
MEMORANDUM 

DEPARTMENT OF ECOLOGY 

NORTHWEST REGIONAL OFFICE 

 

 

Date: September 30, 2008 (revised May 31, 2011; July 25, 2011) 

To: Interested Public  

From:   Hideo Fujita, Washington State Department of Ecology, NW Regional Office 

Hazardous Waste & Toxics Reduction Program 

 

Subject: Responses to public comments on the drafts of the Model Toxics Control Act (MTCA) Consent Decree; 

Cleanup Action Plan; Focused Remedial Investigation/Feasibility Study; State Environmental Policy Act 

Checklist; and Restrictive (Environmental) Covenant for the B. S. B. Diversified Company, Inc. property located 

in Kent, Washington. 

 

The Washington State Department of Ecology (Ecology) Public Comment Period for the following proposed 

documents was held from April 18, 2008 to May 19, 2008:  

1. Draft Consent Decree for B. S. B. Diversified Company, Inc. (BSB). 

2. Draft Cleanup Action Plan for BSB. 

3. Draft BSB Focused Remedial Investigation /Feasibility Study (RI/FS).  

4. Draft State Environmental Policy Act (SEPA) Checklist. 

5. Draft Restrictive (Environmental) Covenant. 

 

May 31, 2011 Revision Notes: 

Ecology approved the BSB Shallow Aquifer Final remedy on July 14, 2008. Field construction work at the BSB 

property started August 26, 2009. This field work was stopped on September 30, 2009 when elevated Deep Aquifer 

groundwater contamination was detected during the dewatering activities during construction excavation work. BSB 

conducted a supplemental RI to determine the nature and extent of the Deep Aquifer contamination. 

 

The supplemental RI report was completed April 29, 2011. This report concluded that the Parcel G Shallow Aquifer 

remedy was still the appropriate final remedy. Ecology approved the continuation of the BSB Shallow Aquifer 

remedy on May 6, 2011. Ecology received additional comments on May 12, 2011 from the Hexcel Corporation 

(Hexcel) on the BSB final Shallow Aquifer remedy.  

 

July 25, 2011 Revision Notes: 

On July 8, 2011 BSB updated Ecology on a design change to the final shallow aquifer remedy. The treated 

contaminated groundwater will no longer be discharged through a horizontal well system. The treated groundwater 

will be directly discharged to a King County Wastewater Treat Plant via City of Kent sewer conveyance lines. The 

July 25, 2011 revision to this Responsiveness Summary addresses the May 12, 2011 Hexcel comments.  

 

This memorandum is organized into the following four sections: 

 

1. The proposed actions of the public notice 

2. Summary of Ecology’s Decisions 

3. Background 

4. Response to Comments (revised July 25, 2011) 

5. Focused RI/FS Approval 

6. SEPA Determination of Nonsignificance 

 

1. The proposed actions of this public notice included the following: 

 

Draft BSB Consent Decree  

Issuance of a Consent Decree for BSB located at 8202 South 200
th

 Street, Kent, Washington (see Figure 1.)  The 

Consent Decree is a legal agreement between BSB and Ecology to ensure an environmental cleanup meets the 

requirements of the Model Toxics Control Act (the state’s cleanup law). 



 

 
Figure 1. The B.S.B. Diversified Company, Inc. Location. 

 

Draft Cleanup Action Plan for BSB 

Public notice of the Cleanup Action Plan (CAP). The CAP is based on the focused Remedial Investigation and 

Feasibility Study and describes the cleanup chosen for the site. 

 

Draft Focused Remedial Investigation/Feasibility Study, Interim Remedial Action for BSB 

Approve the Focused RI/FS.  The Focused Remedial Investigation characterizes the environmental conditions such 

that the Focused Feasibility Study can develop potential cleanup action alternatives for the property.  The cleanup 

action alternative selected includes: installing a subsurface soil/bentonite wall around, and a cap over, all of the 

Property; and, gradient control across the wall by discharging groundwater from within the containment area to the 

sanitary sewer system using zero-valent-iron (ZVI) reactor vessels to pre-treat the discharge. The slurry wall will 

contain the contaminated groundwater, the cap will minimize surface water infiltration, and the ZVI reactor vessels 

will destroy contaminants in the groundwater that exits the containment cell by pre-treating it to standards 

prescribed for discharge to the sewer and the publicly owned treatment works, where it will undergo final treatment.   

 

Draft State Environmental Policy Act Checklist 

Public notice State Environmental Policy Act (SEPA) checklist, then issue a determination of nonsignificance. The 

purpose of the SEPA is to identify and evaluate whether there are probable significant adverse environmental 

impacts of environmental proposals. 

 

Draft Restrictive (Environmental) Covenant 

Public notice the Restrictive (Environmental) Covenant (RC). The RC is required because residual concentrations of 

vinyl chloride, cis 1,2 dichloroethene, and trichloroethene in excess of Model Toxics Control Act  Cleanup Level(s) 

for soil and groundwater will remain on the property after the cleanup action. 

 

2. Summary of the results of the Public Notice and Ecology’s Decisions 

 

Draft Consent Decree: Received no comments during the Public Notice Period  

Draft Cleanup Action Plan: Received comments, see section 4, Response to Comments  

Draft SEPA checklist: Determination of nonsignificance  

Draft Focused Remedial Investigation and Focused Feasibility Study: Approved  

Draft Restrictive (Environmental) Covenant: Received no comments during the Public Notice  



 

 

3. Background 

 

The BSB 4.2-acre property is currently a fenced, vacant lot that slopes gently to the north (see Figure 2. B.S.B. 

Diversified Company, Inc.). The area surrounding the property is topographically flat and is zoned "Limited 

Industrial." The property is bounded on the north by South 200
th

 Street and the Hexcel industrial facility. 

Commercial and industrial park properties are located to the west and south of the property, and the Carr industrial 

facility is immediately to the east of the property. 

 

A metal finishing and electroplating plant and a composites plant formerly operated on the BSB and neighboring 

Hexcel properties. During this time, these properties (Parcels A-G) were under common ownership.  Parcel G, 

currently owned by BSB, housed impoundments, lagoons, container storage, and similar units for managing waste, 

including hazardous waste, through storage and disposal.  The wastes contained in some of these units included 

chlorinated compounds. 

 

Beginning in the early 1980s, waste management activities and associated releases of hazardous substances were 

investigated and cleanup actions initiated under the federal Resource Conservation and Recovery Act (RCRA). 

These initial RCRA cleanup actions addressed the metal-related waste and contamination, as well as the primary 

volatile organic compound (VOC). source area in unsaturated soil, and included the excavation and/or stabilization 

of metal plating sludges and soils associated with the waste management lagoons, as well as excavation of soils in a 

former drum handling area that were contaminated with VOCs  

 

 By 1988, the storage and disposal units had been closed.  Concentrations of chlorinated compounds remain in the 

subsurface soils and groundwater.  Groundwater beneath Parcels A-G is contaminated with chlorinated compounds, 

including TCE, Vinyl Chloride, and cis-1,2-DCE. 

 

BSB, pursuant to its Post Closure Permit (see below) and a private agreement with Hexcel, installed a groundwater 

pump-and-treat system designed to 1) capture contaminated groundwater to prevent it from migrating across South 

200th Street from Parcel G, 2) capture contaminated groundwater to prevent it from migrating across 84th Avenue 

from Parcels A-E, now owned by Hexcel, and 3) monitor groundwater conditions at various points.  Recovery wells 

included in this system are located on the BSB and Hexcel properties.  On-site treatment under this system 

terminated in 1995.  The system currently pumps groundwater for discharge to and treatment at a King County 

publicly owned treatment works. 

 

The remaining primary environmental concern at the BSB property is VOCs in groundwater. The Focused Remedial 

Investigation (RI) includes detailed descriptions of the previous investigations and historical cleanup actions and the 

Focused Feasibility Study (FS) developed potential cleanup action alternatives for VOCs in groundwater.  The 

RI/FS was prepared to be consistent with the Model Toxics Control Act (WAC 173-340) and provides the necessary 

documentation for the Washington State Department of Ecology to select the most appropriate cleanup action 

alternative. 

 

 Parcels A through G (originally commonly owned) were operated as a dangerous waste management facility on or 

after November 19, 1980 (the date facilities became subject to permitting requirements under RCRA, including 

authorized state regulations promulgated in Chapter 173-303 WAC). 

 

Ecology and EPA jointly issued Post Closure Permit WAD 076655182 (Post Closure Permit) to Hytek (later BSB) 

under authority of the Washington Hazardous Waste Management Act, Chapter 70.105 RCW, and RCRA.  The Post 

Closure Permit identified the permitted facility as Parcels G and E, with recognition that Parcel E was subject to a 

pending transfer to Heath Tecna (later Hexcel).  

 

The original Post Closure Permit was issued for an initial ten-year term commencing December 22, 1988.  On 

March 3, 1999, Ecology and EPA issued a letter, still in effect, in which the agencies stated:  “The B.S.B. 

Diversified Post Closure Permit issued jointly by the Department of Ecology (Ecology) and the U.S. Environmental 

Protection Agency (EPA) shall continue in force beyond the expiration date until which time the Post Closure 

Permit is re-issued.”  



 

The Post Closure Permit did not name Heath Tecna and did not define the permitted facility to include Parcels A, B, 

C, D and F based upon the agencies’ acceptance of the private agreement between BSB and Heath Tecna (later 

Hexcel).  A Post Closure Permit assigned groundwater corrective action and monitoring requirements to Parcels A-

G, designated a point of compliance at the downgradient property boundary of Parcel G, and required the 

achievement of concentration limits in groundwater along 84th Avenue South.   

 

There is presently no treatment, storage, or disposal of any dangerous waste at BSB. BSB is conducting corrective actions to 

correct or clean up past contamination from dangerous wastes. 

 

State dangerous waste regulations require a facility to have a permit until all activities, including corrective actions and final 

closure, are completed. The corrective action provisions of the original Post Closure Permit remained in effect until replaced 

by the corrective action provisions of the new Dangerous Waste Corrective Action Permit issued by Ecology on November 

10, 2005 (WAD 076655182). 

 

 

4. Response to Comments 

 

Comments were received from the following four companies: 

Kent Industrial Associates (see attachment: 01_Kent_Industrial_Associates.pdf) 

Nelson Trucking (see attachment: 02_Nelson_Trucking.pdf) 

Rottler Manufacturing (see attachment: 03_Rottler_Manufacturing.pdf) 

Hexcel Corporation (see attachments: 04a_Hexcel_Corp.pdf, revised July 12, 2011) 

 

 

5. Focused RI/FS Approval (see attachment: 05_SEPA_BSB_DNS.pdf)  

 

 

6. SEPA Determination of Nonsignificance (see attachment: 06_BSB_FRI-FFS_approval.pdf) 



 
Figure 2 B.S.B. Diversified Company, Inc. 

 





 
B. S. B. Diversified Company Inc 


Public Notice Comments and Responses 
for 


Kent Industrial Associates 
 
 
 


 
 
Note to file: 
Subject: Public Notice - B S B Diversified Company Inc 


=> Kent Industrial Associates (KIA) did not respond to Ecology’s 
Friday, April 25, 2008 5:37 PM email message 
Email addressed to KIA representative Carol Vernon 


 
EMAIL 
 
From: Fujita, Hideo (ECY)  
Sent: Friday, April 25, 2008 5:37 PM 
To: Carol Vernon 
Subject: RE: Public Notice - B S B Diversified Company Inc (ECY response & info. request) 


 
EMAIL 
 
From: Carol Vernon [mailto:l.vernon@roadrunner.com]  
Sent: Thursday, April 24, 2008 7:22 AM 
To: Fujita, Hideo (ECY) 
Subject: Re: Public Notice - B S B Diversified Company Inc (Kent Ind. Assoc. response) 


 
EMAIL 
 
From: Fujita, Hideo (ECY) 
Sent: Tuesday, April 22, 2008 11:35 AM 
To: Carol Vernon 
Subject: Public Notice - B S B Diversified Company Inc  


(ECY response to Kent Industrial Associates information request) 
 


EMAIL 
 
From: Carol Vernon [mailto:l.vernon@roadrunner.com] 
Sent: Monday, April 21, 2008 2:34 PM 
To: Fujita, Hideo (ECY) 
Subject: BSB Diversified (General Inquiry) 


 
 
 











  
 


 
From: Fujita, Hideo (ECY)  
Sent: Friday, April 25, 2008 5:37 PM 
To: Carol Vernon 
Subject: RE: Public Notice - B S B Diversified Company Inc 
Ms Vernon, 
  
Thank you for your help in locating the Kent Industrial Associates property. With the information 
you provided, I can partially address your questions. I also have several more questions for you. 
  
Your Question 1: Since the contamination is a risk to our property, will this agreement 
address monitoring and clean up on our property and the other adjacent sites?   
  
I have attached a site map showing the location of Kent Industrial Associates and the BSB 
properties. A simplified graphical representation of the historical groundwater flow is shown on 
this map. The location of the Kent Industrial Associates property is hydraulically cross gradient to 
the BSB property. The historical contaminated groundwater plume from BSB (prior to the 
hydraulic barrier system) would not have flowed beneath the Kent Industrial Associates property.  
  
I am not clear on what you are asking in your question. If you would please provide Ecology with 
additional information about the Kent Industrial Associates property, this would help me better 
answer your question, specifically: 
Is there a cleanup needed at the Kent Industrial Associates’ property?  If so, what environmental 
media needs to be addressed (i.e., soil and/or groundwater)? Do the Kent Industrial Associates’ 
have analytical data for environmental media (e.g., soil and groundwater) for their property? If 
they do, then please send an electronic copy of this data to me so I can better assess your 
concerns. 
  
Do you also represent other property owners besides the Kent Industrial Associates in this area 
concerning the proposed BSB remediation work? If so, what other property owners do you 
represent? 
  
Your Question 2: How are we protected in this agreement? 
  
To answer this question, I need to ask in what capacity do you represent Kent Industrial 
Associates. Are you Kent Industrial Associates’ legal counsel?  If you are, then I will ask the 
Assistant Attorney General assigned to this project to help me in answering this question.  
  


 
From: Carol Vernon [mailto:l.vernon@roadrunner.com]  
Sent: Thursday, April 24, 2008 7:22 AM 
To: Fujita, Hideo (ECY) 
Subject: Re: Public Notice - B S B Diversified Company Inc 
  
Exactly 
 
On 4/23/08 5:01 PM, "Fujita, Hideo (ECY)" <HFUJ461@ECY.WA.GOV> wrote: 
I attached another map for your review. 
Does this correctly show the location of Kent Industrial Associates? 
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Fujita, Hideo (ECY)


From: Fujita, Hideo (ECY)
Sent: Tuesday, April 22, 2008 11:35 AM
To: Carol Vernon
Subject: Public Notice - B S B Diversified Company Inc


Hello Ms. Vernon,
Thank you for your inquiry about the proposed actions at the B.S.B. Diversified (BSB) property.
In response to your email message, I have attached a reference map and web address where the documents are located.


I am not clear on the physical location of your property (8204 South 200th Kent WA) with respect to the BSB property 
(8202 South, Kent WA).  Would you please look at the attached areal photo/map below and let me know where your 
property is located with respect to the BSB property.


The following documents, listed in the Fact Sheet & Public Notice sheets, for the B. S. B. Diversified Company, 
Inc. (BSB) property: 


1. Draft Consent Decree for B. S. B. Diversified Company, Inc. (BSB). 
2. Draft Cleanup Action Plan for BSB. 
3. Draft BSB Focused Remedial Investigation /Feasibility Study (RI/FS). 
4. Draft State Environmental Policy Act (SEPA) Checklist. 
5. Draft Restrictive (Environmental) Covenant. 


 
Can be down loaded from the WA State Dept. of Ecology’s website and FTP server at the following location:
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http://www.ecy.wa.gov/programs/hwtr//foia/index.html 


These documents contain specific information regarding the proposed remediation alternative. After you have reviewed 
these documents, please let me know if you have additional questions.


Please note: Network outage; some customers may need to resend e-mail messages 
(http://www.ecy.wa.gov/news/2008news/ecy_20080409_network_outage.html)
Hideo Fujita, P.E., L.H.G. 
WA State Dept. of Ecology; HWTRP/NWRO 
3190 - 160th AV SE; Bellevue, WA 98008-5452 
Office Phone: 425-649-7068; FAX: 425-649--7218 
Cell Phone: 425-941-7907


eMail: hfuj461@ecy.wa.gov 
http://www.ecy.wa.gov/programs/hwtr/index.html  


-----Original Message-----
From: Carol Vernon [mailto:l.vernon@roadrunner.com] 
Sent: Monday, April 21, 2008 2:34 PM
To: Fujita, Hideo (ECY)
Subject: BSB Diversified


Dear Mr.Fujita:
I represent Kent Industrial Associates the owner of 8204 S. 200th Street and
have just received the Public Notice of the proposed consent decree and
clean up action plan for BSB Diversified Co.  Since the contamination is a
risk to our property, will this agreement address monitoring and clean up on
our property and the other adjacent sites?  How are we protected in this
agreement?


Are the draft documents available on line?


Thank you for taking the time to respond to my concerns.
Sincerely,
Carol Vernon
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B. S. B. Diversified Company Inc 


Public Notice Comments and Responses 
for 


Nelson Trucking 
 (20063 84th Ave. South, Kent, WA 98032; 1-800-877-0338) 


 
 
 
 
 


 
 
 
TELEPHONE CONVERSATION 
 
Telephone conference call: Roy Nelson, President; Nelson Trucking Equipment & Accessories  


        & WA State Dept. of Ecology, Hideo Fujita 
Date: September 25, 2008 
Subject: Public Notice - B S B Diversified Company Inc 


=> Response to Nelson Trucking public comment on storm water drainage 
=> Clarification of comments in letter 
 
 


 
 
 
 
LETTER 
 
From: Roy Nelson, President; Nelson Trucking Equipment & Accessories  
Sent: Tuesday, April 24, 2008 
To: WA State Dept. of Ecology, Hideo Fujita 
Subject: Public Notice - B S B Diversified Company Inc (Comment on storm water drainage) 
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TELEPHONE CONVERSATION RECORD 
 
Telephone call between Roy Nelson, President of Nelson Trucking Equipment & Accessories (1-
800-877-0338) and the Washington State Department of Ecology, Hideo Fujita. 
 
Date: September 25, 2008 
 
Subject: 2008 WA State Dept. of Ecology Public Notice for the B S B Diversified 
Company Inc property and Ecology’s response to Nelson Trucking public comment on 
storm water drainage on the Nelson Trucking property. 
 
Reference: Letter from Nelson Trucking Equipment & Accessories (Roy Nelson, President) dated 
Tuesday, April 24, 2008 to WA State Dept. of Ecology (Hideo Fujita). 
 
This is a follow-up from our telephone conversation this morning in regards to the following: 
1. The Nelson Trucking Equipment & Accessories public comment letter (4/24/08) on the BSB 


Diversified property; and 
2. Bentonite/soil (slurry) wall impact on surface drainage in the immediate vicinity of the 


northern portion and beneath the the Nelson Trucking Equipment & Accessories property. 
3. BSB 60% design plans. 
 
  
 
Record of conversation:  
  
1. The Nelson Trucking Equipment & Accessories  


public comment letter (4/24/08) on the BSB Diversified property 
 
Mr. Roy Nelson: 
 


Letter: We have occupied the property directly to the south of the existing property for 
about 17 years. When we moved in, we found that the clean up development of the 
property with an increased height and an asphalt cap have encroached on the drainage 
ditch that is used for run off of storm water for our property.  


 
Ecology: 
 


Who owns the drainage ditch? Who is responsible for maintaining the drainage ditch, the 
property owner? Is the City of Kent involved with this issue? 


 
Mr. Roy Nelson: 
 


The drainage ditch located along the property line between BSB and Nelson Trucking. A 
portion of the drainage ditch is located on BSB side of the fence and part of the ditch is 
located on our property. I have been clearing out the leaves to keep run off water 
flowing. We have not talked with the City of Kent about this issue. 
 
Letter: The asphalt cap gas encroached on the natural drainage and over time 
because is not maintained we have excess debris that plug what is left of the ditch.  
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Ecology: 
 


What is “asphalt cap gas”? Is this a typo? Do you mean “the asphalt edge slope”? 
 


 
Mr. Roy Nelson: 
 


This was a typo in the letter. Yes, letter is referring to the slope on the southern edge of 
the asphalt cap along the border between Nelson Trucking and BSB. The cap is up at a 
higher elevation and slopes down to meet the grade on the Nelson property. 
 
Letter: The increase in the grade on the clean up has not taken in to account proper 
drainage on the height, or provided a proper wall for the change of grade.  


 
If and when this property is placed in different use, the solution is to replace the 
drainage ditch and provide a proper wall or gradient to allow us the correct drainage for 
our area. We currently are getting run off from the asphalt to our property; in addition to 
the drainage problem.  
 
Last year, we had drainage water enter our building during hard rains and we had to 
have sub pumps working due to the plugged drainage. 


 
I think there is a simple solution to the drainage problem.  Storm water runoff from the 
top of the cap on the BSB property is not a problem.  That water drains to the north.  
The problem is the drainage ditch at the base of the slope that borders the Nelson 
trucking property.  After BSB installs the slurry wall if they could simply make sure the 
drainage ditch at the base of the slope correctly drains to the east this would fix the 
problem.  It seems the BSB is going to all this work is would be a simple thing to do. 
 


 
 
Ecology: 
 


I will pass this conversation on to BSB for their consideration.  Also Nelson Trucking 
should also talk with the BSB technical consultant about this issue. 


 
 
 
2.    Bentonite/soil (slurry) wall impact on surface drainage in immediate vicinity of the northern  


portion and beneath the the Nelson Trucking Equipment & Accessories property. 
  
 
 
Mr. Roy Nelson: 
 


I understand the groundwater flow beneath our property flows in a northerly or 
northeasterly direction.  I am concerned that after the slurry wall is install it will affect 
the drainage from storm water.  The groundwater is six to 10 feet below the ground 
surface depending on the season.  It's a slurry wall going to cause more ponding of 
storm water on my property? 
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Ecology: 
 


You are correct on the general direction of the groundwater flow in the depth the 
groundwater.  After the slurry wall is installed, the regional groundwater flow will not be 
affected.  Locally in the immediate vicinity of the slurry wall the groundwater flow will 
change patterns and flow around the slurry wall "box".  There will be a stagnation zone in 
the general area on the north side of the Nelson trucking property.  There also may be a 
slight mounding near the slurry wall initially, but eventually there will be a hydraulic 
equilibrium.  It is unlikely the installation of the slurry wall will affect the infiltration capacity 
from the Nelson trucking site.  Is the surface of the Nelson trucking property all paved? 


 
Mr. Roy Nelson: 
 


Yes.  The property is asphalt with the exception of a narrow grassy strip. 
 
 
 
3.  BSB 60% design plans. 
 
Mr. Roy Nelson: 
 


What are BSB’s plans for the final cap and surface grading after the slurry wall is 
installed?  


 
 
Ecology: 
 


BSB has drafts of their 60% design. These designs are works in progress, but will provide 
you details on the grading/contouring of the final proposed cap. Look on pages 42-45 for 
site drain diagrams. For your convenience, I have uploaded these documents for you. 
The working drafts of the BSB 60% design plans are available for download off of the WA 
State Dept. of Ecology's FTP (file transfer protocol) web server. Please use your internet 
browser and navigate to the following website: ftp://www.ecy.wa.gov/BSB/2008-04-
17_BSB_60%25DesignMtg/. You can down load the PDF (portable document format) file 
that contains the working draft of the BSB selected remedy for the property.  You will 
need Adobe Acrobat Reader (or the full version of Acrobat) to view this file. Please note 
that files are deleted off of the Ecology FTP site after two weeks. Please download this 
file within the next two weeks. 


 
 







ACCESSORIES


HEVERYTHING FOR YOUR TRUCK, VAN AND SUV"


Nelson Truck Equipment
20063 84th Av e S
Kent, WA 98032


April 24, 2008


Hideo Fujita, P.E. , P.H.
WA State Dept. of Ecology; HWTRPINWRO
3 190 - 160th AV SE
Bellevue, WA 98008-5452


Dear Hid eo Fuj ita, P.E. , P.B.:


D 20063 84th Ave. S.
Kent,WA 98032
253-395-3825Tel
253-872-6583 Fax
1-800-877-0338


D 14325Aurora Ave.N.
Seattle,WA98133
206-365-1000 Tel
206-365-2202 Fax
1-877-544-5727


We are an operating business directly to the south of the clean up consent decree that is
op ening for public comment on May 19, 2008.


We hav e occupied the property directly to the south of the ex isting proper ty for about 17
years . Wh en we mo ved in, we found that the clean up development of the property with
an increased height and an asphalt cap have encroached on th e drainage ditch that is used
for run off of storm water for our propert y. The asphalt cap gas enc roached on the natu ral
drainage and over time becau se is not maintained we have excess debris that plug what is
left of the dit ch. T he increa se in the grade on the clean up has not taken in to account
proper drain age on the heigh t, or provided a proper wall for the cha nge of grade.


If and when thi s property is placed in different use, the solution is to replace the drain age
di tch and provide a proper wall or gradient to allow us the correct drainage for our area.
We currently are getting run off from the asphalt to our proper ty; in addition to the
drainage problem.


Last year, we had drainage water enter our building during hard rain s and we had to have
sub pumps working due to the plugged drain age.


Since rely,


Roy W. Nelson
Presiden t


lp








B. S. B. Diversified Company Inc 
Public Notice Comments and Responses 


for 
Rottler Manufacturing 


 
 


Note to file: 
 
Subject: Public Notice - B S B Diversified Company Inc 


=> Email correspondence between Ecology and Rottler Manufacturing  
through September 15, 2008 included for completeness 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Mon 9/15/2008 12:38 PM 
To: raburt_pps@yahoo.com 
Cc: Steve Rottler; Don Rottler; Fujita, Hideo (ECY) 
Subject: BSB Project (Rottler meeting agenda for meeting with BSB) 


 EMAIL 


From: Ronald Burt [mailto:raburt_pps@yahoo.com]  
Sent: Monday, August 11, 2008 8:29 AM 
To: Andy Rottler 
Subject: RE: BSB Project (BSB response on construction schedule) 
  
 EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Thursday, August 07, 2008 6:11 PM 
To: raburt_pps@yahoo.com 
Subject: BSB Project  (Rottler questions on implementation of remdy) 
 
 EMAIL 


From: John Funderburk [mailto:jfunderburk@soundenvironmental.com]  
Sent: Wednesday, June 04, 2008 3:41 PM 
To: Fujita, Hideo (ECY) 
Subject: RE: Public Notice - B S B Diversified Company Inc (BSB public disclosure request)


 


EMAIL 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, June 04, 2008 2:37 PM 
To: John Funderburk 
Subject: RE: Public Notice - B S B Diversified Company Inc (ECY response to the public 
disclosure request) 


 







EMAIL 


From: John Funderburk [mailto:jfunderburk@soundenvironmental.com]  
Sent: Wednesday, June 04, 2008 11:46 AM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler; Tim Brown 
Subject: FW: Public Notice - B S B Diversified Company Inc (BSB public disclosure request) 
Importance: High 


 
EMAIL 


From: Steve Rottler [mailto:sjr@northstarbuilds.com]  
Sent: Tuesday, June 03, 2008 8:49 AM 
To: John Funderburk 
Subject: FW: Public Notice - B S B Diversified Company Inc (Rottler environmental 
consultant) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Wednesday, May 21, 2008 11:37 AM 
To: Fujita, Hideo (ECY) 
Cc: Don Rottler; Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Rottler expansion plans & meeting 
agenda discussion points) 


 


EMAIL 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Thursday, May 08, 2008 4:36 PM 
To: Andy Rottler 
Cc: bhaldeman@pesenv.com; Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Meeting arrangements) 


 
EMAIL 
 
From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Wednesday, May 07, 2008 3:57 PM 
To: Fujita, Hideo (ECY) 
Cc: bhaldeman@pesenv.com; Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Test well questions) 


 
EMAIL 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, May 07, 2008 3:23 PM 
To: Andy Rottler 
Cc: bhaldeman@pesenv.com 
Subject: RE: Public Notice - B S B Diversified Company Inc (ECY response to Rottler on cleanup 
process and BSB contacts) 


 







EMAIL 


From: Andy Rottler  
Sent: Wednesday, April 30, 2008 5:18 PM 
To: 'Fujita, Hideo (ECY)' 
Cc: 'Steve Rottler'; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Rottler response to ECY questions) 


 
EMAIL 


From: Fujita, Hideo (ECY)  
Sent: Monday, April 28, 2008 4:11 PM 
To: 'Andy Rottler' 
Subject: RE: Public Notice - B S B Diversified Company Inc (ECY response to Rottler on cleanup 
process and meeting request) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Sunday, April 27, 2008 1:16 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Test well on Rottler property) 


 
EMAIL 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Friday, April 25, 2008 4:45 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Ecology response 
to Rottler on notification of test well abandonment by BSB) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Friday, April 25, 2008 3:08 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: FW: Public Notice - B S B Diversified Company Inc (Information request on test well 
abandonment and manufacturing process at Rottler plant) 


 
EMAIL 


From: Fujita, Hideo (ECY)  
Sent: Friday, April 25, 2008 1:44 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (ECY response on property and well 
locations; contamination in groundwater) 


 







EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Wednesday, April 23, 2008 5:22 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Test well locations) 


 
EMAIL 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, April 23, 2008 5:03 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Property Map) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Tuesday, April 22, 2008 1:54 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc (Site background 
information request on well locations and contamination) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Tuesday, April 22, 2008 12:49 PM 
To: Fujita, Hideo (ECY) 
Subject: RE: Public Notice - BSB Diversified Company Inc (Location of property) 


 
EMAIL 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Tuesday, April 22, 2008 11:26 AM 
To: Andy Rottler 
Subject: Public Notice - B S B Diversified Company Inc (Ecology response) 


 
EMAIL 


From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Monday, April 21, 2008 1:38 PM 
To: hjuj461@ecy.wa.gov 
Subject: Public Notice - B S B Diversified Company Inc (General inquiry) 







 
From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Mon 9/15/2008 12:38 PM 
To: raburt_pps@yahoo.com 
Cc: Steve Rottler; Don Rottler; Fujita, Hideo (ECY) 
Subject: BSB Project 


  
Dear Ronald 
  
Thank you very much for the update on the schedule for your construction activities.  Although you 
are delaying construction until next summer, I would like to meet and discuss the potential operational 
impacts to Rottler.  As I mentioned in my earlier email and have communicated to Ecology, several of 
our manufacturing processes mandate high tolerances.  We are understandably concerned that the 
40 foot deep trenching activities will disrupt or harm our manufacturing process.  We can use this 
additional time to understand the construction and discuss how to mitigate potential impacts and 
minimize interruptions in Rottler’s business.    
  
Also, some of the maps included in BSB’s consent decree indicate that there is contaminated 
groundwater coming onto our property from BSB.  Am I reading the maps correctly?  I would like to 
discuss what steps BSB is going to take to address that issue.   
  
Finally, there are two monitoring wells on our property that were installed by BSB at some point in the 
past.  I cannot locate any agreement between us for the placement or removal of those wells.  We are 
contemplating expansion of the plant and need to discuss the removal of those wells.   
  
I would like to meet sooner rather than later to discuss these issues so that we can both plan for the 
construction activities and minimize impacts on both sides.  Please let me know when we can 
schedule a time to meet and discuss these issues.  Also, can you give me a contact at BSB so that I 
can raise these issues directly with them as well? 
  
Thank you,  
 Andy Rottler 
  


 
From: Ronald Burt [mailto:raburt_pps@yahoo.com]  
Sent: Monday, August 11, 2008 8:29 AM 
To: Andy Rottler 
Subject: RE: BSB Project 
  
Dear Mr. Rottler, 
  
Because of some delay in completion of the final engineering design for this project coupled with the importance of 
initiating the construction in time to allow its completion during the seasonal construction window we’ve had to postpone 
the construction activities.  We anticipate now that these activities will most likely begin about July 2009.  I will try to keep 
you updated as these plans are firmed up or on any substantial changes, but please feel free to contact me any time for 
an update. 
  
Best regards, 
Ronald A. Burt 
Director of Environmental Matters 
Patterson Planning & Services, Inc.   
  


 







From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Thursday, August 07, 2008 6:11 PM 
To: raburt_pps@yahoo.com 
Subject: BSB Project 
  
Hello Ronald, 
  
I am located in Kent, Washington next to the BSB project I understand you are heading up.  Hideo Fujito gave me your 
contact information. 
  
Our property joins western border of the BSB property.  It was out understand the project that involved digging the large 
trench around the property was to start this August. 
  
Can you please update our company on the subject.  We have been concerned of the potential interruptions such a large 
digging machine may cause to our operations. 
  
We would like to work with you on this project and would appreciate it if you would keep us informed. 
  
Thank you, 
 Andy Rottler 
Rottler Manufacturing 


 
From: John Funderburk [mailto:jfunderburk@soundenvironmental.com]  
Sent: Wednesday, June 04, 2008 3:41 PM 
To: Fujita, Hideo (ECY) 
Subject: RE: Public Notice - B S B Diversified Company Inc 


Hi!  Thanks for the quick response!! 
I wondered why those links in the email to Steve did not work. ☺ 
I will review these reports/files this week! 
 
Thanks! -  John F.______ 
John R. Funderburk III, MSPH 
Principal 
 
jfunderburk@soundenvironmental.com 
Direct  Phone:  (206) 436-5933 
Fax:  (206) 306-1907 
Address: 2400 Airport Way South, Suite 200, Seattle, WA 98134 


 
This electronic message transmission contains information which may be confidential or privileged.  It is intended only for the use of the individual or entity to 
whom it is addressed.  If you are not the intended recipient or the employee or agent responsible for delivering it to the intended recipient, you are hereby advised 
that any use, dissemination, distribution, or copying of this communication, other than to the individual or entity named above, is strictly prohibited.  If you have 
received this electronic transmission in error, please notify us by telephone at (206) 306-1900 or by electronic mail at info@soundenvironmental.com and return the 
original message to the sender. Thank you for your assistance. 


 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, June 04, 2008 2:37 PM 
To: John Funderburk 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
John, 
You can find the referenced map, Focused RI/FS and the 2007 Progress Report on the Ecology FTP server: 
ftp://www.ecy.wa.gov/BSB_Diversified/ . 
These documents cover information you requested below. Please note: These documents will remain available for 
download for two weeks. After this time, the FTP server automatically deletes these files. 
  







 
  
If you need additional background information, you can make an appointment to review the BSB/Hexcel files through the 
NW Regional Office Central Records with Sally Alexander at 425-649-7239. 
  
Hideo Fujita, P.E., L.H.G.  
WA State Dept. of Ecology; HWTRP/NWRO  
3190 - 160th AV SE; Bellevue, WA 98008-5452  
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 
eMail: hfuj461@ecy.wa.gov  
http://www.ecy.wa.gov/programs/hwtr/index.html   
  


 
From: John Funderburk [mailto:jfunderburk@soundenvironmental.com]  
Sent: Wednesday, June 04, 2008 11:46 AM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler; Tim Brown 
Subject: FW: Public Notice - B S B Diversified Company Inc 
Importance: High 
  
Hideo:  Hi!  How have you been, fine I hope!? 
As you can see from the email train below, Steve Rottler has hired my company Sound 
Environmental Strategies (SES) to look at environmental liability issues regarding the adjacent 
BSB and HEXCEL properties, next to the Rottler manufacturing business at 8029 South 200th , 
and their plans for facility expansion on their property 
  
Steve forwarded me your email with monitoring well information from Bill Haldeman, 
however, the map showing the location of these wells on BSB and Rottler Mfg was not 
attached.  Can I get that map attachment from you, and can you tell me if there is a single 
groundwater summary report in the file that I can acquire or review which would possibly 
address Mr. Rottler’s question of whether or not contamination from HEXCEL/BSB has 
migrated to the Rottler property? 
  
I expect there must be a quarterly or annual GW monitoring report that shows GW 
contours/gradient for shallow and deep aquifers at the BSB property, and the vicinity areas, and 
shows concentrations of contaminants of concern (COCs) that would help SES advise Mr. 
Rottler. If you could email me a PDF of that report, or identify its name and location so I could 
obtain it for review, that would be a great help. 
  
Please let me know what you think, and if I need to make a formal file review request to  get the 
groundwater study. 
  
Thanks for your assistance in this matter! 
  







Regards! -  John F.______ 
 John R. Funderburk III, MSPH 
Principal 
  
jfunderburk@soundenvironmental.com 
Direct  Phone:  (206) 436-5933 
Fax:  (206) 306-1907 
Address: 2400 Airport Way South, Suite 200, Seattle, WA 98134 
  
This electronic message transmission contains information which may be confidential or privileged.  It is intended only for the use of the individual or entity to 
whom it is addressed.  If you are not the intended recipient or the employee or agent responsible for delivering it to the intended recipient, you are hereby advised 
that any use, dissemination, distribution, or copying of this communication, other than to the individual or entity named above, is strictly prohibited.  If you have 
received this electronic transmission in error, please notify us by telephone at (206) 306-1900 or by electronic mail at info@soundenvironmental.com and return the 
original message to the sender. Thank you for your assistance. 


 
From: Steve Rottler [mailto:sjr@northstarbuilds.com]  
Sent: Tuesday, June 03, 2008 8:49 AM 
To: John Funderburk 
Subject: FW: Public Notice - B S B Diversified Company Inc 
 Hi John, 
 Below is pertinent info for your investigation. 
Thanks and good luck, 
 Steve 
 Steve Rottler 
North Star Construction, Inc. 
2716 Elliot Ave.  Suite 804 
Seattle, WA 98121 
Phone (206) 547-5538 
Cell (206) 409-4707 
Fax (206) 675-9782 
sjr@northstarbuilds.com 
www.northstarbuilds.com 


 
From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Wednesday, May 21, 2008 11:37 AM 
To: Fujita, Hideo (ECY) 
Cc: Don Rottler; Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 


Hello Hideo, 
 
I was able to contact Bill Haldeman from PES today. 
 
There were two main points of discussion. 
 


1)       The potential for the proposed construction process interfering with day to day business operations at Rottler.  
I informed Bill that Rottler operates precision metal cutting machines that could be effected by vibrations 
created by the large equipment required to dig the ditches proposed for the BSB project.  We discussed the 
hours of operation for Rottler manufacturing and Rottler would do its best to cooperate with the construction 
process and we would appreciate it if BSB would keep us fully informed of the there schedule. 
Since we do not know what the real effect of the digging machinery will be, it may be wise to start the digging 
process as far away from the Rottler facility as possible.  Doing so could give us some lead time in dealing with 
excessive vibration, if required. 
 


2)      We still have not made any headway when it comes to the effect of the BSB property on Rottler’s future plans 
for the use of Rottler’s property.  We would like to have a letter drawn up that would state the contaminates 
from the BSB site, including any BSB contaminates that currently exist in Rottler soils, would not in any way 







inhibit the addition of improvements to the existing Rottler property.  There seems to be active test wells on all 
properties surrounding the BSB property except for the Rottler property.   
 
We would like to have further evidence that the Rottler property is not contaminated.  PES would like to shut 
down an active well on the Rottler property.  It seems as though this may be an opportunity to minimize the cost 
of taking a sample on the Rottler property.  Bill said they will need a to bring in a drilling rig to close down the 
existing well.  I would think it would be beneficial to use the opportunity to drill a test well on the Rottler 
property to study the current contaminate situation. 
 


At this time we would also like to initiate a meeting between you and the appropriate people from the city of Kent.  The 
City of Kent would certainly be involved in the permitting process for any future plans Rottler has for improvements to 
the Rottler property.  I realize this is very short notice but the BSB project is moving rapidly and we would like to have 
these issues dealt with very soon.  We would like to meet tomorrow if at all possible. 
 
Sincerely, 
Andy Rottler 


 
-----Original Message----- 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Thursday, May 08, 2008 4:36 PM 
To: Andy Rottler 
Cc: bhaldeman@pesenv.com; Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 


Mr. Rottler, 
I received your email and I will work on your request when I return to the office on May 19th. 
I’m out of the office from May 13th through May 16th. If time permits, I will try to respond to your message before the 13th. 
  
Hideo Fujita, P.E., L.H.G. 
WA State Dept. of Ecology; HWTRP/NWRO 
3190 - 160th AV SE; Bellevue, WA 98008-5452 
Office Phone: 425-649-7068; FAX: 425-649--7218 
Cell Phone: 425-941-7907 
eMail: hfuj461@ecy.wa.gov 
http://www.ecy.wa.gov/programs/hwtr/index.html   


  
 


From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Wednesday, May 07, 2008 3:57 PM 
To: Fujita, Hideo (ECY) 
Cc: bhaldeman@pesenv.com; Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
  
Hello Hideo, 
Thank you for the information. 
  
Since the records of tests on the Rottler property may be non‐existent or difficult to obtain would you please interpret 
the data from the current wells located near the property line between Rottler Manufacturing and BSB.  We understand 
these are wells are upgradient from the main plum.  Would you please confirm that there is no contamination from the 
main sight in these wells.  If there is contamination we would appreciate a laymen’s interpretation of the amount of 
contamination.  If they are contaminated and if a similar amount of contamination existed on the Rottler property would 
Rottler be prevented from building on its own property.  The wells I am concerned about are HY‐1, HY‐11, and HY‐3. 
  
Thank you, 
 Andy 


  







From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, May 07, 2008 3:23 PM 
To: Andy Rottler 
Cc: bhaldeman@pesenv.com 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Mr. Rottler, 
Attached, please find, a more detailed map that I received from BSB showing well locations. Bill Haldeman, PES 
Environmental, who represents BSB concerning the monitoring wells in question provided the following information 
about the wells on the Rottler property: 
  


Wells HYHT‐1, HYHT‐2 & HYHT‐3 are the wells that were installed on the Rottler property. 
Wells HYHT‐2 & HYHT‐3 (& HYHT‐5) were formally abandoned and no longer exist.  
Well HYHT‐1 and Piezometer “J” still exist (according to PES Environmental records).  
PES is planning to formally abandon Well HYHT‐1 and Piezometer J. PES will coordinate with Rottler 
Manufacturing directly for these arrangements. 
PES contact information:  


  
Bill Haldeman 
PES Environmental, Inc.  
1215 Fourth Avenue, Suite 1350 
Seattle, WA  98161  
Phone:  206-529-3980, ext. 107 
Fax:  206-529-3985 
Cell:  425-922-0254  
e-mail:  bhaldeman@pesenv.com  


  
My understanding of the Rottler well installations were to provide groundwater level data. These wells may also have 
been used for groundwater quality monitoring; however, I have found no analytical data from these wells. These wells 
were installed approximately twenty years ago. This time precedes my time at Ecology. I have not found anyone who was 
directly involved with the BSB site that has first hand knowledge of the use and purpose of these wells. The lead agency 
for the BSB site in the mid-80’s was the U.S. Environmental Protection Agency (EPA) and handled out of the Region 10 
Office in Seattle. EPA’s files may be more extensive than Ecology’s for historical information during this time.  
  
The files referenced in my previous correspondence to you (ftp://www.ecy.wa.gov/BSB_Diversified/2008-04-
15_BSB_2007_Progress_Report/) contains the groundwater quality data set from the groundwater monitoring well system 
for BSB. This data report does not include any of the Rottler wells; and, 
(http://www.ecy.wa.gov/programs/hwtr//foia/index.html) contains the BSB Focused Remedial Investigation Report 
that covers the BSB property source contamination and groundwater quality characterization.  
  
In regards to your question about the HY-11 series upgradient sampling wells, I can only make an assumption, not having 
access to those who designed the monitoring well system; the location of the HY-11 series wells provided a better 
sampling location for these nested wells than on the Rottler property. 
  
An option for Rottler is to sample the existing well before PES formally abandons this well. Several factors need to be 
considered. The records indicated there is one Piezometer (J) and one Well (HYHT-1) remaining on the Rottler property. 
The piezometer would not be used for groundwater sampling (not likely yield a representative groundwater sample). The 
purpose of the Piezometer is to measure groundwater levels. The remaining well (HYHT-1) would need to be redeveloped 
and checked to determine if it was adequate for sampling. In addition, sampling one well would provide a single data point 
and limited knowledge about the environmental subsurface conditions beneath the entire Rottler property. 
  
If Rottler Manufacturing has properly used, stored and disposed of the chlorinated solvents on the Rottler property, then 
there should not be any environmental impacts from Rottler’s use of TCE. Based on the groundwater hydraulics and the 
source contamination characterization at the BSB property, there no adverse groundwater quality affects from the BSB 
property onto the Rottler property.  
  
From: Andy Rottler  
Sent: Wednesday, April 30, 2008 5:18 PM 
To: 'Fujita, Hideo (ECY)' 







Cc: 'Steve Rottler'; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
  
  
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Monday, April 28, 2008 4:11 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
  
Mr. Rottler, 
  
Based on the information you have provided, I am assuming the following in regards to the location of the groundwater 
monitoring wells: 


Test wells labeled HYHT-2 & HYHT-3 are located on the Rottler property (see attached diagram).  I have not 
been able to find these wells. 


Test wells labeled HYHT-5, HY-11s, HY-I & HY-11d are not located on the Rottler property.  I just went over to 
this property (Nelson Trucking) and I see the wells in the pavement. 


In your reference, “…After this last email I sent to you, I walked our property to locate the actual test well.  I 
found the location of the test well to be further away from the property lines than I originally thought.  In 
fact the test well is currently located very close to the center of the building we would propose to build…” 


 I am assuming this is well HYHT-3. Please let me know if this is the well you are referencing.  I don’t 
think so.  There are no labels on it and it is not near the property line per your diagram.  No one here knows how 
the well got there.  This are no identifying markings on the well.  There is a metal cap covering the well.  The well 
consist of a 1” diameter PVC pipe in the ground. 
  


In response to your question: “At this time we would like to have a yes or no answer regarding the findings from any of 
the test wells on the Rottler property. Has at any time, there ever been any indication of chemicals, at any depth, 
on the Rottler property?” 


In searching the files, I found no chemistry data for test wells HYHT-2 & HYHT-3 (or HYHT-5). As mentioned in 
previous correspondence, these wells were “abandoned’ in the sense these wells were not incorporated into the 
groundwater quality monitoring for the BSB property. I have found not analytical data for the wells on the Rottler 
property (HYHT-2 & HYHT-3) to report to you. There is a possibility there are files in archive that are ~20 years 
old.   
  
I have also searched the Dangerous Waste sites database. Rottler Manufacturing is a Small Quantity Generator 
(ID # WAD009246786). I have found no history of any dangerous waste inspections at the Rottler Manufacturing 
site and no other information that would be helpful in answering your question. 
  
Earlier you asked me if I had any questions for you, I do now. 
  
I have attached a site map showing the location of Rottler Manufacturing and the BSB properties. Please refer to 
this diagram now. A simplified graphical representation of the historical groundwater flow is shown on this map. 
The location of the Rottler Manufacturing property is hydraulically up gradient to the BSB property. The historical 
contaminated groundwater plume from BSB (prior to the hydraulic barrier system) would not have flowed beneath 
the Rottler Manufacturing property.  
  
In regards to contamination, would you please provide Ecology with additional information about the Rottler 
Manufacturing property, specifically: 
  


1.       Does Rottler Manufacturing use and have knowledge of any chlorinated solvents every being used at this 
property?  We have used trichlorethane (sp?) in very small quantities.  It has always been disposed of in 
a proper manner. 


  
  


2.       Does Rottler Manufacturing have a reason to believe that the property is contaminated?  The only reason 
we have reason to think it could be contaminated is the large BSB waste hazard next door.   At one time 
wells were put on the Rottler property to monitor for possible waste coming from BSB.  The wells were not 
installed at Rottler’s request. I assume ECY wanted the wells created.  We gave permission for them to 
be installed.  We have never been provided information about the results obtained from the wells on our 
property.  Apparently you can not give us information on whether or not the wells on Rottler property 
show signs of contamination.  







  
      It is our understanding the HY-11 wells on our neighbors property (Nelson Trucking) are currently 


monitored.  They would seem to be located further away from the BSB property than Rottler’s.  Why are 
Nelson’s wells monitored, but not Rottler’s? 


  
I guess it is the lack of information that leaves us in question.  We have a significant investment in 
property and the possible need to use the property.  We don’t want a problem created by BSB to effect 
the use of our own property. 


  
3.       Is there presently a cleanup needed at the Rottler Manufacturing property?  If so, what environmental 


media needs to be addressed (i.e., soil and/or groundwater)? Rottler has done nothing to create at 
problem that would result in “cleanup”.  Of course, because we have no data on test results from the BSB 
sight to indicate a clean up would be required we certainly could not tell whether a clean up is required or 
not.  We simply want to receive confirmation from ECY that if we should want to build on our property in 
the future we will not be limited in anyway by impacts from the BSB situation – past or future.  


  
4.       Does the Rottler Manufacturing have analytical data for environmental media (e.g., soil and groundwater) 


for your property? If they do, then please send an electronic copy of this data to me so I can better assess 
your concerns.  We have done nothing to create an environmental problem on our property and we have 
not initiated any testing.  We believe any problem is the result of the BSB property.  We trust the situation 
is in the good hands of BSB and ECY to handle the BSB problem in a responsible way 


  
In response to your question: “I would also like to confirm with you that your agency is the controlling agency for 
this project?  All actions must be approved by your agency before BSB may proceed on any action?” 


The cleanup at the B.S.B. Diversified property is a Resource Conservation & Recovery Act (RCRA) process. This 
RCRA Corrective Action work is being done jointly with the US Environmental Protection Agency, Region 10 
Office. The Washington State Department of Ecology is the lead agency. BSB’s RCRA CA work (through their 
RCRA Post-closure CA Permit and Model Toxics Control Act (MTCA) Order & proposed Decree) is done in 
accordance with the MTCA and Dangerous Waste regulations. In plain language, the environmental work done 
under order/decree at the BSB property is done through Ecology’s approval process.  Thank you. 


  
In response to your comment: “It may be required to meet with you to discuss the historical information as well as 
the upcoming project.”   


Ecology is available to meet with Rottler Manufacturing. Please note, Ecology’s NW Regional Office Hazardous 
Waste Program has a standing policy on meeting with facilities. If Rottler Manufacturing decides to meet with 
Ecology in the company of your legal counsel, then I need to ask the Assistant Attorney General assigned to this 
project to be present at the meeting too. The meeting time and date will be subject the availability of his schedule. 
 There are no restrictions with meeting with Ecology without your attorney. Please let me know if you want to meet 
and we can schedule a time.  Ok.  Depending on the answers to the above questions/comments we may or may 
not need to get together. 


  
Thank you again, 
 Andy Rottler 


  







 







 
 


 


From: Fujita, Hideo (ECY)  
Sent: Monday, April 28, 2008 4:11 PM 
To: 'Andy Rottler' 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Mr. Rottler, 
  
Based on the information you have provided, I am assuming the following in regards to the location of the groundwater 
monitoring wells: 


Test wells labeled HYHT-2 & HYHT-3 are located on the Rottler property (see attached diagram). 
Test wells labeled HYHT-5, HY-11s, HY-I & HY-11d are not located on the Rottler property. 
In your reference, “…After this last email I sent to you, I walked our property to locate the actual test well.  I 
found the location of the test well to be further away from the property lines than I originally thought.  In 
fact the test well is currently located very close to the center of the building we would propose to build…” 


 I am assuming this is well HYHT-3. Please let me know if this is the well you are referencing. 
  


In response to your question: “At this time we would like to have a yes or no answer regarding the findings from any of 
the test wells on the Rottler property. Has at any time, there ever been any indication of chemicals, at any depth, 
on the Rottler property?” 


In searching the files, I found no chemistry data for test wells HYHT-2 & HYHT-3 (or HYHT-5). As mentioned in 
previous correspondence, these wells were “abandoned’ in the sense these wells were not incorporated into the 
groundwater quality monitoring for the BSB property. I have found not analytical data for the wells on the Rottler 
property (HYHT-2 & HYHT-3) to report to you. There is a possibility there are files in archive that are ~20 years 
old. 
  
I have also searched the Dangerous Waste sites database. Rottler Manufacturing is a Small Quantity Generator 
(ID # WAD009246786). I have found no history of any dangerous waste inspections at the Rottler Manufacturing 
site and no other information that would be helpful in answering your question. 
  
Earlier you asked me if I had any questions for you, I do now. 
  
I have attached a site map showing the location of Rottler Manufacturing and the BSB properties. Please refer to 
this diagram now. A simplified graphical representation of the historical groundwater flow is shown on this map. 
The location of the Rottler Manufacturing property is hydraulically up gradient to the BSB property. The historical 
contaminated groundwater plume from BSB (prior to the hydraulic barrier system) would not have flowed beneath 
the Rottler Manufacturing property.  
  
In regards to contamination, would you please provide Ecology with additional information about the Rottler 
Manufacturing property, specifically: 
  


1.       Does Rottler Manufacturing use and have knowledge of any chlorinated solvents every being used at this 
property? 


2.       Does Rottler Manufacturing have a reason to believe that the property is contaminated? 
3.       Is there presently a cleanup needed at the Rottler Manufacturing property?  If so, what environmental 


media needs to be addressed (i.e., soil and/or groundwater)?  
4.       Does the Rottler Manufacturing have analytical data for environmental media (e.g., soil and groundwater) 


for your property? If they do, then please send an electronic copy of this data to me so I can better assess 
your concerns. 


  
In response to your question: “I would also like to confirm with you that your agency is the controlling agency for 
this project?  All actions must be approved by your agency before BSB may proceed on any action?” 


The cleanup at the B.S.B. Diversified property is a Resource Conservation & Recovery Act (RCRA) process. This 
RCRA Corrective Action work is being done jointly with the US Environmental Protection Agency, Region 10 
Office. The Washington State Department of Ecology is the lead agency. BSB’s RCRA CA work (through their 
RCRA Post-closure CA Permit and Model Toxics Control Act (MTCA) Order & proposed Decree) is done in 
accordance with the MTCA and Dangerous Waste regulations. In plain language, the environmental work done 
under order/decree at the BSB property is done through Ecology’s approval process. 







  
In response to your comment: “It may be required to meet with you to discuss the historical information as well as 
the upcoming project.”   


Ecology is available to meet with Rottler Manufacturing. Please note, Ecology’s NW Regional Office Hazardous 
Waste Program has a standing policy on meeting with facilities. If Rottler Manufacturing decides to meet with 
Ecology in the company of your legal counsel, then I need to ask the Assistant Attorney General assigned to this 
project to be present at the meeting too. The meeting time and date will be subject the availability of his schedule. 
 There are no restrictions with meeting with Ecology without your attorney. Please let me know if you want to meet 
and we can schedule a time. 
  


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Sunday, April 27, 2008 1:16 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler; Don Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
Hello Hideo, 
        After this last email I sent to you, I walked our property to locate the actual test well.  I found the location of the 
test well to be further away from the property lines than I originally thought.  In fact the test well is currently located 
very close to the center of the building we would propose to build.  This certainly generates further concern on our part 
regarding the historical as well as most recent test records for this well.  At this time we would like to have a yes or no 
answer regarding the findings from any of the test wells on the Rottler property.  Has at any time, there ever been any 
indication of chemicals, at any depth, on the Rottler property?  
        I would also like to confirm with you that your agency is the controlling agency for this project?  All actions must be 
approved by your agency before BSB may proceed on any action? 
       I will out of town Monday and Tuesday.  It may be required to meet with you to discuss the historical information as 
well as the upcoming project. 
Sincerely, 
Andy Rottler 


From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Friday, April 25, 2008 4:45 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Mr. Rottler, 
I will inform BSB of your responses. 


 
From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Friday, April 25, 2008 3:08 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: FW: Public Notice - B S B Diversified Company Inc 
 Hello Hideo, 
Thank you very much for the quick, detailed response. 
We now have two request. 
 
 1 
If there are wells on the Rottler property that have been abandoned but not “officially” abandoned according to Chapter 
173-160 WAC, Minimum Standards for Construction and Maintenance of Wells we would like them to be officially 
abandoned including sending copies recording the proceed sent to Rottler Manufacturing.  If there is any reason that this 
procedure should not be carried out we would like an explanation for the reason not to carry out the procedure. 
  
We would like this procedure completed before work starts on the main BSB project. 
  







We do not want any restrictions on what can be done with the Rottler property caused by the situation on the BSB 
property. 
 
 2 
Per our conversation it appears as though the equipment required to install the new retention system will be of substantial 
size and will require substantial forces to execute the required work.  Rottler Manufacturing’s facility contains numerous 
high precision machines that may be effected by vibrations.  The precision machines may have to be shut down during 
the excavating procedure.  The precision machines are subject to misalignment caused by external vibration.  Depending 
on the severity of the vibrations it may be required for Rottler to have it machines re-aligned or re-calibrated.  We would 
like BSB to take this into consideration when during the process of the excavation as well as afterward.  Depending on the 
extent of the disturbance (if any) Rottler may ask for compensation in lost time. 
  
We are glad steps are being taken to contain the contamination and hope the work goes without mishap. 
Sincerely, 
  
Andy Rottler 


 
From: Fujita, Hideo (ECY)  
Sent: Friday, April 25, 2008 1:44 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Mr. Rottler, 
The purpose of this message is to recap our email correspondence and phone conversation on 4/24/08. 
  
Question 1: This site has had a lot of work done on it in the distant past.  Now it seems as though additional major 
work may be required? 
  


The current groundwater extraction system that provides a hydraulic barrier by intercepting the groundwater 
plume is inherently subject to possible mechanical and electricity supply failure.  The cleanup action alternative 
selected provides a permanent containment of the contaminated groundwater plume located beneath the BSB 
property without the two aforementioned concerns. The proposed work includes installing a slurry wall around and 
a cap over, the BSB property and a hydraulic gradient control within the containment system using zero valent 
iron (ZVI) reactor vessels. The slurry wall will prevent groundwater from passing into the contaminated area, the 
cap will minimize surface water infiltration, and the ZVI reactor vessels will destroy contaminants in the 
groundwater that is allowed to exit the containment cell by directing it through the ZVI reactor vessels. 


  
Question 2: We have at least (1) test well on our property associated with the site.  How can we find out the status 
of samples taken from this test well? At one time there was some kind of test well on our property.  It was located 
approximately 40 feet south of our building and 20 or 30 feet west of our eastern property line. We would like to 
know the status of the test well and why it is not mentioned on the various maps used in the BSB 
documentation?  Can you tell us when the last sample was taken from the test well and what the test results 
were? There is a test well located in the far Northwest corner of the BSB property.  We have noticed that this well 
is examined on a regular basis.  We would like to know the details of the test results from this well. 
  


For your convenience, I have uploaded the information you requested on the locations of the groundwater 
monitoring wells that are located southwest and off the BSB property (ftp://www.ecy.wa.gov/BSB_Diversified/).  I 
also uploaded the most current BSB groundwater quality progress report. 
  


The folder containing groundwater quality data for the upgradient wells designated by the symbols: HY-
11s, HY-11i & HY-11d and other BSB monitoring well can be found at the WA State Department of 
Ecology’s FTP Server: 
  


ftp://www.ecy.wa.gov/BSB_Diversified/2008-04-15_BSB_2007_Progress_Report/  
  
An areal map showing the location of these wells in relationship to the Rottler Manufacturing and BSB 
properties can be found on the same Ecology FTP server at: 
  
            ftp://www.ecy.wa.gov/BSB_Diversified/2008-04-24_PN_request_RottlerMnfg.pdf   







Question 3: We may be wanting to build on our site and the test well area.  Is there any reason we can not build on 
our site and in the test well area? We do not have a firm schedule for construction.  The process could begin with 
the year. Our building plans would come close to, or actually cover the test well area. 


From the information that I have available, there appears to be two (2) abandoned groundwater monitoring wells 
located on the Rottler Manufacturing (Rottler) property. These wells are labeled HYHT-2 and HYHT-3 on the 
attached diagram. Both these wells are no longer used for groundwater quality monitoring purposes. Any 
proposed future construction in the area of HYHT-2 or HYHT-3 can proceed after these wells are properly 
abandoned in accordance to Chapter 173-160 WAC, Minimum Standards for Construction and Maintenance of 
Wells. BSB would be the responsible party for doing this work. Please let me know when Rottler wants these 
wells removed and Ecology can coordinate with BSB to perform this work. 


If I am correct on which groundwater wells are still on the Rottler property (HYHT-2 & HYHT-3), then there 
probably would not be an access agreement in place between BSB and Rottler (since no groundwater quality 
samples are collected from these wells). In the set up to perform the abandonment of these wells, BSB will also 
need to coordinate with Rottler for access to your site to do this work.  


Please note: The nested groundwater monitoring wells (HY-11s, HY-11i & HY-11d) do not appear to be located 
on Rottler property. If this assumption is wrong, please let me know immediately. These wells can not be removed 
without further coordination between Ecology and BSB.  


Question 4: (paraphrased from 4/24/08 telephone conversation) Doing the installation/construction work at the BSB 
property, will this big equipment cause vibrations? Occasionally Rottler does precision work, a fine grinding 
process that vibrations would disrupt. 
  


This question I need to ask to the technical consultant for BSB and get back to you.     
  
Comment 1: Our property is on the opposite side of the BSB property from the Carr Property. I am bit surprised to 
see our property is not mentioned in the plan while the Carr property is. 
  


The Carr property is mention because of the historical ‘footprint’ of the original operating facility dating back to 
1980’s and earlier. Please refer to the Overview section of the Fact Sheet for additional details 
(http://www.ecy.wa.gov/programs/hwtr//foia/documents/BSBFactSheet08.pdf). 


  
Comment 2: We feel we were notified late in this process and understand there is very little time left before some 
major decisions are made. 
We appreciate your efforts in answering these questions for us. We need to know how we may be effected by this 
project.  


  
With the exception of your question on equipment vibration, I hope the rest of your questions and comments have 
been answered to your satisfaction. Please submit any other comments you have on the proposed actions at the 
BSB property. Please do not hesitate to contact me if you have any additional questions about the proposed work 
at the BSB property or the monitoring wells located on your property. 


  
Comment 3: Please let me know if you have any further questions about our property (Rottler).  
  


At this time, I do not have any questions about the Rottler property. 
  


Please note: Network outage; some customers may need to resend e-mail messages 
(http://www.ecy.wa.gov/news/2008news/ecy_20080409_network_outage.html) 
Hideo Fujita, P.E., L.H.G.  
WA State Dept. of Ecology; HWTRP/NWRO  
3190 - 160th AV SE; Bellevue, WA 98008-5452  
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 
eMail: hfuj461@ecy.wa.gov  
http://www.ecy.wa.gov/programs/hwtr/index.html   
 
 


 







 
 


 
 


From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Wednesday, April 23, 2008 5:22 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 


Yes.  That is correct. 
 
At one time there was some kind of test well on our property.  It was located approximately 40 feet 


south of our building and 20 or 30 feet west of our eastern property line. 
 
We would like to know the status of the test well and why it is not mentioned on the various maps 


used in the BSB documentation?  Can you tell us when the last sample was taken from the test well and what 
the test results were? 


 
  There is a test well located in the far Northwest corner of the BSB property.  We have noticed that this 
well is examined on a regular basis.  We would like to know the details of the test results from this well. 
 
  We feel we were notified late in this process and understand there is very little time left before some 
major decisions are made. 
 


We appreciate your efforts in answering these questions for us. 
 
Please let me know if you have any further questions about our property. 


 
Andy Rottler 


 







 
 


 
 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Wednesday, April 23, 2008 5:03 PM 
To: Andy Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
 
I attached another map for your review. 
 
Does this correctly show the location of Rottler Manufacturing? 
 
 


 
 


 







From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Tuesday, April 22, 2008 1:54 PM 
To: Fujita, Hideo (ECY) 
Cc: Steve Rottler 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Dear Hideo, 
 
 


I have had a chance to review your document. 
 
Looking at the various diagrams it looks as though the majority of the contamination is located on the 


middle to the NE portion of the BSB property. 
 
I see there are numerous test wells some of which have been abandoned.  I would assume they were 


abandoned because no contamination was found over a period of time and therefore no further monitoring 
was required.  Would you please confirm the reason for abandonment?  


 
At one time there was a test well on the Rottler Manufacturing property (also may be known as Baron 


Leasing).  We never received information on any testing results from this well.  The well is not specified on 
your diagrams.  Would you please acknowledge the test well on our property is abandoned and there should 
be no concern about it.  We would like to cover it with a building at some future date. 


 
Your information would be greatly appreciated. 
 
Thank you, 
Andy Rottler  


 
 
 
From: Andy Rottler [mailto:andy1@rottlermfg.com]  
Sent: Tuesday, April 22, 2008 12:49 PM 
To: Fujita, Hideo (ECY) 
Subject: RE: Public Notice - B S B Diversified Company Inc 
 
Hello Mr. Fujita, 
 


Our property is on the opposite side of the BSB property from the Carr Property. 
I am bit surprised to see our property is not mentioned in the plan while the Carr property is. 
We do not have a firm schedule for construction.  The process could begin with the year. 
 
Our building plans would come close to, or actually cover the test well area. 
 
I will read documentation you have sent me.  We need to know how we may be effected by this project. 
 
Thank you, 
Andy Rottler 







 From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Tuesday, April 22, 2008 11:26 AM 
To: Andy Rottler 
Subject: Public Notice - B S B Diversified Company Inc 
 
Hello Mr. Rottler, 
 


Thank you for your inquiry about the proposed actions at the B.S.B. Diversified (BSB) property. 
 
Per our telephone conversation, I have attached a reference map and web address where the 


documents are located. 
 
I am not clear on the physical location of your property (8029 South 200th Kent WA) with respect 


to the BSB property (8202 South, Kent WA). Would you please look at the attached areal photo/map 
below and let me know where your property is located with respect to the BSB property. Please 
provide a map and/or description of the location of the test well(s) that are on your property. Once I 
know location of test well(s) I will be able to provide more information on the groundwater quality 
sample results. 


 
Do you have an idea of when you are planning build in the area of the test well(s)? Knowing 


this schedule will be helpful in working with you if the locations of the test well(s) is in the footprint of 
your proposed construction. 


 
The following documents, listed in the Fact Sheet & Public Notice sheets, for the B. S. B. Diversified 


Company, Inc. (BSB) property:  
 


1. Draft Consent Decree for B. S. B. Diversified Company, Inc. (BSB).  
2. Draft Cleanup Action Plan for BSB.  
3. Draft BSB Focused Remedial Investigation /Feasibility Study (RI/FS).  
4. Draft State Environmental Policy Act (SEPA) Checklist.  
5. Draft Restrictive (Environmental) Covenant.  
  
Can be down loaded from the WA State Dept. of Ecology’s website and FTP server at the following 
location: http://www.ecy.wa.gov/programs/hwtr//foia/index.html   
 
These documents contain specific information regarding the proposed remediation alternative. After 
you have reviewed these documents, please let me know if you have additional questions.  
 
Please note: Network outage; some customers may need to resend e-mail messages 
(http://www.ecy.wa.gov/news/2008news/ecy_20080409_network_outage.html) 
 
 
Hideo Fujita, P.E., L.H.G. 
WA State Dept. of Ecology; HWTRP/NWRO 
3190 - 160th AV SE; Bellevue, WA 98008-5452 
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 
eMail: hfuj461@ecy.wa.gov 
http://www.ecy.wa.gov/programs/hwtr/index.html 
 







 
 


 
 From: Andy Rottler [mailto:andy1@rottlermfg.com] 
Sent: Monday, April 21, 2008 1:38 PM 
To: hjuj461@ecy.wa.gov 
Subject: Public Notice - B S B Diversified Company Inc 
 
Dear Hideo Fujita, 


 
I am the owner of the property, , located next to 8202 South, Kent WA. 
 
This site has had a lot of work done on it in the distant past.  Now it seems as though additional major work 
may be required? 
 
What is the best way to find out the details of the proposed work?  Can you email me the details. 
 
We have at least (1) test well on our property associated with the site.  How can we find out the status of 
samples taken from this test well. 
 
We may be wanting to build on our site and the test well area.  Is there any reason we can not build on our site 
and in the test well area. 
 
Thank you, 
Andy Rottler 
President  
Rottler Manufacturing 












 


B. S. B. Diversified Company Inc 


Public Notice Comments and Responses 


for 


Hexcel Corporation 
(Kent Facility, Plant 1; 19819 - 84th Avenue South; Kent, Washington  98032) 


 


 
HEXCEL LETTERS & ATTACHMENTS 


 
From: Hexcel Corporation (represented by Hydro Geo Chem, Inc., Jim Norris) 
Sent: Friday, May 16, 2008 
To: WA State Dept. of Ecology, Hideo Fujita 


Subject: Hexcel Technical Comments on Final Remedial Investigation Summary &  


Feasibility Study Report and Draft Cleanup Action Plan  


For BSB Property, Kent, Washington. 
 
From: Hexcel Corporation (represented by Hydro Geo Chem, Inc., Jim Norris and Harold 
Bentley) 
Sent: February 13, 2006 
To: WA State Dept. of Ecology, Hideo Fujita 


Subject: Hexcel Technical Comments 


                Focused Remedial Investigation Summary/Feasibility Study Report 


                BSB Property, Kent, Washington. 
 


 
BSB EMAILS, LETTERS & ATTACHMENTS, MEMORANDUMS   


 
EMAIL - From: Brian O'Neal; Sent:  Monday, April 07, 2008 3:04 PM; To: Hideo Fujita 
(hfuj461@ecy.wa.gov); Cruz, Jerome (ECY); jporter@aspectconsulting.com; Cc:  'Ronald Burt'; 
Bill Haldeman; 'Paul Beveridge'; 'rnorth@kennec.com' ; Subject: BSB Diversified - Draft 
Compliance Monitoring Approach 
 
MEMORANDUM - TO: Ron Burt, Patterson Planning and Services, Inc.; Hideo Fujita, 
Washington Department of Ecology; FROM: Brian O'Neal, PES Environmental, Bill Haldeman, 
PES Environmental; DATE: April 4, 2008; RE: Preliminary Approach for Compliance Monitoring 
BSB Cleanup Action Design, PROJECT NO.: 827.001.12(4B) 
 
FIGURE - Figure 1. COMPLIANCE MONITORING LOCATIONS, BSB Property, KENT, 
WASHINGTON, PES Environmental, Inc. (827.001.12.4b/827001124b_CML) 


 
 EMAIL - From:   Brian O'Neal; Sent: Tuesday, April 15, 2008 4:45 PM; To: 'Fujita, Hideo (ECY)'; 
'Cruz, Jerome (ECY)'; 'Jeremy Porter'; Cc:  Bill Haldeman; 'Ronald Burt'; 'rnorth@kennec.com' ; 
Subject: BSB Design - Preliminary ZVI Startup Approach Memorandum 


 
 MEMORANDUM - To: Brian O’Neal, PES Environmental; From:  Mike Duchene, John Vogan, 
EnviroMetal Technologies Inc.; Date: 15 April 2008; Re:  Residence Time Required for ZVI 
Reactor Vessels, BSB Parcel G Remedy, Kent, Washington – ETI No. 31582.20 


 
 MEMORANDUM - TO:  Ron Burt, Patterson Planning and Services, Inc., Hideo Fujita, 
Washington Department of Ecology; FROM: Brian O'Neal, PES Environmental, Bill Haldeman, 







PES Environmental; DATE:  April 15, 2008; SUBJECT: ZVI Reactor Vessel Startup Approach - 
BSB Cleanup Action Design; PROJECT NO.: 827.001.12(4B) 


 
EMAIL - From: Jim Norris [mailto:jimn@hgcinc.com] ; Sent: Thursday, July 03, 2008 1:57 PM; To:        
Fujita, Hideo (ECY); Subject: RE: BSB Property - Horizontal Well Sketches 


 
EMAIL - From:     Brian O'Neal; Sent: Wednesday, July 23, 2008 4:13 PM; To:  Fujita, Hideo 
(ECY)'; Cc: 'Paul Beveridge'; Bill Haldeman; raburt_pps@yahoo.com; 'Cruz, Jerome (ECY)'; 
Subject:  RE: Status of Work 
 
LETTER - From: B.S.B. Diversified (represented by PES Environmental, Inc.); Sent:    
Wednesday, July 23, 2008; To: WA State Dept. of Ecology, Hideo Fujita; Subject: RESPONSE 
TO SELECTED COMMENTS ON CLEANUP ACTION PLAN AND APPROACH TO 
COMPLIANCE MONITORING,  B. S.B. DIVERSIFIED COMPANY, INC., KENT, WASHINGTON, 
AGREED ORDER NO. DE 2551 


 
Attachments - Proposed Responses to Select Hexcel Comments to Draft CAP and 
Compliance Monitoring Approach 
 
ATIACHMENT A - COMMENTS ON DRAFT CLEANUP ACTION PLAN BSB  
                              PROPERTY, KENT, WASHINGTON, APRIL 14, 2008 
 
ATTACHMENT B - COMMENTS ON PRELIMINARY APPROACH TO COMPLIANCE 


      MONITORING BSB CLEANUP ACTION DESIGN MEMORANDUM  
      FROM PES, APRIL 4, 2008; Response to Revised BSB CAP –  
      Performance Monitoring 


 
ATTACHMENT - BSB Responses to Request for Additional Information  


  Regarding Horizontal Well Installation and Operation 
 







ATTACHMENT A 
Comments on Draft Cleanup Action Plan, BSB Property, Kent, Washington; April 14, 2008 
 
Section 3.2 Hydrogeology 
1. This section states, “The silt of Layer C was encountered throughout the Property”. 
Hexcel is concerned that the continuity of Layer C has not been sufficient characterized to 
confidently make this claim. In particular, Layer C is known to thin in the northeast corner 
(down gradient end) of the property and may have local discontinuities in this area. A 
thinning or discontinuous low-permeability layer will present a challenge in keying-in the 
slurry wall to create a hydraulic barrier to groundwater underflow. 
 


Ecology agrees that further characterization of Layer C is an integral part of BSB’s design 


analysis.  BSB has done additional sampling of the subsurface to further define the Layer C Silt 


Unit. BSB will determine the competence of the Layer C Silt Unit. BSB will address the Layer C 


Silt Unit design analysis.  
 
 
Section 3.3 Groundwater 
2. The periodic downward vertical gradients may cause contaminants to migrate under the 
slurry wall in areas where Layer C is thin or non-existent. In fact, if Layer C is thin or 
discontinuous it will be impossible to prevent flow under the slurry wall in northeast 
portion of the containment system because this is where the highest differential head 
gradients will develop. 
 


Ecology agrees that controlling the vertical hydraulic gradients within the containment wall 


system is a critical design factor. BSB’s will minimize any adverse vertical hydraulic conditions in 


their design. 


 
Section 4.2.3 VOC Time Trends 
3. Hexcel is interested in the results from the monitoring wells installed to replace HYCP- 
1d and HYCP-1i and how they affect the conceptual model of groundwater contamination 
at the site. At this time, however, data is lacking to claim that wellbore leakage is the cause 
of contamination to Layer D. 
 


Hexcel is copied on all of the BSB’s reports submitted to Ecology regarding the deep 
aquifer investigation. The deep aquifer investigation and the contamination detected in 
the deep aquifer continue to be a major concern for Ecology.  At this time, the 
replacement wells and subsequent groundwater quality monitoring remain inconclusive. 
BSB’s conceptual model addresses containment of the upper aquifer. BSB will also need 
to address the deeper aquifer if the replacement wells do not solve the deep aquifer 
groundwater contamination.  


 
Section 6.1.1 Development of Cleanup Levels 
4. (a) The cleanup level for vinyl chloride of 0.2 μg/L is not reflected in the design and 
costing of the treatment alternatives. The design of the ZVI reactor system in the FRI/FS 
was based on a cleanup level of 2.4 μg/L. 
 


The final BSB design is based on a 0.2 μg/L vinyl chloride cleanup value. 
 
(b) Regarding the cleanup level for vinyl chloride, the MTCA A standard of 0.2 μg/L is both 
inconsistent and inappropriate. It is inconsistent with the basis of the cleanup levels set 
for the other contaminants. In particular, the cleanup level for TCE of 30 μg/L is from the 
US EPA’s water quality criteria for protection of human health from the consumption of 
aquatic organism while the MTCA A standard for vinyl chloride is protective of a drinking 
water beneficial use. The same primary water use should be used to establish cleanup 
levels for all contaminants. 







 
The final BSB design is based on the applicable MTCA A cleanup value for both vinyl 
chloride and TCE. 


 
The cleanup level of 0.2 μg/L is inappropriate because the shallow aquifer is unfit to be a 
drinking water source. The ambient quality of groundwater in the vicinity of the Hexcel and 
BSB properties includes several inorganic constituents with concentrations above EPA 
primary and secondary drinking water standards, including Response to Revised BSB 
CAP  (but not limited to) arsenic, iron, manganese, and nitrogen (King County, 2003; US 
EPA, 2003)6, 7. The shallow aquifer has also been contaminated, and has high potential for 
future contamination, from the many industrial facilities in the area (King County, 2007)8. 
The natural and anthropogenic contamination makes the aquifer unsuitable for as a 
drinking water source without cost-prohibitive treatment. Considering WAC 173-340-
720(6)(c)(E) and the potential beneficial use, land use, and exposure pathways, 
groundwater cleanup levels should not be more stringent than surface water cleanup 
levels, although less stringent groundwater cleanup levels may be appropriate if no 
gaining stream reaches exist (i.e., WAC 173-340-720(6)(c)(F)). The MTCA Method B surface 
water cleanup level for vinyl chloride is 3.7 μg/L. 
 
Furthermore, should Ecology maintain overly conservative MTCA Method A cleanup level 
for vinyl chloride, it needs to consider setting equally stringent cleanup levels for other 
constituents of concern, particularly those that are precursors to vinyl chloride (e.g.,  
trichloroethene and cis-1,2-dichloroethene). 
 


One of the core policies of the Model Toxics Control Act and its implementing regulations 
is to preserve the potential future use and benefit of groundwater, regardless of whether it 
is a current drinking water source. See, e.g., WAC 173-303-720(1)(a); Concise 
Explanatory Statement, MTCA Cleanup Regulation (February 12, 2001) at 168-171.  
Ecology remains unconvinced that Hexcel’s November 30, 2007 (Draft June 10, 2005) 
submittal (Preliminary Development of Groundwater Cleanup Levels, Hexcel Plant 1 
Facility, Kent, WA) satisfies the criteria of  WAC 173-340-720(2)(b)(ii) for making a 
determination that the BSB/Hexcel site shallow aquifer is non-potable. As recognized in 
the draft Cleanup Action Plan, if Ecology is persuaded in the future that justification for 
less-conservative cleanup levels for the site exists, the cleanup levels established for the 
BSB portion of the cleanup action will be adjusted accordingly. 







 
 
Ecology adopts the following comment responses prepared by PES Environmental, Inc.: 


 
 
01a EMAIL  


From: Brian O'Neal  
Sent:  Monday, April 07, 2008 3:04 PM  
To:     Hideo Fujita (hfuj461@ecy.wa.gov); Cruz, Jerome (ECY);  
           jporter@aspectconsulting.com  
Cc:    'Ronald Burt'; Bill Haldeman; 'Paul Beveridge'; 'rnorth@kennec.com'  
Subject: BSB Diversified - Draft Compliance Monitoring Approach 


 
 
01b MEMORANDUM 


TO:  Ron Burt, Patterson Planning and Services, Inc. 
 Hideo Fujita, Washington Department of Ecology 
FROM:  Brian O'Neal, PES Environmental, Bill Haldeman, PES Environmental 
DATE: April 4, 2008 
RE: Preliminary Approach for Compliance Monitoring BSB Cleanup Action Design 
 PROJECT NO.: 827.001.12(4B) 


 
 
01c FIGURE 


Figure 1. COMPLIANCE MONITORING LOCATIONS 
 BSB Property, KENT, WASHINGTON 
 PES Environmental, Inc. (827.001.12.4b/827001124b_CML) 
 


 
02a EMAIL 


From:   Brian O'Neal  
Sent:    Tuesday, April 15, 2008 4:45 PM  
To:       'Fujita, Hideo (ECY)'; 'Cruz, Jerome (ECY)'; 'Jeremy Porter'  
Cc:       Bill Haldeman; 'Ronald Burt'; 'rnorth@kennec.com'  
Subject: BSB Design - Preliminary ZVI Startup Approach Memorandum 
 


 
02b MEMORANDUM 


To:  Brian O’Neal, PES Environmental 
From:  Mike Duchene, John Vogan, EnviroMetal Technologies Inc. 
Date:  15 April 2008 
Re:  Residence Time Required for ZVI Reactor Vessels, BSB Parcel G Remedy,  
 Kent, Washington – ETI No. 31582.20 
 


 
02c MEMORANDUM 


TO:  Ron Burt, Patterson Planning and Services, Inc.,  
         Hideo Fujita, Washington Department of Ecology 
FROM: Brian O'Neal, PES Environmental, Bill Haldeman, PES Environmental 
DATE:  April 15, 2008 
SUBJECT:   ZVI Reactor Vessel Startup Approach - BSB Cleanup Action Design 
                   PROJECT NO.: 827.001.12(4B) 
 







 
 
Ecology adopts the following comment responses prepared by PES Environmental, Inc.: (cont.) 
 
03 EMAIL 


From:    Jim Norris [mailto:jimn@hgcinc.com]  
Sent:     Thursday, July 03, 2008 1:57 PM  
To:        Fujita, Hideo (ECY)  
Subject: RE: BSB Property - Horizontal Well Sketches 
 


 
04a EMAIL 


From:     Brian O'Neal  
Sent:      Wednesday, July 23, 2008 4:13 PM  
To: '       Fujita, Hideo (ECY)'  
Cc:        'Paul Beveridge'; Bill Haldeman; raburt_pps@yahoo.com; 'Cruz, Jerome (ECY)'  
Subject:  RE: Status of Work 
 


 
04b LETTER 


From:   B.S.B. Diversified (represented by PES Environmental, Inc.) 
Sent:    Wednesday, July 23, 2008 
To:       WA State Dept. of Ecology, Hideo Fujita 
Subject: RESPONSE TO SELECTED COMMENTS ON CLEANUP ACTION PLAN 
 AND APPROACH TO COMPLIANCE MONITORING  
 B. S.B. DIVERSIFIED COMPANY, INC., KENT, WASHINGTON 
 AGREED ORDER NO. DE 2551 
 
Attachments - Proposed Responses to Select Hexcel Comments to Draft CAP and 
Compliance Monitoring Approach 
 
ATIACHMENT A - COMMENTS ON DRAFT CLEANUP ACTION PLAN BSB  
                              PROPERTY, KENT, WASHINGTON, APRIL 14, 2008 
 
ATTACHMENT B - COMMENTS ON PRELIMINARY APPROACH TO COMPLIANCE 


      MONITORING BSB CLEANUP ACTION DESIGN MEMORANDUM  
      FROM PES, APRIL 4, 2008; Response to Revised BSB CAP –  
      Performance Monitoring 


 
ATTACHMENT - BSB Responses to Request for Additional Information  


  Regarding Horizontal Well Installation and Operation 
 







Environmental Science &. Technology


May 16,2008


Mr. Hideo Fujita, P.E.
Environmental Engineer
Washington State Department of Ecology
3190 160th Avenue SE
Bellevue, Washington 98008-5452


Re: Hexcel Technical Comments on Final Remedial Investigation Summary/Feasibility
Study Report and Draft Cleanup Action Plan for
BSB Property, Kent, Washington.


Dear Mr. Fujita,


On behalf of Hexce1 Corporation (Hexce1), Hydro Geo Chem, Inc. (HGC) appreciates the
opportunity to provide Washington Department of Ecology (Ecology) comments on the Final
Focused Remedial Investigation Summary/Feasibility Study Report (final FRIIFS) and Cleanup
Action Plan (CAP) for the BSB property (Parcel G). The final FRIIFS and CAP are similar to
the draft FRIIFS and revised draft FRIIFS previously submitted by BSB (PES Environmental,
Inc. (PES), 20051 and 20062


) . Thus, Hexce1's comments (HOC, 2006a3 and 2006b4
) on the draft


and revised draft FRIIFS, respectively, are applicable to the final FRIIFS and CAP, and are
incorporated herein by reference and enclosed for your convenience.


Hexce1 is in general agreement with the isolation remedy proposed in the revised
Alternative 2 described in the final FRIIFS and CAP. However, the proposed revised Alternative
2 does not meet Hexcel's desire that the remedy be sufficient to eliminate, to the extent
practicable, the risk of further releases from Parcel 0 to the downgradient aquifer. The revised


I PES Environmental, Inc. 2005. Focused Remedial Investigation Summary/Feasibility Study Report, BSB
Property, Kent, Washington. December 5,2005.
2 PES Environmental, Inc. 2006. Correspondence from Brain O'Neil and William Haldeman to Hideo Fujita,
Regarding: BSB Response to Ecology's Draft Meeting Summary, BSB Property, Kent, Washington, Agreed Order.
No. DE-2551. September 27,2006.
3 Hydro Geo Chern, Inc., 2006a. Correspondence from Harold Bentley and James Norris to Hideo Fujita,
Regarding: Hexcel Technical Comments Focused Remedial Investigation Summary/Feasibility Study Report BSB
Property, Kent, Washington. February 13,2006.
4 Hydro Geo Chern, Inc. 2006b. Correspondence from James R. Norris to Hideo Fujita, Regarding: Hexcel
Technical Comments, Revised Draft FRIIFS Report, Section 10.3, BSB Property, Kent Washington. October 25,
2006.


\/\I,"t·,,.,,,~,.? Rd, Ste. Tucson, AZ 85705-1678 520.293.1500 520.293.1550-Fax 800.727.5547-T01l
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Alternative 2 mitigates a number of the concerns raised in HGC (2006a) on the original 
Alternative 2.  However, as described in detail by HGC (2006b) the proposed Alternative 2, 
which is the recommended remedy, does not adequately address the following contaminant 
transport processes that can result in ongoing impacts to the downgradient aquifer: 
 


• Advective flow of contaminants through the slurry wall due to horizontal hydraulic 
gradients, 


• Advective flow of contaminants under the slurry wall due to vertical hydraulic 
gradients,  


• Diffusive migration of contaminants through the slurry wall due to chemical 
concentration gradients, and 


• Water and contaminant flux from the zero valent iron (ZVI) treatment system due to 
normal operations and system failures. 


 
We hasten to add that because the reference point for our comments is the final FRI/FS 


and CAP which contain only generalized conceptual descriptions of the remedy, the above 
should be viewed as a listing of some of the project elements we look forward to being addressed 
as BSB matures it’s work plan.  However, it is also a concern to Hexcel that Alternative 2 in the 
final FRI/FS and CAP is essentially unchanged since we provided comments on the revised 
Alternative 2 in 2006.  This indicates either (1) there has been no evaluation of Hexcel’s 
concerns or the recommended alternatives in HGC (2006b) or (2) Hexcel’s concerns and 
alternatives were considered and rejected without subsequent documentation.  
 


Based on our prior comments, Hexcel believes that the proposed revised Alternative 2 
would be significantly improved with the following modifications: 
 


1. Maintenance of a slight inward/upward hydraulic gradient into the Parcel G 
containment system, and 


2. Discharge of treated effluent to the storm or municipal sewer. 
 


The potential for further contamination by advective flux can be eliminated by 
maintaining a slight hydraulic gradient into the containment system.  The discharge of effluent 
from the ZVI treatment system to the sewer system would eliminate (1) a water source that adds 
to the hydraulic and contaminant load pumped by Hexcel which in essence would represent a 
double treatment of the same water, (2) the risk of an undetected contaminant breakthrough of 
the ZVI treatment system, and (3) the linkage between water treatment performance at Parcel G 
and downgradient water quality.  HGC (2006b) showed that these modifications could be 
accomplished at a cost increase of 10 percent or less.  Thus, the majority of the risk to Hexcel 
and the downgradient aquifer can be addressed by relatively simple modifications of the 
proposed remedy.   
 


These issues are of concern because Hexcel is currently pumping groundwater from its 
property and discharging the water to the sanitary sewer as part of an interim action under 
Enforcement Order No. DE 2552.  Under the proposed Alternative 2, effluent from the ZVI 
reactor system will be reintroduced into the aquifer immediately upgradient to the Hexcel site.  
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Consequently, the effluent from the BSB Property will add to the water volume and chemical 
mass that must be pumped and discharged by Hexcel, and drive up Hexcel’s costs for the interim 
action.  Further, recharge of the treatment system effluent to the downgradient aquifer places 
Hexcel in risk of being damaged in the event of a breakthrough that is undetected until after the 
fact.  For this reason discharge to the downgradient aquifer is contrary to Hexcel’s long term 
objective of decoupling remedial actions at BSB from those at Hexcel so as to eliminate the risk 
that the downgradient aquifer and Hexcel property become re-contaminated due to actions at 
Parcel G.   
 


At a minimum, Alternative 2 could be improved with little, if any, additional cost by 
discharging the effluent from the ZVI treatment system to the sanitary sewer rather than into the 
aquifer.  This would eliminate Hexcel’s concerns of poor treatment performance and increased 
hydraulic and chemical loading from the ZVI treatment system. Furthermore, if treated effluent 
were discharged to the sanitary sewer rather than reintroduced to the aquifer, the treatment 
requirements could be relaxed.  For example, the King County sanitary sewer allows a maximum 
concentration of vinyl chloride of 750 micrograms per liter (µg/L) compared to the requirement 
of 0.2 µg/L for discharge to the aquifer.  Consequently, the cost of discharging treated effluent to 
the sanitary sewer could be partially or fully offset by the cost savings resulting from the lesser 
amount of ZVI needed to meet the reduced treatment requirement.  We urge Ecology to seriously 
consider this minor modification of the proposed remedy. 


 
A final issue regards site cleanup levels.  Section 7.4.1.2 of the final RI/FS identifies the 


groundwater-to-surface water pathway as the appropriate pathway for which cleanup levels are 
needed because of the extremely low probability that the shallow aquifer at Parcel G would be 
used for water supply in the future (see also Section 7.3.2.1 of final RI/FS).  As indicated in 
HGC (2007)5, Hexcel concurs with the final RI/FS that the probability of using the shallow 
aquifer as future drinking water supply is extremely remote and that cleanup levels for protection 
of human health are inappropriate for the expected exposure pathway of surface water exposure.  
Inasmuch as Section 6.1.1.2 of the DCAP indicates Ecology selected the Model Toxics Control 
Act Method A groundwater cleanup level for vinyl chloride, Hexcel recommends that Ecology 
specify cleanup levels for Parcel G such that any constituents of concern released from Parcel G, 
especially the ZVI treatment system, are not released at levels that can degrade to vinyl chloride 
and cause concentrations in excess of the stipulated cleanup level for vinyl chloride.  
Discharging the treatment system effluent to the sewer system would eliminate this concern with 
respect to the ZVI treatment system. 


 


                                                
5 Hydro Geo Chem, Inc.  2007.  Preliminary Development of Groundwater Cleanup Levels, Hexcel Plant 1 Facility, 
Kent, Washington.  November 30, 2007. 
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ATTACHMENT A 
 


Comments on Draft Cleanup Action Plan, BSB Property, Kent, Washington; April 14, 2008 
 
Section 3.2     Hydrogeology 
 


1. This section states, “The silt of Layer C was encountered throughout the Property”.  
Hexcel is concerned that the continuity of Layer C has not been sufficient characterized 
to confidently make this claim.  In particular, Layer C is known to thin in the northeast 
corner (down gradient end) of the property and may have local discontinuities in this 
area.  A thinning or discontinuous low-permeability layer will present a challenge in 
keying-in the slurry wall to create a hydraulic barrier to groundwater underflow.   


 
Section 3.3    Groundwater 


  
2. The periodic downward vertical gradients may cause contaminants to migrate under the 


slurry wall in areas where Layer C is thin or non-existent. In fact, if Layer C is thin or 
discontinuous it will be impossible to prevent flow under the slurry wall in northeast 
portion of the containment system because this is where the highest differential head 
gradients will develop.   


 
Section 4.2.3    VOC Time Trends 
 


3. Hexcel is interested in the results from the monitoring wells installed to replace HYCP-
1d and HYCP-1i and how they affect the conceptual model of groundwater 
contamination at the site.  At this time, however, data is lacking to claim that wellbore 
leakage is the cause of contamination to Layer D. 


 
Section 6.1.1    Development of Cleanup Levels 
 


4. (a) The cleanup level for vinyl chloride of 0.2 µg/L is not reflected in the design and 
costing of the treatment alternatives.  The design of the ZVI reactor system in the 
FRI/FS was based on a cleanup level of 2.4 µg/L. 


 
(b) Regarding the cleanup level for vinyl chloride, the MTCA A standard of 0.2 µg/L is 


both inconsistent and inappropriate.  It is inconsistent with the basis of the cleanup 
levels set for the other contaminants.  In particular, the cleanup level for TCE of 30 
µg/L is from the US EPA’s water quality criteria for protection of human health from 
the consumption of aquatic organism while the MTCA A standard for vinyl chloride 
is protective of a drinking water beneficial use.  The same primary water use should 
be used to establish cleanup levels for all contaminants.    


 
The cleanup level of 0.2 µg/L is inappropriate because the shallow aquifer is unfit to 
be a drinking water source.  The ambient quality of groundwater in the vicinity of the 
Hexcel and BSB properties includes several inorganic constituents with 
concentrations above EPA primary and secondary drinking water standards, including 
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(but not limited to) arsenic, iron, manganese, and nitrogen (King County, 2003; 
US EPA, 2003)6, 7.  The shallow aquifer has also been contaminated, and has high 
potential for future contamination, from the many industrial facilities in the area 
(King County, 2007)8.  The natural and anthropogenic contamination makes the 
aquifer unsuitable for as a drinking water source without cost-prohibitive treatment.  
Considering WAC 173-340-720(6)(c)(E) and the potential beneficial use, land use, 
and exposure pathways, groundwater cleanup levels should not be more stringent than 
surface water cleanup levels, although less stringent groundwater cleanup levels may 
be appropriate if no gaining stream reaches exist (i.e., WAC 173-340-720(6)(c)(F)).  
The MTCA Method B surface water cleanup level for vinyl chloride is 3.7 µg/L.     
 
Furthermore, should Ecology maintain overly conservative MTCA Method A cleanup 
level for vinyl chloride, it needs to consider setting equally stringent cleanup levels 
for other constituents of concern, particularly those that are precursors to vinyl 
chloride (e.g., trichloroethene and cis-1,2-dichloroethene). 


 
Section 7.3.2    Alternative 2 
 


5. Installing the slurry wall to Layer C will be insufficient if contamination is found to 
extend to Layer D or if Layer C is discontinuous (see comments 1 and 3 above). 


 
6. How many reactor vessels are proposed?  Figure 13 shows five reactor vessels, but 


Figure 1 of the BSB Memorandum regarding compliance monitoring (PES, 2008)9 shows 
six reactor vessels.   


 
7. The design specifications of 1850 cubic feet of ZVI and a residence time of 3.5 days are 


based on a cleanup standard for vinyl chloride of 2.4 µg/L.  Given that the treatment level 
is now 0.2 µg/L, the volume of ZVI and the residence time will need to be increased.  The 
increase in costs for Alternative 2 due to the redesign of the ZVI reactor will need to be 
evaluated.   (See comment 4b for a discussion of the cleanup levels) 


 
8. Monthly monitoring of groundwater levels and effluent quality will be insufficient to 


check the hydraulic gradient and system performance.  Is it possible to install a one-way 
check valve that would eliminate the need for manual opening and closing of a flow 
control valve? 


 
9. The capital cost for Alternative 2 is estimated to be $2,350,000 in the CAP but only 


$2,100,000 in the FRI/FS.  Why the difference in cost?   
 


                                                
6 King County, 2003.  2003 Annual Report.  King County Groundwater Protection Program.  March 31, 2004. 
7 U.S. Environmental Protection Agency (US EPA). 2003.  Third Five-Year Review Report for Western Processing 


Superfund Site, Kent, Washington.  September 30, 2003 
8 King County, 2007.  iMap Program. http://dnr.metroke.gov/wlr/wg/groundwater-data.htm#. 
9 PES Environmental, 2006.  Memorandum from Brian O’Neal and Bill Haldeman to Ron Burt and Hideo Fujita, 
Regarding: Preliminary Approach to Compliance Monitoring BSB Cleanup Action Design.  April 4, 2008. 
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Section 7.3.3    Alternative 3 
 


10. What are the treatment levels for contaminants in the air stripper?  Since effluent from 
the air stripper is being discharged to the sanitary sewer rather than to the aquifer, the 
required treatment levels are much less strict than for Alternative 2.  Is this adequately 
accounted for in the design and costing of Alternative 3? 


 
Section 7.5.5.2    Long-Term Effectiveness 
 


11. Will the ZVI reactor system really “function completely passively”?  It is difficult to 
envision the hydraulics of the ZVI reactor system operating completely on natural 
gradients without a large mounding of groundwater within the containment area.  Such 
mounding will increase the advective flux of water and contaminants through slurry wall.   


 
12. A 30-year life of the ZVI is optimistically long, especially given the high levels of 


inorganics in the groundwater.  Is there any redundancy built into the system in case one 
or more of the reactor vessels needs to be taken offline for maintenance?  Are there any 
emergency plans in the event of system upset? 


 







 


  


ATTACHMENT B 
 


COMMENTS ON PRELIMINARY APPROACH TO 
COMPLIANCE MONITORING BSB CLEANUP ACTION DESIGN 


MEMORANDUM FROM PES, APRIL 4, 2008 
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ATTACHMENT B 
 


Comments on Preliminary Approach to Compliance Monitoring BSB Cleanup Action Design, 
Memorandum from PES, April 4, 2008 


 
  
Performance Monitoring 
 


1. The paired piezometer locations are adequate to understand the general water level 
dynamics inside and outside of the containment wall.  Monthly water levels 
measurements may be sufficient during non-transitional periods after an initial startup 
period; however a greater sampling frequency should be used during the startup period to 
determine the magnitude and recurrence of water level variations during both transitional 
and non-transitional periods.  During the startup period, pressure transducers could be 
installed in some of the piezometers to provide more continuous readings (e.g., daily) that 
would establish the needed sampling frequencies. 


 
2. The first sentence in the first paragraph under “ZVI Reactor Vessel Effluent Monitoring” 


should read, “The treatment performance of the ZVI reactor vessels will be monitored 
when flow out of the vessels is occurring and/or when water levels outside the 
containment wall are dropping or are below water levels inside the containment wall.” 


 
3. Monthly samples are too infrequent to adequately respond to a system upset.  Weekly 


samples should be taken and analyzed for, at a minimum, the indicator contaminants. 
 


4. Supplemental monitoring in the case of a performance failure is provided for, but no 
provisions are made for containment, treatment, and disposal of the effluent during these 
periods of system upset.  How will contaminated effluent be prevented from entering the 
down gradient aquifer? 


 
5. Could a one-way check valve be used instead of a flow control valve that would be 


manually opened and closed? 
 
Confirmational Monitoring   
 


6. Water quality samples should also be collected from wells inside the containment wall 
that are across from the proposed monitoring wells on the outside of the wall.  This 
would document how water quality outside of the containment area changes relative to 
water quality on the inside of the wall and would also provide information on 
concentration gradients across the containment wall. 
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1. EVALUATION OF ALTERNATIVE 2 
 


Alternative 2 consists of a 110-foot-long ZVI gate at the northeast corner of Parcel G.  
The proposed ZVI gate would have a thickness of 1.5 feet and penetrate to an average depth of 
40 feet below grade.  Assuming a typical depth to the water table of 5 feet, the ZVI gate would 
have a saturated thickness of 35 feet.  The remainder of Parcel G would be circumscribed by a 
bentonite slurry wall of similar depth, but with a thickness of 1.75 feet (21 inches).  The design 
hydraulic conductivity of the slurry wall is 1 x 10-7 centimeters/second (cm/s) (2.8 x 10-4 feet/day 
[ft/d]). 


 
The ZVI gate is intended to reduce concentrations of VOCs in groundwater leaving 


Parcel G to cleanup levels of 30 micrograms per liter (µg/L) for trichloroethene (TCE), 70 µg/L 
for cis-1,2-dichloroethene (cDCE), and 2.4 µg/L for vinyl chloride (VC).  Based on the results of 
a laboratory treatability study (included in the RI/FS as Appendix G5) and published work on 
in-situ reactions rates (O’Hannesin et al, 20046), the draft RI/FS estimates that a residence time 
in the ZVI gate of 3.5 days (d) (84 hours[hrs]) is needed to reduce VOC concentrations to 
groundwater cleanup levels. 


 
The ZVI gate design uses calculated estimates of the maximum rate of groundwater flow 


through the gate, the residence time needed to treat VOCs, and the dimensions of the gate in 
order to determine the thickness of ZVI required.  An uncertainty in reviewing the gate design is 
that there is no explanation of the relationship between the residence time used to determine gate 
thickness and the temperature-corrected half-lives estimated from the column experiment.  
Appendix G of the RI/FS, a report on a laboratory column test conducted by EnviroMetal 
Technologies, Inc. (ETI) (1999), reports reaction rates in terms of single compound half-lives 
estimated from a column test and as a range of residence times based on a sequential decay 
model.  Appendix G estimates the half-life of VC to be 1.5 hrs based on the column tests and 
recommends doubling the half-life to 3 hrs to account for the lower groundwater temperatures 
expected at the site compared to the temperature of the column study.  Subsequently, as reported 
in the RI/FS text, ETI advised increasing the half-life by a factor of 3 to 4.5 hrs based on 
published literature (O’Hannesin et al., 2004).  Based on a sequential decay model, ETI 
recommends a residence time of 34 hrs (2.5 d) using the temperature compensated decay rates.  
The actual design of the ZVI gate, however, used a residence time of 3.5 d.  For a residence time 
of 3.5 d, maximum VC concentrations of 4,000 µg/L, and the cleanup level of 2.4 µg/L, the 
RI/FS design appears to assume an effective VC half-life of 7.9 hrs, as shown in the following 
calculations: 
 


Lg
Lg


kt
C
C


r /000,4
/4.2


)exp(
0 µ


µ
=−=  (1) 


 


                                                 
5 EnvironMetal Technologies, Inc., 1999.  Bench-scale Treatability Report of the EnvironMetal Process at the BSB 
Site in Kent, Washington.  Rerport to Emcon, June 1999.  (Included in the draft RI/FS as Appendix G.) 
6 O’Hannesin, S. F., Przepiora, A., Gillhan, R. W., 2004.  Effect of t emperature and iron content on iron PRB 
design.  Presented at the Fourth International Conference on Remediation of Chlorinated and Recalcitrant 
Compounds, Monterey, CA, May 24-27. 
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where  C =  the final concentration, 
 C0 =  the initial concentration, 
 k =  the reaction rate (d-1), 
 tr =  the residence time (d). 
 
Rearranging equation (1) and solving for k gives 
 


11.25.3/
000,4


4.2
ln −=










−= ddk  


and a half-life of 
 


hrdkt 8.732.0/69.02/1 ≡==  
 
 The reason for the apparent increase in the design half-life is not discussed.  The increase 
may be to account for the sand/iron mixture proposed for the ZVI gate (the column study used 
100 percent iron).  If so, the translation of half-lives for the column system to those for a 
sand/iron mixture is not discussed.  Also, the recent increases in ETI’s recommended 
temperature corrections for half-life, from a factor of 2 in 1999 to a factor of 3 in 2005, indicate 
the level of uncertainty in the reaction rates.  
 


Assuming the validity of the 3.5-d residence time and using the RI/FS values of 1.1 
gallons per minute (gpm) for the maximum total flow rate through the lower 18.5 feet of the ZVI 
gate (estimated by a groundwater flow numerical model reported in Appendix H of the RI/FS) 
and 0.3 for the effective porosity for ZVI, the minimum gate thickness required can be calculated 
as: 


 


ttvb =min  (2) 


θWD
Q


v T=  (3) 


θWD
Qt


b Tr
m =  (4) 


 
where bm =  the minimum ZVI thickness (ft). 
 v =  the pore velocity in the ZVI (ft/d), 
 W =  the length of the gate (ft), 
 D =  the depth of the gate (ft), 
 QT =  the total flow rate through the gate (ft3/d) 
 θ  =  the effective porosity. 
 
Thus,  
 


ft
xftxft


dftxd
bm 2.1


3.05.18110
/2125.3 3


==  
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The ZVI gate design thickness of 1.5 feet (18 inches) means that under design conditions 
VC would penetrate 80 percent of the gate thickness (1.2 feet or 14.4 inches) before being 
reduced to the groundwater cleanup objective of 2.4 µg/L.   By design, if any section of the 
18-inch wall is less than 14.4 inches thick, groundwater exceeding the cleanup level would be 
expected to flow to the downgradient aquifer. 


 
Although the calculation above suggests that the proposed ZVI thickness is nominally 


sufficient to achieve the cleanup objective for VC, a review of Alternative 2 identified a number 
of design uncertainties or deficiencies that can impact the performance and long-term 
effectiveness of the cleanup action.  These uncertainties and deficiencies are related to the 
following design factors: 


 
• reaction kinetics, 
• groundwater flow rates, 
• maximum contaminant concentrations, 
• gate constructability, 
• performance monitoring, and cleanup levels. 


 
Hexcel has previously communicated some of these concerns in correspondence copied 


to Washington Department of Ecology (Ecology)7,8,9.  These comments are included herein by 
reference. 


1.1 Reaction Kinetics   
 
The laboratory treatability study (ETI, 1999) was a ZVI column experiment conducted 


for 46 pore volumes (about 42 d).  The column was 50 centimeters (cm) long and packed with 
8-50 mesh granular iron obtained from Connelly-GPM, Inc.  Groundwater from Parcel G was 
continuously flowed through the column at a flow rate of 0.92 pore volumes/d.  Water samples 
were taken after intervals of column operation varying from 3.48 d (3.8 pore volumes) to 42.2 d 
(46 pore volumes).  The water samples were taken from the influent and effluent sampling ports 
and from seven side ports at various distances along the column as given in the table below: 


 
Location and Equivalent Residence Time and Pore Volume 


of ETI Column Sampling Ports 
Sampling Port Influent 1 2 3 4 5 6 7 Effluent 
Column Distance (feet) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6 
Residence Time (hrs) 0.0 1.1 2.2 4.4 6.7 8.8 13.4 17.6 22.0 
Pore Volumes 0.0 0.05 0.10 0.20 0.30 0.40 0.67 0.80 1.00 


 
These samples were analyzed for the five chlorinated hydrocarbons known to be present 


in site groundwater: TCE, cDCE, trans 1,2-dichloroethene (tDCE), 1,1-dichloroethene (11DCE), 


                                                 
7 Hexcel Corporation.  2005.  Correspondence from A. William Nosil to Ronald Burt Regarding: BSB Parcel G 
Remedy.  February 24, 2005. 
8 Hydro Geo Chem.  2005.  Correspondence from James Norris to Ronald Burt Regarding: Design Issues for ZVI 
Reactive Barrier.  March 23, 2005. 
9 Hydro Geo Chem.  2005.  Correspondence from James Norris to Ronald Burt and Paul Beveridge.  April 27, 2005. 
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and VC, as well as for pH and Eh.  The results of the chorinated-hydrocarbon analyses were used 
to calculate reaction rates of chlorinated ethenes with ZVI.   
 


The methods used in this experiment appear to be generally valid.  However, there are 
uncertainties in the long-term reaction rates associated with iron passivation by the co-solutes 
silica, carbonates, and natural organic matter (NOM), and with the approximation of mixed-order 
(Michaelis-Menten) kinetics as a simple first-order reaction. 


1.1.1 Impact of Co-solutes on Long-Term Reaction Rates  
 
During the column test, ETI collected additional water samples from the column influent 


and effluent sampling ports to allow assessment of geochemical changes resulting from site 
groundwater’s passage through the column.  These samples were collected at approximately 30 
pore volumes and at the end of the test (46 pore volumes) and were analyzed for inorganic 
species and dissolved organic carbon (DOC).  Comparison of the influent and effluent results 
showed significant decreases in effluent concentrations of calcium, magnesium, iron, silica, 
DOC, and alkalinity, while sodium, potassium, manganese, sulfate, ammonia, nitrate, and 
chloride remained relatively unchanged.  The data indicate that calcium, magnesium, iron, silica, 
carbonate species, and DOC are precipitating, adsorbing, or reacting with the column.  ETI 
concluded, on the basis of their experience prior to the column test, that precipitates have only a 
minor effect on the activity of iron. 
 


However, a number of long-term studies that have been performed since the ETI study 
show that the reaction rates of ZVI with chlorinated organic compounds are reduced over time as 
a result of the adsorption of silica (Klausen et al, 200310


;
 Kohn et al, 2005 11; Kohn and Roberts, 


200612); the precipitation of carbonate species (Agrawal et al., 200213; Klausen et al., 2003; 
Kohn et al., 2005; Kohn and Roberts, 2006;); and/or the adsorption or reaction of dissolved 
NOM (Klausen et al., 2003).  (The DOC detected in BSB-site groundwater is presumed to be 
predominantly NOM).  These studies indicate that the passivation effects of these co-solutes can 
be exhibited over a longer period of time (greater number of pore volumes) than that evaluated 
by the ETI tests. 


1.1.1.1 Dissolved Silica 
 
Recent investigations of the effects of silica on ZVI kinetics show that adsorption of 


silica to iron surfaces can lead to a significant reduction in iron reactivity with organohalides 


                                                 
10 Klausen, J., Vikesland, P. J., Kohn, T., Burris, D. R., Ball, W. P., Roberts, A. L., 2003.  Longevity of granular iron 
on groundwater treatment processes: solution composition effects on reduction of organohalides and nitroaromatic 
compounds.  Environmental Science and Technology 37: 1208-1218. 
11 Kohn, T., Livi, K. J. T., Roberts, A. L., Vikesland, P. J., 2005.  Longevity of granular iron on groundwater 
treatment processes: corrosion product development.  Environmental Science and Technology 39: 2867-2879. 
12 Kohn, T. and Roberts, A. L., 2006.  The effect of silica on the degradation of organohalides in granular iron 
columns.  Journal of Contaminant Hydrology 83: 70-88. 
13 Agrawal, A., Ferguson, W. J., Gardner, B. O., Christ, J. A., Bandstra, J. Z., Tratnyek, P. G., 2002.  Effects of 
carbonate species on the kinetics of dechlorination of 1,1,1-trichloroethane by zero-valent iron.  Environmental 
Science and Technology 36: 4326-4333. 
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(Kohn and Roberts, 2006; Klausen et al., 2003).  The Kohn and Roberts (2006) experiments used 
30-cm columns filled with Connelly iron (the same iron used in the experiment for the RI/FS).  
Their experiments used concentrations of dissolved silica that were similar to that of the 
groundwater at Parcel G.  After an experimental duration of about 200 pore volumes, TCE 
destruction rates in the column with silica influent were 35 percent of those in the column 
without silica influent and remained so for the rest of the test (approximately 1500 pore volumes) 
(Figure 1).  Comparison of the reduction in rates exhibited by the non-silica and silica-added 
columns suggest that the silica effect is independent of the effects of other co-solutes. The 
findings indicated that passivation occurs as silica saturates the available adsorption sites on the 
iron surfaces, after which there appears to be no further inhibition by silica on iron reactivity.  In 
the experiments of Kohn and Roberts (2006) silica breakthrough was first observed in the 
effluent in about 270 pore volumes, with silica concentrations in the effluent approaching silica 
influent concentrations after about 1100 pore volumes.  Note that the RI/FS design groundwater 
residence time of 3.5 d for the Permeable Reactive Barrier (PRB) equates to approximately 100 
pore volumes per year, meaning that ZVI reactivity could potentially decrease for well over a 
decade.  


 
The column experiment performed by ETI (1999) was run for only 46 pore volumes.  


Influent silica was relatively high for groundwater, approximately 24 milligrams per liter (mg/L), 
yet less than 0.5 mg/L silica was observed in the effluent at the end of the experiment. Assuming 
adsorptive retardation of the dissolved silica in the ETI column was similar to that observed by 
Kohn and Roberts (2006), only about 20 percent of the adsorption sites on the ETI column’s iron 
surfaces experienced an increased concentration of dissolved silica.  Thus, most of these sites 
were unlikely to have been impacted by silica, and the column test results were probably only 
minimally affected by silica. As a result, the design reaction rates did not fully include the 
longer-term passivation effects of silica. 


1.1.1.2 Carbonate Species 
 
Even in the absence of dissolved silica, reaction rates for ZVI will decrease from natural 


weathering of the iron and from the precipitation of carbonate species.  The report on the column 
study by ETI (1999) claims that “experience to date” indicates that carbonate precipitates will 
have “only minor effect on the activity of iron”.  For calcium and magnesium carbonates this 
appears to be a reasonable assumption. Kohn et al.(2005) observed little effect on rates by the 
precipitation of alkaline earth carbonates.  However, recent studies indicate that the precipitation 
of iron carbonate species may have a significant impact on reaction rates.  Agrawal et al (2002) 
specifically explored the reduction of 1,1,1-trichloroethane reactivity with ZVI.  Their 
experiments revealed that the iron carbonates gradually precipitated, forming what was presumed 
to be FeCO3 (but was probably iron carbonate hydroxide [Kohn et al., 2005]) and reducing the 
overall reaction rate.  Klausen et al. (2003) found that columns fed 2 millimolar (mM) 
bicarbonate exhibited a 4-fold decrease in granular iron reactivity towards TCE (in the absence 
of silica or NOM) between day 50 (280 pore volumes) and day 300 (1680 pore volumes).  
Higher levels of bicarbonate (20 mM) led to a 90 percent decrease in TCE reactivity in 200 days 
of column operation (Kohn et al., 2005).  Influent bicarbonate levels at Parcel G are relatively 
high, about 3.6 mM.  Therefore, carbonate species are a potential source of passivation for the 
ZVI gate. 
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1.1.1.3 Natural-origin Organic Matter 
 
The long-term ZVI column experiments conducted by Klausen et al. (2003) showed that 


columns fed 2 mg/L NOM became substantially less reactive toward TCE than “NOM-free” 
columns.  This was true for NOM solutions composed of either predominantly fulvic acids or 
predominantly humic acids, although the rates decreased more quickly for the humic acids.  By 
day 100 (570 pore volumes), the observed rates of reaction were roughly half those for 
comparable columns not fed NOM.  The Parcel G groundwater used in the column experiments 
had a mean DOC concentration of 7.6 mg/L, which was reduced in the effluent to a mean of 
3.0 mg/L, leaving 4.6 mg/L in the column or otherwise consumed.  The humic and fulvic acid 
conclusion fractions of Parcel G groundwater are not known.   


1.1.1.4 Additional Observations of Long-Term Declining ZVI Activity 
 
The PRB team of the Interstate Technology Regulatory Council (ITRC) reports the loss 


of iron reactivity with time, attributable to precipitation of inorganics in the groundwater as well 
as to the inherent aging of the iron (ITRC, 200514).  Their report specifically cites column studies 
using groundwater from two field sites that showed a 2- to 4-fold reduction in ZVI reaction rates 
over 1300 pore volumes (Gavaskar et al., 200215).  Given this likelihood of gradual iron 
passivation, there remains uncertainty of the sustainability of the reaction rates determined in the 
short-term column experiments conducted by ETI (1999). 
 


Decreasing reaction rates over time in the ETI (1999) column study are illustrated in 
Figure 2.  This figure was created from the table of results provided in the ETI (1999) study 
(Appendix G of the RI/FS).  In the early stages of the experiment (small pore volumes), the 
degradation rates of TCE, cDCE, and VC are relatively rapid and slowed with increasing 
experimental duration (increased pore volumes).  There is no indication that the degradation rates 
have reached their minimum value, although the previously cited studies suggest that rates would 
continue to decline for a much longer period than 46 pore volumes.  


1.1.2 Choice of Kinetic Model to Interpret Column Data 
 
A second uncertainty in the determination of appropriate reaction rates was the use of 


first-order kinetics (rates directly proportional to concentration) to interpret the results.  
First-order kinetics is described by the following equation: 


 


kC
dt
dC


=−  (5) 


 
 


                                                 
14 Interstate Technology Regulatory Council (ITRC) Permeable Reactor Barriers Team, 2005.  Permeable Reactive 
Barriers: Lessons Learned/New Directions.  Interstate Regulatory Council, Washington, D. C.  
15 Gavaskar, A., Sass, B., Gupta, N., Dresher, Yoon, W., Sminchak, J., Hicks, J., Condit, W., 2002.  Evaluating the 
Longevity and Hydraulic Performance of Permeable Reactive Barriers at Department of Defense Sites.  Columbus, 
OH: Battelle for Naval Facilities Engineering Service Center.  
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where C  =  concentration of the reacting species (mass/volume) 
  k  =   the first-order rate constant (time -1), and 
  t   = time 
 


First-order kinetics are commonly assumed in modeling of groundwater reactions, but 
there is evidence that this assumption may not be appropriate for ZVI kinetics, especially when 
the rates appear to be limited to a maximum and the rate parameters change over time (Agrawal 
et al., 2002).  Dual order, surface-limited reaction kinetics (Michaelis and Menten, 191316) more 
mechanistically describe rates of reactions typified by solids reacting with solutions, i.e., 
reactions like the reduction of dissolved chlorohydrocarbons by ZVI.  The Michaelis-Menten 
model is given by: 


 


CK
CV


dt
dC


+
=−


2/1


max  (6) 


 
where Vmax =  the maximum degradation rate (concentration/time), and 


K1/2 =  the half-saturation constant, defined as the concentration (mass/volume) of the 
solute resulting in a reaction rate that is half of the maximum rate. 


 
When concentration, C, in Equation (6) is much higher than K1/2, the denominator (K1/2  + 


C) is approximately equal to C.  C in the numerator and denominator then can be canceled, and 
the rate of the reaction in this concentration range approaches a constant, zero-order rate Vmax, 
shown in Equation (7): 


 


maxV
dt
dC


=−  (7) 


 
 As the reaction proceeds, C decreases and ultimately becomes smaller than K1/2,. As C 
becomes much less than K1/2, the C in the denominator of Equation (6) becomes negligible and 
the rate transitions to first-order (the rate of reaction is directly proportional to a rate constant, in 
this case, Vmax / K1/2).  The resulting first-order reaction is: 
 


2/1


max


K
CV


dt
dC =−  (8) 


 
 The general validity of this concept for the experiments performed by ETI (1999) is 
illustrated in Figure 3 (3a and 3b).  This figure plots experimentally obtained concentrations 
against residence time in the column for experimental durations (expressed as column pore 
volumes).  Figure 3a is the first-order model fit to the experimental data, and Figure 3b is the fit 
of a Michaelis-Menten model to the experimental data.  As clearly shown in the figure(s), only 
the Michaelis-Menten model adequately describes the progression of the degradation, capturing 
the transition from zero-order (early time) to first-order (late-time).   
 
                                                 
16 Michaelis, L., Menten, M., 1913. Die Kinetik der Invertinwirkung, Biochem. Z. 49:333-369 
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 The application of Michaelis-Menten kinetics to the experimental data also helps to show 
the implication of the gradual reduction in reaction rate parameters with time.  Figure 4 shows 
the Michaelis-Menten parameters that were determined from the fits to the experimental data 
shown in Figure 3b.  Both Vmax and K1/2 decrease proportionally so that the pseudo-first-order 
rate (Vmax/K1/2) is relatively constant.  (A similar finding is reported in Agrawal et al., 2002).  
Consequently, a decrease in reaction rate associated with experimental duration would decrease 
the maximum rate (Vmax), but have little effect on the reaction rate when the degradation curve 
eventually transitions into the first-order region.  However, because the values of both K1/2 and 
Vmax decrease with duration of column (or ZVI) use, the period for which the reaction rate is 
zero-order is increased (less reaction progress can occur per unit time, and the concentration 
range in which C > K1/2 is greater). To illustrate the implications of an increased transition from 
zero-order to first-order, Figure 5 plots three degradation curves that include the effects of the 
co-solutes silica, and the carbon species (carbonate and NOM).  Consistent with the long-term 
studies described earlier, the passivating effects of these co-solutes are assumed to be additive. 
The first curve shows the degradation of VC resulting from the Vmax and K1/2 estimated from the 
column experiments, but decreased by a factor of 3 to compensate for the column experiment 
being run at 23 degrees Celcius (oC), higher than the temperature (10 oC) of site groundwaters 
(O’Hannesin et al., 2004).  The second curve shows VC degradation under the assumption that 
the temperature-corrected Vmax and K1/2 are decreased by a factor of 65 percent to account for 
silica adsorption, and the third curve shows VC degradation after Vmax and K1/2 have been further 
reduced by a factor of 3 to account for the effects of carbonate precipitation and NOM 
adsorption/precipitation.   
 
 Figure 5 illustrates that the required residence time may increase by almost a factor of 9 
due to a decrease in rate parameters, even if the pseudo-first-order rate (Vmax/K1/2) appears 
unchanged. These estimated consequences fall within the range of passivation experienced in the 
previously-described long-term studies and point out some of the uncertainties associated with 
the short-term column studies and the interpretation of appropriate reaction rates.  Whether 
ultimate zero-order and first-order rates have reached minimum values needs to be addressed, 
probably by additional experiments designed to evaluate the passivation effects of a much larger 
number of pore volumes.  Failure to account for these effects underestimates the required 
residence time. 
 


1.2 Groundwater Flow Rates   
 


Other factors being held constant, the design thickness of the ZVI gate required to meet 
cleanup levels will be proportional to the groundwater flow rate.  To illustrate, Figure 6 shows 
the sensitivity of the required wall thickness to the flow rate through the wall and the required 
residence time based on Equation (4).  Even if the design residence time of 3.5 d is correct, the 
total flow rate could not exceed approximately 1.4 gpm with a wall thickness of 1.5 feet.  In 
addition to this low margin for error, the estimated flow rate through the ZVI gate is based on a 
simplified analysis of groundwater flow assuming uniform hydraulic properties.   
 


Several factors indicate that the design flow rate of 1.1 gpm is too low.  These factors 
include:   
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• a calculation of groundwater flow using the RI/FS modeling results,   
• the impact of aquifer and gate heterogeneities on groundwater flow, and  
• consideration of variations in flow due to gate geometry. 


1.2.1 Groundwater Flow Calculation 
 
As discussed in Appendix H of the RI/FS, flow through the ZVI gate will be primarily 


controlled by seasonal fluctuations in the water table outside the slurry wall.  The design flow 
rate of 1.1 gpm was estimated by simulating flow due to a seasonal water table change of 4.5 feet 
(Figure 7).  The actual change in the water table was between 5 and 6 feet, indicating an error of 
10 to 25 percent in the simulated water level change.   


 
 The flow through the ZVI gate will further depend on the hydraulic conductivity and the 
specific yield of the water-bearing units at the site17.  The RI/FS does not state what value of 
specific yield was used in the model simulations.  Nevertheless an estimation of the expected 
flow rate through the gate can be made by using the observed water level fluctuation shown in 
Figure 7 and assuming that the water level inside the slurry wall equilibrates with that outside the 
slurry wall due to flow through the ZVI gate.  The flow through the gate is given by: 
 


t
H


ASQ yT ∆
∆


=  (9) 


 
where QT =  total flow throught the gate (ft3/d), 


Sy =  specific yield, 
A =  area inside the slurry wall (ft2), 


t
H


∆
∆


=  rate of water level change (ft/d). 


 
Based on the declining portion of the water level hydrograph in Figure 7, the rate of decline was 
approximately 0.03 ft/d.  The area enclosed by the proposed slurry wall is approximately 
160,000 square feet  (ft2) (400 feet × 400 feet).  Assuming the specific yield of the water-bearing 
units is 0.15, a value typical of unconsolidated sediment (Bear, 197918), then the average flow 
rate through the gate would be: 
 


gpmdftdftxftxQT 7.3/720/03.0000,16015. 32 ≡==  
 
The above calculation indicates that the design flow rate used in the draft RI/FS is likely too low 
because the groundwater flow model underestimates the rate of water level change.   


                                                 
17 The flow will also depend on the specific storage of the sediment, but to a much lesser extent than on the specific 
yield because the aquifer system is unconfined. 
18 Bear, J., 1979.  Hydraulics of Groundwater.  McGraw-Hill.  New York. 
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1.2.2 Aquifer and Gate Heterogeneities 
 


Even assuming that the estimates of the average groundwater flow through the gate 
presented in the RI/FS are accurate, the thickness of the ZVI gate would need to be increased to 
account for variations in the groundwater velocity due to spatial variations in the hydraulic 
conductivity and the porosity of the aquifer and in the ZVI. 
 


The hydraulic conductivity of natural materials is commonly found to vary according to a 
log-normal distribution. The standard deviation of the natural logarithm of hydraulic 
conductivity (ln[K]) of alluvial and other unconsolidated sediments has been found to be in the 
range of 0.5 to 1.0 (Gelhar, 199319; see also ITRC, 2005).  Given a uniform hydraulic gradient 
across the ZVI gate (uniform hydraulic head on each side of the gate), the flow rate into the gate 
and residence time in the gate will vary according to the local hydraulic conductivity of the 
aquifer material.  To account for the distribution of groundwater velocities resulting from the 
natural variability of physical properties of the aquifer and ZVI (as well as ZVI reaction rates), 
ITRC (2005) recommends the use of probabilistic modeling for ZVI barrier design. 


 
Figure 8 shows the variation in residence time assuming that the average flow through the 


ZVI gate is 1.1 gpm and that the hydraulic conductivity of the aquifer has a normal distribution 
of ln (K) with a standard deviation equal to 0.5.  Based on the calculations illustrated in Figure 8, 
approximately 25 percent of the residence times will be less than that required to achieve the 
groundwater cleanup objective for VC20.  If the variations in hydraulic conductivity are evenly 
distributed over the surface of the gate, 25 percent of the groundwater flow through the gate will 
not be treated to the cleanup objective.   


 
Assuming first-order decay of the VC at an effective rate consistent with the proposed 


residence time, Figure 9 shows the effluent VC concentration in terms of the percentage of flow 
through the gate.  As can be seen in this figure, the ability of the proposed ZVI gate to achieve 
the groundwater cleanup objectives is by no means certain. 


1.2.3 Variations in Flow Due to Gate Geometry and Permeability 
 
The groundwater flow rate through the gate will not be uniform because the geometric 


properties of the gate and slurry wall will result in a non-uniform hydraulic head distribution 
near the gate.  ITRC (2005) notes that variability in ZVI packing within the gate or a high 
permeability contrast between the ZVI gate and the surrounding aquifer can lead to preferential 
horizontal and vertical flow paths in the iron.  This uncertainty in groundwater velocities and 
preferential flow paths can be evaluated by conducting detailed flow modeling in the vicinity of 
the gate, but detailed water quality and water level monitoring would be needed to verify actual 
gate performance. 


                                                 
19 Gelhar, L. W., 1993.  Stochastic Subsurface Hydrology.  Prentice-Hall.  Englewood Cliffs, New Jersey. 
20 The calculations used to prepare Figure 8 were based on the linear relationship between hydraulic conductivity, 
pore velocity, and residence time implied by Darcy’s Law.  The residence times were computed using the 
NORMINV function in Microsoft Excel® with the geometric mean adjusted so that the arithmetic average flow rate 
through the gate was 1.1 gpm. 
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1.3 Maximum Contaminant Concentrations 
 
The ZVI gate design must account for the maximum expected influent VOC 


concentrations.  The design basis used maximum historical VOC concentrations measured in the 
vicinity of the gate.  These are 4,000-µg/L TCE, 5,500-µg/L cDCE, and 4,000-µg/L VC. 


 
The historical VOC concentrations in groundwater in the vicinity of the proposed gate 


developed under conditions (i.e., groundwater pumping and the absence of a slurry wall) of 
faster groundwater flow rates compared to those likely to occur after the slurry wall is in place.  
Future concentrations of VOCs in groundwater can be higher than the design basis because 
within the containment zone there will be less dilution by unimpacted groundwater and a longer 
time for equilibration between the source and groundwater.  The uncertainty in future 
concentrations can be evaluated by numerical transport modeling, but will require ongoing 
detailed water quality monitoring to verify that concentrations impinging on the gate remain 
below the design basis. 


1.4 Gate Constructability 
 


The subsurface geology of Parcel G presents challenges for construction of the ZVI gate.  
The fine-to-medium sands comprising the Layer B aquifer have low shear strength and a 
tendency to flow21.  This condition will present difficulties in installing ZVI to a uniform wall 
thickness even using continuous trenching equipment.  Because of the loose sand conditions and 
the intrinsic lack of precision of the gate installation technology, the as-built gate likely will not 
be of uniform thickness.  Instead, it will pinch and swell.   


 
Because the reaction zone in the ZVI is 14.4 inches thick, there are only 3.6 inches of 


unreacted ZVI between the reaction zone and the downgradient aquifer.  If any section of the 
18-inch wall is less than 14.4 inches thick, groundwater exceeding the cleanup level would be 
expected to flow to the downgradient aquifer.  Thus, the design assumes a high degree of 
precision to construct the gate with a thickness tolerance less than 4 inches for a subsurface 
structure 110 feet long and 40 feet deep in a loose sand.  Additionally, there is no way to verify 
the as-built thickness of the gate.  For this reason, detailed water quality sampling is critical for 
performance monitoring  


 
Another constructability concern is that Layer C silt is thin in the vicinity of the gate and 


has an undulating surface that will be hard to key the ZVI gate into with precision.  Figure 10 is a 
geologic cross-section at the proposed ZVI gate alignment based on information in the RI/FS 
(i.e. Figure 7 of the RI/FS).  As shown by Figure 10, Layer C is less than 2 feet thick in 
places22and has an undulating surface.  If the gate does not penetrate to the Layer C key along 
the entire length of the gate, contaminants would migrate under the gate.  If, on the other hand, 


                                                 
21 The tendency for flowing sands and implications for well construction are noted in the Draft Deep Aquifer 
Investigation Work Plan communicated in a letter from William Haldeman, PES Environmental, Inc., to Hideo 
Fujita, Washington Department of Ecology dated January 16, 2006. 
22 The Draft Deep Aquifer Investigation Work Plan indicates that Layer C ranges from 1.5 to 5.6 feet thick in the 
vicinity of the proposed gate. 
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the gate penetrates through Layer C it will create a permeable pathway for contamination to flow 
into the Layer D aquifer.  Detailed information on the depth, thickness, and composition of Layer 
C would be required along the gate alignment to create a detailed cross-section that could be 
used to guide and fine tune the depth of the trencher as it progresses along the alignment.  The 
only way to determine whether the as-built gate actually bottomed in Layer C would be to drill 
confirmatory borings within the ZVI to verify its depth and the underlying material. 


 
The constructability uncertainties would be less critical if the ZVI gate had a safety factor 


added to its thickness to account for irregularities and if Layer C were thick enough to require 
less than surgical precision.  Although the same constructability uncertainties are associated with 
the slurry wall, they are of less concern because the backfill will be a low permeability clay 
mixture.  However, slurry wall continuity and uniformity is an issue for Alternative 2 because at 
certain times of the year the hydraulic gradient between the containment zone and the 
downgradient aquifer will be directed out of the containment zone. 


1.5 Performance Monitoring 
 
 Performance monitoring of the treatment level attained by the ZVI gate is a key concern 
to Hexcel given the uncertainties in ZVI reaction rates, groundwater velocities, and gate 
constructability.  The RI/FS design calls for only four wells to be installed inside the ZVI: two 
installed in the upper portion of Layer B 30 feet from each end of the wall, and two installed in 
the lower portion of Layer B, 30 feet from each end of the wall, as illustrated in Figure 10.  The 
wells would be positioned in the ZVI 6 inches from the downgradient aquifer.  Groundwater 
samples for chemical analysis would be collected quarterly when groundwater flow is out of the 
containment area.   
 


One aspect of the proposed performance monitoring that will lead to confusion is the 
position of the wells within the reaction zone of the ZVI.  Because the gate is 18 inches thick and 
has a reaction zone 14.4 inches thick, wells 6 inches from the downgradient aquifer would be 
located 1.4 inches into the reaction zone (Figure 11).  Samples from the within reaction zone are 
likely to contain unreacted VOCs in concentrations at or above cleanup levels.  Thus, unless 
there was a significant breakthrough, the water quality data would be ambiguous with respect to 
ZVI performance and whether or not VOCs were being fully treated.  


 
A complicating factor for performance monitoring is that groundwater monitoring in the 


downgradient aquifer near the gate will not be able to verify the ZVI performance because of the 
preexisting contamination there.  Based on its review of ZVI reactive barriers, ITRC (2005) 
indicates that “it may take years before site owners can verify how well the PRB is working”.  
ITRC also notes that “given the time lag in achieving downgradient water quality improvements, 
regulators and site owners should also consider establishing a temporary compliance point within 
the reactive media or near the downgradient edge of the PRB”. 
 


Additionally, performance monitoring recommendations made by ITRC (2005) indicate to 
Hexcel that the horizontal and vertical sampling density proposed for Alternative 2 is 
insufficient.  ITRC (2005) recommends that a performance monitoring program be designed to 
detect changes in reactivity, permeability, and contaminant resident with the reaction zone; short 
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circuiting around, under, and through the ZVI gate, and short circuiting under or through the 
slurry wall used to funnel flow to the gate.  Monitoring well placement recommended by ITRC 
(2005) includes:  


 
• wells upgradient, downgradient, and within the ZVI gate to determine groundwater flow 


rate, upgradient concentrations, differences in flow rate and reactive media fouling;  
 
• wells upgradient and downgradient of the low permeability barrier on either side of the 


ZVI gate to determine leakage, underflow, or overflow; and  
 
• wells below the bottom of the ZVI gate to monitor for contaminant migration beneath the 


PRB. 
 


For the monitoring wells located within the PRB, ITRC (2005) recommends multilevel, 
nested, or cluster wells precisely because there is potential for heterogeneous mass loading due 
to variable groundwater flow, contaminant concentrations, settling within the reactive medium, 
and development of corrosion products or precipitates that reduce porosity and permeability.  
Figure 12 is a schematic cross-section illustrating the type of nested monitoring well array for 
Alternative 2 that is in keeping with the recommendations of ITRC (2005).  Figure 12 does not, 
however, illustrate the full number of monitoring points or the well spacing needed to provide 
adequate monitoring or the three-dimensional water quality data recommended by ITRC (2005). 


 
 The RI/FS also does not address sampling methods with any specificity.  ITRC (2005) 
advises that low flow purging techniques or passive diffusion bag samplers be used for sampling.  
In addition to VOCs, ITRC (2005) recommends analysis of inorganic constituents such as major 
element ions to characterize chemical changes in the influent and within the reactive medium. 
 
 Another consideration discussed by ITRC (2005) is the need to develop a contingency 
plan during the design of the ZVI gate in the event it fails to meet cleanup levels.  ITRC (2005) 
indicates that regulators often require that one or more contingency measures be incorporated 
into the design of a reactive barrier in case of failure.  Because the contingency implemented 
depends on the mechanism of failure, detailed performance monitoring is critical because it is the 
means by which failure would be detected and the cause diagnosed (i.e., loss of reactivity, 
inadequate residence time, etc.). 


1.6 Cleanup Levels 
 


The ZVI design is based on the assumption of cleanup levels of 30 µg/L TCE, 70 µg/L 
cDCE, and 2.4 µg/L VC.  Although we believe that a cleanup level of 3.7 µg/L VC is more 
appropriate23, Hexcel agrees in principal with many of the RI/FS rationales for the proposed 
cleanup levels.  However, until the cleanup levels have been approved by Ecology, we must 
consider the Alternative 2 design to be provisional.  If Ecology selects lower cleanup levels, the 
design and performance monitoring will need modification.  Hexcel agrees with the RI/FS that 
                                                 
23 Hydro Geo Chem, Inc.  2005.  Draft Preliminary Development of Cleanup Levels Hexcel Plant 1 Facility.  June 
10, 2005. 
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arsenic is a background constituent, but until Ecology determines similarly, we can only assume 
that the RI/FS must include arsenic as a constituent of concern and evaluate its treatment by the 
ZVI gate. 


 
An additional matter related to cleanup levels is the RI/FS pathways analysis.  By design, 


Alternative 2 will potentially release groundwater with VOCs up to the proposed cleanup levels.  
Because the proposed cleanup levels for TCE and VC exceed the Model Toxics Control Act 
cleanup levels for both Method A and Method B, Hexcel believes that indoor air exposure must 
be considered an exposure pathway for Alternative 2.  The Conceptual Site Model and 
subsequent development of cleanup levels in the RI/FS do not account for this pathway. 


2. EVALUATION OF ALTERNATIVE 3   
 


Alternative 3 proposes full enclosure of Parcel G with a bentonite slurry wall keyed into 
Layer C.  Groundwater pumping from three locations inside the slurry wall at a total rate of 
0.6 gpm would be used to maintain an inward hydraulic gradient across the slurry wall and the 
underlying Layer C.  The lower groundwater level in the containment zone compared to the 
surrounding aquifer would prevent groundwater mounding and the escape of contaminant mass.  
Extracted groundwater is proposed to be treated onsite with an air-stripper–activated carbon 
system for discharge to the sanitary sewer under a King County Wastewater Discharge Permit. 


 
Alternative 3 contains design uncertainties just as Alternative 2 does.  However, because 


Alternative 3 restricts contaminated groundwater to Parcel G and treats contaminants ex-situ, the 
uncertainties are fewer in number and more straightforward to assess compared to the 
uncertainties of Alternative 2.  Further, Alternative 3 could be easily modified to adjust to 
changing conditions or equipment malfunctions because it relies on easy-to-monitor processes 
and readily accessible equipment.   


 
Key uncertainties in Alternative 3 are the pumping rate required to maintain an inward 


gradient, and the contaminant load and the cleanup level for discharge. 


2.1 Pumping Rate 
 


According to Appendix H of the RI/FS, an average pumping rate of 0.6 gpm (116 ft3/d) is 
required to prevent flow out of Parcel G through the slurry wall or Layer C.  Because Appendix 
H does not provide any information on the water levels inside the slurry wall resulting from the 
proposed pumping rate, its reasonableness cannot be directly evaluated.  Simple calculations 
suggest, however, that the design pumping rate is higher than required.  For example, Figure 13, 
reproduced from Figure H-12 of the draft RI/FS, indicates that the flow into Parcel G through 
Layer C, the base of the area enclosed by the slurry wall, is approximately 100 ft3/d.  The upward 
hydraulic gradient required to sustain this flow can be estimated using Darcy’s Law as: 
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where Qbase = the flow through the base [ft3/d], 
 A =  the area of the base [ft2], 
 Kz =  the vertical hydraulic conductivity of Layer C [ft/d] 
 z∆ =  the thickness of Layer C [ft]. 
 
The area of the base in Parcel G is approximately 160,000 ft2 (400 feet × 400 feet), and 
Appendix H assigns a vertical hydraulic conductivity, Kz, of 4.5 × 10-4 ft/d to Layer C24.  
According to Equation (10), the hydraulic gradient would be: 
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Appendix H states that Layer C was assigned a thickness of 10 feet in the model, 


indicating that a vertical hydraulic head difference, ?H, = 1.4 × 10 feet = 14 feet between Layer 
D (underlying Layer C) and Layer B (overlying Layer C) would be required to sustain the 
simulated flow.  This head difference is much greater that any water elevation differences that 
have been measured at the site.  The high flow through the base of Parcel G reported in the RI/FS 
could, however, be due to horizontal flow through Layer C under the slurry wall and into Layer 
B.  If this is the case, it would bring into question the effectiveness of the slurry wall in funneling 
flow through the ZVI gate during times of declining water levels under Alternative 2.  Another 
possibility is that the Kz that was assigned to Layer C was not 4.5 × 10-4 ft/d as stated, but was 
actually 1 .5  × 10 - 3  f t /d, which is equivalent to the geometric mean hydraulic conductivity of 
5.3 × 10-7 cm/s that is reported on page 6 of Appendix H.  If 1.5 × 10-3 ft/d was used for Kz, the 
required vertical head difference would be 4.2 feet, which is more consistent with, but still 
greater than, measured values. 
   


The draft RI/FS also estimates a maximum flow into Parcel G through the sides of the 
slurry wall of approximately 70 ft3/d (Figure 11).  The average hydraulic gradient required to 
sustain this flow through the walls can also be estimated using Darcy’s Law: 
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where Qwall =  the flow through the slurry wall [ft3/d], 
 P =  the perimeter of the wall [ft], 
 b =  the saturated depth of the wall [ft], 
 bwall =  the thickness of the slurry wall [ft], 
 Kw =  the hydraulic conductivity of the slurry wall [ft/d]. 


                                                 
24 The vertical hydraulic conductivity assigned to Layer C was reported to be the geometric mean of values 
determined from laboratory measurements of core samples.  The horizontal hydraulic conductivity assigned to 
Layer 3 was 3 ft/d resulting in an anisotropy ratio (1.5 × 10-4) much lower than that assigned to other model layers 
(5 × 10-3).  Note also that Appendix H states that the hydraulic conductivity of 4.5 × 10-4 ft/d assigned to Layer C is 
equivalent to 5.3 × 10-7 cm/s, which is not correct.  It is actually equal to 1.6 × 10-7 cm/s. 
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Based in the information presented in the draft RI/FS, P =  1,600 feet, b =  35 feet, bwall = 1.75 
feet, and Kw = 2.8 × 10-4 ft/d (1 x 10-7 cm/s).  Accordingly, the average head gradient across the 
slurry wall is: 
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This implies an average head difference, ?H, = 4.5 × 1.75 feet = 7.9 feet across the slurry wall.  
This head difference also seems unnecessarily large.  Thus, both the estimated flows through the 
base and through the walls appear to be exaggerated, which indicates that the pumping rate could 
be reduced while still maintaining hydraulic control inside the slurry wall.  Because no simulated 
water elevation contour maps for Alternative 3 were provided in the draft RI/FS, a more 
thorough evaluation of Alternative 3 cannot be performed at this time.  A lower pumping rate, as 
indicated by this calculation, would decrease the pumping and treatment costs assumed for 
Alternative 3. 


2.2 Contaminant Load and Cleanup Levels 
 


Alternative 3 assumes that the contaminant load of water pumped to maintain the 
hydraulic gradient would require water treatment for discharge to the municipal sewer.  This 
assumption, which has significant cost implications for Alternative 3, may not be justified 
because water would be pumped from three wells throughout the property including areas of low 
VOC concentrations.  By positioning wells to produce water of different concentrations it might 
be possible to blend water to a low enough concentration for direct discharge to the sewer (VC 
must not exceed 750 µg/L) as has been done for the last decade.  This would avoid capital and 
operation and maintenance (O&M) costs for treatment or at least significantly defer them in the 
event that concentrations eventually increase.  Numerical modeling could be used to estimate the 
potential contaminant load over time for Alternative 3. 


 
Alternative 3 assumes discharge to the municipal sewer.  If air stripping or a comparable 


technology is used, water could be treated to levels acceptable for direct discharge to the storm 
sewer.  This would avoid ongoing sewer discharge fees and reduce annual costs. 
  


Air stripping may not be the best treatment technology for water pumped at Parcel G.  
Previous experience with air stripping of groundwater contaminants at Parcel G has shown that 
iron precipitation fouls the air stripper and is a considerable maintenance challenge.  Because the 
flow rate requiring treatment is relatively low, only 864 gallons per day, a technology that would 
require less maintenance than air stripping, such as an above ground ZVI reactor, may be a better 
candidate treatment technology.  Whereas a subsurface reactive barrier of ZVI would be difficult 
to install, monitor, and amend, an ex-situ ZVI reactor would be easy to operate compared to air 
stripping, simple and unambiguous to monitor, and readily able to be amended or reconditioned 
should performance problems occur. 
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3. ANALYSIS OF CLEANUP ALTERNATIVE COSTS 
 


The comparative analysis of cleanup alternatives in the RI/FS evaluated the criteria of: 
 


• Protectiveness,  
• Permanence,  
• Cost,  
• Effectiveness over the long-term,  
• Management of short-term risks,  
• Technical and administrative implementability, and  
• Consideration of public concerns. 


 
Alternative 2 was identified in the draft RI/FS as the preferred alternative based on cost.  


3.1 Cost 
 


The RI/FS uses a disproportionate cost analysis to identify Alternative 2 as the preferred 
cleanup action.  The objective of this section is to outline changes in the cost assumptions that 
provide a more balanced comparison of Alternatives 2 and 3.  This is done because, based on the 
analysis of uncertainties for Alternatives 2 and 3 presented in Sections 1 and 2, we believe that 
the costs of performance monitoring of Alternative 2 were significantly underestimated while the 
cost of monitoring Alternative 3 were exaggerated.  To illustrate this point and demonstrate the 
sensitivity of costs to assumptions that were only poorly examined in the RI/FS, the costs of 
Alternatives 2 and 3 were reevaluated using the same flow and concentration bases, but with 
different assumptions for performance monitoring and water treatment.   


3.1.1 Modification of Alternative 2 Cost Assumptions 
 


As stated above, no attempt was made to redesign the ZVI gate or other general 
components comprising Alternative 2 even though such a redesign is needed.  The primary cost 
assumptions changed are in the areas of performance monitoring and O&M.  These changes and 
their cost implications are outlined below: 


 
• Performance Monitoring - Instead of four monitoring wells, it was assumed that 26 


monitoring wells would be arrayed upgradient, downgradient, inside, below, and 
marginal to the ZVI gate and well nests with 3-foot screens would be deployed at various 
depths (see Figure 12 as an illustration of the general location of needed monitoring 
installations).  Sampling cost estimates were adjusted to reflect the increased number of 
wells.  A total of 26 samples would be taken for each sampling event.  This is estimated 
to be approximately six times the number of samples in the original estimate.  The 
frequency and unit cost of sampling events were unchanged from the RI/FS. 


 
• ZVI O&M - The RI/FS cost estimate assumes only one “refresh” event for the ZVI at the 


end of 30 years.  This estimate is apparently based on a preliminary life-cycle assessment 
of 10 to 30 years as given in (ITRC, 2005).  However, ITRC (2005) also indicates that the 
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life cycle of the reactive media is hard to estimate, and that various sites have estimated 
the replacement of the entire reactive media on 5- to 30-year cycles.  The report then 
advises, as a general rule of thumb, “to expect that some media maintenance will be 
required every 10 years and that the cost could run about 25-30% of initial construction” 
(ITRC, 2005).  For this reason, the low cost estimate for this item was maintained as a 
single refresh in year 30 while the high cost estimate assumed refresh events in years 10, 
20, and 30. 


 
Otherwise, the assumptions of Alternative 2 for the barrier and gate design, site preparation, site 
maintenance, and “EMP groundwater monitoring” were unchanged from those in the RI/FS.  The 
cost calculation methodology used by the RI/FS was also maintained including the contingencies 
and discount rate.  Based on the revised performance monitoring and O&M assumptions only, 
the 30-year net present value of Alternative 2 would be $3,783,000 as compared to the RI/FS 
estimate of $3,000,000.  Table 1 is a breakdown of the revised cost estimate for Alternative 2.  


3.1.2 Modification of Alternative 3 Cost Assumptions 
 
 Reevaluation of costs for Alternative 3 included no changes to the RI/FS cost 
assumptions for design and construction of the slurry wall, water treatment and disposal, or site 
preparation and maintenance.  The primary changes were for performance monitoring.  The 
RI/FS assumed $148,000 in net present value for “performance sampling and reporting” in 
addition to $369,000 for “EMP groundwater monitoring”.  We believe that because gradient 
control for Alternative 3 ensures that no groundwater will leave the site, performance monitoring 
requirements can be relaxed compared to Alternative 2.  The changes in assumptions for 
Alternative 3 are: 
 


• The number of gradient control wells was decreased.  The basis of the low cost estimate 
assumed that no additional wells were needed because the low pumping rates required 
can be obtained from any number of the existing wells.  The basis of the high cost 
estimate was reduced from five to two wells because it is hard to envision a case in 
which five wells would be needed to pump 0.6 gpm. 


 
• The number of performance monitoring wells was reduced from 12 to eight because all 


that is required is hydraulic gradient monitoring.  Given the number of wells existing on 
Parcel G eight new wells should be sufficient for monitoring the hydraulic gradient. 


 
• The baseline gradient control system O&M was reduced because O&M under 


Alternative 3 would comprise two main activities: (1) water level monitoring, pump 
control and reporting, which could be done remotely, and (2) pump and well 
maintenance, which should be minimal because of the low pumping rates.  


 
• Costs for “startup performance sampling and reporting” and “additional performance 


sampling and reporting” were eliminated because these costs are implicit in “baseline 
control system O&M and reporting” and the “EMP groundwater monitoring” costs. 
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• The low cost estimate for the “baseline EMP groundwater monitoring and reporting” was 
reduced from 12 to four wells and the basis for the high cost estimate was reduced from 
12 to eight wells.  The reductions are in keeping with the concept that as long as gradient 
control is used at Parcel G, there is less need for expensive water quality sampling 
because the risk of offsite contamination is dramatically reduced.  


 
Otherwise, the assumptions of Alternative 3 were unchanged from those in the RI/FS, including 
use of air stripping and sewer discharge.  The cost calculation methodology used by the RI/FS 
was also maintained including the contingencies and discount rate.  Based on the revised 
performance monitoring, the 30-year net present of Alternative 3 would be $3,898,000 as 
compared to the RI/FS estimate of $4,460,000.  Table 2 is a breakdown of the revised cost for 
Alternative 3.  
 
 It is also possible that an alternative water treatment method could be employed for 
Alternative 3 or that treatment would not be needed at all to meet the VC cap of 750 µg/L.   To 
evaluate costs for an ex-situ ZVI reactor, HGC prepared conceptual level designs and cost 
estimates based on discussions with ETI to determine the size of a ZVI reactor and the cost of 
ZVI.  HGC based reactor capital costs on vendor quotes for tankage, valving, pumps, and 
motors.  Three alternative treatment options were evaluated: 
  


• Option 1: An aboveground ZVI reactor to treat groundwater for discharge to the storm 
sewer. 


 
• Option 2: An aboveground ZVI reactor to treat groundwater for discharge to the 


municipal sewer. 
 
• Option 3: No treatment system and pumped groundwater would be directly discharged to 


the municipal sewer. 
 
Assuming the reduced performance monitoring discussed for the revised Alternative 3 cost 
estimate, the 30-year net present value cost estimates for the alternative treatment options are 
summarized below. 
 


• Option 1: Ex-situ ZVI reactor/storm sewer - $3,503,000 
• Option 2: Ex-situ ZVI reactor/municipal sewer - $3,548,000 
• Option 3: No treatment/municipal sewer - $3,307,000 


 
Tables 3, 4, and 5 contain cost breakdowns for these options. 


3.1.3 Comparison of Revised Costs 
 


The re-estimated costs for Alternatives 2 and 3 are based on values given in the RI/FS 
when those values were judged to be reasonable.  In cases where the RI/FS cost estimates were 
deemed inappropriate or for items not included in the original cost estimate, the costs were 
estimated as outlined in Attachment A.  The net present value calculations followed the same 
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logic as the RI/FS, i.e., calculation using the average of the low and high estimates of annual cost 
and a discount rate of 5 percent over 30 years.    


 
An itemized description of the rationale behind the costs used in the analyses is given in 


Attachment A.  The design and costing of an ex-situ ZVI reactor for Alternative 3 is included in 
Attachment B.  For comparison, Table 6 provides the original cost estimates for Alternative 2 
and Alternative 3 from the RI/FS.   


 
A comparison of construction, O&M costs, and total net present value costs for the 


original and revised alternatives (Table 6) shows that the principle difference between costs for 
the original and revised alternatives lies in O&M requirements for performance monitoring.  In 
fact, if no changes are made to the two alternatives other than in the expected O&M 
requirements, Alternatives 2 and 3 have roughly equivalent costs.  When other treatment options 
are considered for Alternative 3, it is possible that its cost can be lower than that of Alternative 2.  
If Alternative 2 were redesigned with safety factors to account for the uncertainties described in 
these comments, its cost would be expected to increase considerably, making it more costly than 
Alternative 3.  Further, these comments provide calculations indicating the pumping rate 
assumed for Alternative 3 may be high, a factor that increases its apparent cost. 


4. CONCLUSIONS 
 
Our comments identify numerous significant technical uncertainties in the design and 


implementation of Alternative 2.  The uncertainties pertain to ZVI reaction rates, groundwater 
flow rates, contaminant loading, constructability, performance monitoring, and cleanup levels.  
These uncertainties impact both the short- and long-term effectiveness of the ZVI gate unless 
safety factors are applied to the design.  Another weakness in Alternative 2 is that it omits the 
detailed performance monitoring necessary to monitor the ZVI gate given the design 
uncertainties.  As indicated by ITRC (2005), experience with ZVI reactive barriers at other sites 
supports a detailed and thorough performance monitoring effort.  We are not arguing that ZVI 
technology is ineffective, only that the proposed design is insufficient to provide control of 
VOCs from Parcel G with a high level of confidence.  That being said, the project reviews in 
ITRC (2005) indicate a failure rate for a number of ZVI installations.  Because the ZVI would 
release impacted groundwater to the downgradient aquifer if it fails, Alternative 2 has a high 
degree of risk that it will not result in a protective and effective remedy in the long term, and will 
adversely impact Hexcel and other downgradient parties. 


 
Alternative 3 is a straightforward cleanup action alternative with few technical 


uncertainties regarding performance.  It is easy to implement, monitor, maintain, and, if 
necessary, modify.  As long as the water level in the containment zone is maintained lower than 
in the downgradient aquifer, there will be no flow of contaminants out of Parcel G.  The 
groundwater pumping rate required to maintain the inward gradient is easily attainable.  Because 
there is no groundwater flow to the downgradient aquifer, performance monitoring can be based 
primarily on measurements of hydraulic gradient and would require only a minimal level of 
water quality sampling.  Although uncertainties are associated with Alternative 3, they are fewer 
in number and complexity compared to Alternative 2.  Further, the nature of the uncertainties in 
Alternative 3 are such that there is little risk of total system failure and a release to the 
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downgradient aquifer, resulting in a higher likelihood of a protective, effective remedy in the 
long term. 


 
In conclusion, our opinion is that Alternative 3 best meets the requirements of a cleanup 


action (Washington Administration Code 173-340-360) for the following technical reasons: 
 
C Protectiveness – Alternative 3 provides greater protectiveness than Alternative 2 


because it has negligible off-site risk and would immediately reduce short- and long-
term risk at Parcel G.  Alternative 2 has inherent off-site risk because it would release 
low levels of VOCs and is uncertain in its ability to fully treat the containment load in 
a verifiable manner. 


C Long Term Effectiveness – Alternative 3 has greater long term effectiveness than 
Alternative 2 because there is no uncertainty of VOC isolation when the proposed 
inward hydraulic gradient at Parcel G is maintained.  In contrast, Alternative 2 has 
significant uncertainty in long-term performance due to uncertainties in mass loading 
and ZVI passivation.  The uncertainty in the long-term performance of Alternative 2 
is especially important because free phase solvent is likely at Parcel G and will persist 
as a source of contaminants for the foreseeable future unless source removal is 
conducted. 


C Technical Implementability – The technical implementability of Alternative 3 is 
superior to that of Alternative 2 because issues related to slurry wall constructability 
are mitigated by backfilling the trench with a low permeability material that would 
seal any breaches of Layer C.  Additionally, all treatment systems used for 
Alternative 3 are aboveground, easily monitored, and readily modifiable technologies.  
Alternative 2, however, would implement a subsurface treatment system with an 
as-built configuration that cannot be directly measured and that uses a permeable 
medium that would cross-connect Layers B and D if Layer C is breached.  Once 
installed, the ZVI gate is out of sight so that performance can only be determined 
indirectly by intensive and costly water quality monitoring. 


 
For these reasons, we believe that Alternative 3 provides significantly greater 


protectiveness, long-term effectiveness, and technical implementability than does Alternative 2 
at no additional cost. 


 
 
 
 
 
 
 
 
 
 
 
 







Hideo Fujita, P. E. 
February 13, 2006 
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   Sincerely,  
 
 
 
 


_______________________________ 
Harold Bentley 
Principal Scientist 


_______________________________ 
James R. Norris 
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TABLE 1
Construction and Operation and Maintenance Costs


Alternative 2 - Slurry Wall with Gradient Control and Groundwater Treatment


ITEM UNITS
low high low high low high


Construction Costs
1. Barrier Installation 175$       350$       LF 1,670 1,670 292,250$       584,500$       
2. Mobilization/Demobilization 70,000$  80,000$  LS 1 1 70,000$         80,000$         
3. ZVI "Vent" Installation 65,000$  85,000$  LS 1 1 65,000$         85,000$         
4. Granular ZVI Material 1,000$    1,200$    ton 320 320 320,000$       384,000$       
5. EnvironMetal Licensing Fee (15%) 71,000$         97,000$         
5. Cap Repair/Repaving 2.00$      2.25$      SF 130,000 145,000 260,000$       326,250$       
6. Drainage Improvements 15,000$  25,000$  LS 1 1 15,000$         25,000$         
7. Soil/Debris Disposal (Offsite as SW) 35$         40$         ton 2,100 2,800 73,500$         112,000$       
8. Performance Montoring Well 1,200$    1,500$    EA 30 30 36,000$         45,000$         
9. Utility Realignment 10,000$  20,000$  LS 1 1 10,000$         20,000$         
10. Wall Alignment Investigation 15,000$  25,000$  LS 1 1 15,000$         25,000$         


Subtotal 1,227,750$    1,783,750$    
Sales Tax on Materials (8.8%) 108,042$       156,970$       


Engineering and Permitting (10%) 122,775$       178,375$       
Construction Cost Contingency (20%) 245,550$       356,750$       


Total Estimated Capital Cost 1,705,000$    2,476,000$    
Average Capital Cost 2,091,000$    


Activity low high
1. Startup Performance Sampling and Reporting (years 1-5) 90,000$     150,000$       520,000$               
2. Additional Performance Sampling and Reporting (years 6-30) 60,000$     90,000$         829,000$               
3. Baseline EMP Groundwater Monitoring 24,000$     24,000$         369,000$               
4. Cap Maintenance 10,000$     20,000$         231,000$               
5. ZVI Gate Maintenance (assumes $150,000 per "refresh" event) 109,000$               


Subtotal 1,538,000$            
O&M Cost Contingency (10%) 153,800$               


Total Estimated O&M Costs 1,692,000$            
TOTAL ESTIMATED PRESENT WORTH COST 3,783,000$            
Notes:
   Items differing from PES (2005) are highlighted.
   EA = Each
   EMP = Environmental Monitoring Plan
   LF = Linear foot
   LS = Lump sum
   O&M = Operation and Maintenance
   PW = Present worth
   SF = Square foot
   SW = Solid waste


CONSTRUCTION COSTS


Baseline O&M Case


(30 Years)


UNIT COST QUANTITY COST


OPERATION AND MAINTENANCE COSTS
Estimated Annual Cost PW
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TABLE 2
Construction and Operation and Maintenance Costs


Alternative 3 (original with reduced monitoring) - Slurry Wall with Gradient Control and Air Stripper


ITEM UNITS
low high low high low high


Construction Costs
1. Barrier Installation 175$       350$       LF 1,780 1,780 311,500$       623,000$       
2. Mobilization/Demobilization 50,000$  75,000$  LS 1 1 50,000$         75,000$         
3. Gradient Control Wells/Vault 10,000$  12,000$  EA 0 2 -$                  24,000$         
4. Piping, Electrical, Site Preparation 60,000$  75,000$  LS 1 1 60,000$         75,000$         
5. Groundwater Treatment System 50,000$  70,000$  LS 1 1 50,000$         70,000$         
6. Cap Repair/Repaving 2.00$      2.25$      SF 130,000 145,000 260,000$       326,250$       
7. Drainage Improvements 15,000$  25,000$  LS 1 1 15,000$         25,000$         
8. Soil/Debris Disposal (Offsite as SW) 35$         40$         ton 2,100 2,800 73,500$         112,000$       
9. Performance Montoring Well 1,200$    1,500$    EA 4 8 4,800$           12,000$         
10. Utility Realignment 10,000$  20,000$  LS 1 1 10,000$         20,000$         
11. Wall Alignment Investigation 15,000$  25,000$  LS 1 1 15,000$         25,000$         


Subtotal 849,800$       1,387,250$    
Sales Tax on Materials (8.8%) 74,782$         122,078$       


Engineering and Permitting (10%) 84,980$         138,725$       
Construction Cost Contingency (20%) 169,960$       277,450$       


Total Estimated Capital Cost 1,180,000$    1,926,000$    
Average Capital Cost 1,553,000$    


Activity low high
1. Baseline Gradient Control System O&M and Reporting
          1a. Water level monitoring, pump control, and reporting 36,000$     74,000$         846,000$               
          1b. Pump and well maintenance (labor and equipment) 9,000$       15,000$         185,000$               
2. Baseline Groundwater Treatment System O&M 30,000$     50,000$         615,000$               
3. Startup Performance Sampling and Reporting (in addition to routine monitoring, years 1-5) -$              -$                  -$                           
4. Additional Performance Sampling and Reporting (years 6-30) -$              -$                  -$                           
3. Baseline EMP Groundwater Monitoring 9,000$       24,000$         254,000$               
4. Cap Maintenance 10,000$     20,000$         231,000$               


Subtotal 2,131,000$            
O&M Cost Contingency (10%) 213,100$               


Total Estimated O&M Costs 2,345,000$            
TOTAL ESTIMATED PRESENT WORTH COST 3,898,000$            
Notes:
   Items differing from PES (2005) are highlighted.
   EA = Each
   EMP = Environmental Monitoring Plan
   LF = Linear foot
   LS = Lump sum
   O&M = Operation and Maintenance
   PW = Present worth
   SF = Square foot
   SW = Solid waste


CONSTRUCTION COSTS


(30 Years)


UNIT COST QUANTITY COST


Baseline O&M CaseOPERATION AND MAINTENANCE COSTS
Estimated Annual Cost PW
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TABLE 3
Construction and Operation and Maintenance Costs


Alternative 3 (revised), Option 1 - Slurry Wall with Gradient Control and Groundwater Treatment (NPDES)


ITEM UNITS
low high low high low high


Construction Costs
1. Barrier Installation 175$         350$         LF 1,780 1,780 311,500$       623,000$        
2. Mobilization/Demobilization 50,000$   75,000$   LS 1 1 50,000$         75,000$          
3. Gradient Control Wells/Vault 10,000$   12,000$   EA 0 2 -$                   24,000$          
4. Piping, Electrical, Site Preparation 60,000$   75,000$   LS 1 1 60,000$         75,000$          
5. Groundwater Treatment System (ZVI Reactor) 138,000$ 186,000$ LS 1 1 138,000$       186,000$        
6. Cap Repair/Repaving 2.00$        2.25$        SF 130,000 145,000 260,000$       326,250$        
7. Drainage Improvements 15,000$   25,000$   LS 1 1 15,000$         25,000$          
8. Soil/Debris Disposal (Offsite as SW) 35$           40$           ton 2,100 2,800 73,500$         112,000$        
9. Performance Montoring Well 1,200$     1,500$     EA 4 8 4,800$           12,000$          
10. Utility Realignment 10,000$   20,000$   LS 1 1 10,000$         20,000$          
11. Wall Alignment Investigation 15,000$   25,000$   LS 1 1 15,000$         25,000$          


Subtotal 937,800$       1,503,250$    
Sales Tax on Materials (8.8%) 82,526$         132,286$        


Engineering and Permitting (10%) 93,780$         150,325$        
Construction Cost Contingency (20%) 187,560$       300,650$        


Total Estimated Capital Cost 1,302,000$    2,087,000$    
Average Capital Cost 1,695,000$    


Activity low high
1. Baseline Gradient Control System O&M and Reporting
          1a. Water level monitoring, pump control, and reporting 36,000$     74,000$         846,000$                
          1b. Pump and well maintenance (labor and equipment) 9,000$       15,000$         185,000$                
2. Baseline Groundwater Treatment System O&M
     2c. General Maintenance and Reporting 5,000$       10,000$         116,000$                
     2b. ZVI Maintenance (assumes $15,000 per "refresh" event) 11,000$                  
3. Startup Performance Sampling and Reporting (in addition to routine monitoring, years 1-5) -$               -$                   -$                            
4. Additional Performance Sampling and Reporting (years 6-30) -$               -$                   -$                            
4. Baseline EMP Groundwater Monitoring 9,000$       24,000$         254,000$                
5. Cap Maintenance 10,000$     20,000$         231,000$                


Subtotal 1,643,000$            
O&M Cost Contingency (10%) 164,300$                


Total Estimated O&M Costs 1,808,000$            
TOTAL ESTIMATED PRESENT WORTH COST 3,503,000$            
Notes:
   Items differing from PES (2005) are highlighted.
   EA = Each
   EMP = Environmental Monitoring Plan
   LF = Linear foot
   LS = Lump sum
   NPDES = National Pollutant Discharge Elimination System
   O&M = Operation and Maintenance
   PW = Present worth
   SF = Square foot
   SW = Solid waste


CONSTRUCTION COSTS


Baseline O&M Case


(30 Years)


UNIT COST QUANTITY COST


OPERATION AND MAINTENANCE COSTS
Estimated Annual Cost PW
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TABLE 4
Construction and Operation and Maintenance


Alternative 3 (revised), Option 2 - Slurry Wall with Gradient Control and Groundwater Treatment (Sewer Discharge)


ITEM UNITS
low high low high low high


Construction Costs
1. Barrier Installation 175$       350$       LF 1,780 1,780 311,500$       623,000$        
2. Mobilization/Demobilization 50,000$  75,000$  LS 1 1 50,000$         75,000$          
3. Gradient Control Wells/Vault 10,000$  12,000$  EA 0 2 -$                   24,000$          
4. Piping, Electrical, Site Preparation 60,000$  75,000$  LS 1 1 60,000$         75,000$          
5. Groundwater Treatment System (ZVI Reactor) 66,000$  90,000$  LS 1 1 66,000$         90,000$          
6. Cap Repair/Repaving 2.00$      2.25$      SF 130,000 145,000 260,000$       326,250$        
7. Drainage Improvements 15,000$  25,000$  LS 1 1 15,000$         25,000$          
8. Soil/Debris Disposal (Offsite as SW) 35$         40$         ton 2,100 2,800 73,500$         112,000$        
9. Performance Montoring Well 1,200$    1,500$    EA 4 8 4,800$           12,000$          
10. Utility Realignment 10,000$  20,000$  LS 1 1 10,000$         20,000$          
11. Wall Alignment Investigation 15,000$  25,000$  LS 1 1 15,000$         25,000$          


Subtotal 865,800$       1,407,250$    
Sales Tax on Materials (8.8%) 76,190$         123,838$        


Engineering and Permitting (10%) 86,580$         140,725$        
Construction Cost Contingency (20%) 173,160$       281,450$        


Total Estimated Capital Cost 1,202,000$    1,954,000$    
Average Capital Cost 1,578,000$    


Activity low high
1. Baseline Gradient Control System O&M and Reporting
          1a. Water level monitoring, pump control, and reporting 36,000$     74,000$         846,000$                
          1b. Pump and well maintenance (labor and equipment) 9,000$       15,000$         185,000$                
2. Baseline Groundwater Treatment System O&M
          2c. General Maintenance and Reporting 5,000$       10,000$         116,000$                
          2b. ZVI Maintenance (assumes $3,500 per "refresh" event) 4,400$                    
          2c. Sanitary Sewer Discharge 10,000$     10,000$         154,000$                
3. Startup Performance Sampling and Reporting (in addition to routine monitoring, years 1-5) -$               -$                   -$                            
4. Additional Performance Sampling and Reporting (years 6-30) -$               -$                   -$                            
5. Baseline EMP Groundwater Monitoring 9,000$       24,000$         254,000$                
6. Cap Maintenance 10,000$     20,000$         231,000$                


Subtotal 1,790,400$            
O&M Cost Contingency (10%) 179,040$                


Total Estimated O&M Costs 1,970,000$            
TOTAL ESTIMATED PRESENT WORTH COST 3,548,000$            
Notes:
   Items differing from PES (2005) are highlighted.
   EA = Each
   EMP = Environmental Monitoring Plan
   LF = Linear foot
   LS = Lump sum
   O&M = Operation and Maintenance
   PW = Present worth
   SF = Square foot
   SW = Solid waste


CONSTRUCTION COSTS


(30 Years)


UNIT COST QUANTITY COST


Baseline O&M CaseOPERATION AND MAINTENANCE COSTS
Estimated Annual Cost PW
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TABLE 5
Construction and Operation and Maintenance Costs


Alternative 3 (revised), Option 3 - Slurry Wall with Gradent Control and Direct Sewer Discharge


ITEM UNITS
low high low high low high


Construction Costs
1. Barrier Installation 175$            350$            LF 1,780 1,780 311,500$       623,000$       
2. Mobilization/Demobilization 50,000$       75,000$       LS 1 1 50,000$         75,000$         
3. Gradient Control Wells/Vault 10,000$       12,000$       EA 0 2 -$                   24,000$         
4. Piping, Electrical, Site Preparation 60,000$       75,000$       LS 1 1 60,000$         75,000$         
5. Groundwater Treatment System -$                 -$                 LS 1 1 -$                   -$                   
6. Cap Repair/Repaving 2.00$           2.25$           SF 130,000 145,000 260,000$       326,250$       
7. Drainage Improvements 15,000$       25,000$       LS 1 1 15,000$         25,000$         
8. Soil/Debris Disposal (Offsite as SW) 35$              40$              ton 2,100 2,800 73,500$         112,000$       
9. Performance Montoring Well 1,200$         1,500$         EA 4 8 4,800$           12,000$         
9. Utility Realignment 10,000$       20,000$       LS 1 1 10,000$         20,000$         
10. Wall Alignment Investigation 15,000$       25,000$       LS 1 1 15,000$         25,000$         


Subtotal 799,800$       1,317,250$    
Sales Tax on Materials (8.8%) 70,382$         115,918$       


Engineering and Permitting (10%) 79,980$         131,725$       
Construction Cost Contingency (20%) 159,960$       263,450$       


Total Estimated Capital Cost 1,111,000$    1,829,000$    
Average Capital Cost 1,470,000$    


Activity low high
1. Baseline Gradient Control System O&M and Reporting
          1a. Water level monitoring, pump control, and reporting 36,000$     74,000$         846,000$               
          1b. Pump and well maintenance (labor and equipment) 9,000$       15,000$         185,000$               
          1c. Sanitary Sewer Discharge 10,000$     10,000$         154,000$               
2. Baseline Groundwater Treatment System O&M -$               -$                   -$                           
3. Startup Performance Sampling and Reporting (in addition to routine monitoring, years 1-5) -$               -$                   -$                           
4. Additional Performance Sampling and Reporting (years 6-30) -$               -$                   -$                           
5. Baseline EMP Groundwater Monitoring 9,000$       24,000$         254,000$               
6. Cap Maintenance 10,000$     20,000$         231,000$               


Subtotal 1,670,000$            
O&M Cost Contingency (10%) 167,000$               


Total Estimated O&M Costs 1,837,000$            
TOTAL ESTIMATED PRESENT WORTH COST 3,307,000$            
Notes:
   Items differing from PES (2005) are highlighted.
   EA = Each
   EMP = Environmental Monitoring Plan
   LF = Linear foot
   LS = Lump sum
   O&M = Operation and Maintenance
   PW = Present worth
   SF = Square foot
   SW = Solid waste


UNIT COST QUANTITY COST
CONSTRUCTION COSTS


OPERATION AND MAINTENANCE COSTS
Estimated Annual Cost PW


(30 Years)


Baseline O&M Case


H:\64800\2005\BSB RIFS\Response Figs\Tables 1 to 5_be.xls: Table 5 Alt3,3 Cost







TABLE 6
Cost Comparison of Original and


Revised (or Reestimated) Remedial Alternatives


Alternative Capital Cost O&M Cost Total Cost


Original RI/FS (PES, 2005) $2,050,000 $950,000 $3,000,000 


Re-estimated RI/FS $2,091,000 $1,692,000 $3,783,000 


Original RI/FS (PES, 2005) $1,610,000 $2,850,000 $4,460,000 


Re-estimated RI/FS $1,553,000 $2,345,000 $3,898,000 


Revised Option 1 $1,695,000 $1,808,000 $3,503,000 


Revised Option 2 $1,578,000 $1,970,000 $3,548,000 


Revised Option 3 $1,470,000 $1,837,000 $3,307,000 
Note:


All costs are present worth values calculated for a 30-year life at a discount rate of 5 percent.
   O&M = Operation and maintenance
   RI/FS = Remedial investigation/feasibility study


ALTERNATIVE 2


ALTERNATIVE 3
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TABLE A.1 
Assumptions for Reestimated Costs for Alternative 2 (Explanations Given 


Only for Items That Are Different from the RI/FS) 
 


CONSTRUCTION COSTS 
8. Performance Monitoring 
Well 


Assume a minimum of 30 wells installed as follows: six 
well clusters at 20-foot intervals in the ZVI gate (each with 
3-foot screen at four locations), four piezometer wells (two 
upgradient from the gate and two downgradient), and two 
additional monitoring wells downgradient from the gate. 
(See Figure 12). Additional cost increases might be 
warranted to develop a monitoring system that meets 
recommendations in ITRC (2005). 
 
Assume unit costs per the RI/FS  


OPERATION AND MAINTENANCE COSTS 
1. Startup Performance 
Sampling and Reporting (in 
addition to routine monitoring; 
years 1-5) 


Assume a minimum of 26 samples taken each sampling 
event. 
Since this is approximately six times the number of 
samples recommended for Alternative 2 in the RI/FS, 
costs were increased by a factor of 6.  Additional cost 
increases might be warranted if the RI/FS did not include 
inorganic parameters. 


2. Additional Performance 
Sampling and Monitoring 
(years 6-30) 


Costs estimated similar to previous item. 


5. ZVI Gate Maintenance 
(assumes $150,000 per 
“refresh” event). 


Assume two scenarios: (1) a “refresh” event at 10, 20, and 
30 years (ITRC, 2005), and (2) a “refresh” event only at 
30 years.  The average of the present worth cost of the 
two scenarios is taken as the expected cost.  Note that the 
RI/FS estimate only considered one “refresh” event at the 
end of 30 years.    


Note: Item numbers refer to Table 15 of the RI/FS and Table 1 of this 
communication. 
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TABLE A.2 
Assumptions for Reestimated Costs for Alternative 3 (Explanations Given 


Only for Items That Are Different from the RI/FS). 
 


CONSTRUCTION COSTS 
3. Gradient Control 
Wells/Vaults 


Assume a reduced number of gradient-control pumps and 
wells from that proposed in the RI/FS.  In the event that 
existing pumps and wells can be used, no new wells need 
to be installed (low estimate).  Otherwise, two pumps could 
easily handle the required pumping rate of 0.6 gpm (high 
estimate).  Assume unit cost per the RI/FS. 


5. GW treatment system (ZVI 
reactor) 


Assume for Options 1 and 2 


• Reactor size based on flow rates and dechlorination 
half lives per the RI/FS. 


• Required effluent concentrations for VC (controlling 
contaminant) based on NPDES requirement of 2.4 µg/L 
(option 1) or the King County Waste Discharge permit 
requirement of 750 µg/L (option 2).  


• ZVI properties and cost per ETI  
• Reactor components per ETI  
• Component costs taking from supplier prices. 
(See Attachment B for itemized cost estimate for ZVI 
reactors) 


Assume for Option 3 
Extracted groundwater is discharged directly to the 
sanitary sewer under the King County Waste Discharge 
Permit.  No groundwater treatment system is needed. 


9. Performance Monitoring 
Well 


Assume a total of eight monitoring wells and that four 
existing wells (Cd, Cs, HY-4, HY-2) can be used.  Because 
Parcel G is fully enclosed by the slurry wall and an inward 
gradient is maintained, all contamination would remain on 
site and only periodic downgradient monitoring outside of 
the wall would be sufficient to verify containment.  Assume 
unit cost per the RI/FS. 


OPERATION AND MAINTENANCE COSTS 
1. Baseline Gradient Control 
System O&M and Reporting 


Assume this item comprises two main activities: 
• Water level monitoring, pump control and reporting is 


based on the cost of a field technician ($85/hour) 
working 2-4 days/month and a professional ($100/hour) 
working 2-4 days/month. 
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• Pump and well maintenance (labor + equipment) is 
based on a field technician working 5-10 days/year 
($85/hour) with associated equipment costs of 
$5,000-$8,000. 


 
In the cost analysis of the RI/FS, this item is the single 
most expensive present-worth cost; however, no 
justification is given for the low and high estimates. 


2. Baseline Groundwater 
Treatment System O&M 


Assume for Options 1 and 2 
The ZVI reactor is a simple system that requires little 
maintenance (e.g., periodic changing of filters and valves, 
ZVI upkeep).  The costs are based on a professional 
($100/hour) working 5 days/year with associated 
equipment cost of between $1,000-$5,000.     
 
Assume for Option 3 
No groundwater treatment O&M is required. 


2c. Sanitary Sewer Discharge Assume for Option 1 
No discharge fees are required. 
 
Assume for Options 2 and 3 
King County Discharge Permit fees and surcharges 
computed as given in Attachment B. 


3. Startup Performance 
Sampling and Reporting 


Assumed to be included in Baseline Gradient Control 
Sampling and Reporting and Baseline EMP Groundwater 
Monitoring. 


4. Additional Sampling and 
Reporting 


Assumed to be included in Baseline Gradient Control 
Sampling and Reporting and Baseline EMP Groundwater 
Monitoring. 


5. Baseline EMP 
Groundwater Monitoring and 
Reporting 


The RI/FS estimated EMP sampling costs to be 
$24,000/year.  Because the risk of offsite contamination is 
dramatically reduced with total containment by the slurry 
wall, the EMP sampling requirements can likely be 
reduced.  Assume that the biannual sampling can be 
limited to nine offiste wells that are downgradient (Bs, Bd, 
Hi, Hs, Gd, Gi, HYCP-2, HYCP-1d, HYO-2) and sampling 
for PCBs and cyanide can be eliminated.  Costs then 
decrease to about $9,000/year.   


Note: Item numbers refer to Table 16 of the RI/FS and Tables 2 to 5 of this 
communication. 
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This attachment provides the rationale for the design and costing of the groundwater 
treatment system for the revised Alternative 3.  First, the aboveground ZVI treatment system is 
discussed, after which the estimate cost for the sewer discharge permit is presented. 
 
ZVI Reactors 


The preliminary ZVI reactor designs and cost estimations for Alternative 3, options 1 and 
2 were prepared using the parameter values listed in Table B.1.  These parameters were either 
taken from the ETI (1999) study or provided by ETI.     


For option 1, the required ZVI reactor volume was designed to provide enough residence 
time to treat the groundwater to levels required for surface water discharge under NPDES 
(2.4 µg/L for vinyl chloride), and for option 2 it was designed to treat to levels needed to 
discharged to the sewer under a King County Waste Discharge Permit.  The required ZVI reactor 
volume is computed using the following equation: 


 


θ
rQt


V =  (B1) 


 
where: V = Required volume of the reactor [ft3] 
 Q = Design flow rate [ft3/d] 
 tr = Required residence time [d] 
 ?  = ZVI porosity 
 


Based on equation (B1) and the parameters listed in Table B.1, the required volume of 
the ZVI reactor for option 1 is 6070 gallons with 61 tons of ZVI; for option 2 the required reactor 
volume is 1340 gallons (13 tons ZVI).  A schematic of the reactor system was provided by ETI 
and is shown in Figure B.1.  This schematic indicates that groundwater can be fed to the reactor 
either via a low pressure pump or a positive water head.  In either case, the ZVI should be 
water-saturated to prevent iron aeration and precipitation.  Running the reactor in an upflow 
mode with water fed through the bottom of the tank would help ensure that the reactor remained 
water saturated. 


An aboveground ZVI reactor would be subject to some of the same uncertainties 
regarding loss of reactivity as would the ZVI gate of Alternative 2; however, it would have the 
advantage of being much easier to access in the need of a “refresh” event.  In addition, a small 
sacrificial reactor could be economically installed upline of the primary reactor (Figure B.1).  
This sacrificial reactor would precipitate much of the inorganic compounds and extend the life of 
the primary reactor (S. O’ Hannesin, ETI, personal communication, December 21, 2005).  The 
aboveground ZVI reactor designs require less reactor volume than the ZVI gate design of 
Alternative 2 because Alternative 2 was designed at a higher flow rate. 
 The ZVI reactor vessel and the sacrificial reactor vessel would be constructed from 
carbon steel columns.  In addition to the components shown in Figure B.1, the reactor system 
would include a booster pump to ensure adequate water pressure and an offline 5,000-gallon tank 
to serve as a storage reservoir in the event that the reactor had to be shut down for maintenance.  
The preliminary cost estimate of the reactor system was based on costs estimated for similar 
carbon-steel reactor vessels and components.  The sizing and costing of the reactor system is 
listed in Table B.2.   
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Sewer Discharge 
 Under Alternative 3, options 2 and 3, a King County Waste Discharge permit would be 
required.  The estimated costs for fees associated with the permit were based on current permit 
fees and reporting costs.  These estimated costs are given in Table B.3  
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TABLES 
 


 
Table B.1 


Parameter Values Used for Design of Aboveground ZVI Reactor 
 


Parameter Design Value Source 
Maximum VOC 
concentrations 


TCE : 4000 µg/L 
cDCE: 5,500 µg/L 
VC: 4,000 µg/L  


RI/FS, p.65 


Dechlorination half-lives TCE : 4.5 hr 
cDCE: 5.9 hr 
VC: 7.8 hr 


RI/FS, p. 66 


Treatment level for option 1 
(NPDES) 


TCE : 5 µg/L 
cDCE: 70 µg/L  
VC: 2.4 µg/L 


 


Treatment level for option 2 
(King County Waste 
Discharge) 


TCE : N/A 
cDCE: N/A  
VC: 750 µg/L 


King County Waste 
Discharge Permit, May 12, 
2004. 


Required residence time 84 hours (option 1) 
18.5 hours (option 2) 


computed using half-life 
values from the RI/FS  


ZVI porosity 0.5 ETI  
Flow rate 0.6 gpm RI/FS, p. 70 
ZVI porosity 0.5 ETI  
ZVI bulk density 0.075 ton/ft2 ETI  
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Table B.2 
Sizing and Costing of ZVI Reactor System for Alternative 3, Options 1 and 2 


 


 
 
 


  
 


Q (gpm) 0.6 for NPDESL for WW discharge 
Q (m3/hr) 0.1367 Cin (ug/L) 4000 
ZVI porosity 0.5 Cout (ug/L) 2 750 
ZVI bulk density (g/cm3) 2.4 Cin/Cout 0.0005 0.1875 
Sand bulk density (g/cm3) 1.8 


Reactor Tank 
Option: 
NPDES Option: Sewer 


k (1/hr) 0.090 0.090  (equivalent to half-life of 7.8hrs) 
VC Cin/Cout 0.0005  0.1875 
Residence time(hr) 84.0 18.5 
Volume (m3) 23 5 
Volume (gal) 6067 1336 
Weight ZVI (tons) 61 13 
Sacrificial Tank 
Residence time (hr) 4.0 4.0 
Volume (m3) 1.1 1.1 
Volume (gal) 289 289 
30% iron 0.33 0.33 
70% sand 0.77 0.77 
Weight ZVI (tons) 0.87 0.87 
Weight sand (tons) 1.53 


Total ZVI (tons) 62 14 
$/ton 750 


Estimated Costs NPDES WW Discharge 
Reinforced Fiberglass Vessel  40,000 $       12,000 $             
ZVI material 47,000 $       11,000 $             
Piping, Fitting and Gauges  2,000$       1,000 $               
Sacrificial reactor 4,000 $           4,000 $               
Sand 600 $              600 $                  
Particulate Filter 4,000 $         4,500 $       
Offline Storage Tank 14,500 $         14,500 $               
Flow Controllers 4,000 $         4,000 $               
Booster Pump 1,000 $         1,000 $               


NPDES WW Discharge 
Subtotal 117,100 $     52,100 $             
Construction Costs (15%) 17,565 $       7,815 $               
ETI assistance/testing 10,000 $       10,000 $             
ETI License Fee (15%) 17,565 $       7,815 $               
Total 163,000 $       78,000 $             


VC 
 


 4000 


1.53 


750 


SOURCE
Ershigs, Inc. Bellingham, WA 
EnvironMetal, Inc.  


Ershigs, Inc. Bellingham, WA 
Assumed at $400/ton  
Fluid Engineering, 2µm stainless steel 
Harrington Plastics, LLC  
Omega, FLU2000 Series   







TABLE B.3
Estimated Costs for King County Waste Discharge Permit Fees


KING COUNTY FEES
Industrial Wastewater Permit Fees
Authorization Levels and Renewals
Major Discharge $1,550


Permit Preparation Units Average Unit 
Cost Total Units Total Cost


Labor HR $80 45 $3,600
$5,150
$1,030


Units Unit Cost Total Units
Sewer Discharge Fee GAL 0.00460$     315400 $1,450


Monitoring and Reporting HR $80 100 $8,000
$9,450


$10,480


INITIAL PERMITTING FEES (PERMIT GOOD FOR 5 YEARS)


CONSULTING FEES


Total Annual Fees:
Total Annual Fees plus permit


 Total Initial Permitting Fees (5 yrs): 
Approximate Annual Fee


Consulting Fees


ANNUAL FEES
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Figure B.1: Schematic of above ground zero-valent iron treatment system (provided by EnvironMetal Technologies, Inc.)
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Page  Comment  
54 The assumption that a King County Waste Discharge Permit will be required is 


not justified for Alternative 3.  Treatment by air stripping would likely reduce 
contaminant concentrations to levels acceptable for a surface water discharge.  
This possibility needs to be evaluated because the discharge permit increases 
O&M costs. 


 
54, Table 12 A feasibility study of this scope should consider alternate ex-situ treatment 


technologies instead of automatically selecting an air-stripper/carbon adsorption 
system.  This is particularly true given the previous trouble with iron precipitation 
on the air stripper at the site.  Automatically selecting a treatment technology that 
has required significant O&M in the past serves to increase expected costs and 
create bias against Alternative 3, which uses this treatment technology.   


 
65-66 The required residence time of 3.5 days does not correspond to the residence time 


computed using the temperature corrected half-lives from the ETI (1999) column 
study (see Section 1).  One possibility is that the residence time has been adjusted 
to account for the fact that a 20/80-percent sand/iron mixture would be used in the 
ZVI gate; whereas, the column study used 100 percent iron.  Whether this is the 
reason, however, is not stated.  The RI/FS also contains no explanation for how 
the column study using 100 percent iron is translated to the sand/iron gate. 


 
66, H.9 The design flow for Alternative 2 of 1.1 gallons per minute may be 


underestimated (see Section 1.2) 
 
67 Have the advective and diffusive fluxes through the slurry wall been considered?  


How will the trench be stabilized during construction?  How will a uniform gate 
thickness be ensured?  These issues need to be addressed.  


 
67 How will a uniform sand/iron mixture be achieved?  How will the gate be 


continuously keyed into Layer C without penetrating Layer C given that Layer C 
is undulating and is as thin as 1.5 feet in some areas near the location of the 
proposed gate. 


 
68 The proposed performance monitoring of the ZVI gate is inadequate.  


Performance wells should be located both horizontally and vertically throughout 
the length of the gate.  In addition, the plan to place the wells 6 inches inside the 
downgradient end of the gate will locate them within the treatment zone.  See 
Section 1.5 for further discussion of these issues. 


 
68 The estimated maintenance cycle of the ZVI gate of only once every 30 years is 


not appropriate.  ITRC (2005), which the RI/FS cites, gives “as a rule of thumb” 
to expect some type of maintenance every 10 years at a cost of 25-30 percent of 
the initial cost. 
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70, H.10 The required pumping rate for Alternative 3 of 0.6 gallons per minute may be an 
overestimate (see Section 2.1). 


 
70 How does a pumping rate of only 0.6 gallons per minute require three submersible 


pumps?    
 
78 Again, the statement that ZVI will function for “a long period of time (measured 


in decades) before some sort of maintenance is required” is not supported (ITRC, 
2005).   


 
79 The “worst case” flows were not used for the analysis.  While the maximum 


average flows may have been used, no consideration was given for local 
variations in flow that can range up to an order of magnitude or more due to site 
heterogeneity (see ITRC, 2005 and Section 1.2.3) 


 
Tables 15-16 How are the low maintenance requirements for Alternative 2 and the relatively 


high maintenance requirements for Alternative 3 justified?   
 
H.6 The vertical hydraulic conductivity for Layer C of 4.5 × 10-4 ft/day is equivalent 


to 1.6 × 10-7 cm/s, not 5.3 × 10-7 cm/s as stated.  Which value was actually used in 
the model is unclear. 


 
H.9-10 Despite specific correspondence regarding our concerns of downward 


contaminant migration through Layer C and into Layer D, the RI/FS gives only 
cursory attention to this issue before it is dismissed as insignificant.  Given 
contaminant detections in the deep wells, this potential migration pathway 
warrants a more focused and detailed modeling study. 
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 October 24, 2006 
 
 
 
Mr. Hideo Fujita, P.E. 
Environmental Engineer 
Washington State Department of Ecology 
3190 160th Avenue SE 
Bellevue, Washington 09008-5452 


 
 


Re: Hexcel Technical Comments  
 Revised Draft FRI/FS Report, Section 10.3 
 BSB Property, Kent Washington 


 
Dear Mr. Fujita, 
 
 On behalf of Hexcel Corporation (Hexcel), Hydro Geo Chem, Inc. (HGC) has reviewed 
the revisions1 to Section 10.3 of the Draft Focused Remedial Investigation Summary/Feasibility 
Study Report (revised FRI/FS).  This letter provides you with Hexcel’s comments on the 
revisions.   
 
 The revised FRI/FS proposes several changes to the Alternative 2 design of the original 
FRI/FS2.  The revised Alternative 2 includes surrounding Parcel G with a low permeability slurry 
wall using zero valent iron (ZVI) reactor vessels installed within the containment area to treat 
water for discharge.  Although only a preliminary conceptual design at this point, the revised 
design has several advantages over the original design that implicitly resolve some of our 
concerns regarding risk of contaminant releases associated with the original Alternative 2.  In 
particular, Hexcel considers the use of ZVI reactor vessels appropriate to reduce many of the 
risks presented by the constructability and treatability uncertainties of a ZVI permeable reactive 
barrier.  In addition, the proposed ZVI reactor system will allow effluent from the BSB property 
to be monitored from within the treatment train and at a single outlet pipe, reducing the 
monitoring requirements compared to the original proposal of a permeable reactive barrier. The 
revised Alternative 2 does not, however, eliminate all of Hexcel’s concerns.  This letter will 
discuss the residual risks under the revised Alternative 2 and propose cost effective amendments 
for managing the residual risks. 


                                                 
1 PES Environmental, Inc.,  2006.  Correspondence from Brian O’Neil and William Haledman to Hideo Fujita, 
Regarding: BSB Response to Ecology’s Draft Meeting Summary, BSB Property, Kent, Washington, Agreed Order 
No. DE-2551. 
2 PES Environmental, Inc.,  2005.  Focused Remedial Investigation Summary/Feasibility Study Report, BSB 
Property, Kent Washington.  December 5, 2005.   
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 A number of the uncertainties/deficiencies in the hydraulic performance of the slurry 
wall, reaction kinetics, and constructability of the slurry wall that were noted in Hexcel’s 
comments (HGC, 2006)3 on the original FRI/FS, although mitigated by the revised Alternative 2, 
have not been fully addressed.  Unless these uncertainties and deficiencies are addressed, the 
downgradient aquifer and Hexcel will remain vulnerable to contaminant breakthrough from 
Parcel G.  Processes that could impact the Hexcel property include the following: 
 


• Contaminant flux through the slurry wall due to horizontal gradients, 
• Contaminant flux under the slurry wall due to vertical gradients,  
• Contaminant flux through the slurry wall due to diffusive gradients, and 
• Undetected contaminant breakthrough from the ZVI treatment system, 


 
The remainder of this correspondence provides Hexcel’s comments on the revised FRI/FS, 


focusing on the concerns listed above and proposing amendments to the revised Alternative 2 
that would further reduce the risk of contaminant releases and alleviate our remaining concerns 
with the design.  Itemized comments on the revised Alternative 2 are included in Addendum A.   


 
Hexcel also notes the difficulty in adequately evaluating the revised FRI/FS due to the lack 


of definitive groundwater cleanup standards.  Without clarity on this issue, Hexcel cannot fully 
evaluate its risk under any remediation/containment plan that would be implemented for Parcel 
G.  Therefore, Hexcel encourages the Department of Ecology (Ecology) establish numeric 
cleanup levels prior to approval of any remediation alternatives.    
  
 
1. HEXCEL CONCERNS WITH REVISED ALTERNATIVE 2 
 
 
 Hexcel’s primary concerns with the revised Alternative 2 are discussed below. 
 


1.1 Risk for Breakthrough Due to Horizontal Gradients 
 
 


The slurry wall is designed to prevent contaminant migration from the BSB property during 
periods of outward horizontal hydraulic gradients.  The wall is proposed to be 2 feet (ft) thick, 
approximately 40 ft deep (keyed into Layer C), and have a “maximum” hydraulic conductivity of 
1 x 10-7 centimeters per second (cm/sec). 


 
An EPA evaluation of subsurface engineered barriers (EPA, 1998)4 classified slurry walls as 


“less than acceptable” if the wall thickness was less than 2 ft.  Therefore, any nonuniformities in 


                                                 
3 Hydro Geo Chem, Inc., 2006.  Correspondence from Harold Bentley and James Norris to Hideo Fugita, Regarding: 
Hexel Technical Comments Focused Remedial Investigation Summary/Feasibility Study Report BSB Property, 
Kent, Washington.  February 13, 2006.  
4 EPA. 1998.  Evaluation of Subsurface Engineered Barriers at Waste Sites.  Office of Solid Waste and Emergency 
Response, United State Environmental Protection Agency.  EPA 542-R-98-005. 
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the slurry wall construction may result in a wall thickness that is below the recommended 
acceptance minimum.   


 
The wall is to be constructed using a continuous trencher that simultaneously cuts the trench 


and injects the soil-bentonite slurry.  The revised BSB FRI/FS notes that the continuous 
trenching method “greatly reduces the potential for higher permeable ‘windows’ to form in the 
slurry wall”; however, constructing a 40-ft slurry wall that is uniformly 2-ft thick and that has no 
higher permeability zones will be highly unlikely, particularly in the flowing sands that have 
been documented at the site (Section 1.4 of HGC, 2006).  When horizontal gradients exist, 
groundwater will preferentially channel through any high permeability zones. When horizontal 
gradients are directed outward from Parcel G, contaminated groundwater will preferentially 
channel through any higher permeability zones in the wall and be released into the downgradient 
aquifer.   


 
Because soil-bentonite slurry walls are not impermeable, contaminants can be transported 


through them by groundwater flow (advective transport) unless an inward hydraulic head 
gradient is maintained (e.g., Neville and Andrews, 20065; Philip, 20016).  A first-order estimate 
of the rate of advective transport for a contaminant that does not sorb or decay in the slurry wall, 
such as vinyl chloride, can be made using principles of Darcy’s Law and the measured and 
design hydraulic conductivities of the Layer B aquifer and the slurry wall.  


 
The curves in Figure 1 show the values of the slurry wall hydraulic conductivity and head 


difference across the slurry wall required for the average steady-state plume concentration 
downgradient from Parcel G to equal various possible groundwater cleanup standards for vinyl 
chloride (see Addendum B for a detailed explanation of the calculations and assumptions used).  
The estimates shown in Figure 1 were computed using a representative vinyl chloride 
concentration of 500 micrograms per liter (µg/L) inside the slurry wall and the assumption that 
the entire contaminant mass flow through the 2-foot slurry wall is diluted in the groundwater that 
would have flowed across Parcel G in the absences of the slurry wall.  This is a conservative 
assumption that yields minimum concentrations because some of this flow will be diverted away 
from Parcel G and concentrations near the center of the plume extending roughly northeast from 
Parcel G will be higher than the average.   


 
As shown in Figure 1, if the hydraulic conductivity of the slurry wall is actually 1 x 10-7 


cm/s, the hydraulic head inside the slurry wall would have to be less than about 0.5 ft in order to 
maintain an average downgradient plume concentration of vinyl chloride of 0.2 µg/L.  If the 
average hydraulic conductivity of the slurry is higher than the maximum proposed in revised 
Alternative 2, then equal or greater plume concentrations could result from even smaller head 
differences.  Note that the hydraulic head inside the slurry wall must be higher than that outside 
for flow to occur through the ZVI treatment system.  Under the current design, the actual head 


                                                 
5 Neville, C. J. and C.B. Andrews. 2006. Containment Criterion for Contaminant Isolation by Cutoff Walls. 
Groundwater. Vol. 44 (5), 682-686. 
6 Philip, L.K. 2001. An Investigation into Contaminant Transport Processes Through Single-Phase Cement-
Bentonite Slurry Walls. Engineering Geology. Vol. 60, 209-221.  
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difference will depend on the hydraulic properties of the collection drain, ZVI reaction vessels, 
and associated piping. 
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Figure 1: Values of slurry wall hydraulic conductivity and head difference across the wall 
required for the average plume concentration downgradient of Parcel G to equal various 
possible groundwater cleanup standards for vinyl chloride.   


   
 
A more general concern for contaminant flux through the slurry wall is the lack of 


consideration of the long-term performance of the wall.  The revised Alternative 2 includes no 
provisions for monitoring the long-term (or short-term) performance of the wall.  EPA (1998) 
recommends the following monitoring practices to provide indicators of slurry-wall integrity: 


 
• Periodic performance pumping tests to measure the as-built hydraulic conductivity.  
 
• Periodic comparison of baseline and post construction groundwater quality at key 


downgradient locations. 
 


• Monitoring deformation if the barrier is subject to significant loading.  
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Ecology’s consultant, Horizon Environmental, Inc. (Horizon, 2006a)7 also recognized the 
potential for the slurry wall to be imperfect.   For that reason, Horizon recommended considering 
performance monitoring points relevant to slurry wall performance. 
 


1.2 Risk for Contaminant Breakthrough Due to Downward Gradients 
 


The slurry wall is designed to penetrate through Layer B and be keyed into Layer C.  This 
design is based on the assumption that groundwater gradients are directed upward so that 
contamination from Layer B does not migrate into Layer D.  However, the potential for 
downward migration of groundwater into the Layer D aquifer is given only cursory attention in 
both the original and revised FRI/FS.   


 
 In contrast to the assumption of no significant potential for downward migration of 
contamination, groundwater monitoring data indicate the downward movement of groundwater 
and volatile organic compounds (VOCs) into Layer D.  These data were reported in 
correspondence8 with the Ecology and are included herein by reference.  Some of the indications 
of downward migration into Layer D that were cited in the correspondence include the 
following: 
 


• Elevated concentrations of trichloroethene, cis-1,2 dichloroethene and/or vinyl 
chloride in some Layer D wells (HYCP-1d, Hd, and Gd) that cannot be explained by 
wellbore leakage. 


 
• Periodic episodes of downward hydraulic gradients in the H- and L-series wells. 


 
Horizon (2006a and 2006b9) also noted the potential for downward migration of contaminants 
through Layer C and made recommendations for investigations and monitoring to further assess 
this pathway. 
 


The revised FRI/FS uses the rationale that the model simulations suggest “that Alternative 
2 will reduce the potential for occasional reversals of gradient between Layers B and D” (page 9 
of revised FRI/FS).  This conclusion, however, comes with the following caveats (footnote 1, 
page 9 of revised FRI/FS): 


 
• The model could not simulate variations in potentiometric heads in Layer D with the 


same sensitivity as Layer B. 
                                                 
7 Horizon Environmental. 2006a.  Correspondence from Robert M. Powell to Hideo Fugita Regarding Draft 
Comments and Questions Regarding the PES Environmental, Inc. “Revised Draft FRI/FS, Section 10.3” for the 
BSB Property, Kent, Washington.  October 18, 2006. 
8 HGC. 2005.  Correspondence from James R. Norris to Hideo Fujita Regarding: BSB Proposal to Address VOCs in 
Layer D. 
9 Horizon Environmental, Inc., 2006b.  Correspondence from Robert M. Powell to Hideo Fugita, Regarding: Draft 
Comments and Questions regarding the PES Environmental, Inc. “Draft Deep Aquifer Investigation Work Plan 
B.S.B. Diversified  Company, Inc., Kent, Washington, Agreed Order No. DE-2551 with Recommendations for 
Performance Monitoring of Alternative 2, “Slurry Wall Containment and Gradient Control Using ZVI Reactor 
Vessels”.  October 18, 2006 
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• The continuity of Layer C is not fully understood. 
 


Given these qualifications on the model, the simulations cannot conclusively evaluate the 
risk of downward migration of contaminated groundwater into Layer D.  Furthermore, the 
simulations do not appear to fully evaluate the length of gradient reversals compared to the 
magnitude of the reversals.  For example, although the magnitude of potentiometric head 
reversals may decrease under Alternative 2, the length of the reversals may actually increase.     


 


1.3 Risk for Contaminant Breakthrough Due to Diffusive Gradients 
 
 


Another risk of contaminant migration through the slurry wall that is typically evaluated is 
flux due to diffusive transport (e.g., EPA, 1998; Neville and Andrews, 2006; Philip, 2001).  This 
risk can be evaluated by assuming Fickian diffusion through the slurry wall (Addendum C).  The 
major uncertainty in such an evaluation is the effective diffusion coefficient (De) of a 
contaminant (e.g., vinyl chloride) through the slurry wall as affected by its tortuousity factor (χ).  
A recent experiment of TCE diffusion through a slurry wall conducted by Krol and Rowe 
(2004)10 consistently measured De of TCE through the bentonite slurry wall to be 3.5 x 10-6, 
which equates to a χ value of 2.711. Although this is a measured value for a slurry wall material, 
it is lower than what would be expected based on a review of the literature.  Moldrup et al. 
(2003)12 performed an extensive analysis of χ relationships and found that the relationship of 
Buckingham (1904)13 best estimated χ for diffusion through saturated porous media. Using the 
Buckingham (1904) relationship and a slurry wall porosity of 0.4, gives χ = 6.25.  Philip (2001) 
estimated a minimum value of tortuosity of 100 based on sodium chloride diffusion through a 
slurry wall.  The values estimated in the Philip (2001) study may be too high for non-ionic 
contaminants such as such as the chlorinated compounds in Parcel G because it used sodium 
chloride, which is subject to ion exchange and ion exclusions.  In addition, the calculated 
tortuousities were based on non-steady state concentration distributions. 


 
 Using the same aquifer properties and assumptions of mixing in the downgradient aquifer 
as applied in the evaluation of advective flux through the slurry wall, an analysis of 
downgradient concentrations due to diffusive gradients was conducted (see Addendum C for 
details of this analysis).  Figure 2 shows modeled downgradient concentrations of vinyl chloride, 
assuming a vinyl chloride concentration of 500 µg/l within the containment area.  Figure 2 shows 
that vinyl chloride concentrations may exceed 0.2 µg/l if the diffusion coefficient measured by 
                                                 
10 Krol, M. M. and Rowe, R. K. 2004.  Diffusion of TCE Through Soil-Bentonite Slurry Walls.  Soil & Sediment 
Contamination 13:81-101.  
11 Assuming a molecular diffusion coefficient (Dm) of 1x10-5


 cm/s.  Krol and Rowe (2004) actually measured 
Dm(TCE) = 2x10-5 cm/s; however, lower groundwater temperatures at the BSB site likely reduce the Dm from what 
was measured in this study.  
12 Moldrup, P., Olsen, T., Komatsu, T., Yoshikawa, S., Schjonning, P., Rolston, D.E., 2003. Modeling diffusion 
and reaction in soils: X. A unifying model for solute and gas diffusivity in saturated soil. Soil Sci. 168 (5), 
321–337. 
13 Buckingham, E., 1904. Contributions to our knowledge of the aeration of soils. U.S.D.A. Bureau Soil Bulletin, 
vol. 25. U.S. Government Print Office, Washington, DC. 
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Krol and Rowe (2004) is correct, the actual concentrations that could result from diffusion 
through the slurry wall are highly dependent on the effective diffusion coefficient and thickness 
of the slurry wall, and therefore, the risk due to diffusive gradients is difficult to predict without 
performing a more sophisticated analysis.  
 
   Although this evaluation of mass transport through the slurry is not precise, it does 
indicate that contaminant transport through the slurry needs to be considered in the remedial 
design given the potentially stringent ground water cleanup standards the may be applied to the 
Hexcel property. 
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Figure 2: Vinyl chloride concentrations in the aquifer downgradient of the BSB property 
due to diffusion through the slurry wall as a function of the effective diffusion coefficient. 
(Concentrations due to advective fluxes shown in Figure 1 are not included in this figure.)   


 


1.4 Risk for Breakthrough from ZVI Treatment System  
 
 


The risk of breakthrough from the ZVI treatment system is important because the revised 
design proposes to release treated water to an infiltration system downgradient of the slurry wall.  
HGC (2006), which is incorporated herein by reference, detailed several concerns with the 
design criteria and long-term effectiveness of the originally proposed ZVI reactive barrier.  The 
revised Alternative 2 fails to account for many of these concerns: 
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• The reaction kinetics of ZVI have been shown to decrease significantly over time due 
to the interferences with and/or precipitation of silica, carbonate species, and natural 
organic matter.  The impacts of co-solutes on long-term reaction rates were discussed 
in detail in comments on the original BSB FRI/FS (Section 1.1.1 of HGC, 2006).  The 
revised Alternative 2 continues to disregard the potential passivation of ZVI and 
insists on a 30 year life.  Consequently, reactor failure within the design life poses a 
significant risk. 


 
• The reactor volume was designed based on parameters obtained using first-order 


kinetics to interpret a laboratory column study.  HGC (2006) demonstrated that the 
reaction kinetics of the column and the ZVI system are more appropriately modeled 
by Michaelis-Menten kinetics, which could mean a multi-fold increase in required 
residence times (Section 1.1.2 of HGC, 2006). 


 
• The maximum VOC concentrations used as a design basis for sizing the reactor were 


established using historical maximum concentrations measured at the downgradient 
end of Parcel G.  Hexcel questions the appropriateness of applying these maximum 
measured concentrations to the change in hydraulic conditions that would arise from 
implementing the revised Alternative 2 (see discussion in Section 1.3 of HGC, 2006). 


 
• The groundwater cleanup levels used to design the ZVI reactor system have not yet 


been approved by Ecology (Section 1.6 of HGC, 2006). Thus, the degree of 
contaminant destruction required, a key treatment design variable, is uncertain.  
Additionally, the recent Health Consultation14 by the State of Washington 
Department of Health (DOH) found that a potential indoor air exposure pathway 
exists and concluded that contamination at the BSB property poses an indeterminate 
public health hazard to workers and/or residences from migration of VOCs to indoor 
air.  The DOH recommended a more thorough assessment of the indoor air health 
risk.  Inasmuch as treated water from the ZVI reactors will be infiltrated into the 
aquifer downgradient of the slurry wall, the results of this assessment may dictate 
cleanup standards that are more stringent than assumed as a design basis for the ZVI 
treatment system. 


     
Given these uncertainties in the design of the ZVI treatment system reactor, the proposed 


monitoring plan is insufficient to protect the downgradient aquifer against the possibility of 
contaminant breakthrough in the discharge to the Layer B aquifer.  Concern over the frequency 
of treatment system monitoring was also communicated to Ecology by Horizon Environmental 
(2006a).  The revised Alternative 2 proposes that effluent from the ZVI treatment system be 
monitored quarterly only when the hydraulic gradient is outward.  Since the gradient is expected 
to be outward approximately one-half of the year, monitoring would effectively be conducted 
only twice per year.  In the event of failure of the treatment system, contaminated effluent could 
be discharged into the downgradient aquifer for several months before the failure is detected.  If 


                                                 
14 DOH, 2006.  Health Consultation: Evaluation of Groundwater Contamination, BSB Diversified/Hexcel 
Corporation, 8202 South 200th Street and 19819 84th Avenue South; Kent, King County, Washington.  August 23, 
2006. 
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treated water is released to the downgradient aquifer, additional monitoring of both the treatment 
train and the discharge should be considered. 


 


2. PROPOSED AMENDMENTS TO REVISED ALTERNATIVE 2 
 
 
 Hexcel greatly appreciates the substantial reduction in risk of contaminant breakthrough, 
operational uncertainty, and monitoring requirements that the revised Alternative 2 provides 
compared to the original proposal.  However, as described in HGC (2006), Hexcel believes that 
Alternative 3 provides the greatest amount of risk reduction due to the maintenance of an inward 
directed hydraulic gradient that hydrodynamically limits the potential for contaminant flux from 
Parcel G.  The improvements of the revised Alternative 2 can be realized along with the greater 
protectiveness of Alternative 3 by making the following amendments to the revised Alternative 
2: 
 


1. Maintain an inward/upward hydraulic gradient through groundwater pumping, and  
2. Discharge effluent from the ZVI treatment system to the storm sewer. 


 
As discussed below, these amendments would not significantly increase the projected cost of the 
revised Alternative 2. 
 


2.1 Maintain Inward/Upward Gradient 
 
 
The potential for contaminated groundwater to flow through or under (via Layer D) the 


slurry wall can be eliminated by extracting groundwater from the containment area to maintain a 
hydraulic gradient that is both inward to the contaminant area and upward to Layer B.  
Maintaining an inward gradient also eliminates the potential concern over diffusive flux. 


 
Based on estimates for Alternative 3 in the original FRI/FS, the minimum required flow 


rate needed to maintain an inward gradient is 0.6 gpm (Appendix H, Section H.A of PES, 2005).  
This flow rate is likely overestimated (Section 2.1 of HGC, 2006).  Nevertheless, 0.6 gpm could 
be easily extracted with a pump and routed through the ZVI reactors (i.e., the treatment system 
would be a fed through a forced gradient rather than the natural groundwater gradient).   


 
Using the reasoning given in Section 3.1.2 of HGC (2006), two pumps would be used to 


maintain an inward gradient and feed the ZVI treatment system. (This is a conservative estimate 
of pumping needs as a single pump would likely handle the expected flow of 0.6 gpm). The unit 
cost of each pump is estimated to be between $10,000 and $12,000 based on costs identified in 
Table 16 of PES (2005).  Annual pump and well maintenance are estimated to be between 
$9,000 and $15,000 (Table 3 of HGC, 2006).  The expected net present value (NPV) of the 
proposed amendment using a 30-year life cycle and a 5 percent discount rate is $209,000.  This 
amendment would effectively minimize the risk of contaminant release due to lateral and vertical 
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hydraulic gradients to the extent technically practicable while increasing the total present work 
cost by only 7 percent. 


 


2.2 Discharge Effluent to the Sanitary Sewer   
 


Discharging effluent from the ZVI treatment system to the storm sewer would eliminate the 
risk to the downgradient aquifer of a contaminant breakthrough from the treatment system that is 
missed between monitoring events.  It also eliminates questions pertaining to the 
interrelationship of treatment performance and groundwater cleanup levels.  A National Pollutant 
Discharge Elimination System permit would be required for the discharge.  The annual cost for 
discharge to the storm sewer would be for monthly effluent monitoring and reporting.  Inasmuch 
as the revised design accounts for quarterly sampling of the treated effluent approximately twice 
per year, the only additional annual cost is for ten months of monitoring and reporting.  At an 
additional cost of approximately $3,000 per year, the proposed amendment adds only $46,000 in 
operating and maintenance NPV to the revised alternative using a 30-year life cycle and a 5 
percent discount rate.   


 


2.3  Total Cost of Proposed Amendments 
 


The proposed amendments would add approximately $255,000, or 9 percent, in NPV to 
the proposed revised Alternative 2.  This cost addition, which is likely within the uncertainty of 
the total cost estimate provided in the revised FRI/FS, represents a minor increase in cost that 
would provide significant benefits by mitigating the risks to the downgradient aquifer that 
remain in the revised Alternative 2. 
 


3. CONCLUSION 
 
 
 The revised Alternative 2 presents an important step forward in mitigating risk of future 
contaminant releases from Parcel G.  Hexcel appreciates the amount of effort that has been put 
into the revised FRI/FS.  We have proposed two simple and low cost amendments to the revised 
Alternative 2 for the purpose of effectively addressing Hexcel’s remaining concerns and the 
concerns raised by Horizon Environmental, Inc.  We appreciate the opportunity to comment on 
this matter and look forward to discussing it with Ecology. 


 
        Sincerely, 
 
 


James R. Norris 
Vice President 
Hydro Geo Chem, Inc. 
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ADDENDUM A 


ITEMIZED COMMENTS 


 
Section 10.3.1.2 


• Extending the slurry wall to Layer C is not sufficient if there is concern about 
contamination from Layer D. 


 
Section 10.3.1.3 


• The hydraulics of the ZVI reactor are not adequately explained.  The indication is that 
this is a completely passive system, driven by natural hydraulic gradients; however 
the plumbing and hydraulic grade line of the system are difficult to envision without 
figures or a better explanation.  Figures would also aid in better showing the proposed 
monitoring locations.     


 
Section 10.3.1.7 


• The installation and monitoring of only one piezometer on the outside of the 
containment area is discussed; however, the cost estimate (Table 15) provides for 8 
piezometers.  Certainly more than one piezometer is needed to monitor gradients 
between the inside and outside of the containment area.  If eight piezometers will be 
installed, the locations, depths, and screened levels need to be discussed and 
presented in a figure. 


 
Section 10.3.1.8 


• What is the contingency plan if the ZVI reactor vessels need to be taken offline for an 
extended period of time when gradients are directed out of the containment area? 


 
• A 30 year maintenance life for the ZVI reactor is optimistically long (though 


convenient in order that maintenance is not included in the 29 year cost estimate).  
This is especially true since the ZVI system does not include a sacrificial reactor to 
aid in removing silica and other constituents that can reduce the life of a ZVI reactor.   


 
Section H.2.1 


• Using the mean monthly rainfall does not account for statistically wet years and thus 
does not provide a conservative estimate of infiltration through the cap. 


 
Section H.2.2 


• What is a “very heavy” rain event? Is there a return interval associated with this? 
 


 
Section H.4.2 


• The Layer C hydraulic conductivity of 4.5 x 10-4 ft/day is not equivalent to the 
reported value of 5.3 x 10-7 cm/sec.  This discrepancy was noted in the comments to 
the original BSB RI/FS (Attachment C of HGC, 2006). 
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Figure H.1 


• How do the model boundary conditions affect the area of interest?  The orientation of 
the model grid gives the impression that the specified boundary head on the northeast 
side could have a significant affect on the BSB property. 
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ADDENDUM B 
 


EVALUATION OF CONTAMINANT CONCENTRATIONS 
DUE TO ADVECTIVE FLOW THROUGH SLURRY WALL 


 
  


The revised Alternative 2 remediation concept for Parcel G presented by B.S.B 
Diversified Company, Inc. (BSB) in the correspondence from PES Environmental, Inc. of 
September 27, 2006 (PES, 2006) proposes to enclose Parcel G with a soil-bentonite slurry wall 
and to install a passive ZVI treatment system, as illustrated in Figure B.1. According to the 
proposed design, contaminated groundwater would be collected by a drain within the slurry wall 
on the northeast side of Parcel G and allowed to flow through a series of ZVI treatment tanks, 
and then discharged to an infiltration gallery outside of the slurry wall.  Flow through the 
treatment system would occur during times when the groundwater level in hydrogeologic Layer 
B is lower outside the slurry wall than inside.  The analysis presented here addresses the mass 
transport of contaminants through the slurry wall and possible groundwater concentrations 
downgradient due to the fact that the hydraulic head (groundwater elevation) inside the slurry 
wall will need to be higher than that outside for the ZVI treatment system to operate. 
 


Because soil-bentonite slurry walls are not impermeable, contaminants can be transported 
through them by groundwater flow (advective transport) unless an inward hydraulic head 
gradient is maintained, and by molecular diffusion (e.g., Neville and Andrews, 20061; Philip, 
20012).  The rate of advective transport for a contaminant that does not sorb or decay in the 
slurry wall, such as the case for vinyl chloride, can be computed by (see Figure B.2 for 
description of geometric parameters): 
 


LdqCM 0q =    (B.1) 
 
where qM is mass flow rate through the slurry wall [mass per time], 
 0C is the average concentration on the inner side of the slurry wall [mass per 
 volume], 
 L is the length of the 2-foot (ft) thick slurry wall, 
 d is the saturated thickness of the slurry wall, 
 q is the average Darcian groundwater velocity through the wall [length per time]. 
 


                                                 
1 Neville, C. J. and C.B. Andrews. 2006. Containment Criterion for Contaminant Isolation by Cutoff Walls. 
Groundwater. Vol. 44 (5), 682-686. 
 
2 Philip, L.K. 2001. An Investigation into Contaminant Transport Processes Through Single-Phase Cement-
Bentonite Slurry Walls. Engineering Geology. Vol. 60, 209-221.  
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The Darcian velocity is given by Darcy’s Law: 
 


W
∆HKq s=     (B.2) 


where sK is the average hydraulic conductivity of the slurry wall [length per time], 
 ∆H is the average hydraulic head difference across the slurry wall [length], 
 W is the average thickness of the slurry wall [length]. 
 


The groundwater concentration outside the slurry wall due to the advective mass flow 
depends on where the concentration is measured and on how much mixing and dilution occurs 
outside the slurry wall.  Figure B.3 illustrates the general pattern of groundwater flow near Parcel 
G after the slurry wall is installed.  Based on principles of Darcian flow, most of the groundwater 
in Layer B induced by natural recharge upstream (southwest) of Parcel G will flow around the 
slurry wall and then to the northeast under the influence of the natural hydraulic gradient and 
pumping of the CG wells on Hexcel’s property.  Some water will enter Parcel G inside the slurry 
wall due to upward leakage when the water level in Layer B is lower than the water level in 
Layer D.  Water will flow out of Parcel G through the north and west sides of the slurry wall 
because the hydraulic head will be higher inside the slurry wall than outside, at least during 
portions of the year.  This flow of contaminated water will create a plume of contaminated 
groundwater downgradient of Parcel G extending onto the Hexcel property, as illustrated in 
Figure B.3.   
 


The question addressed here is what level of groundwater contamination could occur 
downgradient of Parcel G due to mass transport through the slurry wall under the operating 
conditions proposed for the revised Alternative 2.  A first order estimate of such concentrations 
can be made by assuming that the entire mass flow through the slurry wall is diluted in the 
groundwater that would have flowed across Parcel G in the absence of the slurry wall.  This is a 
conservative assumption that yields minimum concentrations because, as illustrated in Figure 
B.3, some of this flow will be diverted away from Parcel G.  Thus, concentrations will be higher 
in the groundwater flowing near the slurry wall than in groundwater further away.  Nevertheless, 
this assumption provides for a simple estimate of the performance of the revised Alternative 2. 
 
Considering first only advective transport, the advective mass flow through the slurry wall can 
be computed by combining equations (B.1) and (B.2): 
 


W
∆HLdKCM s0q =     (B.3) 
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and the average plume concentration, C, is then 
 


WQ
∆HLdKC


Q
M


C
p


s0


p


q ==    (B.4) 


 
where pQ is the flow through Parcel G prior to construction of the slurry wall.  The value of 


pQ can be estimated using Darcy’s Law: 
 


HKdWLQ aa
2
PG


2
PGp ∇+=    (B.5) 


 
where PGL and PGW are the length and width of Parcel G, respectively,  


2
PG


2
PG WL + is the diagonal roughly perpendicular to groundwater flow, 


d is the aquifer thickness (approximately the saturated thickness of the slurry wall),  
 aK is the hydraulic conductivity of the aquifer, 
 H∇ is the hydraulic gradient in the aquifer. 
 
 
 Figure B.1 indicates that the area of Parcel G within the slurry wall will be about 360 feet 
by 360 feet.  The saturated thickness of Layer B is approximately 30 feet at Parcel G and the 
hydraulic conductivity used for the Alternative 2 design analysis was 51 feet/day.  The average 
hydraulic gradient was reported to be 0.0023 between 1992 and 2000 (Burt, 20033).  Substituting 
these values into equation (B.5) gives a value of pQ of 1,790 cubic feet per day (9 gallons per 
minute). 
 


Advective transport through the slurry wall proposed under the revised Alternative 2 can 
be estimated using the proposed hydraulic conductivity ( sK ) of the wall of 1 x 10-7 centimeters 
per second or 2.8 x 10-4 feet per day and its nominal thickness of 2 feet.  If flow occurs through 
half of the north side and half of the east side of the slurry wall (Figure B.2), the value of L  
(equation (4)) will be approximately 360 feet.  For the evaluation, a representative vinyl chloride 
concentration of 500 micrograms per liter (µg/L) inside the slurry was used.  
 


The curves in Figure B.4 show the values of the slurry wall hydraulic conductivity and 
head difference across the slurry wall required for the average steady-state plume concentration 
to equal various possible groundwater cleanup standards for vinyl chloride.  Note that the 
concentrations represented in Figure B.4 are the average concentrations in a plume extending 
from Parcel G assuming mixing throughout the groundwater flow past Parcel G.  Concentrations 
at the interior of the plume, particularly downgradient for the northeast corner of Parcel G would 
be expected to be higher. 
 
 
                                                 
3 Burt, R. Correspondence to H. Fujita, February 14, 2003 
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Figure B.1. Revised Alternative 2 Slurry Wall Design (from PES, 2006). 
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Figure B.2. Geometric Terms Used to Describe Slurry Wall. 
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Figure B.3. Generalized Representation of Water Table (Potentiometric Surface) with Slurry 
Wall Installed.
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Figure B.4: Values of slurry wall hydraulic conductivity and head difference across the 
wall required for the average plume concentration to equal various possible groundwater 
cleanup standards for vinyl chloride.   
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ADDENDUM C 


 
EVALUATION OF CONTAMINANT CONCENTRATIONS 


DUE TO DIFFUSIVE FLUX THROUGH THE SLURRY WALL 
 


 The risk of contamination due to diffusive flux through the slurry wall can be 
evaluated by assuming Fickian diffusion through the slurry wall.  The Fick’s Law 
representation of mass flow due to diffusion is given by the following equation: 
 


W
CC


DLdM p0
ed


−
= φ    (C.1) 


 
where dM is the mass flow due to diffusion [mass per time], 
 φ  is the porosity of the slurry wall, 
 eD is the effective diffusion coefficient [length squared per time]. 
The effective diffusion in equation (C.1) is given by: 
 


χ
m


e
DD =     (C.2) 


 
where mD is the free aqueous diffusion coefficient, 
 χ  is a tortuosity factor. 
 
Using the same mixing assumption as for the advective transport (Addendum B), the 
average plume concentration due to diffusion can be calculated as:  
 


p


d
p Q


MC =     (C.3) 


 
 


The major uncertainty estimating diffusion through the slurry wall is the value of χ 
for the wall, and thus the effective diffusion coefficient (De).  A recent experiment of 
TCE diffusion through a slurry wall conducted by Krol and Rowe (2004)18 consistently 
measured De of the bentonite slurry wall to be 3.5 x 10-6 cm2/s, which equates to χ of 
2.719.  Although this is a measured value for a slurry wall material, it is lower than what 


                                                 
18 Krol, M. M. and Rowe, R. K. 2004.  Diffusion of TCE Through Soil-Bentonite Slurry Walls.  Soil & 
Sediment Contamination 13:81-101. 
19 Assuming a molecular diffusion coefficient (Dm) of 1x10-5


 cm/s.  Krol and Rowe (2004) actually 
measured Dm(TCE) = 2x10-5 cm/s; however, lower groundwater temperatures at the BSB site likely reduce 
the Dm from what was measured in this study.  
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would be expected based on a review of the literature.  Moldrup et al. (2003)20 performed 
an extensive analysis of χ relationships and found that the relationship of Buckingham 
(1904) best estimated χ for diffusion through saturated porous media.  The Buckingham 
relationship is given by the following equation: 


 
2


1










=


φ
χ     (C.4)    


 
Using the Buckingham (1904)21 relationship and a slurry wall porosity of 0.4, the 


value of χ = 6.25.  Philip (2001)22 estimated a minimum value of tortuosity of 100 based 
on sodium chloride diffusion through a slurry wall.  The values estimated by Philip may 
be too high for non-ionic contaminants such as such as the chlorinated compounds in 
Parcel G because he used sodium chloride in his measurements which is subject to ion 
exchange and ion exclusions, and the calculated tortuosities were based on non-steady 
state concentration distributions. 


  
Using the same aquifer properties and assumptions of mixing in the downgradient 


aquifer as applied in the evaluation of advective flux through the slurry wall (Addendum 
B), an analysis of downgradient concentrations due to diffusive gradients was conducted 
(see Addendum C for details of this analysis).  Figure C.1 shows modeled downgradient 
concentrations of vinyl chloride, assuming a vinyl chloride concentration of 500 µg/l 
within the containment area.  Figure 2 shows that vinyl chloride concentrations may 
exceed 0.2 µg/l if the diffusion coefficient measured by Krol and Rowe (2004) is correct; 
however, concentrations are expected to be less based on the other estimates.  It is likely 
that the diffusion coefficient of Krol and Rowe is overestimated, yet because a 
conservative mixing assumption was used in the analysis, concentrations may actually be 
higher than given by Figure 2.   
    
 Although this evaluation of mass transport through the slurry is not precise, it 
does indicate that contaminant transport through the slurry needs to be considered in the 
remedial design given the potentially stringent ground water cleanup standards the may 
be applied to the Hexcel property. 


                                                 
20 Moldrup, P., Olsen, T., Komatsu, T., Yoshikawa, S., Schjonning, P., Rolston, D.E., 2003.  Modeling 
diffusion and reaction in soils: X.  A unifying model for solute and gas diffusivity in saturated soil.  Soil 
Sci. 165 (5), 321-337. 
21 Buckingham, E., 1904.  Contributions to our knowledge of the aeration of soils.  U.S.D.A. Bureau Soil 
bulletin, vol.25.  U.S. Government Print Office, Washington, DC. 
22 Philip, L.K. 2001.  An Investigation into Contaminant Transport Processes Through Single-Phase 
Cement-Bentonite Slurry Walls. Engineering Geology. Vol. 60, 209-221. 
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Figure C.2: Simulated vinyl chloride concentrations in the aquifer downgradient of 
the BSB property due to diffusion through the slurry wall as a function of the 
effective diffusion coefficient.   


 
          
 
 







From: Brian O'Neal  
Sent: Monday, April 07, 2008 3:04 PM 
To: Hideo Fujita (hfuj461@ecy.wa.gov); Cruz, Jerome (ECY); jporter@aspectconsulting.com 
Cc: 'Ronald Burt'; Bill Haldeman; 'Paul Beveridge'; 'rnorth@kennec.com' 
Subject: BSB Diversified - Draft Compliance Monitoring Approach 
Hideo, Jerome, and Jeremy –  


First of all, thank you for rescheduling our second design meeting from this Wednesday to next Thursday April 


17
th


. With so many components of the design coming together at once, this extra week will allow us to get you 


all much more information prior to the meeting with time to review it which should make for a more productive 


meeting. We would like to propose a similar schedule as last time. Ron is flying in Wednesday evening, so we 


would like to meet as a team for a few hours from 8-10 and then have you join us at 10:00 a.m. at our office. 


We will be available the entire rest of the day, but I suspect we should finish up by mid-afternoon depending on 


how things go.  


One of the important items we want to discuss during the meeting is the compliance monitoring approach. The 


attached memorandum and associated figure provide an outline of the approach BSB proposes for the project. 


This memo is intended to present the major components of the compliance monitoring approach and briefly 


discuss how the monitoring data will be evaluated. The compliance monitoring plan that will be submitted as 


part of the design package will be based on this approach. Although the configuration and orientation of the 


ZVI reactor vessels and infiltration gallery shown on the figure represents our current thinking, this part of the 


design is still being finalized so there may be some changes as we move forward which should not materially 


affect the compliance monitoring approach. 


If after reviewing this document you have specific comments you would like us to be prepared to discuss in 


detail at the meeting, just let us know via e-mail or phone prior to the meeting. 
Brian O'Neal, P.E.  
PES Environmental, Inc. 
1215 4th Avenue, Suite 1350 
Seattle, Washington 98161  
ph: (206) 529-3980 
fax: (206) 529-3985  
cell: (425) 241-2627  
 







TO:


FROM:


DATE:


SUBJECT:


MEMORANDUM


Ron Burt, Patterson Planning and Services, Inc.
Hideo Fujita, Washington Department of Ecology


Brian O'Neal, PES Environmental
Bill Haldeman, PES Environmental


April 4, 2008


Preliminary Approach for Compliance Monitoring
BSB Cleanup Action Design


PROJECT NO.: 827.001.12(4B)


The purpose of this memorandum is to outline the components of the compliance monitoring
plan for the BSB property. Ecology's general requirements for compliance monitoring are
outlined in WAC 173-340-410. Ecology identifies three types of compliance monitoring:


• (a) Protection monitoring. Confirm that human health and the environment are
adequately protected during construction and the operation and maintenance period of
the cleanup action as described in the safety and health plan;


• (b) Performance monitoring. Confirm that the cleanup action has attained cleanup
standards and, if appropriate, remediation levels or other performance standards such as
construction quality control measurements or monitoring necessary to demonstrate
compliance with a permit or, where a permit exemption applies, the substantive
requirements of other laws;


• (c) Confirmational monitoring. Confirm the long-term effectiveness of the cleanup
action once cleanup standards and, if appropriate, remediation levels or other
performance standards have been attained.


The major components or each of these three types of monitoring are discussed below. The
approach outlined below is intended to be representative of routine post-startup period
monitoring activities; additional monitoring that may be required during startup will be defined
in the appropriate portion of the engineering design report.


Compliance Monitoring Oultine Memo.doc



























 


   
 Memorandum 
 


 
745 Bridge St. W., Suite 7 
Waterloo, Ontario, Canada, N2V 2G6 


To: Brian O’Neal, PES Environmental 
 
From: Mike Duchene, John Vogan, EnviroMetal Technologies Inc. 
 
Date: 15 April 2008 
 
Re: Residence Time Required for ZVI Reactor Vessels, BSB Parcel G 


Remedy, Kent, Washington – ETI No. 31582.20 
 
 
EnviroMetal Technologies Inc. (ETI) has determined the residence time required to treat the 
volatile organic compounds (VOCs) detected in groundwater for BSB Parcel G, Kent, 
Washington.  This memo provides an estimate of the residence time based on the bench-scale 
test ETI completed and input data provided by PES. 
 
In June 1999, ETI completed a bench-scale test of the technology and prepared a report 
entitled “Bench-Scale Treatability Report of the EnviroMetal Process at the BSB Site in Kent, 
Washington”.  In the 1999 report, ETI used a linear fit of the log-transformed VOC 
concentrations to obtain the design degradation half-lives.  ETI’s current method of 
determining degradation rates (half-lives) involves fitting first-order equations to 
untransformed concentration data using the least squares best-fit method.  The production and 
subsequent degradation of lesser-chlorinated compounds is also accounted for in this more 
recent model.  For example, for TCE, cDCE and VC the model takes the form: 
 
 fTCE2kTCE
 


TCE cDCE VC kVCfcDCEkcDCEfTCE1kTCE


 
 
 
where:  f     =    mole fraction (or percent molar conversions) 
  k = first-order rate constant 
 


Tel:  519-746-2204, Fax:  519-746-2209 
www.eti.ca / 
www.adventusgroup.com 
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In order to determine the VOC concentrations at a given time the following first-order 
equations are used: 
 
 dTCE / dt =    - kTCETCE   (1) 
 dcDCE / dt = fTCE1kTCETCE - kcDCEcDCE   (2) 
 dVC / dt = fTCE2kTCETCE + fcDCEkcDCEcDCE - kVCVC   (3) 
 
These equations were adapted for the computer program Scientist® for Windows® Version 2.0 
(1995).  The Scientist® program is used to fit the first-order equations to experimental data 
using the least squares best-fit method.  Least squares fitting is performed using a modified 
Powell algorithm to find a local minimum of the sum of squared deviations between observed 
data and model calculations.  The degradation rate and molar conversion are determined for 
each compound sequentially starting with the most chlorinated compound.  This model is a 
more accurate representation of the reaction chemistry. 
 
In 2005, we re-evaluated the 1999 bench scale data by fitting first-order equations to 
untransformed experimental data using the least squares best-fit method.  Table 1 provides the 
degradation rates for the VOCs determined by the two fitting methods. These rates were 
previously reported to PES in 1999 (fitting the untransformed experimental data) and 2005 
(fitting with the least squares best-fit method).  As seen on Figures 1 to 3, the current fitting 
method used by ETI provides a more conservative fit than the exponential method, in that it 
puts more weight on the early time data points and overestimates the VOC concentrations at 
later time in the column where the contaminant concentrations are lower (i.e. after 4 hours of 
residence time in the column).  In other words, the current fit estimates longer half-lives 
(slower degradation rates).  Table 2 lists the molar conversions to lesser-chlorinated 
compounds determined from fitting the laboratory data. 
 
In the 2005 evaluation, the assumed clean-up level for vinyl chloride was 2.4 µg/L.  The 
clean-up level currently being required by Ecology for vinyl chloride is 0.2 µg/L.  As noted 
above, there is some conservatism in fitting the first-order equation to the laboratory data at 
later time (i.e. at low concentrations). 
 
Figure 4 shows a logarithmic plot of the VC concentrations measured in the laboratory test 
and the degradation curve fitted to the laboratory data.  In the laboratory column (at 23°C), 
the concentration of vinyl chloride was 11 µg/L at a residence time of 8.8 hours and below the 
analytical detection limit of 2.6 µg/L at a residence time of 13.4 hours.  (Note that these 
residence times are not corrected for temperature, and the VC influent concentration into the 
column was less than the design VC concentration.)  The laboratory data showed that the VC 
concentration was less than 2.6 µg/L at a residence time of 13.4 hours, whereas the first-order 
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degradation model predicts that the VC concentration will not reach 2.6 µg/L until a residence 
time of 27 hours.  Based on this analysis, there is about a 2 times factor of safety on the 
residence time. 
 
The bench-scale test was completed at a room temperature of about 23°C (73°F).  The 
groundwater temperature at the site varies from about 12°C to 15°C in April and from 13°C to 
20°C in October.  The design groundwater temperature is 13°C.  Degradation rates are slower 
at lower temperatures (O’Hannesin et al., 2004), and therefore a temperature correction factor 
must be applied to the degradation rates obtained from the bench-scale test data.  Applying 
the Arrhenius equation with an activation energy (Ea) of 62 kJ mol-1 (O’Hannesin et al., 
2004), a temperature correction factor of 2.4 is required for a design temperature of 13°C.  
The half-lives corrected for temperature are shown in Table 1.  
 
The design influent concentrations and treatment goals are listed in Table 3.  Based on the 
degradation rates described above and influent concentrations of 4,000 µg/L for TCE, 
5,500 µg/L for cDCE, and 4,000 µg/L for VC, and clean-up levels of 30 µg/L for TCE, 
70 µg/L for cDCE, and 0.2 µg/L for VC, the residence time required for treatment is 3.8 days.  
Figure 5 shows a graph of the concentration versus residence time based on the design 
presented in this memo.  As can be seen in Figure 5, the residence time to degrade VC from 
and initial concentration of 4,000 µg/L to 0.2 µg/L controls the design. 
 
The maximum predicted discharge rate through the reactor vessel system is 1.1 gpm.  The 
porosity of 100% ZVI from Connelly-GPM in the bench-scale test was 0.59, which is typical.  
A porosity of 0.5 is used for the design.  The volume of ZVI required can be calculated by: 
 


n
tQVol ×


=  


Where 
Vol = equivalent volume of 100% iron  
Q = flow rate 
t = residence time required for treatment 
n = porosity of ZVI 
 


The volume of ZVI required is 1,611 cubic feet.  The bulk density of ZVI from Connelly-
GPM is between 140 lbs/ft3 and 160 lbs/ft3.  Using a bulk density of 150 lbs/ft3, about 
121 tons of ZVI is required to provide 3.8 days of residence time at the maximum discharge 
rate (Table 4). 
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Table 1 Degradation half-lives for the 1999 column test data using linear fit to log-
transformed data (1999 Fit) and ETI’s first-order model (2005 Fit) 


 
Half-life at Laboratory 


Temperature (25°C) 
Half-life at Field 


Temperature 
(13°C) a


Organic 
Compound 


1999 Fit 
(hrs) 


2005 Fit 
(hrs) 


2005 Fit 
(hrs) 


TCE 0.9 1.8 4.3 
cDCE 1.2 3.1 7.4 
VC 1.5 2.4 5.8 


a a temperature correction factor of 2.4 is applied 
 
 
Table 2 Molar Conversions to Lesser Chlorinated Compounds 
 


  To 
  cDCE VC 


TCE 0.04 0 


Fr
om


 


cDCE  0.05 


 
 
 
Table 3 Residence Time Required for Treatment 
 


Organic 
Compound 


Clean Up 
Level 
(µg/L) 


Influent 
Concentration 


(µg/L) 


Residence Time 
Required for 


Treatment for 
Each VOC 


(days) 


Residence Time 
Required for 
Treatment 


(days) 


TCE 30 4,000 1.3 
cDCE 70 5,500 2.0 
VC 0.2 4,000 3.8 


3.8 
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Table 4 ZVI Reactor Sizing 
 


Parameter Design Value 
Residence time required for treatment 3.8 days 
Design flow rate 1.1 gpm 
Porosity of 100% ZVI 0.5 
Volume of ZVI 1,611 ft3


Bulk density of ZVI 0.075 tons/ft3


Mass of ZVI 121 tons 
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Figure 1 Laboratory TCE concentration profile versus residence time (solid 


symbols).  The dotted lines represent the fits using exponential fit (1999 Fit) 
and the current ETI model. 
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Figure 2 Laboratory cDCE concentration profile versus residence time (solid 


symbols).  The dotted lines represent the fits using exponential fit (1999 Fit) 
and the current ETI model. 
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Figure 3.  Laboratory VC concentration profile versus residence time (solid symbols).  
The dotted lines represent the fits using exponential fit (1999 Fit) and the 
current ETI model. 
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Figure 4.  Log scale plot of laboratory VC concentration profile and fitted curve 
versus residence time. 


31582.20 7 







envirometal technologies inc.  


 


0


1


10


100


1,000


10,000


0.0 1.0 2.0 3.0 4.0


Residence Time ( days )


C
on


ce
nt


ra
tio


n 
 ( 
µg


/L
 )


cDCE


VC


TCE


 
 
Figure 5  Simulation of concentration versus residence time for design.  The solid 


points represent the clean up levels for each VOC. 
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From: Brian O'Neal  
Sent: Tuesday, April 15, 2008 4:45 PM 
To: 'Fujita, Hideo (ECY)'; 'Cruz, Jerome (ECY)'; 'Jeremy Porter' 
Cc: Bill Haldeman; 'Ronald Burt'; 'rnorth@kennec.com' 
Subject: BSB Design - Preliminary ZVI Startup Approach Memorandum 
Hideo, Jerome, and Jeremy –  


Please find attached a memorandum form PES that describes (1) the amount of ZVI required to meet cleanup 


levels and (2) an approach to startup testing that would be used to evaluate the hydraulic characteristics of the 


reactor vessel system and confirm treatment performance. Our memorandum references a second memo (also 


attached) from Envirometal Technologies that summarizes their evaluation of the bench test data, the resulting 


residence time/amount of ZVI that may be required for treatment, and the safety factors and conservatism 


included in this analysis. Please be aware that although Ron is familiar with the general content of the PES 


memo, he has not reviewed it yet, so please consider it a preliminary draft, but we wanted to get this to you so 


you had some time to look at it prior to our meeting Thursday. 


We are working on the hydraulics, reactor vessel configuration, and some enhancements to the infiltration 


approach that are all interrelated so we do not have anything for you to look at prior to the meeting on these 


items, but we will be prepared to provide a detailed discussion and have some draft drawings at the time of our 


meeting. If we have any drawings or other information that we can send you tomorrow, we will do so, so check 


your e-mails periodically. 


Just to confirm our meeting schedule. We will be meeting with Ron in our offices first thing Thursday morning 


until 10:00 at which time you three will arrive – same routine as last time. I am reasonably sure that this 


meeting will go longer than last time, so I would plan on a break over lunch. 


If you have any questions, please call me. 
Brian O'Neal, P.E.  
PES Environmental, Inc. 
1215 4th Avenue, Suite 1350 
Seattle, Washington 98161  
ph: (206) 529-3980 
fax: (206) 529-3985  
cell: (425) 241-2627  
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SUBJECT:


MEMORANDUM


Ron Burt, Patterson Planning and Services, Inc.
Hideo Fujita, Washington Department of Ecology


Brian O'Neal, PES Environmental
Bill Haldeman, PES Environmental


April 15, 2008


ZVI Reactor Vessel Startup Approach
BSB Cleanup Action Design


PROJECT NO.: 827.001.12(4B)


The purpose of this memorandum is to outline the approach for starting operation of the zero
valent iron (ZVI) reactor vessels for the BSB property in Kent, Washington. Specifically, this
memo describes the following:


• The rationale for the initial quantity of ZVI placed in the reactor vessels; and
• The startup testing proposed to confirm the performance of the ZVI reactor vessel


system.


The overall strategy for the startup approach is confirm and document the performance of the
full scale ZVI reactor vessel system in a controlled setting prior to initiating routine operations
that result in infiltration of treated groundwater into the aquifer. This approach will provide a
high level of assurance regarding meeting treatment objectives while at the same time not
requiring starting the system with excessive quantities of ZVI.


Rationale for Initial ZVI Quantity


The amount of ZVI required to achieve the cleanup levels for the site is determined by
evaluating three main factors:


(1) The degradation rates (TCE, cis-l,2-DCE, and vinyl chloride);
(2) The influent and effluent (Le., cleanup level) concentrations for the contaminants of


concern; and
(3) The hydraulic conditions that will exist in the reactor vessel system (e.g., maximum


anticipated flow rates, porosity of ZVI).


Startup Approach Oultine Memo.doc



















_____________________________________________ 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV] 
Sent: Thursday, July 03, 2008 3:20 PM 
To: Jim Norris 
Subject: RE: BSB Property - Horizontal Well Sketches 
Jim, 
See below… 
Please let me know if you have any other questions. 
Hideo Fujita, P.E., L.H.G. 
WA State Dept. of Ecology; HWTRP/NWRO 
3190 - 160th AV SE; Bellevue, WA 98008-5452 
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 


eMail: hfuj461@ecy.wa.gov 


http://www.ecy.wa.gov/programs/hwtr/index.html  
_____________________________________________ 
From: Jim Norris [mailto:jimn@hgcinc.com] 
Sent: Thursday, July 03, 2008 1:57 PM 
To: Fujita, Hideo (ECY) 
Subject: RE: BSB Property - Horizontal Well Sketches 
Just so I’m clear on the proposed conceptual design… 
 The intent of the revised design is to maintain the head in the containment zone at a level less than the surrounding 


shallow aquifer without the use of mechanical pumps YES. AS MENTIONED EARLIER, THE FIELD CONDITIONS 
CONTROL THE ACTUAL HYDRAULICS. THIS PASSIVE DESIGN ADDRESSES THE CONCERNS RAISED WITH 
POSSIBLE MECHANICAL, ELECTRICAL AND MAINTANCE ISSUES ASSOCIATED WITH A PUMP SYSTEM. THE 
HORIZONTAL SCREEN LOCATION IS BASED ON THE POTENTIOMETRIC HEAD DROP BETWEEN THE 
LOCATION OF THE REACTOR VESSEL AND WELL SCREEN.  
 How will the water level in the containment area be controlled? To work passively and account for storage effects, it 


seems that the intake and reactor system would need to be maintained at a lower head than the lowest expected head 
outside the containment area, necessitating an initial period of draining within the containment area. THIS IS MY 
UNDERSTANDING (I WILL VERIFY THE CORRECTNESS WITH BSB); THE INSTALLATION OF THE REMEDY IS 
DONE AT THE LOW WATER TABLE SEASON. SEQUENCE: REATOR VESSEL INSTALLATION DONE FIRST WITH 
DEWATERING DURING EXCAVATION; SOIL/BENTONITE WALL INSTALLED NEXT; SITE CAPPPED. DURING 
STARTUP, REACTOR VESSEL TESTING WILL BE DONE. THE DEWATERING AND REACTOR VESSEL TESTING 
WILL PROVIDE DRAINAGE, BUT TO WHAT EXTENT, I DON’T KNOW. I WILL GET MORE INFORMATION FROM 
BSB TO ADDRESS YOUR QUESTION.  
 I presume that placement of the discharge well screen at the southwest corner of 84th Avenue and 200th Street 


accommodates the head drop needed to (1) drain the containment area to a level less than the surrounding aquifer YES, 
AND AGAIN, WITH THE FIELD CONDITIONS CONTROLING THE ACTUAL HYDRAULICS and (2) overcome frictional 
losses through the reactors and piping YES. 
 Groundwater levels in the shallow aquifer have a maximum range of about 7 feet and routinely vary annually by 3 to 4 


feet. This range is significantly greater than the 0.5- to 1-foot head drop between the northeast corner of the containment 
area and the corner of 84th Ave and 200th Street. Would there be a backflow control to prevent refilling the containment 
area when the gradient reverses? THE SPECIFIC DESIGN DETAILS ARE NOT SET. WE HAVE DIALOGUED ON THE 
USE OF CONTROL VALVING AT THE REACTOR VESSEL, INCLUDING A ONE-WAY-VALVE INLINE WITH A SHUT 
OFF VALVE OR AN AUTOMATIC OR MANUAL SHUT-OFF VALVE AT VARIOUS LOCATIONS IN THE REACTOR 
VESSEL SYSTEM.  
Perhaps I’m missing something. I don’t think the FS has ever presented a hydraulic profile for the proposed system. THE 
HORIZONTAL WELL CONCEPT WAS INTRODUCED INTO THE DESIGN OVER THE PAST COUPLE OF MONTHS 
AFTER THE FOCUSED FEASIBILITY STUDY (FFS) WENT TO PUBLIC COMMENT; CONSEQUENTLY, NOT 
PRESENTED IN THE FFS. 
James R. Norris 
Vice President 
Hydro Geo Chem, Inc. 
51 West Wetmore Road 
Tucson, AZ 85705 
520-293-1500 ext.112 (voice) 
520-243-3423 (cell) 
520-293-1550 (fax) 
jimn@hgcinc.com (email) 
www.hgcinc.com (website) 
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Privileged and Confidential Attorney Work Product. This email and any files transmitted with it are confidential and 
intended solely for the use of the individual or entity to whom they are addressed. If you are not the named addressee you 
should not disseminate, distribute or copy this e-mail. 
_____________________________________________ 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV] 
Sent: Thursday, July 03, 2008 11:32 AM 
To: Jim Norris 
Subject: BSB Property - Horizontal Well Sketches 
Jim, 
Per your request, here is the proposed location of the horizontal well we discussed. 
Hideo Fujita, P.E., L.H.G. 
WA State Dept. of Ecology; HWTRP/NWRO 
3190 - 160th AV SE; Bellevue, WA 98008-5452 
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 


eMail: hfuj461@ecy.wa.gov 


http://www.ecy.wa.gov/programs/hwtr/index.html  
From: Brian O'Neal [mailto:boneal@pesenv.com] 
Sent: Tuesday, May 27, 2008 1:13 PM 
To: Fujita, Hideo (ECY) 
Cc: raburt_pps@yahoo.com; Bill Haldeman; 'Paul Beveridge'; Fitz, Andy (ATG); 'rnorth@kennec.com' 
Subject: BSB Property - Horizontal Well Sketches 
Hideo, 


Per your request last week, find attached some additional information on the proposed horizontal well for the 


BSB cleanup action. The first figure is the plan view that I sent you previously. The second is a printout from 


the King County Assessor’s website showing the parcel lines in the area and circle around the portion of the 


Carr property or the City of Kent right-of-way where the terminal end of the horizontal would “daylight”. The 


third figure is a very preliminary sketch that shows the profile of the horizontal well. Let me know if you have 


any questions or need any additional information. 
Brian O'Neal, P.E. 
PES Environmental, Inc. 
1215 4th Avenue, Suite 1350 
Seattle, Washington 98161  
ph: (206) 529-3980 
fax: (206) 529-3985 
cell: (425) 241-2627  
<< File: Horizontal Well Profile.pdf >>  
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_____________________________________________ 
From: Brian O'Neal  
Sent: Wednesday, July 23, 2008 4:13 PM 
To: 'Fujita, Hideo (ECY)' 
Cc: 'Paul Beveridge'; Bill Haldeman; raburt_pps@yahoo.com; 'Cruz, Jerome (ECY)' 
Subject: RE: Status of Work 
Hideo, 
Find attached BSB’s response to the selected public notice comments from Hexcel (the pdf file) as 
well as the requested information regarding the horizontal well installation and operation (Word 
document). Regarding the schedule for 2009, we have not done much on this item until we have 
firmed up the horizontal well access/placement issues. Once this is issue is resolved, it should not be 
difficult to together a schedule. 
Regarding the items your requested from Bill, he will be transmitting these shortly in a separate e-
mail. 
Brian O'Neal, P.E.  
PES Environmental, Inc. 
1215 4th Avenue, Suite 1350 
Seattle, Washington 98161  
ph: (206) 529-3980 
fax: (206) 529-3985  
cell: (425) 241-2627  
_____________________________________________ 
From: Fujita, Hideo (ECY) [mailto:HFUJ461@ECY.WA.GOV]  
Sent: Tuesday, July 22, 2008 4:15 PM 
To: Bill Haldeman; Brian O'Neal; raburt_pps@yahoo.com 
Subject: Status of Work 
Hi everyone, 
Checking in to find out your status on several items. 


1. What is the status on getting responses to Hexcel’s PN Comments?  
2. What is status on working with the horizontal driller, specifically, an alignment that places the screened section as 


close as possible to the south side of the City of Kent’s right-of-way (along South 200th Street)? In ECY’s 
discussions with the City of Kent, they are favorable for this possible alignment. ECY is working with the City of 
Kent on administrative elements for this location.  


3. What is the status of work on a revised summer 2009 installation schedule? 


Bill, 
Would you please send electronic copies of the following two hard copy submittals you sent to me: 


1. Groundwater Quality Data, BSB Property, Kent, Washington, Agreed Order No. De-2552 (827.001.15); June 25, 
2008  


2. DOWNGRADIENT AREA 2nd QUARTER 2008 GROUNDWATER MONITORING; FORMER 


HYTEK FINISHES FACILITY, KENT, WASHINGTON; AGREED ORDER DE 2553; June 17, 2008 


If you have an electronic copy, would you also send the PES Environmental July 26, 2006, DOWNGRADIENT 


AREA GROUNDWATER MONITORING; SECOND QUARTER 2006; FORMER HYTEK FINISHES 


FACILITY, KENT, WASHINGTON; AGREED ORDER DE 2553. 
Thanks, 
PS Please note that I will be out of the office from 7/25 – 8/04. 
Hideo Fujita, P.E., L.H.G.  
WA State Dept. of Ecology; HWTRP/NWRO  
3190 - 160th AV SE; Bellevue, WA 98008-5452  
Office Phone: 425-649-7068; FAX: 425-649--7218  
Cell Phone: 425-941-7907 


eMail: hfuj461@ecy.wa.gov  


http://www.ecy.wa.gov/programs/hwtr/index.html  
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~ PES Environmental, Inc.
• Engineering & Environmental Services


July 23, 2008


827.001.12


Department of Ecology
Northwest Regional Office
3190 160m Avenue SE
Bellevue, Washington 98008-5452


Attention: Mr. Hideo Fujita


RESPONSE TO SELECTED COMMENTS ON CLEANUP ACTION PLAN
AND APPROACH TO COMPLIANCE MONITORING
B.S.B. DIVERSIFIED COMPANY, INC., KENT, WASmNGTON
AGREED ORDER NO. DE 2551


Dear Mr. Fujita:


On behalf of B.S.B. Diversified Company, Inc. (BSB), please find attached BSB's proposed
responses to the selected Hexcel comments you transmitted to us via e-mail on May 30, 2008.
These comments were focused on the Draft Cleanup Action Plan (DCAP) and the Preliminary
Approach to Compliance Monitoring memorandum.


On a related subject, on July 3rd you forwarded us an e-mail that contained initial comments
or questions from Hexcel, and Ecology's responses, regarding the horizontal infiltration well
proposed for use as part of the final Parcel G cleanup action. Hexcel' s first comment stated
that:


"The intent of the revised design is to maintain the head in the containment zone at
levels less than the surrounding shallow aquifer without the use of mechanical
pumps."


Your response to this statement was "Yes" followed by some clarifying statements. We
would like to add some further clarification, as follows.


Although achieving lower heads inside the wall as compared to outside the wall will certainly
be a positive outcome of the horizontal well design, and may happen for a majority or
potentially all of the time discharge occurs, it was not the primary objective or design
criterion associated with the horizontal well. Rather, the objectives of the horizontal well,
with its discharge location several hundred feet downgradient of the slurry wall, were


82700112L 906.doc
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PES Environmental, Inc.
Attachment


Proposed Responses to Select Hexcel Comments to Draft CAP
and Compliance Monitoring Approach


ATIACHMENT A
COMMENTS ON DRAFT CLEANUP ACTION PLAN
BSB PROPERTY, KENT, WASHINGTON
APRIL 14, 2008


Section 7.3.2 Alternative 2


5. Installing the slurry wall to Layer C will be insufficient if contamination is found to extend to
Layer D or if Layer C is discontinuous (see comments 1 and 3 above).


BSB Response - Regarding the potential for contamination extending into Layer 0, this issue is being
evaluated through the deep aquifer investigation being conducted consistent with the Ecology-approved
work plan (Final Deep Aquifer Investigation Work Plan, PES, April 2007).


Regarding Layer C, the fact is that Layer C has been identified in all of the borings installed to the
appropriate depth on Parcel G. There is no evidence that Layer C is discontinuous within the Parcel G
boundary.


6. How many reactor vessels are proposed? Figure 13 shows five reactor vessels, but Figure 1 of
the BSB Memorandum regarding compliance monitoring (PES, 2008) shows six reactor vessels.


BSB Response - the exact number and size of the reactor vessels will be determined in the final design.
Regardless of the exact number and size, the reactor vessel system will be designed to provide the
required residence time with the provision for additional ZVI as a contingency.


7. The design specifications of 1850 cubic feet of lVI and a residence time of 3.5 days are based
on a cleanup standard for vinyl chloride of 2.4 JJglL. Given that the treatment level is now 0.2 JJglL,
the volume of lVI and the residence time will need to be increased. The increase in costs for
Alternative 2 due to the redesign of the lVI reactor will need to be evaluated. (See comment 4b for
a discussion of the cleanup levels)


BSB Response - The "design specifications" included in the CAP regarding residence time and volume of
iron required were based on the original vinyl chloride cleanup level of 2.4 ug/L. The final design will be
based on the 0.2 ug/L cleanup level required by Ecology unless Ecology approves a different remediation
level.. See response to Comment #9 below for cost implications of this change.


8. Monthly monitoring of groundwater levels and effluent quality will be insufficient to check the
hydraulic gradient and system performance. Is it possible to install a one-way check valve that
would eliminate the need for manual opening and closing of a flow control valve?


BSB Response - See response to Comment #1 of Attachment B below regarding the adequacy of
monthly water level monitoring. Regarding the potential to install a one-way check valve, BSB evaluated
this option and given the very low flow rates anticipated for the system (1.1 gpm or less) and the pipe
sizes that will utilized to minimize head loss through the system (approximately 4-in diameter pipe), there
would be insufficient hydraulic head differences across a valve to ensure that it would function reliably. A
manually operated valve is not subject to this limitation.


9. The capital cost for Alternative 2 is estimated to be $2,350,000 in the CAP but only $2,100,000 in
the FRIIFS. Why the difference in cost?


BSB Response - The $250,000 difference in cost between the CAP and FRI/FS was an estimate of the
cost required to account for the lower 0.2 ug/L cleanup level for vinyl chloride.


B82700112L 906.doc







PES Environmental, Inc.


AITACHMENT B
COMMENTS ON PRELIMINARY APPROACH TO COMPLIANCE MONITORING BSB CLEANUP
ACTION DESIGN MEMORANDUM FROM PES, APRIL 4, 2008
Response to Revised BSB CAP


Performance Monitoring


1. The paired piezometer locations are adequate to understand the general water level dynamics
inside and outside of the containment wall. Monthly water levels measurements may be sufficient
during non-transitional periods after an initial startup period; however a greater sampling
frequency should be used during the startup period to determine the magnitude and recurrence of
water level variations during both transitional and non-transitional periods. During the startup
period, pressure transducers could be installed in some of the piezometers to provide more
continuous readings (e.g., daily) that would establish the needed sampling frequencies.


BSB response - the Preliminary Approach to Compliance Monitoring memorandum was, as stated in the
document, intended to provide an outline of the routine compliance monitoring. The memo clearly states
on page 3 that:


"It is possible that more frequent monitoring may be necessary during transitional times of the
year; i.e., in the fall when water levels begin rising in response to rainfall and in the spring or early
summer when water levels begin to drop. The frequency of this transitional monitoring will be
determined during the startup period."


Startup monitoring will be described in detail in the Startup Procedures portion of the Engineering Report
that will be submitted as part of the final design package consistent with WAC 173-340-400(b)(iii). The
need for pressure transducers during startup will be evaluated as part of the development startup
procedures.


2. The first sentence in the first paragraph under "ZVI Reactor Vessel Effluent Monitoring" should
read, "The treatment performance of the ZVI reactor vessels will be monitored when flow out of
the vessels is occurring and/or when water levels outside the containment wall are dropping or
are below water levels inside the containment wall."


BSB response - Performance sampling of the reactor vessels will only occur when there is flow out of the
vessels. There is no purpose in sampling the effluent pipe just because water levels outside the wall are
dropping if there is no flow. If water levels outside the wall are below those inside the reactor vessels,
there will be flow out of the vessels and samples will be collected.


3. Monthly samples are too infrequent to adequately respond to a system upset. Weekly samples
should be taken and analyzed for, at a minimum, the indicator contaminants.


BSB response - As noted above in the response to Comment #1, the initial performance of the system
will documented during the startup period which will have a separate monitoring program. Once the initial
performance is documented, it is unclear what types of ''system upsets" would occur that would require
weekly monitoring to observe. The completely passive nature of the reactor vessel system, the low flow
rates involve, and performance information for other ZVI-based treatment systems strongly suggest that if
changes in the performance of the system were to occur, they would be incremental in nature and occur
slowly over a period of months or years. Unless conditions are identified during the startup period that
would warrant weekly monitoring, monthly performance monitoring of the reactor vessels will be more
than adequate.
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BSB Responses to Request for Additional Information Regarding  


Horizontal Well Installation and Operation 
 


 


1. Horizontal well alignment (i.e., what are the installation limitation of the alignment of 


the well casing and placement of the well screened section; can the installation place the 


well screen on the northern edge of the JH Carr property along South 200th Street 


and/or under the right-of-way of South 200th street and also be aligned so the 


terminus/clean out vault be located on the far northeast corner of the JH Carr 


property?). 


 


Response 1 –The directional drilling company believes that it may be possible to locate the 


well screen on the extreme downgradient edge of the JH Carr property or in the City of Kent 


right of way and then have the terminus/clean out of the well located in the northeast corner 


of the JH Carr property.  This type of well orientation would require a limited geotechnical 


investigation (several borings) to determine whether the soil in the screened interval is firm 


enough (i.e., blow counts greater than 4 or 5) to allow for “steering” of the drill bit to be 


practicable. 


 


2. Hydraulics of the horizontal well flow system (i.e., what impacts would the expected 


peak of 1 gpm flow have on the localized groundwater regime in the immediate location 


of the horizontal well screened section [e.g. using MODFLOW analysis]; what would a 


‘typical’ year look like for operation of the horizontal well [when would the valve be 


open for groundwater to flow through the horizontal well]). 


 


Response 2 – A “typical” year for the reactor vessel/horizontal system would be as follows.  


Starting in the late fall or early winter, water levels outside the slurry wall will be higher than 


inside the wall, and no discharge will occur until the late spring or early summer when water 


levels outside the wall drop.  Once water levels outside the wall at the horizontal well screen 


drop below those inside the wall, the valve will be opened and discharge will occur until 


water levels rise again in the fall.  Overall, discharge will occur for approximately 6 months 


from late spring to late fall, although the timing and duration will vary year to year based on 


rainfall patterns. 


 


The potential impact of the discharge from the system on the surrounding aquifer was 


evaluated to see if a significant “mound” would be created.  The potential for mounding was 


evaluated using two analytical methods:  (1) discharge to a vertical well and (2) discharge to 


a horizontal well (strip drain).  Based on the maximum anticipated flow rate of 1.1 gallons 


per minute and conservative soil and hydraulic properties of the receiving aquifer, the 


maximum expected mound height using either method is less than 0.2 feet, and the maximum 


expected width of the mound is less than 5 feet.  This size of mound is anticipated to have a 


minimal effect on groundwater flow patterns in the area of the well with negligible flow 


induced toward the south. 


 







3. Groundwater quality monitoring (i.e., the frequency and location of monitoring 


discharged groundwater through the horizontal well [a monitoring point downgradient 


of screened section of horizontal well]). 


 


Response 3 – Monitoring of the discharge would occur in three stages – (1) pre-startup 


testing, (2) startup monitoring, and (3) routine monitoring.  The pre-startup testing would 


occur during the 6 to 9 months after construction is completed and before the anticipated 


discharge or groundwater begins in the late spring; pre-startup testing would include series of 


tests to document the hydraulic characteristics and treatment performance of the ZVI reactor 


vessel system and optimize the amount of ZVI contained within the system as necessary.  


These pre-startup tests would pump groundwater through the system at known flow rates 


with the treated effluent being discharged to the King County sanitary sewer system under 


BSB’s existing permit. 


 


During the startup period when groundwater is first allowed to flow through the reactor 


vessels and into to the downgradient aquifer (during the initial weeks and months of 


discharge), effluent monitoring will be conducted on a relatively frequent basis (compared to 


the monthly routine monitoring) to document system performance.  The startup monitoring 


program will be documented in the startup procedures portion of the engineering report. 


 


Once the performance of the ZVI reactor vessels has been established during the pre-startup 


testing and startup monitoring, the routine monitoring will consist of monthly testing during 


the periods that discharge is occurring. 


 


4. Flow control for the horizontal well (i.e., opening and closing valve procedures). 


 


Response 4 – The flow control for the horizontal well will be with a manually operated 


valve.  The decision to open or close the valve will be based on the relative water levels 


inside and outside the slurry wall as well as the water quality monitoring results.  When 


water levels are lower outside the wall at the horizontal well screen compared to inside, the 


valve will be opened and discharge will occur.  The treated groundwater will be sampled 


consistent with the monitoring program summarized above.  If a sample result exceeds the 


discharge limit, a confirmation sample will be collected immediately and the valve closed 


pending the results of the confirmation sample.   


 


5. Reactor vessel operation and quality control of treatment process (i.e., what is the 


O&M plan for the ZVI reactor vessels to insure the treatment system operates as 


designed?). 


 


Response 5 – As noted above, the ZVI reactor system will be tested and monitored 


extensively prior to and during startup operations.  Once the initial performance of the 


system is established, O&M will largely be limited to routine performance monitoring.  As 


discussed during the June 20
th


 site visit, any changes in ZVI reactor system performance 


(e.g., hydraulics, treatment efficiency) will occur slowly over a period of years, and the 


routine monitoring will provide more than adequate “early warning” of potential 


performance issues.  The details of the operational approach will be provided in the O&M 


Plan to be submitted with the draft design package. 







 


6. Contingency plan(s) (i.e., what contingencies are proposed in the event of reactor vessel 


failure, including implementation schedule?). 


 


Response 6 – As noted above in Response 4, in the unlikely event of a “reactor vessel 


failure” leading to the discharge of groundwater with a concentration of VOCs in excess of 


the cleanup standard, the first response would be to immediately collect a confirmation 


sample and close the flow control valve.  If the results of the confirmation sampling also 


exceed the cleanup levels, the reason for the exceedance will be identified and corrected prior 


to reopening the flow control valve.  Other responses would be evaluated as appropriate to 


the magnitude of the release.  The details of the contingency plan will be provided in the 


O&M Plan to be submitted with the draft design package. 
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DETERMINATION OF NONSIGNIFICANCE 
WAC 197-11-970 Determination of nonsignificance (DNS)  


 
Description of proposal: 


B.S.B. Diversified (BSB) proposes to implement a cleanup action alternative. The proposed work includes a 
slurry wall and a cap to cover the property. The cap would minimize surface water infiltration.  A gradient 
control system within the slurry wall will employ a zero-valent-iron (ZVI) reactor vessel. The slurry wall 
would prevent outside groundwater from passing into the contaminated area. The ZVI reactor vessel will 
destroy contaminants in the groundwater.  


 
Proponent: B.S.B. Diversified 
 
Location of proposal:  B.S.B. Diversified  


8202 S 200TH ST  
Kent, WA 98032 
 


Section 1 Township 22 North Range 4 East; Lat: 47.25.23 North Long: 122.13.47 West; King County Parcel 
No. 0122049 


Legal Description: 
PORTION N HALF NE QTR SE QTR STR 01-22-04 DAF BEG AT NE CORNER  
SAID SUBD TH SOUTH ALONG E LINE SAID SUBD 219.82 FT TH N89-24- 
44W 990.05 FT TH NORTH PARALLEL TO E LINE SAID SUBD TO N LINE 
SAID SUBD TH ELY ALONG SAID N LINE 990.11 FT MORE OR LESS TO 
TPOB EXC ROADS; TGW PORTION N HALF NE QTR SE QTR STR 01-22-04 
DAF: BEG AT NE CORNER SAID SUBD TH SOUTH ALONG E LINE SAID 
SUBD 219.82 FT TO TPOB TH N89-24-44W 990.05 FT TH SOUTH PARALLEL 
TO E LINE SAID SUBD 224.18 FT TH S89-39-52E 990.02 FT TO E LINE SAID 
SUBD TH NORTH ALONG SAID E LINE 219.52 FT TO TPOB EXC ROADS 
EXC PORTION THEREOF DAF: BEG NE CORNER SAID SUBD TH N89-07- 
52W ALONG N LINE SAID SUBD 504.88 FT TH SOUTH PARALLEL TO E LINE 
SAID SUBD 222.30 FT TH N80-24-44W 77 FT TH SOUTH PARALLEL TO E 
LINE SAID SUBD 222.38 FT TH S89-39-52E 581.83 FT TO E LINE SAID SUBD 
TH NORTH ALONG SAID LINE 439.64 FT TO POB (AKA LOT 2 AS 
DELINEATED PER CITY OF KENT LOT LINE ADJUSTMENT NO LL-37-27 


RECORDING NO 8712231186) 
 
Lead agency:                Washington State Department of Ecology 


Northwest Regional Office 
3190 - 160" Avenue SE. Bellevue, WA 98008 


 
The lead agency for this proposal has determined that it does not have a probable significant adverse impact on the 


environment. An environmental impact statement (EIS) is not required under RCW 43.21C.030 
(2)(c). This decision was made after review of a completed environmental checklist and other 
information on file with the lead agency. This information is available to the public on request. 


 
There is no comment period for this DNS. 
 
This DNS is issued after using the optional DNS process in WAC 197-11-355. There is no further comment 


period on the DNS. 
 
Responsible official:    Julie A. Sellick, Supervisor  


WA State Dept. of Ecology; HWTRP/NWRO  
3190 - 160th AV SE; Bellevue, WA 98008-5452  
Office Phone: 425-649-7053  
 


 
 
Signature ____________________________________________                      Date _____________  ___, 2008 
 
[Statutory Authority: 1995 c 347 (ESHB 1724) and RCW 43.21C.110. 97-21-030 (Order 95-16), § 197-11-970, filed 10/10/97, effective 11/10/97. 


Statutory Authority: RCW 43.21C.110. 84-05-020 (Order DE 83-39), § 197-11-970, filed 2/10/84, effective 4/4/84.] 













 
 


MEMORANDUM 
DEPARTMENT OF ECOLOGY 


NORTHWEST REGIONAL OFFICE 
 
 
Date: July 25, 2011 (supplemental comments to the September 30, 2008 Memorandum)  
To: Interested Public  
From: Hideo Fujita, Washington State Department of Ecology, NW Regional Office  


Hazardous Waste & Toxics Reduction Program  
Subject: Supplement to responses to public comments on the drafts of the Model Toxics Control Act (MTCA)  


Consent Decree; Cleanup Action Plan; Focused Remedial Investigation/Feasibility Study; State 
Environmental Policy Act Checklist; and Restrictive (Environmental) Covenant for the B. S. B. Diversified 
Company, Inc. property located in Kent, Washington. 


 
The comments in this memorandum supplement the September 30, 2008, MEMORANDUM, DEPARTMENT OF 
ECOLOGY, NORTHWEST REGIONAL OFFICE, Responses to public comments on the drafts of the Model Toxics 
Control Act (MTCA) Consent Decree; Cleanup Action Plan; Focused Remedial Investigation/Feasibility Study; State 
Environmental Policy Act Checklist; and Restrictive (Environmental) Covenant for the B. S. B. Diversified Company, 
Inc. (BSB) property located in Kent, Washington. The responses in this Memorandum cover the Hexcel Corporation 
May 12, 2011 comment letter on the continuation of the installation of the BSB Shallow Aquifer Final Remedy. 
 
NOTES 


 The Washington State Department of Ecology (Ecology) responses are presented in BOLD, non-italicized 
text below each Hexcel comment. 


 The Hexcel Corporation comments are shown as indented, italicized text. 
 
COMMENTS AND RESPONSES 
 


From: Hexcel Corporation (A. William Nosil, Director, Corporate Environmental Engineering) 
Sent: Thursday, May 12, 2011 
To: WA State Dept. of Ecology, Hideo Fujita 
Subject: Hexcel Technical Comments on Shallow Aquifer Remedy for Parcel G 


   BSB Property, Kent, Washington. 
 


Technical comments on the proposed Shallow Aquifer Remedy for Parcel G are provided herein on behalf 


of Hexcel Corporation (Hexcel) as requested in your email of May 6, 2011
1


. Hexcel's comments describe 
migration pathways by which contaminants from Parcel G can escape from the proposed containment 
remedy as currently conceived and impact the downgradient aquifer underlying the Hexcel Plant 1 
property.  
 


1 May 6, 2011 Email Communication from Hideo Fujita Re: BSB Shallow Aquifer Approval.  
 


Ecology’s responses to these comments are provided below. 
 


Hexcel's previously submitted technical comments, (HGC, 2006a
2


, 2006b
3


, and 2008
4


) are incorporated 
herein by reference. 


 
2 Hydro Geo Chem, Inc., 2006a. Correspondence from Harold Bentley and James Norris to Hideo 
Fujita, Regarding: Hexcel Technical Comments Focused Remedial Investigation 
Summary/Feasibility Study Report BSB Property, Kent, Washington. February 13, 2006.  
3 Hydro Geo Chem, Inc. 2006b. Correspondence from James R. Norris to Hideo Fujita, Regarding: 
Hexcel Technical Comments Revised Draft FRI/FS Report, Section 10.3, BSB Property, Kent 
Washington. October 25, 2006. 







4 Hydro Geo Chem, Inc., 2008. Correspondence from James R. Norris to Hideo Fujita, Regarding: 
Hexcel Technical Comments on Final Remedial Investigation Summary/Feasibility Study Report 
and Draft Cleanup Action Plan for BSB Property, Kent Washington. May 16, 2008. 


 
Ecology’s responses to these comments are provided in the September 30, 2008 Responsiveness Summary 
(September 30, 2008, MEMORANDUM, DEPARTMENT OF ECOLOGY, NORTHWEST REGIONAL OFFICE, Responses to 
public comments on the drafts of the Model Toxics Control Act (MTCA) Consent Decree; Cleanup Action Plan; 
Focused Remedial Investigation/Feasibility Study; State Environmental Policy Act Checklist; and Restrictive 
(Environmental) Covenant for the B. S. B. Diversified Company, Inc. (BSB) property located in Kent, Washington). 
 


Hexcel's positions on the weaknesses of the proposed Shallow Aquifer Remedy have not changed since the 
previous comments were submitted… 
 


On May 6, 2011 Ecology approved the continuation of the previously approved Shallow Aquifer remedy using a 
passive gradient control employing a ZVI reactor vessel.  
 


 …Specifically, 
 
1. The lack of groundwater pumping to maintain an inward hydraulic gradient in the containment zone 
will result in advective groundwater flow and contaminant transport from the containment zone to the 
down gradient aquifer. Maintenance of an inward hydraulic gradient would prevent development of 
lateral and vertical hydraulic gradients, but requires pumping approximately 0.6 gallons per minute from 


inside the containment zone as calculated by PES Environmental (2005)
 5


. HGC (2006b) estimated that this 
minor modification of the Shallow Aquifer Remedy would increase cost by 10 percent or less.  


 
5 PES Environmental, Inc. 2005 Focused Remedial Investigation Summary/Feasibility Study 
Report, BSB Property, Kent, Washington, December 5, 2005. 


 
Ecology recognizes and agrees the hydraulic gradient is critical to design and operation of the Shallow Aquifer 
Remedy. Ecology approved the passive gradient control for the Shallow Aquifer Remedy to minimize or 
eliminate the problems associated with a pump extraction system. Many of these factors have been key issues 
for Hexcel’s concerns with BSB’s interim hydraulic containment barrier:  
  


  Eliminates pump mechanical failure; 


  Eliminates pump electrical outages;  


 Eliminates not meeting design groundwater extraction volume due to well screen fouling; and 


 Eliminates extraction well screen fouling that forces maintenance shutdowns. 
 
2. Release of water from the ZVI reactor to the downgradient aquifer increases the hydraulic…load(s) to 
the Plant 1 groundwater containment system operated by Hexcel. The simple solution to this problem is to 
release water from the ZVI reactor to the municipal sewer system as is the current water management 
practice at Parcel G. This inexpensive and common sense modification of the Shallow Aquifer Remedy 
would eliminate Hexcel's technical concerns on the adequacy of the ZVI reactor design and the level of 
reactor monitoring necessary for its operation. Alternatively, discharge from the ZVI reactor should be 
directed to the municipal sewer for the period of an extended startup testing program during which the 
performance and reliability of the reactor is monitored and proven. 
 


On July 8, 2011 BSB updated the Shallow Aquifer remedy design to incorporate the discharge of the treated 


groundwater directly into the City of Kent sanitary sewer located beneath South 200
th


 Street. This modification, 


discharging into the sanitary sewer, directly addresses Hexcel's comments and concerns regarding hydraulic 


loading, the adequacy of ZVI reactor design, and ZVI reactor monitoring. 


Hexcel's positions are based on technical analysis presented in previous comments, which have also been 
provided to counsel representing Parcel G. Pertinent portions of the previous comments that present the 
basis for Hexcel's technical analysis are summarized below to facilitate review and response.  


 
 







• ZVI Reactor Design  
o Section 1.1 of HGC (2006a) present the independent calculations of reaction kinetics based on a 


Michaelis-Menten model interpretation of the ZVI treatability study (ETI, 1999
6


) results. The 
analysis indicates that the ZVI reactor design is based on reaction kinetics that may be too fast, 
which could mean a multi-fold increase in residence time is needed for contaminant destruction. 
Hexcel's comments also point out that the reactor design ignores the effect of ZVI passivation 
over time. These deficiencies can lead to contaminant breakthrough from the reactor and 
unintended releases to the environment.  


o  Section 1.2 of HGC (2006a) describes the sensitivity of ZVI treatment to the mass loading rate.  
o The uncertainties in initial and long-term reaction kinetics and mass loading dictate that a high 


level of ongoing monitoring will be needed within the ZVI reactor and at the discharge point to 
demonstrate compliance with the stringent water quality requirements of the downgradient 
aquifer. The reactor should also be designed with a reserve capacity of unreacted ZVI to allow for 
system maintenance and change outs. We note that there is no apparent consideration of the 


Michaelis-Menten kinetics in the draft startup approach
7 


for the ZVI reactor.  
 
On July 8, 2011 BSB updated the Shallow Aquifer remedy design to incorporate the discharge of the treated 


groundwater directly into the City of Kent sanitary sewer located beneath South 200
th


 Street. This modification, 


discharging into the sanitary sewer, directly addresses Hexcel's comments and concerns regarding the adequacy 


of ZVI reactor design. 


 


 Advective Contaminant Release from the Containment System  
 


o Section 1.2 of HGC (2006b) provides calculations of contaminant transport across the slurry wall 


resulting from different horizontal gradients and slurry hydraulic conductivities. The calculations 


show at the slurry design maximum hydraulic conductivity of 10.
-7 


centimeters per second
8


, vinyl 


chloride would escape the containment system at concentrations exceeding the groundwater 


cleanup level if the head difference across the wall exceeds 0.5 feet. The current design contains 


no provision for monitoring or managing the head difference across the slurry wall. In fact, the 


most recent draft design received from BSB does not indicate that any monitoring wells or 


piezometers will be present inside the slurry to monitoring groundwater elevations.  
 


6


 Environmental Technologies, Inc., 1999. Bench-Scale Treatability Report of the 
EnviroMetal Process at the BSB Site in Kent. Washington. ETl Reference 31582.10. June 
1999. 


 
7


 PES Environmental, April 15, 2008. Draft ZVI Reactor Vessel Startup Approach, BSB 
Cleanup Action Design. April 15, 2008.  
8


 PES Environmental, April 15. 2008. Draft ZVI Reactor Vessel Startup Approach, BSB 
Cleanup Action Design. April 15, 2008.  


 
Response: On July 8, 2011 BSB updated the Shallow Aquifer remedy design to incorporate the discharge of the 


treated groundwater directly into the City of Kent sanitary sewer located beneath South 200
th


 Street.  The 


updated passive design with discharge to the sanitary sewer provides direct control of the hydraulic gradient.  


 
o Section 1.2 of HGC (2006b) discusses the potential for vertical transport of contaminants due to 


downward hydraulic gradients, citing unexplained presence of contaminants in the in the deep 
aquifer and foreshadowing their discovery during dewatering activities in 2009. Pathways for 
downward transport of contaminants are difficult to evaluate, but the occurrence of a vertical 
interconnection must be accepted based on the extent of contamination in the deep aquifer. The 


hydraulic analysis of vertical hydraulic gradients between the shallow and deep aquifers
9 


resulting 
from the Shallow Aquifer Remedy is inconclusive because, as stated in the report, "the model is 
not currently capable of simulating variations in the potentiometric heads in Layer D with the 







same degree of sensitivity as Layer B" and "the model is constructed assuming that Layer C is 
continuous".  


 
9 PES Environmental, Inc. 2008, Final Focused Remedial Investigation 
Summary/Feasibility Study Report, BSB Property, Kent, Washington. March 6, 2008. 


 
• Contaminant Breakthrough Due to Diffusive Gradients  


o Section 1.3 of HGC (2006b) presents the results calculations showing the potential for release 
of contaminants from the containment zone at concentrations exceeding the cleanup 
standard due to diffusion across the slurry wall. We are unaware of any consideration of this 
potential migration pathway in the design of the current Shallow Aquifer Remedy. The 
potential for diffusive transport across the slurry wall could be mitigated by maintaining an 
inward hydraulic gradient. 


Response:  On July 8, 2011 BSB updated the Shallow Aquifer remedy design to incorporate the discharge of the 


treated groundwater directly into the City of Kent sanitary sewer located beneath South 200
th


 Street.  The 


updated passive design with discharge to the sanitary sewer provides direct control of the hydraulic gradient.  


Since 2006, Hexcel has consistently stated its concerns and recommendations regarding the remedial 


technologies considered for Parcel G...  


Ecology has taken into consideration Hexcel’s comments in the selection of the BSB Shallow Aquifer Remedy. 


The final Shallow Aquifer Remedy primary design directly addresses many of Hexcel’s concerns, comments and 


suggestions. Many of the Hexcel concerns and recommendations that have not been incorporated directly into 


the primary design are being integrated as contingencies to the Shallow Aquifer Remedy primary design. 


…Simply put, the Shallow Aquifer Remedy for Parcel G should provide ongoing and verifiable migration 


control for contaminants, and not increase the treatment load on Hexcel’s groundwater containment 


system at Plant 1...  


The design goal of the Shallow Aquifer Remedy is to provide containment, hydraulic control and reliable 


gradient and groundwater quality monitoring.   


…Hexcel encourages construction of the slurry containment wall around Parcel G and has no objection to 


the use of ZVI for water treatment provided the that the remedial actions at Parcel G are conducted in a 


manner that does not endanger groundwater quality on Hexcel's property.. 


Ecology is encouraged with Hexcel’s previous comment that a properly installed and monitored slurry wall/ZVI 


treatment system as the Shallow Aquifer Remedy would address 90-95% of Hexcel’s concerns with the BSB 


shallow aquifer contamination. 


...Further, Hexcel has provided data indicating that modification of the Shallow Aquifer Remedy to address 


its concerns can be accomplished with readily available means and at low cost compared to the total cost 


of the remedy.  


Hexcel’s research is useful information in developing the contingencies to BSB’s primary design. 


 


 







