Section 7 – Water Treatment Plant Master Plan
7.1 Introduction
Based on the information presented in Section 3 – Future Demand Projections, development of
future drinking water sources is critical to support the growing population in the portion of
Berkeley County currently served by the Bunker Hill WTP. Section 3 discusses the future flow
requirements through the year 2040. Based on these flow projections, the Bunker Hill WTP will
need to provide up to 6 MGD of treated drinking water from various raw water sources. Viable
options for these sources were presented and summarized in Sections 4 and 5 and include the
following:
x

LeFevre Spring (currently treated by the Bunker Hill WTP)

x

Springdale Well System

x

Future groundwater sources (currently under exploration and development)

x

Baker Lakes Quarry (historically maintained as an emergency reservoir)

As discussed below, each of these sources have similar raw water characteristics which benefits
the development of treatment options as they all share common treatment objectives.
The sub-sections below serve to summarize the existing raw water quality characteristics at each
location and the treatment objectives determined by those raw water quality characteristics, and to
evaluate the pre-treatment, filtration, and disinfection alternatives. Subsequent sub-sections
include a discussion on emerging contaminants, a comparison of treatment alternatives, and
ancillary facilities that will be included in the future treatment plant.

7.2 Raw Water Quality Information
Raw water samples of the four sources stated above were reviewed to determine the water quality
characteristics and treatment requirements. As data was not available, the future undeveloped
groundwater sources were assumed to have the same characteristics of the Springdale Well
System. Berkeley Water provided monthly operating reports (MORs) and quarterly sampling
results for January 2016 through December 2018 for the systems served by Bunker Hill WTP and
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the Springdale Well. At the start of this effort a sampling plan for the Baker Lakes Quarry was
developed by Dewberry and provided to Berkeley Water to execute in order to characterize the
water quality of the quarry. The sampling plan can be found in Appendix F of this report.
7.2.1 Bunker Hill WTP and LeFevre Spring
The historical information provided for Bunker Hill WTP and LeFevre Spring provided the most
comprehensive view of any of the water system data in terms of raw water turbidity and pH; three
(3) years’ worth of MORs included daily reports of turbidity and pH. Other raw water quality
parameters were obtained from quarterly sampling results. Table 7.1 summarizes the raw water
quality of LeFevre Spring.
Table 7.1 - LeFevre Spring Raw Water Quality Characteristics
pH
Min.
Max.
Avg.

6.49
7.73
7.18

Turbidity Manganese(1) Alkalinity(2)
Hardness(2)
TDS(2) TOC(2)
(ntu)
(mg/L)
(mg/L)
(mg/L as CaCO3) (mg/L) (mg/L)
0.01
0.042
1.00
0.059
0.23
0.053
300
384
416
0.1275

(1) Manganese data only available in Nov. and Dec. 2018.
(2) Monthly reporting not available for these parameters. Data taken from quarterly sampling.

LeFevre Spring has a significant calcium hardness concentration and qualifies as very hard
according to the USGS classification. It should be noted that the two months with available
manganese data exceed the Environmental Protection Agency’s (EPA) secondary drinking water
standard of 0.05 mg/L MCL for nuisance chemicals. As expected, the TOC and turbidity was
relatively low given LeFevre Spring is a groundwater source.
7.2.2 Springdale Well System
As previously stated, the Springdale Well System water quality was assumed to be characteristic
of any future groundwater sources that would be developed into production wells. The Springdale
MORs did not provide any raw water quality information; all of the information summarized below
in Table 7.2 is from quarterly sampling reports. Iron data was not available during this time period.
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Table 7.2 – Springdale Treated Water Quality Characteristics
pH
7.3

Turbidity
(ntu)
0.10

Manganese
(mg/L)
0

Alkalinity
(mg/L)
300

Calcium Hardness
(mg/L as CaCO3)
340

TDS
TOC
(mg/L) (mg/L)
350
0.108

Note: Springdale quality characteristics from sampling reports between January 2016 and May 2019.
1 Manganese data not detected at Springdale.

It should be noted that there was not sufficient raw water quality data to provide a comprehensive
summary of the raw water quality. The data above is based on six (6) quarterly water quality reports
and does not provide a full picture of any fluctuations that may be occurring at the well. The raw
water sampled at Springdale shows similar characteristics to those at LeFevre Spring. The water
has high hardness and TDS with very low turbidity and TOC.
7.2.3 Baker Lakes Quarry
No historical water quality data was available for the Baker Lakes Quarry. Based on the
bathymetric survey, Dewberry provided a sampling plan for two different locations at varying
depths in order to understand the effect of any stratification in the quarry. The sampling plan is
attached in Appendix F for reference. Table 7.3 provides a summary of the sampling at the Baker
Lakes Quarry. Additional testing, including conductivity and UV absorption, was conducted on
the samples collected from the Baker Lakes Quarry and is summarized in Table 7.4.
Table 7.3 - Baker Lakes Quarry Raw Water Quality Characteristics
pH
6.5

Turbidity
(ntu)
3.49

Manganese
(mg/L)
0.208

Alkalinity
(mg/L)
246

Calcium Hardness
(mg/L as CaCO3)
313

TDS
TOC
(mg/L) (mg/L)
359
0

Note: From sampling conducted on 8/7/2019.

Table 7.4 - Baker Lakes Quarry Additional Raw Water Quality Characteristics
TSS
(mg/L)
3.5

DO
(mg/L)
9.798

DOC
Iron
(mg/L) (mg/L)
0.138
0.477

Conductivity
(μmhos/cm)
587

UV Absorption
(cm-1)
0.153

Note: From sampling conducted on 8/7/2019.

The Baker Lakes Quarry indicates similar characteristics as the Springdale Well System and
LeFevre Spring. One important note is the average manganese level was 0.208 mg/L while the
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maximum manganese level was 0.75 mg/L. Both are well above EPA’s secondary MCL of 0.05
mg/L for manganese and could create customer complaints of dark staining if not removed or
mitigated. Blending Baker Lakes Quarry with the other sources may offer a low enough manganese
concentration that this is no longer a concern.
7.2.4 Raw Water Quality Summary
LeFevre Spring and the Springdale Well System are considered groundwater under the direct
influence of surface water (GWUDI) and as expected, share similar water quality characteristics.
All three sources would be considered “very hard” according to the USGS classification system as
they have hardness levels that exceed 180 mg/L as CaCO3. The Baker Lakes Quarry also shares
similar characteristics seen in the other two sources especially in that it is low in TOC and high in
hardness. This seems to indicate that the Baker Lakes Quarry is significantly influenced by
groundwater and/or has a small contributing drainage area resulting in very low organic material
entering in the quarry. Additional testing throughout varying seasons and levels of the quarry is
recommended in order to understand the best elevation for any future intake screen(s) installed at
the quarry as well as seasonal fluctuations in water quality.
It should be noted that most of the raw water quality information summarized in this section comes
from limited sampling collected on a quarterly basis or at a single point in time. It is highly
recommended that a regular, routine raw water sampling plan be developed in order to understand
how potential seasonal fluctuations and weather (drought, heavy rain, etc.) can impact the raw
water sources.
7.2.5 Blending of Raw Water Sources
A desktop analysis was performed to determine blending scenarios with each of the three water
sources. Three scenarios were evaluated:
1. Normal operations, Baker Lakes Quarry online
2. Normal operations, Baker Lakes Quarry offline
3. Drought operations, Baker Lakes Quarry online
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Table 7.5 summarizes the assumed flow splits between each of the raw water sources under each
of the three scenarios listed above. It is assumed that during times of severe drought the Baker
Lakes Quarry would supplement LeFevre Spring which has been known to drop in production
during periods of drought.
Table 7.5 - Future Raw Water Capacity Scenarios
Groundwater Sources
LeFevre Spring
Baker Lakes Quarry
Total

Scen. 1
3.0
2.0
0.5
5.5

Scen. 2
3.5
2.0
5.5

Scen. 3
3.0
1.0
1.5
5.5

Note: Units, MGD

Based on the average water quality concentrations listed above, the flows were blended to
determine hypothetical future raw water quality characteristics. The only parameters that were
reported were those where data was available for all three sources. Table 7.6 summarizes the
blended raw water sources.
Table 7.6 - Future Flow Blending Scenarios

Alkalinity (mg/L)
Hardness (mg/L as CaCO3)
Manganese (mg/L)1
TDS (mg/L)
TOC (mg/L)
pH
Turbidity (ntu)
1
2

Groundwater Sources ->
LeFevre Spring->
Flow split
Baker Lakes Quarry ->
Existing Raw Water Quality
Baker
Springdale Bunker Hill
Lakes
300
300
246
340
384
313
0
0.05
0.7
350
416
360
0.1
0.1
0.0
7.3
7.1
6.5
0.1
1.0
3.5

Scen. 1
55%
36%
9%

Scen. 2
64%
36%
0%

Scen. 3
55%
18%
27%

Estimated Blended Raw
Water Quality
295
300
285
354
356
341
0.1
0.02
0.2
375
374
365
0.1
0.1
0.08
7.0 – 7.22
0.43 – 2.52

Manganese data not detected at Springdale Well System.
Expected range based on raw water quality.

The blended raw water quality shown in Table 7.6 indicates relatively similar blended results
when compared to the individual sources. It should be noted that Scenarios 1 and 3 indicate the
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potential to exceed the MCL for manganese of 0.05 mg/L. In order to reduce the manganese in the
raw water, the amount of water from Baker Lakes Quarry may be reduced. Additional sampling
and pilot testing will be able to better determine the level of manganese at each source as the
manganese in the table above is based only on four (4) samples from Baker Lakes Quarry.
The Langelier Saturation Index (LSI) is a calculated index based on raw water quality parameters
that is indicative of the stability of the water. If the LSI is negative, than the water is under saturated
with hardness and will tend to be corrosive in the distribution system. If the LSI is positive, then
the water is over-saturated with hardness and will tend to form hardness scaling in the distribution
system. If the LSI is close to zero, the water is just saturated with hardness and will neither be
strongly corrosive nor scale forming. In general, it is better to land slightly higher than zero than
slightly lower than zero as it is preferable to have some hardness scaling rather than corrosive
water which can lead to copper and lead issues in the distribution system.
The LSI for the three scenarios listed above is summarized in Table 7.7 below. It should be noted
that the LSI is an approximation based on the limited raw water sampling data available. It is
recommended that additional testing be conducted in order to determine the long-term conditions
at the proposed raw water sources.
Table 7.7 - Langelier Saturation Index of Blended Sources
LSI
Raw Water pH
Stable pH

Scen. 1 Scen. 2 Scen. 3
0.06
0.1
-0.02
6.5 – 7.3
7.1
7.1
7.2

Note: at temp. of 59°F (average temp of BHWTP)

As seen in Table 7.7, the LSI is slightly higher than zero in Scenarios 1 and 2 indicating that the
blended results are not corrosive. The LSI of Scenario 3 indicates the blended raw water quality is
slightly corrosive. Slightly increasing the pH prior to the distribution will further stabilize the water
and reduce the possibility of corrosive water in the system which can assist with compliance with
the Lead and Copper Rule.
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7.3 Treatment Objectives and Regulatory Requirements
The three raw water sources fall under the following categories:
x

LeFevre Spring: GWUDI

x

Springdale: GWUDI

x

Baker Lakes: surface water

Based on the blended parameters shown in Table 7.7, the water sources appear to be good
candidates for direct filtration as the source water turbidity and TOC is very low and nuisance
constituents are minimal. Special approval from the West Virginia Bureau for Public Health (BPH)
is required as the Public Water Systems Design Standards 64-77-6 requires clarification/pretreatment of all GWUDI sources and requires primary coagulation for all surface water plants
using conventional and direct filtration. Provisions in this section also allow the BPH to modify
the requirements of pre-treatment depending on the raw water quality characteristics. Discussions
with BPH officials have indicated that LeFevre Spring, Springdale, and Baker Lakes are all
currently under a variance from this rule and do not have any pre-treatment. Since the raw water
quality characteristics of the future water sources are similar to the current sources they would
likely remain under a variance; however, this variance will still need to applied for and considered
by the BPH.
As pre-treatment will not likely be required based on the raw water quality, the primary goal of
the treatment process will be the removal and/or inactivation of Giardia, Cryptosporidium, and
viruses. Secondary goals include aesthetic characteristics such as scaling, taste, order, and visual
characteristics. It should be noted that based on the sampling observations, the blended raw water
quality in Scenarios 1 and 3 exceeds the secondary MCL of 0.05 mg/L for manganese. If the actual
levels of manganese exceed the secondary MCL, this condition could lead to dark staining
complaints from throughout the system. Consideration of manganese removal should be taken if
the future raw water sources indicate levels of manganese consistently over 0.05 mg/L. Regular
sampling of the water sources is recommended in order to better understand potential constituents
for treatment.
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Environmental Protection Agency (EPA) guidelines require all public water systems (PWS) that
use surface water or are GWUDI to conform to the Long Term 2 Enhanced Surface Water
Treatment Rule (LT2). The provisions of this rule require the following:
x

At least 3-log removal and/or inactivation of Giardia

x

At least 4-log removal and/or inactivation of viruses

x

At least 2-log removal of Cryptosporidium

Log removal credits are given for the following filtration techniques as summarized in Table 7.8.
The remaining log-removal values (LRVs) required after filtration are summarized in the last two
columns and will be achieved through inactivation by disinfection, provided the design of the
filtration systems meets the requirements of LT2. Table 7.8 assumes a Bin 1 Classification for
Cryptosporidium which does not require additional treatment after filtration.
Table 7.8 - EPA Filtration Credits for Microbial Removal
Filtration
Treatment
Technology
Conventional
Direct
Reverse Osmosis
Nanofiltration
Ultrafiltration
Microfiltration

Combined Filter
Effluent Turbidity
(95% monthly/max)
NTU
0.3 / 1.0
0.3 / 1.0
0.3 / 1.0
0.3 / 1.0
0.3 / 1.0
0.3 / 1.0

Maximum Logs of Credit for
Physical Removal
Crypto
>2
>2
>2
>2
>2
>2

Giardia
2.5
2.0
>3.0
>3.0
>3.0
>3.0

Viruses
2.0
1.0
3.0
3.0
0.0
0.0

Min. Logs of Inactivation
Needed by Disinfection
Giardia
0.5
1.0
0.0
0.0
0.0
0.0

Viruses
2.0
3.0
1.0
1.0
4.0
4.0

7.4 Evaluation of Pre-Treatment Alternatives
Berkeley Water does not currently employ pre-treatment at the Bunker Hill WTP and have
expressed interest in utilizing direct filtration with no pre-treatment at the future WTP. Traditional
flocculation and sedimentation would be over-designed given the raw water quality characteristics.
However, flocculation and sedimentation would provide protection of the filters in the event of
higher turbidity periods in the source water and would decrease filter backwash frequency. At a
minimum, it is recommended that in-line coagulation ahead of filtration be considered for any
higher turbidity periods in order to assist with particulate removal.
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Manganese in the raw water could lead to customer complaints of staining if the concentration
exceeds the EPA MCL of 0.05 mg/L. At a minimum, chlorine should be dosed ahead of the filters;
this will assist in preventing biological fouling of the filters and will also oxidize the manganese
in the raw water.
The high hardness in the raw water would also likely be the primary candidate for pre-treatment
softening. However, there is no softening at the existing WTP and Berkeley Water has indicated
that they are not experiencing any unfavorable effects of high hardness in the finished water.
Additionally, the raw water turbidity is very low indicating low suspended solids in the water.
While pre-treatment may not be necessary at this time, it is highly recommended that the future
site for the WTP be selected with adequate space for a future pre-treatment train in the event that
the regulatory environment or raw water quality changes necessitating pre-treatment. Furthermore,
this evaluation is based on limited raw water quality data; it is recommended that additional data
be collected to support the conclusions of this master plan.

7.5 Evaluation of Filtration Alternatives
Since there is no pre-treatment process evaluated under this master plan, filtration will be the first
treatment process in the proposed WTP. Filtration involves the physical removal of solids from
water typically achieved by intercepting solids in the water. Discussions with Berkeley Water
produced four (4) filtration alternatives that are evaluated. The filtration alternatives assessed
under this evaluation are:
1. Microfiltration/Ultrafiltration (MF/UF) – polymeric membranes
2. MF/UF – ceramic membranes
3. Gravity media filtration
4. Pressure vessel media filtration
Nanofiltration (NF) and reverse osmosis (RO) were not considered as filtration alternatives due to
the high quality of the raw water sources. Utilizing NF/RO has a significantly higher capital and
operations/maintenance costs for achieving the same outcome as MF/UF or media filtration.
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Figure 7.1 summarizes the filtration options with the disinfection options (further discussed in
Section 7.6). A comparison of filtration options are provided in Section 7.8. The treatment train
options listed below were evaluated for the purposes of this master plan and are discussed in
subsequent sub-sections. The disinfection options listed below are for primary disinfection only.
It is assumed that all secondary disinfection will be accomplished by free chlorine. The treatment
trains evaluated for this master plan are:
1. MF/UF polymeric membranes and free chlorine disinfection
2. MF/UF ceramic membranes and free chlorine disinfection
3. Gravity media filtration with UV and free chlorine disinfection
4. Pressure vessel media filtration with UV and free chlorine disinfection
5. Gravity media filtration with free chlorine disinfection
6. Pressure vessel media filtration with free chlorine disinfection
Two additional options were quickly ruled out:
1. MF/UF polymeric membranes with both UV and chlorine disinfection
2. MF/UF ceramic membranes with both UV and chlorine disinfection
MF/UF filtration with UV and chlorine disinfection was not considered as an option as UV
disinfection is primarily useful for Giardia inactivation which is achieved with MF/UF. This is
further discussed in Section 7.6.
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7.5.1 Filtration Option 1: MF/UF Polymeric Membranes
MF/UF submerged polymeric membranes is currently utilized by Berkeley Water at the Potomac
River WTP. A similar set-up would be employed in this situation; however, based on the
recommendations of the membrane manufacturer, a pressure system would be more economical.
Raw water would be fed directly to the MF/UF system which will achieve the 2-log removal of
Cryptosporidium and 3-log removal of Giardia. 4-logs of virus inactivation will be required for
disinfection after the MF/UF process. Figure 7.2 shows a typical membrane skid.
MF/UF Polymeric Membrane System Sizing
The MF/UF system is conservatively sized for full redundancy and will generally include the
following:
x

Six (6) membrane skids with 56 membranes per unit. Five (5) skids can filter the full 6MGD flow rate with one (1) skid offline.

x

Total membrane area provided: 242,265 ft2

x

Membrane area per module: 721 ft2

x

Maximum membrane flux: 32-40 gal/ft2/day

x

Anticipated recovery: greater than 95%

x

Automatic control system

x

Raw water strainer system

x

Feed pump system

x

Clean-in-place (CIP) system consisting of a hydrochloric acid system, sodium hypochlorite
system, mineral acid system, and hot water system

x

Neutralization system consisting of a hydrochloric acid system, sodium hydroxide system,
and sodium bisulfate system

x

Air scour system

Polymeric membranes are typically replaced approximately every 7 to 10 years depending on the
operating conditions. It should be noted that lower membrane lifespan has been attributed to high
hardness in raw water due to the more frequent cleaning required as discussed below.
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Figure 7.2 - Typical Membrane Skid (Source: Evoqua)
MF/UF Backwash
In general, the system will filter water until transmembrane pressure (TMP) or headloss through
the membrane reaches a certain level at which point the unit will begin a physical cleaning process
of air scouring and backwashing. Frequency of the physical cleaning depends on the raw water
quality. Occasionally, the frequency of the backwashing will reach a high point and a chemically
enhanced backwash (CEB) will be required to further clean the membranes. The chemical cleaning
or clean-in-place (CIP) utilizes a chemical backwash to clean the membranes further than a typical
backwash cycle would. A typical backwash schematic is shown below in Figure 7.3. The high
hardness in the raw water is likely to require more frequent backwashing and CIPs. The CIP system
will require a side-stream for softening water due to the high hardness in the raw water. Actual
estimates of the requirements, frequency and duration of backwashing and CIP can be better
established with pilot testing.
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Figure 7.3 - Typical Membrane Flow & Backwash Schematic (Source: Dewberry)
As shown in Figure 7.3, during the filtration stage raw water is pumped through the membranes
where it is filtered and then on to the disinfection process as indicated by the blue arrows. When a
backwash cycle is called for, compressed air scours the membranes, followed by a backwashing
of finished water as shown by the green arrows. Occasionally, a CIP will be required for heavier
cleaning. CIP waste is corrosive and needs to be neutralized prior to sending it to the waste stream
or back to the head of the plant.
7.5.2 Filtration Option 2: MF/UF Ceramic Membranes
Ceramic membranes are less common than polymeric membranes, but offer a significantly more
robust membrane material. The main difference between the two membranes are the materials used
in the fabrication of the membranes. The main benefits of ceramic membranes are a significantly
longer lifespan, higher flux rate, much smaller foot print, and higher feed pressure allowance.
While polymeric membranes typically need to be replaced every 7 to 10 years, ceramic membranes
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typically have approximately 2 to 3 times that lifespan. Similar to the polymeric system, the
ceramic membrane system will achieve the 2-log removal of Cryptosporidium and 3-log removal
of Giardia. 4-logs of virus inactivation will be required for disinfection after the MF/UF process.
Actual estimates of the frequency and duration of backwashing and CIP can be better established
with pilot testing.
MF/UF Ceramic Membrane System Sizing
The MF/UF system sized for full redundancy and will generally include the following:
x

Two (2) trains with 100 membranes per unit. One (1) train can carry the full plant flow rate
with one train offline or out of service. The system could be designed with more trains and
fewer membranes per train for greater operational flexibility. The design flow rate of one
treatment train is 6.3 MGD.

x

Total membrane area provided: 53,800 ft2

x

Membrane area per module: 269 ft2

x

Maximum membrane flux: 118.2 gal/ft2/day

x

Anticipated recovery: greater than 95%

x

Automatic control system

x

Raw water strainer system

x

Feed pump system

x

Clean-in-place (CIP) system consisting of a hydrochloric acid system, sodium hypochlorite
system, and hot water system

x

Neutralization system consisting of a sodium hydroxide system and a sodium bisulfate
system

x

Air scour system

7.5.3 Filtration Option 3: Gravity Media Filtration
Gravity media filters are the conventional approach to filtration and generally the most economical
filtration method. Eight (8) conventional media filter cells are provided for a forward flow rate of
6.0 MGD. Seven (7) of the filters can handle the full flow rate with a surface loading rate of 3.0
gpm/ft2. This is a conservative surface loading rate and could potentially be increased if pilot
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testing is conducted and demonstrates effective removal at higher surface loading rates.
Gravity Media Filters System Sizing
The gravity media filters will have the following characteristics:
x

Eight (8) filters rated at 6.0 MGD total flow

x

Total filter area: 14’-0” x 14’-6” (per filter); 1,645 ft2 (total)

x

Surface loading rate: 2.6 gpm/ft2 (all cells in service), 3.0 gpm/ft2 (one cell offline)

x

Anticipated recovery: greater than 98%

x

Filter Media:
o Anthracite: 12” depth
o Silica sand: 18” depth
o Gravel: 15” depth

x

Backwash requirements: 2,030 gpm (10 gpm/ft2) per cell

x

Air scour: 609 scfm at 5 psi (4 scfm/ ft2), 20 hp

x

Control system

Gravity Media Filter Backwash
Figure 7.4 shows a section view of a typical gravity filter undergoing a backwash cycle. Filter
backwashing is a function of the raw water quality. When the headloss through the filter or the
filter effluent turbidity reaches a high point, a backwash cycle is initialized. Finished water is
pumped through the bottom of the filters agitating the media. Simultaneously, air is forced into the
media bed which forces media particles to collide and breaks loose any attached solids. Backwash
waste can be sent to a settling pond or directly to the wastewater system.
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Figure 7.4 - Section View of Gravity Filter Backwash (Source: Tonka Water)
Actual estimates of the frequency and duration of backwashing can be better established with pilot
testing. Typical filter media lifespan is 15-20 years depending on the characteristics of the influent
water. Some anthracite tends to be wasted into the backwash troughs during air scouring which
requires topping off of about 1 inch of anthracite every few years.
7.5.4 Filtration Option 4: Pressure Vessel Media Filtration
Pressure vessel media filters take the conventional approach and minimize the footprint of the
filters by utilizing pressurized tanks. Four (4) pressure vessel media filter cells are provided for a
forward flow rate of 6.0 MGD. Three (3) of the vessels can handle the full flow rate with a surface
loading rate of 3.0 gpm/ft2. Each vessel has two (2) cells that can be isolated for increased
redundancy. Figure 7.5 shows a two-vessel configuration. Piping can be mounted on the sides or
ends of the pressure vessels.
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Figure 7.5 - Pressure Vessel Media Filters with End Piping (Source: Tonka Water)
Pressure Vessel Media Filter System Sizing
The pressure vessels will have the following characteristics:
x

Four (4) pressure vessels rated at 6.0 MGD total flow (with one vessel out of service)

x

Active/redundant vessels: 3 / 1

x

Number of cells per vessel: 2

x

Filter area: 12’ diameter x 41’ long, 463 ft2 (per vessel); 1,852 ft2 total area

x

Surface loading rate: 2.2 gpm/ft2 (all vessels online), 3.0 gpm/ft2 (one vessel offline)

x

Anticipated recovery: greater than 98%

x

Filter Media:
o Anthracite: 12” depth
o Silica sand: 18” depth
o Gravel: 15” depth

x

Backwash requirements: 2,372 gpm (10 gpm/ft2) per cell

x

Air scour: 711 scfm at 5 psi (4 scfm/ ft2), 20 hp

x

Control system
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Pressure Vessel Media Filter Backwash
The same backwashing principles that apply to the gravity media filters apply to the pressure vessel
media filters. Figure 7.6 shows a section view of a pressure vessel media filter in a backwash
cycle. Typical filter media lifespan is 15-20 years depending on the characteristics of the influent
water. Generally, the anthracite tends to breakdown during air scouring and which requires topping
off of about 1 inch of anthracite every few years.

Figure 7.6 - Section View of Pressure Vessel Backwash (Source: Tonka Water)

7.6 Evaluation of Disinfection Alternatives
Directly downstream of the filtration step is the primary disinfection step of the water treatment
process. Disinfection is achieved by removal of pathogenic microorganisms in the filtration stage,
and by inactivating any pathogens remaining after the filtration step. Two (2) methods of primary
disinfection were evaluated for this master plan:
1. Chlorine Disinfection
2. Ultraviolet Disinfection
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A comparison of these disinfection options is included in Section 7.8. It is assumed that all
secondary disinfection will be achieved by free chlorine. The log-removal requirements for
disinfection are dependent on the method of filtration preceding disinfection as shown in Table
7.9. For the direct filtration utilizing gravity and pressure vessel media filters, an additional 1-log
removal of Giardia and 3-log removal of viruses are required. An additional 4-log removal of
viruses is required after MF/UF. As previously stated, Table 7.9 assumes a Bin 1 Classification
according to LT2 which does not require additional treatment for Cryptosporidium after filtration.
Table 7.9 - Inactivation Requirements for Direct and Ultrafiltration
Filtration
Treatment
Technology
Direct
MF/UF

Maximum Logs of Credit for
Physical Removal
Crypto
Giardia
Viruses
>2
2.0
1.0
>2
>3.0
0.0

Min. Logs of Inactivation
Needed by Disinfection
Giardia
Viruses
1.0
3.0
0.0
4.0

The required disinfection will vary depending on the method of filtration. Therefore, two (2)
options are provided for disinfection and are summarized below in Sub-sections 7.6.3 and 7.6.4.
7.6.1 Chlorine Disinfection
Chlorine disinfection is one of the oldest and most reliable methods of disinfection and is currently
used at the Bunker Hill WTP. Chlorine disinfection involves applying chlorine in either a gaseous
(chlorine gas), liquid (sodium hypochlorite), and, less commonly, solid (calcium hypochlorite)
state. Bunker Hill WTP and Springdale currently dose free chlorine around 1.3 mg/L on average
while Potomac has a higher average dose of 2.3 mg/L. It is anticipated that the future WTP will
have a dosage rate around 1.3 mg/L as Bunker Hill WTP and Springdale are representative of the
future raw water sources; however, the exact dosage is a function of the contact time required to
achieve the minimum logs of inactivation shown in Table 7.9.
Factors Affecting Chlorine Inactivation
Several factors contribute to the ability to achieve Giardia and virus inactivation by disinfection
including the following:
x

Temperature – typically taken as the lowest average temperature (10°C based on the
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monthly operating reports, MORs)
x

pH – typically take as the average pH (7.15 based on MORs)

x

Basin volume – typically in gallons

x

Baffling factor – as recommended by EPA

x

Flow rate – the maximum plant flow rate in gallons per minute

x

Detention time – function of basin volume, baffling, and flow rate

x

Contact time (CT) – function of the chlorine dose (C, mg/L) multiplied by the detention
time (min)

Chlorine Contact Time (CT)
The EPA outlines several methods for determining the required contact time (CT) value for
inactivation of Giardia and viruses in the Disinfection Profiling and Benchmarking Guidance
Manual and provides a CT Calculator MS Excel spreadsheet specifically for calculating CT values
for virus inactivation with chlorine. Similarly, the American Water Works Association (AWWA)
Manual M20 Water Chlorination/Chloramination Practices and Principles provides guidance for
chlorine disinfection. Appendix B of Manual M20 provides CT values for virus and Giardia
inactivation and are shown below in Figure 7.7 and Figure 7.8. The finished water pH from the
Bunker Hill WTP MORs is an average of 7.15 and temperature an average low of 10°C.

Figure 7.7 - CT Values for Inactivation of Viruses by Free Chlorine (Source: AWWA M20)
The CT values for virus inactivation can be determined from Figure 7.7. Based on the guidance
in Figure 7.7, the required CT values at 10°C for virus inactivation are:
x

3-log Inactivation: 4.0 mg/L-min

x

4-log Inactivation: 6.0 mg/L-min
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Figure 7.8 - CT Values for Inactivation of Giardia by Free Chlorine (Source: AWWA M20)
Similar to the CT values for virus inactivation, Giardia inactivation can be determined based on
the information provided in Figure 7.8. A conservative approach to determining the CT value from
the chart in Figure 7.8 is to round the pH up to 7.5. Using this and an estimated chlorine dose of
1.5 mg/L, the determined CT value for Giardia inactivation is 48 mg/L-min.
Table 7.10 summarizes the CT values utilizing free chlorine disinfection for both filtration options
evaluated in this master plan. Based on the summary shown in the table below, Giardia
inactivation will control the clearwell sizing for the direct filtration methods (gravity and pressure
vessel media filters).
Table 7.10 - CT Values for Inactivation of Giardia and Viruses by Free Chlorine

Filtration Method
Direct
Ultrafiltration

Minimum Logs of Inactivation
Needed by Disinfection
Giardia
Viruses
1.0
3.0
4.0

CT Values at 10°C, pH = 7.15
(mg/L-min)
Giardia
Viruses
48
4
6

Preliminary Chlorine System Sizing
Based on the CT values required under the given conditions, preliminary sizing of the finished
water clearwell can be established. The amount of mixing in the clearwell directly affects the CT
value. A large clearwell may have a large theoretical detention time, but without proper baffling,
short-circuiting could occur within the basin and the required contact time may not be reached.
Therefore, EPA reduces the effective CT value for unbaffled clearwells. Table 7.11 summarizes
the baffling factors for various conditions as determined by EPA.
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Table 7.11 - Baffling Conditions, Factors, and Characteristics (Source: EPA)
Baffling Condition

Baffling Factor

Unbaffled (mixed flow)

0.1

Poor

0.3

Average

0.5

Superior

0.7

Perfect (plug flow)

1.0

Baffling Description
None, agitated basin, very low length to width ratio, high inlet and
outlet flow velocities.
Single or multiple unbaffled inlets and outlets, no intra-basin
baffles.
Baffled inlet or outlet with some intra-basin baffles.
Perforated inlet baffle, serpentine or perforated intra-basin baffles,
outlet weir or perforated launders.
Very high length to width ratio (pipeline flow), perforated inlet,
outlet, and intra-basin baffles.

Using the factors above, preliminary sizing for clearwells can be established. Table 7.12 displays
two different types of basins: circular and rectangular with the same approximate effective volume.
Several examples are provided to show the difference in CT values between the two. From this
table it can be observed that the addition of baffling can significantly assist with meeting the CT
requirements for inactivation of Giardia.
Table 7.12 - Preliminary Clearwell Sizing

Baffling
Factor

Length
(ft)

Width (ft)
OR
Diameter (ft)

Height
(ft)

Volume
(gal)

TDT
(min)

T10
(min)

CT
(mg/Lmin)

0.1

80

28

15

201,000

48.3

4.8

7.24

0.1

-

48

20

210,000

50.4

5.0

7.56

0.3

80

28

15

201,000

48.3

14.5

21.72

0.3

-

48

20

210,000

50.4

15.1

22.69

Superior Baffled
Rectangular Contact
Chamber

0.7

80

28

15

201,000

48.3

33.8

50.68

Superior Baffled
Circular Clearwell

0.7

-

48

20

210,000

50.4

35.3

52.95

Structure
Unbaffled
Rectangular Contact
Chamber
Unbaffled Circular
Clearwell
Moderate Baffled
Rectangular Contact
Chamber
Moderate Baffled
Circular Clearwell

It should be noted that EPA requirements surrounding baffling factors are becoming more stringent
as the baffling factors provided are no longer considered conservative by EPA. In many instances,
EPA is requiring computational fluid dynamic (CFD) modeling for basins that claim higher
baffling factors.
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7.6.2 Ultraviolet Disinfection
UV disinfection utilizes the power of UV light to destroy the ability for microorganisms to
replicate and infect a host. This is achieved through the use of high-intensity, medium-pressure
UV lamps which are placed in a closed channel system perpendicular to flow. The system generally
consists of a reactor with enclosed UV lamps as well as a control power panel which provides
power to and monitoring of the UV lamps.
The log of inactivation achieved by UV disinfection is measured by the intensity of the UV dose
applied to the water measured in millijoules per centimeter squared (mJ/cm2). It should be noted
that the effectiveness of UV disinfection varies widely depending on the targeted pathogen. Table
7.13 is taken from the EPA’s UV Disinfection Guidance Manual and summarizes the UV dose
requirements for Cryptosporidium, Giardia, and viruses.
Table 7.13 - UV Dose Requirements for Inactivation
Log Inactivation
Target Pathogens 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Cryptosporidium
1.6 2.5 3.9 5.8 8.5 12 15 22
Giardia
1.5 2.1 3.0 5.2 7.7 11 15 22
Viruses
39 58 79 100 121 143 163 186
Notes: units in mJ/cm2
Source: EPA

As is observed in Table 7.13 the UV disinfection is significantly more effective at targeting
Cryptosporidium and Giardia; a much higher dose is required to achieve the same inactivation of
viruses. For these reasons, UV disinfection should be primarily used for targeting Cryptosporidium
and Giardia and should be followed by chlorine disinfection to inactivate viruses.
7.6.3 Option 1: Disinfection Following Ultrafiltration
Utilizing MF/UF can provide the maximum log-removal credits required for Cryptosporidium and
Giardia with no credit for removal of viruses. As was discussed in Sub-section 7.6.2, inactivation
of viruses by UV disinfection requires a significantly higher dose which requires more expensive
capital construction cost and higher longer-term operations costs due to the energy consumption.
Since chlorine disinfection is very effective for virus inactivation, the disinfection alternative
recommended after MF/UF is chlorine disinfection.
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Option 1 Disinfection System Sizing: Chlorine
As indicated in Sub-section 7.6.1, a 200,000 gallon, unbaffled clearwell will provide an
approximate CT value of 7 mg/L-min assuming a 6.0 MGD at 10°C, a pH of 7.15, and a chlorine
dose of 1.5 mg/L. This exceeds CT values required for the 4-log virus inactivation after MF/UF.
The clearwell should be sized for a minimum of 200,000 gallons of effective storage to meet the
virus inactivation requirements, but should ultimately be sized to meet peak system demands.
7.6.4 Option 2: Disinfection Following Direct Media Filtration
Utilizing direct filtration through gravity and pressure vessel filters can provide the maximum logremoval credits required for Cryptosporidium and gives partial credit for Giardia and viruses. As
was discussed in Sub-section 7.6.2, inactivation of Giardia by UV disinfection is highly effective
while utilizing chlorine disinfection for viruses is more effective than UV. Therefore, it is
recommended that UV disinfection be utilized to achieve the remaining 1-log inactivation of
Giardia and chlorine be used to achieve the inactivation for the remaining 3-log of viruses.
Option 2 Disinfection System Sizing: UV and Chlorine
Under this option, the UV system will be conservatively sized at 12 mJ/cm2 which is sufficient to
inactivate 3-log of Cryptosporidium and Giardia. Figure 7.9 shows an in-line version of a typical
UV system for 6 MGD. The UV system will generally consist of the following:
x

Two (2) UV chambers (including 1 redundant chamber)

x

UV Dose: 12 mJ/cm2 per chamber

x

Four (4) medium pressure lamps per chamber (8 lamps total)

x

Total Headloss at 6.0 MGD: 1.4 inches

x

Automatic Chemical / Mechanical Cleaning

x

Automatic Controller

x

Control Power Panels: 2 (one per chamber)
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Figure 7.9 - Typical UV Disinfection System (Source: TrojanUV)
Due to the high hardness observed in the source water, there is a higher potential for more frequent
fouling of the lamps. This can be mitigated with regular cleaning of the UV lamps.
Similar to disinfection Option 1, a 200,000 gallon, unbaffled clearwell will provide an approximate
CT value of 7 mg/L-min assuming a 6.0 MGD at 10 °C, a pH of 7.15, and a chlorine dose of 1.5
mg/L. This exceeds CT values required for the 3-log virus inactivation after direct filtration. The
clearwell should be sized for a minimum of 200,000 gallons of effective storage to meet the virus
inactivation requirements, but should ultimately be sized to meet peak system demands.

7.7 Contaminants of Emerging Concern
The regulatory environment continues to evolve as research increases our understanding of the
effects of emerging contaminants in drinking water. Awareness of two specific types of
contaminants of emerging concern (CECs) in drinking water has risen recently including per- and
polyfluoroalkyl substances (PFAS) and pharmaceutical and personal care products (PPCP).
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7.7.1 Per- and Polyfluoroalkyl Substances
PFAS are a group of man-made chemicals that have been manufactured and used in numerous
industries throughout the world. The concern surrounding PFAS is their resistance to degradation
over time which leads to their accumulation both within the environment and the human body. The
presence of PFAS in raw water sources is an increasing concern as PFAS has been linked to
negative effects on infant birth weights and immune systems and has been linked to cancer and
thyroid hormone effects. The EPA is currently establishing methods for detecting PFAS in
drinking water and has identified treatment recommendations for PFAS including the following:
x

Granular and powdered activated carbon (GAC, PAC): highly variable removal efficiency,
but can achieve up to 99% removal depending on the PFAS compound1

x

Ion exchange: between 57 – 99% removal efficiency

x

Nanofiltration and reverse osmosis: greater than 99% removal efficiency in most instances

Nanofiltration and reverse osmosis indicated the highest and most consistent level of removal of
the various treatment technologies that proved successful in the removal of PFAS compounds.
However, at this time no PFAS substances have been detected in the water sources under
consideration and implementation of treatment technologies for these compounds is not required.
7.7.2 Pharmaceutical and Personal Care Products
PPCP can include a wide variety of substances including human and veterinary medicines, dietary
supplements, cosmetics, antibiotics from farm animals, and discharges from manufacturing
processes and wastewater treatment plants. They are largely a concern for aquatic life, but can
accumulate in drinking water sources, especially surface water sources. PPCP are not currently
regulated, but several are listed on the EPA’s contaminant candidate list (CCL) and research is ongoing into the side-effects on human consumption of PPCP in drinking water. Successful treatment
technologies for removal of PPCP include ozone, activated carbon, and NF/RO.

1

The City of Martinsburg utilizes GAC adsorption for PFAS removal at the Big Springs WTP.
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7.7.3 Emerging Contaminants Recommendation
To-date, PFAS and PPCP have not been detected in samples from Springdale Wells and LeFevre
Spring. The fact that these contaminants have not been discovered in the existing water sources
does not mean that they may not one day be discovered. However, groundwater sources are
generally better protected against contamination and both PFAS and PPCP are more commonly
discovered in surface water sources as the results of pollution runoff (landfills, industrial sites,
etc.) and pollutant discharges (WWTPs). Therefore, at this time, there is no need to include design
considerations of treatment technologies that can remove PFAS and PPCP from the raw water
sources. Berkeley Water should be prepared to initiate and continue sampling of these compounds
and monitor future regulatory changes and how they may impact this future WTP and the existing
Berkeley Water treatment facilities.
It should be noted that of the treatment technologies evaluated under this master plan, that MF/UF
had the highest treatment potential for PFAS and PPCP. MF/UF is not as effective as GAC, PAC,
ion exchange, and reverse osmosis. MF/UF did show some ability to remove 69 to 84% of
perfluorohexanoic acid based on a single bench scale study according to the EPA Treatability
Database. Based on EPA data, full scale sampling at drinking water treatment facilities indicated
“either no removal or inconsistent removal of [PFAS]” according to the EPA Treatability
Database. Gravity and pressure vessel media filtration indicated “no removal or inconsistent
removal” according to the EPA Treatability Database.

7.8 Comparison of Alternatives
The filtration and disinfection methods outlined in Section 7.5 and Section 7.6 will all provide
treatment that is in compliance with state and federal guidelines and the produces finished water
of the quality Berkeley Water currently produces. A comparison of the benefits and drawbacks of
the filtration alternatives and disinfection alternatives are provided in Table 7.14 and Table 7.15,
respectively.
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Table 7.14 - Comparison of Filtration Options
Filtration
Option
MF/UF
Polymeric
Membrane

MF/UF
Ceramic
Membrane

Advantages
x Most reliable barrier
x Full credit for Crypto and Giardia
removal
x Automatic control
x Operators are most familiar with
polymeric membranes (used at
Potomac WTP)

x
x
x
x
x

Gravity
Media
Filtration

Pressure
Vessel
Media
Filtration

x
x
x
x
x
x
x
x
x
x

Most reliable barrier
Full credit for Crypto and Giardia
removal
Longer membrane life compared to
polymeric membranes
Higher flux compared to polymeric
membranes (smaller footprint)
Automatic control

Simple design
Automatic control
Highest overall reliability
Backwash waste does not require
treatment prior to wasting
Less maintenance requirements
Clean design; media contained
within pressure vessels
Automatic control
Smaller process footprint
Lower operational costs
Backwash waste does not require
treatment prior to wasting

Berkeley County Public Service Water District
South Berkeley Water Supply and Treatment Master Plan – Page 7-29

Disadvantages
x Expensive treatment technology
x May require more frequent
backwashing due to high hardness in
raw water
x Will require softening sidestream for
CIP
x Backwash waste should be treated
prior to wasting
x More maintenance requirements
x Higher operational, chemical, and
energy costs
x Most expensive treatment technology
x May require more frequent
backwashing due to high hardness in
raw water
x Will require softening sidestream for
CIP
x Backwash waste should be treated
prior to wasting
x More maintenance requirements
x Higher operational, chemical, and
energy costs
x Additional inactivation of Giardia is
required
x Larger footprint
x Need to settle/dry backwash solids
x
x
x

More expensive than gravity media
filtration
Additional inactivation of Giardia is
required
Need to settle/dry backwash solids

Table 7.15 - Comparison of Disinfection Options
Disinfection
Option
Chlorine
Disinfection

UV &
Chlorine
Disinfection

Advantages
x Treatment process is familiar to
operations staff
x Simple design and operation
x Highly effective for virus
inactivation
x Most economical capital cost
x Most economical operational
costs
x Low maintenance requirements
x Multi-layered approach to
disinfection
x Highly effective for Crypto,
Giardia, and viruses
x Smaller footprint required

Disadvantages
x Requires larger CT for Giardia
and crypto inactivation
x If targeting Giardia a larger
clearwell or baffled clearwell is
required to achieve CT
requirements
x Larger footprint required

x
x

More expensive treatment
technology
More expensive operational costs

7.8.1 Technical Evaluation
In order to further evaluate the best option, an evaluation matrix was developed through
discussions with Berkeley Water and includes the following criteria (and associated weight of the
criteria):
1. Ability to meet current treatment regulations (5)
2. Flexibility for future, more stringent regulations (4)
3. Resiliency of treatment options for varying raw water characteristics (3)
4. Familiarity of Operations Staff with processes (3)
5. Reliability track-record of treatment option (5)
6. Maintenance requirements (4)
7. Ability to permit quickly with limited pilot testing (3)
8. Safety of the processes (5)
9. Likely stability of the finished water as indicated by LSI (3)
The following treatment trains were evaluated using the criteria matrix:
A. MF/UF polymeric membranes and free chlorine disinfection
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B. MF/UF ceramic membranes and free chlorine disinfection
C. Gravity media filtration with UV and free chlorine disinfection
D. Pressure vessel media filtration with UV and free chlorine disinfection
E. Gravity media filtration with free chlorine disinfection
F. Pressure vessel media filtration with chlorine free disinfection
The six treatment options listed above were evaluated with the criteria listed above. The weighted
scores are summarized in Table 7.16. Table 7.17 shows the full scoring for the criteria evaluation.
Table 7.16 - Comparison of Disinfection Options
Option
Description
Polymeric MF/UF & Chorine
A
Ceramic MF/UF & Chorine
B
Direct/Gravity & UV/Chlorine
C
Direct/Pressure & UV/Chlorine
D
E
F

Direct/Gravity & Chlorine Only
Direct/Pressure & Chlorine Only

Raw
Score
148.5

Total Score
(1 - 100)
84.9

Technical
Rank
4

143.5
151.5
149.5

82.0
86.6
85.4

6
1
2

149.0
147.0

85.1
84.0

3
5

The scores were generated based on a 5-panel team using a modified Delphi technique. Each
member of the panel independently ranked each option. After the individual ranking, each of the
scores were averaged together, discussed, and a consensus was determined to award a final score
based on the average score and the group’s consensus. A sensitivity analysis was conducted by
removing the weighing of each criteria in order to determine if any criteria was weighed to highly.
The outcome of the sensitivity analysis indicated no individual criteria was weighed too highly as
the weighted scores versus the unweighted scores did not change the individual rankings of the
options.
Based on the scores summarized in Table 7.16 and Table 7.17, no one technology far-outranked
any other. The tightness of the range of scoring indicates that any option would be acceptable and
that the decision for which option to use should be based on the preferences of Berkeley Water
and the estimated capital and long-term O&M costs.
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The highest ranked technical option was Option C – Gravity media filtration with UV and chlorine
disinfection. The rationale behind this ranking the highest was the simplicity of design, proven
track record, and multi-barrier approach to disinfection. Compared to the MF/UF options the
gravity media option did not require any hazardous chemicals for cleaning, thus increasing the
scoring for safety, reliability, and maintenance. A full description of each criteria and the
justification for each option’s ranking is included below.
1. Ability to meet current treatment regulations: The MF/UF options scored higher on the
ability to meet current regulations as they provided the best barrier for filtration and provide
some protection against biological CECs. The UV/chlorine options ranked higher due to
the multi-barrier approach to disinfection.
2. Flexibility for future, more stringent regulations: The MF/UF options scored higher on the
ability to meet future regulations as they provided the best barrier for filtration and provide
some protection against biological CECs. The UV/chlorine options ranked higher than the
chlorine-only due to the multi-barrier approach to disinfection.
3. Resiliency of treatment options for varying raw water characteristics: The MF/UF options
scored higher as they provide a physical barrier against any potential changes in raw water
quality when compared to the media filtration options.
4. Familiarity of Operations Staff with processes: All of the options were also equally ranked
familiarity of technology to operations staff except for ceramic membranes which were
ranked slightly lower.
5. Reliability track-record of treatment option: All processes are proven; however, ceramic
membranes while widely used internationally are relatively new in the US for municipal
applications.
6. Maintenance requirements: The MF/UF options have the most components and therefore
will have the highest maintenance needs. The options using gravity media filtration have
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the simplest maintenance needs. The pressure media filters were ranked between MF/UF
and gravity media filtration.
7. Ability to permit quickly with limited pilot testing: The BPH will look upon technologies
with existing installations in West Virginia favorably. To our knowledge, ceramic
membranes have not been used at a municipal level in West Virginia and therefore these
were ranked lower than the other treatment technologies.
8. Safety of the processes: The MF/UF options scored lower in safety and maintenance as
they required hazardous chemicals for the CEB and CIP.
9. Likely stability of the finished water as indicated by LSI: All of the options were ranked
equally for likely stability of finished water as they would have similar finished water
characteristics and would likely have some final pH adjustment prior to entering the
distribution system.

7.9 Ancillary Facilities and Plant Layout
In addition to providing finished drinking water, Berkeley Water has expressed interest in
additional ancillary facilities at the proposed water treatment plant. The following support facilities
have been included in the space planning for the future WTP:
x

SCADA Room

x

Foyer / secure entrance

x

Laboratory: two (2) utility sinks and lab working space

x

Conference room: Large enough to seat 20+ people

x

Offices: includes two (2) 15’ x 15’ offices

x

Bathrooms / locker room / shower room
o Men’s: 2 sinks, 2 urinals, 2 stalls, 1 shower, wall of lockers
o Womens: 2 sinks, 3 stalls, 1 shower, wall of lockers

x

Bunk room: sized for three (3) sets of bunks

x

Kitchen / break room: refrigerator, oven, microwave, tables, chairs
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x

Garage / workshop: sized for three (3) large utility trucks

x

Fluoride Chemical Feed System

x

Caustic Chemical Feed System (for final pH adjustment)

It should be noted that the property for the future WTP has not been identified and a layout has not
been determined. The above items are listed in order to provide a basis of sizing for the economic
evaluations provided in Section 8. The design will be developed based on the ultimate needs and
budget of Berkeley Water and finalized based on additional raw water quality sampling and pilot
testing.

7.10 Treatment Alternatives Conclusions
As discussed in Sub-section 7.8 all options were close in their final scoring; no one process faroutranked any of the others indicating that all options would be viable technical solutions that meet
the regulatory requirements. Based on these conclusions, the selection of a treatment technology
should be determined by the preferences of Berkeley Water and the anticipated capital and longterm O&M costs. These costs are further evaluated in Section 8.
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