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NOTICE IS HEREBY GIVEN, in accordance with RCW Chapter 42.30, that the City Council 
of the City of Longview, Washington, will conduct a joint meeting with the Beacon Hill 
Water & Sewer District Commissioners in the Longview City Hall Training Room, 1525 
Broadway, Longview, on Thursday, March 7, at 6:00 p.m. The topics of discussion follow. 
Final disposition shall be taken on no other matter.

The City Hall is accessible for persons with disabilities. Special equipment to assist the 
hearing impaired is also available. Please contact the City Executive Offices at 
360.442.5004 48 hours in advance if you require special accommodations to attend the 
meeting.

1.  CALL TO ORDER 
   

2.  ROLL CALL 
   

3.  WORKSHOP 
   

  19­00038 MINT FARM REGIONAL WATER TREATMENT PLANT – REVERSE OSMOSIS 
TREATMENT

RECOMMENDED ACTION:
For information and discussion.
 

     

  19­00039 WATER SUPPLY WELLHEAD PROTECTION PROGRAM UPDATE

RECOMMENDED ACTION:
For information and discussion
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City Council Agenda ­ Revised March 7, 2019

4.  ADJOURNMENT 
   

NEXT REGULAR COUNCIL MEETINGS: 
THURSDAY, MARCH 14, 2019 ­ 7:00 P.M. 
THURSDAY, MARCH 28, 2019 ­ 7:00 P.M. 

NEXT COUNCIL WORKSHOPS: 
THURSDAY, MARCH 21, 2019 ­ 6:00 P.M. MINT FARM PHASE II UPDATE
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City of Longview

Agenda Summary

MINT FARM REGIONAL WATER TREATMENT PLANT – REVERSE OSMOSIS TREATMENT

RECOMMENDED ACTION:
For information and discussion.
 
 

MINT FARM REGIONAL WATER TREATMENT PLANT – REVERSE OSMOSIS TREATMENT

COUNCIL INITIATIVE ADDRESSED: 
Provide sustainable water quality and environmental infrastructure.
 
CITY ATTORNEY REVIEW:   N/A
 
SUMMARY STATEMENT:
Council requested a workshop to discuss reverse osmosis treatment of the water supply.  This topic was last 
considered at a joint workshop with Beacon Hill Water and Sewer District commissioners held on July 6, 2017, 
at the decision was made to take no further action at that time.  Attached for your information are the meeting 
minutes from that workshop, along with the workshop material.
    
RECOMMENDED ACTION:
For information and discussion.
 
STAFF CONTACT:
Jeff Cameron, Public Works Director
 

Attachments: 

1. July 6 2017 Joint Workshop Minutes - Silica Removal Options
2. Council Presentation - Silica Technologies 07.06.2017 FINAL
3. June 22 2017 Silica Removal Agenda Summary
4. Evaluation of Silica Removal Alternatives_CH2MHill FINAL
5. Evaluation of Silica Removal Alternatives Attachments
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1525 Broadway

Longview, WA 98632

www.ci.longview.wa.us

City of Longview

Minutes - Final

City Council
Mayor Don Jensen

Council Member Ken Botero

Council Member Chet Makinster

Council Member Mary Jane Melink

Council Member Steve Moon

Council Member Scott Vydra

Mayor Pro Tem Michael Wallin

6:00 PM 2nd Floor, City HallThursday, July 6, 2017

JOINT MEETING WITH BEACON HILL WATER & SEWER DISTRICT

NOTICE IS HEREBY GIVEN, in accordance with RCW Chapter 42.30, that 

the City Council of the City of Longview, Washington, will conduct a joint 

workshop session with the Beacon Hill Water & Sewer District in the 

Longview City Council Chamber, 1525 Broadway, Longview, on Thursday, 

July 6, at 6:00 p.m.  The topics of discussion follow.  Final disposition 

shall be taken on no other matter.

The City Hall is accessible for persons with disabilities. Special equipment 

to assist the hearing impaired is also available. Please contact the City 

Executive Offices at 360.442.5004 48 hours in advance if you require 

special accommodations to attend the meeting.

CALL TO ORDER1.

Mayor Jensen called the joint meeting with Beacon Hill Water & Sewer District to 

order at 5:59 p.m.

ROLL CALL2.

Mayor Don Jensen, Council Member Botero, Council Member Makinster, 

Council Member Melink, Council Member Moon and  Council Member 

Vydra

Present: 6 - 

Mayor Pro Tem WallinExcused: 1 - 

BEACON HILL WATER & SEWER DISTRICT COMMISSIONERS AND STAFF 

PRESENT

Commissioner Monte Roden; Commissioner Bonnie Decius; Commissioner Keath 

Huff; and General Manager Dell Hillger were present.

CITY OF LONGVIEW STAFF PRESENT

Page 1City of Longview
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July 6, 2017City Council Minutes - Final

City Manager Dave Campbell; Assistant City Manager Kurt Sacha; City Clerk Kaylee 

Cody; City Attorney Jim McNamara; Public Works Director Jeff Cameron; Engineer 

Amy Blain; Human Resources Director Chris Smith; and Risk & Safety Manager 

Brian Loos.

CHANGES TO THE AGENDA3.

CITY MANAGER'S REPORT4.

17-4966 EVALUATION OF TREATMENT TECHNOLOGIES FOR SILICA REMOVAL 

AT THE MINT FARM REGIONAL WATER TREATMENT PLANT 

COUNCIL STRATEGIC INITIATIVE ADDRESSED: 

Provide sustainable water quality and environmental infrastructure.

CITY ATTORNEY REVIEW:  N/A  

SUMMARY STATEMENT:

In June, staff presented the results of an evaluation of available water 

treatment technologies for silica removal to the Water Operating Board, 

Beacon Hill Water and Sewer District (BHWSD) Board of Commissioners, 

and City Council.  Based on effectiveness, cost, benefits and impacts, 

discussion focused on three short-listed alternatives:  electrocoagulation, 

precipitation, and reverse osmosis.  

On June 5, the Water Operating Board (WOB) reviewed the documents 

prepared by CH2MHill and considered the short-listed alternatives.  As the 

policy board for the water treatment plant, its members were tasked with 

making a recommendation regarding adding silica removal treatment.  The 

WOB deferred a Go/No-Go decision to the City Council and BHWSD 

Commissioners, but voted 2:1 in favor of precipitation as the preferred 

method for silica removal if the City Council and Board of Commissioners 

decide to proceed.     

On June 21, staff presented an overview of short-listed silica removal 

alternatives, including the basic process, costs, rate impacts, water quality, 

pros/cons and projected timeline, to the BHWSD Board of Commissioners.  

As joint owner of the water treatment plant, the Participants’ Agreement 

governing operation and construction of the plant specifies that BHWSD and 

the City Council must mutually agree to install additional treatment.  After 

discussing the treatment alternatives, the BHWSD Commissioners chose not 

to take formal action until after the City Council reviewed the information.  

However, based on their customer experience, complaint volume, and 

tolerance for rate increases, the BHWSD Commissioners indicated they were 

leaning toward not installing silica removal treatment due to the cost to its 

customers.

On June 22, the silica removal information was presented to the City Council.  

The outcome of the WOB and BHWSD board meetings was shared, along 

with the results of the 2014 customer survey showing the level of support for 

possible water rate increases at the time of the survey.  The City Council 
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July 6, 2017City Council Minutes - Final

voted to hold a joint meeting with the BHWSD Board to discuss the 

alternatives prior to making a decision.   

After consulting with state auditor staff, the City has the option to install silica 

removal treatment without participation from BHWSD.  However, exercising 

this option requires concurrence from BHWSD in order to amend the 

Participants’ Agreement provisions for cost-sharing and ownership.  And solo 

action would incur greater rate impacts for our customers since BHWSD 

customers would not share in the cost of the project.    

Rate impacts were calculated by CH2MHill using life cycle cost divided by 

Equivalent Residential Units (ERU’s), where one ERU represents the 

average volume of water consumed per day by a single family residence.  

The City has 13,504 water user connections which account for 21,942 

ERU’s.  When the rate impacts were first reported, CH2MHill erroneously 

calculated the impact based only on Longview’s total ERUs and neglected to 

include BHWSD ERUs.  After correcting this calculation to include BHWSD’s 

3,893 water user connections which account for 4,476 ERU’s, the corrected 

monthly cost per ERU for the short-listed options is estimated as follows:

Joint Project - City and BHWSD

$10.19/mo for Precipitation

$10.26/mo for Electrocoagulation

$12.83/mo for Reverse Osmosis

Should the City decide to proceed with silica removal without BHWSD 

financial participation, the monthly cost per ERU for the short-listed options is 

estimated as follows:  

City-Only Project

$12.23/mo for Precipitation

$12.32/mo for Electrocoagulation

$15.41/mo for Reverse Osmosis

Any one of these costs would be in addition to treatment plant costs currently 

included in a customer’s water bill.  

FINANCIAL SUMMARY:

No funds have been allocated for further evaluation or constructing and 

operating silica removal treatment.  Because the Mint Farm water treatment 

plant produces potable water meeting all federal and state regulations, it is 

unlikely this project would be awarded grants or low interest loans.  All costs 

would be paid by BHWSD and/or City of Longview water utility customers. 

RECOMMENDED ACTION: 

Provide direction to staff regarding silica removal.  Options include:

Discontinue further action - Do not remove silica

Decide to install silica removal and proof one or more alternatives for final 

design

Page 3City of Longview
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July 6, 2017City Council Minutes - Final

Solicit customer opinions

Negotiate with BHWSD to allow City to install silica removal without BHWSD 

funding

Other

STAFF CONTACT:

Jeff Cameron, Public Works Director

Presentation - Silica Technologies 07.06.17

June 22 2017 Silica Removal Agenda Summary

Evaluation of Silica Removal Alternatives_CH2MHill FINAL

Evaluation of Silica Removal Alternatives Attachments

Attachments:

City of Longview Engineer Amy Blain presented a staff report. 

The Longview City Council & Beacon HIll Water & Sewer District Commissioners 

discussed the presented information. The consensus was to take no further action 

regarding silica removal at this time.

A motion was made by Council Member Melink, seconded by Council Member 

Vydra, to discontinue further action. The motion carried by the following vote:

Ayes: Mayor Don Jensen, Council Member Botero, Council Member Makinster, 

Council Member Melink and  Council Member Vydra

5 - 

Nayes: Council Member Moon1 - 

ADJOURNMENT5.

The joint meeting adjourned at 6:47 p.m.

NEXT REGULAR COUNCIL MEETINGS:

THURSDAY, JULY 27, 2017 - 7:00 P.M. 

THURSDAY, AUGUST 10, 2017 - 7:00 P.M. 

NEXT COUNCIL WORKSHOPS:

TUESDAY, JULY 18, 2017 - 6:00 P.M. POST-SESSION LEGISLATIVE 

UPDATE W/ MARK BROWN/DISCUSSION AND REVIEW OF SISTER CITY 

RELATIONSHIP

Page 4City of Longview

Page 7 of 233

http://longview.legistar.com/gateway.aspx?M=F&ID=d5b1c1e5-5b7c-439a-98db-988382515f5c.pdf
http://longview.legistar.com/gateway.aspx?M=F&ID=696c6ddd-0471-4014-a63e-90f55a8b74a8.pdf
http://longview.legistar.com/gateway.aspx?M=F&ID=0aba0da1-309f-4a3d-bdfc-cd2a6e73b895.pdf
http://longview.legistar.com/gateway.aspx?M=F&ID=429b0659-3ff0-4238-b898-95905c3b4981.pdf


J U L Y  6 ,  2 0 1 7

1

MINT FARM 
WATER TREATMENT PLANT 

TREATMENT TECHNOLOGIES EVALUATION
FOR

SILICA REMOVAL
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Technologies for Silica Removal
3

Treatment Goal:  20-25 ppm silica concentration in finished water 
Total Plant Capacity:  17.4 MGD
Volume Treated: 12 MGD to 17.4 MGD; treat portion required to meet goal

Short Listed Alternatives:
• Electrocoagulation
• Precipitation
• Reverse Osmosis

Eliminated from Consideration:
• Lime Softening 
• Ion Exchange
• Activated Alumina 
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Silica Removal by Electrocoagulation

4
To Existing 
Filters
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Silica Removal by Electrocoagulation

5

 New EC building
 12 megacells
 12 power supplies

 2 treatment trains
 Rapid mix  floc basin  clarifiers

 In-plant pump station 
 Sludge dewatering
 Dry solids to landfill
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Silica Removal by Precipitation

6

 New chem feed building
 Sodium Aluminate (precipitate Si)
 Sulfuric Acid (reduce pH)

 2 treatment trains
 Rapid mix  floc basin  clarifiers

 In-plant pump station 
 Sludge dewatering
 Dry solids to landfill
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Silica Removal by Reverse Osmosis

 New building for RO membranes
 Treat 75%, blend 25% 
 No secondary pumping
 Sodium bisulfite for 

dechlorination
 Columbia River outfall for liquid 

waste
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8

Finished Water Quality Summary

(mg/L) Existing EC Precip RO 
(75:25)

Fishers 
Lane

Dissolved Solids 223 223 333 55.8 ~55

Aluminum 0.0028 0.11 0.24 0.0 < 0.05

Calcium 30.4 23 24 7.8 7.1

Magnesium 8.8 5.2 7.4 2.2 1.53

Iron 0.01 0.01 0.01 0.01 < 0.02

Manganese 0.004 0.004 0.004 0.0 < 0.005

Silica 54.4 19.9 12 14.5 23.9

Sodium 14.4 14.4 54 4.5 6.8

Hardness 108 108 108 27 33

Alkalinity 102 102 136 25.5 26
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Electrocoagulation Precipitation Reverse Osmosis

Capital Cost $27.7 M $19.9 M $28.2 M

O&M Cost $0.9 M/year $1.3 M/year $1.5 M/year

20-Yr Cost $65.0 M $64.6 M $81.3 M

Cost/ERU $12.32/month $12.23/month $15.41/month

Corrected* $10.26/month $10.19/month $12.83/month

Pros

Cons

* CH2M used 22,000 ERU.  Corrected to 26,400 combined ERU’s for City of Longview and BHWSD
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Electrocoagulation

Capital Cost $27.7 M

O&M Cost $0.9 M/year

20-Yr Cost $65.0 M

Cost/ERU $12.32/month

Corrected* $10.26/month

Pros  Cutting edge 
 Alternative to bulk 

chemical storage & feed
 May provide 4-log removal

Cons  Not NSF certified
 Typical Use < 1 MGD; 

scaled up system not yet 
proven

 Frequent anode cell 
replacement

 Won’t remove Ca, Mg
 Double pumping
 Aluminum residual

* CH2M used 22,000 ERU.  Corrected to 26,400 combined ERU’s for City of Longview and BHWSD

Precipitation

$19.9 M

$1.3 M/year

$64.6 M

$12.23/month

$10.19/month

 Proven technology
 Quicker to implement

 Higher chemical use
 Won’t remove Ca, Mg
 Double pumping
 Aluminum residual
 Increased sodium
 Increased TDS

Reverse Osmosis

$28.2 M

$1.5 M/year

$81.3 M

$15.41/month

$12.83/month

 Removes Ca, Mg, 
H2S, Organic N

 Closest resemblance 
to Fishers Lane 
treated water

 5-yr membrane life
 30% waste stream
 Disposal methods
 Removes good stuff!
 Reduced alkalinity
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13

Alternatives Evaluation Process

35% 27%

30%8%

Water Quality
• Silica reduction
• Hardness reduction
• Other benefit          

(or detriment)

Environmental

• Chemical use
• Resource waste
• Waste streams and 

solids handling

Economic

• Capital Cost
• O&M Cost
• Rate impacts

Technical
• Safety
• Operability
• Distribution 

system impacts
• Expandability
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14

$10.26 $10.19 $22.81 $18.32 $12.83
Cost per ERU/month
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15# Task Months to Complete Complete

0 Decision 1 Aug-2017

1 Hire Consultant 3 Oct-2017

2 Pilot Testing 2-6 Feb-2018

3 Project Report 2 Feb-2018

4 DOH Approval 6-12 Feb-2019

5 Final Design 6 Aug-2018

6 Permitting 3 Nov-2018

7 Site Preload 9-12 May-2019

8 Construction 12 May-2020

9 Implementation 6 Dec-2020

Implementation Schedule
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Board Discussion
16

 Water Operating Board ……………………...June 5, 2017
 Role: Policy Board per Participants’ Agreement
 Task: Review CH2M report;                                                                                    

. Make recommendation regarding silica removal
 Action: Deferred to Council and BHWSD on decision to proceed

Precipitation preferred method if “Yes” to proceed
2:1 vote (BHWSD rep voted No)

 Beacon Hill Board of Commissioners….June 21, 2017
 Role: Joint Owner
 Task: Review CH2M report;                                                                                    

. Make recommendation regarding silica removal
 Action: No action taken – leaning toward no silica removal

Willing to meet with Council
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Council Discussion
17

 Provide direction to staff regarding silica removal 
options:
 Discontinue further action - do not remove silica
 Solicit customer opinions

 Telephone survey
 Ballot measure (council resolution due August 1)

 Decide to install silica removal treatment
 Proof one of more alternatives for design report
 Select consultant and technology vendor via competitive process
 Pilot test at larger scale
 Pipe loop test to determine distribution system impacts
 Qualititative testing

 Other?
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..Title 
EVALUATION OF TREATMENT TECHNOLOGIES FOR SILICA REMOVAL AT THE 
MINT FARM REGIONAL WATER TREATMENT PLANT  
 
COUNCIL STRATEGIC INITIATIVE ADDRESSED:  
Provide sustainable water quality and environmental infrastructure. 
 
CITY ATTORNEY REVIEW:  N/A   
 
SUMMARY STATEMENT: 
The decision to cease further investigation of alternate sources of drinking water supply 
was coupled with a commitment to optimize water quality from the Mint Farm water 
treatment plant.  In November 2016, staff was directed to pursue dissolved oxygen (DO) 
addition to address taste and odor issues; and to evaluate treatment options for silica 
removal to address spotting issues.   
 
For DO, an invitation to bid will be advertised this month to construct an air injection DO 
system at the Mint Farm water treatment plant.  Pending final project approval from the 
Department of Health, construction is expected to be complete by the end of this year. 
After completion, DO levels will be incrementally increased over a period of up to 9 
months.  Introduced slowly, DO will help harden existing pipe scale, reduce iron release, 
inhibit hydrogen sulfide reversion and formation of disinfection byproducts, and 
eventually temper our dependency on chlorine to maintain chemical stability in the 
distribution system.   
 
Silica removal remains the more complicated issue.  The white spots left behind when 
water evaporates consist of hardness (calcium and magnesium) and silica.  Hardness 
can be wiped off but silica deposits can be difficult if not impossible to remove.  To 
reduce spotting, a 75% reduction of silica is recommended to approximate the 
concentration customers previously experienced from the Cowlitz River.  With that goal 
in mind, six treatment technologies were evaluated at bench test level to determine their 
effectiveness, cost, impacts and benefits.  Using a triple bottom line evaluation 
approach, the better options for silica removal were narrowed to electrocoagulation, 
precipitation, and reverse osmosis.  Options eliminated from consideration include lime 
softening, ion exchange, and adsorption using activated alumina.   
 
A 20-year life cycle cost was developed for each of the alternatives based on annualized 
capital investment and annual expenses for operation and maintenance.  The potential 
rate impact to customers was determined by the life cycle cost spread amongst all 
customers, and is reported as monthly cost per Equivalent Residential Units (ERU) 
where one ERU is defined as the average amount of water consumed by a single family 
residence in one day.  With capital costs ranging from approximately $20-28 million, and 
annual O&M cost on the order of $1-1.5 million, the estimated monthly cost per ERU for 
the three short listed options is as follows: 
 
$12.23/mo for Precipitation 
$12.32/mo for Electrocoagulation 
$15.41/mo for Reverse Osmosis 
 
Any of these monthly costs would be in addition to the existing Mint Farm water 
treatment plant costs included in a customer’s water bill.   
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Any selected silica removal option will require additional testing for regulatory approval 
and to prevent unintended consequences.  Staff projects it will take 24-30 months to 
pilot, design, permit, construct and implement any of the options.  Each treatment option 
presents inherent advantages and disadvantages which translate to differences in water 
quality, environmental, operability, and distribution system impacts.  In addition to cost 
and rate impacts, the decision making process should carefully consider all of these 
factors, as well as the no-action alternative not to install silica removal treatment. 
 
In accordance with the terms of the Participant’s Agreement between the City and 
Beacon Hill Water and Sewer District (BHWSD), BHWSD own approximately 15% of the 
Mint Farm Regional Water Treatment Plant and BHWSD board of commissioner 
concurrent is necessary to construct additional treatment processes.  The BHWSD 
board is scheduled to consider silica removal options at their meeting on June 21.  
Depending on BHWSD board action at that meeting, a joint meeting between the city 
council and BHWSD board may be prudent to mutually discuss this treatment decision.  
 
FINANCIAL SUMMARY: 
No funds have been allocated for further evaluation or constructing and operating silica 
removal treatment.  Because the Mint Farm water treatment plant produces potable 
water meeting all federal and state regulations, it is unlikely this project would be 
awarded grants or low interest loans.  All costs would be paid by City and BHWSD water 
utility customers.  
 
RECOMMENDED ACTION:  
Provide direction to staff regarding silica removal; some options require BHWSD 
concurrence.  Options include: 
 
Discontinue further action – do not remove silica 
Schedule joint meeting with BHWSD board to discuss silica removal  
Proof one or more alternatives 
Select alternative and begin design/construction 
Solicit customer opinions 
Other 
 
STAFF CONTACT: 
Jeff Cameron, Public Works Director 
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T E C H N I C A L  M E M O R A N D U M  

650582 CH2M 1 

Evaluation of Silica Removal Alternatives 
Mint Farm Regional Water Treatment Plant 

PREPARED FOR: City of Longview, WA & Beacon Hill Water and Sewer District  

PREPARED BY: CH2M  

DATE: May 18, 2017 

PROJECT NUMBER: 650582.03.35.13.03 

REVISION NO.: 5 

Introduction 
The City of Longview (City) and Beacon Hill Water and Sewer District (District), of Washington State 
developed the Mint Farm Regional Water Treatment Plant (MFRWTP) which includes a new 
groundwater wellfield, and treatment facilities for iron and manganese removal from the source water.  
The Mint Farm supply began operating on January 31, 2013.  Soon thereafter, some customers began 
experiencing objectionable taste, odor and color of their drinking water when the new source was 
introduced, replacing the previous surface water supply system.  The City and District received extensive 
customer input and conducted water quality monitoring, flushing, distribution system ice pigging, and in 
some cases, main replacement to address many of the concerns. 

Most of the discoloration problems were addressed in 2013.  However, concerns remained over taste 
and odors and silica coating on glassware, showerheads, appliances, and other products the water 
contacted and was allowed to dry upon.   

The taste and odor issues were identified as most likely the result of chlorinating organic nitrogen 
compounds in the well water, and hydrogen sulfide reversion from polysulfide compounds in customer’s 
premise piping where reducing conditions may be present.   

As a result, the City and District decided to install a system to add dissolved oxygen to the water supply 
to mitigate both the taste and odor issues and provide additional stability to distribution system pipe 
scaling potential. 

To address the silica issues, the City and District requested an alternatives treatment strategies 
evaluation including laboratory testing be conducted to determine potential solutions to reduce the 
silica entering into the distribution system from the groundwater supply.  Upon discussion with the City 
and the District, it was decided to conduct an evaluation of the following five treatment alternatives: 

1. Electrocoagulation 
2. Aluminum precipitation  
3. Lime softening 
4. Reverse osmosis 
5. Ion exchange  

 
Bench (Laboratory) testing using water from the MFRWTP was conducted on the first four alternatives in 
order to witness and document the effectiveness of each treatment process and to provide information 
in order to determine the appropriate size of capital facilities and determine ongoing O&M needs.  Ion 
Exchange effectiveness and costs were developed using two ion exchange models developed by the 
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MINT FARM REGIONAL WATER TREATMENT PLANT 

2 CH2M  

DOW Chemical Company and Purolite and were not bench tested.  Each of the alternatives are discussed 
below. 

Introduction to Silica Removal 
The groundwater supply for the MFRWTP is provided by water pumped from the underground 
formation known as the Columbia River Basalt group.  This formation is a large igneous formation that 
underlies a large area of the Pacific Northwest, including the Columbia River channel, in Oregon and 
Washington States1.  Silicon concentrations in the Columbia River Basalts are approximately 50% of the 
minerals makeup.1   

Total silica measured in water is in either the reactive or colloidal form.  The City of Longview has tested 
for reactive silica and colloidal silica and has found that in the Mint Farm supply, all of the measureable 
silica is in the reactive form. 

The reactive portion of the total dissolved silica can be measured using the standard molybdate 
colorimetric test.  The reactive form is silicon dioxide dissolved in water, creating the compound 
monosilicic acid (H4SiO4), as shown in Equation 1:  

SiO2 + 2H2O H4SiO4        Eq. 1  

Silica is relatively un-ionized at most natural pH levels, but can dissociate to H3SiO4
-, as shown in 

equation 2, at pH above 9. 

pKa = [H3SiO4
-][H+] = 9 to 10, depending on the silica concentration. Eq. 2  

[H4SiO4]  

Monosilicic acid attracts four additional water molecules beyond the two that make up part of the 
molecular structure in the hydrated state. The structure exists as shown in Figure 1.  

 
Figure 1. Monosilicic acid structure2 

The colloidal species is generally thought to be either silicon that has polymerized with multiple units of 
silicon dioxide, or silicon that has formed loose bonds with organic compounds or with other complex 
inorganic compounds -- usually aluminum and calcium oxide structures. 

Silica Treatment Options 

Several technologies have been used for silica removal in industrial water applications, and some in 
municipal applications.  Treatment systems to remove silica in municipal applications nearly always have 
other treatment objectives like softening or total dissolved solids reduction.  The City of Longview’s 
objective is solely the reduction in silica content, but some of the treatment options provide these 
additional benefits.   
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 CH2M  3 

The treatment technologies investigated included electrocoagulation – filtration, precipitation-filtration, 
lime softening, reverse osmosis, and ion exchange.  Each of these technologies has its benefits and 
drawbacks as discussed below. 

Electrocoagulation 
Electrocoagulation has been used for several years in reverse osmosis (RO) pretreatment, cooling tower, 
and produced water applications6.  WaterTectonics, of Everett, WA also has optimized removal using the 
addition of aluminum precpitates7.  Other vendors also provide equipment for EC treatment, although 
WaterTectonics was consulted due to their locale, and sites that have their system installed in SW 
Washington. 

Precipitation 
Sandia National Laboratories4 recently tested a number of precipitates for silica removal in cooling 
tower water, including aluminum sulfate, aluminum chloride, sodium molybdate, polyaluminum 
chloride, magnesium chloride, lime softening and sodium aluminate.  The results showed that several 
precipitates could achieve greater than 75% removal, as shown in Table 1. 

Table 1 

Sandia National Laboratory Silica Precipitants that achieved greater than 75% Removal 

Precipitant Best % Silica 
Removed 

Efficiency as ppm 
SiO2/ppm Al 

Optimizing 
Conditions 

Other Considerations 

Sodium Molybdate* 95% 0.05 pH<4 Expensive 

PAX 18 

(Proprietary 
polyaluminum chloride) 

99% 0.43 pH 8.0 – 8.2 Proprietary, large NaOH 
demand 

AlCl3** 

(Aluminum chloride) 

92-98% 0.41 – 0.44 pH 8.0 – 8.2 Acidifying, NaOH demand 

NaAlO2 

(Sodium aluminate) 

94% 0.47 pH 8.0 -8.2 Slightly alkalizing, small 
H2SO4 demand 

*Sodium Molybdate and another precipitate (PAX10) were only tested on concentrated tower water, while data from other candidates comes 
from tap water. Larger amounts of SiO2 are available for capture from tower water. (PAX10 did not remove more than 50% of the silica) 

**The efficiency range for AlCl3 reflects difference between alkali pretreatment (pH >11) or not, with the pretreatment giving a slightly better 
outcome 

Lime Softening 

Lime softening has been widely used in industrial applications, primarily for cooling tower and boiler 
feed applications.  In lime softening, silica is removed by adsorption onto magnesium precipitates, which 
generally occur at higher pH (above 10.5, and often require addition of a magnesium source)2.  The most 
efficient way to add magnesium is through the addition of magnesium chloride. 

Reverse Osmosis 
Reverse osmosis (RO) works effectively for silica removal for both colloidal and reactive forms.  
Membrane fouling is an issue above 200 ppm in the concentrate, so multiple stages are difficult to 
implement, and the concentrate volumes are often large (20 to 30% of the feed rate). 
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Ion Exchange 
Ion Exchange has been used effectively for silica removal5.  Silica can only be removed in its ionized 
state, so pH adjustment above 9.5 is required.  Strong base anion exchange resin in the hydrogen form is 
the most effective means of removal.  Removal efficiencies and selectivity are similar to bicarbonate 
alkalinity.  A specific type of two stage ion exchange has been developed, and it is referred to as a 
desilicizer.  An anion desilicizer consists of a strong cation exchange resin in the sodium form (a water 
softener) followed by a strong base anion exchange resin in the hydroxide form.  Demineralizers are also 
used for silica removal.  Each type of ion exchange is subject to resin fouling from silica and can 
experience chromatographic peaking as sulfate, nitrate, chloride or other more selective anions displace 
the silica. 

Bench Testing 
Bench testing of Electrocoagulation, Lime Softening, Precipitation, and flow through testing of Reverse 
Osmosis membranes, using water collected from the Mint Farm, and their abilities to remove Silica are 
discussed below.  Based on the previous water supply from the Fishers Lane Water Treatment Plant 
where Silica content was approximately 20 to 25 mg/L, the goal set for these treatment evaluations was 
to obtain a 50 to 75-percent reduction of Silica delivered from the Mint Farm supply system.  This meant 
the goal of Silica content after treatment would be 14 to 28 mg/L. 

Electrocoagulation Bench Testing (by Vendor) 
Electrocoagulation has been used extensively in water treatment for mining water treatment, oil and 
gas produced water, industry process, industrial wastewater and stormwater applications, but there are 
very few municipal installations that use electrocoagulation for drinking water treatment.  Because of 
that limited experience, the City contracted with a leading electrocoagulation company; WaterTectonics, 
of Everett, WA to conduct bench testing and help in developing Capital and Operations and 
Maintenance (O&M) costs for this option.  Their testing report is included as Attachment A to this 
technical memorandum.   

WaterTectonics (WT) testing used a bench-top EC unit, using aluminum (AL) anodes.  In addition, WT 
checked the EC results using chemical precipitation with multiple aluminum based coagulants.   Raw and 
filtered water samples were obtained from the City of Longview for the testing.  500 milliliter (mL) 
samples were tested using batch treatment laboratory scale EC at a constant current and varying 
treatment times.  WT calculated theoretical Al doses based on their EC treatment conditions.   Chemical 
precipitation was conducted in a similar manner.  The pH was corrected to the City’s treatment goal of 
approximately 7.7.  Rapid mixing and flocculation were simulated in the 500 mL sample jars, then the 
samples were allowed to settle and the supernatant was filtered using 8 micron filter paper.  Figure 2 
shows the results of the EC silica reduction of treated water.  Figure 3 shows the comparison of the EC 
results with multiple precipitates used by WT. 
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Figure 2 – WaterTectonics Bench Scale EC treatment of Longview Filtered Water for Silica Reduction 

 
 
 
 

  

Figure 3 – WaterTectonics Bench Scale EC and Chemical treatment comparison 

 

The results indicate that EC was more effective than Chemical Precipitation when comparing them on 
the basis of Aluminum dose.  The EC treatment also did not require pH adjustment as the chemical 
treatment alternatives did.   
 
The silica goal, as shown as the green dashed line on Figure 3, represents approximately a 50% reduction 
in silica from the Mint Farm system, but the testing clearly shows that removal of 75% or greater can be 
obtained. 

CH2M Bench Testing 
CH2M also obtained samples of raw water and filtered water from the Mint Farm system.  Raw water 
was used for testing the lime softening and precipitation options, whereas the filtered water was used 
for the reverse osmosis flow through testing. 

Water Characterization 

The characterization of raw and filtered waters as currently treated, is shown in Table 2. 
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Table 2.  Mint Farm Raw Water and Filtered Water Characterization 

Parameter Units Raw Water Filtered Water 
Barium µg/L 13.6 19.8 

Boron µg/L <100 U 29.3 J 

Calcium µg/L 33,000 30,400 

Iron µg/L 957 <10.0 U 

Magnesium µg/L 9,140 8,770 

Manganese µg/L 630 0.41 J 

Potassium µg/L 3,960 4,110 
Total Silica µg/L 56,900 54,300 

Reactive Silica µg/L  59,000 S 68,000 S 

Sodium µg/L 11,700 14,400 

Strontium µg/L 93.2 92.5 

Hardness, Ca mg/L as CaCO3 82.4 75.9 

Hardness, Mg mg/L as CaCO3 37.6 36.1 

Hardness, total mg/L as CaCO3 120 112 
Alkalinity, total mg/L as CaCO3 47.3 102 

Alkalinity, bicarbonate mg/L as CaCO3 <5.00 U 102 

pH Units 7.45 7.5 

Turbidity NTU 3.78 0.31 

Conductivity µS/cm 296 305 

Total Dissolved Solids mg/L 211 223 

Ammonia mg/L-N 0.16 <0.10 U 
Nitrate mg/L-N <0.010 U 0.0098 J 

Nitrite mg/L-N <0.010 U <0.0030 U 

TKN mg/L-N 0.52 0.26 

Chloride mg/L 28.4 32.2 

Sulfate mg/L 1.08 1.18 

Fluoride mg/L <0.20 U 0.19 J 

TOC mg/L 1.52 1.04 
Hardness, Ca mg/L as CaCO3 86 80.0 

Hardness, Mg mg/L as CaCO3 32 28.0 

Hardness, total mg/L as CaCO3 118 108 
J = Estimated value below reporting limit. 

S Reactive Silica is a wet chemistry method that is not as accurate as the method for measuring 

Total Silica.  These results indicate that essentially all of the Total Silica is in the reactive or 
ionized form. 

U = Not detected at specified detection limit. 

 

Laboratory Materials 
Reagents used in the bench testing are included in Attachment B, along with all of the bench testing 
results conducted by CH2M. Bench tests were conducted using 2 liter cells and a Phipps & Bird six-gang 
Jar Tester.  Rapid mixing was simulated using 300 revolutions per minute (RPM) for 1 minute. Three 
stage flocculation was simulated at 60, 40 and 20 RPM for 10 minutes per stage.  Flocculation 
observations and photos are included in Attachment B. 

Lime Softening 
Figure 4 shows the results of lime softening jar tests without magnesium chloride addition.  Silica was 
slightly removed as pH increased from 10.2 to 11, but none of the results achieved 50% or 75% removal. 
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Figure 4, Silica removal vs pH of lime softening, no magnesium chloride removal 

 
The second set of jar tests was performed with lime softening at pH 11 and the addition of 50 mg/L of 
magnesium chloride as magnesium.  The mixing was varied from 15 minutes to 120 minutes.  Figure 5 
shows the silica concentration for the various mixing times.  The figure shows that lime softening with 
magnesium chloride reduced silica by at least 50% after 30 minutes of mixing time, but even with 120 
minutes of mixing, 75% removal was not achieved. Finished water pH was calculated using WaterPro™ 
software with carbon dioxide reduction.  The resulting softened water at pH 7.8 was approximately 80 
mg/L as CaCO3, which represents a 33% reduction from the raw water. 

 
Figure 5.  Reactive silica with lime softening and magnesium chloride addition, various mixing times 

 

Precipitation 
Jar tests were conducted using sodium aluminate and aluminum sulfate (alum).  The best results were 
obtained with pH adjustment to approximately 8.0 to 8.2.  Figure 6 shows the precipitation results for 
alum and sodium aluminate.  The sodium aluminate reduced silica by more than 75% for each of the 
three doses shown (40, 80 and 120 mg/L as Al).  The alum significantly reduced silica, but not as 
effectively as sodium aluminate.  Sodium aluminate increases pH, so pH reduction was accomplished 
with sulfuric acid.  Alum lowers the pH, so pH adjustment was conducted with sodium hydroxide. 
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Figure 6.  Silica levels with Precipitation using Aluminum Sulfate and Sodium Aluminate with pH adjustment 

 

Reverse Osmosis 
Reverse osmosis was tested using a flow through RO skid, shown in Figure 7.  The RO membrane was a 
Hydronautics model ESPA2-2540 cartridge. This membrane is a low pressure RO membrane, typically 
used for brackish water treatment.  Typical feed pressures are 200 to 300 psi.  The molecular weight 
cutoff for this membrane is 50 daltons, so it is expected to remove silica, but may not remove salts.   The 
reactive silica and total dissolved solids (TDS) in the Feed water (pre-RO filtered water from the Mint 
Farm WTP), Permeate (post-RO finished water to customers) and the Concentrate (waste stream), are 
shown in Figure 8.  A comparison of water quality for each of the three RO water streams is included in 
Table 3.  The RO membrane essentially removed all of the silica from the feed stream, and all of the TDS.  
The RO membrane was operated at a 61% recovery rate. This recovery rate means that 39% of the feed 
water was expelled as concentrate, or as a waste stream.  In some low salt RO applications the recovery 
rate can be much lower, however with silica there are concerns over membrane fouling, and this 
recovery rate would also be expected at full scale. 
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Figure 7.  Flow through RO Skid with Hydronautics ESPA2-2450 RO cartridge 

 

 
Figure 8.  Silica and Total Dissolved Solids for Reverse Osmosis feed, permeate and concentrate streams 
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Table 3.  Comparison of RO Feed Water, Permeate, and Concentrate Streams 
Parameter Units RO Feed —  

61% Recovery 
RO Permeate — 
61% Recovery 

RO Concentrate — 
61% Recovery 

Barium µg/L 19.8 <0.25 U 68.2 

Boron µg/L 29.3 J 21.2 J 37.3 J 

Calcium µg/L 30,400 <200 U 82,500 

Iron µg/L <10.0 U <10.0 U <10.0 U 
Magnesium µg/L 8,770 52.2 J 22,900 

Manganese µg/L 0.41 J <0.025 U 1.23 

Potassium µg/L 4,110 300 J 10,500 

Total Silica µg/L 54,300 1,190 145,000 

Reactive Silica µg/L 68,000 S 1,180 S 86,900 S 

Sodium µg/L 14,400 1,160 35,200 

Strontium µg/L 92.5 <2.50 U 238 

Hardness, Ca mg/L as CaCO3 75.9 <0.50 U 206 
Hardness, Mg mg/L as CaCO3 36.1 0.21 94.3 

Hardness, total mg/L as CaCO3 112 0.21 300 

Alkalinity, total mg/L as CaCO3 102 <5.00 U 251 

Alkalinity, bicarbonate mg/L as CaCO3 102 <5.00 U 251 

pH Units 7.5 7.9 7.0 

Turbidity NTU 0.31 0.15 0.49 

Conductivity µS/cm 305 8.16 749 
Total Dissolved Solids mg/L 223 <4.20 U 546 

Ammonia mg/L-N <0.10 U <0.10 U <0.10 U 

Nitrate mg/L-N 0.0098 J <0.0028 U 0.014 

Nitrite mg/L-N <0.0030 U <0.0030 U <0.0030 U 

TKN mg/L-N 0.26 0.24 0.79 

Chloride mg/L 32.2 0.89 84.8 

Sulfate mg/L 1.18 0.72 3.04 
Fluoride mg/L 0.19 J 0.065 J 0.51 

TOC mg/L 1.04 <0.20 U 2.56 

     

Calcium mg/L 32.0 0.40 84.9 

Magnesium mg/L 6.80 <0.24 U 18.5 
J = Estimated value below reporting limit. 

S =Reactive Silica is measured through wet chemistry and is not as accurate as the Total Silica 
test.  Reactive Silica is used to determine how much of the Total Silica is ionized. 

U = Not detected at specified detection limit. 
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Conceptual Designs and Cost Estimates 
The current Mint Farm Water Regional Water Treatment Plant process flow diagram is shown in Figure 
9.  Conceptual designs and cost estimates are provided herein for the following treatment options: 
 

1. Electrocoagulation 
2. Aluminum precipitation  
3. Lime softening 
4. Reverse osmosis 
5. Ion exchange  

 
Each of these options, along with modified process flow diagrams to show how the options are 
integrated into the existing Mint Farm plant, are discussed below.  In order to evaluate all of the options 
on an even platform, several cost assumptions have been made and are applied to each option. 
 

 
Figure 9.  Existing Mint Farm Regional Water Treatment Plant Process Schematic 
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Electrocoagulation 
WaterTectonics provided capital equipment costs, which are included in Attachment A.  The modified 
process flow diagram is shown in Figure 10.  New equipment includes: 

 Twelve electrocoagulation cells (10 online and 2 redundant), which would be housed in a new 
CMU building 

 Twelve power supplies  

 An inline (in pipe) rapid mixer, in a CMU building 

 Two trains of flocculation basins with 30 minutes of hydraulic residence time, covered 

 Two trains of high rate clarifiers using lamella plates, covered 

 In plant pump station in a CMU building 

 Sludge thickener and dewatering (centrifuge with polymer feed) in a CMU building 
 

 
Figure 10.  Electrocoagulation Modification to the Mint Farm Regional Water Treatment Plant 
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Precipitation 
The precipitation modification for silica is shown in Figure 11, and includes the following modifications. 
 

 A new chemical feed building (CMU building) with sodium aluminate and sulfuric acid feed 
systems 

 An inline (in pipe) rapid mixer, in a CMU building 

 Two trains of flocculation basins with 30 minutes of hydraulic residence time, covered 

 Two trains of high rate clarifiers using lamella plates, covered 

 In plant pump station in a CMU building 

 Sludge thickener and dewatering (centrifuge with polymer feed) in a CMU building 
 

 
Figure 11. Precipitation Modification to the Mint Farm Water Treatment Plant 
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Lime Softening 
Lime softening modifications are shown in Figure 12 and include the following modifications: 

 A new chemical feed building (CMU) with lime, soda ash and magnesium chloride feed systems 

 Two center-feed, upflow, sludge contact clarifiers 

 In plant pump station in a CMU building 

 Sludge thickener and dewatering (centrifuge with polymer feed) in a CMU building 
 

 
Figure 12, Lime Softening Modifications to the Mint Farm Regional Water Treatment Plant 

 

  

Page 38 of 233



MINT FARM REGIONAL WATER TREATMENT PLANT 

 CH2M  15 

Ion Exchange  
Ion exchange modifications to the Mint Farm Water Treatment Plant are shown in Figure 13, and include 
the following: 

 Cation and anion exchange softeners  

 Regeneration equipment for salt and sodium hydroxide 

 Well pump modifications 
 
It is assumed that the ion exchange system will be a pressure filter system, requiring modifications to 
the well pumps to provide an additional 50 feet of total dynamic head, thereby not requiring 
intermediate pumping.  In addition, this alternative assumes the liquid regeneration waste will be 
conveyed to the sanitary sewer (TDS of the waste stream is estimated at 15,000 mg/L).  
 

 
Figure 13.  Ion Exchange modifications to the Mint Farm Water Regional Treatment Plant 
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Reverse Osmosis 
The reverse osmosis modifications to the Mint Farm water treatment plant are shown in Figure 14, and 
include: 

 Single Stage, Low Pressure RO, with clean in place system, energy recovery, and in plant pumping 
system, sized for 9 mgd permeate (12 mgd) feed and blended 75% RO water with 25% filtered water 
in a CMU building. 

 A discharge pipe, and outfall to the Columbia River, which will require a new NPDES discharge 
permit. 

 A sodium bisulfite feed system for de-chlorination prior to the RO system. 
 

 
Figure 14.  Reverse Osmosis Modifications to the Mint Farm Regional Water Treatment Plant 
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Cost Estimates 
Cost estimates were prepared for each of the five alternatives for silica removal: 

1. Electrocoagulation 
2. Aluminum precipitation  
3. Lime softening 
4. Reverse osmosis 
5. Ion exchange  

Capital costs are presented first, followed by annual operations and maintenance costs (O&M) and then 
a 20-year lifecycle cost assessment. 

Capital Cost Estimates 

Cost assumptions for all alternatives 
The following cost assumptions are provided for all options.  Cost Estimate Details are shown in 
Attachment C. 

 All facilities are housed in a CMU Building, except for flocculation and clarification facilities, 
which are concrete basins with building covers on top of the basins. 

 Capital facilities are sized for 12 mgd. 

 Capital and O&M costs are developed in March 2017 dollars. 

 The construction cost index for Vancouver, WA was used (98.1% of national average). 

 Tax has been included at 8.1% of the construction subtotal. 

 Equipment installation was assumed to be 25% of the equipment purchase cost. 

 Contractor markups are a total of 18% of the construction subtotal, and include mobilization, 
bonding and insurance (5%), profit (5%) and overhead (8%). 

 Contingency is estimated at 25% of the total construction cost. 

 Engineering, Services during construction, commissioning and start up are estimated at 20% of 
the construction cost including contingency. 

 Capital cost financing is based on 20 years with an annual percentage rate of 4%. 

 Ground improvements using preloading was assumed to be required at a cost of $500,000 for 
each alternative.  
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Capital cost estimates are summarized in Table 4.  Detailed Cost estimates are included as Attachment 
C.   

 

Table 4. Capital Cost Estimates for Mint Farm Water Treatment Plant Modifications for Silica Removal 

Treatment Alternative Electro-
coagulation 

Precipitation Lime 
Softening 

Ion Exchange Reverse 
Osmosis 

Preloading 500,000 500,000 500,000 500,000 500,000 

Well Pump Modifications 
   

700,000 
 

Electrocoagulation 5,665,000* 
    

Rapid Mix 550,000 550,000 
   

Flocculation 698,000 698,000 
   

Clarifier 2,317,000 2,317,000 
   

Chemical Feed 
 

905,000 1,792,000 
 

301,000 

Ion Exchange 
   

9,110,000 
 

Solids Contact Clarifier 
  

1,702,000 
  

Pump Station 777,000 777,000 777,000 
  

Reverse Osmosis/Pumps System 
    

14,661,000 
Sludge Thickener 844,000 1,147,000 1,409,000 

  

Dewatering 4,226,000 4,320,000 4,691,000 
  

Outfall, Transmission 
    

393,000 

Subtotal 15,577,000 11,214,000 10,871,000 10,310,000 15,855,000 

Contractor Markups (18%) 2,804,000 2,019,000 1,957,000 1,856,000 2,854,000 

Contingency (25%) 3,894,000 2,804,000 2,718,000 2,578,000 3,964,000 

Tax (8.1%) 1,262,000  908,000  881,000  835,000  1,284,000  
Construction Subtotal 23,537,000  16,945,000  16,427,000  15,579,000  23,957,000  

Location Adjustment Cost  
(98.1% of Construction Subtotal) 23,090,000  16,623,000  16,115,000  15,283,000  23,502,000  

Design, SDC, Start-up (20%) 4,618,000  3,325,000  3,223,000  3,057,000  4,700,000  

Total $27,708,000  $19,948,000  $19,338,000  $18,340,000  $28,202,000  
* - See Detail provided in Table 5 

 
The capital costs were developed using CH2M’s parametric cost estimating system.  The cost estimates 
utilize materials estimates for each unit process as shown in Attachment C.  The cost estimating program 
does not include unit processes for Electrocoagulation, therefore a User Defined tab was developed for 
this unit process.  The Electrocoagulation capital cost estimate includes the summary costs shown in 
Table 5 which includes information provided by WaterTectonics.  In addition, the electro-coagulation 
process produces less solids, so the gravity thickener and dewatering unit process costs were reduced.  
 

Table 5. Summary Costs for Electrocoagulation Unit Process 

Cost Item Cost Estimate* 
Excavation, Foundations and Site-work $12,000 

Concrete for foundations and floors 92,000 

Masonry (CMU) Building 780,000 

Electrocoagulation Cells and Power Supplies  
(mid-point of high and low estimate provided by WaterTectonics) 

2,650,000 

EC Cells and Power Supplies Installation (25%) 663,000 

Instrumentation and Control 280,000 
Conveying Systems (Crane) 4,000 

Mechanical 620,000 

Electrical MCC Panels 286,000 

Allowance for Miscellaneous items 278,000 

Unit Process Total $5,665,000 
* Costs are rounded to the nearest $1,000. 
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Annual O&M Costs 

Annual O&M costs were calculated based on the following assumptions: 

 The average water treatment plant flow used was 4 mgd. 

 One additional Full Time Equivalent operator would be required for each alternative. 

 One FTE costs $108,000 per year in wages and benefits. 

 Power costs were calculated at $0.08/kwh 

 Consumable costs were provided for the EC anodes and the RO membranes only.   

 Chemical costs are the same for each alternative which use chemicals. 

 All other items were expected to last through the 20 year life cycle. 

 Electrocoagulation (EC) consumables are based on costs provided by WaterTectonics at a unit cost 
of $11,021 per unit, and a consumption rate of 0.43/3 = 0.143 per day 

 RO membranes replacement was estimated every 5 years at a total cost of $2,200,000 

 Hauling and disposal of solids was calculated at $75 per ton 

 Solids content of residuals was assumed to be 50% 
 
 
Chemical costs and doses were calculated as shown in Table 6.  Annual O&M Cost estimates for the first 
year are provided in Table 7. 
 

Table 6. Annual Chemical Cost and Doses for Each Treatment Alternative 

Chemical Name Cost 
per 
dry 
ton 

 
Electro-

coagulation 
Precipitation Lime 

Softening 
Ion 

Exchange 
Reverse 
Osmosis 

Sodium Aluminate, 
as Al 

 
$1,692 

 
Dose, mg/L 

 

40    
    Cost per Yr 

 
$618,000    

Sulfuric Acid $392 Dose, mg/L  
 

98   20 

    Cost per Yr 
 

$507,000   $151,000 
 Sodium Hypochlorite  $2,213 Dose, mg/L 

 
   2.5 

    Cost per Yr 
 

   $107,000 

 Carbon Dioxide  $59 Dose, mg/L 
 

 80   
    Cost per Yr 

 
 $70,000   

 Sodium Hydroxide  $1,226 Dose, mg/L 
 

  113 25 

    Cost per Yr 
 

  $2,671,000 $591,000 

 Lime, Hydrated  $331 Dose, mg/L 
 

 80   
    Cost per Yr 

 
 $510,000   

 Soda Ash  $298 Dose, mg/L 
 

 50   
    Cost per Yr 

 
 $287,000   

Magnesium Chloride $845 Dose, mg/L 
 

 199     
Cost per Yr 

 
 $3,241,000   

Sodium Chloride $110 Dose, mg/L 
 

  133    
Cost per Yr 

 
  $282,000  

Sodium Bisulfite $1,090 Dose, mg/L 
 

   2.5 
    Cost per Yr 

 
   $53,000 

Total Chemical Cost Per Year (2017) $0 $ 1,125,000 $1,125,000 $4,108,000 $2,953,000 
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Table 7. Annual O&M Costs for Silica Removal Alternatives (2017) 

Alternative Electro-
coagulation 

Precipitation Lime Softening Ion Exchange Reverse 
Osmosis 

Power Cost $159,000  $1,000  $2,000  $2,000  $33,000  

Labor Cost 108,000 108,000 108,000 108,000 108,000 
Chemical Cost -    1,125,000  4,108,000  2,953,000  902,000  

Consumables Cost 577,000  -    -    -    440,000  

Residuals Disposal Cost 59,000  77,000  105,000  255,500   
Total Annual O&M Cost $903,000  $1,311,000  $4,323,000  $3,319,000  $1,483,000  

 

Life Cycle Costs 
Life Cycle Costs for operating the system for 20 years are presented in Table 8.  This analysis includes the 
assumption that City/District would finance the new treatment for 20 years, with a financing of the 
capital cost at 4% interest, and inflation rate for the O&M costs at 3%, and assuming no increase in 
water demand (additional treatment needs).  As shown, the lowest alternative lifecycle cost is 
Precipitation, although the lifecycle cost for Electrocoagulation is essentially the same.  

 

Table 8.  20 Year Life Cycle Costs for Mint Farm Modifications, Silica Removal 

Alternative Electrocoagulation Precipitation Lime Softening Ion Exchange Reverse Osmosis 

Annualized Capital Cost $2,039,000  $1,468,000  $1,423,000  $1,349,000  $2,075,000  

Annual O&M Cost 903,000  1,311,000  4,323,000  3,319,000  1,483,000  

20-Year Life Cycle Cost $65,044,000  $64,587,000  $144,621,000  $116,163,000  $81,349,000  

Monthly cost per ERU – 
(Year 1) $12.32  $12.23  $27.39  $22.00  $15.41  

Monthly costs per ERU are based on a total of 22,000 ERU’s between the City and District. 

 

Evaluation Criteria 
To provide a decision model, an evaluation method using non-financial criteria was developed. The 
criteria and weighting factors were provided by the City and District staff.  Evaluations were scored by 
CH2M staff.  The core evaluation criteria and weightings are shown in Table 9.   

Environmental criteria were weighted as eight percent of the total and was comprised of chemical use, 
waste streams, and resources waste or carbon footprint.  Economic Criteria was weighted at twenty 
seven percent of the total and included capital, annual O&M, and customer affordability.  Water Quality 
Aesthetics and Health was weighted at thirty five percent of the total and included silica reduction, 
hardness reduction, and secondary impacts.  Technical criteria was weighted at thirty percent of the 
total and included operability and reliability of the process, safety, distribution system impacts, and the 
overall footprint or site impact. 
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Table 9 – Evaluation Criteria and Weighting for Silica Removal Treatment Options 

No. Evaluation Criteria Weighting 
Factor 

1 Environment 8% 
  a.       Chemical use 2% 

  b.       Waste streams, solids handling, disposal methods (Columbia River outfall) 4% 

  c.       Resource waste - water use/inefficiency (RO), electricity (double pumping), carbon 
footprint 

2% 

2 Economic 27% 
  a.       Capital Cost 8% 

  b.       O&M Cost 8% 

  c.       Rate impacts (ability to fund)  11% 

3 WQ Aesthetics/Health 35% 
  a.       Silica reduction 25% 

  b.      Hardness reduction 5% 

  c.       Secondary benefit or detriment (chloramine removal vs. mineral stripping) 5% 

4  Technical 30% 
  a.       Operability & Reliability (proven technology) 10% 
  b.       Safety 5% 

  c.       Distribution system impacts 5% 

  d.       Ability to add WTP and/or silica removal capacity; Wellfield encroachment 10% 

 

Evaluation of the Alternatives 
Alternatives were rated 1 to 5 for each evaluation criteria.  1 was the worst outcome and a rating of 5 
was the best outcome.  The results of the evaluation are summarized in Table 10.   Electrocoagulation 
was rated highest for chemical use (for lack thereof), followed by Precipitation and Reverse Osmosis.  
Lime softening and Ion Exchange were ranked the lowest. 

For waste streams, Electrocoagulation and Precipitation were rated the highest.  Lime softening and Ion 
Exchange were rated lower because of large amounts of sludge and regeneration waste, respectively.  
Reverse Osmosis was rated the lowest. 

For efficiency, the ratings were similar to the waste streams ratings, with the exception of Ion Exchange 
which got a slightly higher rating since most of its regeneration waste is salt or chemical and not water. 

Capital costs, O&M costs and rate impacts were rated based on their actual costs, discussed previously. 

Silica reduction ratings were based on the testing conducted, with the exception of Ion Exchange, which 
was rated based on experience with Ion Exchange and demineralization systems at full scale operations.  

Hardness reduction was also based on the testing results, and full-scale experience for Ion Exchange.  
Secondary benefits were rated highest for Lime Softening and Reverse Osmosis, based on the removal 
of organic nitrogen and other materials during pilot testing (note at full scale, Reverse Osmosis would 
include a 25% bypass, so some raw water minerals would still be present).  Ion Exchange was rated the 
lowest, because the process would include the replacement of calcium and magnesium with sodium.   

Electrocoagulation was rated the highest for safety, based primarily on the reduced amount of 
chemicals required, compared to the other options. 

Distribution system impacts were very similar to the secondary benefit scores. 

Footprints (building sizes) were rated based on their conceptual design footprints. 
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Table 10 – Evaluation Ratings (5 is best, 1 is worst) 

No. Evaluation 
Criteria 

Weighting 
Factor 

Electrocoagulation Precipitation Lime 
Softening 

Ion 
Exchange 

Reverse 
Osmosis 

1 Environment 8% 
     

  a.       Chemical use 2% 5 3 2 2 3 

  b.       Waste 
streams, solids 
handling, disposal 
methods (Columbia 
River outfall) 

4% 4 4 2 2 1 

  c.       Resource 
waste - water 
use/inefficiency 
(RO), electricity 
(double pumping), 
carbon footprint 

2% 4 4 2 3 1 

2 Economic 27% 
     

  a.       Capital Cost 8% 3 4 4 5 2 

  b.       O&M Cost 8% 5 4 1 2 1 

  c.       Rate impacts 
(ability to fund)  

11% 4 4 1 2 3 

3 WQ 
Aesthetics/Health 

35% 
     

  a.       Silica 
reduction 

25% 5 5 2 2 5 

  b.      Hardness 
reduction 

5% 1 1 3 4 4 

  c.       Secondary 
benefit or detriment 
(organic nitrogen 
removal vs. mineral 
stripping) 

5% 3 3 4 1 4 

4  Technical 30% 
     

  a.       Operability & 
Reliability (proven 
technology) 

10% 2 5 3 3 3 

  b.       Safety 5% 4 3 3 2 3 

  c.       Distribution 
system impacts 

5% 3 3 4 1 4 

  d.       Ability to add 
WTP and/or silica 
removal capacity; 
Wellfield 
encroachment 
impact 

10% 4 4 3 4 3 

 

The individual ratings were then multiplied by their weighting factor to provide a weighted score.  The 
combined weighted scores are shown in Figure 15, summarized by each category of evaluation criteria.  
Figure 15 also includes the cost per equivalent residential unit (ERU) per month.   
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Design Criteria and Plant Layout for Top Two Alternatives 
As Electrocoagulation and Precipitation are both the lower cost and highest non-financial ranked 
alternatives, these two options were taken to the next step of further evaluation.  Table 11 lists the 
preliminary design criteria for the silica removal facilities using Precipitation or Electrocoagulation.  Both 
the precipitation and the electrocoagulation alternatives share the same design criteria for rapid mixing, 
flocculation, clarification, pumping and solids handling. 

 

 

Table 11 – Preliminary Design Criteria for Silica Removal Facilities, Initial Capacity 12 MGD, Expandable to 18 MGD 

Item Precipitation Electrocoagulation 
Rapid Mix, Flocculation and Clarification 

Rapid Mix, No Trains 2 2 

Mixer HP, each 10 10 

Velocity Gradient, G sec-1 2,000 2,000 

0.34 0.30 0.16 0.18 0.12

1.08 1.08

0.51
0.78

0.57

1.45 1.45

0.85
0.75

1.65

0.95 1.20

0.95
0.85

0.95

ELECTROCOAGULATION PRECPITATION LIME SOFTENING ION EXCHANGE REVERSE OSMOSIS

W
ei

gh
te

d
 R

an
ki

n
g 

Sc
o

re

Silica Removal Alternative

Figure 15:  City Longview, WA
Evaluation of Silica Removal Alternatives, Combined Weighted Rankings

Environment Economic Water Quality Technical

$12.32  $12.23      $27.39  $22.00  $15.41  

Cost per ERU/month 
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Item Precipitation Electrocoagulation 
Mag meter, No 1 1 

Flow control Valve, No. 1 1 

Hoist, No 1 1 

Building for Rapid Mixing CMU, 880 SF CMU, 880 SF 
Flocculation Trains, No 2 2 

Hydraulic Detention Time, min 20 at max flow 20 at max flow 

Stages, No. 2 2 

Flocculator, Type Vertical Paddle Wheel Vertical Paddle Wheel 

Cover for Floc Basins Roof Shelter, 1800 SF Roof Shelter, 1800 SF 

Lamella Plate Settler, No Trains 2 2 

Plate dimensions 10’ x 5’ 10’ x 5’ 
Plate loading rate, gpm/sf 0.3 0.3 

Sludge Collector, No. 1 per train 1 per train 

Side Water Depth 15’ 15’ 

Cover Roof Shelter, 6,300 SF Roof Shelter, 6,300 SF 

Chemical Building 

 No. Chemicals Added 2  

Sodium Aluminate Bulk Tanks, No. 2 – 12’ by 16’  

Sodium Aluminate Chemical Pumps, No. 2  
Sodium Aluminate Solution Strength 48%  

Storage at average flow, Days 36  

Sulfuric Acid Bulk Tanks, No. 2  

Sulfuric Acid Chemical Pumps, No. 2  

Sulfuric Acid Solution Strength 93%  

Storage at average flow, Days 40  

Electrocoagulation Building   
No. of Power Supplies  12 

No. of Electrocoagulation Cells  12 

Building Size, Sq ft  5,000 

Solids Handling 

Gravity Thickener, No 2 2 

Sludge Depth, ft 5 5 

Clearwater Depth, ft 10 10 
Diameter, ft each 55 55 

Loading rate, gpd/sf 300 300 

Influent solids conc., % 0.25% 0.25% 

Sludge Building, sq ft CMU, 860 Sq ft CMU, 860 Sq ft 

Centrifuge, No 2 2 

Inlet Sludge Concentration, % 3% 3% 

Dewatered Cake, % solids 25% 25% 
Polymer Dose, lbs/ton 10 to 20 10 to 20 

Polymer Storage 3 – 400 gallon totes 3 – 400 gallon totes 

Polymer Storage at average flow, days 40 40 

Truck lane, length x width 70’ x 20’ 70’ x 20’ 

Pump Station 

No. Pumps 3 3 

Capacity, Each 6 mgd 6 mgd 
Total, Dynamic Head, Ft 60 60 

Pump Station Building CMU, 600 sq ft CMU, 600 Sq Ft 

 

A general arrangement of facilities is shown on Figure 16 for the precipitation alternative.  Figure 17 
shows the general arrangement for the electrocoagulation alternative. 
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Figure 16 – Preliminary Layout of Silica Removal Facilities using Precipitation 
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Figure 17 – Preliminary Layout of Silica Removal Facilities using Electrocoagulation 
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Recommendation 
It is noted that the Electrocoagulation and Precipitation alternative treatment processes have weighted 
rankings and costs that are essentially similar.  The Precipitation alternative has been used extensively 
by municipal systems to treat multiple types of water, and by many industries specifically for silica 
removal. The Precipitation alternative, however, requires more chemicals for treatment than does the 
Electrocoagulation option.   

Electrocoagulation applications in municipal systems are very rare.  The National Sanitation Foundation, 
which is the organization that certifies elements and chemicals used in drinking water treatment as safe, 
does not even have a category developed for Electrocoagulation.  The Washington State Department of 
Health Drinking Water Program (WDOH) will require NSF or ANSI certification of all elements used in the 
water treatment plant that are in contact with drinking water.  Obtaining ANSI or NSF certification is not 
viewed as a fatal flaw, because it is believed that certification could be obtained, although it would take 
time to acquire such status.  Rather, the lack of certification demonstrates how relatively new, the 
Electrocoagulation technology is to the drinking water industry.  Further, Electrocoagulation has not 
been used in the capacity needed for the Mint Farm system.  If Electrocoagulation were chosen, this 
would be the largest application developed. 

It is our recommendation that if the City and District wish to further evaluate Electrocoagulation 
treatment, that significant due diligence should be performed before proceeding with design of this 
alternative.  Large scale industrial sites should be visited, a plan for ANSI/NSF certification should be 
developed by one or more potential equipment suppliers, as well as obtaining an understanding of how 
the equipment suppliers will scale up equipment from their traditional market.  A pilot test would also 
be recommended for longer term demonstration of Electrocoagulation performance.   

Precipitation could proceed directly to a project report for WDOH approval followed by design of the 
facility.  Additional bench testing would be beneficial to identify a chemical feed system which can be 
optimized or if alternative pH adjustment approaches like carbon dioxide would be effective.  Based on 
these considerations, precipitation is the recommended alternative for implementation of silica 
removal, especially if treatment is desired to be accomplished in the near term. 
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 Introduction 
WaterTectonics (WT) conducted a treatability study for the City of Longview, Washington testing the 
efficacy of WaveIonics Electrocoagulation (EC) to reduce/remove silica to less than 30 mg/L (Table 1) in 
the existing municipal water supply.  In addition, WaterTectonics benchmarked electrocoagulation’s 
efficacy against chemical treatment utilizing multiple different chemicals containing aluminum which is a 
known process for silica reduction.  Linear regression equations were calculated for each data set to 
establish an aluminum dosage and associated cost for each treatment to reduce silica to 30 mg/L.  The 
projected operating cost for EC and each chemical treatment tested are presented in this report.  The 
report’s conclusion illustrates the two lowest operational costs for reducing silica to 30 mg/L is utilizing 
EC and Sodium Aluminate.  

The design of testing, focused on dissolved silica removal by co-precipitation with aluminum EC as well 
as co-precipitation with multiple chemicals for comparison.  WT utilized published data (Sandia 2011) 
and its past testing experience in conducting its treatability tests to document the efficacy of EC and PAC 
for the removal of dissolved silica through a co-precipitated process utilizing aluminum hydroxide in 
either a formulated chemical or an electro-chemical reaction.  Lastly, WT examined the efficacy of 
treatment, by EC and the other chemicals, by also treating samples that had been filtered and 
chlorinated by the City’s current treatment process. 

In Table 1, are the measured parameters with maximum contaminant levels (MCLs) and secondary 
maximum contaminant levels (SMCLs). 

Table 1 City of Longview, WA treatment goals, MCL’s and SMCL’s. 

Parameter Unit Treatment Goal MCL SMCL 
Aluminum mg/L - - 0.05 to 0.2 
Arsenic mg/L - 0.01 - 
Calcium mg/L - - - 
Iron mg/L - - 0.3 
Magnesium mg/L - - - 
Manganese mg/L - 0.05 - 
pH s.u.   6.5 – 8.5 
Silica, Dissolved mg/L 30 - - 
Hardness mg CaCO3/L - - - 
Total Alkalinity mg CaCO3/L - - - 
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 Methods 
WT received samples from two different locations within the treatment process.  City of Longview 
provided five gallons of raw well water prior to any of the municipality’s existing pretreatment processes 
and fifteen gallons of water post pre-treatment that includes prechlorination and filtration with 
greensand.  The filtered water was collected prior to final pH adjustment with sodium hydroxide and any 
fluoridation. 

A five-gallon bucket of sample was thoroughly mixed prior to beginning the treatability testing.  The 
samples were treated using batch treatment laboratory-scale EC.  500 mL samples were tested at 
different levels of EC treatment by maintaining the current and varying the treatment time.  Based on 
Faraday’s Law, this created the scenario to examine how different theoretical aluminum dosages would 
impact the reduction of Silica with electrocoagulation.  Similarly, testing was also conducted with Kemira 
PAX-XL8 polyaluminum chloride (PAC) dosing aluminum at the same theoretical equivalent to the EC 
samples.  The testing utilizing PAC also required the addition of sodium hydroxide in order to maintain 
the pH close to 7.7, the City’s target pH for corrosion control.   

All samples were rapid mixed followed by slow mixing and settling.  After settling, the supernate was 
filtered through 8 µm paper filters using a vacuum apparatus simulating granular media filtration.  
Aluminum concentrations ranged from 3 mg/l to 30 mg/L for EC treatments and 3 mg/l to 90 mg/L for 
PAC treatments.  All samples were tested for the parameters listed in Appendix A. 

Results 
Electrocoagulation 
Raw Water 
In the initial raw water sample, iron and manganese oxidized in the water sample bucket after it had 
been opened for a few days.  As a result, a fresh 10-gallon sample of raw water was collected on 
October 25, 2016 to complete the treatability testing.  The two raw water samples were analyzed and 
were found to have similar influent and treated water quality (Table 2,Table 3). 

Beaker testing was initially conducted with 30 mg/L Al EC using the raw water sample.  The 30 mg/L Al 
EC set was also tested with chlorination using sodium hypochlorite dosed at 5 mg Cl2/L, simulating the 
existing prechlorination step in the water treatment process.  Following EC and stirring a large floc 
formed that settled leaving a clear supernate (Figure 1).    Testing with filtered water determined that a 
30 mg/L Al EC treatment was required to meet the water quality goal.  Two liters of raw water were 
treated with 30 mg/L Al EC for the final treatment with and without oxidation using sodium 
hypochlorite.  Silica concentrations were well below the 30 mg/L goal in all testing when a 30 mg/L Al EC 
treatment was applied (Table 4).  Oxidation did not affect silica removal.   
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 The existing site process includes prechlorination to oxidize arsenic, iron, and manganese prior to 
greensand filtration.  WT tested oxidation as a pretreatment to simulate site conditions and determine 
how EC with oxidation affected the removal of arsenic, iron, and manganese with basic filtration instead 
of greensand.  MCL’s and SMCL’s for measured parameters are provided in Table 1.  Aluminum 
concentrations were below the upper limit for the SMCL.  Arsenic was below the MCL in the raw and 
treated samples.  Iron was non-detect and well below the SMCL in both treated samples.  Manganese 
had the best reduction following EC with oxidation but was still above the MCL in the treated sample.  
Manganese above the MCL was expected without greensand filtration. 

Table 2 WaterTectonics analytical test results for City of Longview – raw water collected October 4, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

pH s.u. 7.19 7.53 7.6 
Conductivity µS/cm 218.8 181 231 
Turbidity NTU 1.83 0.19 0.33 
Dissolved Oxygen mg/L 9.55 7.93 8.62 
Silica mg/L SiO2 52.3 20.4 23.3 

 
Table 3 WaterTectonics analytical test results for raw water collected October 25, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

pH s.u. 7.01 7.59 7.66 
Conductivity µS/cm 226 190.9 213.7 
Turbidity NTU 2.97 0.57 0.31 
Dissolved Oxygen mg/L 7.88 9.73 10.68 
Silica mg/L SiO2 53.3 17.2 13.7 

 
Table 4 Third party laboratory analytical test results for raw water collected October 25, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

Aluminum mg/L ND (< 0.040) 0.11 0.17 
Arsenic mg/L 0.005 0.0044 ND (< 0.003) 
Calcium mg/L 27 23 25 
Iron mg/L 1.1 ND (< 0.050) ND (< 0.050) 
Magnesium mg/L 6.6 5.3 5.4 
Manganese mg/L 0.59 0.29 0.18 
Silica, Dissolved mg SiO2/L  51 16 12 
Hardness mg 

CaCO3/L 
94.56 79.23 84.64 

Total Alkalinity mg 
CaCO3/L 

110 82 90 
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Figure 1 City of Longview Raw Water 30 mg/L Al EC Treatments, without oxidation (left), with oxidation (right). 

 

Filtered Water 
The filtered water was used to develop a silica removal curve based off of 3, 9, 15, and 30 mg/L Al EC 
treatments.  The filtered water was selected for this broader effort because of the volume available for 
testing.  Following EC treatment and mixing a large floc formed with increasing volume that settled after 
floc development (Figure 2).  The data indicates that the optimal EC aluminum dose is between 15 and 
30 mg/L with or without pH adjustment (Figure 3, Table 5, Table 6). 

 
Figure 2 City of Longview Filtered Water Treatments from left to right: 3, 9, 15, and ds30 mg/L Al EC before settling. 
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Figure 3 Longview filtered water silica reduction with Aluminum EC. 

 

Table 5 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability without pH adjustment. 

Parameter Unit Filtered 
Influent 

3 mg/L 
Al EC 

9 mg/L 
Al EC 

15 mg/L 
Al EC 

30 mg/L 
Al EC 

pH s.u. 7.41 7.68 7.63 7.63 7.47 
Conductivity µS/cm 230 227 221 211.8 201.1 
Turbidity NTU 0.43 0.45 0.45 0.39 0.33 
Dissolved Oxygen mg/L 8.53 9.08 9.12 8.93 7.87 
Silica mg SiO2/L  55.4 50.7 41.5 33.6 19.1 

 

Table 6 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability with pH adjustment to 8 
before EC. 

Parameter Unit Filtered Influent 
pH adjusted 

3 mg/L 
Al EC 

9 mg/L 
Al EC 

15 mg/L 
Al EC 

30 mg/L 
Al EC 

pH s.u. 8.02 8.01 7.79 7.7 7.57 
Conductivity µS/cm 230 230 223 217.5 205.9 
Turbidity NTU 0.43 1.18 0.87 0.72 0.77 
Dissolved Oxygen mg/L 8.53 8.88 8.78 8.5 7.49 
Silica mg SiO2/L  55.4 50.9 39.7 32.3 19.5 
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 A dosage of 30 mg/L AL EC was selected as the optimal treatment and a 2L sample of water was treated 
for third party verification of silica removal and additional parameters.  A large floc formed that settled 
(Figure 4).  Silica was below 30 mg/L with the 30 mg/L Al EC treatment (Table 7, Table 8).  Aluminum was 
below the upper limit for the SMCL in the treated sample but above the lower value indicating that the 
coagulation and filtration process may need to be optimized.  Arsenic, iron, and manganese were all 
below the MCLs and SMCLs in the filtered influent and did not increase following EC treatment. 

 
Figure 4 City of Longview Filtered Water 30 mg/L Al EC Treatment. 

Table 7 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability testing. 

Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

pH s.u. 7.41 7.33 
Conductivity µS/cm 230 206.7 
Turbidity NTU 0.43 0.27 
Dissolved Oxygen mg/L 8.53 10.44 
Silica mg SiO2/L  55.4 19.9 

 
Table 8 Third party laboratory analytical test results for City of Longview - Filtered water EC treatability testing. 

Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

Aluminum mg/L ND (< 0.100) 0.11 
Arsenic mg/L 0.0026 ND (< 0.003) 
Calcium mg/L 27 23 
Iron mg/L ND (< 0.050) ND (< 0.050) 
Magnesium mg/L 6 5.2 
Manganese mg/L ND (< 0.010) ND (< 0.008) 
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 Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

Silica, Dissolved mg SiO2/L  47 19 
Hardness mg CaCO3/L 92.1 78.82 
Total Alkalinity mg CaCO3/L 110 88 

 

Polyaluminum Chloride Treatments 
Samples were treated with Kemira PAX-XL8 polyaluminum chloride (PAC) for comparison to EC 
treatment with the same theoretical aluminum concentrations as the EC treatments (Figure 5).  PAC 
treatment formed a large floc that settled similarly to the EC treatments (Figure 6).  Silica removal 
required higher theoretical aluminum doses when treated with PAC compared to EC.    Initially the 
filtered sample was used for the PAC testing (Table 9, Table 10).  The results showed decreasing pH and 
minimal silica removal at doses equivalent to Al EC treatment.  Slightly better silica removal was 
observed with pH raised to 8 using sodium chloride after adding the PAC but silica was still well above 
the 30 mg/L treatment goal with up to 30 mg/L theoretical Al dosing. 

Increased PAC dosing with pH adjustment was tested on the fresh raw water sample to determine the 
concentration that could meet the treatment goal (Table 11).  38 mg/L PAC dosing with pH adjustment 
met the silica removal goal compared to 20 mg/L Al EC.  The pH dropped below 5 with the highest PAC 
doses. 

Conductivity increased with the additional of PAC.    A large floc formed with mixing that settled (shown 
before settling in Figure 6). 
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Figure 5 City of Longview average silica removal PAC vs Al EC. 

 

 
Figure 6 City of Longview - Raw water PAC treatments from left to right: 15, 30, 45, 60, 75, and 90 mg/L Al. 

 

Table 9 WaterTectonics analytical test results for filtered water PAC testing without pH adjustment. 

Parameter Unit Filtered 
Influent 

3mg/L Al 
PAC 

9 mg/L Al 
PAC 

15 mg/L Al 
PAC 

30 mg/L Al 
PAC 

pH s.u. 7.41 7.41 7.3 7.17 6.81 
Conductivity µS/cm 230 244 264 284 339 
Turbidity NTU 0.43 1.07 0.52 0.34 0.43 
Dissolved 
Oxygen 

mg/L 8.53 8.7 8.72 8.66 8.69 

Silica mg/L 
SiO2 

55.4 54.6 51.4 49.7 45.5 
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 Table 10 WaterTectonics analytical test results for filtered water PAC testing with pH adjusted to ~8. 

Parameter Unit Filtered 
Influent 

3 mg/L Al 
PAC 

9 mg/L Al 
PAC 

15 mg/L Al 
PAC 

30 mg/L Al 
PAC 

pH s.u. 7.41 7.8 7.84 7.87 7.93 
Conductivity µS/cm 230 255 292 363 450 
Turbidity NTU 0.43 0.48 0.57 0.73 0.5 
Dissolved 
Oxygen 

mg/L 8.53 8.77 8.8 8.73 8.75 

Silica mg/L 
SiO2 

55.4 53.2 50.2 39.2 35.5 

 

Table 11 WaterTectonics analytical test results for raw water PAC testing with pH adjusted to ~8. 

Parameter Unit Raw 
Influent 

15 mg/L 
Al 

PAC 

30 mg/L 
Al 

PAC 

45 mg/L 
Al 

PAC 

60 mg/L 
Al 

PAC 

75 mg/L 
Al 

PAC 

90 mg/L 
Al 

PAC 

pH s.u. 7.01 7.01 6.79 7.61 7.56 7.27 6.46 
Conductivity µS/cm 226 335 432 548 645 769 761 
Turbidity NTU 2.97 0.32 0.28 0.3 0.2 0.29 0.4 
Dissolved 
Oxygen 

mg/L 7.88 8.51 8.53 8.54 8.54 8.31 8.53 

Silica mg/L 
SiO2 

53.3 42.3 32.5 22.3 18 16.4 9.3 

 

 
Figure 7 City of Longview raw water pH adjustment with PAC treatments 
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 Operational Cost Estimate 
Calculating the required dosage to reduce silica to 30 mg/L, operation costs were estimated EC, PAC, 
Alum (aluminum sulfate) and Sodium Aluminate.  With the exception of EC, all other chemicals tested 
required pH amendment following dosage, the cost associated to the amendment was included as part 
of the operating cost.  Sodium Hydroxide and Sulfuric Acid were used to adjust the pH to 7.7 for the 
testing.  Linear regression equations were calculated for each data sets and added to the graphical data 
presented in Figure 8.   

Figure 8 - Silica Reduction and Regression Calculations 

These treatment dosages were calculated using linear equations as the minimum dosage required to 
reduce silica to 30 mg/L.  The EC costs were estimated at the aluminum dosage of 18.5 mg/L.  The 
Sodium Aluminate treatment costs were calculated at 29.2 mg/L.  The PAC treatment costs were 
estimated at an aluminum dosage of 33.7 mg/L.  The Aluminum Sulfate treatment costs were estimated 
at an aluminum dosage of 55.3 mg/L.  
 

  

y = -1.2893x + 54
R² = 0.9907

y = -0.8209x + 54
R² = 0.9154

y = -0.7133x + 54
R² = 0.9969

y = -0.4339x + 54
R² = 0.9652

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Si
lic

a 
(m

g/
L)

Theoretical Al Dose (mg/L)

Longview - Silica Reduction by Al EC and Al Chemistry
Al EC Treatment

Na Aluminate

PAC

Alum (liq)

Silica Goal (30
mg/L)
Linear (Al EC
Treatment)

Page 64 of 233



 

     

Page 12 of 16 

 Table 12 Operational Costs for EC Treatment at 18.5 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Aluminum EC Cells Each 0.43 $11,021 $4,765 $0.40/Kgal 
Power***…………………………………... kWh 16,283 $0.070 $1,134 $0.09/Kgal 
Total Cost $   $10,852 $0.49/Kgal 

* Based on bulk pricing from regional suppliers (based on a WT EC cell design).  
** Based on 12 MGD. 
*** Estimated on the preliminary cell design and the average power cost over the life of the cell. 

Table 13 Operational Costs for Sodium Aluminate Treatment at 29.2 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Sodium Aluminate (Dry) lbs 8,891 $0.57 $5,103 $0.43/Kgal 
Sulfuric Acid (98% H2SO4) lbs 12,010 $0.10 $1,201 $0.10/Kgal 
Total Cost $   $25,245 $0.53/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
 
Table 14 Operational Costs for 50% PAC Treatment at 33.7 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Polyaluminum Chloride (50% PAC) lbs 27,082 $0.31 $8,395 $0.70/Kgal 
Caustic (50% NaOH) lbs 5,254 $0.15 $788 $0.07/Kgal 
Total Cost $   $25,245 $0.77/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
 
Table 15 Operational Costs for Aluminum Sulfate (Alum) Treatment at 55.3 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Aluminum Sulfate (dry Alum) lbs 147,692 $0.07 $10,741 $0.90/Kgal 
Caustic (50% NaOH) lbs 34,528 $0.15 $5,179 $0.43/Kgal 
Total Cost $   $25,245 $1.33/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
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 Conclusion 
Both EC, sodium aluminate, aluminum sulfate and PAC were effective in reducing silica in a 
coagulation/flocculation process.  The dosage of aluminum is lower for the EC process and it did not 
affect the pH.  Aluminum sulfate and PAC coagulation consumes alkalinity and lowers pH.  The 
aluminum sulfate and PAC processes will require adjustment of the pH with a caustic chemical to raise 
the pH.  The sodium aluminate increases pH and will require pH adjustment with an acid.  Since PAC is a 
formulated chemical that requires the addition of chloride, the subsequent impact on the water quality 
as a result of the increased TDS from the chloride should be studied further.  The EC 3rd party Aluminum 
data was below the upper limit for the SMCL in the treated sample but above the lower value indicating 
that the coagulation and filtration process may need to be optimized. 

The results showed that silica reduction was equally effective in both the raw and treated water 
samples.  Treatment of the raw water is most likely preferable since an oxidation and coagulation 
process will help reduce the iron and manganese and filtration will be required after the floc has been 
separated.  Evaluation of additional benefits from treatment such as further reduction of heavy metals 
and/or bacteria was not a part of the scope for this feasibility report, but certainly should be considered 
in any future testing. Academic reports and WT’s testing has shown the EC process to produce a 3-4 log 
reduction in bacteria and viruses.  If piloting is conducted, this reduction should be studied and 
quantified and as a result there may be an economic benefit of lower chlorination dosages.  

The operational costs were estimated at the theoretical values based on the laboratory collected data. 
Based on this data, EC shows a cost and operational advantages over the aluminum-based chemicals 
tested.  EC estimated operational cost are lower than the sodium aluminate chemical option, but the 
calculated operational costs are close enough that our recommendation is that both approaches are 
tested in a scaled side-by-side field evaluation. 

References 
Stewart, T., Nyman, M., & Altman, S. J. (2011). Coagulation Chemistries for Silica Removal from Cooling 
Tower Water (No. SAND2011-0800). Sandia National Laboratories. 
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 Appendix A – Analytical Test Methods and Detection Limits 
 
Table A Water Tectonics analytical test methods and detection limits. 

Parameter Unit Method Detection Limit 
pH standard units Hach HQ40d meter N/A 
Conductivity µS/cm Hach HQ40d meter N/A 
Turbidity NTU Hach 2100P meter 0.01 
Dissolved Oxygen mg/L Hach HQ40d meter 0.1 
Silica mg/L as SiO2 Hach Method 8185 1 

 
Table B Third party laboratory test methods and detection limits. 

Parameter Unit Method Detection Limit 
Aluminum mg/L EPA 200.8 0.040 
Alkalinity mg/L SM 2320B 2.0 – 3.0 
Arsenic mg/L EPA 200.8 0.003 
Calcium mg/L EPA 6010C 1 
Iron mg/L EPA 6010C 0.050 
Magnesium mg/L EPA 6010C 1 
Manganese mg/L EPA 200.8 0.008 
Silica, Dissolved mg/L as SiO2 EPA 200.7 2.1 

 

  

Page 67 of 233



 

     

Page 15 of 16 

 Appendix B – Budgetary Capital Estimate 
 

Capital Budgetary Estimate 
At the customer’s request, WaterTectonics has developed a budgetary estimate for the capital 
equipment required for this EC and chemical process solutions developed in the treatability study.  The 
existing process currently used for treatment of the well water is shown in Figure 9. 

SOURCE
DISTRIBUTION

Oxidation

Greensand

Chlorination
 

Figure 9 - Current Groundwater Treatment Process 

To remove the silica in the groundwater using either, EC or an aluminum based chemical, coagulation 
and flocculation will occur and thus, supporting clarification and filtration is recommended.  For the 
purposes of this budgetary estimate the follow process flow was developed for the EC and chemical 
solutions. 
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Figure 10 - EC Process Flow Diagram 
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Figure 11 - Chemical Process Flow Diagram 

For budgetary purposes, it is assumed that the process component (specifically the mix tank, clarifier, 
clearwell, multimedia filters, sludge tank and filter press) will be the same for either proposed process 
solutions.  As a result, the primary difference is between the capital cost for an EC system versus a 
chemical dosing and storage system.  Based on our experience and past projects, our proposed 
budgetary pricing for a process flow at 12MGD is outlined in the table below.   

Table 16 Capital Cost Estimate. 

Description Capital Estimate 
Low 

Capital 
Estimate High 

Depreciated Cost 
of Capital (High) 

Option 1 - EC Equipment 
12 EC Cells (10 online, 2 
Redundant 
Power supplies (1 per cell) 

$2,100,000 $3,200,000 $160,000/year 
$0.04/Kgal 

Option 2 - Chemical Equipment 
Off-loading 
Liquid Storage 20,000 gallons 
Dry Storage, 80,000 lbs 
Chemical make-down system 
Redundant Chemical dosing 
systems 

$1,500,000 $2,300,000 $115,000/year 
$0.03/Kgal 

Process Equipment 
Flocculation 
Clarification 
Filtration 
Dewatering 

$6,000,000 $10,000,000 $500,000/year 
$0.11/Kgal 

Note: Depreciation cost were evaluated on 20year, straight line method, 0% APR. 
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City of Longview

Agenda Summary

WATER SUPPLY WELLHEAD PROTECTION PROGRAM UPDATE

RECOMMENDED ACTION:
For information and discussion

 

WATER SUPPLY WELLHEAD PROTECTION PROGRAM UPDATE
 
COUNCIL INITIATIVE ADDRESSED: 
Provide sustainable water quality and environmental infrastructure.
 
CITY ATTORNEY REVIEW:   N/A
 
SUMMARY STATEMENT:
Staff will provide an update on the wellhead protection program for the Mint Farm Regional Water Treatment 
Plant water supply, and potential future activities in the area.  Attached for your information is a memorandum 
presenting our evaluation of the results of the May 2018 sentry well sampling, along with a summary of the 
test results for sentry well DW-1.  All test result summaries and actual laboratory data are posted on the City’s 
website.  The October 2018 test results are being evaluated and information will be posted on the City’s 
website upon conclusion of the evaluation.
    
RECOMMENDED ACTION:
For information and discussion.
 
STAFF CONTACT:
Jeff Cameron, Public Works Director
 
 

Attachments: 

1. Tech Memo MAY 2018 Sampling Event 2.12.2019
2. WHPP - Tableau Results Summary (DMW-1) FINAL
3. MFRWTP Groundwater Monitoring Wells Map
4. Wellhead Protection Area Map
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Technical Memorandum  
Groundwater Quality Sampling, May 2018 Monitoring Event  
 
Date:  February 12, 2019 
By:  Amy Blain, P.E., City of Longview 
Subject:  Groundwater Quality Sampling, May 2018 Monitoring Event     
 

This memorandum summarizes the results of groundwater monitoring and sampling conducted in 
May 2018 for the Mint Farm Regional Water Treatment Plant aquifer as part of the Wellhead 
Protection Program (WHPP). Untreated groundwater from the aquifer is tested approximately 
every six months to confirm consistent water quality and monitor potential contaminant migration 
from nearby industry using a series of wells in and surrounding the Mint Farm for advance 
detection.   

ACTIVITIES CONDUCTED FOR THE MAY 2018 MONITORING EVENT 
 
Activities completed for this sampling event were conducted in accordance with Technical 
Memorandum 2, Water Quality Sampling Protocol (Kennedy/Jenks, 28 April 2009) and Technical 
Memorandum, Monitoring Well Analytes and Department of Health Test Panels (Kennedy/Jenks, 
1 March 2013), plus supplemental activities identified by staff.  Activities included:  

 Collecting groundwater samples from sentinel wells DW-1, DW-2, DW-5, DW-6, DW-7, and 
DW-9 on May 7 and 8, 2018. Wells were purged prior to sample collection to stabilize pH, 
temperature, conductivity and dissolved oxygen levels.  

 Submitting groundwater samples to ALS Environmental (ALS), an EPA-certified laboratory, 
to be analyzed for constituents currently regulated by state and federal drinking water 
standards, unregulated contaminants of interest, and contaminants specific to historical 
and industrial activity in or near the Mint Farm.  

 Reviewing and compiling analytical results into Tableau Software, a live data engine that 
allows information to be visually displayed, trended and geographically linked such that 
large volumes of data can be easily interpreted and monitored.   

 Preparing this summary memorandum.   

DATA QUALITY 
 
For quality assurance, all analyses were performed in accordance with National Environmental 
Laboratory Accreditation Program standards.  Based on review of the laboratory reports, it is my 
opinion the analytical data received are of acceptable quality for their intended use and appropriate 
corrective action was taken where needed to prevent analytical bias.  
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Groundwater Quality Sampling Results    May 2018 Monitoring Event 
 

RESULTS OF GROUNDWATER QUALITY SAMPLING 
 
Certified lab reports for groundwater samples collected during this sampling event are attached.  
Results were reviewed and compared to screening levels which have been established in 
accordance with state and federal drinking water rules, guidelines, health advisories and reporting 
levels.  Not all screening levels are health-based – some are based on aesthetic impacts.  If no 
published guidelines exist, no screening level was established. 

Alkalinity, turbidity, color and hardness were found to exceed their screening levels in the majority 
of the wells.  These parameters relate to general chemistry and their respective screening levels 
are not health-risk based.  They do not pose a health threat.     

Iron and manganese were also found to exceed their screening levels in all of the wells. Neither is 
regulated for health effects but both have a non-mandatory secondary drinking water standard to 
prevent undesireable tastes and odors.  The Mint Farm water treatment process consistently 
removes iron and manganese to one order of magnitude below their respective secondary 
maximum contaminant level. 

No other anomolies were noted and no other analytes were detected above their respective 
screening levels in any of the wells.   

RESULTS OF DATA ANALYSIS 
 
Using Tableau analytical software, updated bar graphs were generated showing every analyte 
that has been detected in each monitoring well sampled for wellhead protection program starting 
in 2010.  These graphs were reviewed to look for significant changes or general trends in 
individual contaminant levels that might indicate a potential problem.  Wells DW-1, DW-7 and 
DW-9 are extremely stable with very little change in overall chemistry.  Wells DW-2 and DW-5 
also continue to be stable with just slight increases in alkalinity and/or hardness.  Well DW-6 
showed significant increases in hardness, chloride, conductivity and total dissolved solids 
beginning in 2013 and peaking in 2016; DW-6 now appears to have plateaued and constituent 
concentrations are slowly returning to more moderate levels. 

Additionally, five year rolling averages were calculated for all analytes detected in each of the 
wells. Looking at rolling averages is a way to smooth out short-term fluctuations and highlight 
longer-term trends.  The rolling averages were also compared to benchmark values defined by 
the results of the Nov-2012 sampling event just prior to start-up of the Mint Farm RWTP.  No 
significant trends or observations are reported at this time.   

Reports generated for DMW-1 using Tableau Software are included as attachments.  Reports 
generated for the other sentinel wells will be published on the City’s webpage for its wellhead 
protection program at https://www.mylongview.com/484/Wellhead-Protection-Program. 

GROUNDWATER ELEVATION MONITORING 
 
The sentinel wells are equipped with transducers which continuously collect and record water 
level information. Transducer data is periodically downloaded and compiled to evaluate the 
potential for declining water levels and diminished capacity of the Mint Farm aquifer.  Transducer 
data was not analyzed for this report but will be evaluated as part of the next monitoring event. 
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Groundwater Quality Sampling Results    May 2018 Monitoring Event 
 

ATTACHMENTS 

 Attachment A:  Tableau workbook containing the following reports: 
o Semi-Annual Sampling Results (DW-1) 
o Analyte Screening Levels 
o Analytes Found Below Screening Levels (DW-1) 
o Analytes Found Above Screening Levels (DW-1) 
o Criticality of Screening Level Exceedances (DW-1) 
o Analyte Criticality Rankings  
o Average Analyte Values (DW-1) 

 
 Attachment B: Analytical reports from ALS Group USA, Corp. dba ALS Environmental  

REFERENCES 

 Kennedy/Jenks Consultants Technical Memorandum 2, Water Quality Sampling Protocol. 
Kennedy/Jenks Consultants, 28 April 2009 
 

 Preliminary Design Report (PDR Part 2) for the City of Longview Mint Farm Regional 
Water Treatment Plant and Well Field, Part 2A: Hydrogeologic Characterization of the Mint 
Farm Area. Kennedy/Jenks Consultants 0997003.00, March 2010 
 

 2012 Comprehensive Water System Plan, Section 5:  Source Water – Wellhead Protection 
Program.  Kennedy/Jenks Consultants 1197009.00, August 2012 
 

 Technical Memorandum, Monitoring Well Analytes and Department of Health Test Panels 
(Kennedy/Jenks 0997003*01, 1 March 2013) 
 

 WHPP Analyte List and Screening Levels; Intertox Inc., 18 April 2018. 
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Coliform, Total0 MPN/1..

Colilert, E. Coli 0 MPN/1..

Color 15
Color
Units

Conductivity at
25 Degrees
Celsius

700 uMHOS..

Cyanide, Total 0.2 mg/L

Fluoride 2 mg/L

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Nitrate as
Nitrogen

10 mg/L

Nitrite +
Nitrate as
Nitrogen

10 mg/L

1.0

0

R
es
ul
t

0

20

40
R
es
ul
t

0

200

400

600

800

R
es
ul
t

0.00

0.05

0.10

0.15

0.20

R
es
ul
t

0

1

2

R
es
ul
t

0

20

40

60

80

R
es
ul
t

0

2

4

6

R
es
ul
t

0

5

10

R
es
ul
t

10

1.0

0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0

15.0

0.0

10.0

20.0
25.0

10.0

20.0

30.0 30.0

45.0

15.0
20.0 20.0

15.0
10.0

0.0

212.0

0.0

179.0208.0176.0185.0188.0186.0201.0197.0
214.0193.0197.0192.0189.0

0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.0
0.2

0.0 0.0
0.2

0.0
0.2 0.2 0.2 0.3

0.0

0.0

74.9
69.7

0.0

72.8 71.2 69.8 72.7 70.0 68.0 71.3
64.5

75.3
71.0 74.3

68.6

0.0 0.00.0

6.3

0.0 0.0

1.5

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Semi-Annual Sampling Results for DMW-1
Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic Organic Compound

Polynuclear Aromatic Hydrocarbon

Semi-Volatile Organic Compound

Volatile Organic Compound

Surfactant

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Nitrate as
Nitrogen 10 mg/L

Nitrite +
Nitrate as
Nitrogen

10 mg/L

Nitrite as
Nitrogen

1 mg/L

Orthophosphat
e as Phosphoru
s

Null mg/L

Perchlorate 15 ug/L

Phosphorus,
Total

Null mg/L

Solids, Total
Dissolved

500 mg/L

Sulfate 250 mg/L

Turbidity 1 NTU

UV254 Null cm-1
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Turbidity 1 NTU

UV254 Null cm-1

pH 8.5
pH
UNITS

Metal
Aluminum,
Total

Null mg/L

Antimony, Total0.006 mg/L

Arsenic (III) 0.01 mg/L

Arsenic (V) 0.01 mg/L

Arsenic,
Inorganic
(Total)

0.01 mg/L

Barium, Total 2 mg/L

Beryllium, Total0.004 mg/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Metal
Barium, Total 2 mg/L

Beryllium, Total0.004 mg/L

Cadmium, Total0.005 mg/L

Calcium, Total Null mg/L

Chromium,
Total

0.1 mg/L

Copper, Total 1 mg/L

Iron, Total 0.3 mg/L

Lead, Total 0.015 mg/L

Magnesium,
Total

35 mg/L

Manganese,
Total

0.05 mg/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Metal

Magnesium,
Total 35 mg/L

Manganese,
Total

0.05 mg/L

Mercury, Total 0.002 mg/L

Methyl
Mercury, Total

2000 ng/L

Nickel, Total 0.1 mg/L

Potassium,
Total

Null mg/L

Selenium, Total0.05 mg/L

Silica,
Dissolved as
SiO2

Null mg/L

Silicon, Total Null mg/L

Silver, Total 0.1 mg/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Metal
Silicon, Total Null mg/L

Silver, Total 0.1 mg/L

Sodium, Total 20 mg/L

Thallium, Total0.002 mg/L

Uranium, Total0.03 mg/L

Zinc, Total 5 mg/L

Herbicide 2,4,5-T 160 ug/L

2,4,5-TP
(Silvex)

50 ug/L

2,4-D 70 ug/L

2,4-DB 200 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Herbicide
2,4-D 70 ug/L

2,4-DB 200 ug/L

3,5-
Dichlorobenzoic
Acid

0.5 ug/L

Acifluorfen 1 ug/L

Alachlor 2 ug/L

Bentazon 300 ug/L

Chloramben 290 ug/L

Chlorobenzene 100 ug/L

Dacthal Diacid 350 ug/L

Dalapon 200 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Herbicide
Dacthal Diacid 350 ug/L

Dalapon 200 ug/L

Dicamba 570 ug/L

Dichlorprop Null ug/L

Dinoseb 7 ug/L

Diquat 20 ug/L

Endothall 100 ug/L

Glyphosate 700 ug/L

Paraquat 100 ug/L

Picloram 500 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Herbicide
Paraquat 100 ug/L

Picloram 500 ug/L

Trifluralin 2.6 ug/L

Pesticide/P..4,4'-DDD 0.032 ug/L

4,4'-DDE 0.2 ug/L

4,4'-DDT 0.23 ug/L

Aldrin 0.002 ug/L

Aroclor 1016 0.5 ug/L

Aroclor 1221 0.5 ug/L

Aroclor 1232 0.5 ug/L
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Pesticide/P..
Aroclor 1221 0.5 ug/L

Aroclor 1232 0.5 ug/L

Aroclor 1242 0.5 ug/L

Aroclor 1248 0.5 ug/L

Aroclor 1254 0.5 ug/L

Aroclor 1260 0.5 ug/L

Chlordane 2 ug/L

EPTC 175 ug/L

Endrin 2 ug/L

Heptachlor 0.4 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Pesticide/P..
Endrin 2 ug/L

Heptachlor 0.4 ug/L

Heptachlor
Epoxide

0.2 ug/L

Methoxychlor 40 ug/L

Toxaphene 3 ug/L

gamma-BHC
(Lindane)

0.2 ug/L

Insecticide/..3-Hydroxycarb..Null ug/L

3-Methylthiop..Null ug/L

Aldicarb 10 ug/L

Aldicarb
Sulfone

10 ug/L
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Insecticide/..
Aldicarb 10 ug/L

Aldicarb
Sulfone

10 ug/L

Aldicarb
Sulfoxide

10 ug/L

Carbaryl 40 ug/L

Carbofuran 40 ug/L

Dieldrin 0.002 ug/L

Methiocarb Null ug/L

Methomyl 300 ug/L

Methoxychlor 40 ug/L

Parathion 86 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Insecticide/..
Methoxychlor 40 ug/L

Parathion 86 ug/L

Propoxur 40 ug/L

Radionuclid..Alpha, Gross 15 pCI/L

Beta, Gross 50 pCI/L

Radium-226 5 pCI/L

Radium-228 5 pCI/L

Plasticizer
Bis(2-
ethylhexyl)
Adipate

400 ug/L

Bis(2-
ethylhexyl)
Phthalate

6 ug/L

Butyl Benzyl
Phthalate

16 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Plasticizer

Bis(2-
ethylhexyl)
Phthalate 6 ug/L

Butyl Benzyl
Phthalate

16 ug/L

Di-n-butyl
Phthalate

900 ug/L

Diethyl
Disulfide

50 ug/L

Diethyl Sulfide 50 ug/L

Dimethyl
Disulfide

50 ug/L

Dimethyl
Phthalate

0.6 ug/L

Dimethyl
Sulfide

50 ug/L

Chlorinated
Phenolic
Organic
Compound

2,3,4,6-Tetrac..240 ug/L

2,3,7,8-Tetrachl
orodibenzo-p..

30 pg/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Chlorinated
Phenolic
Organic
Compound

2,3,4,6-Tetrac..240 ug/L

2,3,7,8-Tetrachl
orodibenzo-p..

30 pg/L

2,4,5-Trichloro..1200 ug/L

2,4,6-Trichloro..4.1 ug/L

3,4,5-Trichloro..Null ug/L

3,4,5-Trichloro..Null ug/L

3,4,6-Trichloro..Null ug/L

3,4,6-Trichloro..Null ug/L

4,5,6-Trichloro..Null ug/L

Tetrachloroca..Null ug/L
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Chlorinated
Phenolic
Organic
Compound

4,5,6-Trichloro..Null ug/L

Tetrachloroca..Null ug/L

Tetrachlorogu..Null ug/L

Trichlorosyrin..Null ug/L

Polynuclear
Aromatic
Hydrocarbon

Anthracene 1800 ug/L

Benz(a)anthra..0.03 ug/L

Benzo(b)fluor..0.25 ug/L

Benzo(g,h,i)pe..0.2 ug/L

Benzo(k)fluor..2.5 ug/L

Chrysene 25 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Polynuclear
Aromatic
Hydrocarbon

Benzo(k)fluor..2.5 ug/L

Chrysene 25 ug/L

Dibenz(a,h)an..0.025 ug/L

Dibenzofuran 7.9 ug/L

Indeno(1,2,3-c..0.25 ug/L

Naphthalene 140 ug/L

Semi-
Volatile
Organic
Compound

1,1-Dichloropr..0.5 ug/L

1,2,4-Trichloro..70 ug/L

1,2,4-Trimeth..56 ug/L

1,2-Dibromo-3-
chloropropane (
DBCP)

0.2 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Semi-
Volatile
Organic
Compound

1,2,4-Trimeth..56 ug/L

1,2-Dibromo-3-
chloropropane (
DBCP)

0.2 ug/L

1,2-Dichloroet..5 ug/L

1,2-Dichloropr..5 ug/L

1,3,5-Trimeth..60 ug/L

1,3-Dichlorobe..3000 ug/L

1,3-Dichloropr..370 ug/L

2,2-Dichloropr..0.5 ug/L

2-Butanone
(MEK)

5600 ug/L

2-Chlorotolue..240 ug/L

40

0.00

0.05

0.10

0.15

0.20

R
es
ul
t

0

2

4
R
es
ul
t

0

2

4

R
es
ul
t

0

20

40

60

R
es
ul
t

0K

1K

2K

3K

R
es
ul
t

0

100

200

300

R
es
ul
t

0.0

0.2

0.4

R
es
ul
t

0K

2K

4K

R
es
ul
t

200

0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.00.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.00.0 0.0

Semi-Annual Sampling Results for DMW-1
Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic Organic Compound

Polynuclear Aromatic Hydrocarbon

Semi-Volatile Organic Compound

Volatile Organic Compound

Surfactant

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.

Page 190 of 233



Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Semi-
Volatile
Organic
Compound

2-Butanone
(MEK) 5600 ug/L

2-Chlorotolue..240 ug/L

2-Ethylthioph..Null ug/L

2-Methylnaph..36 ug/L

4-Chlorotolue..250 ug/L

4-Methyl-2-
pentanone (
MIBK)

6300 ug/L

Atrazine 3 ug/L

Benzo(a)pyrene0.2 ug/L

Bromacil 3500 ug/L

Butachlor 0.4 ug/L

4K

0

100

200

R
es
ul
t

0

R
es
ul
t

0

10

20

30

R
es
ul
t

0

100

200

R
es
ul
t

0K

2K

4K

6K

R
es
ul
t

0

1

2

3

R
es
ul
t

0.00

0.05

0.10

0.15

0.20

R
es
ul
t

0K

1K

2K

3K

R
es
ul
t

0.4

800

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.00.0 0.0

0.0 0.00.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.00.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Semi-Annual Sampling Results for DMW-1
Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic Organic Compound

Polynuclear Aromatic Hydrocarbon

Semi-Volatile Organic Compound

Volatile Organic Compound

Surfactant
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Semi-
Volatile
Organic
Compound

Bromacil 3500 ug/L

Butachlor 0.4 ug/L

Fluoranthene 800 ug/L

Fluorene 290 ug/L

Hexachlorobe..1 ug/L

Hexachlorocyc..50 ug/L

Isopropylbenz..450 ug/L

Metolachlor 70 ug/L

Metribuzin 91 ug/L

Pentachlorophe
nol (PCP)

1 ug/L
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Semi-
Volatile
Organic
Compound

Metribuzin 91 ug/L

Pentachlorophe
nol (PCP)

1 ug/L

Phenanthrene 50 ug/L

Propachlor 1 ug/L

Pyrene 120 ug/L

Simazine 4 ug/L

Terbacil 91 ug/L

trans-1,2-Dich..0.1 ug/L

trans-1,3-Dich..0.4 ug/L

1,1,1,2-Tetrac..0.57 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Semi-
Volatile
Organic
Compound trans-1,3-Dich..0.4 ug/L

Volatile
Organic
Compound

1,1,1,2-Tetrac..0.57 ug/L

1,1,1-Trichloro..200 ug/L

1,1,2,2-Tetrac..0.4 ug/L

1,1,2-Trichloro..5 ug/L

1,1-
Dichloroethane
(1,1-DCA)

2.8 ug/L

1,1-
Dichloroethene
(1,1-DCE)

7 ug/L

1,1-Dichloropr..0.5 ug/L

1,2,3-Trichloro..7 ug/L

1,2,3-Trichloro..0.00075 ug/L
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

1,2,3-Trichloro..7 ug/L

1,2,3-Trichloro..0.00075 ug/L

1,2-
Dibromoethane
(EDB)

0.05 ug/L

1,2-Dichloropr..5 ug/L

1,3,5-Trimeth..60 ug/L

1,3-Dichloropr..370 ug/L

2,5-Dimethylt..Null ug/L

Benzene 5 ug/L

Bromobenzene 62 ug/L

Bromochlorome
thane (halon 10
..

0.06 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

Bromobenzene 62 ug/L

Bromochlorome
thane (halon 10
..

0.06 ug/L

Bromodichlor.. 0 ug/L

Bromoform 0 ug/L

Bromomethane0.2 ug/L

Carbon
Tetrachloride

5 ug/L

Carbonyl
Sulfide

210 ug/L

Chloroethane 21000 ug/L

Chloroform 70 ug/L

Chloromethane 0.2 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

Chloroform 70 ug/L

Chloromethane 0.2 ug/L

Dibromochlor..60 ug/L

Dibromometh..0.5 ug/L

Dichlorodifluo..200 ug/L

Dichloromethan
e (Methylene C.
.

5 ug/L

Diisopropyl
Ether

1500 ug/L

Ethyl
Mercaptan

Null ug/L

Ethyl Methyl
Sulfide

50 ug/L

Ethylbenzene 700 ug/L
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Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

Ethyl Methyl
Sulfide 50 ug/L

Ethylbenzene 700 ug/L

Hexachlorobut..0.9 ug/L

Methyl
Mercaptan

Null ug/L

Methyl
tert-Butyl Ether

14 ug/L

Styrene 100 ug/L

Tetrachloroet..5 ug/L

Toluene 1000 ug/L

Trichloroethene5 ug/L

Trichlorofluor..5200 ug/L
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marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

Trichloroethene5 ug/L

Trichlorofluor..5200 ug/L

Vinyl Chloride 2 ug/L

cis-1,2-Dichlor..70 ug/L

cis-1,3-Dichlor..0.47 ug/L

m,p-Xylenes 10000 ug/L

n-Butylbenzene1000 ug/L

n-Propylbenze..660 ug/L

o-Xylene 10000 ug/L

sec-Butylbenz..2000 ug/L
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Semi-Annual Sampling Results for DMW-1
Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic Organic Compound

Polynuclear Aromatic Hydrocarbon

Semi-Volatile Organic Compound

Volatile Organic Compound

Surfactant

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Volatile
Organic
Compound

o-Xylene 10000 ug/L

sec-Butylbenz..2000 ug/L

tert-Butylbenz..690 ug/L

trans-1,2-Dich..0.1 ug/L

trans-1,3-Dich..0.4 ug/L

Surfactant
Methylene Blue
Active
Substances

Null mg/L
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Semi-Annual Sampling Results for DMW-1
Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic Organic Compound

Polynuclear Aromatic Hydrocarbon

Semi-Volatile Organic Compound

Volatile Organic Compound

Surfactant

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The
marks are labeled by sum of Result. The view is filtered on Component and Group. The Component filter keeps 250 of 250 members. The Group filter keeps 12 of 12 members.
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Group Component Units
Screening
Value Criticality NONE NYDEC USEPA WSDOH

_General
Chemistry

Alkalinity as CaCO3, Total mg/L 5 Low

Ammonia as Nitrogen mg/L 30 Moderate

Bromide mg/L 0.01 Critical

Carbon, Dissolved Organic (DOC) mg/L Null Low

Carbon, Total Organic mg/L 0.004 Low

Chloride mg/L 250 Low

Coliform, Fecal MPN/100mL 0 Critical

Coliform, Total MPN/100mL 0 Critical

Colilert, E. Coli MPN/100mL 0 Critical

Color Color Units 15 Low

Conductivity at 25 Degrees Celsi..uMHOS/cm 700 Low

Cyanide, Total mg/L 0.2 Critical

Fluoride mg/L 2 Moderate

Hardness as CaCO3 mg/L 10 Low

Hydrogen Sulfide ug/L 4.2 Moderate

Nitrate as Nitrogen mg/L 10 Critical

Nitrite + Nitrate as Nitrogen mg/L 10 Critical

Nitrite as Nitrogen mg/L 1 Critical

Orthophosphate as Phosphorus mg/L Null Low

Perchlorate ug/L 15 High

Phosphorus, Total mg/L Null Low

Solids, Total Dissolved mg/L 500 Low

Sulfate mg/L 250 Low

Turbidity NTU 1 Low

UV254 cm-1 Null Low

pH pH UNITS 8.5 Low

Metal Aluminum, Total mg/L Null Low

Antimony, Total mg/L 0.006 Critical

Arsenic (III) mg/L 0.01 Critical

Arsenic (V) mg/L 0.01 Critical

Arsenic, Inorganic (Total) mg/L 0.01 Critical

Barium, Total mg/L 2 Critical

Beryllium, Total mg/L 0.004 Critical

Cadmium, Total mg/L 0.005 Critical

Calcium, Total mg/L Null Low

Chromium, Total mg/L 0.1 Critical

Copper, Total mg/L 1 Low

Iron, Total mg/L 0.3 Low

Lead, Total mg/L 0.015 Critical

Magnesium, Total mg/L 35 Low

Manganese, Total mg/L 0.05 Low

Mercury, Total mg/L 0.002 Critical

Methyl Mercury, Total ng/L 2000 High

Nickel, Total mg/L 0.1 Critical

Potassium, Total mg/L Null Low

Selenium, Total mg/L 0.05 Critical

Silica, Dissolved as SiO2 mg/L Null Low

Silicon, Total mg/L Null Low

Silver, Total mg/L 0.1 Moderate

Sodium, Total mg/L 20 Low

Thallium, Total mg/L 0.002 Critical

Uranium, Total mg/L 0.03 Critical

Zinc, Total mg/L 5 Low

Herbicide 2,4,5-T ug/L 160 High

2,4,5-TP (Silvex) ug/L 50 Critical

2,4-D ug/L 70 Critical

2,4-DB ug/L 200 High

3,5-Dichlorobenzoic Acid ug/L 0.5 High

Acifluorfen ug/L 1 High

Alachlor ug/L 2 Critical

Bentazon ug/L 300 High

Chloramben ug/L 290 High

Chlorobenzene ug/L 100 Critical

Dacthal Diacid ug/L 350 High

Dalapon ug/L 200 Critical

Dicamba ug/L 570 Moderate

Dichlorprop ug/L Null Moderate

Dinoseb ug/L 7 Critical

Diquat ug/L 20 Critical

Endothall ug/L 100 Critical

Glyphosate ug/L 700 Critical

Paraquat ug/L 100 Moderate

Picloram ug/L 500 Critical

Trifluralin ug/L 2.6 Critical

Pesticide/..4,4'-DDD ug/L 0.032 Critical

4,4'-DDE ug/L 0.2 Critical

4,4'-DDT ug/L 0.23 Critical

Aldrin ug/L 0.002 Critical

Analyte Screening Levels
Screening Level Type
No guideline

Maximum Contaminant Level

Maximum Contaminant Level Goal

Secondary Maximum Contaminant Level

State Reporting Level

Treatment Technique

Ambient Water Quality Standard

Drinking Water Equivalent Level

Unregulated Contaminant Monitoring Rule

Health Advisory

Human Health Benchmark

Interim Health Advisory

Regional Screening Level for Tapwater

Screening Level Type (color) broken down by Source vs. Group, Component, Units, Screening Value and Criticality. The view is filtered on Component, Screening Level Type,
Group and Source. The Component filter keeps 250 of 250 members. The Screening Level Type filter keeps 13 of 13 members. The Group filter keeps 12 of 12 members. The
Source filter keeps NONE, NYDEC, USEPA and WSDOH.
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Group Component Units
Screening
Value Criticality NONE NYDEC USEPA WSDOH

Pesticide/..
4,4'-DDT ug/L 0.23 Critical

Aldrin ug/L 0.002 Critical

Aroclor 1016 ug/L 0.5 Critical

Aroclor 1221 ug/L 0.5 Critical

Aroclor 1232 ug/L 0.5 Critical

Aroclor 1242 ug/L 0.5 Critical

Aroclor 1248 ug/L 0.5 Critical

Aroclor 1254 ug/L 0.5 Critical

Aroclor 1260 ug/L 0.5 Critical

Chlordane ug/L 2 Critical

EPTC ug/L 175 Moderate

Endrin ug/L 2 Critical

Heptachlor ug/L 0.4 Critical

Heptachlor Epoxide ug/L 0.2 Critical

Methoxychlor ug/L 40 Critical

Toxaphene ug/L 3 Critical

gamma-BHC (Lindane) ug/L 0.2 Critical

Insecticid..3-Hydroxycarbofuran ug/L Null High

3-Methylthiophene ug/L Null High

Aldicarb ug/L 10 Moderate

Aldicarb Sulfone ug/L 10 Moderate

Aldicarb Sulfoxide ug/L 10 Moderate

Carbaryl ug/L 40 Critical

Carbofuran ug/L 40 Critical

Dieldrin ug/L 0.002 Critical

Methiocarb ug/L Null Moderate

Methomyl ug/L 300 Moderate

Methoxychlor ug/L 40 Critical

Parathion ug/L 86 Critical

Propoxur ug/L 40 Moderate

Radionucli..Alpha, Gross pCI/L 15 Critical

Beta, Gross pCI/L 50 Critical

Radium-226 pCI/L 5 Critical

Radium-228 pCI/L 5 Critical

Plasticizer Bis(2-ethylhexyl) Adipate ug/L 400 Critical

Bis(2-ethylhexyl) Phthalate ug/L 6 Critical

Butyl Benzyl Phthalate ug/L 16 Critical

Di-n-butyl Phthalate ug/L 900 High

Diethyl Disulfide ug/L 50 High

Diethyl Sulfide ug/L 50 High

Dimethyl Disulfide ug/L 50 High

Dimethyl Phthalate ug/L 0.6 Moderate

Dimethyl Sulfide ug/L 50 High

Chlorinated
Phenolic
Organic
Compound

2,3,4,6-Tetrachlorophenol ug/L 240 High

2,3,7,8-Tetrachlorodibenzo-p-di..pg/L 30 Critical

2,4,5-Trichlorophenol ug/L 1200 High

2,4,6-Trichlorophenol ug/L 4.1 Critical

3,4,5-Trichlorocatechol ug/L Null High

3,4,5-Trichloroguaiacol ug/L Null High

3,4,6-Trichlorocatechol ug/L Null High

3,4,6-Trichloroguaiacol ug/L Null High

4,5,6-Trichloroguaiacol ug/L Null High

Tetrachlorocatechol ug/L Null High

Tetrachloroguaiacol ug/L Null High

Trichlorosyringol ug/L Null High

Polynuclear
Aromatic
Hydrocarb..

Anthracene ug/L 1800 Moderate

Benz(a)anthracene ug/L 0.03 Critical

Benzo(b)fluoranthene ug/L 0.25 Critical

Benzo(g,h,i)perylene ug/L 0.2 Critical

Benzo(k)fluoranthene ug/L 2.5 High

Chrysene ug/L 25 High

Dibenz(a,h)anthracene ug/L 0.025 Critical

Dibenzofuran ug/L 7.9 High

Indeno(1,2,3-cd)pyrene ug/L 0.25 High

Naphthalene ug/L 140 Moderate

Semi-
Volatile
Organic
Compound

1,1-Dichloropropene ug/L 0.5 High

1,2,4-Trichlorobenzene ug/L 70 Critical

1,2,4-Trimethylbenzene ug/L 56 High

1,2-Dibromo-3-chloropropane (D..ug/L 0.2 Critical

1,2-Dichloroethane ug/L 5 Critical

1,2-Dichloropropane ug/L 5 Critical

1,3,5-Trimethylbenzene ug/L 60 High

1,3-Dichlorobenzene ug/L 3000 High

1,3-Dichloropropane ug/L 370 High

2,2-Dichloropropane ug/L 0.5 High

2-Butanone (MEK) ug/L 5600 High

2-Chlorotoluene ug/L 240 High

2-Ethylthiophene ug/L Null High

2-Methylnaphthalene ug/L 36 High

Analyte Screening Levels
Screening Level Type
No guideline

Maximum Contaminant Level

Maximum Contaminant Level Goal

Secondary Maximum Contaminant Level

State Reporting Level

Treatment Technique

Ambient Water Quality Standard

Drinking Water Equivalent Level

Unregulated Contaminant Monitoring Rule

Health Advisory

Human Health Benchmark

Interim Health Advisory

Regional Screening Level for Tapwater

Screening Level Type (color) broken down by Source vs. Group, Component, Units, Screening Value and Criticality. The view is filtered on Component, Screening Level Type,
Group and Source. The Component filter keeps 250 of 250 members. The Screening Level Type filter keeps 13 of 13 members. The Group filter keeps 12 of 12 members. The
Source filter keeps NONE, NYDEC, USEPA and WSDOH.
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Group Component Units
Screening
Value Criticality NONE NYDEC USEPA WSDOH

Semi-
Volatile
Organic
Compound

2-Ethylthiophene ug/L Null High

2-Methylnaphthalene ug/L 36 High

4-Chlorotoluene ug/L 250 High

4-Methyl-2-pentanone (MIBK) ug/L 6300 High

Atrazine ug/L 3 Critical

Benzo(a)pyrene ug/L 0.2 Critical

Bromacil ug/L 3500 High

Butachlor ug/L 0.4 High

Fluoranthene ug/L 800 High

Fluorene ug/L 290 High

Hexachlorobenzene ug/L 1 Critical

Hexachlorocyclopentadiene ug/L 50 Critical

Isopropylbenzene ug/L 450 High

Metolachlor ug/L 70 Critical

Metribuzin ug/L 91 Moderate

Pentachlorophenol (PCP) ug/L 1 Critical

Phenanthrene ug/L 50 Moderate

Propachlor ug/L 1 Critical

Pyrene ug/L 120 Moderate

Simazine ug/L 4 Critical

Terbacil ug/L 91 Moderate

trans-1,2-Dichloroethene ug/L 0.1 Critical

trans-1,3-Dichloropropene ug/L 0.4 Critical

Volatile
Organic
Compound

1,1,1,2-Tetrachloroethane ug/L 0.57 Critical

1,1,1-Trichloroethane ug/L 200 Critical

1,1,2,2-Tetrachloroethane ug/L 0.4 Critical

1,1,2-Trichloroethane ug/L 5 Critical

1,1-Dichloroethane (1,1-DCA) ug/L 2.8 Critical

1,1-Dichloroethene (1,1-DCE) ug/L 7 Critical

1,1-Dichloropropene ug/L 0.5 High

1,2,3-Trichlorobenzene ug/L 7 High

1,2,3-Trichloropropane ug/L 0.00075 Critical

1,2-Dibromoethane (EDB) ug/L 0.05 Critical

1,2-Dichloropropane ug/L 5 Critical

1,3,5-Trimethylbenzene ug/L 60 High

1,3-Dichloropropane ug/L 370 High

2,5-Dimethylthiophene ug/L Null High

Benzene ug/L 5 Critical

Bromobenzene ug/L 62 High

Bromochloromethane (halon 10..ug/L 0.06 High

Bromodichloromethane ug/L 0 Critical

Bromoform ug/L 0 Critical

Bromomethane ug/L 0.2 High

Carbon Tetrachloride ug/L 5 Critical

Carbonyl Sulfide ug/L 210 High

Chloroethane ug/L 21000 Critical

Chloroform ug/L 70 Critical

Chloromethane ug/L 0.2 High

Dibromochloromethane ug/L 60 Critical

Dibromomethane ug/L 0.5 High

Dichlorodifluoromethane ug/L 200 Moderate

Dichloromethane (Methylene Ch..ug/L 5 Critical

Diisopropyl Ether ug/L 1500 High

Ethyl Mercaptan ug/L Null High

Ethyl Methyl Sulfide ug/L 50 High

Ethylbenzene ug/L 700 Critical

Hexachlorobutadiene ug/L 0.9 Critical

Methyl Mercaptan ug/L Null High

Methyl tert-Butyl Ether ug/L 14 Critical

Styrene ug/L 100 Critical

Tetrachloroethene ug/L 5 Critical

Toluene ug/L 1000 Critical

Trichloroethene ug/L 5 Critical

Trichlorofluoromethane ug/L 5200 Moderate

Vinyl Chloride ug/L 2 Critical

cis-1,2-Dichloroethene ug/L 70 Critical

cis-1,3-Dichloropropene ug/L 0.47 High

m,p-Xylenes ug/L 10000 Critical

n-Butylbenzene ug/L 1000 High

n-Propylbenzene ug/L 660 High

o-Xylene ug/L 10000 Critical

sec-Butylbenzene ug/L 2000 High

tert-Butylbenzene ug/L 690 High

trans-1,2-Dichloroethene ug/L 0.1 Critical

trans-1,3-Dichloropropene ug/L 0.4 Critical

Surfactant Methylene Blue Active Substanc..mg/L Null Low

Analyte Screening Levels
Screening Level Type
No guideline

Maximum Contaminant Level

Maximum Contaminant Level Goal

Secondary Maximum Contaminant Level

State Reporting Level

Treatment Technique

Ambient Water Quality Standard

Drinking Water Equivalent Level

Unregulated Contaminant Monitoring Rule

Health Advisory

Human Health Benchmark

Interim Health Advisory

Regional Screening Level for Tapwater

Screening Level Type (color) broken down by Source vs. Group, Component, Units, Screening Value and Criticality. The view is filtered on Component, Screening Level Type,
Group and Source. The Component filter keeps 250 of 250 members. The Screening Level Type filter keeps 13 of 13 members. The Group filter keeps 12 of 12 members. The
Source filter keeps NONE, NYDEC, USEPA and WSDOH.
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Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Ammonia as
Nitrogen

30 mg/L

Carbon,
Dissolved
Organic (DOC)

Null mg/L

Chloride 250 mg/L

Color 15
Color
Units

Conductivity at
25 Degrees
Celsius

700 uMHOS..

Fluoride 2 mg/L

Hydrogen
Sulfide

4.2 ug/L

Orthophosphat
e as Phosphoru
s

Null mg/L

Phosphorus,
Total

Null mg/L

Solids, Total
Dissolved

500 mg/L

Sulfate 250 mg/L

Turbidity 1 NTU

UV254 Null cm-1

pH 8.5
pH
UNITS

Metal
Aluminum,
Total

Null mg/L

Arsenic,
Inorganic
(Total)

0.01 mg/L

Barium, Total 2 mg/L

Calcium, Total Null mg/L

Chromium,
Total

0.1 mg/L

Copper, Total 1 mg/L

Magnesium,
Total

35 mg/L

Nickel, Total 0.1 mg/L

Potassium,
Total

Null mg/L

Silica,
Dissolved as
SiO2

Null mg/L

Silicon, Total Null mg/L
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Analytes Found Below Screening Level in DMW-1................................................................... (Detections)
Group
_General Chemistry

Metal

Radionuclides

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The marks are
labeled by sum of Result. The data is filtered on Step 1: Compare Result to Screening Level, which keeps Null and DETECTED. The view is filtered on Component, which excludes Null, Arsenic
(III) and Arsenic (V).
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Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

Metal

Silica,
Dissolved as
SiO2 Null mg/L

Silicon, Total Null mg/L

Sodium, Total 20 mg/L

Radionuclid..Alpha, Gross 15 pCI/L

Beta, Gross 50 pCI/L

Radium-226 5 pCI/L

Radium-228 5 pCI/L
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Analytes Found Below Screening Level in DMW-1................................................................... (Detections)
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_General Chemistry

Metal

Radionuclides

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The marks are
labeled by sum of Result. The data is filtered on Step 1: Compare Result to Screening Level, which keeps Null and DETECTED. The view is filtered on Component, which excludes Null, Arsenic
(III) and Arsenic (V).
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Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Turbidity 1 NTU

Metal Iron, Total 0.3 mg/L

Manganese,
Total

0.05 mg/L
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Analytes Found Above Screening Level in DMW-1.........................................................(Exceedances)
Group
_General Chemistry

Metal

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Group.  The marks are
labeled by sum of Result. The data is filtered on Step 1: Compare Result to Screening Level, which keeps EXCEEDANCE. The view is filtered on Component, which keeps 250 of 250
members.
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Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Turbidity 1 NTU

Metal Iron, Total 0.3 mg/L

Manganese,
Total

0.05 mg/L
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Criticality of Screening Level Exceedances in DMW-1
Criticality
Low

Critical

Moderate

Sum of Result for each Date Collected Quarter broken down by Date Collected Year vs. Group, Component, Screening Value and Units.  Color shows details about Criticality.  The marks are
labeled by sum of Result. The data is filtered on Step 1: Compare Result to Screening Level and Action ( Component (Analyte Summary),Criticality,Group). The Step 1: Compare Result to
Screening Level filter keeps EXCEEDANCE. The Action ( Component (Analyte Summary),Criticality,Group) filter keeps 229 members. The view is filtered on Component, which keeps 250 of
250 members.

Page 207 of 233



_General
Chemistry

Alkalinity as CaCO3, Total Low

Ammonia as Nitrogen Moderate

Bromide Critical

Carbon, Dissolved Organic (DOC) Low

Carbon, Total Organic Low

Chloride Low

Coliform, Fecal Critical

Coliform, Total Critical

Colilert, E. Coli Critical

Color Low

Conductivity at 25 Degrees Celsius Low

Cyanide, Total Critical

Fluoride Moderate

Hardness as CaCO3 Low

Hydrogen Sulfide Moderate

Nitrate as Nitrogen Critical

Nitrite + Nitrate as Nitrogen Critical

Nitrite as Nitrogen Critical

Orthophosphate as Phosphorus Low

Perchlorate High

pH Low

Phosphorus, Total Low

Solids, Total Dissolved Low

Sulfate Low

Turbidity Low

UV254 Low

Volatile
Organic
Compound

1,1-Dichloroethane (1,1-DCA) Critical

1,1-Dichloroethene (1,1-DCE) Critical

1,1-Dichloropropene High

1,1,1-Trichloroethane Critical

1,1,1,2-Tetrachloroethane Critical

1,1,2-Trichloroethane Critical

1,1,2,2-Tetrachloroethane Critical

1,2-Dibromoethane (EDB) Critical

1,2-Dichloropropane Critical

1,2,3-Trichlorobenzene High

1,2,3-Trichloropropane Critical

1,3-Dichloropropane High

1,3,5-Trimethylbenzene High

2,5-Dimethylthiophene High

Benzene Critical

Bromobenzene High

Bromochloromethane (halon 1011) High

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.
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Volatile
Organic
Compound

Bromobenzene High

Bromochloromethane (halon 1011) High

Bromodichloromethane Critical

Bromoform Critical

Bromomethane High

Carbon Tetrachloride Critical

Carbonyl Sulfide High

Chloroethane Critical

Chloroform Critical

Chloromethane High

cis-1,2-Dichloroethene Critical

cis-1,3-Dichloropropene High

Dibromochloromethane Critical

Dibromomethane High

Dichlorodifluoromethane Moderate

Dichloromethane (Methylene Chloride) Critical

Diisopropyl Ether High

Ethyl Mercaptan High

Ethyl Methyl Sulfide High

Ethylbenzene Critical

Hexachlorobutadiene Critical

m,p-Xylenes Critical

Methyl Mercaptan High

Methyl tert-Butyl Ether Critical

n-Butylbenzene High

n-Propylbenzene High

o-Xylene Critical

sec-Butylbenzene High

Styrene Critical

tert-Butylbenzene High

Tetrachloroethene Critical

Toluene Critical

trans-1,2-Dichloroethene Critical

trans-1,3-Dichloropropene Critical

Trichloroethene Critical

Trichlorofluoromethane Moderate

Vinyl Chloride Critical

Surfactant Methylene Blue Active Substances Low

Semi-
Volatile
Organic
Compound

1,1-Dichloropropene High

1,2-Dibromo-3-chloropropane (DBCP) Critical

1,2-Dichloroethane Critical

1,2-Dichloropropane Critical

1,2,4-Trichlorobenzene Critical

1,2,4-Trimethylbenzene High

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.
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Semi-
Volatile
Organic
Compound

1,2,4-Trichlorobenzene Critical

1,2,4-Trimethylbenzene High

1,3-Dichlorobenzene High

1,3-Dichloropropane High

1,3,5-Trimethylbenzene High

2-Butanone (MEK) High

2-Chlorotoluene High

2-Ethylthiophene High

2-Methylnaphthalene High

2,2-Dichloropropane High

4-Chlorotoluene High

4-Methyl-2-pentanone (MIBK) High

Atrazine Critical

Benzo(a)pyrene Critical

Bromacil High

Butachlor High

Fluoranthene High

Fluorene High

Hexachlorobenzene Critical

Hexachlorocyclopentadiene Critical

Isopropylbenzene High

Metolachlor Critical

Metribuzin Moderate

Pentachlorophenol (PCP) Critical

Phenanthrene Moderate

Propachlor Critical

Pyrene Moderate

Simazine Critical

Terbacil Moderate

trans-1,2-Dichloroethene Critical

trans-1,3-Dichloropropene Critical

Radionuclid..Alpha, Gross Critical

Beta, Gross Critical

Radium-226 Critical

Radium-228 Critical

Polynuclear
Aromatic
Hydrocarbon

Anthracene Moderate

Benz(a)anthracene Critical

Benzo(b)fluoranthene Critical

Benzo(g,h,i)perylene Critical

Benzo(k)fluoranthene High

Chrysene High

Dibenz(a,h)anthracene Critical

Dibenzofuran High

Indeno(1,2,3-cd)pyrene High

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.
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Polynuclear
Aromatic
Hydrocarbon

Dibenzofuran High

Indeno(1,2,3-cd)pyrene High

Naphthalene Moderate

Plasticizer Bis(2-ethylhexyl) Adipate Critical

Bis(2-ethylhexyl) Phthalate Critical

Butyl Benzyl Phthalate Critical

Di-n-butyl Phthalate High

Diethyl Disulfide High

Diethyl Sulfide High

Dimethyl Disulfide High

Dimethyl Phthalate Moderate

Dimethyl Sulfide High

Pesticide/P..4,4'-DDD Critical

4,4'-DDE Critical

4,4'-DDT Critical

Aldrin Critical

Aroclor 1016 Critical

Aroclor 1221 Critical

Aroclor 1232 Critical

Aroclor 1242 Critical

Aroclor 1248 Critical

Aroclor 1254 Critical

Aroclor 1260 Critical

Chlordane Critical

Endrin Critical

EPTC Moderate

gamma-BHC (Lindane) Critical

Heptachlor Critical

Heptachlor Epoxide Critical

Methoxychlor Critical

Toxaphene Critical

Metal Aluminum, Total Low

Antimony, Total Critical

Arsenic (III) Critical

Arsenic (V) Critical

Arsenic, Inorganic (Total) Critical

Barium, Total Critical

Beryllium, Total Critical

Cadmium, Total Critical

Calcium, Total Low

Chromium, Total Critical

Copper, Total Low

Iron, Total Low

Lead, Total Critical

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.
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Metal
Iron, Total Low

Lead, Total Critical

Magnesium, Total Low

Manganese, Total Low

Mercury, Total Critical

Methyl Mercury, Total High

Nickel, Total Critical

Potassium, Total Low

Selenium, Total Critical

Silica, Dissolved as SiO2 Low

Silicon, Total Low

Silver, Total Moderate

Sodium, Total Low

Thallium, Total Critical

Uranium, Total Critical

Zinc, Total Low

Insecticide/..3-Hydroxycarbofuran High

3-Methylthiophene High

Aldicarb Moderate

Aldicarb Sulfone Moderate

Aldicarb Sulfoxide Moderate

Carbaryl Critical

Carbofuran Critical

Dieldrin Critical

Methiocarb Moderate

Methomyl Moderate

Methoxychlor Critical

Parathion Critical

Propoxur Moderate

Herbicide 2,4-D Critical

2,4-DB High

2,4,5-T High

2,4,5-TP (Silvex) Critical

3,5-Dichlorobenzoic Acid High

Acifluorfen High

Alachlor Critical

Bentazon High

Chloramben High

Chlorobenzene Critical

Dacthal Diacid High

Dalapon Critical

Dicamba Moderate

Dichlorprop Moderate

Dinoseb Critical

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.

Page 212 of 233



Herbicide
Dichlorprop Moderate

Dinoseb Critical

Diquat Critical

Endothall Critical

Glyphosate Critical

Paraquat Moderate

Picloram Critical

Trifluralin Critical

Chlorinated
Phenolic
Organic
Compound

2,3,4,6-Tetrachlorophenol High

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TC..Critical

2,4,5-Trichlorophenol High

2,4,6-Trichlorophenol Critical

3,4,5-Trichlorocatechol High

3,4,5-Trichloroguaiacol High

3,4,6-Trichlorocatechol High

3,4,6-Trichloroguaiacol High

4,5,6-Trichloroguaiacol High

Tetrachlorocatechol High

Tetrachloroguaiacol High

Trichlorosyringol High

Analyte Criticality Rankings
Criticality
Low

Moderate

High

Critical

Criticality (color) broken down by Group,  Component (Analyte Summary) and
Criticality. The data is filtered on Component and Full Criticality Legend. The
Component filter keeps 250 of 250 members. The Full Criticality Legend filter
keeps CRITICAL, HIGH, LOW and MEDIUM.
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Group Component

2010 2011 2012 2013 2014 2015 2016 2017 2018

_General
Chemistry

Alkalinity as
CaCO3, Total

Ammonia as
Nitrogen

Chloride

Color

Conductivity at
25 Degrees
Celsius

Fluoride

Hardness as
CaCO3

Orthophosphate
as Phosphorus

Solids, Total
Dissolved
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Benchmark (Q4, 2012)

Average Analyte Levels for DMW-1
Measure Names
5-Year Average

Current Result

Benchmark

The trends of 5-Year Average, Benchmark and Current Result for Date Collected Year broken down by Group and Component.  Color shows details about 5-Year Average, Benchmark and Current Result. The data is filtered on
Step 1: Compare Result to Screening Level, which keeps Null, DETECTED and EXCEEDANCE. The view is filtered on Component, which keeps 237 of 250 members.
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Group Component

2010 2011 2012 2013 2014 2015 2016 2017 2018

_General
Chemistry

Sulfate

Turbidity

Metal
Arsenic, Inorganic
(Total)

Barium, Total

Calcium, Total

Chromium, Total
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Magnesium, Total

Manganese, Total
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Average Analyte Levels for DMW-1
Measure Names
5-Year Average

Current Result

Benchmark

The trends of 5-Year Average, Benchmark and Current Result for Date Collected Year broken down by Group and Component.  Color shows details about 5-Year Average, Benchmark and Current Result. The data is filtered on
Step 1: Compare Result to Screening Level, which keeps Null, DETECTED and EXCEEDANCE. The view is filtered on Component, which keeps 237 of 250 members.
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Group Component

2010 2011 2012 2013 2014 2015 2016 2017 2018

Metal
Potassium, Total

Silica, Dissolved
as SiO2

Sodium, Total

Radionuclid..Alpha, Gross

Beta, Gross

Radium-226

Radium-228
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Average Analyte Levels for DMW-1
Measure Names
5-Year Average

Current Result

Benchmark

The trends of 5-Year Average, Benchmark and Current Result for Date Collected Year broken down by Group and Component.  Color shows details about 5-Year Average, Benchmark and Current Result. The data is filtered on
Step 1: Compare Result to Screening Level, which keeps Null, DETECTED and EXCEEDANCE. The view is filtered on Component, which keeps 237 of 250 members.
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DMW-1

Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Ammonia as
Nitrogen

30 mg/L

Bromide 0.01 mg/L

Carbon,
Dissolved
Organic (DOC)

Null mg/L

Carbon, Total
Organic

0.004 mg/L
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0.0 0.4 0.3 0.4 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.3 0.3

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0

0.9

1.1

1.0 1.0 1.1

Semi-Annual Sampling Results for DMW-1

Group
_General Chemistry
Chlorinated Phenolic..
Herbicide
Insecticide/Carbama..
Metal
Pesticide/PCB
Plasticizer
Polynuclear Aromati..
Radionuclides
Semi-Volatile Organi..
Surfactant
Volatile Organic Co..

Component
Null
1,1-Dichloroethane (..
1,1-Dichloroethene (..
1,1-Dichloropropene
1,1,1-Trichloroethane
1,1,1,2-Tetrachloroe..
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroe..
1,2-Dibromo-3-chlor..
1,2-Dibromoethane (..
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,2,3-Trichlorobenze..
1,2,3-Trichloropropa..
1,2,4-Trichlorobenze..
1,2,4-Trimethylbenz..
1,3-Dichlorobenzene
1,3-Dichloropropane
1,3,5-Trimethylbenz..
1,4-Dichlorobenzene
2-Butanone (MEK)
2-Chlorotoluene
2-Ethylthiophene
2-Methylnaphthalene
2,2-Dichloropropane

Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbamate

Radionuclides

Plasticizer

Chlorinated Phenolic ..

Polynuclear Aromatic..

Semi-Volatile Organic..

Volatile Organic Com..

Surfactant
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DMW-1

Group Component

2010 2011 2012 2013 2014 2015 2016 2017 2018

_General
Chemistry

Alkalinity as
CaCO3, Total

Ammonia as
Nitrogen

Chloride

Color

Conductivity at
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Celsius
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DMW-1

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Ammonia as
Nitrogen

30 mg/L

Carbon,
Dissolved
Organic (DOC)

Null mg/L

Chloride 250 mg/L

Color 15
Color
Units

Conductivity at
25 Degrees
Celsius

700 uMHOS..

Fluoride 2 mg/L

Hydrogen
Sulfide

4.2 ug/L
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0.0 1.5

Analytes Found Below Screening Level in DMW-1................................................................... (Detections)

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Turbidity 1 NTU

Metal Iron, Total 0.3 mg/L

Manganese,
Total

0.05 mg/L

0
100

R
es
ul
t

1

R
es
ul
t

0
1

R
es
ul
t

0R
es
ul
t

50

R
es
ul
t

5
R
es
ul
t

10

R
es
ul
t

5

R
es
ul
t

1

R
es
ul
t

0.00 91.300.00 88.40 88.50 90.00 82.50 82.30 82.50 81.30 82.00 80.30 81.00 80.00 80.30

0.00
1.00

0.00
1.03 1.06

0.000.00 1.00 1.00 1.00

0.000.00 20.00 25.00 20.00 30.00 30.00 45.00 20.00 20.00

0.00 74.90 69.700.00 72.80 71.20 69.80 72.70 70.00 68.00 71.30 64.50 75.30 71.00 74.30 68.60

0.000.00 6.30

0.000.00
1.55 8.75 4.79 6.70 6.62 5.63 12.208.75 10.60 7.32 9.45 6.43 8.82

2.29 2.490.00 2.37 2.230.00 2.31 2.28 2.29 2.28 2.28 2.18 4.48 2.03 2.35 2.17 2.36 2.13 2.17

0.55 0.62
0.00

0.56 0.53
0.00

0.56 0.56 0.54 0.56 0.53 0.52 1.11 0.52 0.58 0.55 0.58 0.54 0.55

Analytes Found Above Screening Level in DMW-1.........................................................(Exceedances)
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DMW-1

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 2018

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q4 Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Turbidity 1 NTU

Metal Iron, Total 0.3 mg/L

Manganese,
Total

0.05 mg/L

0

50

100

R
es
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t

0.0

0.5

1.0

R
es
ul
t

0.0

0.5

1.0

R
es
ul
t

0

20

40
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es
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t

20

40

60

80

R
es
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t

0
2

4

6

R
es
ul
t

0

5

10

R
es
ul
t

0

2

4

R
es
ul
t

0.0

0.5

1.0

R
es
ul
t

0.00

91.30

0.00

88.40 88.50 90.00 82.50 82.30 82.50 81.30 82.00 80.30 81.00 80.00 80.30

0.00

1.00

0.00

1.03 1.06

0.000.00

1.00 1.00 1.00

0.000.00
20.00

25.00
20.00

30.00 30.00

45.00

20.00 20.00

0.00

74.90 69.70

0.00

72.80 71.20 69.80 72.70 70.00 68.00 71.30 64.50
75.30 71.00 74.30 68.60

0.000.00

6.30

0.000.00
1.55

8.75

4.79
6.70 6.62 5.63

12.20

8.75
10.60

7.32
9.45

6.43
8.82

2.29 2.49
0.00

2.37 2.23
0.00

2.31 2.28 2.29 2.28 2.28 2.18

4.48

2.03 2.35 2.17 2.36 2.13 2.17

0.55 0.62
0.00

0.56 0.53
0.00

0.56 0.56 0.54 0.56 0.53 0.52

1.11

0.52 0.58 0.55 0.58 0.54 0.55

Criticality of Screening Level Exceedances in DMW-1
_General
Chemistry

Alkalinity as CaCO3, Total Low

Ammonia as Nitrogen Moderate

Bromide Critical

Carbon, Dissolved Organic (DOC) Low

Carbon, Total Organic Low

Chloride Low

Coliform, Fecal Critical

Coliform, Total Critical

Colilert, E. Coli Critical

Color Low

Conductivity at 25 Degrees Celsius Low

Cyanide, Total Critical

Fluoride Moderate

Hardness as CaCO3 Low

Hydrogen Sulfide Moderate

Nitrate as Nitrogen Critical

Nitrite + Nitrate as Nitrogen Critical

Nitrite as Nitrogen Critical

Orthophosphate as Phosphorus Low

Perchlorate High

pH Low

Phosphorus, Total Low

Solids, Total Dissolved Low

Sulfate Low

Turbidity Low

UV254 Low

Volatile
Organic
Compound

1,1-Dichloroethane (1,1-DCA) Critical

1,1-Dichloroethene (1,1-DCE) Critical

1,1-Dichloropropene High

1,1,1-Trichloroethane Critical

1,1,1,2-Tetrachloroethane Critical

1,1,2-Trichloroethane Critical

1,1,2,2-Tetrachloroethane Critical

1,2-Dibromoethane (EDB) Critical

1,2-Dichloropropane Critical

1,2,3-Trichlorobenzene High

1,2,3-Trichloropropane Critical

1,3-Dichloropropane High

1,3,5-Trimethylbenzene High

2,5-Dimethylthiophene High

Benzene Critical

Bromobenzene High

Bromochloromethane (halon 1011) High

Bromodichloromethane Critical

Bromoform Critical

Bromomethane High

Carbon Tetrachloride Critical

Carbonyl Sulfide High

Chloroethane Critical

Low Moderate High Critical

Page 220 of 233



DMW-1

WHPP Database Screening Values Detections Exeedances Criticality

Group Component
Screening
Value

Units

Date Collected

2010 2011 2012 2013 2014 2015

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q4 Q2 Q2 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Ammonia as
Nitrogen

30 mg/L

Bromide 0.01 mg/L

Carbon,
Dissolved
Organic (DOC)

Null mg/L

Carbon, Total
Organic

0.004 mg/L

0

50

100

R
es
ul
t

0

10

20

30

R
es
ul
t

0.000

0.005

0.010

R
es
ul
t

0.0

0.5

1.0

R
es
ul
t

1.0R
es
ul
t

0.0

91.3

0.0

88.4 88.5 90.0
82.5 82.3 82.5 81.3

0.0 0.40.0 0.3 0.4 0.4 0.3 0.3 0.3 0.3

0.00.0 0.0 0.0 0.0 0.0 0.0

0.00.0

0.9

1.1

1.0 1.0 1.1

Group
_General Chemistry
Chlorinated Phenoli..
Herbicide
Insecticide/Carbam..
Metal
Pesticide/PCB
Plasticizer
Polynuclear Aromat..
Radionuclides
Semi-Volatile Organ..
Surfactant
Volatile Organic Co..

Component
Null
1,1-Dichloroethane ..
1,1-Dichloroethene ..
1,1-Dichloropropene
1,1,1-Trichloroetha..
1,1,1,2-Tetrachloro..
1,1,2-Trichloroetha..
1,1,2,2-Tetrachloro..
1,2-Dibromo-3-chlo..
1,2-Dibromoethane ..
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,2,3-Trichlorobenz..
1,2,3-Trichloroprop..

Group
_General Chemistry

Metal

Herbicide

Pesticide/PCB

Insecticide/Carbama..

Radionuclides

Plasticizer

Chlorinated Phenolic..

Polynuclear Aromati..

Semi-Volatile Organi..

Volatile Organic Com..

Surfactant
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WHPP Database Screening Values Detections Exeedances Criticality

Group Component Units
Screening
Value Criticality NONE NYDEC USEPA

_General
Chemistry

Alkalinity as CaCO3, Total mg/L 5 Low

Ammonia as Nitrogen mg/L 30 Moderate

Bromide mg/L 0.01 Critical

Carbon, Dissolved Organic (DOC) mg/L Null Low

Carbon, Total Organic mg/L 0.004 Low

Chloride mg/L 250 Low

Coliform, Fecal MPN/100mL 0 Critical

Coliform, Total MPN/100mL 0 Critical

Colilert, E. Coli MPN/100mL 0 Critical

Color Color Units 15 Low

Conductivity at 25 Degrees Celsi..uMHOS/cm 700 Low

Cyanide, Total mg/L 0.2 Critical

Fluoride mg/L 2 Moderate

Hardness as CaCO3 mg/L 10 Low

Hydrogen Sulfide ug/L 4.2 Moderate

Nitrate as Nitrogen mg/L 10 Critical

Nitrite + Nitrate as Nitrogen mg/L 10 Critical

Nitrite as Nitrogen mg/L 1 Critical

Orthophosphate as Phosphorus mg/L Null Low

Perchlorate ug/L 15 High

Phosphorus, Total mg/L Null Low

Solids, Total Dissolved mg/L 500 Low

Sulfate mg/L 250 Low

Turbidity NTU 1 Low

UV254 cm-1 Null Low

pH pH UNITS 8.5 Low

Metal Aluminum, Total mg/L Null Low

Antimony, Total mg/L 0.006 Critical

Arsenic (III) mg/L 0.01 Critical

Arsenic (V) mg/L 0.01 Critical

Arsenic, Inorganic (Total) mg/L 0.01 Critical

Barium, Total mg/L 2 Critical

Beryllium, Total mg/L 0.004 Critical

Cadmium, Total mg/L 0.005 Critical

Calcium, Total mg/L Null Low

Chromium, Total mg/L 0.1 Critical

Copper, Total mg/L 1 Low

Iron, Total mg/L 0.3 Low

Source
NONE
NYDEC
USEPA
WSDOH

Screening Level Type
Ambient Water Qua..
Drinking Water Equ..
Health Advisory
Human Health Benc..
Interim Health Advi..
Maximum Contamin..
Maximum Contamin..
No guideline

Group
_General Chemistry
Chlorinated Phenoli..
Herbicide
Insecticide/Carbam..
Metal
Pesticide/PCB
Plasticizer
Polynuclear Aromat..

Component
Null
1,1-Dichloroethane ..
1,1-Dichloroethene ..
1,1-Dichloropropene
1,1,1-Trichloroetha..
1,1,1,2-Tetrachloro..
1,1,2-Trichloroetha..
1,1,2,2-Tetrachloro..

Screening Level Type
No guideline

Maximum Contamin..

Maximum Contamin..

Secondary Maximum..

State Reporting Level

Treatment Technique

Ambient Water Quali..

Drinking Water Equi..
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WHPP Database Screening Values Detections Exeedances Criticality

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q2 Q2

_General
Chemistry

Ammonia as
Nitrogen

30 mg/L

Carbon,
Dissolved
Organic (DOC)

Null mg/L

Chloride 250 mg/L

Color 15
Color
Units

Conductivity at
25 Degrees
Celsius

700 uMHOS..

Fluoride 2 mg/L

Hydrogen
Sulfide

4.2 ug/L

Orthophosphat
e as Phosphoru
s

Null mg/L

Phosphorus,
Total

Null mg/L

Solids, Total
Dissolved

500 mg/L

Sulfate 250 mg/L

Turbidity 1 NTU

0
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es
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t

0.0
0.5

1.0
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es
ul
t

100

200
R
es
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t

5
10

R
es
ul
t

0

500

R
es
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t

0

1

2

R
es
ul
t

0

2

4

R
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t

0.0

0.5

R
es
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t

0.0

0.5

R
es
ul
t

200
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R
es
ul
t

100

200

R
es
ul
t

0.5

1.0

R
es
ul
t

0.05

0.0
0.4

0.0
0.3 0.4 0.4 0.3 0.3 0.3 0.3

0.00.0
0.9

1.1

0.0 4.60.0 4.6 4.7 5.0 4.1 5.2 4.8 4.9 4.9

0.0

15.0

0.0
10.0 10.0

0.0 212.00.0 179.0 208.0 176.0 185.0 188.0 186.0 201.0 197.0

0.00.0
0.2 0.2 0.2

0.00.0 1.5

0.0
0.6

0.0
0.5

0.2 0.2
0.4

0.6

0.2

0.00.0

0.5

0.0 167.00.0 148.0 166.0 152.0 151.0 179.0 176.0 141.0 144.0

0.0 1.20.0 1.1 1.2 1.9 1.7 2.5 2.4 2.4 2.9

0.0 0.60.0

Step 1 - Detections

COUNT([Acceptance
Limits]) == 0

Condition

Null
DETECTED
EXCEEDANCE
NON-DETECT

Component
Null
1,1-Dichloroethane ..
1,1-Dichloroethene ..
1,1-Dichloropropene
1,1,1-Trichloroetha..
1,1,1,2-Tetrachloro..
1,1,2-Trichloroetha..
1,1,2,2-Tetrachloro..
1,2-Dibromo-3-chlo..
1,2-Dibromoethane ..
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,2,3-Trichlorobenz..
1,2,3-Trichloroprop..
1,2,4-Trichlorobenz..
1,2,4-Trimethylben..
1,3-Dichlorobenzene
1,3-Dichloropropane
1,3,5-Trimethylben..
1,4-Dichlorobenzene
2-Butanone (MEK)
2-Chlorotoluene
2-Ethylthiophene
2-Methylnaphthale..
2,2-Dichloropropane
2,3,4,6-Tetrachloro..
2,3,7,8-Tetrachloro..
2,4-D
2,4-DB

Group
_General Chemistry

Metal

Radionuclides
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WHPP Database Screening Values Detections Exeedances Criticality

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015

Q2 Q4 Q2 Q4 Q3 Q4 Q3 Q4 Q2 Q4 Q1 Q2 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

0
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t

0.0

0.5

1.0
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0.0

0.5

1.0
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0

20

40
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20

40
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80
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t

6

0.00

91.30

0.00

88.4088.50 90.00
82.5082.3082.5081.30

0.00

1.00

0.00

1.03 1.06

0.000.00

0.000.00

20.00
25.00

20.00

30.0030.00

45.00

0.00

74.90
69.70

0.00

72.8071.2069.8072.7070.0068.0071.3064.50

Step 2 - Exceedances

COUNT([Acceptance
Limits]) == 0

Condition

Null
DETECTED
EXCEEDANCE
NON-DETECT

Component
Null
1,1-Dichloroethane ..
1,1-Dichloroethene ..
1,1-Dichloropropene
1,1,1-Trichloroetha..
1,1,1,2-Tetrachloro..
1,1,2-Trichloroetha..
1,1,2,2-Tetrachloro..
1,2-Dibromo-3-chlo..
1,2-Dibromoethane ..
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,2,3-Trichlorobenz..
1,2,3-Trichloroprop..
1,2,4-Trichlorobenz..
1,2,4-Trimethylben..
1,3-Dichlorobenzene
1,3-Dichloropropane
1,3,5-Trimethylben..
1,4-Dichlorobenzene
2-Butanone (MEK)
2-Chlorotoluene
2-Ethylthiophene
2-Methylnaphthale..
2,2-Dichloropropane
2,3,4,6-Tetrachloro..
2,3,7,8-Tetrachloro..
2,4-D
2,4-DB
2,4,5-T

Group
_General Chemistry

Metal
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WHPP Database Screening Values Detections Exeedances Criticality

DMW-1

Group Component
Screening
Value Units 2010 2011 2012 2013 2014 2015 2016 2017 20..

Q2 Q4 Q2 Q4 Q3 Q4Q3 Q4Q2 Q4 Q1 Q4 Q2 Q4Q2 Q4 Q2

_General
Chemistry

Alkalinity as
CaCO3, Total

5 mg/L

Carbon, Total
Organic

0.004 mg/L

Coliform, Total0 MPN/1..

Color 15
Color
Units

Hardness as
CaCO3

10 mg/L

Hydrogen
Sulfide

4.2 ug/L

Turbidity 1 NTU

Metal Iron, Total 0.3 mg/L

Manganese,
Total

0.05 mg/L

0

50
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es
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0.5

1.0
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t
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5
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0

2

4
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0.5

1.0

R
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t

0.00

91.30

0.00

88.40

0.00

90.0082.50 82.50 82.00 81.00 80.30

0.00

1.00

0.00

1.03

0.00

0.000.000.00

1.00 1.00

0.000.00 20.000.00
25.00 20.00

30.00

45.00

20.0020.00

0.00

74.90

0.00

72.80

0.00

69.80 70.00 71.30 75.30 74.30

0.000.00

6.30

0.00

0.000.00 1.55

8.75
0.00 4.79

6.62

12.20
8.75

10.60 9.45 8.82

2.290.00 2.370.00 2.310.00 2.29 2.28

4.48

2.032.35 2.36 2.17

0.550.00 0.560.00 0.560.00 0.54 0.53

1.11

0.520.58 0.58 0.55

Criticality of Screening Level Exceedances in DMW-1
_General
Chemistry

Alkalinity as CaCO3, Total Low

Ammonia as Nitrogen Moderate

Bromide Critical

Carbon, Dissolved Organic (DOC) Low

Carbon, Total Organic Low

Chloride Low

Coliform, Fecal Critical

Coliform, Total Critical

Colilert, E. Coli Critical

Color Low

Conductivity at 25 Degrees Celsius Low

Cyanide, Total Critical

Fluoride Moderate

Hardness as CaCO3 Low

Hydrogen Sulfide Moderate

Nitrate as Nitrogen Critical

Nitrite + Nitrate as Nitrogen Critical

Nitrite as Nitrogen Critical

Orthophosphate as Phosphorus Low

Perchlorate High

pH Low

Phosphorus, Total Low

Solids, Total Dissolved Low

Sulfate Low

Turbidity Low

UV254 Low

Volatile
Organic
Compound

1,1-Dichloroethane (1,1-DCA) Critical

1,1-Dichloroethene (1,1-DCE) Critical

1,1-Dichloropropene High

1,1,1-Trichloroethane Critical

1,1,1,2-Tetrachloroethane Critical

1,1,2-Trichloroethane Critical

1,1,2,2-Tetrachloroethane Critical

1,2-Dibromoethane (EDB) Critical

1,2-Dichloropropane Critical

1,2,3-Trichlorobenzene High

1,2,3-Trichloropropane Critical

1,3-Dichloropropane High

Low Moderate High
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Component (Analyte Sum..Criticality Group

Null Null

1,1-Dichloroethane (1,1-D..Critical Volatile Organic Compound

1,1-Dichloroethene (1,1-D..Critical Volatile Organic Compound

1,1-Dichloropropene High Semi-Volatile Organic Co..

Volatile Organic Compound

1,1,1-Trichloroethane Critical Volatile Organic Compound

1,1,1,2-Tetrachloroethane Critical Volatile Organic Compound

1,1,2-Trichloroethane Critical Volatile Organic Compound

1,1,2,2-Tetrachloroethane Critical Volatile Organic Compound

1,2-Dibromo-3-chloroprop..Critical Semi-Volatile Organic Co..

1,2-Dibromoethane (EDB) Critical Volatile Organic Compound

1,2-Dichloroethane Critical Semi-Volatile Organic Co..

1,2-Dichloropropane Critical Semi-Volatile Organic Co..

Volatile Organic Compound

1,2,3-Trichlorobenzene High Volatile Organic Compound

1,2,3-Trichloropropane Critical Volatile Organic Compound

1,2,4-Trichlorobenzene Critical Semi-Volatile Organic Co..

1,2,4-Trimethylbenzene High Semi-Volatile Organic Co..

1,3-Dichlorobenzene High Semi-Volatile Organic Co..

1,3-Dichloropropane High Semi-Volatile Organic Co..

Volatile Organic Compound

1,3,5-Trimethylbenzene High Semi-Volatile Organic Co..

Volatile Organic Compound

2-Butanone (MEK) High Semi-Volatile Organic Co..

2-Chlorotoluene High Semi-Volatile Organic Co..

2-Ethylthiophene High Semi-Volatile Organic Co..

2-Methylnaphthalene High Semi-Volatile Organic Co..

2,2-Dichloropropane High Semi-Volatile Organic Co..

2,3,4,6-Tetrachlorophenol High Chlorinated Phenolic Orga..

2,3,7,8-Tetrachlorodibenz..Critical Chlorinated Phenolic Orga..

2,4-D Critical Herbicide

2,4-DB High Herbicide

2,4,5-T High Herbicide

2,4,5-TP (Silvex) Critical Herbicide

2,4,5-Trichlorophenol High Chlorinated Phenolic Orga..

2,4,6-Trichlorophenol Critical Chlorinated Phenolic Orga..

2,5-Dimethylthiophene High Volatile Organic Compound

3-Hydroxycarbofuran High Insecticide/Carbamate

3-Methylthiophene High Insecticide/Carbamate

3,4,5-Trichlorocatechol High Chlorinated Phenolic Orga..

3,4,5-Trichloroguaiacol High Chlorinated Phenolic Orga..

3,4,6-Trichlorocatechol High Chlorinated Phenolic Orga..

3,4,6-Trichloroguaiacol High Chlorinated Phenolic Orga..

3,5-Dichlorobenzoic Acid High Herbicide

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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Component (Analyte Sum..Criticality Group3,4,6-Trichloroguaiacol High Chlorinated Phenolic Orga..

3,5-Dichlorobenzoic Acid High Herbicide

4-Chlorotoluene High Semi-Volatile Organic Co..

4-Methyl-2-pentanone (M..High Semi-Volatile Organic Co..

4,4'-DDD Critical Pesticide/PCB

4,4'-DDE Critical Pesticide/PCB

4,4'-DDT Critical Pesticide/PCB

4,5,6-Trichloroguaiacol High Chlorinated Phenolic Orga..

Acifluorfen High Herbicide

Alachlor Critical Herbicide

Aldicarb Moderate Insecticide/Carbamate

Aldicarb Sulfone Moderate Insecticide/Carbamate

Aldicarb Sulfoxide Moderate Insecticide/Carbamate

Aldrin Critical Pesticide/PCB

Alkalinity as CaCO3, Total Low _General Chemistry

Alpha, Gross Critical Radionuclides

Aluminum, Total Low Metal

Ammonia as Nitrogen Moderate _General Chemistry

Anthracene Moderate Polynuclear Aromatic Hyd..

Antimony, Total Critical Metal

Aroclor 1016 Critical Pesticide/PCB

Aroclor 1221 Critical Pesticide/PCB

Aroclor 1232 Critical Pesticide/PCB

Aroclor 1242 Critical Pesticide/PCB

Aroclor 1248 Critical Pesticide/PCB

Aroclor 1254 Critical Pesticide/PCB

Aroclor 1260 Critical Pesticide/PCB

Arsenic (III) Critical Metal

Arsenic (V) Critical Metal

Arsenic, Inorganic (Total) Critical Metal

Atrazine Critical Semi-Volatile Organic Co..

Barium, Total Critical Metal

Bentazon High Herbicide

Benz(a)anthracene Critical Polynuclear Aromatic Hyd..

Benzene Critical Volatile Organic Compound

Benzo(a)pyrene Critical Semi-Volatile Organic Co..

Benzo(b)fluoranthene Critical Polynuclear Aromatic Hyd..

Benzo(g,h,i)perylene Critical Polynuclear Aromatic Hyd..

Benzo(k)fluoranthene High Polynuclear Aromatic Hyd..

Beryllium, Total Critical Metal

Beta, Gross Critical Radionuclides

Bis(2-ethylhexyl) Adipate Critical Plasticizer

Bis(2-ethylhexyl) Phthala..Critical Plasticizer

Bromacil High Semi-Volatile Organic Co..

Bromide Critical _General Chemistry
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Abc

Abc
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Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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Component (Analyte Sum..Criticality GroupBromacil High Semi-Volatile Organic Co..

Bromide Critical _General Chemistry

Bromobenzene High Volatile Organic Compound

Bromochloromethane (hal..High Volatile Organic Compound

Bromodichloromethane Critical Volatile Organic Compound

Bromoform Critical Volatile Organic Compound

Bromomethane High Volatile Organic Compound

Butachlor High Semi-Volatile Organic Co..

Butyl Benzyl Phthalate Critical Plasticizer

Cadmium, Total Critical Metal

Calcium, Total Low Metal

Carbaryl Critical Insecticide/Carbamate

Carbofuran Critical Insecticide/Carbamate

Carbon Tetrachloride Critical Volatile Organic Compound

Carbon, Dissolved Organi..Low _General Chemistry

Carbon, Total Organic Low _General Chemistry

Carbonyl Sulfide High Volatile Organic Compound

Chloramben High Herbicide

Chlordane Critical Pesticide/PCB

Chloride Low _General Chemistry

Chlorobenzene Critical Herbicide

Chloroethane Critical Volatile Organic Compound

Chloroform Critical Volatile Organic Compound

Chloromethane High Volatile Organic Compound

Chromium, Total Critical Metal

Chrysene High Polynuclear Aromatic Hyd..

cis-1,2-Dichloroethene Critical Volatile Organic Compound

cis-1,3-Dichloropropene High Volatile Organic Compound

Coliform, Fecal Critical _General Chemistry

Coliform, Total Critical _General Chemistry

Colilert, E. Coli Critical _General Chemistry

Color Low _General Chemistry

Conductivity at 25 Degree..Low _General Chemistry

Copper, Total Low Metal

Cyanide, Total Critical _General Chemistry

Dacthal Diacid High Herbicide

Dalapon Critical Herbicide

Di-n-butyl Phthalate High Plasticizer

Dibenz(a,h)anthracene Critical Polynuclear Aromatic Hyd..

Dibenzofuran High Polynuclear Aromatic Hyd..

Dibromochloromethane Critical Volatile Organic Compound

Dibromomethane High Volatile Organic Compound

Dicamba Moderate Herbicide

Dichlorodifluoromethane Moderate Volatile Organic Compound

Dichloromethane (Methyl..Critical Volatile Organic Compound

Abc
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Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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Component (Analyte Sum..Criticality GroupDichlorodifluoromethane Moderate Volatile Organic Compound

Dichloromethane (Methyl..Critical Volatile Organic Compound

Dichlorprop Moderate Herbicide

Dieldrin Critical Insecticide/Carbamate

Diethyl Disulfide High Plasticizer

Diethyl Sulfide High Plasticizer

Diisopropyl Ether High Volatile Organic Compound

Dimethyl Disulfide High Plasticizer

Dimethyl Phthalate Moderate Plasticizer

Dimethyl Sulfide High Plasticizer

Dinoseb Critical Herbicide

Diquat Critical Herbicide

Endothall Critical Herbicide

Endrin Critical Pesticide/PCB

EPTC Moderate Pesticide/PCB

Ethyl Mercaptan High Volatile Organic Compound

Ethyl Methyl Sulfide High Volatile Organic Compound

Ethylbenzene Critical Volatile Organic Compound

Fluoranthene High Semi-Volatile Organic Co..

Fluorene High Semi-Volatile Organic Co..

Fluoride Moderate _General Chemistry

gamma-BHC (Lindane) Critical Pesticide/PCB

Glyphosate Critical Herbicide

Hardness as CaCO3 Low _General Chemistry

Heptachlor Critical Pesticide/PCB

Heptachlor Epoxide Critical Pesticide/PCB

Hexachlorobenzene Critical Semi-Volatile Organic Co..

Hexachlorobutadiene Critical Volatile Organic Compound

Hexachlorocyclopentadie..Critical Semi-Volatile Organic Co..

Hydrogen Sulfide Moderate _General Chemistry

Indeno(1,2,3-cd)pyrene High Polynuclear Aromatic Hyd..

Iron, Total Low Metal

Isopropylbenzene High Semi-Volatile Organic Co..

Lead, Total Critical Metal

m,p-Xylenes Critical Volatile Organic Compound

Magnesium, Total Low Metal

Manganese, Total Low Metal

Mercury, Total Critical Metal

Methiocarb Moderate Insecticide/Carbamate

Methomyl Moderate Insecticide/Carbamate

Methoxychlor Critical Insecticide/Carbamate

Pesticide/PCB

Methyl Mercaptan High Volatile Organic Compound

Methyl Mercury, Total High Metal

Methyl tert-Butyl Ether Critical Volatile Organic Compound
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Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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Component (Analyte Sum..Criticality GroupMethyl Mercury, Total High Metal

Methyl tert-Butyl Ether Critical Volatile Organic Compound

Methylene Blue Active Su..Low Surfactant

Metolachlor Critical Semi-Volatile Organic Co..

Metribuzin Moderate Semi-Volatile Organic Co..

n-Butylbenzene High Volatile Organic Compound

n-Propylbenzene High Volatile Organic Compound

Naphthalene Moderate Polynuclear Aromatic Hyd..

Nickel, Total Critical Metal

Nitrate as Nitrogen Critical _General Chemistry

Nitrite + Nitrate as Nitrog..Critical _General Chemistry

Nitrite as Nitrogen Critical _General Chemistry

o-Xylene Critical Volatile Organic Compound

Orthophosphate as Phosp..Low _General Chemistry

Paraquat Moderate Herbicide

Parathion Critical Insecticide/Carbamate

Pentachlorophenol (PCP) Critical Semi-Volatile Organic Co..

Perchlorate High _General Chemistry

pH Low _General Chemistry

Phenanthrene Moderate Semi-Volatile Organic Co..

Phosphorus, Total Low _General Chemistry

Picloram Critical Herbicide

Potassium, Total Low Metal

Propachlor Critical Semi-Volatile Organic Co..

Propoxur Moderate Insecticide/Carbamate

Pyrene Moderate Semi-Volatile Organic Co..

Radium-226 Critical Radionuclides

Radium-228 Critical Radionuclides

sec-Butylbenzene High Volatile Organic Compound

Selenium, Total Critical Metal

Silica, Dissolved as SiO2 Low Metal

Silicon, Total Low Metal

Silver, Total Moderate Metal

Simazine Critical Semi-Volatile Organic Co..

Sodium, Total Low Metal

Solids, Total Dissolved Low _General Chemistry

Styrene Critical Volatile Organic Compound

Sulfate Low _General Chemistry

Terbacil Moderate Semi-Volatile Organic Co..

tert-Butylbenzene High Volatile Organic Compound

Tetrachlorocatechol High Chlorinated Phenolic Orga..

Tetrachloroethene Critical Volatile Organic Compound

Tetrachloroguaiacol High Chlorinated Phenolic Orga..

Thallium, Total Critical Metal

Toluene Critical Volatile Organic Compound
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Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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Component (Analyte Sum..Criticality GroupThallium, Total Critical Metal

Toluene Critical Volatile Organic Compound

Toxaphene Critical Pesticide/PCB

trans-1,2-Dichloroethene Critical Semi-Volatile Organic Co..

Volatile Organic Compound

trans-1,3-Dichloropropene Critical Semi-Volatile Organic Co..

Volatile Organic Compound

Trichloroethene Critical Volatile Organic Compound

Trichlorofluoromethane Moderate Volatile Organic Compound

Trichlorosyringol High Chlorinated Phenolic Orga..

Trifluralin Critical Herbicide

Turbidity Low _General Chemistry

Uranium, Total Critical Metal

UV254 Low _General Chemistry

Vinyl Chloride Critical Volatile Organic Compound

Zinc, Total Low Metal

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc

Abc
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Sheet 8

The view is broken down by Component (Analyte Summary), Criticality and Group.
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GROUNDWATER MONITORING WELLS
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Longview Mint Farm

Wellhead Protection Area
Boundary

3608 ft
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