station of 15 MGD and of LCFWSA’s
pump station of 45 MGD, this would provide approximately 33 days of storage.

3. Evaluation of Proposed Modifications on Water Supply Intakes
3.1 General

Each proposed modification to Lock and Dam No. 1 is described in the following sections. COE
conducted hydraulic modeling of each alternative to estimate the river stage following modification of Lock
and Dam No. 1. COE used HEC-RAS to estimate river stage at a flow of 300 cubic ft. per second (cfs).
COE selected 300 cfs as a conservative estimate of the low flow of the Cape Fear River at Lock and Dam
No. L.

Table 1 presents flow discharge statistics from a review of U.S. Geological Survey flow records at Lock
and Dam No. 1 since construction of the Jordan Lake Dam. Table 2 shows the lowest flows recorded at
Lock and Dam No. | since Jordan Lake was filled on February 4, 1982. Sixteen days of the top 30 lowest
flows are during the drought of summer 2002. The four lowest flows are consecutive days (August 8-11,
2002).

TABLE 1. FLOW STATISTICS FOR CAPE FEAR RIVER AT LOCK AND DAM NQ. 1

Period of Record 2/4/1982 to 1/1/2007
Maximum Flow (cfs) 47,600 (9/11/1996)
Mean Flow (cfs) 5,431

7Q10 Flow (cfs) 797
Minimum Flow (cfs) 179 (8/10/2002)
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Rank Date Flow (cfs)
1 8/10/2002 179
2 8/11/2002 230
3 8/9/2002 284
4 8/8/2002 361
5 11/11/2005 407
6 8/15/2002 408
7 11/12/2005 418
8 8/7/2002 430
9 8/12/2002 442

10 11/13/2005 447

e
- " - - ______ __________________ - —_________ ]

The normal low-flow target for the Jordan Lake Dam is 600 cfs +50 cfs at Lillington. The COE modified

the Jordan Lake Dam low flow target at Lillington in response to the 2002 drought. The North Carolina
Department of Environment and Natural Resources and the COE agreed to reduce the low-flow target in
Lillington temporarily to conserve water during the 2002 drought (Table 3). The lowest flow target was
based on maintaining a minimum flow of 200 cfs at Lock and Dam No. 1.

TABLE 3. JORDAN LAKE DAM OPERATIONS DURING 2002 DROUGHT

Date Implemented

Low-Flow Target at Lillington

June 17, 2002

500 cfs, £50 cfs

June 27, 2002

450 cfs, +50 cfs

July 1, 2002 400 cfs, +50 cfs
July 3, 2002 350 cfs, +50 cfs
July 8, 2002 300 cfs, +25 cfs
July 15, 2002 275 cfs, +25 cfs
July 29, 2002 250 cfs, 25 cfs

August 19, 2002

Flow at Lock & Dam #1 2 200 cfs, then 200 cfs, +25 cfs
Flow at Lock & Dam #1 < 200 cfs, then 250 cfs, +25 cfs

QOctober 22, 2002 600 cfs, £50 cfs (normal target)

Given that there are only three days during the 25-year period of record with flows less than 300 cfs, the
selection of 300 cfs as a threshold is considered a reasonable flow for evaluation of the impacts on water

supply.
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The sections below describe each modification to Lock and Dam No. | that COE is evaluating, including
estimated river stages following the modification. The estimated river stages demonstrate impacts on the
water supply intakes operated by the City and LCFWSA.

3.2 Alternative 1 — Removal of Lock and Dam No. 1

3.2.1 Description

In this alternative, the COE would remove Lock and Dam No. | entirely. This action requires the U.S.
Congress to de-authorize the project. COE has indicated that this alternative is possible, as Lock and Dam
No. | was authorized solely for commercial navigation. There is no commercial traffic on this portion of
the Cape Fear River, and COE indicates that due to the lack of traffic the navigation channel upstream from
Lock and Dam No. | has not been maintained since 1992.

3.2.2 Potential Impacts on Intake Capacity

Based on COE’s modeling, removal of Lock and Dam No. 1 would lower the backwater elevation behind
Lock and Dam No. 1 to 2.39 ft, msl at a river flow of 300 cfs. Figure 5 shows the schematics of the City’s
and LCFWSA’s intakes, which demonstrate the impact of this alternative. The HEC-RAS model output for
this alternative is shown in Attachment A. At a water surface elevation of 2.39 ft. msl, both the City’s and
LCFWSA'’s existing water supply intakes would no longer be operational. No storage would be available
under low flow conditions.

3.2.3 Potential Impacts on Water Quality

The other concern about complete dam removal is the potential for migration of the salt wedge upstream
during low flow conditions. If the salt wedge migrates up to the water supply intakes, it would render these
intakes non-operational for the City’s as well as LCEFWSA’s customers, as neither system is equipped with
treatment systems capable of removing chlorides, bromides, and Total Dissolved Solids.

COE has collected an extensive database of water quality data for the Cape Fear River in the reach between
Lock and Dam No. 1 and Wilmington. ARCADIS has reviewed the available water quality data collected
by the North Carolina Division of Water Quality and the U.S. Geological Survey (USGS). Most of the
water quality data was collected at sites two to nine miles downstream from Lock and Dam No. | and do
not provide much insight into the potential for salt migration.

ARCADIS also obtained water quality data from International Paper, which operates a water treatment
facility near Reigelwood, North Carolina. This facility is approximately nine miles downstream from Lock
and Dam No. 1. Water quality data figures collected during the 2002 drought were considered to be a
worst-case scenarto, since the 2002 drought was the most severe drought on record for eastern North
Carolina. Table 4 summarizes chloride concentrations in the drinking water produced by the International
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Paper facility. International Paper does not collect chloride data in the raw water; however, this facility
uses conventional surface water treatment with alum coagulation so that finished water data should closely
resemble raw water concentrations. The maximum concentration of chlorides was 72 mg/L during the peak
of the 2002 drought. The U.S. Environmental Protection Agency (USEPA) does not enforce a primary
standard for chlorides in drinking water. The USEPA does set National Secondary Drinking Water
Standards, which are non-enforceable guidelines, for chlorides of 250 mg/L.

TABLE 4. WATER QUALITY DATA FOR CAPE FEAR RIVER AT REIGELWOOD

Date Chliorides (mg/L)
Minimum Maximum Average
June 2002 46 56 52
July 2002 51 69 61
August 2002 51 71 60
September 2002 36 72 57
October 2002 28 51 41

- - - " " " — |
Source: International Paper, Reigelwood, North Carolina

Note: Chloride data reflected finished water concentrations from International Paper's
surface water treatment plant.

No bromide data was available for the International Paper facility or any other site near Lock and Dam No.
1. Bromides are not regulated by USEPA either. However, bromide is converted to bromate via ozonation.
The City’s Sweeney Water Treatment Plant uses ozonation for oxidation of raw water and for disinfection
of settled water. No other water plant in the area currently uses ozonation. Bromate is regulated by
USEPA with a maximum contaminant level of 0.01 mg/L.. Since no bromide data was available, bromide
concentrations at the International Paper facility were estimated based on the available chloride data. The }
composition of seawater is fairly consistent for a wide range of salinities, thus evaluating the ratio of |
chloride to bromide should provide a good approximation of bromide levels at the International Paper i
facility. In seawater, chloride concentrations would typically be 19,345 mg/kg and bromide levels would ‘ :
typically be 66 mg/kg. If chloride levels were 72 mg/L, then bromide levels would be approximately 0.25 F ‘
mg/L. Bromide levels of 0.25 mg/L. would likely result in bromate levels exceeding the USEPA primary }
standard of 0.01 mg.L, depending upon a wide range of factors. ‘

Reigelwood, it is not expected that removal of the dam would result in a significant increase in chloride
concentrations at the water supply intakes operated by the City and LCFWSA, located approximately 9

Given that chloride levels did not approach USEPA’s secondary standard under these conditions at I :
H
miles upstream. However, deepening of the harbor channel could affect the range of tidal influence in the |
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Cape Fear River, particularly under certain conditions, such as drought conditions coinciding with the
storm surge associated with a hurricane, While there is insufficient data to make a definitive determination,
removal of Lock and Dam No. 1 could result in increased bromide levels, which would have a negative
water quality impact on the City of Wilmington water treatment facilities.

3.3 Alternative 2 - Modification of Spillway Elevation to 2.0 ft. msl

3.3.1 Description

In this alternative, the COE would lower the spillway to 2.0 ft. msl. This modification allows for fish
passage under normal spring flows. COE has indicated in meetings that the benefit of this alternative, as
compared to Alternative 1, is that it would provide a small pool for water supply under low flow conditions.

3.3.2 Potential Impacts on Intake Capacity

Based on COE’s modeling, lowering of Lock and Dam No. | to an elevation of 2.0 ft msl would reduce the
backwater elevation to 2.54 ft. msl at 300 cfs. Schematics of the City’s and LCFWSA’s intakes and the
impact of this alternative are shown in Figure 5. The HEC-RAS model output for this alternative is shown
in Attachment B. With a water surface elevation of 2.54 ft msl, both the City’s and LCFWSA’s existing
water supply intakes would no longer be operational. The backwater elevation under Alternative 1 was
2.39 ft msl. By lowering the dam to 2.0 ft. msl, it increases the backwater elevation by only 2 inches as
compared to Alternative 1; therefore, practically no storage would be available under low flow conditions.

3.3.3 Potential Impacts on Water Quality

Similar to Alternative 1, the lowering the spillway to elevation 2.0 ft msl is not expected to result in
significantly higher chloride concentrations. However, bromide levels could increase which would have a
negative water quality impact for the City of Wilmington.

3.4  Alternative 3 — Modification of Spillway Elevation to 8.0 ft. msl

3.4.1 Description

In this alternative, the COE would lower the spillway to 8.0 ft. msl, which is the elevation of the original ['
dam, and could be achieved by removing the 3-foot cap installed in 1934. This modification would be i
completed in conjunction with construction of a bypass channel or a rock ramp (fish ladder). COE

indicates that the purpose of lowering the spillway to 8.0 ft msl in conjunction with one of the other

alternatives is to reduce construction costs.
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3.4.2 Potential Impacts on Intake Capacity

Based on COE’s modeling, lowering the spillway to 8.0 ft. msl would lower the water surface elevation to
8.49 ft. msl at a river flow of 300 cfs. Schematics of the City’s and LCFWSA’s intakes are shown in
Figure 5 which demonstrate the impact of this alternative. The HEC-RAS model output for this alternative
is shown in Attachment C.

A backwater elevation of 8.49 ft. msl results in approximately 2.5 ft. of submergence over LCFWSA’s
intake screens. Based on a pumping capacity of 45 MGD, the water level in the pump wet well would be
approximately 3.2 ft msl. This is below the minimum submergence required for the existing pumps.
Reducing the backwater elevation to 8.5 ft. msl under low flow conditions would reduce pump station
capacity to approximately 30 MGD.

The invert elevation of City of Wilmington’s intake is 4.06 ft. msl. With water surface elevation of 8.49 ft,
msl, there would be approximately 4.4 ft. of depth through the traveling screen. At the rated capacity of the
City’s pump station, the approach velocity would be approximately 1.31 ft./sec. In order to meet the
maximum approach velocity of 0.5 ft./sec required in North Carolina, the capacity of the City’s pump
station would be reduced to 5.7 MGD.

= Backwater Elevation at 300 cfs: 8.49 ft. msl
» Intake Invert Elevation: 4.06 ft. msl
=  Water depth through intake: 44 ft.

= Intake/traveling screen width: 4.0 ft.

»  Area: 17.6 sq.ft.
»  Approach Velocity at 15 MGD: 1.31 ft./sec.

»  Capacity at Maximum Permitted Approach Velocity: 5.7 MGD

Another issue to consider is suction lift with the City’s horizontal centrifugal pumps. The existing pumps
were not designed for suction lift. Accounting for headlosses through the traveling screen and suction
piping, the pumps would be required to lift approximately 4 to 6 ft. when the river is at 8.49 ft. msl. The
existing pumps may not be able to achieve this level of suction lift without cavitation.

With a backwater elevation of 8.5 ft msl, Lock and Dam No. 1 would provide approximately 660 million
gallons of storage under low flow conditions based on a minimum elevation of 7 ft. msl to maintain
operation of the LCFWSA intake screens. Based on the rated capacity of the City pump station of 15 MGD
and of LCFWSA’s pump station of 45 MGD; this would provide approximately 11 days of storage.
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3.4.3 Potential Impacts on Water Quality

This alternative is not expected to have an impact on water quality since the dam would remain in place.
3.5 Alternative 4 — Construction of Bypass Channel Around Dam

3.5.1 Description

In this alternative, a bypass constructed around the dam would divert approximately 10% of the spring flow
(5,000-6,000 cfs). The design diversion of 10% is the recommended flow for successful fish passage.
Actual flow diversion would range from 8 to 11%. A conceptual design has not been developed for a fish
bypass channel at Lock and Dam No. 1. However, COE has indicated that the fish bypass would be similar
to one planned for the New Savannah Bluff Lock and Dam located on the Savannah River approximately
13 miles downstream from the City of Augusta, Georgia. The low headwater design elevation at New
Savannah Bluff is 1.0 foot below the existing low headwater elevation.

3.5.2 Potential impacts on intake Capacity

If a fish bypass channel for Lock and Dam No. | were constructed similar in design and the headwater
elevation were reduced by one foot at low flows, then the headwater elevation at Lock and Dam No. |
would be 10.5 ft. msl. This would provide for 4.5 ft. of submergence over the LCFWSA intake screens,
which is sufficient to protect the screens from floating debris and boat traffic. Based on a pumping capacity
of 45 MGD, the water level in the pump wet well would be approximately 5.6 ft msl. This is
approximately one foot above the minimum submergence required for the existing pumps. Therefore, no
reduction in capacity is expected for the LCEWSA intake and pump station.

With a headwater elevation of approximately 10.5 ft. msl at low flows, there would be approximately 6.1 ft.
of depth through the traveling screen at the City’s intake. This would result in an approach velocity of 1.0
ft./sec, which exceeds the maximum velocity for new intakes. At the maximum permitted approach
velocity of 0.5 ft/sec, the intake capacity is reduced to 12.0 MGD.

= Assumed Backwater Elevation at 300 cfs; 10.49 ft. msl
» Intake Invert Elevation: 4.06 ft. msl
»  Water depth through intake: 6.1 ft.

* [Intake/traveling screen width: 4.0 ft.

* Area: 24.1 sq.ft.

»  Approach Velocity at 15 MGD: 1.0 ft./sec

s Capacity at Maximum Permitted Approach Velocity:  12.0 MGD
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Accounting for headlosses through the traveling screen and suction piping, the pumps would be required to
lift approximately 2 to 4 ft. when the river is at 10.5 ft. msl. The existing pumps may be able to operate
with higher suction lift. Field tests should be conducted to confirm if the existing pumps could operate
satisfactorily given the existing sump conditions. A priming system may be needed to ensure the pump is
primed, as the water level in the sump would be below the centerline of the pump impeller.

3.5.3 Potential Impacts on Water Quality

This alternative is not expected to have an impact on water quality, as the dam would remain in place.
3.6 Alternative 5 — Construction of Natural Fish Bypass

3.6.1 Description

In this alternative, a bypass would be constructed around the dam designed to divert approximately 10% of
the spring flow (5,000-6,000 cfs). In Alternative 4, the fish bypass channel would have a short run and be
located in the immediate vicinity around the dam. In this alternative, the fish bypass design would
resemble a natural stream. The fish bypass would simulate a meandering stream and would extend
approximately 1,500 ft. upstream from Lock and Dam No. 1. COE has contracted Zapata Engineering to
develop a conceptual design for the natural fish bypass. The plans call for a 60-ft. wide natural channel
with an invert elevation of 8.5 ft. msl. Based on modeling conducted by Zapata Engineering, the headwater
elevation at 338 cfs would be 12.5 ft. msl. The water surface elevation under low flow conditions at the
water supply intakes has not been determined for this alternative. The natural fishway would be designed
with a gate such that stop logs could be installed during low flow conditions, which would restrict flow
bypass and ensure flow over the dam. COE has not determined the minimum flow threshold that would
trigger installation of stop logs. Based on conversations with COE staff, the flow target would exceed 300
cfs. Assuming that flow over the dam does not drop below 300 cfs, the backwater elevation under low flow
conditions would be similar to existing (11.5 ft msl). However, this alternative requires additional
operation and maintenance by COE staff to monitor river flows and to install and maintain stop logs.

COE is concerned about fish migration during the springtime. COE has indicated that water supply would
take priority in the event of low flow conditions occurring simultaneously with the typical fish migration
season. The City and LCFWSA should secure a long-term commitment from COE regarding the terms and
conditions under which the fish bypass and stop logs would be operated if this alternative is selected by
COE.

3.6.2 Potential Impacts on Intake Capacity

~ Since COE has indicated that stop logs would be installed to restrict flow bypass under low flow
conditions, then the minimum backwater elevation would be approximately 11.5 ft. msl, identical to the

10
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existing conditions at Lock and Dam No. [; therefore, no impacts on intake capacity are expected based on
the operating conditions stated by the COE.

3.6.3 Potential Impacts on Water Quality

This alternative is not expected to have an impact on water quality, as the dam would remain in place.

3.7  Alternative 6 —~ Construction of Rock Ramp Cascade on Downstream Side of Dam

3.7.1 Description

In this alternative, rock would be placed on the downstream face of Lock and Dam No. I, creating a fish
ladder and taking the lock out of service, which would require the U.S. Congress to deauthorize the project.
The spillway would not require modification in this alternative; the headwater elevation at low flows would
be the same as the existing depth (11.5 ft.).

3.7.2 Potential Impacts on Iintake Capacity

As the headwater elevation at low flows would not change, there would be no change in intake capacity.

3.7.3 Potential Impacts on Water Quality

This alternative is not expected to have an tmpact on water quality, as the dam would remain in place.

11
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3.8 Summary of Potential Impacts

Potential impacts on the water supply intakes operated by the City and LCFWSA by the proposed
modifications to Lock and Dam No. | are summarized in Table 5.

TABLE 5. SUMMARY OF POTENTIAL IMPACTS

Alternative Water Impact on City’s Impact on Number of
Surface Intake Capacity LCFWSA'’s Intake | Days Storage
Elevation at Capacity in Backwater
Low Flow Pool
(ft msl)
Existing 11.49 15 MGD 45 MGD 33
Alternative 1 2.34 No longer operational 0
Remove Lock and Dam No. 1
Alternative 2 2.49 No longer operational 0
Lower Spillway to 2.0 ft msl
Alternative 3 8.49 Intake = 5.7 MGD | Reduce capacity to 11
Lower Spiliway to 8.0 ft msl Reduces suction ~20 MGD
head on pumps
Alternative 4 : 10.49 Intake =12 MGD Reduce capacity to 26
Fish Bypass Channel (assumed) Reduces suction ~30 MGD
(Spillway at 11.0 ft) head on pumps
Alternative 5 11.49 None 33
Natural Fish Bypass (assuming stop logs installed under low
(Spillway at 11.0 ft) flow conditions)
Alternative 6 11.49 None None 33
Rock Ramp
(Spillway at 11.0 ft)

12
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4. Mitigation of Impacts on Water Supply Intakes
41 General

Another objective of this evaluation is to assess options for mitigating impacts to the City’s and
LCFWSA'’s water supply intakes. For alternatives impacting intake capacity, conceptual designs were
developed to mitigate impacts of modifications to Lock and Dam No. 1. Opinions of probable construction
cost were developed based on a 30% contingency, 15% markup for engineering and technical services, and
an estimate for environmental review (SEPA) and permitting. Costs related to easement or property
acquisition, operation and maintenance, temporary bulk water purchases, or any costs related to modifying
Lock and Dam No. | were not included.

4.2 Alternatives 1 and 2

Both alternatives 1 and 2 would render the water supply intakes operated by the City and LCFWSA no
longer operational; both intakes would be dry. The backwater elevations for alternatives 1 and 2 are 2.39 ft
msl and 2.54 ft msl, respectively. There are no modifications that could allow the use of either the City’s or
LCFWSA’s existing pump stations at these water surface elevations. The only option would be to abandon
the existing intakes and pump stations and construct new facilities designed based on the new low water
level. Based on the bathymetric survey conducted by the COE, water depths at a water level of
approximately 2.4 ft. would be limited. On the western side of the Cape Fear River, water depths would be
zero to two ft. This depth is too shallow to use wedgewire tee screens to provide the required intake
capacity. Deeper water (up to 4.5 ft.) would be available on the eastern bank of the river although access to
this deeper water would be problematic. Dredging of the river bottom to increase water depth is technicalty
feasible, but would present a significant permitting challenge. If the dam is removed, then this area may be
considered tidally influenced. Obtaining a dredging permit in a tidal area would be challenging. Therefore,
a feasible alternative to provide the required intake capacity (up to 60 MGD initially and up to 105 MGD in
the future) at a water depth of only 2 ft. may not exist.

4.3 Alternative 3

In this alternative, Lock and Dam No. | would not continue to operate; therefore, there would be no
comercial traffic, only recreational traffic. Under low flow conditions, the top of the intake screens would
be 2.5 ft. below the water level. Given proper signage and buoys, this is sufficient submergence to protect
from damage from floating debris and boat traffic.

However, the capacity of the LCFWSA intake and pump station would be reduced to approximately 20
MGD in order to maintain wet well levels above the minimum pump submergence (4.5 ft msl). Headlosses
through the existing intake screens and pipeline are high, which is likely due to excessive siltation in the
intake pipeline. LCFWSA cannot take this pipeline out of service for maintenance. LCFWSA is currently
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planning to construct a 60-inch pipeline and three 27.5-MGD intake screens for a future capacity of 100
MGD. The second intake pipeline will allow LCFWSA to take the existing line out of service for cleaning.
It is recommended that the hydraulic design of future improvements account for siltation in the intake line.
Siltation is unavoidable due to the high turbidities in the Cape Fear River and the intake pipeline design,
which may tend to trap sediments in the portion of the line beneath the river.

To alleviate the limitation on pump capacity resulting from a water level lowered to 8.5 ft msl, a new raw
water intake pipeline and additional intake screens would be required. To reduce headlosses to maintain
wet well levels above the minimum pump submergence, an additional 66-inch pipeline and intake screens
would be required. Refer to Figure 6 for a schematic of the proposed modifications. The estimated
construction cost for these improvements is $3.63 million.

The City’s intake capacity would be reduced significantly. To meet the maximum permitted approach
velocity for water supply intakes, the traveling screen should be removed and replaced with two wedgewire
intake screens (15 MGD each). The intake screens should be located in the main river channel to ensure
sufficient flow for cleaning. Mounting intake screens in the existing intake channel would not allow for
sufficient cleaning since there is no flow to carry dirt and debris removed following air burst cleaning.
Therefore, a new 42-inch intake pipe should be installed along the bank of the existing channel into the
main river channel where water depth is approximately 10 ft at low water level.

The existing raw water pumps may not be capable of the additional suction lift associated with a 3-foot
drop in water level and additional headlosses related to the intake screens and intake pipeline. Under these
conditions, the existing pumps would be required to have a suction lift of approximately 5 to 6 feet.
Satisfactory operation of the pumps is a function of the intake and sump conditions and difficult to
determine without conducting field tests. For purposes of this evaluation, it was assumed that new pumps
designed for the new suction conditions would be installed along with a priming system to ensure vacuum
lift, as shown in Figure 6. The estimated construction cost for these improvements is $2.99 million.

4.4 Alternative 4

In this alternative, the intake screens would be 4.5 ft below the water level under low flow conditions.
Given proper signage and buoys, this is sufficient submergence to protect from damage from floating
debris and boat traffic. However, the capacity of the LCFWSA intake and pump station would be reduced
to approximately 20 MGD in order to maintain wet well levels above the minimum pump submergence
(4.5 ft msl). To alleviate the limitation on pump capacity, a new raw water intake pipeline and additional
intake screens would be required in addition to the 60-inch pipeline and three 27.5-MGD intake screens
currently planned for a future capacity of 100 MGD. To reduce headlosses to maintain wet well levels
above the minimum pump submergence, an additional 36-inch pipeline and intake screens would be
required. Refer to Figure 6 for a schematic of the proposed modifications. The estimated construction cost
for these improvements is $2.64 million.
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The City’s intake capacity would be reduced significantly. To meet the maximum permitted approach
velocity for water supply intakes, the traveling screen should be removed and replaced with two wedgewire
intake screens (15 MGD each) similar to the improvements shown for Alternative 3. Refer to Figure 6 for
a schematic of the proposed modifications.

The existing raw water pumps may be capable of the additional suction lift associated with a one-foot drop
in water level and additional headlosses related to the intake screens and intake pipeline. Under these
conditions, the existing pumps would be required to have a suction lift of approximately two to three feet.
Field tests conducted would confirm if the existing pumps operate under the new suction conditions. For
purposes of this evaluation, it is assumed the existing pumps operate satisfactorily with an installed priming
system to ensure vacuum lift. The estimated construction cost for these improvements is $2.47 million.
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Table 6 summarizes the proposed improvements to mitigate impacts associated with modifications to Lock
and Dam No. 1. No cost estimates were developed for Alternatives 1 and 2 since no feasible modifications

are available at this site.

TABLE 6. SUMMARY OF CONCEPTUAL COST OPINIONS FOR MITIGATING IMPACTS

Alternative Proposed Improvement Conceptual
Cost Opinion
(in millions)
Alternative 1 No modifications feasible at this site No cost estimates
Remove Lock and Dam No. 1 developed
Alternative 2 No modifications feasible at this site No cost estimates
Lower Spillway to 2.0 ft ms| developed
Alternative 3 » LCFWSA: 66-inch intake pipeline and 3 new $3.63
Lower Spillway to 8.0 ft msi screens
= City: Replace traveling screen with 2 $2.99
wedgewire screens and 42-inch intake pipe.
Replace existing pumps and install priming Total = $6.62
system.
Alternative 4 LCFWSA: 36-inch intake pipeline and 3 new $2.64
Fish Bypass Channel screens
City: Replace traveling screen with 2 $2.47
wedgewire screens and 42-inch intake pipe.
Install priming system on existing pumps. Total = $5.11
Alternative 5 No proposed modifications N/A
Natural Fish Bypass (assumes stop logs installed under low flow
(Spillway at 11.0 ft) conditions)
Alternative 6 No proposed maodifications N/A
Rock Ramp on downstream
side of dam (Spillway at 11.0 ft)
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Summary and Recommendations

The water supply intakes operated by the City of Wilmington and the Lower Cape Fear Water and Sewer
Authority are both located in the upstream pool created by Lock and Dam No. 1. The increased depth in the
river is critical for the reliable operation of the intakes for the following reasons:

The increased water depth is required to maintain submergence of intake structures under low flow
or drought conditions.

The barrier in the river provides protection against adverse water quality impacts that may be
associated with tidal waters and upstream migration of salt wedge.

Much of southeastern North Carolina has benefited from this reliable water supply for over 65 years. Both
the City’s and LCFWSA’s water supply facilities were designed based on the current spillway elevation of
Lock and Dam No. 1. The findings and conclusions of this report are summarized below:

Any modification to the height of the spillway at Lock and Dam No. 1 will have a significant
impact on the water supply infrastructure operated by the City and the LCFWSA.

Complete removal of Lock and Dam No. 1 would render both the City’s and LCFWSA’s
water intake and pumping facilities non-operational. Furthermore, the resulting water
depth in the river would make it very difficult to construct and operate a reliable water
supply intake.

Lowering the water level at the water supply intakes will reduce both the City’s and the
LCFWSA’s raw water intake and pumping capacity.

Lowering the water level at the water supply intakes will also reduce the raw water storage
in the river from 33 days to approximately 26 days for a 1-foot drop in water level and to 11
days for a 3-foot drop in water level at current capacities.

For either an adjacent diversion channel (Alternative 4) or a natural fishway (Alternative 5),
maintaining the current water level (11.5° MSL) during low flows will require the use of stop
logs and continuous monitoring and operation during low flows. The added requirement to
monitor and operate the bypass channel during low flows would reduce the overall reliability
of the intake and pumping facilities.

We recommend that the COE select the rock ramp on the downstream face of the dam with
no modification to the height of the dam (Alternative 6). This alternative is the only
alternative that will not impact the reliability of the water supply for the City’s and
LCFWSA’s customers.

17



R

) T

-

i

i e e

1
1

I
—

FINAL REPORT

Water Supply Intakes
Evaluation for the City of
Wilmington and LCFWSA

6. References

Weaver, Curtis; and B. Pope. “Low-Flow Characteristics and Discharge Profiles for Selected Streams in
the Cape Fear River Basin, North Carolina, Through 1998.” USGS Water-Resources Investigation
Report 01-4094. 2001.

Weaver, Curtis. “The Drought of 1998-2002 in North Carolina — Precipitation and Hydrologic
Conditions.” Scientific Investigations Report 2005-5053.

18



. Byloyer

ayoull

Current _Plotsyle
Layout Teb:

+ G:\WWNA 708027 Wim~LCFWSA_inloke\WWM\LCFWSANFIGURE 1-Waler Supply Fociitits.dwg

: Tue, 09 Jon 2007 - 8:560m

Dale\Time
Path\Neme

LEGEND
CITY OF WILMINGTON KINGS BLUFF PUMP STATION
LOWER CAPE FEAR WSA PUMP STATION
48" AND 30" RAW WATER TRANSMISSION MAINS
2-24" RAW WATER TRANSMISSION MAINS (CITY)
48" RAW WATER TRANSMISSION MAIN (LCFWSA)
48" RAW WATER TRANSMISSION MAIN (CITY)
SWEENEY WIP

O

N RGN

: ckimbrell

Acad Version : R16.0s {LNS Tech)
) 2007 ARCADIS G&M, ING

User Hame

SHEET TE

E ARCADIS| CrY oF WLMNGTON AND THE LOWER “AW WATER PUMPING AND

GTON 3 J| oo o WATER SUPPLY INTAKE EVALUATION AREA MAP FIGURE 1

NORTH CAROLINA i T e St 300
(919) 8541282 FAX (919) BS4-5H48

_ S, NS S

REV. ISSUED DATE DESCRIPTION




il o P 1

44
4

I
g~

P

syle : Bylayer
(yuyuully ’

vrrent Plot
Layoul Tab:

~
8

: Tue, 09 Jon 2007 - X:0dpm
1 GI\WWM\706027_Wilm-LCFWSA_Intoke \WWM\LCFWSA\FIGURE 2 Geaeral Plon dug

Date\Time
Palh\Neme

R16.0s {LMS Tech)
: ckimbrell

(©) 2007 ARCADIS G&M, INC

Acod Version
User Home

13 - . — S —a 1P A
/// e AN
\ P e T A N
N - THGTNG PUMPH G AVE . N
0AD 10 _EXISTING AR YALYL @
. ACEss K - N AN
— .
Il\ h
CITY OF WILMINGTON //
PUNPING STATION //
PROPERTY LINE PUMPING STATION PROPERTY
EXISTING WATER LINE <z
AN
~
.
A\A\N //
4
N
H //
N LN /
~ A/ //
N\ AN
N //
) »o,.w» 48" # RW. INTAKE PIPE //
& D AN
‘s«& // P
LA >
¢ G ~
PR -
R4 2 ~
k%2 .
e _ \
/ T
- \
N X
/ h -
—— INTAKE CANAL
PR ° — INTAKE
e SCREENS
~ 7 ° - =
- - - - /\ ’ o ° h\\\
- > R Py .
s NG ™ = -
—~ ~7y P ﬂt..m\ 7
- e 3 / _ .
< - 22T - -
\ - =% -
\ P = ==\ / » 7
< =z Ve e
e N\ -
== \ -~
V% it
AN —~
\ \ 2 -7
AR T
// \ “0 B —~
\ // - p -
// \ B -
/ // . \
\@\
- \ .
\
SHEET TNLE
B >xh>c—m SITE PLAN

REV.

ISSULD DATE  DESCRIPTION

ARCADXS G&M OF North Corofing, lnc.
801 Corporate Cenler Drive, Suite 300
Roleigh, NC 27607

(919) B54-1282 FAX {919) B54-5448

CAPE FEAR WATER AND SEWER AUTHORITY
WATER SUPPLY INTAKE EVALUATION

FIGURE 2




———

gie : Byloyer
ayout!

Current Plots

Wim-LCFWSA_Intoke\WWN\LCFWSA\FIGURE 3 Intake ond Pump Station Schemofiaytnd Tob:

Date\Time : Tue, 09 Jon 2007 - 10:34am
\Name : G:\IWWN\706027

Polh

Acod Version : R16.0s (LMS Tech}

User Nome : chimbreft

©) 2007 ARCADIS GAM, INC!

N TV LOW WATER LEVEL 11.5' [

R N IOy (N (R SN SN (N S U —— I
2400 3400 4400 5+00 6+00 7400 8+00

G+00 1400

_
_
I._
_
|
_
_
— -0
_
il

LOWER CAPE FEAR WSA RAW WATER INTAKE AND PUMP_STATION

B PG STATON ;qs
_ |
w0 |- -
n _
|
sﬂl BEV. 260~ LA_J ng, 252 |_s
| 1o r X )
o SR e e
_ xﬂ H — ///l lllll BSTLORNE_ - A. mm
_o_l I ] ¥ Lo WTR VL 115 \|ws
" J H || B s B 356~ // \ _
I /
oT = /!l’/'l\!\l(i’l!\.\\\ |._u
| P |
N S (N O S Gy RS S QU o
0+00 1400 2400 3400 400 5+00 5+00 B+00
NOTES:

)

HORIZONTAL SCALE 1S APPROXIMATE

NORTH CAROLINA

REV. ISSUED DATE DESCRIPTION

SHEET TME

CITY OF WILMINGTON AND THE LOWER
CAPE FEAR WATER AND SEWER AUTHORMY
WATER SUPPLY INTAKE EVALUATION

| #@ ARCADIS

ARCADIS GAM OF North Carodng, Inc-
BO) Corporuts Center Drive, Suite 300
Roieigh, NC 27607

(919) BSA-1282 FAX (919) 854-5448

EXISTING RAW WATER INTAKE AND
PUMPING FACILITIES

FIGURE 3




ELEVATIIONS ARE IN FEET MEAN
SEA LEVEL (NAVD '29 DATA)

T
S
u
g
1
o
=3
=
-

"L CITY OF WILMINGTON ——
RAW WATER INTAKE CANAL

(LS Tech)

CAPE FEAR WATER AND SEWER AUTHORITY | /i, FoAR FVER BOTTOM
s ot WATER SUPPLY INTAKE EVALUATION FLEVNTIONS = 100k & o #1 | FIGURE 4

801 Corporate Center Drive, Suite 300
Raleigh, NC 27607
(919) 854-1262 FAX (919) B54-5448

SHEET TMLE

{©) 2007 ARCADIS G&M, INC




09 Jan 2007 ~ 12:33pm Current Flolsyle ayer
Poth\Noms ! C:\WN\')UEDU_WM-LCF{VSA_MM\(Q\W\LCFW\HGURE 5 intoke and Pump Stotion Schlmu“]khﬂhﬂ&ﬂ)ﬁ% 4

Dole\Tima * Tue,

Acad VYersion ¢ R18.08 (LNS Tech)

User Hame ¢ ciimbreil

—————————— e wse ——— T T T T T T T B @l/ / LOW WATER LEVEL 1157

—

i |__e

/ A15§§5Pau o W L 845"
G HEY. 67
RW. NIAXE SCREINS
e e — — e e e i-lx\(lll\uivplly §!§_.3Lk
\ 239 LW WATER LEVEL a0

— T e —

LOWER CAPE FEAR WSA RAW WATER INTAKE AND PUMP STATION

PUMPING STATION )"
|
o |- ~ w
_
s“! REV. 260" -\IPE.NL l.z
_ } av e | | _ mw
. = H izt ™ — 000, I_BMM
AEY. 15.2 // NW
“ o i 1 l/ N — — — e —— = - / @,/ LOW WATER LEVEL 115 \” mm
10 — § ELEV. 890 - - ] [f\@guﬁ — 1
| -2 iy LOW WATER LEVEL B.49" _
| c [J Bev o~ E,:uq/ AN E.!ﬁgpz@\r/ \ _
l o0 WATER LEMEL 28" \\w o
= ) Tmwmear
_ ,
|._o_v( lllllllllllllllll F‘\l{\)'&ill]II—\l:ll.\lll,ul_+8Il|\l]l—|ll|l|Lllil|¢llﬂ_+B\ll‘l!té}'}ll—l{!\bll—'[lll—lL|_c

g

; i
Y BT SRR AR

2007 ARCADIS G&M, INC

)

CITY OF WILMINGTON AND THE LOWER
CAPE FEAR WATER AND SEWER AUTHORITY
WATER SUPPLY INTAKE EVALUATION

ARCADIS G&M OF North Carofing, inc.
80] Corporste Center Drive, Sulta 300
Raleigh, NC 27607

DOV WCCIM MaTC  ACSroTA

(919) 8541282 FAX (919) 8545443

R

SHEET TMLE

MODIFIED RAW WATER INTAKE AND
PUMPING FACILIMES

FIGURE 5

R Bt PR




oyout

Current Plalsgle : l‘iyloyer

Loyout Tob:

2:09m
Wilm-LCFWSA_intake\WWM\LCFWSA\FIGURE 6 SCEMARIOS 34&4.dwg

Dote\Time : Tue, 09 Jon 2007 ~
Path\Name : G:\WWM\706027

)
Acad Version : R16.03 (LMS Tech)

User Name : ckimbrell

R “
2ND 60” INTAKE PIPE TO REDUCE l_s 53 m
HEADLOSS (SCENARIO uv lllll . _ mm ”
> ot e —em e \ 7 3
—fw0 4
|
*
LOWER CAPE FEAR WSA RAW WATER INTAKE AND PUMP STATION
—
il BLEAT 17
_ ]
w0 — %
”l REMOYE TRAVELING SCREEN _
_ by
) _1 fEV. 260 H." " ) \m@ %7 _ m
H . =) | =
B_T m# 1emh<.ﬁ._ " //// Lsmm
| ! REV. 152—_ e
| 1% I I N i - ma%g ok
10 — . 2 v (me / LOW WATER LEVEL 85 /S — 10 -
| Eﬁ! G, = m : N /]
C v a7 s _
. __l REPLACE PUMPS WITH New e 4 o
PUMPS DESIGNED FOR NEW -
~ SUCTION CONDITIONS WITH ﬂ
| TRMnossmMewRod I R i I
@mu%gz. SCALE IS APPROXIMATE
m CITY OF WILMINGTON AND THE LOWER
g fm ARCADIS CAPE FEAR WATER AND SEWER AUTHORTY | SGreept Desion For P |FIGURE 6
m ﬁsﬂﬁmnﬁmﬁﬁ WATER SUPPLY INTAKE EVALUATION STATION & INTAKE IMPROVEMENTS
8 (919) B54-1282 FAX (§19) BS4-5448
© REV. ISSUED DATE DESCRIPTION




Attachment A: Removal of Lock & Dam No. 1
WilHbrGRR-LDs Plan; LowFlownolD's 6/26/2006

10 o - Legend
Lal it location e
WS 300 cts
e
Ground
i
5
1]
[
€ o . . .
m ———
m }(]lfl)‘('l"{
i T ]
10t
45 : City of Wilnungten | 1 LCFWASA u
i
201
1
r v v " r v v v v r Yo . r -
345000 350000 355000 360000
Main Channel Distance (it}

1 S T St Y IS B B mM . (s R S R i N

i [ K ) 4 L | r - . o wa




| | =™ ' | | 1 (| [ S | I -

Attachment B: Spillway lowered to 2.0’ MSL
WIilHBIGRR-LDs _ Plan: minElev1283 _11/14/2006

) Legend
1
||| ws 300
| el
51 ; Ground
; :
i
1 i
0
|
51 ; : : ;
- .“
& ; _,
= — ]
2
W ,_
IPY R o o - o o ‘ o
1
i
45
I
4
i
City uf Wilmtng FD: LCFWASA
, _
, r—
) . ! =TT
346000 348000 . 350000 352000 354000 355000 ’ 358000 350000 382000
Main Channel Distance (fi)
1 (S | — e S s




	Untitled



