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SECTION 1 PROJECT DESCRIPTION

The 220-feet (ft) deep Fir Meadows Well D (S27) is located at 6700 204th Street East in Graham,
Washington and was drilled in 2006. The Fir Meadows D Well currently produces approximately

650 gallons per minute (gpm) of groundwater on average for customers in the Southwood

Water System near Graham, WA. The Southwood Water System is owned, operated, and

maintained by Rainier View Water Company (RVWC).

Due to taste and odor complaints received by RVWC, ATEC Systems Associates (ATEC™)

performed a series of raw water and pilot testing on the Fir Meadows Well D in August of 2016.

ATEC™'s testing determined that the levels of manganese in the well were well above the

Secondary Maximum Contamination Levels (SMCLs) set by the United States Environmental

Protection Agency (US EPA). Therefore, water treatment for the Fir Meadows Well D is

proposed. ATEC™'s Fir Meadows Well D Pilot Memo has been included in Appendix A for

further information.

In order to continue to meet Southwood Water System demands and retain water production

capacity of the well while treating manganese to achieve SMCL requirements for finished water

manganese concentrations, RVWC proposes to install an ATEC™ filtration system. This project

report and construction documents are intended to meet the requirements of the December,

2009 Washington State Department of Health's (WSDOH) Water System Design Manual as a

project engineering report and also to present adequate pilot test data and conclusions as a

predesign study.

SECTION 2 PLANNING

The Fir Meadows Well D serves the Southwood Water System. The installment of the proposed

treatment system should not affect the supply water capacity of the Southwood Water System

or impact any neighboring water systems. Minor temporary construction and related impacts,

such as noise, increased traffic to the site, etc., could affect local residents. Refer to Chapter 2

of the approved 2011 Southwood Water System Plan for Basic Planning Data and Water

Demand forecasting of the Southwood Water System.

SECTION 3 ANALYSIS OF ALTERNATIVES

Based on a review of previous and current water quality analyses, a field inspection of the

existing water system, and discussion with the RVWC staff, the following water treatment

design alternatives were developed to meet project objectives of the drinking water at the Fir



Meadows D Well. Water quality data and well log information used in evaluating alternatives

are included in Appendix A of this report. The following three alternatives were considered:

ALTERNATIVE NUMBER ONE: Greensand Treatment with Chlorine Oxidation

Under this alternative, the well water would immediately be oxidized with chlorine to

precipitate iron and manganese. The water would then pass through the greensancf filtration

media which supports oxidation of manganese and iron. Greensand treatments iron removal

capability has been proven to be comparable to most water treatment options. This alternative

had relatively high operation and maintenance costs because of its detention requirements,

large chlorine doses, and sizeable filter footprint.

ALTERNATIVE NUMBER TWO: ATEC™ Treatment with Recycled Backwash

Under this alternative, the iron would be oxidized to its insoluble state and filtered while the

manganese would be adsorbed on the surface of the Pyrolusite media where it would be

secured and oxidized in place. Chlorine would be injected immediately upstream of the filters.

The chlorine would be used to oxidize the iron and to maintain the filter bed in an oxidized

state. This difference would allow for higher loading rates, a smaller equipment footprint, and

lower chlorine doses than Alternative Number One. The filtration media would proceed to be

backwashed. This backwashed water would be released into a settling tank for decanting and

the sediment removed routinely. This sediment would need to be disposed at an appropriate

waste facility. The backwash water would then be pumped back into the system by a

submersible pump to be recycled back through the filters. ATEC™ systems are typically more

effective at removing manganese than the Greensand treatment systems considered for

Alternative Number One. Additionally, RVWC currently operates and maintains several ATEC™

treatment systems within their water systems and has become familiar with the technology.

ALTERNATIVE NUMBER THREE: ATEC™ Treatment with Disposed Backwash

Under this alternative, the iron and manganese would be treated in the same process as

Alternative Number Two. However, instead of routing the backwash through a settling tank and

pumping it back through the system, the backwash would be disposed of via the proposed

infiltration trench. This alternative would require less operations and maintenance work and be

the most cost effective of the three alternatives. Refer to Appendix B of this report for

infiltration trench calculations.

SELECTED ALTERNATIVE

Alternative Number Three was selected by RVWC as it provides required treatment with

familiar operation and maintenance requirements and capital costs that fit the project's

budget. The treatment system was designed for finished water production of approximately

700 gpm. Refer to Appendix C of this report for a copy of the civil plans which include a layout

and details of the system.
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The existing Fir Meadows Well D will be installed with an ATEC™ filter and backwash system.

The ATEC™ water treatment units will be enclosed within the proposed treatment building. The

ATEC™ system will consist of 6, 48-inch diameter filters delivered on a single skid. The 60-inch

vertical filters .contain 42-inches ofAS-741M media (Pyrolusite). This equates to a loading rate

of 7.80 gpm/square foot (sf) during production and 10.40 gpm/sf during backwash when 1 filter
is out of production. In order for the media to remain charged, a residual chlorine

concentration of no less than 0.600 mg/L after filtration should be maintained. Refer to

Appendix A for additional system information.

WASTE HANDLING

The filter backwash from the ATEC™ system should be set to cycle once every 24 hours of

production for a duration of 5 minutes per filter, or a total time of 20 minutes. This should

result in approximately 10,500 gallons of backwash water. The 24 hour cycle time can be

adjusted as necessary after several weeks of close observation. Valves have been included in

the system's design to set the flow to the required backwash rate of 350 gpm, per ATEC™'s

recommendations. During the 20 minutes of backwash, 350 gpm of the 700 gpm produced by

the well would be used for backwash and approximately 350 gpm would be provided to the

system. Refer to Appendix A for additional system information and Appendix B for backwash

rate calculations.

The backwash water is proposed to be conveyed and infiltrated on-site. The small amount of

iron and manganese in the backwash water being infiltrated are not of concern because they

are considered a secondary constituent by the US EPA. Refer to Appendix A for more

information.

AVAILABILITY OF SKILLED OPERATORS

As stated previously, RVWC currently manages several ATEC™ treatment systems within the

Southwood Water System and Artondale/Wollochet Heights Water System. Therefore, RVWC

staff is familiar with the requirements of ATEC™ facilities and appropriately trained to operate

and maintain ATEC™ facilities. RVWC staff typically visit well sites within their water systems

daily to assure quality control.

SYSTEM COST

Budgetary construction cost estimates were prepared for this project based on installing an

ATEC™ system. In addition, an underground vault for storage of the backwash is necessary. The

following tables are an approximate summary of the water treatment system costs. The price of

the ATEC™ system listed includes the filters, controller and shipping. However, the price does

not include the chemical feed system. Coordination with ATEC™ or an approved estimating

service will be necessary should a more accurate cost estimate be required.
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５８８
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ｌ，６８０

Ｔｏｔａ璽ＣｏｓｔｐｅｒＹｅａｒ Ｓ

　

５，９０８
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ｖｖａｔｅｒｔｒｅａｔｍｅｎｔｒｅｑｕｉｒｅｍｅｎｔ５ａｒｅｅｓｔａｂｌｉｓｈｅｄｂｙｔｈｅＵＳＥＰＡｉｎ ａｃｃｏｒｄａｎｃｅ ＷｉｔｈｔｈｅＦｅｄｅｒａＩ
ＳａｆｅＤｒｉｎｋｉｎｇ仇／ａｔｅｒＡｃｔ．Ｔｈｅｒｅｑｕｉｒｅｍｅｎｔｓａｒｅｉｍｐｌｅｍｅｎｔｅｄｉｎ ＷａｓｈｉｎｇｔｏｎｂｙｔｈｅＷＳＤＯＨ．Ｐｅｒ
ｔｈｅｓｅ５ｔａｎｄａｒｄｓ，ｉｒｏｎａｎｄ ｍａｎｇａｎｅｓｅｍｕｓｔｂｅ星ｅｓｓｔｈａｎｏｎｅ－ｈａーｆｔｈｅｉｒ５ＭＣＬ５ｏｆＱ３００ｒｎｇ／Ｌａｎｄ
ｏ．０５０ ｍｇ／Ｌ ｒｅｓｐｅｃｔｉｖｅｌｙ．Ｔｈｅ ＵＳＥＰＡ ｄｏｅｓ ｎ。ｔｓｅｔ ａ ｍａｘｉｍｕｎｎ ｓｔａｎｄａｒｄ ｆｏｒｔｈｅｌｅｖｅｌｓｏｆ
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ａｍｍｏｎｉａ
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ｓｐｅｃｉｆｉｃａｔｉｏｎｓ

　

ｗｉｌｌ

　

ｍｅｅｔ

　

ＲＶＶＶＣ′ｓ ｓｔａｎｄａｒｄ

ｓｐｅｃｉｆｉｃａｔｉ。ｎｓａｎｄ ＡＴＥＣＴＭ′ｓｒｅｃｏｍｍｅｎｄａｔｉｏｎｓｕｎｌｅｓｓｓｐｅｃｉｆｉｅｄｄｉ“ｅｒｅｎｔｌｙ ｏｎｔｈｅｃｏｎｓｔｒｕｃｔｉｏｎ

ｐｌａｎｓ・

ＲＡＶＶＶＶＡＴＥＲＤＡＴＡＣ０ＮＳＩＤＥＲＡＴＩ０Ｎ５

Ｔｈｅｆｏ＝ｏｗｉｎｇｔａｂーｅｓｕｎＭｒ．ａｒｉｚｅｓｔｈｅｒａｗ ｗａｔｅｒｑｕａ呈ｉｔｙ。ｆｔｈｅＦｉｒＭｅａｄｏｗｓＷｅ＝Ｄ（ｐｒｏｖｉｄｅｄｂｙ
ＡＴＥＣ↑Ｍ）：
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ＲＶ瀦に－副ＲＭ＝ＥＡＤＯＷｆｓ風′ＥＬＬＤ

ＲＡＷ ＷＡＴＥＲＱＵＡＬＩＷ

Ｐａｒａｍｅｔｅｒ Ｌｏｗ（ｍｇ／Ｌ） Ｈｉｇｈ（ｍｇ／Ｌ） Ａｖｅｒａｇｅ（ｍｇ／Ｌ）
ｌｒｏｎ

Ｍａｎｇａｎｅｓｅ

Ｈｙｄｒｏｇｅｎ

　

ＮＴ

０．１１８ ０．１３２

０．０１４

　

ＮＴ

０．１２３

０．００６

Ａｍｍｏｎｉａｗａｓａｔａｎｏｎ‐ｄｅｔｅｃｔ．Ｍａｎｇａｎｅｓｅｃｏｎｃｅｎｔｒａｔｉｏｎｓａｔｔｈｅｓｅｌｅｖｅｌｓｗｏｕｌｄｂｅｔｈｅｃａｕｓｅｏｆ
ｓｅｖｅｒｅｐｒｏｂｌｅｍｓｗｉｔｈｔａｓｔｅ，ｏｄｏｒａｎｄｓｔａｉｎｉｎｇ．ＲｅｆｅｒｔｏＡｐｐｅｎｄｉｘＡｆｏｒａｄｄｉｔｉｏｎａｌｉｎｆｏｒｍａｔｉｏｎ
ｒｅｇａｒｄｉｎｇｒａｗ ｗａｔｅｒｑｕａｌｉｔｙｆｏｒｔｈｅＦｉｒＭｅａｄｏｗｓ「ＷｅｌＩＤ．

ＰＲＥ‐ＤＥＳＩＧＮＳＴＵＤＩＥＳ

Ｐｉｌｏｔｔｅｓｔｉｎｇ ｗａｓｐｅｒｆｏｒｍｅｄｂｙＡＴＥＣ↑ＭｏｎＦｅｂｒｕａｒｙ１８，２０１６．Ａｔｏｔａｌｏｆ６ｓａｍｐｌｅｓｗｅｒｅｔａｋｅｎ
ｏｖｅｒａｐｅｒｉｏｄｏｆ２．５ｈｏｕｒｓ．ＴｈｅｆｏｌｌｏｗｉｎｇｔａｂーｅｓｕｍｍａｒｉｚｅｓｔｈｅｐｉｌｏｔｔｅｓｔｉｎｇｏｆｔｈｅＦｉｒＭｅａｄｏｗｓ
ｗｅ＝Ｄ（ｐｒｏｖｉｄｅｄｂｙＡＴＥＣＴＭ）；

ＲＶＷ′Ｃ一ＦＩＲＭＥＡＤＯ肌′Ｓ試′ＥＬＬＤ

ＰＩＬＯＴＴＥＳＴＳＵＭＭＡＲＹ
Ｐａｒａｍｅｔｅｒ Ｌｏｗ Ｈｉｇｈ Ａｖｅｒａｇｅ ＰｅｒｃｅｎｔｏｆｓＭＣＬ（％）

ｌｒｏｎ

Ｍａｎｇａｎｅｓｅ

ＨｙｄｒｏｇｅｎＳｕｒｆｉｄｅ

ＬｏａｄｉｎｇＲａｔｅ

Ｎｏｎ‐ｄｅｔｅｃｔ

Ｎｏｎ‐ｄｅｔｅｃｔ

Ｎｏｎ‐ｄｅｔｅｃｔ

８．９５ｇｐｎｎ／ｓｆ

０．０４０ｍｇ／Ｌ

Ｏ．０１ｏｍｇ／Ｌ

Ｎｏｎ‐ｄｅｔｅｃｔ

ｌｏ．７５ｇｐｎｒｙｓｆ

０．０１ｏｍｇ／Ｌ

０．００２ｍｇ／Ｌ

Ｎｏｎ‐ｄｅｔｅｃｔ

９．７７ｇｐｎゾｓｆ

２．２２

４．３３

Ｃｈ国。ｒｉｎｅｖｖａｓａｄｄｅｄｔｏｔｈｅｍｆ■ｕｅｎｔｖｖａｔｅｒｉｎｖａｒｙｉｎｇａｍｏｕｎｔｓｆｒｏｎｎａ－ｏｖｖｏｆｌ．５６ ｍｇＡｔ。ａｈｉｇｈ
ｏｆｌ．８７ｍｇ／Ｌ，ａｖｅｒａｇｉｎｇｌ．７２ ｍｇ／Ｌ．Ｔｏｔａｌｃｈｌｏｒｉｎｅｃｏｎｃｅｎｔｒａｔｉｏｎｉｎｔｈｅｆｉｎｉｓｈ ｗａｔｅｒｖａｒｉｅｄｆｒｏｍ
ａｌｏｗｏｆｌ．２５ｍｇ／Ｌｔｏａｈｉｇｈ。ｆｌ．５８ｍｇ／Ｌ，ａｖｅｒａｇｉｎｇｌ．４７ｍｇ／Ｌ，Ｃｈｌｏｒｉｎｅｄｅｍａｎｄａｖｅｒａｇｅｄｏ．２５
ｎｎｇ／Ｌ．

ＲｅｆｅｒｔｏＡｐｐｅｎｄｉｘＡｆｏｒａｄｄｉｔｉｏｎａｌｉｎｆｏｒｍａｔｉｏｎｒｅｇａｒｄｉｎｇｔｈｅｐｉ－ｏｔｔｅｓｔｉｎｇｆｏｒｔｈｅＦｉｒＭｅａｄｏｗｓ
ＶＶｅｌＩＤ．

Ｈｙｐｏｃｈｌ。ｒｉｎａｔｉｏｎｖｖｉｌーａｌｓｏｂｅｎｅｅｄｅｄｆｏｒｔｈｉｓ５ｙｓｔｅｍｔｏｐｒｏｐｅｒｌｙｆｕｎｃｔｉｏｎ．Ａ０・３４ｇａｌーｏｎ５／ｈｏｕｒ
（ｇｐｈ）ｏｆ１２．５％ｓｏｄｉｕｒｎｈｙｐｏｃｈｌｏｒｉｔｅａｔｏ．７ ｍｇ／ＬｉｓｐｒｏｐｏｓｅｄｔｏｂｅｕｔｉｌｉｚｅｄａｔｔｈｅＦｉｒＭｅａｄｏｗｓ
汎／ｅｌＩＤ．Ｔｈｅｗｅｌｌｗｉｌｌｕｔｉｌｉｚｅ ａＴｏｔａＩＣｈｌｏｒｉｎｅＡｎａｌｙｚｅｒＭｏｄｅ１５６ｔｏ ｍｅａｓｕｒｅｔｈｅｆｒｅｅｃｈｌｏｒｉｎｅ
ｒｅｓｉｄｕａｌｏｎａｎ。ｎｓｔｏｐｂａｓｉｓ．Ｔｈｉｓｍｅａｓｕｒｅｍｅｎｔｐｒｏｃｅｓｓｓｈｏｕｌｄｂｅａｄｅｑｕａｔｅｔｏａｓｓｕｒｅａｒｅｓｉｄｕａｌ

ｃｈｌｏｒｉｎｅｃｏｎｃｅｎｔｒａｔｉｏｎｏｆｎ。ｉｅｓｓｔｈａｎｏ．６００ｍｇ／Ｌａ代ｅｒｆｉｌｔｒａｔｉｏｎｉｓｒ１「１ａｉｎｔａｉｎｅｄｆｏｒｔｈｅｐｒｏｐｏｓｅｄ
ＡＴＥＣＴＭＳｙｓｔｅｍ．Ｔｈｅｅｘｉｓｔｉｎｇ５ＣＡＤＡｓｙｓｔｅｍ ｗｉｌｌｂｅｉｎｃｏｒｐｏｒａｔｅｄｗｉｔｈａｌａｒｍｓａｓｎｅｃｅｓｓａｒｙ．Ｒｅｆｅｒ
ｔｏｔｈｅａｔｔａｃｈｅｄｈｙｐｏｃｈｌ。ｒｉｎａｔｉｏｎｃｈｅｃｋｌｉｓｔａｎｄｓｕｐｐｏｎｉｎｇｉｎｆｏｒｍａｔｉｏｎｉｎＡｐｐｅｎｄｉｘＥ．
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Ａｓｐｒｅｖｉｏｕｓｌｙｓｔａｔｅｄ，ｔｈｅｐｒｏｐｏｓｅｄＡＴＥＣ
ＴＭｗａｔｅｒｔｒｅａｔｍｅｎｔｆａｃｉｌｉｔｙｄｏｅｓｎｏｔｉｎｖｏ１ｖｅａｎｅｗ ｗａｔｅｒ

ｓｏｕｒｃｅｏｒａｎｉｎｃｒｅａｓｅｉｎｔｈｅＳｏｕｔｈｗｏｏｄ仇′ａｔｅｒＳｙｓｔｅｍ
′ｓｐｈｙｓｉｃａＩＣａｐａｃｉｔｙ，ＲｅｆｅｒｔｏＣｈａｐｔｅｒ３ｏｆ

ｔｈｅａｐＰｒｏｖｅｄＳｏｕｔｈｗｏｏｄ肌′ａｔｅｒＳｙｓｔｅｍ Ｐ１ａｎｆｏｒａｄｅｔａｉｌｅｄｓｙｓｔｅｍｑｕａｎｔｉｔａｔｉｖｅａｎａｌｙｓｉｓ．

ＤｕｅｔｏｔｈｅｆａｃｔｔｈａｔｔｈｅＰｒｏｐｏｓｅｄ ｗａｔｅｒｔｒｅａｔｍｅｎｔｆａｃｉｌｉｔｙｄｏｅｓｎｏｔａ什ｅｃｔｔｈｅＳｏｕｔｈｗｏｏｄ 肌／ａｔｅｒ
Ｓｙｓｔｅｍ

′ｓｐｈｙｓｉｃａｌｃａｐａｃｉｔｙ，ｔｈｅｆａｃｉｌｉｔｙｗｉｌｌｎｏｔａ音ｅｃｔｔｈｅｅｘｉｓｔｉｎｇｗａｔｅｒｒｉｇｈｔｓｉｎｗｈｉｃｈｔｈｅｓｙｓｔｅｍ
ｈｏｌｄｓ．Ｒｅｆｅｒｔｏ ＡＰＰｅｎｄｉｘ

　

Ｂ ｏｆｔｈｅ ａｐｐｒｏｖｅｄ

　

Ｓｏｕｔｈｗｏｏｄ 仇′ａｔｅｒＳｙｓｔｅｍ

　

Ｐ１ａｎｆｏｒａｄｅｔａｉｌｅｄ
ｄｅｓｃｒｉＰｔｉｏｎｏｆｔｈｅｓｙｓｔｅｍ

′ｓｗａｔｅｒｒｉｇｈｔｓ．

ＳＥＣ÷ｎ。Ｎ６

　　　

ＥＮＧ書ＮＥＥＲ雲ＮＧむＡーにＵＬＡＴーＯＮ５

ＲｅｆｅｒｔｏＡＰＰｅｎｄｉｘＢｏｆｔｈｉｓｒｅｐｏｒｔｆｏｒｉｎｆｉｌｔｒａｔｉｏｎｔｒｅｎｃｈａｎｄｂａｃｋｗａｓｈｒａｔｅｃａｌｃｕｌａｔｉｏｎｓ．Ｒｅｆｅｒ
ｔｏＣｈａＰｔｅｒ３ｏｆｔｈｅａｐＰｒｏｖｅｄＳｏｕｔｈｗｏｏｄ 仇′ａｔｅｒＳｙｓｔｅｍ Ｐ１ａｎｆｏｒａ＝ｃａｌｃｕ！ａｔｉｏｎｓｉｎｖｏｌｖｅｄｗｉｔｈ
ａｎａ１ｙｚｉｎｇｔｈｅＳｏｕｔｈｗｏｏｄ風′ａｔｅｒＳｙｓｔｅｍ．

ＳＥＣＴ－ＱＮ７

　　

ＤＥ５劃ＧＮ′ＣＯＮ５ＴＲＵＣ劉。ＮＣＲーＴＥＲＩＡ

ＰＥＲＦＯＲＭＡＮＣＥＳＴＡＮＤＡＲＤＳ

ＴｈｅｇｏａｌｏｆｔｈｉｓｐｒｏｊｅｃｔｗａｓｔｏｐｒｏｖｉｄｅａｄｒｉｎｋｉｎｇｗａｔｅｒｓｏｕｒｃｅｔｏｔｈｅＳｏｕｔｈｗｏｏｄ ＷａｔｅｒＳｙｓｔｅｍ

ｗｉｔｈｃｏｎｓｔｉｔｕｅｎｔｓｂｅｉｏｗＳＭＣＬＳ．Ｗｉｔｈｔｈｅｔｒｅａｔｍｅｎｔｐｒｏｐｏｓｅｄｉｎｔｈｉｓｒｅｐｏｒｔｔｈｅｓｅｇｏａｌｓｓｈｏｕｌｄ
ｂｅａｃｃｏｍｐｌｉｓｈｅｄ．

ＳＩＺＩＮＧＣＲＩＴＥＲＩＡ

Ｔｈｅ

　

ｐｒｏｐｏｓｅｄ

　

ｗａｔｅｒｔｒｅａｔｍｅｎｔ

　

ｓｙｓｔｅｍ

　

ｗａｓ

　

ｓｉｚｅｄ

　

ｉｎ

　

ａｃｃｏｒｄａｎｃｅ ｗｉｔｈ

　

ｓｕｇｇｅｓｔｉｏｎｓ

　

ｍａｄｅ

　

ｂｙ
ＡＴＥＣＴＭ．１ｔｉｓｉｎＲＶ、ＷＣ

′ｓｏｐ－ｎｌｏｎｔｈａｔｔｈｅｓｉｚｉｎｇｒｅｃｏｍｍｅｎｄａｔｉｏｎｓ ｍａｄｅｂｙＡＴＥＣＴＭａｒｅ ｃｏｒｒｅｃｔ
ａｎｄｔｈａｔｔｈｅｓｙｓｔｅｍ ｓｈｏｕ■ｄｆｕｎｃｔｉｏｎ

　

ｐｒｏｐｅｒ髪ｙ ａｓ ｄｅｓｉｇｎｅｄ，ＲｅｆｅｒｔｏｔｈｅｒｅＰｏ〔ｉｎｃｌｕｄｅｄ

　

ｉｎ
ＡｐｐｅｎｄｉｘＡｆｏｒｍｏｒｅｉｎｆｏｒｍａｔｉｏｎｒｅｇａｒｄｉｎｇｔｈｅｓｉｚｉｎｇｃｒｉｔｅｒｉａｆｏｒｔｈｅｐｒｏｐｏｓｅｄｓｙｓｔｅｍ．

ＬＯＣＡＬＤＥＳＩＧＮＳＴＡＮＤＡＲＤＳ

Ｌｏｃａ－ｄｅｓｉｇｎｓｔａｎｄａｒｄｓｉｎｄｕｄｉｎｇｆｉｒｅｆ国ｏｗｒｅｑｕｉｒｅｍｅｎｔｓ ｈａｖｅｂｅｅｎａｎａ－ｙｚｅｄａｎｄａｒｅｄｉｓｃｕｓｓｅｄ

ｉｎｔｈｅａｐｐｒｏｖｅｄＳｏｕｔｈｗｏｏｄｍ′ａｔｅｒＳｙｓｔｅｍ Ｐ亘ａｎ．

ＣＯＮＳＴＲＵＣＴＩＯＮ ＭＡＴＥＲＩＡＬＳＡＮＤＭＥＴＨＯＤＳ
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