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INTRODUCTION
The Danville Water Treatment Plant (WTP) currently produces potable water to a service
population of approximately 50,000 people in the City of Danville, Virginia and surrounding
areas. Originally constructed in 1905, the plant has undergone major upgrades and
improvements in 1949, 1968, and 1991 and 2004, and currently operates a conventional
treatment facility with alum coagulation, rapid mixing, flocculation, sedimentation, filtration,
and disinfection. The most recent major upgrades were in 2004, which included replacement of
the filtration system underdrains and media. Attachment A includes a site plan for the existing
water plant facilities.
The City is currently permitted by the Virginia Department of Health, Office of Drinking
Water (VDH-ODW) to withdraw up to 18 mgd from the Dan River. The current daily demand
varies from about 3.1 to 9.8 mgd, and averages around 5.4 mgd. Although the facility is manned
20 hours a day, the plant typically is not in operation the entire time. Recently, plant operations
has averaged around 13.8 hrs/day but has been as low as 7.5 hrs and as high as 24 hrs. When
accounting for intermittent operations, the calculated instantaneous flow rates through the plant
have averaged around 9.4 mgd with minimum of 7.5 mgd and maximum of 12.7 mgd. The
distribution system has an approximate 2-day storage capacity, which is large enough to allow
the plant to operate at constant daily flow. The plant operating hours are primarily driven by
maintaining storage tank volumes (i.e., water levels) in the finished water storage tanks and
distribution system storage tank.
The raw water intake is located in the Dan River, upstream of the Schoolfield Dam
approximately 1/4 mile away from the treatment facility. Raw water is drawn into the intake,
flows by gravity to the treatment plant, and conveyed to the rapid mix chamber by raw water
pumps. After the rapid mix, the raw water is split between the north and south portions of the
treatment plant, flowing to separate flocculation, sedimentation, and filtration (dual media)
processes. The filter effluents combine in a clearwell that is part of the high-service pumping
station and the finished water is then transferred to the 4-MG and 8-MG storage tanks located
uphill at Ballou Park. From there, the water is sent into the distribution system, which includes
nine booster stations and nine other finished water storage structures. The booster stations and
storage tanks are monitored and controlled by operators through a SCADA system located at the
plant.
Due to their age and condition, replacement of the filtration system valves and the
associated hydraulic (water) actuators is long overdue; however, structural repairs and
rehabilitation and mechanical/HVAC improvements are needed before the valve replacement
work is performed to ensure long-term plant reliability and improve operations and maintenance.
Also, during the 2016 plant audit performed by Cornwell, one of the raw water isolation valves
was not operational and it was believed that the operating nut and/or shaft was broken. The plant
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staff believes the isolation valve is stuck in the full or near-full open position. To this point, the
plant has been fortunate as the broken valve had little to no impact on plant operations. However,
looking forward, the plant staff would need this valve to be operational should there be a need to
perform maintenance on the raw water influent line or the raw water pumps. This valve is
proposed to be replaced as part of the filter valves replacement project.
EXISTING CONDITIONS
Filtration System Valves and Piping
The south filters were originally constructed in 1924 with four filter units, each with two
cells. The eight cells are collectively referred to as either the south filters or the No. 1 side
filters, and the cells are individually labeled filters 1 through 8. Each south filter cell is
approximately 16 ft by 13.5 ft, with a surface area of approximately 216 ft2. Each filter cell is
equipped with a rotary surface wash unit. All south filter valves are hydraulically actuated.
With the exception of the actuator for the filter influent valve (F.B. Leopold, Zelienople, PA;
located on the upper level), all valves and actuators (Dezurik Valve, Sartell, MN) are located in
the pipe gallery. The existing filtration system valves for the South Filter Basins are summarized
below in Table 1.
Table 1
Existing Valves for the South Filter Basins
Description
Quantity
Type
Size/Dia (in.) Actuator/Type
Filter-to-Waste 4
Butterfly, FL 8
Yes, Hydraulic
(water)
BW Iso
4
Butterfly, FL 10
Yes, Hydraulic
(water)
Filter Effluent 8
Butterfly, FL 16
Yes, Hydraulic
(water)
BW Supply
4
Butterfly, FL 12
Yes, Hydraulic
(water)
Filter Drain
4
Butterfly, FL 14
Yes, Hydraulic
(water)
Filter Influent
2
Butterfly, FL 16
Yes, Hydraulic
(water)
Filter Influent
2
Butterfly, FL 20
Yes, Hydraulic
(water)

Remarks
1 valve for 2
filter basins
1 valve for 2
filter basins

1 valve for
filter basins
1 valve for
filter basins
1 valve for
filter basins
1 valve for
filter basins

2
2
2
2

In the filter pipe gallery, there is a venturi flow tube on the filter effluent piping of each
filter bank (two filter cells), and each flow tube has a pressure sensor that converts the pressure
differential to a corresponding flow rate (four total). An ultrasonic level sensor is mounted
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above the water surface in each filter cell allows the plant staff to monitor loss-of-head for that
filter. These instruments are still in good working order.
As mentioned above, the underdrains and media were replaced as part of the 2004 plant
improvements along with the stainless steel troughs and the installation of an air scour system,
which are in satisfactory condition although the media is reaching its expected useful life and
should be scheduled for replacement in the near future. There was also work done at that time to
mitigate cracks and leaks by applying a NSF-approved coating on the interior and exterior
concrete as well as exhausting the air from the pipe gallery area.
The environmental conditions in the south filter pipe gallery have caused visible
deterioration to the exterior piping surfaces of the filter influent and effluent piping as well as the
backwash water supply piping. The conditions in this area make the application protective
coatings ineffective. The associated hardware and fasteners also have visible rust and
deterioration. The interior of the piping from the south filter pipe gallery area has not been
inspected, but with most of the piping in this area being ferrous (cast iron or ductile iron) and
approaching 100 years in service, the interior of this piping is likely to be in poor condition.
The north filters were originally built in 1946, 22 years after the south filters. Like the
south filters they also consist of four filter units, each with two cells. The eight cells are
collectively referred to as either the north filters or the No. 2 side filters, and each cell is
individually labeled filters 9 through 16. Each filter cell is approximately 14 ft. by 13 ft., with a
surface area of approximately 182 ft2. Like the south filters, each filter is equipped with a rotary
surface wash unit. With the exception of the electric motor-actuated 14 in. plug-type angle
valves (4 total), all of the north filter valves are hydraulically (water) actuated and are located in
the north filter pipe gallery. The filter flow rates for the north filters are controlled by an effluent
orifice plate with one orifice plate controlling two filter cells. The existing filtration system
valves for the North Filter Basins are summarized below in Table 2.

Description
Filter-toWaste
BW Iso
Filter Effluent
BW Supply

Table 2
Existing Valves for the North Filter Basins
Quantity
Type
Size/Dia (in.) Actuator/Type
4
Butterfly, FL 8
Yes, Hydraulic
(water)
4
Butterfly, FL 10
Yes, Hydraulic
(water)
8
Butterfly, FL 12
Yes, Hydraulic
(water)
4
Butterfly, FL 12
Yes, Hydraulic
(water)

3

Remarks
1 valve for 2
filter basins
1 valve for 2
filter basins

1 valve for 2
filter basins

Filter Drain

0

Plug, FL

14

Filter Influent

4

Butterfly, FL

14

Yes, EMA

4 existing
valves/actuators
to remain, no
plans to repair
or replace as
part of this
project
Yes, Hydraulic 1 valve for 2
(water)
filter basins

Similar to the south filters, there is a venturi flow tube on the filter effluent piping of each
filter bank (two filter cells) in the filter pipe gallery, and each flow tube has a pressure sensor
that converts the pressure differential to a corresponding flow rate (four total). An ultrasonic
level sensor is mounted above the water surface in each filter cell allows the plant staff to
monitor loss-of-head for that filter. These instruments are still in good working order.
As mentioned earlier, the underdrains and media were replaced as part of the 2004 plant
improvements along with the rehabilitation of the (4) 14 in. angle drain valves and the
installation of an air scour system, which are in satisfactory condition.
Raw Water Isolation System Valve
During the 2016 plant audit performed by Cornwell, one of the raw water isolation valves
(24 in., flanged, butterfly, 2 in. square operating nut) was noted to be not operational and it was
believed that the operating nut and/or shaft was broken. The plant staff believes the isolation
valve is stuck in the full or near-full open position. To this point, the plant has been fortunate as
the broken valve had little to no impact on plant operations. However, looking forward, the plant
staff would need this valve to be operation should there be a need to perform maintenance on the
raw water influent line or associated with the raw water pumps. Replacement in-kind, with some
piping appurtenances, is recommended at the earliest opportunity and should be considered as
part of this project. Refer to the sketches in Attachment B for additional clarification of this
work.
Structural Conditions – South Filter Pipe Gallery
From a site assessment done by Cornwell’s structural engineering representative in
February 2018, the concrete surfaces observed in the south filter pipe gallery appear to be in
satisfactory condition, and the protective coating applied in the pipe gallery during the 2004
improvements project appears to be holding up well. Water appeared to be flowing, leaking, or
seeping from existing piping or valve connections or discharging from associated
instrumentation. The issues will be resolved by the installation of new valves; however, if
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outside of the area of new valve installations, then these items will be corrected by the plant staff
along with fasteners and hardware that are in need of replacement. The condensation on the
piping in this area appears to be as a result of the environmental conditions and not anything
associated with structural issues. The work in the 2004 plant improvements project and in
subsequent years to rehabilitate leaks and cracks in the structures appears to have lessened the
structural impact on the environmental conditions in the south filter pipe gallery; however, due to
the age of the facility structures and potential settling issues in other areas of the facility, the
plant staff and consultants will continue to observe the structural conditions in the south filter
pipe gallery and will address at the earliest opportunity to resolve any issues.
Environmental Conditions – South Filter Pipe Gallery
The piping, valves, and appurtenances in the south filter pipe gallery are uninsulated.
From a mechanical/HVAC perspective, the piping and walls in the south filter pipe gallery
periodically experience condensation issues primarily due to those surfaces being at or above the
point temperature. Currently, there is a supply fan blowing air, with make-up air from the
outside, and an exhaust fan installed to force air through the south filter pipe gallery (approx. 52
ft long, 8 ft wide, and 8 ft high). The exhaust has the capability to be discharged to the ceiling
space of the filter bank areas above or to the outside through ductwork at the opposite end (from
the blower). It is highly recommended that mechanical/HVAC methods for keeping the filter
piping temperature below the dew point temperature be installed before or in conjunction with
and the filter valves replacement work.

PROPOSED WORK
Filter Valves
Due to the age and condition of the existing filter valves, Cornwell recommends
replacement of all valves in kind with electric motor actuators (except the drain valves on the
north side). This work is to also include work necessary to improve the environmental
conditions in the south filter pipe gallery as well as the replacement of the inoperable raw water
isolation valve.
All existing filter valves planned for replacement are flanged butterfly type in compliance
with AWWA standards. New filter valves will be replaced in-kind and oriented so that the
associated electric actuator can be easily installed and accessed by plant staff. Refer to Tables 3
and 4 below for the valves to be replaced in the South Filter Basins and North Filter Basins,
respectively.
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Table 3
New Filtration System Valves for the South Filter Basins
Description
Quantity
Filter-to-Waste 4

Type
Butterfly, FL

Size/Dia (in.)
8

Actuator/Type
Yes, EMA

BW Iso

4

Butterfly, FL

10

Yes, EMA

Filter Effluent
BW Supply

8
4

Butterfly, FL
Butterfly, FL

16
12

Yes, EMA
Yes, EMA

Filter Drain

4

Butterfly, FL

14

Yes, EMA

Filter Influent

2

Butterfly, FL

16

Yes, EMA

Filter Influent

2

Butterfly, FL

20

Yes, EMA

Remarks
1 valve for 2
filter basins
1 valve for 2
filter basins
1 valve for
filter basins
1 valve for
filter basins
1 valve for
filter basins
1 valve for
filter basins

2
2
2
2

Table 4
New Filtration System Valves for the North Filter Basins
Description
Filter-toWaste
BW Iso

Quantity
4

Type
Butterfly, FL

Size/Dia (in.) Actuator/Type
8
Yes, EMA

4

Butterfly, FL

10

Yes, EMA

Filter Effluent
BW Supply

8
4

Butterfly, FL
Butterfly, FL

12
12

Yes, EMA
Yes, EMA

Filter Influent

4

Butterfly, FL

14

Yes, EMA

Remarks
1 valve for 2
filter basins
1 valve for 2
filter basins
1 valve for 2
filter basins
1 valve for 2
filter basins

For the purposes of preparing the contract documents, particularly the technical
specifications and drawings, DeZurik valves and Auma actuators will be used for the basis of
design. The contract documents will be prepared by Cornwell to allow for competitive bids from
qualified vendors/manufacturers for valves and actuators, and will have prospective bidders write
the manufacturer names for which their basis of cost is in their respective bid package. The
contract documents will also be prepared to ensure the valves and actuators to be furnished and
installed are compatible with one another as well as with associated plant monitoring and control
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systems. Also, working with plant staff, Cornwell will develop a sequence of work to allow for
only one filter bank (two filters/filter cells) to be out of service at any given time
Piping Replacement – South Filter Pipe Gallery
Due to the visible condition of the filter piping in the south filter pipe gallery and likely
poor condition of the piping interior, portions of the filter influent and effluent piping as well as
the backwash water supply piping will replaced with the valve replacement work. With the
improved environmental conditions in this area, materials and coatings will be selected for long
lasting service. As mentioned above, the installation of new valves and piping will go a long
ways toward resolving the water issues in the pipe gallery, and the plant staff will address the
water issues and hardware replacement for connections beyond the limits of this project.
Raw Water Isolation Valve
Cornwell recommends a replacement in-kind for the inoperable raw water isolation valve
(roughly between Raw Water Pump Nos. 2 and 3). For the purposes of preparing the contract
documents, particularly the technical specifications and drawings, a DeZurik valve will be used
for the basis of design. The contract documents will be prepared by Cornwell to allow for
competitive bids from qualified vendors/manufacturers, and will have prospective bidders write
the manufacturer name for which their basis of cost is in their respective bid package. Cornwell
will develop a sequence of work for the prospective contractor to perform the work during a
period of time when the plant is not in operation and for the least amount of time possible in
order to have minimal impact on plant operations and flexibility.
Mechanical/HVAC
A desiccant dehumidification system will be installed to replace the existing blower and
exhaust fan systems for the south filter pipe gallery area. The west end is enclosed with a wall
and entry door (from the raw water pump room); the east end is mostly open with process piping
(pipe gallery cannot be easily accessed here). A partition wall will be installed at the east end to
enclose this area as much as possible. The intent is to isolate the south filter pipe gallery area as
much as possible to maximize the effectiveness and efficiency of the desiccant dehumidification
system. The system will have natural gas and electrical connections, which will be factored in to
the existing loads for the facility. The existing exhaust fan will be repurposed and relocated, and
some of the existing ductwork will remain, but reconfigured for the new dehumidification
system. A temperature sensor will be allocated in a representative portion of the filter gallery
piping to control the dehumidification system. See Figure 1 below for a proposed desiccant
dehumidification system layout for the south filter pipe gallery.
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Figure 1

Proposed desiccant dehumidification system layout

Desiccant dehumidifiers designed to lower the humidity in a space by adsorption. When
in operation, humid air is drawn into the dehumidifier system and passed over a desiccant wheel
infused with an adsorption material (typically silica gel). Excess humidity is adsorbed into the
material before leaving the dehumidifier system as warm dry air. No water is collected or
drained out, so there is no need to set up a draining system or empty a water tank. This type of
dehumidifier can also remove significantly more moisture with more efficiency than
conventional dehumidifiers, which makes them appropriate for heavy duty moisture removal
such as needed here.
When there is a loss of service or performance in the desiccant wheel (containing the
silica), the entire wheel is replaced; therefore, the silica gel does not require disposal,
replacement, or regeneration. Factors such as usage (hours in service), preventative
maintenance, and environmental conditions can impact the service life of the desiccant wheel;
however, the service life of the desiccant wheel, with the silica gel, can be expected to be 8 to 10
years or more. Normal preventative maintenance measures for a desiccant dehumidification
system include periodic replacement of filters, checking fasteners, and ensuring rotating or
moving parts are in good working order as well as blowing air or vacuuming accumulated dust or
dirt on system components. Due to the factors impacting the operation of a desiccant
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dehumidification system, Manufacturers do not normally provide a set preventative maintenance
schedule, but a typical schedule would be: one (1) week after placing into service, three (3)
months after placing into service, then annually thereafter unless there is a loss of service or
decrease in performance. Annual O&M costs are estimated to be $500 after the initial capital
costs and installation, which would normally consist of replacing filters and other relatively
inexpensive consumables such as belts and seals.
Electrical
A recent site visit (February 2018) shows that there should be sufficient room in the
plant’s existing MCC to provide power to the proposed filter valves (using 480 volt, 3 phase
power) as well as the mechanical/HVAC system to improve the environmental conditions (i.e.,
dew point temperature control) in the south filter pipe gallery. These loads will be verified and
confirmed through the design. With the existing water lines for the hydraulic actuators removed,
the power and controls conduit and wiring for the new valves and actuators will utilize the
existing opening in the floor.
The spray arm assemblies in each filter cell are manually operated valves with a wheelhandle actuator on each existing filter bank control console table. With the proposed
improvements, this valve will be replaced with an electrically-actuated solenoid valve (16 total)
so that the spray arms can be started and stopped when needed in the filter backwash sequencing.
Instrumentation and Controls
Aside from the filter effluent actuators, each new filter actuator will be capable of manual
or automatic control as well as local or remote control. The intent is to normally maintain the
valve actuators in automatic/local control positions with monitoring and control being at the
filter bank console tables above. These valves will be programmed to be in the appropriate open
or close position based on the filter operations occurring. The standard will be for plant operators
to manually initiate the backwash, and the control system for the filter bank will automatically
complete the entire backwash procedure, which will allow the operator to confirm the timing for
each sequence and focus on observing the entire backwash procedures, particularly for any
anomalies that may occur.
At each filter bank console table, operators will have a visual indication as to whether
valves are open or closed and flow rate for the filter effluent (if in service). The water level in the
associated filter cells will be shown along with the current loss-of-head measurement and
turbidity reading.
The north and south filter galleries each have an air scour control console for that area’s
filter cells. The air scour control consoles will remain, but will be integrated with the filter
backwash sequence, particularly as the plant begins automatic backwashes (pre-programmed
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sequences) after being manually initiated by plant staff. This automation will allow operators
more time to observe the water through the different stages, especially for any abnormalities,
rather than having to maintain time and to go back-and-forth to the console table to go through
the entire backwash procedure.
It is understood that the plant currently retains the services of a firm specializing in
automation equipment and software. Under a separate contract, Cornwell will work with them to
integrate the new filter valves into each filter bank control console table and assist with the
programming necessary for operating the filtration system. The filter bank control console tables
will be stand alone for those associated filter cells although there will be some common
information also being fed back to the main control room (e.g., filter cell effluent turbidity, lossof-head measurement, etc.).
CONCLUSION
The hydraulically actuated butterfly valves for the north and south filtration systems are
will be replaced with new butterfly valves with electric motor actuators for improved reliability
and operations and maintenance. A desiccant dehumidification system will be installed in the
south filter pipe gallery area to mitigate the condensation issues. Replacement in-kind of the
inoperable 24 in. raw water isolation valve is included in this project. Below in Table 5 is a
budgetary cost breakdown for the proposed work associated with this project, which include
markups for bonds, mobilization (demobilization), and insurance (20%); overhead and profit
(20%); and a contingency (20%). Engineering and other associated consultant fees are not
included as they will be funded through City funding resources.

Item
1
2
3
4
5
6
7

Table 5
Budgetary Construction Cost Estimate Breakdown
Description
Budgetary Unit Cost
North Filter Valves
$ 542,000
South Filter Valves
$ 412,000
Piping Replacement – South Filters
$ 175,000
Raw Water Isolation Valve
$
23,000
Instrumentation
$ 115,000
Electrical
$
99,500
Mechanical
$ 100,000
Subtotal $ 1,466,500
Contingency (20%)

$

Total Budgetary Construction Cost Estimate

$ 1,760,000
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293,500

ATTACHMENT A:
SITE PLAN
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NORTH FILTERS

SOUTH FILTERS

RAW WATER
PUMP ROOM
(LOWER LEVEL)

CITY OF DANVILLE
DANVILLE, VIRGINIA

DANVILLE WATER TREATMENT PLANT
PROCESS SYSTEM IMPROVEMENTS

SITE PLAN

P1.0

ATTACHMENT B:
RAW WATER ISOLATION VALVE REPLACEMENT SKETCHES

12

20" PUMP DISCHARGE HEADER
CL EL. 433.10

24" RAW WATER
INTAKE

16" FL BFV

5
3

RAW WATER PUMP
ROOM

20"x16" TEE (TYP.)

4 5
CL EL. 429.67
BLIND FLANGE

RAW WATER PUMP No. 3
20" PUMP
DISCHARGE
CL EL. 427.00
ACCESS HATCH

16" PUMP SUCTION
CL EL. 427.0

FLOCCULATION BASIN

24" RAW WATER INTAKE

CL EL. 424.67
EL. 424.0

2
EL. 423.0
20" PUMP DISCHARGE
C
L EL. 429.67

18" X 16" FL REDUCER

RAW WATER DISCHARGE
HEADER
SWITCH
9'-5"

EXISTING 16" FL BFV

RAW WATER
SUCTION
HEADER

24"x16" TEE
VFD

RAW WATER
PUMP N0. 3

UP
EL. 418.0

RWP-3
FLOCCULATION BASIN
SWITCH

REMOVE / REPLACE
RAW WATER ISOLATION
VALVE (24" BFV W/ 2"
SQ. OP. NUT ACTUATOR

L

2
RAW WATER
PUMP N0. 2

24" RAW WATER
SUCTION HEADER

RWP-2

MODIFICATION SECTION

SWITCH

3 5
20" PUMP DISCHARGE
HEADER CL EL. 433.10

CONCRETE SUPPORT
(TYP.)

VFD

24" RAW WATER VALVE
C
L EL. 424.67
4" DIA. FLOOR
DRAIN

11'-0"

L

RAW WATER
PUMP N0. 1

2 REMOVE EXISTING STEEL PLATING ON FLOOR TO ACCESS THE VALVE TO BE
REMOVED / REPLACED. RESTORE AREA AND FLOORING WHEN WORK IS
COMPLETE.

RWP-1

~

~

STEEL PLATE FLOORING
(TYP.) FLR EL. 423.00
FLOOR EL. 424.00

CONSTRUCTION NOTES:
1 REMOVE AND REPLACE THE RAW WATER ISOLATION VALVE INDICATED. THE
EXISTING VALVE IS 24" FL BUTTERFLY TYPE WITH A 2" SQ. OPERATING NUT
ACTUATOR. COORDINATE AND SCHEDULE WORK WITH OWNER IN ADVANCE.
ONCE WORK BEGINS, IT SHALL BE COMPLETE WITHIN 4 HOURS.

20" RAW WATER PUMP
DISCHARGE
CL EL. 427.00
24"X18" ELBOW

7'-0"

1
5

SOUTH
FILTER PIPE
GALLERY

24" RAW WATER
SUCTION HEADER

8'-0"

20" FL BUTTERFLY VALVE
W/CHAIN ACTUATOR
(TYP. OF 2)

3 CLOSE 24" GATE VALVE (UPSTREAM) AND THE OTHER ISOLATION VALVE
(BUTTERFLY) BEFORE STARTING WORK. DANVILLE STAFF WILL OPEN / CLOSE
VALVES.

12" HIGH CONCRETE WALL

4 CLOSE 16" BUTTERFLY VALVE ON DISCHARGE SIDE OF RAW WATER PUMP NO.
3 BEFORE STARTING WORK. DANVILLE STAFF WILL OPEN / CLOSE VALVES.
5 ONCE INSTALLED, OPEN CLOSED VALVES AND CHECK FOR LEAKS AND NEW
VALVE OPERATION. WHEN ACCEPTABLE TO OWNER, PLACE INTO SERVICE
AND RESTORE AREA BACK TO NORMAL.

CITY OF DANVILLE
DANVILLE, VIRGINIA

DANVILLE WATER TREATMENT PLANT
PROCESS SYSTEM IMPROVEMENTS

RAW WATER ISOLATION VALVE WORK
PLAN AND SECTION

P2.0

